




 

 

 

 

 

 

 

 

 

  

  

  

  

  

 

  

  

  

  

  

 

  

  

  

  



 

  

  

  

  

 

  

  

 





















EU27  FR IT CH AUT  DE SLO 

BG LC LC LC LC LC NT NT EN increase

CAP LC LC LC VU VU EN VU CR decrease

HG LC LC LC VU LC NT NT EN decrease

PTA LC NT VU LC VU NT LC R decrease

PAR NT NT VU NT VU NT VU np
fluct./        

decrease

GLOBAL EUROPE

Species
Land 

aband.

Climate 

change
Energy Forestry Grazing Hunting Leisure Urbaniz.

BG 2 2 0 2 2 1 3 3

PTA 0 3 0 0 2 3 3 3

PAR 2 2 0 0 2 3 3 3















FR IT CH AUT DE SLO

BG 400 1141 483 1502 nh/na nh/na

CAP nh/na nh/na nh/na 355 nh/na nh/na

HG nh/na nh/na nh/na 118 nh/na nh/na

PTA 50 165 490 nh/na nh/na nh/na

PAR nh/na 566 nh/na nh/na nh/na nh/na

http://www.uzh.ch/
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Species proxy n sites n obs. % missing model overdisp. AIC Wald test trend

BG Bags 72 1368 11.5 linear 2.598 897.0 73.7 *** -0.023

 covariate 2.339 595.2 80.6 *** -0.024

     time effect 2.385 499.9 152.5 *** -0.021

Counts 52 988 31.7 linear 17.327 9523.9 0.6 -0.002

 covariate 15.868 8579.6 38.3 *** 0.001

     time effect 16.945 9571.5 28.4 * -0.005

PAR Bags 60 1140 36.1 linear 4.283 1867.7 6.2 * -0.009

 covariate 3.901 1568.5 34.4 *** -0.012

     time effect 2.964 631.8 244.2 *** -0.012

Counts 50 950 32.0 linear 22.102 15396.5 0.4 -0.004

 covariate 20.189 13707.5 34.6 *** 0.002

     time effect 16.764 9215.8 109.5 *** 0.002

PTA Bags 39 741 35.4 linear 2.230 287.0 71.4 *** -0.049

 covariate 2.095 204.9 24.9 ** -0.050

     time effect 1.996 44.1 71.8 *** -0.053

Counts 30 570 35.1 linear 10.044 3604.3 71.9 *** -0.054

 covariate 7.315 2253.3 80.3 *** -0.039

     time effect 10.103 3466.0 30.3 * -0.051



 



 









 



Counts

guidelines

PIEDMONT Sub-prov Province average yes yes yes yes yes

AOSTA VALLEY Sub-prov Region (1) low yes yes yes yes yes

LOMBARDY Sub-prov Province high no (4) no (4) yes yes yes

TRENTINO Community Province (2) average yes no yes no no

VENETO Community Province (3) low no yes partial partial partial

FVG Community Region low no yes partial no partial

PTA hunting PAR hunting
Hunting 

district size
Authority

Hunting 

pressure

Shooting pl. 

guidelines
BG hunting



Species proxy n sites n obs. % missing
covariate 

model
overdisp. AIC Wald test trend

authority 2.339 595.2 80.6 *** -0.024

region 2.411 701.3 46.5 *** -0.024

authority 15.868 8579.6 38.3 *** 0.001

region 17.417 9509.6 2.8 -0.002

authority 3.901 1568.5 34.4 *** -0.012

region 4.05 1687.6 19.5 ** -0.011

authority 20.189 13707.5 34.6 *** 0.002

region 21.971 15210.6 4.5 -0.002

authority 2.095 204.9 24.9 ** -0.050

region 2.2 264.6 8.3 -0.050

authority 7.315 2253.3 80.3 *** -0.039

region 7.354 2336.2 73.5 *** -0.039

PTA

Bags 39 741 35.4

Counts 30 570 35.1

PAR

Bags 60 1140 36.1

Counts 50 950 32

BG

Bags 72 1368 11.5

Counts 52 988 31.7
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log(𝑁𝑐𝑔,𝑡+1)  =  log(𝑁𝑐𝑔,𝑡) +  𝑟𝑔,𝑡  



log(𝑁ℎ𝑔,𝑡+1)  =  log(𝑁ℎ𝑔,𝑡) +  𝑟𝑔,𝑡

log(𝑐𝑔,𝑡) ~ 𝑁𝑜𝑟𝑚𝑎𝑙(log(𝑁𝑐𝑔,𝑡), 𝜎𝑐𝑔
2)

log(ℎ𝑔,𝑡) ~ 𝑁𝑜𝑟𝑚𝑎𝑙(log(𝑁ℎ𝑔,𝑡), 𝜎ℎ𝑔
2)

𝑐𝑔,𝑡 ℎ𝑔,𝑡

 

log(𝑦𝑔,𝑡) 

mean(log(𝑧𝑔,𝑡,𝑖)) 



𝑦𝑔,𝑡 𝑧𝑔,𝑡,𝑖

log(𝑧𝑔,𝑡,𝑖) ~ 𝑁𝑜𝑟𝑚𝑎𝑙(log(𝑁𝑧𝑔,𝑡,𝑖), 𝜎𝑔,𝑖
2 )

 

μ

𝑟𝑔,𝑡 =  𝜇 +  𝜀𝑔,𝑡

ε

ε σ

 

μ

𝑟𝑔,𝑡 =  𝜇𝑔 + 𝜀𝑔,𝑡

 

𝑟𝑔,𝑡 =  𝜇𝑟𝑒𝑔 +  𝜀𝑔,𝑡



μ

μ

 

μ

 

log(𝑁𝑧𝑔,𝑡,𝑖) 𝜎𝑔,𝑖
2

𝜇

𝜇𝑔

𝜇𝑟𝑒𝑔𝑔

 

 



 

μ

μ

μ μ μ

mean mean mean mean mean mean 95% CI

BG global -0.006 -0.014 0.002 0.016 0.90 -10.59 -22.55, 2.73 2044.8

site -0.026 -0.145 0.094 0.239 0.61 2216.8

regional - biogeographical -0.009 -0.045 0.024 0.069 0.65 6346.6

regional - authority -0.019 -0.060 0.019 0.078 0.76 6132.2

PAR global -0.031 -0.047 -0.013 0.035 100.00 -42.95 -58.28, -20.84 2263.1

site -0.034 -0.226 0.154 0.380 0.60 2239.4

regional - biogeographical -0.020 -0.094 0.052 0.146 0.64 6262.6

regional - authority -0.032 -0.105 0.040 0.145 0.73 6255.9

PTA global -0.047 -0.062 -0.031 0.031 100.00 -58.28 -68.46, -43.48 1339.6

site -0.027 -0.366 0.313 0.679 0.54 1336.6

regional - biogeographical -0.043 -0.110 0.024 0.134 0.82 3152.4

regional - authority -0.050 -0.123 0.019 0.142 0.87 3030.0

% change across          

1996-2014 DICspecies
P(μ<0)posterior  μ median lower 95% CI upper 95% CI 95% CI interval

model
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MODEL PRIOR

All models log(Nhg,t1) ~ Uniform(-5,6)

log(Ncg,t1) ~ Uniform(-5,10)

εg,t ~  Normal(1, σ2
proc)

σproc ~ Uniform(0,10)

σh2
g = μσh2

g + εσhg

μσh2
g ~ Uniform(0,1)

εσhg ~  Normal(1, 1000)

σc2
g = μσc2

g + εσcg

μσc2
g ~ Uniform(0,1)

εσcg ~  Normal(1, 1000)

Global μ ~  Normal(1, 1000)

Site μg ~  Normal(1, 1000)

Regional μg =  μreg + εμregg

μreg ~  Normal(1, 1000)

εμregg ~  Normal(1, 1000)





 





 

 



 

 



 



 



 

 



 

 

TYPE SOURCE NAME VARIABLE DESCRIPTION UNIT

Land cover
Land use map 1980 / 

DUSAF 5.0
FOR_HD High and medium density forest cover

proportion in a 1000m-wide 

circular moving window
%

FOR_LD Low density forest cover
proportion in a 1000m-wide 

circular moving window
%

SHRUBS Shrub cover
proportion in a 1000m-wide 

circular moving window
%

MEADOWS Meadows and pastures cover
proportion in a 1000m-wide 

circular moving window
%

SIEI
SIEI index (derived from FOR_HD, FOR_LD, 

SHRUBS, MEADOWS)

median value in 1000m-wide 

circular moving window (focal)
unitless (range 0/+1)

LANDSAT NDTI NDTI
median value in 1000m-wide 

circular moving window (focal)
unitless (range -1/+1)

Topography
DTM (5 m resolution, 

resampled at 30m)
ELEV Elevation cell value at lek location m

ASP Aspect cell value at lek location degrees

SLP Slope cell value at lek location degrees

ROUGH Roughness
median value in 1000m-wide 

circular moving window (focal)
m





 

 



 

 

ACRONYM NAME DESCRIPTION UNIT PARAMETERS

AREA_MN Area patch size (mean) mean suitable habitat patch size ha

TCA Total core area total core area of suitable habitat ha edge depth = 100m

ENN_MN Euclidean nearest neighbor distance 

(mean)

mean shortest straight-line distance between a 

focal patch and its nearest neighbor of the same 

class

m

MESH Effective mesh size size of the patch that can be accessed from a 

random cell without leaving the patch; in other 

words, the area-weighted mean patch size.

ha







 

 





Deviance Resid. dev % expl. dev Pr(>Chi)

elevation 493925.6 70.20 < 0.001***

dense_forest_500m_perc 80802.3 11.48 < 0.001***

siei_500m 66924.4 9.51 < 0.001***

roughness_500m_median 18990.6 2.70 < 0.001***

fields_meadows_500m_perc 15235.8 2.17 < 0.001***

ndti_500m_median 10702.9 1.52 < 0.001***

aspect 7654.2 1.09 < 0.001***

sparse_forest_500m_perc 5684.7 0.81 < 0.001***

shrubs_500m_perc 3041.7 0.43 < 0.001***

zone 375.4 0.05 < 0.001***

slope 252.4 0.04 < 0.001***

FULL MODEL 703590.0

NULL MODEL 2090908.0
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