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Abstract

Europe holds globally important populations of breeding waders. However, most of the species are in steep decline, includ-
ing the Eurasian Curlew (Numenius arquata). Here, we studied the breeding-territory and nest-site preferences of a Curlew
subpopulation that has, in contrast to the overall trend, been increasing, on the East Frisian Islands (Wadden Sea National
Park of Lower Saxony, N Germany). The islands are mostly free from ground predators and intensive agriculture and thus
offer the opportunity to examine habitat preferences in largely undisturbed habitats. Our study revealed that Curlews pre-
ferred breeding in habitat mosaics dominated by high marshes and dune grasslands, far from areas with human disturbance.
For nest-building, heterogeneous microhabitats with intermediate vegetation cover and height and some bare ground were
preferred. This reflects a trade-off between (i) sufficient shelter for nests and fledglings, (ii) early recognition of predators and
(iii) readily available and accessible invertebrate prey. Such heterogeneous habitats, without mammalian predators, are largely
missing in the intensively used agricultural landscapes of the European mainland. Consequently, Curlew populations on the
mainland are mostly declining. In contrast, those on the East-Frisian Islands are stable and, therefore, of prime importance
for the protection of the species. Thus, the study highlights the importance of isolated islands providing natural habitats like
coastal dunes, which are free from ground predators and extensive human disturbance for the long-term survival of Curlew
populations. Based on the results of this study we make suggestions to improve future conservation measures for degraded
habitats to boost curlew populations.

Keywords Eurasian Curlew (Numenius arquata) - Grassland management - Habitat heterogeneity - Land-use change - Nest-
site preference - Vegetation structure

Introduction important habitat for bird conservation in Europe (Don-

ald et al. 2006; Sutcliffe et al. 2015), farmland exhibits the

The global decline in biodiversity has reached alarming
proportions. Global extinction rates are 1000 times higher
than the natural background rate (Pimm et al. 2014). Despite
great efforts in nature conservation, there are currently no
signs of a trend reversal (Butchart et al. 2010). For terrestrial
biomes, land-use change is assumed to be the major driver
of the recent biodiversity loss (Sala et al. 2000; Foley et al.
2005; Cardoso et al. 2020). Although farmland is the most
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largest decrease in biodiversity across taxa such as plants,
insects, and birds (Vickery et al. 2001; Donald et al. 2006;
Flohre et al. 2011).

This decrease also applies to waders, which often occupy
man-made landscapes and are among the most threatened
birds globally (Birdlife International 2015). The European
Union holds internationally important populations of breed-
ing wader species (BirdLife International 2004; Keller et al.
2020). However, most of the species are in steep decline and
are considered endangered or vulnerable on the European
Red List of Birds (BirdLife International 2015). Decreas-
ing availability of breeding habitats through agricultural
intensification, afforestation, and land abandonment, as
well as insufficient reproduction especially due to nest and
chick predation, have been identified as the main reasons for
declining wader populations (Wilson et al. 2004; Kaasiku
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et al. 2019; Plard et al. 2019). In the future, climate change is
expected to become an additional serious threat, for example
through changes in food availability and temporal mismatch
(Pearce-Higgins et al. 2010; Renwick et al. 2012).

The Eurasian Curlew is Europe’s largest wader and breeds
in the boreal, temperate and steppe zones of Europe and
Asia (Brooks et al. 1992; Bauer et al. 2012). The subspecies
of the Eurasian Curlew Numenius arquata arquata (hereaf-
ter referred to as Curlew) breeds in west, north and central
Europe to the west of the Urals (Thorup 2006). The Cur-
lew has suffered major range losses and population decline
throughout its breeding range (Keller et al. 2020). As more
than 75% of the global population breeds in the northern half
of Europe, Europe has a great responsibility for the long-
term survival of this species (BirdLife International 2004).
Two main reasons have been identified for the decline of
the European Curlew population. On the one hand decreas-
ing habitat availability and suitability due to afforestation
and intensive agriculture, resulting in homogeneous swards
(Berg 1994; Douglas et al. 2014; Franks et al. 2017). On
the other hand, insufficient reproduction due to high egg
and chick losses by predators and mechanized management
practices (Grant et al. 1999; Zielonka et al. 2019).

Curlews depend on open landscapes with wide visibil-
ity unbroken by woodland in dry to wet terrain for nesting
(Brooks et al. 1992). The original habitats of the species in
Central Europe were bogs, heathlands and poorly drained
wetlands, which have largely been destroyed and degraded
by human activities like agriculture, drainage and land rec-
lamation. Nowadays, a large proportion of the European and
German Curlew population breeds in meadows, pastures and
arable fields but still also in (rewetted) raised bogs and fens,
heath and dunes (Brooks et al. 1992; Bauer et al. 2012).

While the German breeding population was estimated
at 7,000 pairs in the early 1970s, it is now estimated at
3,600—4,800 pairs (Gerlach et al. 2019). This corresponds to
a decrease of more than 40% (Hotker et al. 2007). Due to its
steep decline during the last decades, the German breeding
population is considered threatened with extinction (Ryslavy
et al. 2021). However, on the German mainland the decrease
has recently been halted in some populations through inten-
sive conservation measures such as marking of nest locations
to avoid destruction during agricultural work, electric fenc-
ing to prevent mammalian predation, rewetting, and habitat
management (Kipp and Kipp 2003; Riistringer Heimatbund
e.V. and Landkreis Wesermarsch 2005; Boschert 2008).
Despite further declines outside managed areas, this has led
to a stabilization of the German population (Gedeon et al.
2014; Gerlach et al. 2019).

The strongholds of the German Curlew breeding popu-
lation are the north-western lowlands and the East Frisian
Islands (Gedeon et al. 2014). Colonization of the East Fri-
sian Islands by breeding Curlews started as late as 1938
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(GroBkopf 1995). Since then, the population has increased
rapidly. Between 2008 and 2017 there have been an average
of 102 + 3 (mean + SE) Curlew territories on the Islands,
of which 16+2 were situated on the island of Spieker-
oog (Fig. l1a) (Schulze-Dieckhoff, pers. comm., Lower
Saxonian Water Management, Coastal Defence and Nature
Conservation Agency [NLWKN] 2018).

So far, the reasons for the different population trends are
unknown. However, the lack of mammalian predators and the
absence of intensive agriculture on the East-Frisian Islands
are two possible causes. While several studies have investi-
gated the habitat preferences of Curlews breeding in agricul-
tural landscapes (e.g. Berg 1992; Valkama et al. 1998), very
little is known about the habitat characteristics necessary
for breeding in natural habitats on coastal islands. Several
authors reported that the highest densities of Curlews on the
Wadden Sea Islands occur in dune heath and wet dune slacks
(=wet dune valleys) (e.g. Koffijberg et al. 2006). However,
there are only very small areas of dune slacks on most East
Frisian Islands and their extent has decreased in recent dec-
ades due to a lowering of the groundwater caused by drink-
ing water production (Pott 2006, Geelen et al. 2017). At the
same time, however, the number of breeding Curlews has
increased (Hotker et al. 2007), which brings into question
the importance of dune slacks for breeding Curlews on the
East Frisian Islands.

To develop suitable conservation measures designed
to counteract the decline of Curlews in Europe, more pre-
cise information on habitat preferences is needed urgently
(Zmihorski et al. 2018). Therefore, we studied the habitat
preferences of a stable Curlew population in natural habitats.
The study area, the East Frisian Islands within the Wad-
den Sea National Park of Lower Saxony, are largely missing
mammalian predators and agricultural disturbance. The aim
of this study was to investigate habitat composition within
territories and vegetation structure at nests in natural largely
undisturbed refuge habitats. Based on the results of this
study we make suggestions to improve future conservation
measures for degraded habitats to boost curlew population.

Materials and methods
Study area

The study area comprised all the East Frisian Islands on
which Curlew's breed (Borkum, Mellum, Juist, Norderney,
Baltrum, Langeoog, Spiekeroog; Lower Saxony, Germany).
The East Frisian Islands cover an area of about 150 km? and
are sandy barrier islands, influenced by tides and charac-
terised by extensive island tails (de Groot et al. 2017). The
main habitats on the islands are beaches (18%), natural dune
grasslands (13%) (Fig. 2a), mudflats (13%), saltmarshes



Natural coastal dunes on Wadden Sea islands as a refuge for an endangered wader species

Page3of 12 53

(35%) (Fig. 2b), built-up areas (4%), and dune heath (4%).
Further habitats that cover smaller areas are copses (3%),
white dunes (2%), shrubberies (2%), dune slacks (1%), reeds
(1%), semi natural grassland and transition zones between
marshes and natural dune grasslands called salty dune (1%)
(Fig. 1b; Fig. 2c) (Petersen and Pott 2005; Petersen et al.
2014). All the East Frisian Islands are part of the Wadden
Sea National Park of Lower Saxony (corresponding to cat-
egory II of the IUCN Protected Area Classification (Dudley
2013)), and the Wadden Sea World Heritage site (Kalisch
2012). The National Park is divided into three zones of dif-
ferent protection intensity: the core zone, intermediate zone,
and recreational zone. During the breeding season, the core
and intermediate zone are accessible for humans only on
designated roads and paths. Only the recreational zone is
fully accessible and open for human activities all year. Dogs
are only allowed on a leash. Due to the promotion of eco-
tourism such as bird watching (Davenport and Davenport
2006) and intensive public relations work, visitor manage-
ment and the use of National Park rangers and volunteers
to control entry bans, disturbance in protected areas occurs
rarely (cf. Kalisch 2012). Only small parts of the islands,
primarily saltmarshes, are grazed by livestock.

The East Frisian Islands are principally free of mam-
malian predators except for domestic cats (Felis catus)
(Walter and Kleinekuhle 2008). However, in recent years
foxes (Vulpes vulpes) were present on the island of Nor-
derney (Andretzke et al. 2017). Other mammals that occur
on almost all East Frisian Islands and are known to cause
clutch loss are common rat (Rattus norvegicus) and hedge-
hog (Erinaceus europaeus). Since 2010 a scheme to control

population size of these introduced mammals has been car-
ried out on the islands of Borkum, Norderney and Langeoog
(Andretzke and Oltmanns 2016; Andretzke et al. 2017). By
contrast, breeding density of potential avian predators (e.g.,
Herring gull (Larus argentatus), Lesser black-backed gull
(Larus fuscus), Marsh harrier (Cricus aeruginosus) are high
on most islands (Gedeon et al. 2014).

A detailed analysis of nest-site preferences was conducted
on the island of Spiekeroog, which hosts a large part of the
Curlew breeding population on the East-Frisian Islands.
In addition, the proportion of Curlews, breeding in natural
undisturbed habitats within the core zone of the National
Park is particularly high there, which enables the investiga-
tion of Curlews in low-disturbance, natural habitats without
predatory mammals. Spiekeroog is about 2 km wide and
10 km long, producing a total area of 18 km? (Petersen and
Pott 2005).

Sampling methodology
Breeding-territory preferences

To evaluate the habitat preferences of Curlews on the
East Frisian Islands, we compared habitat-type composi-
tion within Curlew territories with those on the islands in
general. Habitat data were available through the Trilateral
Monitoring and Assessment Program (TMAP) (Petersen
et al. 2014; person. comm. Wadden Sea National Park of
Lower Saxony 2017). Data on Curlew territories in 2017
were based on territory mapping during six visits (Siid-
beck et al. 2005; cf. Bibby et al. 2000) and provided by

Fig.1 a) Location of the studied
East Frisian Islands (from left to
right): Borkum, Mellum, Juist,
Norderney, Baltrum, Langeoog,
Spiekeroog and average number
of territories on different islands
between 2007 and 2017 (person.
comm., NLWKN 2018). b)
Distribution of habitat types as @
well as of theoretical territories
and controls using the example
of Spiekeroog
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Fig.2 Photos of typical breed-
ing habitats of the Curlew on
the East Frisian Islands: a)
dune grassland, b) high marsh,
¢) salty dune: transition zone
between high marsh and dune
grassland providing heterog-
enous vegetation including
areas of short vegetation and
bare ground as well as high and
dense vegetation

Schulze-Dieckhoff (pers. comm., NLWKN 2018). For the
identification of territories, we paid special attention to
repeated observations of territorial behaviour (at least twice
seven days apart) such as territory marking by flights as well
as copulating, breeding or warning adults or pairs (suspected
breeding). Special attention was paid to simultaneous obser-
vations for separating different territories situated close to
each other. Furthermore, we paid special attention to the
observation of breeding adults, distraction display, mobbing
of potential avian predators and adults guiding young (con-
firmed breeding) (Siidbeck et al. 2005). Where nests were
not found, territory centres were defined as the centre where
these behavioural signs were concentrated.

After Bauer et al. (2012), minimum territory size of Cur-
lews in north-west Germany is 7 ha. This is in line with
the results of five GPS tagged birds breeding on the East
Frisian Islands in 2020 (unpublished data 2020, Movebank
ID 1126572166). Accordingly, we analysed the habitat com-
position of an area with a radius of 149 m around each terri-
tory centre using the function “Buffer” in software ArcGIS
10.2 (ESRI Inc.) (Kédmpfer and Fartmann 2019). In total, we
analysed 88 (from all seven islands) and 20 (Spiekeroog)
territories, respectively (Fig. 3).

For all territories where nest location has been identi-
fied (confirmed breeding) (N=46), we compared habitat-
type composition within a radius of 149 m around each
Curlew nest with those of randomly selected control ter-
ritories (without nests) of the same size (N=46). Selection
of controls was performed using the function “Create ran-
dom points” in ArcGis 10.2 and excluded areas that were
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b)

unsuitable for breeding (beaches, built-up areas, forest, low
marshes, and mudflats). Moreover, the Shannon index of
habitat types served as a measure of habitat heterogeneity,
H’ (Fartmann et al. 2018; Schwarz et al. 2018) and was cal-
culated by:
H'=—2pilnpiwithpi= il
- N

where N is the total area of the territory, and n; is the area of
each habitat type in the territory.

Further predictor variables were the closest
distance to areas that were frequented by humans
(buildings, paths, streets), as a proxy for anthropo-
genic disturbance, and wetlands (mudflats, standing
water, wet dune slacks, tidal creeks), as a measure of
proximity to the nearest foraging habitat. Both vari-

ables were determined using the function “Nearest”
in ArcGIS 10.2.

Nest-site preferences

To assess the vegetation structure at Curlew nesting sites, we
searched for nests on the island of Spiekeroog in April and
May 2017. Nest sites were identified through observations
of territorial behaviour from elevated dunes that indicated
confirmed breeding (see above) and a subsequent systematic
search for nests. In total, 14 nests out of 20 breeding pairs
on Spiekeroog were found and recorded using a GPS device.
Vegetation characteristics on the East Frisian Islands are
assumed to change only slightly from the breeding period to
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Fig.3 Proportion of different habitat types within Curlew territories
and on the islands, for all East-Frisian Islands (a) and Spiekeroog (b),
respectively. All islands (a): others=dune heath, dune slack, open
water, white dune, ruderal, and reed; Spiekeroog (b): others=dune
slack, grassland, open water, reed, ruderal, and shrubs. All islands (a)
and Spiekeroog (b): Fisher’s Exact Test <0.001

summer due to (i) environmental stress (dry, nutrient-poor
sandy soils), (ii) low competitive power of the perennial
plants and (iii) mild climate with early start of the growing
season (own observation). To avoid unnecessary disturbance
of numerous scarce and threatened breeding birds in the core
zone of the national park, vegetation characteristics were,
therefore, measured after the breeding season in August/

September. We measured the mean vegetation height (cm),
at an accuracy of 1 cm using a ruler, and estimated the
percentage cover of bare ground, the herb layer, mosses,
shrubs, and litter in an area of 2 m X2 m (finer scale) and
10 m X 10 m (coarse scale) around each nest. All parameters
were also recorded at control sites, which were randomly
selected within the potential breeding area (see above) using
the function “Create random points” in ArcGIS 10.2. To
obtain representative controls that cover the entire range of
available vegetation structures, we chose a ratio between
nest-sites and controls of 1:2.

Statistical analysis

Habitat composition (TMAP) (Petersen et al. 2014) within
the territories was compared with the available habitat on the
islands, by using Fisher’s exact test (McDonald 2009). Dif-
ferences in habitat-type composition and vegetation structure
(territory vs. control, nest-site vs. control) were analysed
using the Mann—Whitney U test, because the data were not
normally distributed. The effects of habitat-type composi-
tion and distance to relevant habitats on breeding-territory
occupancy were analysed by generalised linear mixed-effect
models (GLMM) with binomial error distribution (response
variable: nest vs. control, predictors: see Table 1) and island
as a random factor (cf. Crawley 2007).

To assess the drivers of nest-site occupancy at finer
and coarse scale we used generalized linear models
(GLM) with binomial error distribution (nest vs. control)
and parameters of vegetation structure as predictors (see
Table 2) (cf. Crawley 2007). If graphical inspections of the
data suggested unimodal rather than linear relationships
between the response variable and predictor variables,
centred and squared values of the predictors were entered
into the full model in addition to the untransformed values
(cf. Johnstone et al. 2017). To increase model robustness
and identify the most important environmental parameters,
we performed model averaging based on an information-
theoretic approach (Burnham and Anderson 2002; Grueber
et al. 2011). Top-ranked models are presented in supple-
mentary Table 1. Model averaging was performed using
the ‘dredge’ function (R package MuMIn; Barton 2019)
and included only top-ranked models with AAICc <2
(cf. Grueber et al. 2011). To avoid overfitting, maximum
number of predictors to be included in a single model was
limited to 1/10 of sample (Harrell et al. 1996). To avoid
multi-collinearity in the GLM(M), Spearman’s rank cor-
relations (r,) were used to exclude variables with strong
inter-correlations (Ir, 1>0.5) (Grueber et al. 2011). Because
the cover of the herb layer was negatively correlated with
moss cover both within a radius of 2 m and 10 m around
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Table 1 Mean area (+ SE) of habitat types, habitat heterogeneity, dis-
tance to human-frequented areas and wetlands for breeding territories
(n=46) and controls (n=46) on the East Frisian Islands

Parameter Territory Control P

Habitat type (ha)
Dune grassland 2.24+0.24 1.66+0.23 n.s
High marsh 1.83+0.26 1.56+0.30 ns
Grassland 0.65+0.27 0.71+0.27 ns
Shrub 0.34+0.07 045+0.10 ns
Mudflat 0.31+0.08 0.14+0.07 ns
White dune 0.27+0.08 0.18+0.07 ns
Beach 0.24+0.10 026+0.11 ns
Dune slack 0.20+0.07 0.11+£0.05 ns
Ruderal 0.17+0.08 0.09+0.05 ns
Salty dune 0.17+0.03 0.08+0.04 *
Low marsh 0.15+0.06 042+0.13 ns
Dune heath 0.11+0.06 025+0.10 ns
Reed 0.10+0.06 0.12+0.05 n.s
Open water 0.10+0.04 0.09+£0.02 ns
Copse 0.08+0.03 0.60+0.15 **
Built-up area 0.03+0.01 0.22+0.08 **
Habitat heterogeneity (H’) 1.15+0.06 1.12+0.05 ns
Distance to wetland (m) 157.7+£20.9 271.2+494 ns
Distance to human-fre- 484.7+775  439.3+493 *

quented area (m)

Differences between breeding territories and controls were tested
using the Mann—Whitney U test. Significance levels are indicated as
follows: n.s. P>0.05, * P<0.05, ** P<0.01, *** P<0.001

Table2 Mean values (+SE) of vegetation structure at nest sites
(n=14) and controls (n=28) at coarse scale (10 mx 10 m) (a) and
fine scale (2 mx2 m) (b), on Spiekeroog

Parameter Nest Control P
a) Coarse scale (10 mx 10 m)
Cover (%)
Bare ground 19.6+3.8 6.7+1.8 o
Mosses 17.9+4.4 20.6+6.2 n.s
Litter 17.9+4.2 26.3+5.0 n.s
Herb layer 57.5+6.0 749+4.3 *
Shrubs 0.2+0.2 0.1+0.0 n.s
Vegetation height (cm) 18.1+2.5 212422 n.s
b) Fine scale (2 mX2 m)
Cover (%)
Bare ground 13.9+3.3 44+1.4 o
Mosses 11.2+5.7 17.5+6.0 n.s
Litter 30.0+6.2 30.5+5.0 n.s
Herb layer 59.6+6.5 72.2+5.2 n.s
Shrubs 0.0+0.0 0.0+0.0 -
Vegetation height (cm) 19.3+2.2 22.6+3.0 n.s

Differences between nest sites and controls were tested using the
Mann—Whitney U test. Significance levels are indicated as follows:
n.s. P>0.05, * P<0.05, ** P P<0.01, *** P<0.001
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the nests (Ir|=0.69 and 0.66, respectively), we excluded
moss cover from further analysis. All statistical analyses
were performed using R 3.5.3 (R Core Team 2020).

Results
Breeding-territory preferences

Habitat composition within Curlew territories and on the
islands overall differed significantly (Fig. 3). This was true
for all the islands studied. Within Curlew territories on Spiek-
eroog, high marsh and dune grassland dominated and were
overrepresented while, in contrast, low marsh, beaches and
mudflats were clearly underrepresented. When considering the
habitat composition of all the islands, besides high marsh, and
dune grassland, also grasslands were overrepresented in Cur-
lew territories, whereas built-up areas were underrepresented.
In addition, despite small proportions of salty dunes on the
islands, this type was overrepresented in the territories.

Comparisons between territories and controls provided
deeper insights into breeding-territory preferences (Table 1).
Dune grassland, high marsh and grassland were the dominant
habitat types within Curlew territories. However, the propor-
tion of these habitats did not differ between territories and
controls. In contrast, Curlews preferred to establish territories
in areas with higher proportions of salty dunes and a larger
distance to areas that are frequented by humans. Copses and
built-up area, however, were avoided. All the other param-
eters did not differ between territories and controls. Based on
the GLMM analysis, the likelihood of territory establishment
increased with the availability of dune grassland and decreased
with those of copses and built-up area (Fig. 4). With an AUC
value of 0.88 the model accuracy was high.

Nest-site preferences

The direct vicinity of the nest was almost covered by the
herb layer (60%) and the vegetation was nearly 20 cm high
(Table 2). Around the nest, at coarse scale, bare ground,
mosses, and litter cover were very similar, with nearly 20%
in each case. At fine scale, litter covered on average a further
30%, followed by bare ground with 14% and mosses with 11%.
Habitats with a higher cover of bare ground were significantly
preferred for nest-building, at both spatial scales. At coarse
scale, in addition, the cover of the herb layer was significantly
lower compared to control. The GLM analysis revealed that at
both spatial scales the likelihood of nest-building was highest
with increasing amounts of bare ground and an intermediate
vegetation height (Fig. 5). The model accuracy was very high
with AUC values of 0.87 and 0.89, respectively.
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Fig.4 Results of the GLMM
analysis: relationship between
occurrence of Curlew territories
and area of different habitat
types on the East-Frisian Islands
(Appendix Table 3). Only sig-
nificant parameters are shown.
The regression slopes were fit-
ted using multivariable GLMM.
Marginal R? (variance explained
by fixed effects)=0.75-0.87,
conditional R? (variance
explained by both fixed and ran-
dom effects)=0.75-0.88, area
under the curve (AUC)=0.88

Fig.5 Results of the GLM
analysis: relationship between
occurrence of Curlew nests
and vegetation structure on
Spiekeroog (Appendix Table 4).
Only significant parameters are
shown. The regression slopes
were fitted using multivariable
GLM. McFadden’s pseudo
R?=0.40, area under the curve
(AUC)=0.87
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Discussion

Our study revealed that Curlew territories consisted of large
proportions of high marshes and dune grasslands, the two
dominant habitat types on the East Frisian Islands. How-
ever, the most important predictors of territory establish-
ment were a large area of dune grassland and a low extent of
copses and built-up area. Microhabitats with an herb-layer
characterised by intermediate cover and height as well as
some bare grounds were preferred for nest-building.

Predation is regarded as one of the major drivers of repro-
ductive failure in birds during the egg and nestling phase
(Ricklefs 1969). One adaption to reduce risk of nest preda-
tion is to maintain some view of the surroundings of the
nest to facilitate early predator detection (Gotmark et al.
1995). The two main habitats within Curlew territories, high
marshes and, especially, dune grasslands, provide large areas
of low-growing and not too dense vegetation (Petersen and
Pott 2005). Such conditions may facilitate all-round visibil-
ity and early predator recognition (Gotmark et al. 1995).
However, in salty dunes, the panoramic view is probably
even better. High marshes are mostly flat and dune grass-
lands have a pronounced relief. Despite the generally open
habitat structure in both cases, such relief limits distance
vision. In contrast, salty dunes usually form small-scale
mosaics within high marshes and protrude from them by
several decimetres allowing more distant views (Petersen
and Pott 2005).

The extent of copses and built-up area were the two other
main predictors for territory establishment on the islands.
Poor visibility of potential predators is also the most likely
explanation for the observed avoidance of copses. Several
other studies observed that Curlews and other waders breed
less likely near forest edges for the same reason (Berg 1992;
Valkama et al. 1998; Douglas et al. 2014; Kaasiku et al.
2019). Many wader species are sensitive to disturbance by
humans, especially near their nests (Hockin et al. 1992). This
is also true for the Curlew (Haworth and Thompson 1990;
Navedo and Herrera 2012); it is known to have very long
escape distances (Smit and Visser 1993). In line with this, the
amount of built-up area was lower and the distance to roads,
paths and buildings was higher in territories than in controls.
Additionally, the probability of nest establishment decreased
with an increasing extent of built-up area (Fig. 4c).

In Central Europe Curlews mostly nest on grasslands or
arable fields in agricultural areas (Berg 1992, 1994; Valkama
et al. 1998). On the East Frisian Islands, however, the role
of improved and semi-natural grasslands differed between
islands (cf. Figure 3a and b). Even on islands with larger
areas of managed grasslands, they were only used for nest-
ing when land-use intensity was low (own observation),
which was the case on the islands of Borkum and Juist. On
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Borkum, for example, most of the grasslands are grazed with
low stocking rates (0.7—1 cattle/ha) and only partly subject to
aftermath mowing, promoting the heterogeneous vegetation
structure preferred for breeding (Andretzke and Oltmanns
2016).

The nest concealment hypothesis states that more con-
cealed nests are less vulnerable to predation (Filliater et al.
1994). Indeed, several studies have shown that nest con-
cealment usually reduces predation risk (Wiebe and Martin
1998; Mgller et al. 2018), although other studies found, that
this is not a universal pattern (e.g. Koivula and Ronké 1998;
Laidlaw et al. 2020). However, a well-hidden nest hampers
all-round visibility and early detection of potential preda-
tors (Amat and Masero 2004). Hence, nest-site selection
usually reflects a trade-off between sufficient concealment
and a good view for the recognition of predators (Gotmark
et al. 1995). In line with this, we interpret the preference of
Curlews for microhabitats with an herb-layer of intermedi-
ate cover and height, as found in our study, as such a trade-
off. Other studies have also shown that Curlews preferred to
nest in vegetation that is neither too short nor too high and
dense (Valkama et al. 1998; Grant et al. 1999; Johnstone
et al. 2017).

In addition, vegetation density and height influence the
availability (Berg 1993) as well as the accessibility of inver-
tebrate prey (Vickery et al. 2001; Butler and Gillings 2004;
Atkinson et al. 2005). Short swards with patches of bare
ground, are preferred foraging habitats of many insectiv-
orous farmland birds (Atkinson et al. 2004; Schaub et al.
2010). While Curlews prefer ragworms outside of the breed-
ing season, ground-dwelling invertebrates are an important
food source for adult Curlews and their chicks during the
breeding period (Berg 1993). Therefore, we also attribute
the observed vegetation-structure preferences of breeding
Curlews to food accessibility. Moreover, short, and scattered
vegetation in combination with bare ground might enhance
foraging efficiency. It (i) reduces the time needed for preda-
tor detection (Whittingham and Evans 2004), (ii) increases
speed of movement during foraging (Butler and Gillings
2004) and (iii), finally, increases the food uptake of adult
Curlews and their fledglings (Devereux et al. 2004).

In summary, on the East Frisian Islands Curlews preferred
habitat mosaics dominated by high marshes and dune grass-
lands, far away from areas with human disturbance for breed-
ing. Although salty dunes usually comprised a small share
of breeding territories, they were preferred within breeding
habitats. Salty dunes protrude above high marshes by sev-
eral decimetres, allowing an excellent view into the distance
and, hence, early predator detection. Heterogeneous micro-
habitats with intermediate vegetation cover and height and
some bare grounds were preferred for nest-building. This
reflects a trade-off between (i) sufficient shelter for nests and
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fledglings, (ii) early recognition of predators and (iii) high
levels of availability and accessibility of invertebrate prey.
Such heterogeneous habitats, without mammalian predators
and without destructive farming practices, are largely lack-
ing in the intensively used agricultural landscapes of the
European mainland (e.g. Berg 1992, 1994; Valkama et al.
1998). Consequently, Curlew populations on the mainland
are mostly declining. In contrast, those on the East-Frisian
Islands are stable and, therefore, of prime importance for the
protection of the species.

In grasslands, the preferred habitat structures of intermedi-
ate vegetation height including areas of bare ground can be
achieved by low intensity grazing or mowing (McCracken
and Tallowin 2004). Moderate grazing especially by cat-
tle, can represent a suitable tool in realising such habitats
(Devereux et al. 2004). Additionally, small herbivores like
hares (Lepus europaeus) and rabbits (Oryctolagus cunicu-
lus) can significantly slow down dune succession and provide
open areas of short vegetation (Kuijper and Bakker 2003;
Kiampfer and Fartmann 2019). Moreover, spatial, and tem-
poral mosaics of different sward heights can be achieved by
selective grazing and mowing at different times of the year
(Devereux et al. 2004; McCracken and Tallowin 2004) or
through electric fencing in paddock grazing systems (Atkin-
son et al. 2005). To prevent nest and chick losses due to mow-
ing or trampling by livestock, nests and chicks need to be
located before mowing and paddock rotation. Afterwards,
these areas must be excluded from agricultural practice until
young are fully fledged or have left the area in question. Fur-
thermore, Mandema et al. (2013) found horses to trample sig-
nificantly more nests than cattle and suggest avoiding grazing
by horses in areas with high densities of birds' nests.

Because tall, homogeneous, and dense vegetation is
unsuitable for breeding, due to insufficient prey accessibil-
ity and restricted bird mobility (Vickery et al. 2001; Butler
and Gillings 2004; Atkinson et al. 2005), the use of fertilizer
should be avoided (e.g., McCracken et al. 2004). Due to the
Curlew’s sensitivity to disturbance, human activities should
be reduced to a minimum during the breeding period, e.g.,
by closing paths and by promotion of nature related eco-
tourism (Davenport and Davenport 2006).

The apparently healthy population on the East Frisian
Islands highlights the importance of natural habitats with low
density of mammalian predators such as islands for threat-
ened species. Since breeding productivity in habitats without
mammalian predation is expected to be high, such popula-
tions may be important sources that reinforce populations
on the mainland. This underlines the importance to retain or
even intensify the protection of the Wadden Sea Islands not
only in Germany, but also in the Netherlands and Denmark.
Despite the great importance of adapted management sys-
tems to improve the habitat quality for Curlews breeding in

farmland habitats, the preservation and restoration of natural
and near-natural habitats should be given high priority.

Appendix

Table 3 Results of the GLMM analysis (binomial response variable:
presence [n=46] versus absence [n=46]): probability of Curlew ter-
ritory establishment in relation to the area of different habitat types,
habitat heterogeneity, distance to human-frequented areas and wet-
lands on the East Frisian Islands

Parameter Estimate SE zZ P
Intercept 0.92 0.59 1.54 n.s
Built-up area -9.02 3.71 2.40 *
Copse -1.85 0.87 2.11 *
Dune grassland 0.67 0.27 2.44 *

R crainim=0.75-0.87, R%;; 111 =0.75-0.88 AUC =0.88

Island was used as a random factor. Model-averaged coeffi-
cients (conditional average) were derived from top-ranked mod-
els (AAIC-<2). RG,yym=Vvariance explained by fixed effects,
R? ¢y .= variance explained by both fixed and random effects (Nak-
agawa et al. 2017), AUC Area under the curve; accuracy of model
prediction (Fielding and Bell 1997). Low marsh, grassland, rud-
eral, shrub, open dune, dune slack, mudflat, wetland and distance to
human-frequented area were not significant. Significance levels are
indicated as follows: n.s. P>0.05, * P<0.05

Table4 Results of the GLM analysis (binomial response vari-
able: presence [n=14] versus absence [n=28]): probability of Cur-
lew nest-building in relation to vegetation structure at coarse scale
(10 mx 10 m) (a) and fine scale (2 mx?2 m) (b), on Spiekeroog

Parameter Estimate SE Z P

a) Coarse scale (10 mx 10 m)

Intercept -9.47 450 2.04 *
Vegetation height 0.83 041 196 *
Vegetation height (centred + squared) —0.02 0.01 197 *
Bare ground 0.17 0.07 233 *

R?,,-=0.40, AUC=0.89
b) Fine scale (2 m X2 m)

Intercept -3.96 248 1.57 ns
Vegetation height 0.44 0.19 2.23
Vegetation height (centred + squared) —0.01 0.00 223 *
Bare ground 0.12 0.06 2.14 *

R?,,»=0.40, AUC=0.87

Model-averaged coefficients (conditional average) were derived from
top-ranked models (AAIC. < 2). R,;z=McFadden’s pseudo R%, AUC
Area under the curve; accuracy of model prediction (Fielding and
Bell 1997). Litter was not significant (a); herb layer and litter were
not significant (b). Significance levels are indicated as follows: n.s.
P>0.05, * P<0.05, ¥* P<0.01, *** P<0.001

@ Springer



53 Page100f12

S. Kampfer, T. Fartmann

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11852-022-00897-w.

Acknowledgements We are grateful to Johanna Falk and Edgar Scho-
nart for their support during field work. We would also like to thank the
Lower Saxony Water Management, Coastal Defence and Nature Con-
servation Agency (NLWKN), especially all volunteers on the islands,
Martin Schulze-Dieckhoff and Josephin Erber, for the provision of data
and general support. Furthermore, we would like to thank the Wadden
Sea National Park Administration of Lower Saxony, particularly Peter
Siidbeck and Gundolf Reichert, for granting permission and further
support. We also thank Triin Kaasiku, Harry Ewing and two anony-
mous reviewers for valuable comments on an earlier version of the
manuscript.

Funding The study was funded by a Ph.D. scholarship from the Ger-
man Federal Environmental Foundation (DBU). Open Access funding
was enabled and organized by Projekt DEAL.

Declarations

Competing interests The authors declare that they have no competing
interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Amat JA, Masero JA (2004) Predation risk on incubating adults con-
strains the choice of thermally favourable nest sites in a plover.
Anim Behav 67:293-300

Andretzke H, Oltmanns B (2016) What really helps breeding
birds? Presentation and evaluation of protective measures in
the National Park “Niedersidchsisches Wattenmeer”, exempli-
fied by the East-Frisian Island of Norderney. Vogelkundl Ber
Niedersachs 44:195-215 (German with English abstract)

Andretzke H, VoBBkuhl M, Berndt A, Bruzinski J, Hermann J, Reichert
G (2017) Séugetiere als Gelege- und Kiikenpradatoren auf den
Ostfriesischen Inseln Norderney, Borkum und Langeoog. Natur-
und Umweltschutz 16(2):60-66

Atkinson PW, Buckingham D, Morris AJ (2004) What factors deter-
mine where invertebrate-feeding birds forage in dry agricultural
grasslands? Ibis 146:99-107

Atkinson PW, Fuller RJ, Vickery JA, Conway GJ, Tallowin JRB, Smith
REN, Haysom KA, Ings TC, Asteraki EJ, Brown VK (2005)
Influence of agricultural management, sward structure and food
resources on grassland field use by birds in lowland England. J
Appl Ecol 42(5):932-942

Barton M (2019) Package MuMIn. Available from ww.r-project.org

Bauer H-G, Bezzel E, Fiedler W (2012) Das Kompendium der Vogel
Mitteleuropas, 2nd edn. Aula, Wiebelsheim

@ Springer

Berg A (1992) Factors affecting nest-site choice and reproductive suc-
cess of Curlews Numenius arquata on farmland. Ibis 134(1):44-51

Berg A (1993) Food resources and foraging success of curlews Nume-
nius arquata in different farmland habitats. Ornis Fennica 70:22-22

Berg A (1994) Mainnavedotenance of populations and causes of popu-
lation changes of curlews Numenius arquata breeding on farm-
land. Biol Conserv 67(3):233-238

Bibby CJ, Burgess ND, Hill DA, Mustoe SH (2000) Bird census tech-
niques, 2nd edn. Academic Press, London

BirdLife International (2004) Birds in Europe: population estimates, trends
and conservation status. BirdLife Conserv Series 12. Cambridge

BirdLife International (2015) European Red List of Birds. Office for
Official Publication of the European Communities, Luxembourg

Boschert M (2008) Protection Measures for Curlew Clutches — Expe-
riences of electric fencing in the Upper Rhine Valley. Natursch
Landschaftspfl 40(10):346-352 (German with english abstract)

Brooks DJ, Cramp S, Dunn E (1992) Handbook of the birds of Europe,
the Middle East and North Africa. The birds of the Western
Palearctic. Oxford University Press, Oxford, vol 6

Burnham KP, Anderson DR (2002) Model Selection and Multimodel Infer-
ence: A Practical Information-Theoretic Approach. Springer, New York

Butchart SHM, Walpole M, Collen B, Van Strien A, Scharlemann JPW,
Almond REA, Baillie JEM, Bomhard B, Brown C, Bruno J, Kent
E, Carpenter KE, Carr GM, Chanson J, Chenery AM, Csirke J,
Davidson NC, Dentener F, Foster M, Galli A, Galloway JN, Geno-
vesi P, Gregory RD, Hockings M, Kapos V, Lamarque J-F, Lever-
ington F, Loh J, Mcgeoch MA, Mcrae L, Minasyan A, Hernandez
Morcillo M, Oldfield TEE, Pauly D, Quader S, Revenga C, Sauer
JR, Skolnik B, Spear D, Stanwell-Smith D, Stuart SN, Symes A,
Tierney M, Tyrrell TD, Vie J-C, Watson R (2010) Global bio-
diversity: indicators of recent declines. Science 328:1164—1168

Butler SJ, Gillings S (2004) Quantifying the effects of habitat struc-
ture on prey detectability and accessibility to farmland birds. Ibis
146:123-130

Cardoso P, Barton PS, Birkhofer K, Chichorro F, Deacon C, Fartmann
T, Fukushima CS, Gaigher R, Habel J, Hallmann CA, Hill M,
Hochkirch A, Kwak ML, Mammola S, Noriega JA, Orfinger AB,
Pedraza F, Pryke JS, Roque FO, Settele J, Simaika JP, Stork NE,
Suhling F, Vorster C, Samways MJ (2020) Scientists’ warning to
humanity on insect extinctions. Biol Conserv 242:108426. https://
doi.org/10.1016/j.biocon.2020.108426

Crawley MJ (2007) The R Book. Wiley, Chichester

Davenport J, Davenport JL (2006) The impact of tourism and personal
leisure transport on coastal environments: a review. Estuar Coast
Shelf Sci 67:280-292

De Groot AV, Oost AP, Veeneklaas RM, Lammerts EJ, van Duin WE,
van Wesenbeeck BK (2017) Tales of island tails: biogeomorphic
development and management of barrier islands. J Coast Conserv
21:409-419. https://doi.org/10.1007/s11852-016-0446-8

Devereux CL, Mckeever CU, Benton TG, Whittingham MJ (2004) The
effect of sward height and drainage on Common Starlings Sturnus
vulgaris and Northern Lapwings Vanellus vanellus foraging in
grassland habitats. Ibis 146:115-122

Donald PF, Sanderson FJ, Burfield IJ, Van Bommel FPJ (2006) Further evi-
dence of continent-wide impacts of agricultural intensification on Euro-
pean farmland birds, 1990-2000. Agr Ecosyst Environ 116:189—-196

Douglas DJ, Bellamy PE, Stephen LS, Pearce-Higgins JW, Wil-
son JD, Grant MC (2014) Upland land use predicts popula-
tion decline in a globally near-threatened wader. J Appl Ecol
51(1):194-203

Dudley N (Ed) (2013) Guidelines for applying protected area manage-
ment categories including IUCN WCPA best practice guidance on
recognising protected areas and assigning management categories
and governance types. [IUCN (Best practice protected area guide-
lines series, 21), Gland


https://doi.org/10.1007/s11852-022-00897-w
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.biocon.2020.108426
https://doi.org/10.1016/j.biocon.2020.108426
https://doi.org/10.1007/s11852-016-0446-8

Natural coastal dunes on Wadden Sea islands as a refuge for an endangered wader species

Page110f 12 53

Fartmann T, Kémpfer S, Briiggeshemke J, Juchem M, Klauer F, Wek-
ing S, Loffler F (2018) Landscape-scale effects of Christmas-
tree plantations in an intensively used low-mountain landscape
— applying breeding bird assemblages as indicators. Ecol Indic
94:409-419. https://doi.org/10.1016/j.ecolind.2018.07.006

Fielding AH, Bell JF (1997) A Review of Methods for the Assessment of
Prediction Errors in Conservation Presence/Absence Models. Environ
Conserv 24: 38-49. https://doi.org/10.1017/S0376892997000088

Filliater TS, Breitwisch R, Nealen PM (1994) Predation on North-
ern Cardinal nests: does choice of nest site matter? Condor
96:761-768

Flohre A, Fischer C, Aavik T, Bengtsson J, Berendse F, Bommarco
R, Ceryngier P, Clement L, Dennis C, Eggers S, Emmerson MC,
Geiger F, Guerrero I, Hawro V, Inchausti P, Liira J, Morales MB,
Onate JJ, Part T, Weisser W, Winqvist C, Thies C, Tscharntke T
(2011) Agricultural intensification and biodiversity partitioning
in European landscapes comparing plants, carabids, and birds.
Ecol Appl 21(5):1772-1781. https://doi.org/10.2307/23023116

Foley JA, DeFries R, Asner GP, Barford C, Bonan G, Carpenter SR,
Chapin FS, Coe MT, Daily GC, Gibbs HK, Helkowski JH, Hol-
loway T, Howard EA, Kucharik CJ, Monfreda C, Patz JA, Prentice
IC, Ramankutty N, Snyder PK (2005) Global consequences of land
use. Science 309:570-574. https://doi.org/10.1126/science.1111772

Franks SE, Douglas DJ, Gillings S, Pearce-Higgins JW (2017) Environ-
mental correlates of breeding abundance and population change
of Eurasian Curlew Numenius arquata in Britain. Bird Study
64(3):393-409

Gedeon K, Griineberg C, Mitschke A, Sudfeldt C (Eds) (2014) Atlas
Deutscher Brutvogelarten. Atlas of German breeding birds. Stif-
tung Vogelmonitoring Deutschland, Dachverband Deutscher Avi-
faunisten, Miinster

Geelen LHWT, Kamps PTWJ, Olsthoorn TN (2017) From overexploi-
tation to sustainable use, an overview of 160 years of water extrac-
tion in the Amsterdam dunes, the Netherlands. J Coast Conserv
21:657-668. https://doi.org/10.1007/s11852-016-0452-x

Gerlach B, Droschmeister R, Langgemach T, Borkenhagen K, Busch
M, Hauswirth M, Heinicke T, Kamp J, Karthduser J, Kénig C,
Markones N, Prior N, Trautmann S, Wahl J, Sudfeldt C (2019)
Vogel in Deutschland — Ubersichten zur Bestandssituation. DDA,
BfN, LAG VSW, Miinster

Gotmark F, Blomqvist D, Johansson OC, Bergkvist J (1995) Nest site
selection: a trade-off between concealment and view of the sur-
roundings? J Avian Biol 26(4):305-312

Grant MC, Orsman C, Easton J, Lodge C, Smith M, Thompson G, Rod-
well S, Moore N (1999) Breeding success and causes of breeding
failure of curlew Numenius arquata in Northern Ireland. J Appl
Ecol 36(1):59-74

GroBkopf G (1995) Grofier Brachvogel Numenius arquata. In Die Vigel
Niedersachsens: 237-247. Zang H, Grollkopf G, Heckenroth H
(eds) Natursch. und Landschaftspfl. in Nieders. B 2.5

Grueber CE, Nakagawa S, Laws RJ, Jamieson IG (2011) Multimodel
inference in ecology and evolution: challenges and solutions. J
Evolution Biol 24:699-711

Harrell FE, Lee KL, Mark DB (1996) Multivariable prognostic
models: issues in developing models, evaluating assumptions
and adequacy, and measuring and reducing errors. Statist Med
15(4):361-387

Haworth PF, Thompson DBA (1990) Factors associated with the breed-
ing distribution of upland birds in the South Pennines, England. J
Appl Ecol 27(2):562-577

Hockin D, Ounsted M, Gorman M, Hill D, Keller V, Barker MA (1992)
Examination of the effects of disturbance on birds with reference
to its importance in ecological assessments. J Environ Manage
36:253-286

Hotker H, Jeromin H, Melter J (2007) Development of population
of meadow waders breeding in Germany — results of a new

monitoring approach for scarce bird species. Vogelwelt 128:49-65
(German with English summary)

Johnstone I, Elliot D, Mellenchip C, Peach WJ (2017) Correlates of dis-
tribution and nesting success in a Welsh upland Eurasian Curlew
Numenius arquata population. Bird Study 64(4):535-544

Kaasiku T, Rannap R, Kaart T (2019) Managing coastal grasslands for
an endangered wader species can give positive results only when
expanding the area of open landscape. J Nat Conserv 48:12—-19

Kalisch D (2012) Relevance of crowding effects in a coastal National
Park in Germany: results from a case study on Hamburger Hallig.
J Coast Conserv 16:531-541

Kédmpfer S, Fartmann T (2019) Breeding populations of a declining
farmland bird are dependent on a burrowing, herbivorous ecosys-
tem engineer. Ecol Eng 140:105592

Keller V, Herrando S, Vofisek P, Franch M, Kipson M, Milanesi P,
Marti D, Anton M, Klvariovd A, Kalyakin MV, Bauer H-G, Fop-
pen RPB (2020) European Breeding Bird Atlas 2: Distribution.
Abundance and Change. European Bird Census Council & Lynx
Edicions, Barcelona

Kipp C, Kipp M (2003) Effect on reproductive success of protection
measures for clutches and broods of European Curlew Nume-
nius arquata. Charadrius 39(4):175-181 (German with English
summary)

Koffijberg K, Dijksen L, Hélterlein B, Laursen K, Potel P, Siidbeck P
(2006) Breeding Birds in the Wadden Sea in 2001 — Results of the
total survey in 2001 and trends in numbers between 1991-2001.
Wadden Sea Ecosyst 22. Wilhelmshaven: Common Wadden Sea
Secretariat, Trilateral Monitoring and Assessment Group, Joint
Monitoring Group of Breeding Birds in the Wadden Sea

Koivula K, Ronkd A (1998) Habitat deterioration and efficiency of
antipredator strategy in a meadow-breeding wader, Temminck’s
stint (Calidris temminckii). Oecologia 116:348-355

Kuijper DPJ, Bakker JP (2003) Large-scale effects of a small herbivore
on salt-marsh vegetation succession — A comparative study on
three Wadden Sea islands. J Coast Conserv 9:179

Laidlaw RA, Gunnarsson TG, Méndez V, Carneiro C, Périsson B,
Wentworth A, Gill JA, Alves JA (2020) Vegetation structure influ-
ences predation rates of early nests in subarctic breeding waders.
Ibis 162:1225-1236

Mandema FS, Tinbergen JM, Ens BJ, Bakker JP (2013) Livestock
grazing and trampling of birds’ nests: an experiment using artifi-
cial nests. J Coast Conserv 17:409-416. https://doi.org/10.1007/
s11852-013-0239-2

McCracken DI, Tallowin JRB (2004) Swards and structure: the inter-
actions between farming practices and bird food resources in
lowland grasslands. Ibis 146:108—114. https://doi.org/10.1111/j.
1474-919X.2004.00360.x

McDonald JH (2009) Handbook of biological statistics, vol 2. Sparkly
House Publishing, Baltimore

Mgller AP, Thorup O, Laursen K (2018) Predation and nutri-
ents drive population declines in breeding waders. Ecol Appl
28(5):1292-1301

Nakagawa S, Johnson PCD, Schielzeth H (2017) The coefficient of
determination R? and intra-class correlation coefficient from gen-
eralized linear mixed-effects models revisited and expanded. J
R Soc Interface 14:1-11. https://doi.org/10.1098/rsif.2017.0213

Navedo JG, Herrera AG (2012) Effects of recreational disturbance on
tidal wetlands: supporting the importance of undisturbed roosting
sites for waterbird conservation. J Coast Conserv 16:373-381.
https://doi.org/10.1007/s11852-012-0208-1

Pearce-Higgins JW, Dennis P, Whittingham MJ, Yalden DW (2010)
Impacts of climate on prey abundance account for fluctuations in
a population of a northern wader at the southern edge of its range.
Glob Change Biol 16:12-23

Petersen J, Pott R (2005) Ostfriesische Inseln. Landschaft und Vegeta-
tion im Wandel. Schrift Heimatpfl Niedersdchs Heimatb 15:1-160

@ Springer


https://doi.org/10.1016/j.ecolind.2018.07.006
https://doi.org/10.1017/S0376892997000088
https://doi.org/10.2307/23023116
https://doi.org/10.1126/science.1111772
https://doi.org/10.1007/s11852-016-0452-x
https://doi.org/10.1007/s11852-013-0239-2
https://doi.org/10.1007/s11852-013-0239-2
https://doi.org/10.1111/j.1474-919X.2004.00360.x
https://doi.org/10.1111/j.1474-919X.2004.00360.x
https://doi.org/10.1098/rsif.2017.0213
https://doi.org/10.1007/s11852-012-0208-1

53 Page120f12

S. Kampfer, T. Fartmann

Petersen J, Kers B, Stock M (2014) TMAP-Typology of Coastal Vegeta-
tion in the Wadden Sea Area. Common Wadden Sea Secretariat
(CWSS), Wilhelmshaven

Pimm SL, Jenkins CN, Abell R, Brooks TM, Gittleman JL, Joppa LN,
Raven PH, Roberts CM, Sexton JO (2014) The biodiversity of
species and their rates of extinction, distribution, and protection.
Science 344:1246752. https://doi.org/10.1126/science.1246752

Plard F, Bruns HA, Cimiotti DV, Helmecke A, Hotker H, Jeromin H,
Roodbergen M, Schekkerman H, Teunissen W, Jeugd, van der H.
& Schaub, M. (2019) Low productivity and unsuitable manage-
ment drive the decline of central European lapwing populations.
Anim Conserv. https://doi.org/10.1111/acv.12540

Pott R (2006) Umweltvertrigliche Grundwasserbewirtschaftung auf
den Nordsee-Inseln: Steuerung durch Vegetationsmonitoring.
Jahrb. 2005 der Braunschweig. Wissenschaftl. Gesellsch. Cramer
Verlag, Braunschweig

R Core Team (2020) R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria

Renwick AR, Massimino D, Newson SE, Chamberlain DE, Pearce-
Higgins JW, Johnston A (2012) Modelling changes in species’
abundance in response to projected climate change. Divers Distrib
18(2):121-132

Ricklefs RE (1969) An analysis of nesting mortality in birds. Smithson
Contrib Zool 9:1-48

Riistringer Heimatbund e.V. & Landkreis Wesermarsch (Eds.) (2005)
Handbuch — Gelegeschutz fiir Wiesenvogel. Nordenham

Ryslavy T, Bauer H-G, Gerlach B, Hiippop O, Stahmer J, Siidbeck
S, Sudfeldt C (2021) Rote Liste der Brutvogel Deutschlands —
6. Fassung, 30. September 2020. Berichte Zum Vogelschutz
57:13-112

Sala OE, Chapin FS, Armesto JJ, Berlow E, Bloomfield J, Dirzo R,
Huber-Sanwald E, Huenneke LF, Jackson RB, Kinzig A, Leemans
R, Lodge DM, Mooney HA, Oesterheld M, Poff NL, Sykes MT,
Walker BH, Walker M, Wall DH (2000) Global biodiversity sce-
narios for the year 2100. Science 287:1770-1774

Schaub M, Martinez N, Tagmann-Ioset A, Weisshaupt N, Mau-
rer ML, Reichlin TS, Abadi F, Zbinden N, Jenni L, Arlettaz R
(2010) Patches of bare ground as a staple commodity for declin-
ing ground-foraging insectivorous farmland birds. PLoS ONE
5(10):e13115

Schwarz C, Trautner J, Fartmann T (2018) Common pastures are
important refuges for a declining passerine bird in a pre-alpine
agricultural landscape. J Ornithol 159:945-954. https://doi.org/
10.1007/s10336-018-1561-0

Smit CJ, Visser GIM (1993) Effects of disturbance on shorebirds: a
summary of existing knowledge from the Dutch Wadden Sea and
Delta area. Wader Study Group Bull 68:6-19

@ Springer

Siidbeck P, Andretzke H, Fischer S, Gedeon K, Schikore T, Schroder
K, Sudfeldt C (eds) (2005) Methodenstandards zur Erfassung der
Brutvogel Deutschlands. Dachverband Deutscher Avifaunisten,
Radolfzell

Sutcliffe LME, Batary P, Kormann U, Baldi A, Dicks LV, Herzon I,
Kleijn D, Tryjanowski P, Apostolova I, Arlettaz R, Aunins A,
Aviron S, BaleZentiené L, Fischer C, Halada L, Hartel T, Helm A,
Hristov I, Jelaska SD, Kaligaric M, Kamp J, Klimek S, Koorberg
P, Kostiukova J, Kovacs-Hostyanszki A, Kuemmerle T, Leusch-
ner C, Lindborg R, Loos J, Maccherini S, Marja R, Mathé O,
Paulini I, Proenca V, Rey-Benayas J, Sans FX, Seifert C, Stalenga
J, Timaeus J, Torok P, Swaay C, Viik E, Tscharntke T (2015) Har-
nessing the biodiversity value of Central and Eastern European
farmland. Diversity Distrib 21:722-730

Thorup O (eds) (2006) Breeding waders in Europe 2000. International
Wader Studies 14. International Wader Study Group, UK

Valkama J, Robertson P, Currie D (1998) Habitat selection by breed-
ing curlews (Numenius arquata) on farmland: the importance of
grassland. Ann Zool Fenn 35:141-148

Vickery JA, Tallowin JR, Feber RE, Asteraki EJ, Atkinson PW, Fuller
RJ, Brown VK (2001) The management of lowland neutral grass-
lands in Britain: effects of agricultural practices on birds and their
food resources. J Appl Ecol 38:647-664

Walter G, Kleinekuhle J (2008) Die Landséduger der Ostfriesischen
Inseln. In: Niedringhaus R, Haeseler V, Janisch P (eds) Die Flora
und Fauna der Ostfriesischen Inseln — Artenverzeichnisse und
Auswertungen zur Biodiversitét. Schriftenr. Nationalp. Nied-
ersiachs, Wattenm. 11, 441-449

Whittingham MJ, Evans KL (2004) The effects of habitat struc-
ture on predation risk of birds in agricultural landscapes. Ibis
146(2):210-220

Wiebe KL, Martin K (1998) Costs and benefits of nest cover for
ptarmigan: changes within and between years. Anim Behav
56(5):1137-1144

Wilson AM, Ausden M, Milsom TP (2004) Changes in breeding wader
populations on lowland wet grasslands in England and Wales:
causes and potential solutions. Ibis 146:32-40

Zielonka NB, Hawkes RW, Jones H, Burnside RJ, Dolman PM (2019)
Placement, survival and predator identity of Eurasian Curlew
Numenius arquata nests on lowland grass-heath. Bird Study
66(4):471-483

Zmihorski M, Krupinski D, Kotowska D, Knape J, Pirt T, Obloza P,
Berg A (2018) Habitat characteristics associated with occupancy
of declining waders in Polish wet grasslands. Agr Ecosyst Environ
251:236-243

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1126/science.1246752
https://doi.org/10.1111/acv.12540
https://doi.org/10.1007/s10336-018-1561-0
https://doi.org/10.1007/s10336-018-1561-0

	Natural coastal dunes on Wadden Sea islands as a refuge for an endangered wader species
	Abstract
	Introduction
	Materials and methods
	Study area
	Sampling methodology
	Breeding-territory preferences
	Nest-site preferences

	Statistical analysis

	Results
	Breeding-territory preferences
	Nest-site preferences

	Discussion
	Acknowledgements 
	References


