Appendix 1 Farming practices and survey results on Agricultural Environmental Schemes (AES) in Agri-N and Agri-S in the Demmerik polder, 2000 – 2006.

The total area of the strips in Agri-N is 64.3ha, and in Agri-S 60.2ha. Of the two interviewed farmers, one managed 25 ha of the strip areas in Agri-N and the other 12 in Agri-N and 25 ha in Agri-S. Besides their own practices, in the interview we also asked the farmers about the practices of their neighbour farmers. They reported no major differences in management. Their main business is dairy cattle, grazing in summer and housed in a free-roaming cowshed in winter. Neither farmer has all their land close to the farm, with some further away along either side of the railway track. These latter plots are cultivated less intensively, with less fertilizer/manure use and more haymaking.
Around the year 2000 their fertilizer use was around 125-150kg N/ha and manure application about 2.5 GVE units/ha. (In the Netherlands GVE (‘cattle unit’) is used as a standardized unit; 1 GVE is equivalent to the manure production of an average cow that has produced at least one calf.) Around 1995 they changed from haymaking to grass silage as winter fodder. In general, the change from haymaking to silage started around 1990 and led to the grass being mown around 10 days earlier in 2005. This practice has increased the risk of unsuccessful hatching of wader meadow birds, especially Black-tailed Godwit (Kleijn et al. 2010, Koffijberg et al. 2010). In 1994 manure injection for grassland on peat soil became mandatory (http://waterovermest.nl/water-mest/emissie-arme-aanwending-stand-van-zaken/). 
For farms of the same size and on the soil type, as in our study, average fertilizer and manure use are about 200kg N/ha and 2.5 GVE/ha, respectively (Aarts et al. 2005, p14). 
We conclude that, overall, farming practices in Agri-N and Agri-S differed little and were comparable with those elsewhere in the country, and certainly no more intensive. In our study area farming practices cannot therefore be an alternative explanation for the differences in meadow bird densities.
The first AES scheme in the Demmerik polder was implemented in the period 2000 – 2006. We also analysed the AES schemes applied in the Agri-N and Agri-S strips (data: ‘De Utrechtse Venen’). For the results, see Table 3. Once again, there seems to be little difference in AES practices in Agri-N and Agri-S. It may be noted that the AES schemes implemented in the Netherlands in the past, including in the Demmerik polder, have not proven remarkably successful (Kleijn and Sutherland 2003; Kleijn et al. 2004; Schekkerman et al. 2008). From personal observations in this polder (e.g. mandatory protection and follow up of nest results acted to disturb a successful breeding success), we concluded also that AES fields did not better than non-AES fields.
The farmers were also asked about possible damage to their grass yield by geese. They claimed major damage but could not provide any evidence. The mandatory steps to be taken (in both summer and winter) to be eligible for compensation for grass yield losses were not rigorously practised, as the ensuing earnings would not compensate for the labour required. The Egyptian Goose was not considered detrimental to grass yield
Overall, then, we conclude that farming practises in the Demmerik polder are comparable with those of other LVH farmers and are not the cause of the marked decline of the densities of the four wader meadow bird species in the study period.
However, the surface water table in this LVH area was lowered at regular intervals to ease field labour early in spring and was carried out for Agri-N and Agri-S of our study area for the last time in 2003. This practice is continuing in the neighbouring Groot Wilnis-Vinkeveen polder (Leloup 2018) and is an example of agricultural intensification. We have no information allowing comparison of water management with other LVH areas. 


Table 3 Total AES scheme area in Agri-N and Agri-S of participating farmers, period 2000-2006.  ‘nest protection’: looking for nests, marking and follow-up of nest results; ‘rest period: 1/4-23/5’: no mowing before 24/5 and with nest protection; ditto ‘rest period: 1/4-1/6’: no mowing before 2/6.

	Area
	AgriN (ha)
	% of total
	AgriS (ha)
	% of total

	total strip (ha)
	64.3
	100.0
	60.2
	100.0

	AES type
	
	
	
	

	not participating
	27.2
	42.3
	14.4
	24.0

	nest protection
	33.5
	52.1
	41.5
	68.9

	rest period: 1 April-23 May
	0.0
	0.0
	4.3
	7.1

	rest period: 1 April-1 June
	3.6
	5.6
	0.0
	0.0
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Appendix 2 Additional data, methods, and results
The following topics are covered:
A) Densities of main avian predators, and geese in breeding season, Table 4.	
B) Avian predator’s data management, Table 5
C) Trends of individual species/groups of avian predators, and Egyptian Goose, Table 6
D) Model comparison with Common Buzzard instead of all avian predators, Table 7
E) Comparison of wader meadow bird densities in Agri-N, Agri-S and Res-S, Table 8

A) Densities of main avian predators, and geese in breeding season	

Table 4 Density of Greylag Goose, Egyptian Goose, and avian predators on meadow bird eggs and chicks per quarter (Agri-N and Agri-S). The highest density/100ha per year during the survey (BMP) counts is shown. *Missing values estimated by linear interpolation. ** Other incidental species: Western Marsh Harrier (Circus aeruginosus), Northern Goshawk (Accipiter gentilis), Little Owl (Athene noctua), Western Barn Owl (Tyto alba).

	Species/
Quart/Year
	Eurasian Magpie
	Carrion Crow
	Gulls
	Common Buzzard
	Herons
	Other**
	Egyptian Goose
	Greylag Goose

	Agri-N
	
	
	
	
	
	
	
	

	1993
	0.65
	2.94
	15.7
	2.94
	2.94
	1.79
	23.5
	294

	1994
	1.94
	1.29
	0.00
	1.47
	6.62
	1.47
	11.8
	221

	1995
	4.88
	2.94
	1.47
	2.94
	1.47
	2.12
	14.7
	221

	1996
	1.47
	0.00
	 0.65
	4.41
	1.47
	2.94
	5.88
	441

	1997
	0.00
	*0.46
	*0.45
	1.47
	3.88
	2.21
	5.88
	368

	1998
	0.00
	*0.92
	*0.22
	2.94
	2.91
	2.94
	19.1
	*368

	1999
	*0.00
	*1.38
	0.00
	7.35
	1.47
	6.21
	7.35
	*368

	2000
	0.00
	*1.84
	0.00
	2.94
	1.47
	4.41
	8.09
	368

	2001
	*1.29
	*2.30
	1.29
	2.94
	2.91
	1.79
	9.56
	735

	2002
	2.59
	*2.76
	2.59
	2.94
	2.26
	1.47
	11.8
	735

	2003
	0.65
	*3.22
	4.21
	5.88
	2.26
	3.68
	35.3
	515

	2004
	1.47
	3.68
	3.24
	5.88
	3.88
	2.53
	50.0
	1,103

	2005
	2.94
	7.35
	0.65
	5.88
	3.88
	2.21
	10.3
	735

	2006
	1.47
	20.6
	*0.32
	4.41
	0.32
	2.21
	7.35
	735

	2007
	1.47
	8.82
	0.00
	5.88
	0.00
	0.74
	5.88
	735

	2008
	0.00
	23.5
	0.00
	4.41
	0.00
	2.94
	5.88
	3,677

	2009
	0.00
	2.94
	0.00
	4.41
	4.41
	4.41
	8.82
	2,206

	2010
	1.47
	35.3
	0.00
	1.47
	0.00
	2.94
	4.41
	1,471




	Species/
Quart/Year
	Eurasian Magpie
	Carrion Crow
	Gulls
	Common Buzzard
	Herons
	Other**
	Egyptian Goose
	Greylag Goose

	Agri-S
	
	
	
	
	
	
	
	

	1993
	1.99
	1.33
	7.19
	0.33
	5.67
	1.33
	4.67
	

	1994
	1.96
	1.31
	0.00
	1.00
	2.65
	0.99
	4.00
	

	1995
	1.96
	0.67
	0.67
	0.65
	3.00
	1.00
	3.33
	

	1996
	0.67
	2.00
	0.65
	0.67
	1.33
	1.00
	2.67
	

	1997
	0.00
	*2.75
	*0.43
	2.00
	3.92
	0.89
	8.00
	

	1998
	0.00
	*3.50
	*0.21
	0.67
	2.94
	0.66
	1.33
	

	1999
	*0.00
	*4.25
	0.00
	0.67
	1.67
	1.66
	2.00
	

	2000
	0.00
	*5.00
	0.00
	1.33
	0.67
	1.33
	4.00
	

	2001
	*1.31
	*5.75
	1.31
	0.67
	3.27
	2.66
	4.67
	

	2002
	2.61
	*6.50
	2.61
	0.67
	2.29
	0.67
	2.67
	

	2003
	0.65
	*7.25
	4.25
	2.67
	3.62
	1.66
	5.33
	

	2004
	1.33
	8.00
	3.27
	2.67
	3.92
	1.66
	4.67
	

	2005
	2.00
	28.0
	0.65
	1.00
	3.92
	3.00
	4.00
	

	2006
	3.33
	33.3
	*0.33
	0.67
	0.33
	1.33
	4.00
	

	2007
	2.00
	7.33
	0.00
	0.67
	0.00
	0.33
	17.3
	

	2008
	1.33
	7.33
	0.00
	1.33
	0.00
	1.67
	5.33
	

	2009
	2.67
	7.33
	0.00
	0.67
	2.00
	3.67
	6.67
	

	2010
	0.67
	21.3
	0.00
	0.67
	0.00
	1.33
	4.00
	



B) Avian predator data management 

Avian predator observations are of two types: mapped observations (most) and observations noted for the entire study area (occasional). With mapped observations it is generally clear to which quarter an observation should be allocated, although avian predators were sometimes seen on or near a border between quarters, in which case the following rule was applied: sightings within 50 m of a border were allocated equally to both quarters. Unmapped observations were allocated proportionally to the three quarters of the study area. For further analyses, avian predator species were grouped as e.g. egg or chick predators; see Table 5.

Table 5 Avian predators and groups of predators analysed.
	no.
	Species
	Prey
	
	Group
	Combined species

	1
	Eurasian Magpie
	egg
	
	All avian predators
	1 to 9

	2
	Carrion Crow
	egg
	
	Chick predators, incl. gulls
	3,4,5,6,7,8,9

	3
	Gulls
	egg/chick
	
	Chick predators, excl. gulls
	4,5,6,7,8,9

	4
	Common Buzzard
	chick
	
	Egg predators
	1, 2, 3

	5
	Western Marsh Harrier
	chick
	
	
	

	6
	Common Kestrel
	chick
	
	
	

	7
	Herons
	chick
	
	
	

	8
	Northern Goshawk
	chick
	
	
	

	9
	Owls
	chick
	
	
	




C) Trends of individual species/groups of avian predators and Egyptian Goose

For this analysis we used a GLM per species or group of species with quasipoisson distribution: 
density ~ quarter * (year + year^2), see also main text.

Table 6 Statistical results per avian predator species/groups and Egyptian Goose. Significance: ns = not significant (P>0.1), ± = P≤0.1, * = P≤0.05, ** = P<0.01, *** = P<0.001. - = not in minimal model
	Species/
group
	Regr. coef. year
	Regr coef. quarter 
(Agri-S = baseline)
	Regr. coef, year^2

	All avian predators
	0.054***
	-
	-

	Chick predators, incl. gulls
	-0.030±
	-0.546***
	-

	Chick predators, excl. gulls
	-
	-0.588***
	-

	Egg predators
	-0.069*
	-
	-

	
	
	
	

	Eurasian Magpie
	ns
	-
	-

	Carrion Crow
	0.213***
	-
	-

	Gulls
	-0.182**
	-
	-

	Common Buzzard
	0.184**
	-1.313***
	-0.009**

	Marsh Harrier
	-
	-0.720±
	-

	Kestrel
	ns
	-
	-

	Herons
	-0.068
	-
	-

	
	
	
	

	Egyptian Goose
	-
	-1.019***
	-


[bookmark: _Hlk39754122][bookmark: _Hlk39753999][bookmark: OLE_LINK1]

D) Model comparison with Common Buzzard instead of all avian predators, Table 7
In the main text we included all avian predators in the model comparison to determine which factor is most important: treeline, geese, or avian predators. This comparison was repeated with one of the main predators, the Common Buzzard, which had higher densities in Agri-N and increased over time, see Table 6. The general conclusions for the model comparison (using all avian predators, Table 2) as formulated in the main text also largely apply for the model comparison presented here, using the Common Buzzard (Table 7). The Common Buzzard as explanatory variable have a somewhat stronger effect than all avian predators, as shown by the regression coefficients and significances and the order of the models.
[bookmark: _Hlk20322836][bookmark: _Hlk21463962][bookmark: _Hlk20322777][bookmark: OLE_LINK2]Table 7 Comparison of models to describe trends in meadow bird (strip) densities in agricultural area (Agri-N, Agri-S) of the Demmerik polder between 1993 and 2010. Model 1 (mod# 1) is the best descriptive model with Quarter*Year (Q:Y) and quadratic term of Year (Y2). Models # 2 to 8 are mechanistic, with total geese (Goose), Common Buzzard (Buzz) and tree line (proxy by Y). Values are intercept (Int), regression coefficients (except for factor Quarter and interaction Quarter:Year). Models ranked by their AICc, df = degrees of freedom, logLik = log-likelihood, ∆ = delta, difference from top mechanistic model. wgt = Akaike weight (1.000 for the best descriptive model), + term as factor in model, - term not in model. All variables (Year, Goose, Buzz) were scaled. All terms were tested for significance by the likelihood ratio test (LRT); ns = not significant (P>0.05), * = P≤0.05, ** = P<0.01, *** = P<0.001.
Int	Q	Year	Y2	Q:Y Goose  	Buzz	df	logLik	AICc	  Δ	wgt	mod#
3.56	+***	 -1.041***  -0.379***	+*	-	-	6	-18.41	  51.7	-	-	 1

3.72	-     	-0.653***	-	-		-0.416**	-0.230±	5	-29.56	  71.1	  0.00	0.680	 2
3.72    - 	-0.663***	-	-		-0.528***	-	4	-31.70	  72.7	  1.57	0.310	 3
3.72	-	-0.774***	-	-		-	-0.412**	4	-35.20	  79.7	  8.58	0.009	 4
3.72    -  	-0.871***	-	-		-	-	3	-40.95	  88.7	17.55	0.000	 5
3.72	-	-	-	-		-0.658***	-0.262ns	4	-43.36	  96.0	24.90	0.000	 6
3.72	-	-	-	-		-0.790***	-	3	-44.68	  96.1	25.00	0.000	 7
3.72 	-	-	-	-		-0.595**	-	3	-50.41	107.6	36.47	0.000	 8

E)  Comparison of wader meadow bird densities in Agri-N, Agri-S and Res-S

For the comparison of wader meadow birds in our study area and LVH areas, the densities/100ha per quarter (Agri-N, Agri-S, Res-S) were calculated, and the decrease was calculated between peak year and 2010, see Table 8.
 
Table 8 Density/100ha (quarter) for individual wader meadow bird species for peak year and 2010, and % decrease/year for the Demmerik polder.
	[bookmark: _Hlk36564262]Quarter
	
	Agri-N
	density
	decrease
	Agri-S
	density
	decrease

	Species
	
	peak
	peak
	2010
	%/year
	peak
	peak
	2010
	%/year

	Total quarter
	
	1993
	90,9
	4.0
	16.8
	1995
	114.4
	21.5
	10.6

	Eurasian Oystercatcher
	
	1994
	19.8
	1.4
	15.4
	1997
	  21.0
	  4.8
	10.8

	Northern Lapwing
	
	1993
	24.3
	0.7
	18.9
	1997
	  45.4
	10.5
	10.7

	Black-tailed Godwit
	
	1993
	29.3
	0.8
	19.2
	1997
	  50.2
	11.5
	10.7

	Common Redshank
	
	1996
	  7.8
	0.9
	14.4
	1997
	   6.7
	  1.5
	10.7


	
	[bookmark: _Hlk36566155]Quarter
	Res-S
	density
	decrease

	Species
	Peak
	peak
	2010
	%/year

	Total quarter
	2000
	154.0
	101.7
	4.1

	Eurasian Oystercatcher
	2000
	  25.2
	17.0
	3.9

	Northern Lapwing
	2000
	  51.9
	34.3
	4.0

	Black-tailed Godwit
	1998
	  60.6
	34.0
	4.7

	Common Redshank
	2004
	  18.8
	16.4
	2.2


	

Appendix 3 Analysis of wintering geese with Point Transect Counts (PTT)

Point Transect Counts (PTT) data were provided by Sovon. The specific PTT track for this area is identified by route 404, Groot-Mydrecht, Botshol, Vinkeveense Plas. Counts are carried out once a year in the last two weeks of December, along a specific route comprising twenty points, with all birds observed, counted for five minutes. In our PTT counts only binoculars were used (Van Manen and De Jong 2016).
	The counts are point counts, so all the geese within a circle with a radius of c. 800m (c. 200ha), were counted. The PTT transect runs along the border of our study area in the east parallel to the high - low water level divide (Fig. 1). Four points provide counts for the strip areas of Agri-N and Agri-S, two points in each quarter. The density/100ha per quarter was approximated by halving the sum of the two counts. The calculated densities are not particularly high, compared with the density of summer Greylag Geese in Agri-N and winter geese, as mentioned in our discussion on ‘Potential role of geese’ in the main text. 
The dominant geese counted are Greylag Goose (Anser anser), Pink-footed Goose (Anser brachyrhynchus) and, occasionally, Barnacle Goose (Branta leucopsis), Bean Goose (Anser fabalis sensu lato) and Canada Goose (Branta canadensis). 
[bookmark: _Hlk514083970][bookmark: _Hlk515706560][bookmark: _Hlk514084011]Differences in densities per area were analysed using a GLM: density ~ quarter * (year + year^2). In the relevant period, 1993 – 2010, counts were available for all years except 2003, 2009 and 2010. The strip densities of winter geese do not differ significantly in Agri-N and Agri-S (deviance = 14.24, df = 1, P = 0.62). However, densities in Agri-N differ from those in Agri-S being about 30% lower in Agri-S; in 2008 density in Agri-N was 39 and in Agri-S 26/geese/100ha. There was no significant trend in time (deviance 188.49, df = 1, P = 0.065; increase about 16%/year). 

References

Van Manen W, De Jong A. (2016) Handleiding Punt Transect Tellingen project (PTT). Sovon Vogelonderzoek Nederland, Nijmegen



Appendix 4 Preliminary analysis of disturbance distance per species

For a more refined calculation of disturbance distance, we first used 100m strips in the nature reserve area Res-S (see Fig. 2) and five-year mean peak period values as follows: Black-tailed Godwit: 1997–2001, Northern Lapwing: 1998-2002, Eurasian Oystercatcher: 1993-1997, Common Redshank: 2006-2010 (Heemskerk 2013). A simplified asymptotic exponential model was used (package nls in R): Density = a(1 –(e^(-c*Distance))) (Crawley 2005, p149-152). ‘Distance’ = distance of middle of each strip from railway track; a and c are model parameters. At large distances the density approaches the asymptotic model parameter a. Model parameter c is a measure of the curve. Disturbance distance is defined as 75% of the asymptotic value and is calculated as (ln(0.25))/(-c); see Kleijn et al. 2008a. 
[bookmark: _Hlk515458923]	The resulting disturbance distances are: Black-tailed Godwit: 80m, Northern Lapwing: 91m, Eurasian Oystercatcher: 98m and Common Redshank: 74m. The largest difference (in c) between Eurasian Oystercatcher and Common Redshank does not differ significantly (t-test P=0.61, df=11), so the disturbance distances do not differ among the four species, which is why the four species were lumped together for further analyses.

Table 9 Parameter values and standard errors (SE) for nls model disturbance distances for the four meadow bird species (see text). 
	Parameters/
Species
	a
	SE
	c
	SE
	N
strips
	Disturbance
distance (m)

	Eur.  Oystercatcher
	0.225
	±0.041
	0.014
	±0.013
	6
	98

	Northern Lapwing
	0.376
	±0.072
	0.015
	±0.015
	6
	91

	Black-tailed Godwit
	0.535
	± 0.045
	0,017
	± 0.008
	6
	80

	Common Redshank
	0.176
	± 0.029
	0.019
	± 0.017
	6
	74
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