
Supplementary Material
Table A The data used in this study was compiled from the following Portuguese research projects: WildForests (Ref. POCI-01-0145-FEDER-028204); Life WolFlux (Ref. LIFE17-NAT/PT/000554); Plano Estratégico e de Ação do Javali em Portugal (Javali.Pt); Mammals Monitorization Program of the Institute of Nature and Forests Conservation (Programa de Monitorização de Mamíferos do ICNF-Instituto de Conservação da Natureza e das Florestas); and Portuguese Red Book of Mammals (Ref. POSEUR-03-2215-FC-000097).
 
	Project
	Objective
	Region
	Management Schemes
	Landcover
	Ecoregion

	





WildForests (REF. POCI-01-0145-FEDER-028204.)
	· Understand the impacts of Eucalyptus production forests in mammals’ ecological patterns, processes and their persistence;
· Explore how ecological processes can be integrated into management to maximize biodiversity and populations’ persistence in economically viable, certificate, and functional Eucalyptus production forests.
	





North of the Tagus River
	





Eucalyptus plantations and protected areas.
	





Eucalyptus and pine plantations and broadleaf forests.
	· Cantabrian mixed forests
· Iberian sclerophyllous and semi-deciduous forests
· Northwest Iberian montane forests
· Southwest Iberian Mediterranean sclerophyllous and mixed forests


	




Life WolFlux (Ref. LIFE17-NAT/PT/000554)
	


· Promote the ecological and socio-economic conditions needed to support a viable wolf subpopulation south of Douro River.
	


North of the Tagus River
	




Protected areas.
	

Agriculture lands, pastures, broadleaf forests, shrublands, and pine plantations.
	· Cantabrian mixed forests
· Iberian sclerophyllous and semi-deciduous forests
· Northwest Iberian montane forests


	






Plano Estratégico e de Ação do Javali em Portugal (Javali.PT)
	


· Estimate the size and population structure of wild boar population in Portugal;
·  Describe and monitor the main physiological, health parameters and physical condition indicators of the wild boar population in Portugal; 
· Assess the habitat and factors that may increase or decrease the impact and extent of damage caused by the species.
	




North and south of the Tagus River
	






Game reserves
	


Agriculture lands, pastures, broadleaf forests, shrublands, eucalyptus and pine plantations, and montado.
	· Cantabrian mixed forests
· Iberian sclerophyllous and semi-deciduous forests
· Northwest Iberian montane forests
· Southwest Iberian Mediterranean sclerophyllous and mixed forests


	Mammals Monitorization Program of the Institute of Nature and Forests Conservation (Programa de Monitorização de Mamíferos do ICNF-Instituto de Conservação da Natureza e das Florestas)
	

· Monitor the presence of wild protected carnivorous and ungulates mammals and their prey;
· Estimate the trend of densities of protected species in the medium and long term;
· Understand the evolution of land use patterns;
· Assess the presence of invasive exotic species or feral dogs and cats in natural habitats of protected areas;

	




North of the Tagus River
	






Protected areas
	


Agriculture lands, pastures, broadleaf forests, shrublands, and pine plantations.
	

· Cantabrian mixed forests
· Iberian sclerophyllous and semi-deciduous forests
· Northwest Iberian montane forests


	





Portuguese Red Book of Mammals (Ref. POSEUR-03-2215-FC-000097)
	




· Update the threat status of Portuguese mammal species;
· Develop a database on mammal species that occur in Portuguese territory.
	




North and south of the Tagus River
	






Protected areas
	


Agriculture lands, pastures, broadleaf forests, shrublands, eucalyptus and pine plantations, and montado.
	· Cantabrian mixed forests
· Iberian sclerophyllous and semi-deciduous forests
· Northwest Iberian montane forests
· Southwest Iberian Mediterranean sclerophyllous and mixed forests






Table B Explanatory variables used for modelling red fox detectability.
	Hypothesis
	Variables Description/Code
	Data Source
	Prediction

	











Detection (p)
	Season when the camera was active (dry or wet).  (Season)














Habitat of the exact location of the camera.  (Habitat)






Number of distinct habitats edges in relation to the buffer area*.  (Edge Density)










Shannon Diversity Index of habitats inside buffer*.  (Shannon Index)







Relative Abundance Index of rabbits (proxy for red fox’s prey). (RAI Rabbit)












Relative Abundance Index of dogs.  
(RAI Dogs)
	Study’s dataset















Land use and land cover map of continental Portugal – COS2018 (DGT, 2018)




Land use and land cover map of continental Portugal – COS2018 (DGT, 2018)








Study’s dataset estimation







Study’s dataset estimation












Study’s dataset estimation



	We predicted the dry season would have a positive influence on red fox detectability due to juvenile dispersion (Sillero-Zubiri et al. 2004). Also, the lack of rainfall not only may provide better images, which facilitate species identification, but also can decrease food availability, forcing individuals to increase foraging, and therefore, increasing their chance of passing in front of a camera trap (Teixeira et al., 2023a).


We expected forested habitats to have a negative influence on red fox detection probability due to camera obstructions (Cruz et al. 2015).



We hypothesized that a higher habitat fragmentation would negatively affect red fox detection probability because in more fragmentated habitats, suitable locations for placing cameras may be limited, thus creating sampling challenges that may reduce detection (Cruz et al. 2015).


We predicted a higher habitat diversity would have a positive effect on red fox detectability because it is easier to find animals trails to install cameras and optimize detectability (Cruz et al. 2015).


We hypothesized a higher abundance of prey would increase red fox detectability because predators are attracted to those areas. So, by installing cameras where the abundance of prey is higher, red fox detection is increased (Litvaitis et al. 1986; Carbone and Gittleman, 2002; Hetherington and Gorman 2007; Sarmento et al. 2011).


We expected a higher abundance of dogs to negatively affect red fox detection probability due to red fox avoidance behavior towards dogs (Farris et al., 2016; Murphy et al., 2019).



*200 meters radius buffer


Table C Explanatory variables used for modelling red fox occupancy patterns.
	Hypothesis
	Variables Description/Code
	Data Source
	Prediction

	
H1: Ecoregions
	
Ecoregion Classification according to Olson et al (2001). (Ecorregion)
	The Nature Conservancy. (2009). Terrestrial Ecoregions of the World. https://www.worldwildlife.org/publications/terrestrial-ecoregions-of-the-world

	More forested ecoregions will have a positive influence on red fox occurrence (Olson et al. 2001) due to a higher availability of resources in which foxes can use.

	

H2: Interspecific Interactions
	Presence/absence of Egyptian mongoose (Herpestes ichneumon) on cameras within each five occasions. (Mongoose)

Presence/absence of wolf in each study area. (Wolf)


Relative Abundance Index of rabbits (Oryctolagus cuniculus) as a proxy for red fox’s prey. (RAI Rabbit)

	Study’s dataset






Álvares et al (2019) Atlas de Mamíferos de Portugal



Study’s dataset estimation
	

Red fox is less likely to occupy areas with greater presence of Egyptian mongoose, in order to avoid direct competition (Soto and Palomares 2015; Bandeira et al. 2018; Jiménez et al. 2019; Sarmento et al. 2021; Castañeda et al. 2022; Sanglas and Palomares 2022), or wolf to avoid predation and area exclusion (Ferretti et al. 2021, 2023; Rossa et al. 2021; Petroelje et al. 2022). On the other hand, the red fox is more likely to occupy areas with higher density of preys (rabbits) because those areas represent sites with an higher availability of food resouces (Litvaitis et al. 1986; Carbone and Gittleman, 2002; Hetherington and Gorman 2007; Sarmento et al. 2011; Curveira-Santos et al. 2019).

	


H3: Habitat
	Habitat of the exact location of the camera. (Habitat)




Number of distinct habitats edges in relation to the buffer* area. (Edge Density)


Shannon Diversity Index of habitats inside buffer*. (Shannon Index)
	Land use and land cover map of continental Portugal – COS2018 (DGT, 2018)






Land use and land cover map of continental Portugal – COS2018 (DGT, 2018)




Study’s Dataset estimation
	
Red fox occupancy probability would increase in landscapes with more natural, less fragmentated, and diverse habitats because habitats with those characteristics provides a wider variety of protection conditions against multiple factors such as predation risks, disturbance factors, and adverse weather conditions, thus offering more favorable ecological conditions for being occupied (Rosalino et al. 2010; Sarmento et al. 2011; Pereira et al. 2012; Alexandre et al. 2020; Linck et al. 2023).

	





H4: Climatic Factors
	Season when the camera was active (dry or wet). (Season)

Annual Temperature at camera location. (Site Temperature)

Minimum Temperature of Coldest Month at camera location. (Minimum Temperature)

Maximum Temperature of Warmest Month at camera location. (Maximum Temperature)

Annual Precipitation at camera location. (Annual Precipitation)

Precipitation of Driest Month at camera location. (Minimum Precipitation)

Precipitation of Wettest Month at camera location. (Maximum Precipitation)
	Study’s dataset





Fick and Hijmans (2017)
	
Seasonality, precipitation, and temperature may affect red fox’s occupancy due to changes in resource availability throughout the year (Vilella et al. 2020; Linck et al. 2021; Castañeda et al. 2022). Therefore, red fox occupancy would decrease during the dry season because the restriction of food resources available to specific patches; and challenging weather conditions (extreme temperatures) may restrain foxes’ movements (Santos et al. 2011; Shamoon et al. 2017; Teixeira et al. 2023a). 


	



H5: Human Disturbance
	Relative Abundance Index of dogs. (RAI Dogs)





Human Footprint Index at camera location. (HFI)



Distance from camera location to the nearest urban area. (Km-Urban)

Distance from camera location to the nearest road. (Km-Roads)
	Study’s dataset estimation






Socioeconomic Data and Applications Centre SEDAC, NASA (https://sedac.ciesin.columbia.edu)


Land use and landcover map of continental Portugal – COS2018 (DGT, 2018)


Land use and landcover map of continental Portugal – COS2018 (DGT, 2018)
	Red foxes are less likely to occupy areas where domestic dogs are more abundant (Farris et al. 2016; Murphy et al. 2019), as a strategy to reduce disturbance and avoid this potential competitor or predator (Butler and du Toit 2002; Ritchie et al. 2013; Vilela and Lamim-Guedes 2014)


A high Human Footprint Index and a shorter distance to urban areas would decrease occupancy probability of red fox because a denser human population and the proximity to urban areas represent sites with higher human pressure, reduced habitat quantity and quality and more pronounced edge effect, which are some of the major disturbance factors for wildlife (Hewison et al. 2001; Sillero-Zubiri et al. 2004; McClure et al. 2013).

Areas closer to roads may be avoided due to a higher chance of vehicle collision, which may constrain red fox occupancy (Sillero-Zubiri et al. 2004; Van Der Ree et al. 2011; Torres et al. 2014).


*200 meters radius buffer


Table D Red fox occupancy models north of the Tagus River ranked by QAICc, ∆ QAICc and model cumulative weight. Only models with ΔQAIC ≤ 2 for the most supported models of detection and occupancy are represented. The best models (lowest QAIC) are highlighted in bold. (df – degree of freedom; delta QAICc – delta of QAICc; weight – model cumulative weight; Overall delta – the difference in QAICc between the best model within each hypothesis and the best overall model). See Table B and C of Supplementary Material for acronyms descriptions.
	Hypothesis
	Model
	df
	Delta QAICc
	weight
	Overall delta

	Detectability
ĉ = 2.33
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (1)
p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (1)
	12

13
	0

0.80
	0.516

0.346
	0

0.80

	H5 (Human Disturbance)
ĉ = 3.24
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (RAI Dogs)

p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (HFI + RAI Dogs)
	13


14
	0


2.00
	0.602


0.221
	0


2.00




Table E Red fox occupancy models based on the north of the Tagus River dataset, built for each hypothesis ranked by AICc, ∆ AICc and model cumulative weight. Only models with ∆ AICc ≤ 2 are represented. The best supported models (lowest AICc) are highlighted in bold. (df – degree of freedom; logLik – log-Likelihood; AICc – Akaike’s Information Criterion corrected for small samples; delta – delta of AICc; weight – model cumulative weight; Overall delta – the difference in AICc between the best model within each hypothesis and the best overall model). See Table B and C of Supplementary Material for acronyms descriptions.
	Hypothesis
	Model
	df
	logLik
	AICc
	delta
	weight
	Overall delta

	Detectability
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (1)
	13
	-3556.461
	7138.9
	0.00
	  0.596
	0.00

	 
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (1)
	12
	-3557.857
	7139.7
	0.79
	  0.401
	0.79

	H1 (Ecoregion)
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (Abbreviation_Ecoregion)
	16
	-3550.914
	7133.8
	0.00
	0.927
	94.9

	H2 (Interspecific Interactions)
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (Mongoose +
RAI Rabbit + Wolf)
	16
	-3540.845
	7113.7
	0.00
	0.833
	94.8

	H3 (Habitat)
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (Habitat)
	20
	-3511.757
	7063.5
	0.00
	0.716
	24.6

	 
	p (Habitat_COS + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (Habitat + Shannon Index)
	21
	-3511.679
	7065.4
	1.84
	0.284
	26.5

	H4 (Climatic Factors)
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (MaxMaximum Precipitation + Maximum Temperature + Minimum Temperature + Season)
	17
	-3528.723
	7091.4
	0.00
	0.636
	52.5

	 
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (MaxMaximum Precipitation + Minimum Temperature + Season)
	16
	-3530.324
	7092.6
	1.20
	0.349
	53.7

	H5 (Human Disturbance)
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (RAI Dogs)
	14
	-3548.392
	7124.8
	0.00
	0.730
	85.9

	 
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (HFI + RAI Dogs)
	15
	-3548.391
	7126.8
	2.00
	0.269
	87.9

	H6 (Mixed Model)* 
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (Mongoose + Habitat + RAI Dogs + Season)
	23
	-3496.457
	7038.9
	0.00
	0.721
	0.00

	H7 (Habitat_COS : RAI Dogs)
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (Habitat + RAI Dogs)
	21
	-3504.594
	7051.2
	0.00
	0.891
	12.3

	H8 (HFI : RAI Dogs)
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (RAI Dogs)
	14
	-3548.392
	7124.8
	0.00
	0.651
	85.9

	 
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (HFI + RAI Dogs)
	15
	-3548.391
	7126.8
	2.00
	0.239
	87.9

	
	
	
	
	
	
	
	

	*ĉ = 2.47
	
	
	
	
	
	
	





Table F Red fox occupancy models based on the north of the Tagus River dataset, built for each hypothesis ranked by QAICc, ∆ QAICc and model cumulative weight. Only models with ∆ QAICc ≤ 2 are represented. The best supported models (lowest QAICc) are highlighted in bold. (df – degree of freedom; logLik – log-Likelihood; QAICc – Quasi Akaike’s Information Criterion corrected for small samples; delta – delta of QAICc; weight – model cumulative weight; Overall Delta – the difference in QAICc between the best model within each hypothesis and the best overall model). See Table B and C of Supplementary Material for acronyms descriptions.
	Hypothesis
	Model
	df
	logLik
	QAICc
	delta
	weight
	Overall Delta

	Detectability
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (1)
	12
	-3557.857
	3080.0
	0.00
	  0.516
	0.00

	ĉ = 2.33 
	p (Habitat + RAI Dogs + RAI Rabbit + Season + Shannon Index) ~ psi (1)
	13
	-3556.461
	3080.8
	0.80
	  0.346
	0.80

	H1 (Ecoregion)
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (1)
	12
	-3557.857
	2918.6
	0.00
	 0.677
	699.5

	ĉ = 2.46
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (Abbreviation_Ecoregion)
	15
	-3552.294
	2920.0
	1.48
	  0.323
	700.9

	
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (Mongoose +
RAI Rabbit + Wolf)
	15
	-3542.110
	3072.4
	0.00
	0.317
	853.3

	H2 (Interspecific Interactions)
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (RAI Rabbit + Wolf)
	14
	-3545.712
	3073.5
	1.09
	0.184
	854.4

	ĉ = 2.33 
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (Mongoose +
RAI Rabbit)
	14
	-3545.835
	3073.6
	1.20
	0.174
	854.5

	 
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (Mongoose + Wolf)
	14
	-3546.133
	3073.9
	1.45
	0.153
	854.8

	H3 (Habitat)
	p (Habitat+ RAI Dogs + RAI Rabbit + Season) ~ psi (Habitat)
	19
	-3512.223
	2661.1
	0.00
	0.724
	442

	ĉ = 2.68
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (Habitat + Shannon Index)
	20
	-3512.122
	2663.0
	1.92
	0.276
	443.9

	H4 (Climatic Factors)
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (MaxMaximum Precipitation + Minimum Temperature + Season)
	15
	-3531.285
	2780.1
	0.00
	0.358
	561

	ĉ = 2.57
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (MaxMaximum Precipitation + Maximum Temperature + Minimum Temperature + Season)
	16
	-3529.650
	2780.8
	0.73
	0.249
	561.7

	H5 (Human Disturbance)
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (RAI Dogs)
	13
	-3549.628
	2219.1
	0.00
	0.602
	0.00

	ĉ = 3.24 
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (HFI + RAI Dogs)
	14
	-3549.628
	2221.1
	2.00
	0.221
	2.0

	
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (Mongoose + Habitat + RAI Dogs + Season)
	22
	-3496.890
	2866.1
	0.00
	0.286
	647

	H6 (Mixed Model) 
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (Mongoose + Habitat + RAI Dogs)
	21
	-3499.459
	2866.1
	0.07
	0.276
	647

	ĉ = 2.48 
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (Habitat + RAI Dogs + Season)
	21
	-3501.158
	2867.5
	1.44
	0.139
	648.4

	H7 (Habitat_COS : RAI Dogs)

ĉ = 2.56
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (Habitat + RAI Dogs)
	20
	-3505.053
	2780.3
	0.00
	0.854
	561.2

	H8 (HFI : RAI Dogs)
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (RAI Dogs)
	13
	-3549.628
	3197.3
	0.00
	0.621
	978.2

	ĉ = 2.24 
	p (Habitat + RAI Dogs + RAI Rabbit + Season) ~ psi (HFI + RAI Dogs)
	14
	-3549.628
	3199.3
	2.00
	0.229
	980.2



Table G Coefficients estimates of each variable included in the best detection and occupancy models’ averages (ΔQAIC≤ 2) of each hypothesis built for the north of the Tagus River dataset. (SE- Standard Error; z- z-score; P(>|z|) – p-value of the test). See Table B and C  of Supplementary Material for acronyms descriptions.
	Hypothesis
	Variables
	Estimate
	SE
	z
	P(>|z|)

	
	(Intercept)
	-0.455
	0.091
	4.966
	7.0e-07

	
	Habitat (Eucalyptus spp. Plantations)
	-1.276
	0.183
	6.955
	< 2e-16

	
	Habitat (Native Broadleaf and Mixed Forests)
	0.260
	0.098
	2.643
	0.008

	
	Habitat (Other Habitats)
	0.505
	0.306
	1.648
	0.099

	
	Habitat (Pastures)
	-0.365
	0.354
	1.033
	0.301

	
	Habitat (Pinus spp. Plantations)
	-0.011
	0.116
	0.102
	0.918

	Detectability
	Habitat (Shrublands)
	0.073
	0.102
	0.715
	0.474

	
	Habitat (Sparse Vegetation)
	-0.573
	0.312
	1.835
	0.066

	
	Relative Abundance Index of Dogs
	0.140
	0.027
	5.070
	4.0e-07

	
	Relative Abundance Index of Rabbit
	0.120
	0.026
	4.581
	4.6e-06

	
	Wet Season
	-0.256
	0.066
	3.849
	0.000

	
	Shannon Index
	0.056
	0.033
	1.671
	0.094

	
	(Intercept)
	0.702
	0.229
	3.067
	0.002

	H1 (Ecoregion)
	Iberian Sclerophyllous and Semideciduous Forests Ecoregion
	0.805
	0.302
	2.661
	0.007

	
	Northwest Iberian Montane Forests
	0.390
	0.256
	1.520
	0.128

	
	Southwest Iberian Mediterranean Sclerophyllous and Mixed Forests
	-0.031
	0.305
	0.104
	0.916

	
	(Intercept)
	1.818
	0.742
	2.448
	0.014

	H2 (Interspecific Interactions)
	Presence/Absence of Egyptian Mongoose
	1.242
	0.518
	2.394
	0.016

	
	Relative Abundance Index of Rabbit
	0.452
	0.220
	2.049
	0.040

	
	Presence/Absence of Wolf
	-1.378
	0.570
	2.417
	0.015

	
	(Intercept)
	1.971
	0.359
	5.491
	< 2e-16

	
	Habitat (Eucalyptus spp. Plantations)
	-2.989
	0.422
	7.076
	< 2e-16

	
	Habitat (Native Broadleaf and Mixed Forests)
	-0.987
	0.389
	2.535
	0.011

	
	Habitat (Other Habitats)
	9.959
	175.994
	0.057
	0.954

	H3 (Habitat)
	Habitat (Pastures)
	-1.315
	0.891
	1.475
	0.140

	
	Habitat (Pinus spp. Plantations)
	-1.742
	0.398
	4.372
	1.23e-05

	
	Habitat (Shrublands)
	-0.766
	0.406
	1.885
	0.059

	
	Habitat (Sparse Vegetation)
	-1.151
	0.855
	1.345
	0.178

	
	Shannon Index
	0.039
	0.087
	0.450
	0.652

	
	(Intercept)
	5.008
	2.355
	2.127
	0.033

	
	Maximum Precipitation Rainest Month
	-0.011
	0.004
	2.758
	0.005

	H4 (Climatic Factors)
	Minimum Temperature Coldest Month
	-0.239
	0.056
	4.237
	2.26e-05

	
	Wet Season
	-0.783
	0.219
	3.570
	0.000

	
	Maximum Temperature Warmest Month
	-0.116
	0.068
	1.713
	0.086

	
	(Intercept)
	0.822
	0.165
	4.963
	7.00e-07

	H5 (Human Disturbance)
	Relative Abundance Index of Dogs
	0.457
	0.132
	3.450
	0.000

	
	Human Footprint Index
	0.000
	0.008
	0.016
	0.987

	
	(Intercept)
	2.003
	0.419
	4.779
	1.8e-06

	
	Presence/Absence of Egyptian Mongoose
	1.187
	0.424
	2.797
	0.005

	
	Habitat (Eucalyptus spp. Plantations)
	-2.766
	0.432
	6.403
	< 2e-16

	
	Habitat (Native Broadleaf and Mixed Forests)
	-0.812
	0.389
	2.089
	0.036

	
	Habitat (Other Habitats)
	10.281
	170.339
	0.060
	0.951

	H6 (Mixed Model)
	Habitat (Pastures)
	-1.030
	0.890
	1.156
	0.247

	
	Habitat (Pinus spp. Plantations)
	-1.532
	0.402
	3.811
	0.000

	
	Habitat (Shrublands)
	-0.667
	0.406
	1.643
	0.100

	
	Habitat (Sparse Vegetation)
	-1.313
	0.822
	1.596
	0.110

	
	Relative Abundance Index of Dogs
	0.416
	0.131
	3.173
	0.001

	
	Wet Season
	-0.504
	0.215
	2.338
	0.019

	
	(Intercept)
	1.989
	0.373
	5.327
	9.98e-08

	
	Relative Abundance Index of Dogs
	-0.033
	0.254
	-0.129
	8.97e-01

	
	Habitat (Eucalyptus spp. Plantations)
	-2.862
	0.442
	-6.469
	9.85e-11

	
	Habitat (Native Broadleaf and Mixed Forests)
	-0.858
	0.414
	-2.073
	3.81e-02

	
	Habitat (Other Habitats)
	10.295
	_
	_
	_

	
	Habitat (Pastures)
	3.231
	94.173
	0.034
	9.73e-01

	
	Habitat (Pinus spp. Plantations)
	-1.734
	0.414
	-4.190
	2.78e-05

	
	Habitat (Shrublands)
	-0.808
	0.419
	-1.927
	5.39e-02

	H7 (Habitat_COS : RAI Dogs)
	Habitat (Sparse Vegetation)
	3.314
	119.952
	0.027
	9.78e-01

	
	Relative Abundance Index of Dogs : Habitat (Eucalyptus spp. Plantations)
	0.992
	0.458
	2.165
	3.03e-02

	
	Relative Abundance Index of Dogs : Habitat (Native Broadleaf and Mixed Forests)
	0.815
	0.441
	1.846
	6.49e-02

	
	Relative Abundance Index of Dogs : Habitat (Others Habitats)
	-4.141
	_
	_
	_

	
	Relative Abundance Index of Dogs : Habitat_ (Pastures)
	11.985
	234.125
	0.051
	9.59e-01

	
	Relative Abundance Index of Dogs :  Habitat (Pinus spp. Plantations)
	0.501
	0.349
	1.435
	1.51e-01

	
	Relative Abundance Index of Dogs : Habitat (Shrublands)
	0.192
	0.319
	0.601
	5.47e-01

	
	Relative Abundance Index of Dogs :  Habitat (Sparse Vegetation)
	12.802
	298.218
	0.042
	9.66e-01

	
	(Intercept)
	0.822
	0.165
	4.963
	7.00e-07

	H8 (HFI : RAI Dogs)
	Relative Abundance Index of Dogs
	0.457
	0.132
	3.450
	0.000

	
	Human Footprint Index
	0.000
	0.008
	0.016
	0.987



Table H Red fox occupancy models south of the Tagus River ranked by AICc, ∆ AICc and model cumulative weight. Only models with ΔAIC ≤ 2 for the most supported models of detection and occupancy are represented. The best models (lowest AICc) are highlighted in bold. (df – degree of freedom; delta AICc – delta of AICc; weight – model cumulative weight; Overall delta – the difference in AICc between the best model within each hypothesis and the best overall model). See Table B and C of Supplementary Material for acronyms descriptions.

	Hypothesis
	Model
	df
	Delta AICc
	weight
	Overall delta

	Detectability
	p (Habitat + Season) ~ psi (1)
	9
	0
	0.160
	0

	
	p (Habitat + Season + Shannon Index) ~ psi (1)
	10
	0.34
	0.135
	0.34

	
	p (Habitat + Shannon Index) ~ psi (1)
	9
	0.87
	0.104
	0.87

	
	p (Habitat + RAI Rabbit + Season) ~ psi (1)
	10
	1.77
	0.066
	1.77

	
	p (Habitat + RAI Dogs + Season) ~ psi (1)
	10
	1.94
	0.061
	1.94

	
	p (Habitat + RAI Rabbit + Season + Shannon Index) ~ psi (1)
	11
	2.00
	0.059
	2.00

	H3 (Habitat)*

	p (Habitat + Season) ~ psi (Shannon Index)
	10
	0
	0.602
	0

	
	p (Habitat + Season) ~ psi (Habitat + Shannon Index)
	16
	1.52
	0.281
	1.5


	* ĉ= 1.02



Table I Red fox occupancy models built for the south of the Tagus River dataset for each hypothesis ranked by AICc, ∆AICc and model cumulative weight. Only models with ∆ AICc ≤ 2 are represented. The best supported models (lowest AICc) are highlighted in bold. (df – degree of freedom; logLik – log-Likelihood; AICc – Akaike’s Information Criterion corrected for small samples; delta – delta of AICc; weight – model cumulative weight; Overall delta – the difference in AICc between the best model within each hypothesis and the best overall model). See Table B and C of Supplementary Material for acronyms descriptions.
	Hypothesis
	Model
	df
	logLik
	AICc
	delta
	weight
	Overall delta

	
	p (Habitat + Season) ~ psi (1)
	9
	-976.320
	1970.6
	0.00
	0.160
	0.00

	
	p (Habitat + Season + Shannon Index) ~ psi (1)
	10
	-975.491
	1971.0
	0.34
	0.135
	0.34

	Detectability
	p (Habitat + Shannon Index) ~ psi (1)
	9
	-976.755
	1971.5
	0.87
	0.104
	0.87

	
	p (Habitat + RAI Rabbit + Season) ~ psi (1)
	10
	-976.206
	1972.4
	1.77
	0.066
	1.77

	
	p (Habitat + RAI Dogs + Season) ~ psi (1)
	10
	-976.292
	1972.6
	1.94
	0.061
	1.94

	
	p (Habitat + RAI Rabbit + Season + Shannon Index) ~ psi (1)
	11
	-975.320
	1972.6
	2.00
	0.059
	2.00

	H1 (Ecoregion)
	p (Habitat + Season) ~ psi (1)
	9
	-976.320
	1970.6
	0.0
	0.711
	4.1

	
	p (Habitat + Season) ~ psi (Abbreviation_Ecoregion)
	10
	-976.218
	1972.4
	1.8
	0.289
	5.9

	
	p (Habitat + Season) ~ psi (1)
	9
	-976.320
	1970.6
	0.00
	0.421
	4.1

	H2 (Interspecific Interactions)
	p (Habitat + Season) ~ psi (RAI Rabbit)
	10
	-975.809
	1971.6
	0.98
	0.258
	5.1

	
	p (Habitat + Season) ~ psi (Mongoose)
	10
	-976.090
	1972.2
	1.54
	0.195
	5.7

	H3 (Habitat)*
	p (Habitat+ Season) ~ psi (Shannon Index)
	10
	-973.241
	1966.5
	0.00
	0.602
	0.00

	
	p (Habitat + Season) ~ psi (Habitat + Shannon Index)
	16
	-968.002
	1968.0
	1.52
	0.281
	1.5

	
	p (Habitat + Season) ~ psi (Site Temperature)
	10
	-973.982
	1968.0
	0.00
	0.239
	1.5

	H4 (Climatic Factors)
	p (Habitat + Season) ~ psi (Site Temperature + Minimum Temperature)
	11
	-973.413
	1968.8
	0.86
	0.155
	2.3

	
	p (Habitat + Season) ~ psi (Site Temperature + Season)
	11
	-973.975
	1970.0
	1.99
	0.088
	3.5

	
	p (Habitat + Season) ~ psi (1)
	9
	-976.320
	1970.6
	0.00
	0.409
	4.1

	H5 (Human Disturbance)
	p (Habitat + Season) ~ psi (HFI)
	10
	-975.674
	1971.3
	0.71
	0.288
	4.8

	
	p (Habitat + Season) ~ psi (RAI Dogs)
	10
	-976.158
	1972.3
	1.67
	0.177
	5.8

	
	p (Habitat + Season) ~ psi (1)
	9
	-976.320
	1970.6
	0.00
	0.151
	4.1

	
	p (Habitat + Season) ~ psi (Habitat_COS)
	15
	-970.931
	1971.9
	1.22
	0.082
	5.4

	
	p (Habitat + Season) ~ psi (Mongoose)
	10
	-976.090
	1972.2
	1.54
	0.070
	5.7

	H6 (Mixed Model)
	p (Habitat + Season) ~ psi (RAI Dogs)
	10
	-976.158
	1972.3
	1.67
	0.065
	5.8

	
	p (Habitat + Season) ~ psi (Season)
	10
	-976.194
	1972.4
	1.75
	0.063
	5.9

	
	p (Habitat + Season) ~ psi (Abbreviation_Ecoregion)
	10
	-976.218
	1972.4
	1.80
	0.062
	5.9

	
	p (Habitat + Season) ~ psi (Habitat_COS + Season)
	16
	-970.308
	1972.6
	1.98
	0.056
	6.1

	
	p (Habitat + Season) ~ psi (1)
	9
	-976.320
	1970.6
	0.00
	0.441
	4.1

	H7 (Habitat_COS : RAI Dogs)
	p (Habitat + Season) ~ psi (Habitat_COS)
	15
	-970.931
	1971.9
	1.22
	0.240
	5.4

	
	p (Habitat + Season) ~ psi (RAI Dogs)
	10
	-976.158
	1972.3
	1.67
	0.191
	5.8

	
	p (Habitat + Season) ~ psi (1)
	9
	-976.320
	1970.6
	0.00
	0.389
	4.1

	H8 (HFI : RAI Dogs)
	p (Habitat + Season) ~ psi (HFI)
	10
	-975.674
	1971.3
	0.71
	0.274
	4.8

	
	p (Habitat + Season) ~ psi (RAI Dogs)
	10
	-976.158
	1972.3
	1.67
	0.169
	5.8


* ĉ= 1.02



Table J Coefficients estimates of each variable included in the best detection and occupancy models’ averages (ΔAIC≤ 2) of each hypothesis for the south of the Tagus River dataset. (SE- Standard Error; z- z-score; P(>|z|) – p-value of the test). See Table B and C of Supplementary Material for acronyms descriptions.
	Hypothesis
	Variables
	Estimate
	SE
	z
	P(>|z|)

	
	(Intercept)
	-0.360
	0.187
	-1.926
	0.054

	
	Habitat (Agriculture)
	0.812
	0.262
	3.104
	0.001

	
	Habitat (Eucalyptus spp. Plantations)
	-0.553
	0.298
	-1.855
	0.063

	Detectability
	Habitat (Native Broadleaf and Mixed Forests)
	0.061
	0.196
	0.314
	0.753

	
	Habitat (Other Habitats)
	-0.205
	0.358
	-0.575
	0.564

	
	Habitat (Pinus spp. Plantations)
	0.001
	0.239
	0.005
	0.995

	
	Habitat (Shrublands)
	0.245
	0.220
	1.111
	0.266

	
	Habitat (Wet Season)
	-0.218
	0.129
	-1.693
	0.090

	H1 (Ecoregion)
	(Intercept)
	0.792
	0.453
	1.750
	0.080

	
	Southwest Iberian Mediterranean Sclerophyllous and Mixed Forests
	0.353
	0.768
	0.460
	0.645

	
	(Intercept)
	0.879
	0.170
	5.157
	3,00E-07

	H2 (Interspecific Interactions)
	Relative Abundance Index of Rabbit
	0.202
	0.228
	0.889
	0.374

	
	Presence/Absence of Egyptian Mongoose
	0.269
	0.402
	0.669
	0.503

	
	(Intercept)
	1.219
	0.641
	1.901
	0.057

	
	Shannon Index
	0.435
	0.184
	2.356
	0.018

	
	Habitat (Agriculture)
	0.403
	1.322
	0.305
	0.760

	H3 (Habitat)
	Habitat (Eucalyptus spp. Plantations)
	-0.727
	1.064
	0.683
	0.494

	
	Habitat (Native Broadleaf and Mixed Forests)
	-0.862
	0.859
	1.003
	0.315

	
	Habitat (Other Habitats)
	-1.645
	1.110
	1.482
	0.138

	
	Habitat (Pinus spp. Plantations)
	-1.796
	0.888
	2.023
	0.043

	
	Habitat (Shrublands)
	-0.619
	0.926
	0.669
	0.503

	
	(Intercept)
	-9.622
	5.029
	1.913
	0.055

	H4 (Climatic Factors)
	Annual Mean Temperature
	0.676
	0.318
	2.127
	0.033

	
	Minimum Temperature Coldest Month
	-0.241
	0.226
	1.070
	0.284

	
	Wet Season
	0.040
	0.347
	0.116
	0.907

	
	(Intercept)
	0.833
	0.204
	4.082
	4.47e-05

	H5 (Human Disturbance)
	Human Footprint Index
	0.003
	0.003
	1.057
	0.290

	
	Relative Abundance Index of Dogs
	0.103
	0.195
	0.530
	0.596

	
	(Intercept)
	1.105
	0.714
	1.547
	0.121

	
	Habitat (Agriculture)
	0.465
	1.305
	0.357
	0.721

	
	Habitat (Eucalyptus spp. Plantations)
	-1.170
	1.010
	1.158
	0.246

	
	Habitat (Native Broadleaf and Mixed Forests)
	-1.348
	0.825
	1.632
	0.102

	
	Habitat (Other Habitats)
	-1.504
	1.084
	1.387
	0.165

	H6 (Mixed Model)
	Habitat (Pinus spp. Plantations)
	-1.862
	0.865
	2.152
	0.031

	
	Habitat (Shrublands)
	-0.914
	0.897
	1.019
	0.308

	
	Presence/Absence of Egyptian Mongoose
	0.269
	0.402
	0.669
	0.503

	
	Relative Abundance Index of Dogs
	0.103
	0.195
	0.530
	0.596

	
	Wet Season
	0.284
	0.373
	0.763
	0.445

	
	Southwest Iberian Mediterranean Sclerophyllous and Mixed Forests
	0.353
	0.768
	0.460
	0.645

	
	(Intercept)
	1.212
	0.678
	1.786
	0.074

	
	Habitat (Agriculture)
	0.425
	1.303
	0.326
	0.744

	
	Habitat (Eucalyptus spp. Plantations)
	-1.169
	1.011
	1.156
	0.247

	
	Habitat (Native Broadleaf and Mixed Forests)
	-1.301
	0.822
	1.583
	0.113

	H7 (Habitat_COS : RAI Dogs)
	Habitat (Other Habitats)
	-1.509
	1.085
	1.391
	0.164

	
	Habitat (Pinus spp. Plantations)
	-1.841
	0.865
	2.127
	0.033

	
	Habitat (Shrublands)
	-0.901
	0.898
	1.003
	0.315

	
	Relative Abundance Index of Dogs
	0.103
	0.195
	0.530
	0.596

	
	(Intercept)
	0.833
	0.204
	4.082
	4.47e-05

	H8 (HFI : RAI Dogs)
	Human Footprint Index
	0.003
	0.003
	1.057
	0.290

	
	Relative Abundance Index of Dogs
	0.103
	0.195
	0.530
	0.596



Table K R script for building our models north of the Tagus River.
install.packages("unmarked")
install.packages("MuMIn")
install.packages("wiqid")
install.packages("AICcmodavg")

install.packages("readxl")
library(readxl)
vulpesNOR = read_xlsx("C:/Users/ricar/Desktop/Publicacao Mestrado/All Data 10 P 3 D_ NORTE_Definitivo .xlsx", na = "NA")
View(vulpesNOR)
str(vulpesNOR) 

#---- load packages ----
library(unmarked)
library(wiqid)
library(MuMIn)
library(AICcmodavg)

#---- umf Vulpes total ----

cov_VNOR <- vulpesNOR[,c(12:33)]
occ_VNOR <- vulpesNOR[,2:11]

umf_VulpesNOR <- unmarkedFrameOccu(y = occ_VNOR,
                                   siteCovs = cov_VNOR)


summary(umf_VulpesNOR) 


#---- Standardising data Vulpes ----

umf_VulpesNOR@siteCovs$Edge_Density = scale(umf_VulpesNOR@siteCovs$Edge_Density)
umf_VulpesNOR@siteCovs$Shannon_Index = scale(umf_VulpesNOR@siteCovs$Shannon_Index)
umf_VulpesNOR@siteCovs$RAI_Rabbit = scale(umf_VulpesNOR@siteCovs$RAI_Rabbit)
umf_VulpesNOR@siteCovs$RAI_Dogs = scale(umf_VulpesNOR@siteCovs$RAI_Dogs)
str(umf_VulpesNOR@siteCovs)

null_VulpesNOR = occu(~ 1
                      ~ 1,
                      data = umf_VulpesNOR)
null_VulpesNOR

backTransform(null_VulpesNOR, type = 'state')
backTransform(null_VulpesNOR, type = 'det')


colnames(umf_VulpesNOR@siteCovs)

#---- Multicollinearity ----
#VIF estimation; threshold = 3

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesNOR@siteCovs[,c(5,6,9,10,20)]) # GVIF <3 (Variance Inflation Factor)

corvif(umf_VulpesNOR@siteCovs[,c(6,9,10,20)]) 


#---- Detection ----

Det_VulpesNOR = occu(~Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)  ~1,  data = umf_VulpesNOR)

DredgeDet_VulpesNOR <- dredge(Det_VulpesNOR, rank = "AIC") 
DredgeDet_VulpesNOR 
detect_bestNOR = get.models(DredgeDet_VulpesNOR,  subset = delta < 2)
detect_bestNOR
confint(Det_VulpesNOR, type = 'state') 
confint(Det_VulpesNOR, type = 'det')

# Best models (delta < 2) 

#---- Vulpes H1 ----

# H1 : Ecoregion  

colnames(umf_VulpesNOR@siteCovs)

H1_VulpesNOR = occu(~ Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                    ~ Sigla_Ecoregion,
                    data = umf_VulpesNOR)

DredgeOccH1_VulpesNOR  <- dredge(H1_VulpesNOR , rank = "AIC", fixed=c("p(Shannon_Index)", "p(RAI_Rabbit)", "p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH1_VulpesNOR 
Best_Vv_H1NOR = get.models(DredgeOccH1_VulpesNOR,  subset = delta < 2)
Best_Vv_H1NOR
confint(H1_VulpesNOR, level=0.95, type="state") 
confint(H1_VulpesNOR, level=0.95, type="det")

#---- Vulpes H2 ----

# H2: Interspecific Interactions  
colnames(umf_VulpesNOR@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesNOR@siteCovs[,c(7,8,9)]) 


H2_VulpesNOR  = occu(~ Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                     ~ Egyptian_M_P_A  + Wolf_P_A  + RAI_Rabbit,
                     data = umf_VulpesNOR)

DredgeOccH2_VulpesNOR  <- dredge(H2_VulpesNOR , rank = "AIC", fixed=c("p(Shannon_Index)", "p(RAI_Rabbit)", "p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH2_VulpesNOR 
Best_Vv_H2NOR = get.models(DredgeOccH2_VulpesNOR,  subset = delta < 2)
Best_Vv_H2NOR
confint(H2_VulpesNOR, level=0.95, type="state") 
confint(H2_VulpesNOR, level=0.95, type="det")

#---- Vulpes H3 ---- 

# H3: Habitat  

colnames(umf_VulpesNOR@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesNOR@siteCovs[,c(5,6,20)]) 
corvif(umf_VulpesNOR@siteCovs[,c(6,20)])

H3_VulpesNOR  = occu(~ Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                     ~ Shannon_Index + Habitat_COS,
                     data = umf_VulpesNOR)

DredgeOccH3_VulpesNOR  <- dredge(H3_VulpesNOR , rank = "AIC", fixed=c("p(Shannon_Index)", "p(RAI_Rabbit)", "p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH3_VulpesNOR 
Best_Vv_H3NOR = get.models(DredgeOccH3_VulpesNOR,  subset = delta < 2)
Best_Vv_H3NOR
Avg_H3NOR<-model.avg(Best_Vv_H3NOR, fit = TRUE)
summary (Avg_H3NOR)
confint(Avg_H3NOR, level=0.95)


#----Vulpes H4 ----

# H4: Climatic Factors  

colnames(umf_VulpesNOR@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesNOR@siteCovs[,c(4,13,14, 15, 16, 17, 18)]) 
corvif(umf_VulpesNOR@siteCovs[,c(4,14, 15, 16, 17, 18)]) 
corvif(umf_VulpesNOR@siteCovs[,c(4,14, 15, 17, 18)]) 
corvif(umf_VulpesNOR@siteCovs[,c(4,14, 15, 18)])

H4_VulpesNOR  = occu(~ Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                     ~ Season + MinTempColM + MaxTempWarmM + MaxPreRainM,
                     data = umf_VulpesNOR) 

DredgeOccH4_VulpesNOR  <- dredge(H4_VulpesNOR , rank = "AIC", fixed=c("p(Shannon_Index)", "p(RAI_Rabbit)", "p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH4_VulpesNOR 
Best_Vv_H4NOR = get.models(DredgeOccH4_VulpesNOR,  subset = delta < 2)
Best_Vv_H4NOR
Avg_H4NOR<-model.avg(Best_Vv_H4NOR, fit = TRUE)
summary (Avg_H4NOR)
confint(Avg_H4NOR, level=0.95)

#---- Vulpes H5 ----

# H5: Human Disturbance  

colnames(umf_VulpesNOR@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesNOR@siteCovs[,c(10,12,21,22)]) 

H5_VulpesNOR  = occu(~ Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                     ~ RAI_Dogs + HFI + Dist_Roads + Dist_Urb,
                     data = umf_VulpesNOR) 

DredgeOccH5_VulpesNOR  <- dredge(H5_VulpesNOR , rank = "AIC", fixed=c("p(Shannon_Index)", "p(RAI_Rabbit)", "p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH5_VulpesNOR 
Best_Vv_H5NOR = get.models(DredgeOccH5_VulpesNOR,  subset = delta < 2)
Best_Vv_H5NOR
Avg_H5NOR<-model.avg(Best_Vv_H5NOR, fit = TRUE)
summary (Avg_H5NOR)
confint(Avg_H5NOR, level=0.95)


#----Vulpes H6 ----

# H6: Mixed Model


colnames(umf_VulpesNOR@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesNOR@siteCovs[,c(4,7,10, 19, 20)]) 

H6_VulpesNOR  = occu(~ Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                     ~ Season + Egyptian_M_P_A + RAI_Dogs + Sigla_Ecoregion + Habitat_COS,
                     data = umf_VulpesNOR) 

DredgeOccH6_VulpesNOR  <- dredge(H6_VulpesNOR , rank = "AIC", fixed=c("p(Shannon_Index)", "p(RAI_Rabbit)", "p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH6_VulpesNOR 
Best_Vv_H6NOR = get.models(DredgeOccH6_VulpesNOR,  subset = delta < 2)
Best_Vv_H6NOR
confint(H6_VulpesNOR, level=0.95, type="state")
confint(H6_VulpesNOR, level=0.95, type="det")

#---- Vulpes H7 ----

# H7: Interaction Habitat and RAI Dogs 

colnames(umf_VulpesNOR@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesNOR@siteCovs[,c(10, 20)]) 

H7_VulpesNOR = occu(~ Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                    ~  RAI_Dogs*Habitat_COS,
                    data = umf_VulpesNOR) 

DredgeOccH7_VulpesNOR  <- dredge(H7_VulpesNOR , rank = "AIC", fixed=c("p(Shannon_Index)", "p(RAI_Rabbit)", "p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH7_VulpesNOR 
Best_Vv_H7NOR = get.models(DredgeOccH7_VulpesNOR,  subset = delta < 2)
Best_Vv_H7NOR
confint(H7_VulpesNOR, level=0.95, type="state") 
confint(H7_VulpesNOR, level=0.95, type="det")


#---- Vulpes H8 ----

# H8: Interaction HFI and RAI Dogs  

colnames(umf_VulpesNOR@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesNOR@siteCovs[,c(12, 20)]) 

H8_VulpesNOR = occu(~ Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                    ~  RAI_Dogs*HFI,
                    data = umf_VulpesNOR) 

DredgeOccH8_VulpesNOR  <- dredge(H8_VulpesNOR , rank = "AIC", fixed=c("p(Shannon_Index)", "p(RAI_Rabbit)", "p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH8_VulpesNOR 
Best_Vv_H8NOR = get.models(DredgeOccH8_VulpesNOR,  subset = delta < 2)
Best_Vv_H8NOR
Avg_H8NOR <-model.avg(Best_Vv_H8NOR, fit = TRUE) 
summary (Avg_H8NOR)
confint(Avg_H8NOR, level=0.95)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
  
  
  
  #---- Best Model ---- 

mb.gof.test(H6_VulpesNOR, nsim=500, plot.hist=FALSE) #Estimate of c-hat = 2.56 para nsim=500 P-value = 0



#---- Quasi AIC ----

#---- Quasi AIC Detection ----

Det_VulpesNOR = occu(~Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS) ~1, data = umf_VulpesNOR)

mb.gof.test(Det_VulpesNOR, nsim=500, plot.hist=FALSE)

DredgeDet_VulpesNOR <- dredge(Det_VulpesNOR, rank="QAIC", chat= 2.33)
DredgeDet_VulpesNOR 
Best_Vv_Det_VulpesNOR = get.models(DredgeDet_VulpesNOR,  subset = delta < 2)
Best_Vv_Det_VulpesNOR
Avg_Det_VulpesNOR<-model.avg(Best_Vv_Det_VulpesNOR, fit = TRUE)
summary (Avg_Det_VulpesNOR)
confint(Avg_Det_VulpesNOR, level=0.95)

# Quasi AIC H1: Ecoregion:

H1_V_QAICNOR = occu(~ RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                    ~ Sigla_Ecoregion,
                    data = umf_VulpesNOR)

mb.gof.test(H1_V_QAICNOR, nsim=500, plot.hist=FALSE)

Dredge_H1_VNOR <- dredge (H1_V_QAICNOR, rank = "QAIC", chat= 2.46, fixed=c("p(RAI_Rabbit)","p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
Dredge_H1_VNOR
Best_Vv_H1NOR = get.models(Dredge_H1_VNOR,  subset = delta < 2)
Best_Vv_H1NOR
Avg_H1NOR<-model.avg(Best_Vv_H1NOR, fit = TRUE)
summary (Avg_H1NOR)
confint(Avg_H1NOR, level=0.95)


# Quasi AIC H2: Interspecific Interactions 

H2_V_QAICNOR = occu(~ RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                    ~ Egyptian_M_P_A  + Wolf_P_A  + RAI_Rabbit,
                    data = umf_VulpesNOR)

mb.gof.test(H2_V_QAICNOR, nsim=500, plot.hist=FALSE)

Dredge_H2_VNOR <- dredge (H2_V_QAICNOR, rank = "QAIC", chat= 2.33 , fixed=c("p(RAI_Rabbit)","p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
Dredge_H2_VNOR
Best_Vv_H2NOR = get.models(Dredge_H2_VNOR,  subset = delta < 2)
Best_Vv_H2NOR
Avg_H2NOR<-model.avg(Best_Vv_H2NOR, fit = TRUE)
summary (Avg_H2NOR)
confint(Avg_H2NOR, level=0.95)

# Quasi AIC H3: Habitat  

H3_V_QAICNOR = occu(~ RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                    ~ Shannon_Index + Habitat_COS,
                    data = umf_VulpesNOR)

mb.gof.test(H3_V_QAICNOR, nsim=500, plot.hist=FALSE)

Dredge_H3_VNOR <- dredge (H3_V_QAICNOR, rank = "QAIC", chat= 2.68 , fixed=c("p(RAI_Rabbit)","p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
Dredge_H3_VNOR
Best_Vv_H3NOR = get.models(Dredge_H3_VNOR,  subset = delta < 2)
Best_Vv_H3NOR
Avg_H3NOR<-model.avg(Best_Vv_H3NOR, fit = TRUE)
summary (Avg_H3NOR)
confint(Avg_H3NOR, level=0.95)

# Quasi AIC H4: Climatic Factors   

H4_V_QAICNOR = occu(~ RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                    ~ Season + MinTempColM + MaxTempWarmM + MaxPreRainM,
                    data = umf_VulpesNOR) 

mb.gof.test(H4_V_QAICNOR, nsim=500, plot.hist=FALSE)

Dredge_H4_VNOR <- dredge (H4_V_QAICNOR, rank = "QAIC", chat= 2.57 , fixed=c("p(RAI_Rabbit)","p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
Dredge_H4_VNOR
Best_Vv_H4NOR = get.models(Dredge_H4_VNOR,  subset = delta < 2)
Best_Vv_H4NOR
Avg_H4NOR<-model.avg(Best_Vv_H4NOR, fit = TRUE)
summary (Avg_H4NOR)
confint(Avg_H4NOR, level=0.95)


#Quasi AIC H5: Human Disturbance   

H5_V_QAICNOR  = occu(~ RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                     ~ RAI_Dogs + HFI + Dist_Roads + Dist_Urb,
                     data = umf_VulpesNOR) 

mb.gof.test(H5_V_QAICNOR, nsim=500, plot.hist=FALSE)

Dredge_H5_VNOR <- dredge (H5_V_QAICNOR, rank = "QAIC", chat= 3.24, fixed=c("p(RAI_Rabbit)","p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
Dredge_H5_VNOR
Best_Vv_H5NOR = get.models(Dredge_H5_VNOR,  subset = delta < 2)
Best_Vv_H5NOR
Avg_H5NOR<-model.avg(Best_Vv_H5NOR, fit = TRUE)
summary (Avg_H5NOR)
confint(Avg_H5NOR, level=0.95)


#Quasi AIC H6: Mixed Model

H6_V_QAICNOR  = occu(~ RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                     ~ Sigla_Ecoregion + Season + Egyptian_M_P_A + RAI_Dogs + Habitat_COS,
                     data = umf_VulpesNOR)  

mb.gof.test(H6_V_QAICNOR, nsim=500, plot.hist=FALSE)

Dredge_H6_VNOR <- dredge (H6_V_QAICNOR, rank = "QAIC", chat= 2.48 , fixed=c("p(RAI_Rabbit)","p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
Dredge_H6_VNOR
Best_Vv_H6NOR = get.models(Dredge_H6_VNOR,  subset = delta < 2)
Best_Vv_H6NOR
Avg_H6NOR<-model.avg(Best_Vv_H6NOR, fit = TRUE)
summary (Avg_H6NOR)
confint(Avg_H6NOR, level=0.95)


#Quasi AIC H7: Interaction Habitat and RAI Dogs

H7_V_QAICNOR = occu(~ RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                    ~  RAI_Dogs*Habitat_COS,
                    data = umf_VulpesNOR)
mb.gof.test(H7_V_QAICNOR, nsim=500, plot.hist=FALSE)

Dredge_H7_VNOR <- dredge (H7_V_QAICNOR, rank = "QAIC", chat= 2.56, fixed=c("p(RAI_Rabbit)","p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
Dredge_H7_VNOR
Best_Vv_H7NOR = get.models(Dredge_H7_VNOR,  subset = delta < 2)
Best_Vv_H7NOR
summary (H7_V_QAICNOR)
confint(H7_V_QAICNOR, level=0.95, type="state") 
confint(H7_V_QAICNOR, level=0.95, type="det")


#Quasi AIC H8: Interaction HFI and RAI Dogs

H8_V_QAICNOR = occu(~  RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)
                    ~  RAI_Dogs*HFI,
                    data = umf_VulpesNOR)
mb.gof.test(H8_V_QAICNOR, nsim=500, plot.hist=FALSE)

Dredge_H8_VNOR <- dredge (H8_V_QAICNOR, rank = "QAIC", chat=  2.24, fixed=c("p(RAI_Rabbit)","p(RAI_Dogs)", "p(Season)", "p(as.factor(Habitat_COS))"))
Dredge_H8_VNOR
Best_Vv_H8NOR = get.models(Dredge_H8_VNOR,  subset = delta < 2)
Best_Vv_H8NOR
Avg_H8NOR<-model.avg(Best_Vv_H8NOR, fit = TRUE)
summary (Avg_H8NOR)
confint(Avg_H8NOR, level=0.95)
#----Visualizing Result of Variable with Significant Influence-------#

plotEffects(Best_Vv_H5NOR[[1]], "state", "RAI_Dogs")


Table L R script for building our models south of the Tagus River.
install.packages("unmarked")
install.packages("MuMIn")
install.packages("wiqid")
install.packages("AICcmodavg")
install.packages("readxl")
library(readxl)
vulpesSUL = read_xlsx("C:/Users/ricar/Desktop/Publicacao Mestrado/All Data 10 P 3 D_ SUL_Definitivo .xlsx", na = "NA")
View(vulpesSUL)
str(vulpesSUL) 

#---- load packages ----
library(unmarked)
library(wiqid)
library(MuMIn)
library(AICcmodavg)

#---- umf Vulpes total ----

cov_VSUL <- vulpesSUL[,c(12:33)]
occ_VSUL <- vulpesSUL[,2:11]

umf_VulpesSUL <- unmarkedFrameOccu(y = occ_VSUL,
                                   siteCovs = cov_VSUL)


summary(umf_VulpesSUL) 


#---- Standardising data Vulpes ----

umf_VulpesSUL@siteCovs$Edge_Density = scale(umf_VulpesSUL@siteCovs$Edge_Density)
umf_VulpesSUL@siteCovs$Shannon_Index = scale(umf_VulpesSUL@siteCovs$Shannon_Index)
umf_VulpesSUL@siteCovs$RAI_Rabbit = scale(umf_VulpesSUL@siteCovs$RAI_Rabbit)
umf_VulpesSUL@siteCovs$RAI_Dogs = scale(umf_VulpesSUL@siteCovs$RAI_Dogs)
str(umf_VulpesSUL@siteCovs)


null_VulpesSUL = occu(~ 1
                      ~ 1,
                      data = umf_VulpesSUL)
null_VulpesSUL

backTransform(null_VulpesSUL, type = 'state')
backTransform(null_VulpesSUL, type = 'det')


#---- Detection VulpesSUL ----


colnames(umf_VulpesSUL@siteCovs)

#---- Multicollinearity ----
#VIF estimation; threshold = 3

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesSUL@siteCovs[,c(5,6,9,10,20)]) # GVIF <3 (Variance Inflation Factor)

corvif(umf_VulpesSUL@siteCovs[,c(6,9,10,20)]) 


#---- Detection Model ----

Det_VulpesSUL = occu(~Shannon_Index + RAI_Rabbit + RAI_Dogs + Season + as.factor(Habitat_COS)  ~1,  data = umf_VulpesSUL)

DredgeDet_VulpesSUL <- dredge(Det_VulpesSUL, rank = "AIC") 
DredgeDet_VulpesSUL 
detect_bestSUL = get.models(DredgeDet_VulpesSUL,  subset = delta < 2)
detect_bestSUL
confint(Det_VulpesSUL, type = 'state') 

confint(Det_VulpesSUL, type = 'det')


#----Vulpes H1 ----

# H1 : Ecoregion  


colnames(umf_VulpesSUL@siteCovs)

H1_VulpesSUL = occu(~ Season + as.factor(Habitat_COS)
                    ~ Sigla_Ecoregion,
                    data = umf_VulpesSUL)

summary(H1_VulpesSUL)
DredgeOccH1_VulpesSUL  <- dredge(H1_VulpesSUL , rank = "AIC", fixed=c("p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH1_VulpesSUL 
Best_Vv_H1SUL = get.models(DredgeOccH1_VulpesSUL,  subset = delta < 2)
Best_Vv_H1SUL
Avg_H1SUL<-model.avg(Best_Vv_H1SUL, fit = TRUE)
summary (Avg_H1SUL)
confint(Avg_H1SUL, level=0.95)

#---- Vulpes H2 ----

# H2: Interspecific Interactions

colnames(umf_VulpesSUL@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesSUL@siteCovs[,c(7,9)]) 


H2_VulpesSUL  = occu(~ Season + as.factor(Habitat_COS)
                     ~ Egyptian_M_P_A  + RAI_Rabbit,
                     data = umf_VulpesSUL)

DredgeOccH2_VulpesSUL  <- dredge(H2_VulpesSUL , rank = "AIC", fixed=c("p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH2_VulpesSUL 
Best_Vv_H2SUL = get.models(DredgeOccH2_VulpesSUL,  subset = delta < 2)
Best_Vv_H2SUL
Avg_H2SUL<-model.avg(Best_Vv_H2SUL, fit = TRUE)
summary (Avg_H2SUL)
confint(Avg_H2SUL, level=0.95)

#---- Vulpes H3 ---- 

# H3: Habitat  

colnames(umf_VulpesSUL@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesSUL@siteCovs[,c(5,6,20)]) 
corvif(umf_VulpesSUL@siteCovs[,c(6,20)])

H3_VulpesSUL  = occu(~ Season + as.factor(Habitat_COS)
                     ~ Shannon_Index + Habitat_COS,
                     data = umf_VulpesSUL)

DredgeOccH3_VulpesSUL  <- dredge(H3_VulpesSUL , rank = "AIC", fixed=c("p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH3_VulpesSUL 
Best_Vv_H3SUL = get.models(DredgeOccH3_VulpesSUL,  subset = delta < 2)
Best_Vv_H3SUL
Avg_H3SUL<-model.avg(Best_Vv_H3SUL, fit = TRUE)
summary (Avg_H3SUL)
confint(Avg_H3SUL, level=0.95)


#----Vulpes H4 ----

# H4: Climatic Factors

colnames(umf_VulpesSUL@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesSUL@siteCovs[,c(4,13,14, 15, 16, 17, 18)]) 
corvif(umf_VulpesSUL@siteCovs[,c(4,13,14, 16, 17, 18)]) 
corvif(umf_VulpesSUL@siteCovs[,c(4,13,14, 17, 18)]) 
corvif(umf_VulpesSUL@siteCovs[,c(4,13,14, 18)]) 

H4_VulpesSUL  = occu(~ Season + as.factor(Habitat_COS)
                     ~ Season + Annual_Mean_Temp + MinTempColM + MaxPreRainM,
                     data = umf_VulpesSUL) 

DredgeOccH4_VulpesSUL  <- dredge(H4_VulpesSUL , rank = "AIC", fixed=c("p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH4_VulpesSUL 
Best_Vv_H4SUL = get.models(DredgeOccH4_VulpesSUL,  subset = delta < 2)
Best_Vv_H4SUL
Avg_H4SUL<-model.avg(Best_Vv_H4SUL, fit = TRUE)
summary (Avg_H4SUL)
confint(Avg_H4SUL, level=0.95)


#----Vulpes H5 ----

# H5: Human Disturbance  

colnames(umf_VulpesSUL@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesSUL@siteCovs[,c(10,12,21,22)]) 

H5_VulpesSUL  = occu(~ Season + as.factor(Habitat_COS)
                     ~ RAI_Dogs + HFI + Dist_Roads + Dist_Urb,
                     data = umf_VulpesSUL) 

DredgeOccH5_VulpesSUL  <- dredge(H5_VulpesSUL , rank = "AIC", fixed=c("p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH5_VulpesSUL 
Best_Vv_H5SUL = get.models(DredgeOccH5_VulpesSUL,  subset = delta < 2)
Best_Vv_H5SUL
Avg_H5SUL<-model.avg(Best_Vv_H5SUL, fit = TRUE)
summary (Avg_H5SUL)
confint(Avg_H5SUL, level=0.95)


#----Vulpes H6 ----

# H6: Mixed Model


colnames(umf_VulpesSUL@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesSUL@siteCovs[,c(4,7,10, 19, 20)]) 

H6_VulpesSUL  = occu(~ Season + as.factor(Habitat_COS)
                     ~ Season + Egyptian_M_P_A + RAI_Dogs + Sigla_Ecoregion + Habitat_COS,
                     data = umf_VulpesSUL) 

DredgeOccH6_VulpesSUL  <- dredge(H6_VulpesSUL , rank = "AIC", fixed=c("p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH6_VulpesSUL 
Best_Vv_H6SUL = get.models(DredgeOccH6_VulpesSUL,  subset = delta < 2)
Best_Vv_H6SUL
Avg_H6SUL <-model.avg(Best_Vv_H6SUL, fit = TRUE) 
summary (Avg_H6SUL)
confint(Avg_H6SUL, level=0.95)


#----Vulpes H7 ----

# H7: Interaction Habitat and RAI Dogs  

colnames(umf_VulpesSUL@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesSUL@siteCovs[,c(10, 20)]) 

H7_VulpesSUL = occu(~  Season + as.factor(Habitat_COS)
                    ~  RAI_Dogs*Habitat_COS,
                    data = umf_VulpesSUL) 

DredgeOccH7_VulpesSUL  <- dredge(H7_VulpesSUL , rank = "AIC", fixed=c("p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH7_VulpesSUL 
Best_Vv_H7SUL = get.models(DredgeOccH7_VulpesSUL,  subset = delta < 2)
Best_Vv_H7SUL
Avg_H7SUL <-model.avg(Best_Vv_H7SUL, fit = TRUE) 
summary (Avg_H7SUL)
confint(Avg_H7SUL, level=0.95)


#----Vulpes H8 ----

# H8: Interaction HFI and RAI Dogs  

colnames(umf_VulpesSUL@siteCovs)

source("C:/Users/ricar/Desktop/RSoftware/OccupancyModels/HighstatLibV10.R")
corvif(umf_VulpesSUL@siteCovs[,c(12, 20)]) 

H8_VulpesSUL = occu(~  Season + as.factor(Habitat_COS)
                    ~  RAI_Dogs*HFI,
                    data = umf_VulpesSUL) 

DredgeOccH8_VulpesSUL  <- dredge(H8_VulpesSUL , rank = "AIC", fixed=c("p(Season)", "p(as.factor(Habitat_COS))"))
DredgeOccH8_VulpesSUL 
Best_Vv_H8SUL = get.models(DredgeOccH8_VulpesSUL,  subset = delta < 2)
Best_Vv_H8SUL
Avg_H8SUL <-model.avg(Best_Vv_H8SUL, fit = TRUE) 
summary (Avg_H8SUL)
confint(Avg_H8SUL, level=0.95)
    
  
  #---- Best Model---- 

mb.gof.test(H3_VulpesSUL, nsim=500, plot.hist=FALSE) #Estimate of c-hat = 1.02 para nsim=500 P-value = 0
#----Visualizing Result of Variable with Significant Influence-------#

plotEffects(Best_Vv_H3SUL[[1]], "state", "Shannon_Index")
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