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Appendix S1. Landscape Units (LUs) definition used to plan the survey design of this study.
Methods
In order to obtain a representative sample of the study area, a stratified cluster sampling design was planned (Krebs 1999 Sutherland 2006). This survey design is widely used in conservation science (Krebs 1999, Sutherland 2006). It suggests subdividing the study area into homogeneous strata (hereafter referred to as Landscape Units, LUs), according to its habitat or ecological characteristics likely to induce systematic variations in population density (Sutherland 2006). To this aim, first, we superimposed to the study area a grid with cells of dimension 2 × 2 km. Then, k-mean cluster analysis (Legendre and Legendre 1998) was performed using five landscape characteristics measured in the 2-km grid: (i) percentage of broad-leaved forest cover, (ii) distance from two highly natural areas (the continuous forests along the Ticino River and the ones near the Apennine slopes), (iii) density of hedgerows, (iv) density of main roads, and (v) degree of fragmentation calculated by a Modified Proximity Index (McGarigal and Marks 1994). The distance from the source area was calculated as the linear distance between each cell’s centroid and the boundary of the source area. Finally, a one-way ANOVA analysis was performed to test the presence of significant differences between the identified LUs. The data used for the survey design were obtained from the regional land use map DUSAF 4.0 (ERSAF 2014) and they were processed by the means of the software QGIS 3.14.16 “Pi”. All the analyses were performed using the statistical software R v.3.3.2 (R Core Team 2019).

Results
The k-means cluster analysis identified 10 homogeneous clusters within the study area (ESM Figure S1). The one-way ANOVA showed significant differences among the clusters, in particular for the percentage of the broad-leaved forest cover (F9,695=334.091, P<0.001), the distance from the two source areas (F9,695=156.063, P<0.001), the density of the hedgerows (F9,695=114.941, P< 0.001), the density of the main roads (F9,695=267.075, P<0.001), and the degree of fragmentation (F9,695=240.924, P<0.001). Thus 10 LUs were identified, which were defined as follows: LU1, arable lands far from the source areas (198 cells, 28.1%); LU2, arable lands with high hedgerows density (111 cells, 15.7%); LU3, urban areas (5 cells, 0.7%); LU4, fragmented forest areas in proximity to the source areas (81 cells, 11.5%); LU5, source areas (22 cells, 8.5%); LU6, fragmented forest areas (60 cells, 8.5%); LU7, highly fragmented forest areas (40 cells, 5.7%); LU8, urban areas with broad-leaved forest patches (9 cells, 1.3%); LU9, suburban areas (22 cells, 3.1%); LU10, arable lands in proximity to the source areas (157 cells, 22.3%).


Figure S1. The Landscape Units (LUs) characterizing the study area and used to select the 62 sampled cells.
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Table S1. Description of the landscape metrics used to investigate the habitat requirements of Common Pheasant in northern Italy.
	Metric type
	Metric
	Formula
	Description
	Range

	Diversity metric
	Shannon Index (SHDI)
	

where Pi is the proportion of class i.
	It is a widely used metric in biodiversity and ecology and takes both the number of classes and the abundance of each class into account.
	SHDI ≥ 0
Equals SHDI = 0 when only one patch is present and increases, without limit, as the number of classes increases while the proportions are equally distributed

	Aggregation metric
	Number of Patches (NP)
	

where N is the number of patches.
	It describes the fragmentation of the landscape, however, does not necessarily contain information about the configuration or composition of the landscape.
	NP ≥ 1
Equals NP = 1 when only one patch is present and increases, without limit, as the number of patches increases

	
	Aggregation Index (AI)
	

where gii is the number of like adjacencies based on the single-count method and max - gii is the classwise maximum number of like adjacencies of class i and Pi the proportion of landscape of class i.
	It equals the number of like adjacencies divided by the theoretical maximum possible number of like adjacencies for that class summed over each class for the entire landscape. The metric is based on the adjacency matrix and the single-count method.
	0 ≤ AI ≤ 100
Equals 0 for maximally disaggregated and 100 for maximally aggregated classes

	Area and edge metric
	Mean Patch Size (MPS)
	

where aij is the area in square meters
	This metric summarises the landscape as the mean of all patch in the landscape. This metric is a simple way to describe the composition of the landscape.
	MPS > 0
Approaches MPS = 0 if all patches are small. Increases, without limit, as the patch areas increase.

	
	Edge Density (ED)
	

where E is the total edge in meters and A is the landscape area in square meters.
	The edge density equals all edges in the landscape in relation to the landscape area. This metric describes the configuration of the landscape, e.g. because an overall aggregation of classes will result in a low edge density. This metric is standardized to the total landscape area, and therefore comparisons among landscapes with different total areas are possible.
	ED ≥ 0
Equals ED = 0 if only one patch is present (and the landscape boundary is not
included) and increases, without limit, as the landscapes becomes more patchy

	Shape metric

	Mean Fractal Dimension (MFD)
	

where pij is the perimeter in meters and aij is the area in square meters
	This metric summarises the landscape as the mean of the fractal dimension index of all patches in the landscape. The fractal dimension index is based on the patch perimeter and the patch area and describes the patch complexity.
	MFD > 0
Approaches MFD = 1 if all patches are squared and MFD = 2 if all patches are irregular.

	
	Mean Perimeter-Area Ratio (MPAR)
	

where pij is the perimeter in meters and aij is the area in square meters.
	It summarises the landscape as the mean of each patch in the landscape. The perimeter-area ratio describes the patch complexity in a straightforward way. However, because it is not standardized to a certain shape (e.g. a square), it is not scale independent, meaning that increasing the patch size while not changing the patch form will change the ratio.
	MPAR > 0
Approaches MPAR > 0 if for each patch the form approaches a rather small square. Increases, without limit, i.e. patches become more complex.

	
	Mean Shape Index (MSI)
	
where pij is the perimeter in terms of cell surfaces and min pij is the minimum perimeter of the patch in terms of cell surfaces.
	The landscape is summarised as the mean of all patches in the landscape. The shape index describes the ratio between the actual perimeter of the patch and the hypothetical minimum perimeter of the patch. The minimum perimeter equals the perimeter if the patch would be maximally compact.
	SHAPE_SD ≥ 1
Equals MSI = 0 if all patches are squares. Increases, without limit, as the shapes of patches become more complex.
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Table S2. Home range sizes of Common Pheasant useful to define the grid used in this study. 
	Study area
	Home range size (ha)
	Reference

	Northern Italy (Pavia)
	2.2
	Meriggi 1983

	Texas (USA)
	9.6
	Whiteside and Guthery 1983

	United Kingdom
	2.1
	Ridley and Hill 1987

	Southern Moravia
	4.1
	Koubek and Kubista 1990

	Southern Moravia
	5.3
	Koubek and Kubista 1991

	Sweden
	12.9
	Grahn et al 1993

	Northern Italy (Mezzano)
	22.4
	Genovesi et al 1999

	Iowa (USA)
	42.2
	Schmitz and Clark 1999

	Maryland (USA)
	52.7
	Smith et al 1999

	Dakota (USA)
	31.9
	Leif 2005

	California (USA)
	17
	Hart et al 2009
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Figure S2. Exploratory analysis of the effects of covariates on distances at which Common Pheasants were detected during surveys. We showed scatterplots of distance as a function of the cover of open areas, shrublands, and arboreal vegetation in a 300-m plot around sampling points.
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Table S3. The AICc of the simple GLMs, for the occurrence of Common Pheasant in northern Italy, to compare with the AICc of the model with only the intercept (shown in italic). In bold are marked the variables retained for the most parsimonious GLM (Δ AICc ≤ 2). 
	Environmental variable
	AICc
	delta

	~1
	379.07
	0.00

	Land use cover
	
	

	Urban areas (%)
	347.67
	-31.40

	Cereal crops (e.g. winter wheat, barley) (%)
	381.01
	1.94

	Maize (%)
	372.50
	-6.57

	Paddy fields (%)
	367.25
	-11.82

	Fodder crops (e.g. alfalfa, clover) (%)
	377.16
	-1.91

	Industrial crops and legumes (e.g. rape, soybean) (%)
	378.07
	-1.01

	Meadows (%)
	368.30
	-10.77

	Permanent crops (e.g. vineyards, orchards) (%)
	378.94
	-0.14

	Poplar plantations (%)
	283.27
	-95.80

	Other tree plantations (i.e. reforestations, SRCs) (%)
	364.84
	-14.23

	Woodlands (%)
	367.22
	-11.85

	Shrublands (%)
	380.44
	1.37

	Fallows (%)
	380.88
	1.81

	Rivers and water bodies (%)
	375.09
	-3.98

	
	
	

	Landscape configuration
	
	

	Hedgerows density (m/ha)
	380.59
	1.52

	Habitat heterogeneity (Shannon Index)
	377.66
	-1.41

	Aggregation Index (%)
	380.22
	1.15

	Mean Patch Size (ha)
	379.89
	0.82

	Edge Density (m/ha)
	379.65
	0.58

	Mean Fractal Dimension
	377.10
	-1.98

	Number of Patches
	380.16
	1.09

	Mean Perimeter-Area Ratio
	381.06
	1.99

	Mean Shape Index
	378.19
	-0.88

	Edge woodlands/arable lands (m)
	267.88
	-111.19

	Edge woodlands/grasslands (m)
	356.16
	-22.91

	Edge shrublands/arable lands (m)
	381.06
	1.99

	Edge shrublands/grasslands (m)
	380.21
	1.13
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Table S4. Correlation matrix among the retained variables used in modelling procedures.
	
	URB
	MAI
	PAD
	MEA
	POP
	TRP
	WOO
	WAT
	EWA
	EWG

	URB
	1
	-0.108
	-0.188
	-0.044
	-0.187
	-0.099
	-0.130
	-0.115
	0.203
	-0.099

	MAI
	-0.108
	1
	-0.076
	-0.064
	-0.200
	-0.019
	-0.171
	-0.067
	0.153
	-0.128

	PAD
	-0.188
	-0.076
	1
	-0.200
	-0.314
	-0.141
	-0.209
	-0.171
	0.039
	-0.169

	MEA
	-0.044
	-0.064
	-0.200
	1
	0.069
	0.130
	0.122
	-0.023
	-0.035
	0.514

	POP
	-0.187
	-0.200
	-0.314
	0.069
	1
	0.096
	-0.013
	-0.025
	-0.324
	-0.028

	TRP
	-0.099
	-0.019
	-0.141
	0.130
	0.096
	1
	0.040
	-0.039
	-0.080
	0.026

	WOO
	-0.130
	-0.171
	-0.209
	0.122
	-0.013
	0.040
	1
	0.043
	-0.065
	0.397

	WAT
	-0.115
	-0.067
	-0.171
	-0.023
	-0.025
	-0.039
	0.043
	1
	-0.082
	0.090

	EWA
	0.203
	0.153
	0.039
	-0.035
	-0.324
	-0.080
	-0.065
	-0.082
	1
	-0.104

	EWG
	-0.099
	-0.128
	-0.169
	0.514
	-0.028
	0.026
	0.397
	0.090
	-0.104
	1


Abbreviations: URB = urban areas, MAI = maize, PAD = paddy fields, MEA = meadows, POP = poplar plantations, TRP = other tree plantations, WOO = woodlands, WAT = rivers and water bodies, EWA = edges woodlands/arable lands, EWG = edges woodlands/grasslands.


Figure S3. The response curves of the environmental variables selected by the pairwise comparison of the simple GLM built to investigate the occurrence of the Common Pheasant in northern Italy.
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[bookmark: _GoBack]Table S5. Set of the best models (Δ AICc ≤ 2) explaining the occurrence of the Common Pheasant in northern Italy. The estimates (SE) were showed, as well as log-likelihood (logLik), AICc, Δ AICc and Akaike’s weight (wi).
	
	Int
	URB
	MEA
	POP
	TRP
	WOO
	WAT
	EWA
	EWG
	logLik
	AICc
	Δ AICc
	wi

	(1)
	0.08 (0.32)
	-0.62 (0.28)
	0.76 (0.30)
	1.97 (0.48)
	0.42 (0.31)
	0.30 (0.21)
	0.29 (0.20)
	-2.51 (0.45)
	0.86 (0.57)
	-81.35
	181.39
	0.00
	0.15

	(2)
	0.17 (0.32)
	-0.64 (0.28)
	0.73 (0.30)
	2.00 (0.48)
	0.48 (0.35)
	
	0.27 (0.19)
	-2.44 (0.43)
	1.15 (0.59)
	-82.51
	181.56
	0.17
	0.14

	(3)
	0.20 (0.32)
	-0.66 (0.28)
	0.72 (0.30)
	1.97 (0.47)
	0.47 (0.35)
	
	
	-2.42 (0.42)
	1.28 (0.60)
	-83.63
	181.68
	0.29
	0.13

	(4)
	0.11 (0.32)
	-0.64 (0.28)
	0.75 (0.30)
	1.95 (0.47)
	0.41 (0.31)
	0.27 (0.20)
	
	-2.49 (0.44)
	0.99 (0.60)
	-82.63
	181.80
	0.41
	0.13

	(5)
	0.10 (0.32)
	-0.65 (0.28)
	0.81 (0.29)
	2.05 (0.48)
	
	0.33 (0.22)
	0.28 (0.20)
	-2.51 (0.44)
	0.91 (0.58)
	-82.72
	182.00
	0.60
	0.11

	(6)
	0.14 (0.32)
	-0.67 (0.28)
	0.79 (0.29)
	2.03 (0.47)
	
	0.31 (0.21)
	
	-2.47 (0.44)
	1.04 (0.61)
	-83.94
	182.31
	0.92
	0.10

	(7)
	0.18 (0.32)
	-0.67 (0.28)
	0.78 (0.29)
	2.09 (0.48)
	
	
	0.26 (0.19)
	-2.43 (0.43)
	1.24 (0.59)
	-84.06
	182.54
	1.15
	0.09

	(8)
	0.21 (0.32)
	-0.69 (0.28)
	0.77 (0.29)
	2.06 (0.47)
	
	
	
	-2.41 (0.42)
	1.36 (0.61)
	-85.11
	182.54
	1.15
	0.09

	(9)
	-0.06 (0.30)
	-0.66 (0.28)
	0.89 (0.28)
	1.96 (0.48)
	0.42 (0.30)
	0.46 (0.22)
	0.37 (0.21)
	-2.57 (0.45)
	
	-83.41
	183.37
	1.97
	0.06



Int = intercept, URB = urban areas, MEA = meadows, POP = poplar plantations, TRP = other tree plantations, WOO = woodlands, WAT = rivers and water bodies, EWA = edges woodlands/arable lands, EWG = edges woodlands/grasslands.
Figure S4. Predicted probability of occurrence of the Common Pheasant in the study area in northern Italy.
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