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Wading birds can be found breeding in a myriad of habitats and ecosystems across Europe that
vary widely in their land-use intensity. Over the past few decades, wader breeding populations
have declined steeply in habitats ranging from natural undisturbed ecosystems to intensively
managed farmland. Most conservation science has focused on factors determining local popula
tion size and trends which leave cross-continental patterns and the associated consequences for
large-scale conservation strategies unexplored. Here, we review the key factors underlying pop
ulation decline. We find land-use intensification in western Europe and mostly agricultural
extensification and abandonment in northern, central and eastern Europe to be important drivers.
Additionally, predation seems to have increased throughout the breeding range and across all
habitats. Using collected breeding density data from published and grey literature, we explore
habitat specificity of wader species and, of the most widely distributed species, how breeding
densities change across a land-use intensity gradient. We found that two-thirds of all examined
wader species have relatively narrow breeding habitat preferences, mostly in natural and un
disturbed ecosystems, while the remaining species occurred in most or all habitats. The most
widespread generalist species (black-tailed godwit, northern lapwing, common redshank,
Eurasian oystercatcher, common snipe and ruff) demonstrated peak breeding densities at
different positions along the land-use intensity gradient. To conserve both diverse wader com
munities and viable meta-populations of species, a diversity of habitats should be targeted
ranging in land-use intensity from natural ecosystems to medium intensity farmland. Alongside,
strategies should be designed to moderate predation of wader clutches and chicks.

1. Introduction
Over the last century, the European agricultural landscape has expanded and intensified (Herzog et al., 2006). Large areas of
natural habitats have been converted to anthropogenic habitats to better suit the needs of mankind; bogs, mires and marshes were
drained and steppes were ploughed and fertilized to increase the productivity of cultivated crops (An and Verhoeven, 2019; Dugan,
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1993; European Commission, 2019; Hartig et al., 1997; Zedler and Kercher, 2005). Within decades, Europe transformed from a
continent consisting of ecosystems whose composition was predominantly controlled by natural dynamics into a continent with a
mosaic of predominantly agricultural and urban habitats whose composition is primarily determined by human management (Eu
ropean Environment Agency, 2017). The rate of habitat change increased continuously and was particularly high during the last few
decades in which the last few remaining wildlife populations that relied on these habitats for food and shelter started showing dramatic
population declines (Benton et al., 2002; Donald et al., 2006, 2001; Duncan et al., 1999; Flade et al., 2006).
For a long time, birds were a successful species group in adapting to anthropogenic changes in their habitat. A wide range of
passerines and waders that originally bred in bogs, mires, swamps and alluvial grasslands co-evolved with early human agricultural
developments and were able to successfully reproduce on land used for farmland practices (Donald et al., 2002; Pain and Pienkowski,
1997). Improved habitat conditions such as increased openness of the landscape and shorter and more accessible vegetation types
caused by cattle grazing or mowing were, and still are, beneficial for many ground-nesting birds (Durant et al., 2008; Milsom et al.,
2000). They became so typical of agricultural landscapes that they became known as farmland or meadow birds. It is theorized that the
peak of many wader populations on farmland occurred right before the modernization of European agriculture in the late 1960′ s, in the
so called “meadow bird golden era” (Cramp and Perrins, 1983). However, with the start of the agricultural industrialization, their
population numbers started declining and in many places even these species disappeared (Donald et al., 2001; Pearce-Higgins et al.,
2017; Siriwardena et al., 1998). It is estimated that in the last two decades, 30% of all farmland birds have disappeared from their
European breeding grounds (OECD and BirdLife, 2019) and their numbers are predicted to continue declining in future years if no
additional conservation measures and policies are implemented (Gamero et al., 2017).
Socio-economic developments have resulted in different patterns of agricultural land-use change across Europe. On more fertile
and accessible land, particularly in northwestern European countries like the United Kingdom and the Netherlands, farming has almost
exclusively intensified (Sutcliffe et al., 2015). However, in other parts of Europe, marginal lands and remote areas have been aban
doned (Lebedeva, 1998; Leito et al., 2014). Ironically, both processes reduce the habitat quality of farmland and grassland nesting
birds that depend on low-input grasslands in open landscapes (Durant et al., 2008; Olsen and Schmidt, 2004). However, while we have
a detailed understanding of the status of the farmland bird communities of northwestern European intensive farmlands and the causes
of their declines (e.g. Newton, 2004; Vickery et al., 2001), we know much less about the farmland bird communities that are found on
the more extensively farmed lands and natural habitats have remained in central and northeastern Europe (Tryjanowski et al., 2011).
For lack of better information, conservation management of low intensity habitats may therefore be partly based on insights obtained
by research in intensively managed habitats even though they are likely to differ in key aspects such as the bird community
composition.
Here we review how farmland wader communities differ between the main habitats in which they breed in Europe. We focus on
Charadriiformes wader species as they represent a group of birds with overlapping breeding habitat requirements. We specifically ask
whether population trends differ between high and low land-use intensity habitats and whether this can be related to differences in key
population dynamical processes such as nest or chick survival. Using a quasi-quantitative approach based on data collected from
previous published and unpublished studies, we ask how wader communities differ between the range of habitat types they occupy in
Europe. Furthermore, for a number of the most widespread wader species, we test whether different habitat types support different
breeding densities.
2. Key factors determining wader community population size in relation to land use intensity
2.1. Effects of agricultural intensification
The effects of agricultural intensification on wader populations have received a lot of attention. Although agricultural intensifi
cation occurs in various regions throughout Europe, most of the information on the effects of intensification comes from northwestern
European countries, where agricultural intensification is the dominant form of land-use change and abandonment of farmland is
relatively rare (Tryjanowski et al., 2011). In countries such as the Netherlands and Denmark, most remaining waders therefore breed in
intensively managed agricultural grasslands (Roodbergen and Teunissen, 2019; Thorup, 2018). For the most widely distributed species
of breeding waders (northern lapwing (Vanellus vanellus), common redshank (Tringa totanus), black-tailed godwit (Limosa limosa),
Eurasian oystercatcher (Haematopus ostralegus) and Eurasian curlew (Numenius arquata)) a vast body of research exists linking their
decline to a range of nonexclusive causes associated with the intensification of farming (Roodbergen et al., 2012). Drainage and
grassland improvement transformed many structurally open wet grasslands into taller and denser vegetation swards, making many
sites unsuitable for nesting (Chamberlain et al., 2000; Donald et al., 2001; Gregory et al., 2004; Wilson et al., 2004). Agricultural
activities such as mowing or reseeding may destroy clutches or kill chicks (Baines, 1990; Kentie et al., 2013; Kleijn et al., 2010; Kruk
et al., 1997; Santangeli et al., 2018; Schekkerman et al., 2009) but may also have indirect negative effects by reducing food availability
or accessibility (Kleijn et al., 2010; Mccracken and Tallowin, 2004). For example, accessibility of invertebrate prey of wader chicks is
very low in heavily fertilized dense swards (Kleijn et al., 2010), while mowing swards during the chick stage reduces invertebrate prey
availability and removes cover against predators (Schekkerman and Beintema, 2007). Agricultural drainage results in a more rapid
drying out of the topsoil layer, which makes it harder, or impossible altogether, for birds to probe the soil for earthworm prey (Green,
1988; Onrust et al., 2019; Smart et al., 2006; Struwe-Juhl, 1995). In several countries there is evidence that losses due to nest predation
have increased as well (Newton, 2004; Roodbergen et al., 2012) and that chick predation is enhanced by intensive farming practices
because chicks in poor body condition are more susceptible to predators (Schekkerman et al., 2009). It is reported that, although
numbers vary between years and sites, around 50% of studied wader clutches are lost to predators in most of the western European wet
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grasslands and farmland habitats (Laidlaw et al., 2015; Macdonald and Bolton, 2008; Roodbergen et al., 2012). Effects of climate
change have also been found to interact with effects of farming on waders, as farmers have advanced their activities in spring mainly
because of higher spring temperatures, while some wader species, such as the black-tailed godwit, failed to advance their breeding
phenology (Kleijn et al., 2010), which may have contributed to the observed increase in mortality caused by agricultural activities
(Teunissen et al., 2008). By means of a meta-analysis based on data from 1323 site–year combinations, Roodbergen et al. (2012),
established that adult survival is high and has remained stable over the past few decades, indicating that the low reproductive success
caused by agricultural intensification is the main driver of the continuing steep decline of waders breeding in northwestern Europe.
The few studies examining the impact of agricultural intensification on waders in central European countries such as the Czech Re
public, Slovakia and Poland find similar results with extremely high clutch mortality caused by agriculture activities (e.g. early
mowing, conversion of grasslands to arable land) and increased nest predation together with a reduction of the total breeding area
(Kubelka et al., 2018; Ławicki and Bull, 2011; Wylegala et al., 2004).
Conservation measures that have been introduced to counteract the effects of agricultural intensification on wader populations
primarily aim to reduce farming intensity. In many northwestern European countries, low-intensity farming practices are implemented
or maintained in protected areas to conserve wader communities and other farmland fauna (Bignal and McCracken, 1996; Doxa et al.,
2010). On farmland, agri-environmental schemes have been introduced aiming to promote wader populations by delaying
early-seasonal grazing or mowing, and restricting use of fertilizer and pesticides (Donald et al., 2002; Durant et al., 2008; Kleijn and
Sutherland, 2003; Sharps et al., 2016; Verhulst et al., 2011). In some countries additional measures are being taken to reduce predation
rates by fencing and culling of both native and invasive predators (Bolton et al., 2007; Fletcher et al., 2010; Malpas et al., 2013; Smith
et al., 2011). However, because reserves are often just small refugia in the middle of intensively managed farmland (Kentie et al., 2014)
and conservation measures on farmland are generally too scattered or ineffective (Kleijn et al., 2001), they do not achieve the required
environmental modifications. As a result, conservation efforts have not been successful in reversing the overall decline in breeding
wader populations observed in Europe (Gamero et al., 2017; Ohl et al., 2008; Pe’er et al., 2014; Schekkerman et al., 2008; Verhulst
et al., 2006). Yet intensive farmland areas remain the most important breeding habitats for a number of wader species in northwestern
Europe (Roodbergen and Teunissen, 2019). For example, Dutch agricultural landscapes are amongst the most intensively farmed
landscapes in Europe, but nevertheless support an estimated 40% and 25% of the world breeding populations of respectively
black-tailed godwits and Eurasian oystercatchers, even though the populations of both species are continuously declining (Roodbergen
and Teunissen, 2014).
2.2. Effects of agricultural extensification
The impact of agricultural extensification or farmland abandonment on wader communities is relatively poorly known. Aban
donment of agriculturally marginal or remote areas occurs throughout Europe, but is considered to be the main driver of wader decline
in central and eastern European countries such as Estonia and Russia (Kamp et al., 2018; Leito et al., 2014; Lesiv et al., 2018; Mis
chenko et al., 2019). Mischenko and Sukhanova (2016) for example, link drastic declines in local populations of ruff (Calidris pugnax),
Terek sandpiper (Xenus cinereus), black-tailed godwit and northern lapwing in Russian floodplain meadows to the cessation of
traditional extensive farming practices. In Poland, abandonment of grassland use is also listed as one of the main reasons for the
74–84% decline of species such as the black-tailed godwit and Eurasian curlew over the last 30 years (Ławicki and Kruszyk, 2011).
Land abandonment results in shrub and tree encroachment which slowly transforms open landscapes of hay meadows and pastures
into wooded landscapes that are unsuitable breeding areas for most ground-nesting meadow birds (Kamp et al., 2018; Leito et al.,
2014; Sanderson et al., 2013; Verhulst et al., 2004). Similar patterns can be observed in moorland and heathland habitats with most
information coming from the United Kingdom and Ireland (Thompson et al., 1995; Tryjanowski et al., 2011). Waders breeding in
moorland habitats, such as northern lapwing and Eurasian curlew, have declined by 50% between 1985 and 2005 (Sim et al., 2005).
Extensification of management, and subsequent woodland encroachment, has been identified as a key driver because most waders
avoid nesting near shrubs and trees (Amar et al., 2011; Douglas et al., 2014; Pearce-higgins et al., 2009). Increased nest and chick
predation is also mentioned frequently as a key factor underlying wader decline in these low land-use intensity habitats. Besides the
nest and chick predation by native predators (Ławicki and Kruszyk, 2011), invasive species such as the American mink (Neovison vison)
and raccoon dog (Nyctereutes procyonoides) make up an increasing proportion of the predator community that preys on waders
(Brzeziński et al., 2019; Krüger et al., 2018). Culling invasive predator populations has been shown to increase wader breeding success
and sometimes doubling breeding densities in the following years (Niemczynowicz et al., 2017; Nordström et al., 2003). It has been
speculated that land abandonment could promote an abundance increase of predators (Ejsmond, 2008; Tryjanowski et al., 2002, 2011)
but data is lacking to confirm whether predation is influenced by land use. The few studies that have examined nest losses caused by
predation find no differences in survival probability between managed and natural habitats (Pehlak and Lõhmus, 2008; Rönkä et al.,
2006). Nest losses caused by predation do seem to have increased between the late 1980′ s and the late 1990′ s in both natural and
intensively managed habitats (Rönkä et al., 2006; Teunissen et al., 2005).
Whether overall nest losses in extensively managed or natural habitats are structurally different from those in intensively farmed
habitats is likewise unclear. Few studies have been done in low-intensity habitats in Eastern Europe and these show nest losses ranging
from 45% to 73% (Ławicki and Kruszyk, 2011; Mägi, 2017; Zámečník et al., 2017). A meta-analysis of western European studies
showed mean nest losses of 53–71% for a number of the most common waders in the same general period (Roodbergen et al. 2012). It is
noteworthy that nest survival is the only demographic rate variable from low-intensity habitats for which some quantitative infor
mation is available for waders. We were able to find only a single article focusing on chick survival, where Pearce-Higgins and Yalden
(2004) find that early chick survival is enhanced by the abundance of invertebrate prey. Next to habitat loss caused by farmland
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abandonment and predation, climate change has also been implicated in the decline in wader populations in low intensity systems.
Climate change may alter the quantity and phenology in wader chick insect food resources, which may create mismatches between
hatching and peak food abundance (Pearce-higgins et al., 2010) and may affect natural flooding processes with increasing consequent
droughts and thus reducing habitat quality for wet grassland nesting and foraging of many species (Mischenko and Sukhanova, 2016).
2.3. Waders in natural habitats
Interestingly, recent studies suggest that abandonment of farmland may actually drive waders back towards nearby unmanaged
habitats such as bogs, fens, other open peatlands (Popov and Starikov, 2015). These are the natural habitats which waders used before
they started colonizing farmland (Bostrom and Nilsson, 1983; Järvinen et al., 1978; Tomkovich, 1992). In Russia, in the beginning of
the 20th century, the northern lapwing was numerous on bogs but occurred only sporadically on farmland (Lebedeva, 1998). The
colonization of farmland allowed waders such as northern lapwing, black-tailed godwit and common redshank to follow the agri
cultural expansion to the north and expand their geographic distribution until the 1980′ s (Lebedeva, 1998). A similar switch from
natural to anthropogenic breeding habitats has occurred earlier in northwestern Europe where most natural wetlands and peatlands
have been used for peat extraction or drained for agricultural purposes mostly before the second world-war (Beintema et al., 1995;
Vasander et al., 2003). With the exception of some bogs and blanket bogs that can be found in northern United Kingdom and Ireland
(Wilson et al., 2014) large expanses of bogs and fens are now restricted to northeastern European countries (Fraixedas et al., 2017).
Here they are still inhabited by wader communities that are regulated entirely by natural processes such as annual fluctuations in
hydrological conditions, limitations in available food resources (Bostrom and Nilsson, 1983) and predation (Berg et al., 1992).
Research into the ecology of waders in these habitats as well as long-term censuses are rare probably due to the difficulty of accessing
these habitats. Recently, Fraixedas et al. (2017) found that most waders species breeding in these habitats in Scandinavian countries
have been declining during the last 30 years. Standardized surveys indicated that, for some species, declines in breeding population
have been as strong as in intensively managed grasslands: ruff declined by 87%, broad billed sandpiper (Calidris falcinellus) by 85% and
spotted redshank (Tringa erythropus) by 61%. However, in Estonia and Latvia some wader populations actually increased with northern
lapwing and wood sandpiper (Tringa glareola) both increasing 56%, while Eurasian curlew and whimbrel (Numenius phaeopus) declined
44% and 17% respectively (Fraixedas et al., 2017). These contrasting population trends between Scandinavia and Baltic countries is
possibly explained by the majority of these peatlands habitats being protected in the Baltic countries (around 75%), while in Scan
dinavia this is the case for only a small fraction (14%), with the majority of peatlands being at continuing risk of further degradation.
Fraixedas et al. (2017) suggest peatland drainage and consequent woodland expansion to be the main driver of wader decline in these
habitats. However, there is very little empirical research that links wader breeding success or adult mortality to peatland habitat
quality or area reduction (Hancock et al., 2009). Additionally, there is no evidence that the wader species with increasing populations
do so because of high breeding success or because they relocate from nearby abandoned farmland habitats. Studies from western
Europe suggest that many wader species show high philopatry, returning every year to the same locations to breed (Groen, 1993;
Thompson et al., 1994; Thompson and Hale, 1998). However, in natural habitat in Eastern Europe, philopatry may not be as strong as
black-tailed godwits were rarely observed in the same site in the year after color ringing (M. Silva-Monteiro, pers. observations).
Likewise there are very few empirical studies focusing on wader nest and chick predation or survival in these natural habitats, with
most studies using artificial nests to obtain predation estimations (Berg et al., 1992; Pehlak and Lõhmus, 2008), which potentially bias
true predation rates compared to real nests (Batáry and Báldi, 2004; Berg, 1996; Valkama et al., 1999).
During the last two decades research linking climate change and wader breeding success in natural peatland habitats continued to
grow, but mostly in areas above the arctic circle, exploring arthropod phenology trends, snowmelt timings and their impacts on chick
food abundance and growth (McKinnon et al., 2012; Meltofte et al., 2007; Tulp and Schekkerman, 2008). In European sub-arctic
natural habitats similar research has started only very recently. Machín et al. (2017) found that Eurasian golden plover (Pluvialis
apricaria) chicks depend on late emerging arthropods which have extreme annual abundance variations in Swedish tundra.
Furthermore, in an eight-year study in the same area, Machín et al. (2019) found that in years with late snowmelt had around two times
higher predation rates because the scarcely available nest sites at the starting of the egg laying were more conspicuous for predators. To
our knowledge no similar research has been conducted in other natural systems such as bogs or fens throughout Europe.
3. Studies examining wader breeding densities in Europe
To examine which habitats waders use for breeding in their main distributional range in Europe, how this differs between species
and whether different habitats support different population densities, we searched published papers for quantitative data that could be
used to calculate breeding densities. Initially we performed searches of peer-reviewed scientific articles reporting densities of breeding
waders published between 1945 and 2018 using ISI Web of Science Core Collection (WoS) and Elsevier Scopus databases by using a
specific combination of related keywords (see Appendix 1 for more detailed information). We only used studies that met the following
requirements: (1) the study reported breeding pair density data or gave a number of breeding pairs for a certain specified area from
which a breeding density estimation could be calculated; (2) the study described which methodology was used for surveying breeding
birds; (3) the study specified the habitat type or vegetation composition of the surveyed area; (4) the study mentioned the year(s) of
survey. We focused on continental Europe, including United Kingdom and Ireland but excluding Iceland. Although southern Europe
has some locations supporting breeding waders (e.g. Tinarelli and Bacetti, 1989; Valle and Scarton, 1996) we were not able to find
breeding density information in any country located in the Mediterranean area.
In total we found 32 scientific articles containing 984 breeding densities that included 26 wader species and 5 countries in the
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Table 1
Characteristics of the variation in the data that were used to calculate breeding density estimates.
Variable

Categories

S

N (%)

Source type

Articles published in peer-reviewed journals
Grey literature (e.g. reports, non peer-reviewed conference papers)
Territory mapping based on multiple surveys
Average number of counted pairs in surveys
Highest number of counted pairs in surveys
Mix of above methods
Transect line with varying number of visits
Constant search effort with varying number of visits
Mix of above methods
Density of breeding pairs expressed by ha, km2 or tetrad (4 km2)
Local population size and surveyed area reported (breeding density calculated)
Single year breeding density estimate
Multiple year breeding density estimate (average per year used in analyses)
Size of surveyed area given
Size of surveyed area not given

32
55
69
4
5
9
63
18
6
78
13
74
16
73
19

984 (36%)
1760 (64%)
2147 (78%)
188 (7%)
150 (6%)
259 (9%)
2053 (75%)
465 (17%)
226 (8%)
2250 (82%)
494 (18%)
2241 (82%)
503 (18%)
2222 (81%)
522 (19%)

Breeding density estimation

Breeding survey type
Breeding density units reported
Year interval
Area sampled

S: number of different source articles where data was extracted. N: number of observations (breeding density for a single species in a time period and
habitat).

period 1967–2015. In line with previous observations (Tryjanowski et al., 2011), we found most studies originated from the United
Kingdom (65% of all data). The other represented countries were Poland (10%), Finland (11%), Sweden (10%), European Russia (3%)
and France (1%). Surprisingly, hardly any studies were found from countries such as the Netherlands, a renowned stronghold of wader
species such as black-tailed godwit, northern lapwing and Eurasian oystercatcher (Roodbergen and Teunissen, 2019) with various
scientific groups working on meadow bird ecology. In most countries, it is common practice to report results of breeding wader surveys
in local reports or journals in the national language. We therefore decided to include grey literature in our review, acknowledging that
this biases our findings somewhat to languages that are accessible to the authors (Dutch), mostly from northwestern Europe. Data from
non-peer reviewed conferences papers and government reports were searched on common search engines such as google scholar
database using the same combination of keyword as was used for peer-reviewed papers. Our final dataset contained 87 studies, 29
species, 8 countries with a total of 2744 breeding density observations (Appendix 2). There was considerable variation in the way birds
had been surveyed, how breeding density data had been reported and whether size of the surveyed area was listed (Table 1). Because
sample size for a number of habitat types was too low to perform reliable analyses on, we grouped the different types of habitats or
ecosystems into a smaller number of broader habitat classes (Table 2). We excluded fens and sandy habitats (beach and dunes) from
our analyses due the low number of studies compared to other habitats and ecosystems.
Most breeding density data (i.e. a breeding density estimate for a specific wader species in a specific area in a specific year or
period) were obtained from the Netherlands and the United Kingdom (Fig. 1a). Other important breeding sites are located in, for
instance, Denmark or Germany but published data matching our requirements could not be found online.
Studies reporting densities of breeding waders were primarily done in the 1980′ s and 90′ s with much smaller numbers before and
after this period. This trend was apparent in peer-reviewed papers as well as in grey literature (Fig. 1b). This data peak during that
window of time might come from the adoption of the EU Birds directive in 1979, which promoted and inspired much conservation
research in many European countries. By the 1980′ s many farmland birds species were already in decline (Donald et al., 2001) and
studies focusing on those species were considered timely and relevant. As scientific insights in ornithology advanced, publishing this
type of descriptive data may not have been considered interesting enough anymore to merit publication in peer-review journals or even
reports which could explain the decline in data after the year 2000. Consequently, our results mostly reflect densities as they were in
the period 1980–2000 and because species have continued to decline in most places (OECD and BirdLife, 2019), probably overestimate
actual breeding densities. Absolute breeding densities should therefore be interpreted with care.
Our review revealed that breeding densities were estimated using different area metrics and using different surveying method
ologies (Table 1). For around 19% of the observations information on the size of the surveyed area was unavailable. The most
frequently used method, representing 78% of the data, was territory mapping, where observations of breeding couples seen and/or
heard of multiple surveys are clustered into territories to provide an estimate of the breeding pairs (Bibby et al., 1992). The number of
surveys differed substantially between locations. Studies in bogs, tundra and moorland generally estimated densities of breeding birds
by means of a single survey (e.g. Lehikoinen et al., 2016; Pienkowski et al., 1986). This is probably related to the difficult logistics of
reaching and exploring these extensive and inaccessible areas. In other breeding habitats, densities were estimated based on two to six
surveys which inevitably gives more reliable results. Such more detailed, labor intensive methods were generally used which in more
easily accessible sites, often with the help of citizen scientists. However, the other 22% of the data calculated breeding densities using
either the maximum number of breeding pairs observed, the average of all surveys performed or both techniques depending on the
species or location. Interestingly we found that mostly Eastern European countries used those techniques (e.g. Mischenko and
Sukhanova, 2016), with some studies in Scotland, United Kingdom, being the exception (e.g. Sim et al., 2005).
Comparing densities between areas that have been surveyed using different methods is tricky, especially when methods and
countries/ecosystems/habitats are confounded. Brown and Shepherd (1993) found comparable results between two-survey territory
mapping and intensive nest search surveys. As far as we know, no other study systematically compared breeding density estimates
5

Wader Species
Little Stint
Purple Sandpiper
Temminck’s Stint
Eurasian Dotterel
Jack Snipe

6

Spotted Redshank
Red-necked Phalarope
Wood Sandpiper
Eurasian Golden
Plover
Whimbrel
Ruddy Turnstone
Broad-billed
Sandpiper
Common Greenshank
Green Sandpiper
Marsh Sandpiper
Terek Sandpiper
Great Snipe
Pied Avocet

Calidris minuta
Calidris maritima
Calidris temminckii
Charadrius
morinellus
Lymnocryptes
minimus
Tringa erythropus
Phalaropus lobatus
Tringa glareola
Pluvialis apricaria

Bog
(6)

Moorland
(8)

Saltmarsh
(3)

Floodplain
Meadow (2)

Coastal Meadow
(5)

Extensive Grasslands
(29)

Intensive Grasslands
(42)

Total Habitats per
Species

2
8
10
10

1

1
1
1
2

2

5

2

6
10
9

5
4
17
18

2
2
2
3

11

1

Numenius phaeopus
Arenaria interpres
Calidris falcinellus

8
1
4

1
1
1

Tringa nebularia
Tringa ochropus
Tringa stagnatilis
Xenus cinereus
Gallinago media
Recurvirostra
avosetta
Charadrius dubius
Actitis hypoleucos
Calidris alpina
Charadrius
hiaticula
Numenius arquata
Calidris pugnax
Limosa limosa
Haematopus
ostralegus
Vanellus vanellus
Tringa totanus
Gallinago gallinago

12
5

1
1
1
1
1
1

1
3
1
10
10
10

5
6
14

2
1
3
1

9
38
23

6

17
10
3
1

13

8

40

7

19
9
20
22

57
41
50
9

14
19
9
6

2
3

1
4
5
6

1
27
6

1

23
5
27

11
6
9
8

43
13
66
83

27
310
309

25
24
25
7

20
29
17
12

122
115
85
11

315
259
84
6

4

6
6
5
6
7
8
8

Habitat classification generally follows terminology used in source papers (see also Table 3). Grey highlighting indicates presence with numbers showing the number of breeding density observations as an
indication of the reliability of the occurrence (note that this depends on the total number of observations per habitat). Numbers between brackets indicate the number of papers on which the observations
per habitat type were based out of the total of 96 papers. Bold numbers represent the total species richness in certain ecosystem or habitat gathered from all papers.
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Little Ringed Plover
Common Sandpiper
Dunlin
Common Ringed
Plover
Eurasian Curlew
Ruff
Black-tailed Godwit
Eurasian
Oystercatcher
Northern Lapwing
Common Redshank
Common Snipe
Total Species per
Habitat

Tundra
(1)
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Table 2
Distribution of wader species over the main ecosystems and habitat types in which they can be found breeding in Europe.
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Fig. 1. Wader breeding density data frequency according to (a) country and habitat/ecosystem type and (b) year or average of year interval and
data source type.

produced by different surveying methods. Results should therefore be interpreted with care as it is unknown whether one method
systematically produces higher or lower estimates compared to another method. Likewise, variation in how breeding density data had
been obtained and what area had been surveyed relative to the distribution of the birds may influence the outcome of analyses.
However, we assume that the way in which birds had been surveyed did not differed systematically between the land-use intensity
classes that were the main topic of interest of this part of the study. The main consequence of this variation will be that our data
contains much environmental noise, making it more difficult to find significant differences between land-use intensity classes. It also
makes it impossible to examine processes underlying any observed differences.
4. Wader communities occupying different habitats
Waders breed in a wide range of habitats and ecosystems including tundra, fens, bogs, moorland, saltmarshes, dunes and different
types of grasslands (Fig. 1a). This essentially suggests that any type of terrestrial habitat that is open and wet can be used by some
wader species. Inevitably, some habitats only occur in some countries which could influence the overall species community observed in
that habitat or ecosystem. This is partly caused by the fact that in some countries certain habitat types do not occur (anymore). For
example, eastern European countries have data mostly from natural habitats while the Netherlands only has data from intensively and
extensively used grasslands (Fig. 1a). The United Kingdom has data from the widest range of breeding habitats (Fig. 1a) removing some
of the regional bias from the dataset.
Table 2 suggests that most waders are able to breed in multiple habitats. Loose groups can be distinguished with specific habitat
preferences. For example, Temminck’s stint, purple sandpiper (Calidris maritima), Eurasian dotterel (Charadrius morinellus), spotted
redshank and jack snipe (Lymnocryptes minimus) show preference for high latitude habitats such as tundra and bogs and are mainly
observed in northernmost Europe. Another prominent group with green sandpiper (Tringa ochropus), common greenshank (Tringa
nebularia), golden plover or whimbrel shows preferences towards peatlands such as bogs and to a lesser extent moorland. Marsh
sandpiper (Tringa stagnatilis) and Terek sandpiper together with the great snipe (Gallinago media) are mainly observed on the exten
sively managed marshes and wet grasslands along rivers and other water bodies. Nevertheless, one third of the species can be
considered habitat generalist, having been observed breeding in at least five of the eight habitat types that are distinguished in Table 1
with many of them occurring throughout Europe. This group includes both species that seem to thrive in many anthropogenic areas
such as intensive grasslands, arable fields (Eurasian oystercatcher, northern lapwing or black-tailed godwit) and species that are more
often observed in more undisturbed habitats (dunlin (Calidris alpina), common ringed plover (Charadrius hiaticula) or ruff).
Three-quarters of all wader species have been observed breeding in bogs, by far the highest proportion of the different habitats. A
possible explanation for this may be that before the large-scale modifications of mankind to the European landscapes, bogs, mires and
fens used to be the most widespread habitat providing open and wet conditions in the distributional range of most wader species and
occupied far larger areas than floodplain grasslands, saltmarshes or coastal grasslands (Tanneberger et al., 2017). Bogs can therefore be
considered the core primary breeding habitat for most waders in Europe. This is supported by the aforementioned observations of
Lebedeva (1998) that Russian northern lapwings and ruff colonized agricultural grasslands from bogs. Furthermore, large parts of the
wet grassland areas that currently hold the majority of the Dutch northern lapwing and black-tailed godwit populations consist of
extensive peat bog formations that, over the past centuries, have been gradually transformed into grasslands by drainage and fertil
ization (Dugan, 1993). This suggests that here (some) waders have not colonized new habitats but adapted to new conditions as their
7
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Table 3
A classification of different ecosystems and habitat types in different land-use intensity classes.
Land-use
intensity
class

Characteristics

Ecosystem/habitat types

Countries

None

Natural habitats. Habitat composition determined by
natural processes (undisturbed). Not used by humans
(unmanaged).
Semi-natural habitats. Habitat composition determined by
a combination of natural processes and human use. Mostly
grazed. No external inputs and no drainage.
Extensively managed semi-natural habitats and fields.
Vegetation not improved but human use has significant
effects on habitat composition. Low fertilizer inputs,
moderate drainage. Extensively grazed or cut once and then
grazed.
Agricultural fields, both grasslands and arable. Vegetation
seeded. Moderate-high fertilizer inputs. Heavily drained.

Tundra, bogs, fens, shorelines, some types of
moorland.

United Kingdom, Ireland,
Russia, Estonia, Finland,
Sweden
United Kingdom, Russia,
Estonia, Sweden

Low
Medium

High

Unimproved coastal meadows, floodplain
meadows, saltmarshes, most moorland.
Traditionally managed, low-input grasslands, some
nature reserves specifically managed for breeding
waders (e.g. in north western Europe).

United Kingdom, Russia,
The Netherlands

Improved grasslands (e.g. Lolium perenne), arable
fields.

United Kingdom, Russia,
The Netherlands

The ecosystem or habitat types follow the terminology of the papers from which the breeding density data were obtained.

Fig. 2. Breeding densities (the number of observed pairs per hectare) of widely distributed wader species in different land-use intensity classes.
Error bars represent standard error interval and numbers above the sample size. Different letters indicate significant differences within species
between land-use intensity classes. Absence of letters indicate no statistical significance.

habitat changed. The relatively large number of species observed on extensively managed grasslands may reflect the fact that this is the
habitat type that people created from most natural wet and open habitats. If management is extensive enough such grasslands may still
share many traits and characteristics with the natural habitats from which they were derived and may therefore support species
originally breeding in habitats such as river floodplains, saltmarshes and bogs. With increasing intensity of management, the envi
ronmental conditions that make these habitats suitable for waders, such as high soil moisture during the breeding season, will
increasingly disappear. Together with saltmarshes, another habitat in which waders are exposed to relatively high levels of distur
bance, intensively managed grasslands support the lowest number of different wader species and it is doubtful whether the populations
that can still be found in this habitat type are viable in the long run given their negative populations trends (Roodbergen and Teunissen,
2019).
5. Do wader breeding densities differ across land use intensity gradient?
Because a number of species occur in most or all wader habitats and ecosystems present in Europe, we could explore how breeding
densities of waders compare between different habitats. In some habitats, the number of observations were rather low for most species.
For the purpose of analysis, we therefore grouped habitats in four contrasting land-use intensity classes (no management and low,
medium and high land-use intensity; Table 3). This allowed us to explore general patterns in breeding population density across a landuse intensity gradient from natural and undisturbed to intensively managed habitats. We expected species to differ in their breeding
density patterns along the gradient of land-use intensity classes, since some are known to be more strongly associated with farmland
than others. We restricted this analysis to six species that were present in all land-use intensity classes. For each species independently,
we used generalized linear mixed models with the number of breeding pairs per ha as our response variable and land-use intensity class
as a fixed factor. A potential pitfall of using breeding densities is that very different population sizes can have the same densities (e.g. 2
pairs in 1 ha is the same as 50 pairs in 25 ha) which could make variation between land-use classes difficult to interpret. However, we
8
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found no relationship between the surveyed area size and the number of breeding pairs (in the different land-use classes) for the studies
where both information was available (see Appendix 3 for more information). The number of observations per species varied from 71
to 577, came from 25 to 80 studies and spanned the period 1960–2015. We included sampling year and study ID as random factors. We
would have preferred to include country as a random factor but because most countries only had data of some land-use intensity classes
this would produce unrealistic results since this would lead to unlikely high estimates for missing habitats in countries with overall
high breeding densities and unlikely low estimates for missing habitats in countries with overall low breeding densities. For the same
reason we decided not include sampling method as a random factor in our analysis. Our current analysis thus assumes that the effect of
geographic location on wader densities is relatively small compared to that of land-use intensity. Given the exploratory nature of the
study, we considered this acceptable. All analyses were performed using the “lme4′′ package (Bates et al., 2015) in R programming
environment (R Core Team, 2020). Data were log10 or square root transformed whichever gave the best fit. If land-use intensity
demonstrated a significant effect, we used the function “emmeans” in the “emmeans” package (Lenth et al., 2018) to test land-use
intensity classes differed significantly with a post hoc contrast analysis.
Patterns in wader breeding densities over the land-use intensity classes differed between the examined species with significant
differences between classes for five of the six species (Fig. 2).
The northern lapwing and the black-tailed godwit breeding densities’ increase from natural habitats to medium-intensity habitats
after which the black-tailed godwit decreases sharply while the lapwing remains around the same value. Post hoc analysis reveal
significance differences between no land-use and medium land-use intensity classes for both species (black-tailed godwit: Tukey’s test,
p-value < 0.01, df = 95, t-ratio = − 3.9; northern lapwing: Tukey’s test, p-value < 0.01, df = 461, t-ratio = 3.5). Furthermore blacktailed godwit breeding densities differed significantly between no land-use and high land-use intensity and between medium and high
land-use intensity classes (Tukey’s t-test p-value = 0.01, df = 94, t-ratio = − 3.0; Tukey’s t-test p-value < 0.01, df = 313, t-ratio = 3.7
respectively). Breeding densities of the northern lapwing differed significantly only between low and medium land use intensity classes
(Tukey’s t-test p-value < 0.01, df = 232, t-ratio = − 3.7). Of all six widespread species, northern lapwing and black-tailed godwit
showed the most pronounced differences between land-use intensity classes, suggesting that they are particularly sensitive to man
agement. Although the mechanisms of why black-tailed godwit’ breeding densities decrease at high land-use intensities are well
understood (e.g. lower nest and chick survival resulting in lower recruitment (Kentie et al., 2018)), little is known about why breeding
densities for both the black-tailed godwit and northern lapwing increase when natural and low intensity habitats are managed a bit
more intensively. Populations in habitats belonging to low, medium and high land-use intensity classes mostly show the same, negative
trend (Ławicki and Kruszyk, 2011; Roodbergen et al., 2012) which are thought to be linked mainly to low reproductive success but this
does not explain why breeding densities supported by one habitat are higher than those supported by another. Ecological theory
predicts that population size is constrained by resources such as food, habitat and other essential resources (Hockey et al., 1992;
Santisteban et al., 2012). Which resource is the main factor limiting the number of breeding pairs of waders in a habitat, and whether
these are resources for the adults or for the chicks, has yet to be determined. Yet, this is important information if we want to design
effective strategies for the sustainable conservation of waders. Differences in surveying methods between land-use intensity classes
may have influenced the observed patterns. However, it is unlikely that they are at the basis of the approximately 11-fold increase in
black-tailed godwit breeding densities from unmanaged to medium intensity management habitats. Furthermore, common snipe
(Gallinago gallinago) breeding densities were determined with the same mix of surveying methods and shows almost the opposite
pattern of northern lapwing and black-tailed godwit suggesting that differences primarily originate from habitat characteristics rather
than methods of surveying.
The common snipe and ruff have their breeding density peak in unmanaged or low-intensity habitats. However, their breeding
density patterns among land-use intensity classes differ. Breeding densities of the common snipe tend to decrease consistently along the
land-use gradient with significant differences between medium and high land-use intensity classes (Tukey’s test, p-value = 0.02,
df = 133, t-ratio = 2.8). The species is known to prefer breeding areas with prolonged high soil moisture and tall vegetation swards,
and is able to lengthen the nesting period if those ideal conditions are met (Green, 1988). Such characteristics are most frequently
found in undisturbed habitats. Improving drainage is amongst the very first steps to improve the usefulness of natural wetlands for
farming which immediately lowers habitat quality for this species and may explain why even low-intensity land-use tends to result in
lower breeding densities.
The ruff shows high breeding densities in low land-use intensity habitats, that contrast markedly with low breeding densities in all
other land-use intensity classes. Population declines in response to increasing land use intensity are well-known (Zöckler, 2002).
However, our results suggest that breeding densities in natural habitats are also significantly lower than those in low land-use habitats
(Tukey’s test, p-value = 0.01, df = 19, t-ratio = − 3.6). This could indicate that, for ruff, anthropogenic habitats such as unimproved
coastal meadows, floodplain meadows and saltmarshes have higher carrying capacity than natural habitats such as bogs and fens. It
could explain the move of ruff into Russian agricultural grasslands starting in the 1960′ s (Lebedeva, 1998). In the last 30 years,
however, even in natural habitats the remaining populations have experienced 75–97% decreases (Fraixedas et al., 2017; Mischenko,
2020), with the main causes unknown.
Interestingly, the common redshank and the Eurasian oystercatcher show only modest differences in breeding densities between
land-use intensities classes, with the latter demonstrating significant differences between no land-use and low land-use intensity
classes (Tukey’s test, p-value = 0.03, df = 435, t-ratio = − 2.7). This suggests that these species are relatively insensitive to changes in
agricultural management intensity. This is in line with the observation that, compared to other waders breeding in the same locations
(e.g. black-tailed godwit, northern lapwing, Eurasian curlew), the common redshank usually demonstrates the lowest populations
decline rates of the local breeding wader communities (Ławicki and Kruszyk, 2011; Roodbergen and Teunissen, 2019) and that in their
European breeding range common redshank demonstrated no overall major decline due to poor breeding success from 1992 until 2006
9
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Fig. 3. Conceptual model demonstrating the relationships between breeding density and land-use intensity for different wader species with different
sensitivity for changes in land-use intensity (different colors). Modified after Beintema, 1983. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

(Roodbergen et al., 2012). What makes the common redshank and the Eurasian oystercatcher more resilient towards management is
again mostly unknown. One could hypothesize that the unique behavior among waders to feed their young during rearing period (Ens
et al., 1992) makes Eurasian oystercatchers a bit more resilient to habitat changes that result in worsened foraging conditions for
chicks, although the species has suffered significant population declines (Pol et al., 2014; Roodbergen et al., 2012; Roodbergen and
Teunissen, 2019).
The high breeding densities of the northern lapwing in the highest land-use intensity classes confirms the reputation of this species
as the wader that is best adapted to intensive farming practices. However, most of the breeding density data originated from the period
1985–2005. Since then, the species has demonstrated drastic declines, especially on intensive farmland (Bell and Calladine, 2017;
Plard et al., 2019).
6. Conservation implications
Our review demonstrates that European waders can be classified into loose groups of species with distinct distributions over the
available breeding habitats. Approximately two thirds of the waders species have relatively specific and narrow habitat preferences,
and are mostly restricted to natural and/or high-latitude areas. However, the remaining species breed in a wide range of habitats,
including various forms of agricultural land-use habitats. Our exploratory analysis of breeding densities of the six most widely
distributed species suggests that they are differently affected by changes in management intensity resulting in a different optimum at
different land-use intensities.
Fig. 3 summarizes these results in a conceptual model to emphasize the implications for wader conservation. This model suggests
that, rather than one optimal level of management intensity, there is an intensity range in which diverse communities can be main
tained with shifts in intensity benefitting some species but adversely affecting other species. With only northern lapwing able to sustain
high breeding densities in high land use intensity habitats, a large number of species seem to actually benefit from farming practices
that increase the productivity of natural habitats (Fig. 3, blue line). Especially in low-intensity traditional farming systems, reducing
management intensity will therefore result in local population declines of these species (Kamp et al., 2018; Leito et al., 2014; Lesiv
et al., 2018; Mischenko et al., 2019). Contrary to the main paradigm in northwestern Europe, conservation practices targeting these
species need to focus on maintaining or even slightly intensifying low-input mowing or grazing regimes.
Fig. 3 also suggests there are widely distributed species that show no clear relationships between breeding densities and land-use
intensity (yellow line), such as common redshank and Eurasian oystercatcher in this study. Based on current knowledge, it is difficult to
understand why this is the case. This highlights the fact that, despite waders being a relatively well-examined species group, we lack a
basic understanding of the main factors that determine local population size, especially in low-intensity and natural habitats. Whether
resources limit breeding densities or other mechanisms are at play, such as intra-specific competition for nesting sites, is unclear.
Insight in these processes would greatly help with the design of conservation strategies. If population size cannot be easily manipulated
through management of habitat quality, focus needs to shift towards habitat quantity.
Because evidence suggests that predation pressure has increased throughout the distribution range of waders, it is furthermore
important to study how current land management practices and future management modifications moderate predation (Laidlaw et al.,
2017). This not only requires insights into the size and composition of the predator community but also into mobility and behavior of
individual predators. Until recently, it was virtually impossible to investigate this but with the development of advanced tracking
devices this now moves into the realm of possibilities (Mason et al., 2018; Parra-Torres et al., 2020).
Natural undisturbed habitats are vital in sustaining breeding population for a large number of species that cannot be found
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elsewhere due to their sensitivity to landscape intensification (Fig. 3, black line). They also represent refugia for more flexible species
by sustaining small breeding populations. Natural habitats, such as bogs and other peatlands, currently lack proper protection in
several countries (Fraixedas et al., 2017). Research into key population dynamical aspects, such as survival of chicks and adult birds as
well as the main causes of mortality are urgently needed in these under-researched habitats. Such studies should preferably include
climate change scenarios, such as rising annual temperatures or severe droughts, because climate change induced ecosystem changes
such as tree encroachment in tundra and bogs systems (Aune et al., 2011; Forbes et al., 2010; Heijmans et al., 2013) or changes in the
phenology of the invertebrate prey of chicks will most likely be an additional major factor affecting the quality of wader breeding
habitat.
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Kamp, J., Reinhard, A., Frenzel, M., Kämpfer, S., Trappe, J., Hölzel, N., 2018. Farmland bird responses to land abandonment in Western Siberia. Agric. Ecosyst.
Environ. 268, 61–69. https://doi.org/10.1016/j.agee.2018.09.009.
Kentie, R., Hooijmeijer, J.C.E.W., Trimbos, K.B., Groen, N.M., Piersma, T., 2013. Intensified agricultural use of grasslands reduces growth and survival of precocial
shorebird chicks. J. Appl. Ecol. 50, 243–251. https://doi.org/10.1111/1365-2664.12028.
Kentie, R., Both, C., Hooijmeijer, J.C.E.W., Piersma, T., 2014. Age-dependent dispersal and habitat choice in black-tailed godwits Limosa limosa limosa across a
mosaic of traditional and modern grassland habitats. J. Avian Biol. 45, 396–405. https://doi.org/10.1111/jav.00273.
Kentie, R., Coulson, T., Hooijmeijer, J.C.E.W., Howison, R.A., Loonstra, A.H.J., Verhoeven, M.A., Both, C., Piersma, T., 2018. Warming springs and habitat alteration
interact to impact timing of breeding and population dynamics in a migratory bird. Glob. Change Biol. 24, 5292–5303. https://doi.org/10.1111/gcb.14406.
Kleijn, D., Sutherland, W.J., 2003. How effective are European agri-environment schemes in conserving and promoting biodiversity? J. Appl. Ecol. 40, 947–969.
https://doi.org/10.1111/j.1365-2664.2003.00868.x.
Kleijn, D., Berendse, F., Smit, R., Gilissen, N., 2001. Agri-environment schemes do not effectively protect biodiversity in Dutch agricultural landscapes. Nature 413,
723–725. https://doi.org/10.1038/35099540.
Kleijn, D., Schekkerman, H., Dimmers, W.J., Van Kats, R.J.M., Melman, D., Teunissen, W.A., 2010. Adverse effects of agricultural intensification and climate change
on breeding habitat quality of Black-tailed Godwits Limosa l. limosa in the Netherlands. Ibis 152, 475–486. https://doi.org/10.1111/j.1474-919X.2010.01025.x
(Lond. 1859).
Krüger, H., Väänänen, V.M., Holopainen, S., Nummi, P., 2018. The new faces of nest predation in agricultural landscapes—a wildlife camera survey with artificial
nests. Eur. J. Wildl. Res. 64, 1–11. https://doi.org/10.1007/s10344-018-1233-7.
Kruk, M., Noordervliet, M.A.W., Ter Keurs, W.J., 1997. Survival of black-tailed godwit chicks Limosa limosa in intensively exploited grassland areas in the
Netherlands. Biol. Conserv. 80, 127–133. https://doi.org/10.1016/S0006-3207(96)00131-0.
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Pe’er, G., Dicks, L.V., Visconti, P., Arlettaz, R., Báldi, A., Benton, T.G., Collins, S., Dieterich, M., Gregory, R.D., Hartig, F., Henle, K., Hobson, P.R., Kleijn, D.,
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Tanneberger, F., Tegetmeyer, C., Busse, S., Barthelmes, A., Shumka, S., Mariné, A.M., Jenderedjian, K., Steiner, G.M., Essl, F., Etzold, J., Mendes, C., Kozulin, A.,
Frankard, P., Milanović, Ganeva, A., Apostolova, I., Alegro, A., Delipetrou, P., Navrátilová, J., Risager, M., Leivits, A., Fosaa, A.M., Tuominen, S., Muller, F.,
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