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Appendix S1. Predictive model

Table S1. Summary of environmental variables used as predictors in modelling of habitat suitability for Montagu's Harrier. Units are given in parentheses. 
	No.
	Code
	Description

	Land cover variables (CORINE Land Cover 2006)  
[% of each class area in a 1x1 km square]

	1
	clc.11 [%]
	Urban fabric

	2
	clc.12 [%]

	Industrial, commercial and transport units

	3
	clc.13 [%]

	Mine, dump and construction sites

	4
	clc.14 [%]

	Artificial, non-agricultural vegetated areas

	5
	clc.211 [%]

	Non-irrigated arable land

	6
	clc.222 [%]

	Fruit trees and berry plantations

	7
	clc.231 [%]

	Pastures

	8
	clc.242 [%]

	Complex cultivation patterns

	9
	clc.243 [%]

	Land principally occupied by agriculture, with significant areas of natural vegetation

	10
	clc.311 [%]
	Broad-leaved forest

	11
	clc.312 [%]
	Coniferous forest

	12
	clc.313 [%]
	Mixed forest

	13
	clc.32 [%]
	Scrub and/or herbaceous vegetation associations

	14
	clc.41 [%]
	Inland wetlands

	15
	clc.511 [%]
	Water courses

	16
	clc.512 [%]
	Water bodies

	
	
	

	Landscape class-level metrics (integrated over all the patches of a given CLC “level 1” class)

	17
	lpi.1 [%]
	Largest patch index of artificial surfaces (the area of the largest patch of CLC class “1” expressed as a percentage of the total area of a square)

	18
	pd.1 [1/km2]
	Patch density of artificial surfaces (the number of CLC class “1” patches divided by the total area of a square)

	19
	prox.1
	Proximity index of artificial surfaces (sum of patch area divided by the nearest edge-to-edge distance squared between the patch and all patches of the same type whose edges are within 500m of the focal patch)

If a patch has no neighbours of the same patch type within the search radius of 500m then the value of the index equals zero. The value of index increases as the neighbourhood (defined by the specified search radius) is increasingly occupied by patches of the same type and as those patches become closer and more contiguous (or less fragmented) in distribution. The upper limit of proximity index is affected by the search radius and the minimum distance between patches.

	20
	ed.2 [m/ha]
	Edge density of agricultural areas (the sum of the lengths [m] of all edge segments involving the corresponding patch type, divided by the total landscape area [m2], multiplied by 10000 (to convert to hectares)

	21
	pd.2 [1/km2]
	Patch density of agricultural areas

	22
	prox.2
	Proximity index of agricultural areas

	23
	shape.2
	Shape index of agricultural areas (mean patch perimeter divided by the minimum perimeter possible for a maximally compact patch)

This index equals 1 when the patch is maximally compact (i.e., square or almost square) and increases without limit as patch shape becomes more irregular.

	24
	ed.3 [m/ha]
	Edge density of forests

	25
	lpi.3 [%]
	Largest patch index of forests

	26
	pd.3 [1/km2]
	Patch density of forests

	27
	prox.3
	Proximity index of forests

	28
	shape.3
	Shape index of forests

	29
	lpi.4 [%]
	Largest patch index of wetlands

	30
	prox.4
	Proximity index of wetlands

	31
	shape.4
	Shape index of wetlands

	32
	lpi.5 [%]
	Largest patch index of water bodies

	33
	pd.5 [1/km2]
	Patch density of water bodies

	34
	prox.5
	Proximity index of water bodies

	
	
	

	Landscape metrics (integrated over all patch types on CLC “level 1”)

	35
	pd [1/km2]
	Patch density

	36
	shape
	Shape index (averaged across all patches in the landscape)

	37
	enn [m]
	Euclidean nearest-neighbour distance (distance [m] to the nearest neighbouring patch of the same type, based on shortest edge-to-edge distance averaged across all patches in the landscape)

	38
	shdi
	Shannon's diversity index (minus the sum, across all patch types, of the proportional abundance of each patch type multiplied by that proportion)

This index equals zero when the landscape contains only one patch (i.e., no diversity). The value of index increases as the number of different patch types (i.e., patch richness) increases or the proportional distribution of area among patch types becomes more equitable.

	39
	prd [1/km2]
	Patch richness density (the number of different patch types present within the landscape boundary divided by total landscape area)

	
	
	

	Topographic variables (SRTM DEM and derivatives averaged across 1x1 km squares)

	40
	dem [m a.s.l.]
	Elevation

	41
	northness
	northness=cos(aspect), −1=south facing, 1=north facing

	42
	eastness
	eastness=sin(aspect), −1=west facing, 1=east facing

	43
	roughness
	Indicator of topographic variability. It is given by the standard deviation of slope derived from the DEM.

	44
	runoff
	Logarithm of accumulation of rainfall per pixel based on an elevation image

	
	
	

	Bioclimatic variables

	45
	bio01 [°C * 10]
	Annual mean temperature 

	46
	bio02 [°C * 10]
	Mean diurnal range

bio2 = mean of monthly (max temp - min temp)

	47
	bio03 [%]
	Isothermality (a percentage of temperature diurnal range to the yearly temperature range). 

This index measures a thermal stability (temperature evenness over the course of a year). 

bio3 = 100 * bio2 / (bio5 - bio6)

	48
	bio04 [°C * 100]
	Temperature seasonality (variation during the year)

bio4 = standard deviation *100

	49
	bio05 [°C * 10]
	Maximum temperature of warmest month 

	50
	bio06 [°C * 10]
	Minimum temperature of coldest month 

	51
	bio12 [mm]
	Annual precipitation 

	52
	bio15 [%]
	Precipitation seasonality (coefficient of variation)

	
	
	

	Phenological variables (16-day EVI index from the Terra MODIS instrument)

	53
	start [Julian date]
	Time for the start of the season (time for which the left edge of the fitted function has increased to 50% of the seasonal amplitude measured from the left minimum level

	54
	len [days]
	Length of the season (time from the start to the end of the season 

	55
	base
	Base level (the average of the left and right minimum values
The value ​​of this index is dependent on the snow cover (which masks the state of the vegetation).

	56
	mid [Julian date]
	Time for the mid of the season (the mean value of the times for which, respectively, the left edge has increased to the 80% level and the right edge has decreased to the 80% level 

	57
	ampl
	Seasonal amplitude (difference between the maximum value and the base level

	58
	int
	Small seasonal integral (integral of the difference between the function describing the season and the base level from season start to season end)

This index can be interpreted as a measure of primary production (PP). EVI is correlated with photosynthetic activity and therefore the EVI summed over the growth season can be used as an estimate of PP.

	
	
	

	Farming variables (Agricultural Census 2002)

	59
	farm.dens [1/km2]
	Farm density (total no. of farms divided by NUTS 5 unit area)

	60
	small.farms [%]
	Small farms (no. of farms ≤ 2ha divided by total no. of farms)

	61
	medium.farms [%]
	Medium farms (no. of farms >2ha and ≤10ha divided by total no. of farms)

	62
	big.farms [%]
	Big farms (no. of farms > 10ha divided by total no. of farms)

	63
	farming [%]
	Land used by farming (total area of land occupied by farming divided by NUTS 5 unit area)

	64
	sown [%]
	Sown area (total area of sown land divided by total area of land used by farming)


	65
	meadows [%]
	Meadows (total area of meadows divided by total area of land used by farming)

	66
	pastures [%]
	Pastures (total area of pastures divided by total area of land used by farming)


	67
	orchards [%]
	Orchards (total area of orchards divided by total area of land used by farming)

	68
	forest.plant [%]
	Forest plantations within farming grounds (total area of forests divided by total area of land used by farming)

	69
	bushes [%]
	Bushes and woodlots (total area of bushes and woodlots divided by total area of land used by farming)


	70
	fallows [%]
	Fallows (total area of fallow land divided by total area of land used by farming)

	71
	set.asides [%]
	Set asides (total area of set aside land divided by total area of land used by farming)

Set asides: arable land which is not giving yields and have not been grown for at least two years, as well as agricultural land which has been designated for forestation, but has not been forested.

	72
	tractors
	No. of tractors per farm

	73
	sugar.harv
	No. of sugar beet combine harvesters per farm

	74
	cereal.harv
	No. of cereal combine harvesters per farm

	75
	potato.harv
	No. of potato combine harvesters per farm

	76
	cattle [%]
	Farms with cattle (no. of farms with cattle divided by total no. of farms)

	77
	horses [%]
	Farms with horses (no. of farms with horses divided by total no. of farms)

	78
	pigs [%]
	Farms with pigs (no. of farms with pigs divided by total no. of farms)

	79
	roads.u [km/km2]
	Unsurfaced roads (total length of unsurfaced roads divided by NUTS 5 unit area)

	80
	roads.s [km/km2]
	Surfaced and improved hard surface roads 2003-2004 (total length divided by NUTS 5 unit area)

	81
	human [1/km2]
	Human population density 2000-2010 (mean no. of people per NUTS 5 unit area)

	
	
	

	NOAA Night time Lights Time Series

	82
	lights.1
	City lights (the first principal component of nighttime imagery records taken by NOAA OLS instrument for years 2000-2009). This variable is a measure of human impact.
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Figure S1. Distribution of out-of-bag residuals from the presence-absence model. Values near zero denote the low prediction error, 1 means unsuccessful detection of occupied site, ‑1 means non-detection of occupied site.
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Figure S2. Distribution of predicted probabilities of the square being occupied by the Montagu's Harrier. There is a gap between 0.28 and 0.77.
	Table S2. Evaluation of the presence-absence habitat model (on the learning and test data sets). 
Parameter
	Training data
	Test data

	Error rate [%]
	0.0
	5.7

	Correct classification rate [%]
	100.0
	94.3

	Correct classification rate of positives [%]
	100.0
	94.0

	Correct classification rate of negatives [%]
	100.0
	94.7

	AUC
	1.00
	0.99


Table S3. Comparison of random forest model parameters for balanced and unbalanced test data.
	Parameter
	Balanced
	Unbalanced

	Error rate [%]
	5.7
	12.8

	Correct classification rate [%]
	94.3
	87.2

	Correct classification rate of positives [%]
	94.0
	87.5

	Correct classification rate of negatives [%]
	94.7
	86.7

	AUC
	0.99
	0.94


Appendix S2. survey design on Biebrza Marshes

Figure S3. Location of sampling plots within the SPA “Ostoja Biebrzańska” (Biebrza Marshes).
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Appendix S3. JAGS code used for estimation of abundance
model {

    # Priors

      omega ~ dunif(0, 1) # inclusion parameter

      p ~ dunif(0, 1) # detectability

      for (t in 1:n.years) {

        alpha[t] ~ dnorm(0, 0.01) # year effect

      }

      for (i in 1:n) {

        eps[i] ~ dnorm(0, tau.lam) # random effect of sampling site
      }

      tau.lam ~ dgamma(0.01, 0.01)

      sd.lam <- 1 / sqrt(tau.lam)

    # Likelihood

      # Detectability

        for (i in 1:R) {

          z[i] ~ dbern(omega)

          for (j in 1:T) {

            yaug[i,j] ~ dbern(p.eff[i,j])

            p.eff[i,j] <- z[i] * p

          } #j

        } #i

        for (i in 1:n) {

          C[i] ~ dpois(lambda[i] * p)

          log(lambda[i]) <- log.lambda[i]

          log.lambda[i] <- alpha[year[i]] + eps[id[i]]

        }

      # Derived quantities

        # Optimal habitat

          d.o <- mean(lambda[])
# mean density in “optimal” stratum
          N.o <- d.o * 1114.3

# population size
      }

