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Summary

The agricultural landscape, which today occupies approximately half of the area of
Europe, has changed dramatically in the last 80 years. Gradually, the area used for
agriculture decreased, mainly at the expense of built-up areas, and agricultural
production intensified at the same time, which can be demonstrated in particular by
the massive use of industrial fertilizers and pesticides, changes in the composition of
cultivated crops or the onset of increasingly powerful mechanization. At the same time,
almost 9 % of EU agriculture area was irrigated, significant share of grasslands was
ploughed up or abandoned, size of the fields has increased while the surrounding
greenery was destroyed. Changes in agricultural practice and the transformation of the
landscape had a negative impact on the abundance of a number of previously common
bird species and the overall species diversity. In my thesis | have focused on the
Northern Lapwing, representative of Waders, to find out more applicable data about
current habitat requirements of this species, to identify what threats it faces and to
verify the possibilities of its more effective protection.

Although historically several bird species were able to adapt to the conditions of the
new cultural steppe, the increase in the intensity of farming since the 1950s was so
significant that we are witnessing the rapid population decrease of once common
species. The numbers of Grey Partridges, an iconic farmland bird species, have declined
by more than 90 % in Europe since 1980, and most of the previously common species
of the agricultural landscape, such as the Skylark, Red-backed Shrike, Yellowhammer
or Turtle Dove, have a long-term negative trends. One of the most endangered groups
are the Waders. Since 1982, the populations of five wader species - Northern Lapwing,
Black-tailed Godwit, Common Redshank, Eurasian Curlew and Common Snipe - whose
dominant nesting habitat in the first half of the 20th century were wet grasslands, are
gradually decreasing in the Czech Republic. In the introduction, | will present their
current state, the general factors responsible for their long-term decline and the basic
principles of their protection (Chapter 1).

According to research, the main reason for decline of lapwing population is primarily
low breeding productivity. Lapwings nest once a year, but some females can have
several replacement clutches. In condition of the Czech Republic, approximately 35 —
60 % of the first clutches hatch successfully, in other cases the nests are unsuccessful
due to predation, mechanical destruction, abandonment or other reasons. Our
research proved, that first clutches are on average 3—7 % larger than the replacement
ones. The chicks that hatch from them are larger and have a higher chance of fledging
than those from replacement clutches (Chapter 2). It is precisely for these reasons that
it makes the most sense to focus the main conservation efforts on the first clutches.



Aside predation, the biggest threat for survival of lapwings’ nests represents spring
agricultural work. Today up to 80% of nests are placed in arable fields, where lapwings
prefer ploughed fields and spring crops over winters sown crops. Roughly a third of
1,125 nests monitored in the Czech Republic in last 35 years were in ploughed fields,
where most of the clutches are destroyed by agricultural machinery. To eliminate this
threat, direct protection of nests can be used. It consists of finding the nest, its visible
marking and then ensuring protection by contacting the concerned farmer. There are
only few studies monitoring the potential effect of nest marking on predation or the
risk of clutch desertion. For this reason, | have decided to experimentally verify risks
associated with direct protection of nests to prove, that marking of them did not
increase the probability of its predation (Chapter 3).

In addition to nests destroyed by agricultural machinery, the predation is another
significant threat. In Czech Republic the number of depredated nests varied from 20 to
50 %. There are several species of nests predators including foxes, weasels or corvids.
Predators' abilities to locate lapwing’s nests vary. An experimental research we have
carried out has verified that corvids are able to fix the exact position of an incubating
lapwing and subsequently inspect the site (Chapter 4). Especially the nest placed closer
than 100 m from the nearest perches have a higher risk of predation. If breeding sites
are to be systematically protected, it is necessary to preserve their open character.

The systematic protection of the whole entire breeding habitats is another option how
to support lapwings. The basis for comprehensive protection is to have solid data on
current nesting sites, especially the number of nesting pairs, the regularity of breeding
occurrence or the detail characteristics of nesting sites. Therefore, in 2008, | initiated
the systematic public mapping of lapwings’ breeding sites. The results confirmed,
among other things, that lapwings tend to occupy suitable nesting sites regularly. Most
often, these were waterlogged locations, which are more attractive for lapwings due
to higher food availability compare to dry fields. The outcomes of the mapping helped
to define the conditions for future agro-environment measures (AEM), which farmers
can enter from 2015 (Chapter 5).

For the future of the lapwing, it is desirable to enhance the interest of farmers in its
protection, especially their willingness to join AEM. Individual consultancy, direct
cooperation in the field or other various forms of education, could be used for this.
Passionate farmers with an interest in nature will also be more accepting or even
actively implementing revitalization measures on their land, including the recreation
of wetlands (Chapter 6).






General introduction

Farmland birds in crisis

The agricultural landscape represented 54 % of the area of the Czech Republic in 2020
(Ministry of Agriculture 2022), at the EU level share of land for agricultural production
was 38 % of the total land area in 2016 (Eurostat 2020). Its current shape is the result
of several thousand years of human economic activity and natural processes. A number
of factors, such as the morphology of the terrain, hydrogeological and climatic
conditions or historical development, contributed to its present form (Mazoyer &
Roudart 2006). Through his agricultural activities, man has thus created a new
environment for a whole range of bird species originating from different types of
natural biotopes. These include steppe birds, such as the Skylark, Great Bustard or Grey
Partridge, originally forest species, e.g. the Hoopoe, some species of warblers and
finches or wetland species represented by various types of waders, herons or storks
(Van der Weijden et al. 2010).

Until the beginning of the 20th century, manual harvesting prevailed (Janick 2013),
which allowed safe escape for birds and other animals. Moreover, thanks to the varied
ownership structure (Rychlik 2014), its course was not uniform, and thus enough
suitable biotopes were always preserved for the development of insects or for the
nesting of birds. As a result, farmland has created optimal conditions for wide range of
bird species, that can be demonstrated on one of the most typical farmland species,
the Grey Partridge. Its numbers in the Czech Republic had peaked at more than 2
million birds between 1933 and 1937 in contrast to 31 thousand of birds in 2018 (Salek
& Zamecnik 2020). Unfortunately, our knowledge of population size of most of species
is rather limited. Usually we have only regional data indicating, that breeding densities
of some birds were significantly higher compared to the recent situation (Stastny et al.
2006).

In case of waders, historical data indicate increase of the numbers from 19. century till
first half of 20. century (Kl&z 1957, Stastny et al. 2006, Fiala 2008). However, in case of
lapwing, the disposal of meadows and changes in its quality were probably the main
cause of the local disappearance of lapwings in some places in the Czech Republic
already in the first half of the 20th century (Kl(z 1957).

Intensification of farming as a major threat to farmland birds

While in the past farmland birds benefited from the development of agriculture, the
onset of intensive agricultural practices and inappropriate interventions in the
landscape, that took place in the second half and especially in the last quarter of 20t
century, seriously threatened their existence (Krebs et al. 1999, Donald et al. 2001,



Donald et al. 2006). Agricultural intensification involves maximizing primary production
for human consumption and includes the increase of the inputs of agricultural
resources such as fertilisers, pesticides, more productive varieties of crops,
technologies or knowledge to enhance the level of yield per unit of farmland (Krebs et
al. 1999, Donald et al. 2001, Donald et al. 2006). At the same time, the interventions in
the landscape took place in Eastern Europe as part of the so-called collectivization of
agriculture (Rychlik 2014). Between the years 1948—-1989, 270,000 ha of meadows and
pastures, 145,000 ha of borders (i.e. 800,000 km), 120,000 km of dirt roads were
ploughed and 3,000 ha of woods, groves, draws and 30,000 km of linear greenery were
removed (Vask( 2011).

An important positive changes of trends of bird species with intermediate association
to farmland were monitored after the collapse of the communist system in 1989, when
some significant changes of the farmland management took place (Reif et al. 2008a).
Among all, due to low economic profit of the whole sector use of pesticides significantly
dropped, significant number of usually small family farms started to run their business
or some former agriculture land was left aside due to unclear ownership. Nevertheless,
trends of most farmland bird specialists including lapwing have remained negative
(Reif et al. 2008a, Reif at al 2008b). Further decline of farmland birds has taken place
after the Czech Republic joined the European Union in 2004, where subsidies from
Common agriculture policy has driven further intensification (Reif & Vermouzek 2019).

The most significant factor responsible for dramatic decline of waders has been the
drying and ploughing of wet meadows, that were an important source of food (Chapter
1, Ausden et al. 2001, Erber et al. 2002, McKeever 2003, Fiala 2008, Plum & Filser 2005,
Eglington et al. 2010). In the years 1960 — 1980 alone, the decline of meadows in favour
of arable land in the Czech Republic amounted to a full 20 % (Rychnovska et al. 1985).
Along with conversion of grassland to arable also irrigation of those in many cases
waterlogged sites took place. The fundamental negative impact of these interventions
on waders is recorded in detail within long-term monitoring, that was carried out near
town Namést nad Oslavou in central part of Czech Republic from 1958 till 2006 (Fiala
2008). At present, 1,084,800 ha of piped drainage is officially registered in the Czech
Republic, which represents roughly a quarter of drained agricultural land (Kulhavy et
al. 2007, Vaska 2011), plus approx. 450,000 ha not registered (Vaska 2011).

Along with waders, drainage has had a negative impact on the development of the
abundance of several other bird species that are now endangered, e.g. Black Grouse,
Corncrake or Meadow Pipit (Stastny et al. 2006, Stastny et al. 2021). Environmental
and biodiversity problems arising from irrigation will be even further driven by climate
change, which is predicted to result in a decrease of recharging of spring surface water
and aquifer due to lower rainfall (Nicholls et al. 1999, Thompson et al. 2009, Stephens
et al. 2016).



At the same time, the composition of crops was changing. Since the 1960s, the share
of wheat and barley has been increasing at the expense of other cereals (CSU 2023).
As wheat is grown almost exclusively as a winter crop, and also in the case of barley,
winter varieties make up less than half of the production, the areas of cereal stubble
and spring cereals are gradually decreasing. It has reduced food offer for several seed-
eating bird as stubbles was recognize as important feeding habitat from autumn to
spring (Donald & Morris 2005, Gillings et al. 2005, Winspear & Davies 2005, Eggers et
al. 2011). Spring cereals also represent a suitable nesting environment not just for
waders as lapwing or Ring Plover, but also for other bird species such as Skylark or
Wheatear (Chapter 1, Wilson et al. 1997, Chamberlain & Crick 1999, Berg et al. 2002,
Henderson et al. 2009, Eggers et al. 2011). Although cca 15 % of lapwings nest in
the winter crops, mainly wheat, soon after hatching of chicks they move to
surrounding sites usually with lower and sparse vegetation (Devereux et al. 2004,
own unpublished data).

The intensification of agriculture is also evidenced by the increasing productivity of
agricultural production. While increased use of fertilizers was supporting yields of crop
(Chloupek et al. 2004), it had negative impact on earthworm biomass and surface
invertebrates, an important component of lapwing diet (Ausden et al. 2001, Erber et
al. 2002, McKeever 2003, Plum & Filser 2005, Eglington et al. 2010). New crop varieties
and more efficient use of water resources also contribute to higher yields. The result is
faster growing, taller and denser crops. This reduces the supply of suitable food and
offer of nesting habitats for lapwings and other bird species as the Skylark or Yellow
Wagtail, which prefer lower, more open and more varied habitats (Chapter 1, Wilson
et al. 2005, Winspear & Davies 2005). The same trend caused by high use of fertilizer,
digestate from biogas plants and reseeding with grass dominant mixtures is happening
in grasslands (Chapter 1, Britschgi et al. 2006, Manning et al. 2015, Manu et al. 2022).

During farming operations in the field, fast agricultural technology with a wide scope
threatens nests, as well as young and, rarely, even adults of ground-nesting bird
species including several species of waders, Corncrake, Skylark, Corn Bunting,
Whinchat, Grey Partridge, or Montagu’s Harrier (Chapter 1, Green et al. 1997, Tyler et
al. 1998, Steen et al. 2012). Although, for example, Black-tailed godwit is able to warn
young ones against agricultural machinery (Belfin 2021), direct killing of waders’ chick
during spring works or meadows harvest occasionally happens (Schekkerman et al.
2009, own unpublished data).

Abandonment of farming or targeted afforestation of agricultural land is also a threat
to waders (Chapter 1). In both cases, this usually applies to the least nutritious areas,
and unfortunately this also often includes waterlogged habitats that are attractive for
waders to nest. Areas overgrown in this way are attractive for some bird species of
agricultural landscape, such as Yellowhammer, Corn Bunting or Red-backed Shrike, but



species that require an open character of the environment quickly leave them (Chapter
1, Verhulst 2004, Brambilla et al. 2007, Mikuli¢ et al. 2014).

Low breeding success of lapwing — a problem to solve
Nesting of lapwing

Despite Northern Lapwing remains the most common wader in the Czech Republic, its
population have declined by more than 80 % since 1982 till 2022 (Czech Society for
Ornithology 2023). The main reason for decline of lapwing population is primarily low
breeding success (Peach et al 1994). Lapwing nest survival rates exceeding 50 % per
year are likely to be sustainable and result in the minimal productivity range required
for population stability if annual chick survival rates (from hatching to fledging) are
around 25 % in the Central and Western Europe (MacDonald & Bolton 2008a). Only
few sites in Europe have achieved this level of nest survival however (MacDonald &
Bolton 20083, Pilacka et al. 2022).

Lapwings are a migratory species in the territory of the Czech Republic, with wintering
grounds in Western and South-western Europe and North Africa. The first birds are
flying back from their wintering grounds already in February, and the migration peaks
in March (Stastny et al. 2006). Older lapwings return to the breeding grounds before
yearlings, with adult males arriving earliest of all (Parish 1996).

Under normal conditions, lapwings start laying from the third decade of March with a
peak in the first decade of April, while the timing of nesting can be influenced by the
climatic conditions of the given year. The nesting activity then gradually decreases until
the first decade of June, when, in the conditions of the Czech Republic, lapwings start
incubating the last clutches (Kubelka & Salek 2013). Some important costs of early
breeding include low invertebrate activity owing to low soil temperature, risk of snow
(Nordstrom 1975, Beintema and Visser 1989) or even frozen period of few days, that
can be life threatening to adults (own unpublished data). Such costs may be better
accepted by females in good physical condition (Chapter 2, Andersson & Gustafsson
1995, Parish 1996). This gives them advantages that include the ability to choose from
several males and territories and the prospect of early hatching, allowing them to
invest energy in larger eggs (Chapter 2, Grgnstgl 1997).

Laying date and clutch size depend on body condition (Drent & Daan 1980), which
again may be determined by age, breeding experience and physiological condition.
First breeding attempts occurred at one-year-old for most females, but at two-years-
old for most males (Parish 1996). Males make multiple shallow nest scrapes, one of
which the female chooses to lay eggs in after filling it with a thin nest lining. Female
lays typically four eggs within ~5 days. Incubation is initiated once the final egg is laid
and lasts for ~26 days egg laying and incubation period ~31 days in total (Galbraith



1988). Lapwings nest once a year, but some females can have up to four replacement
clutches (Cramp & Simmons 1983, Parish et al. 1997).

Seasonal timing has the biggest effect on egg size in lapwings, with first clutches at the
beginning of the breeding season containing on average 5.6 % larger eggs in
comparison with late and probable replacement clutches. This finding is in line with
studies of other waders (Chapter 2, Redmond 1986, Hegyi 1996, Hegyi & Sasvari 1998,
Sandercock et al. 1999). Chicks that hatch from them are larger and in better condition
than chicks that hatch later (Sheldon 2002, Larsen et al. 2003). Previous research has
also proved that more experienced females can increase the survival rate of chicks with
their care (Blomqvist et al. 1997).

Early chicks hatch in an environment that is more attractive for them - the spring crops
as maize, barley, beets or sunflowers are still low and easy to move (Devereux et al.
2004) and, moreover, usually some drying wet features are still present in the
landscape where chicks have access to soil invertebrates and other water-bound
insects (Sheldon 2002, Eglington et al. 2010). Compared to chickens born later, they
only have a disadvantage in the greater need for thermoregulation, because the
weather in April can be significantly colder than a month later.

A significant number of females are nesting polygamous. The nesting of two or more
females in the territory of one male has been repeatedly demonstrated in various
European populations, in the range of 20-54 % of the females in the population (Berg
1993, Byrkjedal et al. 1997, Parish & Coulson 1998, Liker & Székely 1999, Grgnstgl 2003,
ZolIner 2003, Salek 2005). While the onset of incubation of monogamous females and
primary females (the first to nest in a polygamous clutch) was synchronized, secondary
females (second to last) were demonstrably delayed by an average of 4 days behind
primary females (Salek 2005). These results indicate that later-nesting females, which
are biased toward secondary females, have smaller egg volumes (Grgnstgl 1997). Also,
different egg size in first clutches were confirmed for yearling females, that laid eggs
around 5 % smaller than adults (Parish 1996).

Main reasons for nest failure

As evidenced by some studies, the main reason for the failure of the recovery of the
populations of the lapwing and other waders is predation of nests and chicks before
fledging (Bolton et al. 2007, MacDonald & Bolton 2008a, Teunissen et al. 2008,
Schekkerman et al. 2009, Bellebaum & Bock 2009). In Czech Republic 20 to 50 % of
nests were depredated (Chapter 1). Among three main methods of identifying
predators responsible for nest predation and quantifying their relative contributions
to lapwing nest failure belong the examination of nest remains, the recording of the
timing of predation events, and the use of nest cameras (Green 2004; MacDonald &
Bolton 2008a). While nest predation by mammals occurs mainly at night and is often



the result of systematic terrain mapping by a given species, avian nest predators are
mainly active during the day. In general, nests are predated mainly by mammal’s
predators, especially fox (Seymour et al. 2003, Bolton et al. 2007, Teunissen et al.
2008). Other mammalian predators include European Badger and other mustelids or
Hedgehog, as bird predators were recorded mainly corvids, Marsh Harrier, storks and
herons (Teunissen et al. 2008, Schekkerman et al. 2009, Bellebaum & Bock 2009).

Aside predation, the biggest threat for survival of lapwings’ nests represents spring
agricultural work. Roughly a third of 1,125 nests monitored in the Czech Republic
between 1988 and 2018 were in ploughed fields, where most of the clutches are
destroyed by agricultural machinery. Totally 46 % of the first clutches hatched
successfully and 9 % were destroyed by agricultural machinery (Chapter 1). It is
important to mentioned that without direct nest protection damage could be much
higher; e.g. in South Bohemia, 37 % of 52 nests would be damaged instead of the
observed 14 % in 2011, and 55 % of 57 nests instead of only 2 % in 2012 (Kubelka 2015).
If all the nests destroyed by machinery would be saved, nest survival rate would get
close to 50 % level considered to be sustainable.

How to help lapwings to increase breeding success?
Elimination of nests destruction by agricultural machinery

Direct protection activities are mainly focused on the first clutches in arable fields, thus
saving the clutches that have the best starting conditions for further growth. According
to some results, nesting success on arable land after exclusion of possible destruction
by farming machinery can be higher than 75 % (Sheldon et al. 2007, Hoodless &
MacDonald 2014), however, our unpublished data indicate, that foxes in particular are
able to focus on specific nesting sites of lapwings in ploughed fields and gradually prey
on practically all nests, including replacement clutches. In early clutches, especially in
spring with unusual weather conditions, increased predation may also be related to
lower food supply for predators (Kubelka et al. 2018). Nevertheless, the share of nests
destroyed by agricultural machinery is naturally the highest in arable land, as the total
loss of nests along with depredated ones is practically absolute. Lapwings have a
certain chance of successful nesting only on very waterlogged parts of the fields, which
farmers must avoid during spring work.

Replacement clutches accounted for roughly 54 % over all monitored periods (Chapter
1). As lapwings prefer to nests in open habitats with low vegetation usually up to 15
cm (Cramp & Simmons 1983), for alternative nesting they usually use fields with spring
crops, especially corn, less often spring cereals, sunflowers, beets and other open
location especially with some presence of water. At first glance, it might look that the
risk of destruction of nests by agricultural machinery in these cultures is already
minimal, but in some cases, lapwings might be still in danger. This is most visible in



farms operating in the organic farming system, where mechanical weeding is main tool
to eliminate weeding. According to research in the Netherlands in 2005 and 2006, 62
and 65 % of failed nest on organic farms were due to farming activities while on
conventional farm farming activities it was only 38 and 50 % (Kragten & Snoo 2007). In
addition, chemical treatment is increasingly being replaced by mechanical weeding
even among conventional farmers. This applies, for example, to maize (Kumar et al.
2020) which is clearly the most commonly used by lapwings for replacement clutches.
When we were monitoring nest success in maize, virtually no nest was destroyed by
machinery (own observation). Current trends of mechanical weeding indicate that the
nesting success of replacement clutches in these biotopes will be significantly lower in
the future (Heisel et al. 2002; Carballido et al. 2013).

Direct protection is quite demanding in time and human resources. Although one
person can trace the nests himself, in the case of a nesting sites with two or more
breeding birds it is inefficient and more appropriate is cooperation of at least two or
more people (Kubelka et al. 2012). In the conditions of the Czech Republic, this is still
more of a marginal form of lapwing protection, with approximately 40 - 100 nests
protected this way per year (Chapter 3), but the interest of public for this activity is
gradually increasing and the number of people dedicated to direct protection grows
every year (Zdmecnik 2020a). Therefore, it is essential that they use the correct
procedures when marking nests.

The nests are usually marked by bamboo poles or sticks highlighted with a reflective
red or orange spray at the top placed at least 5 m from the nest in both directions on
the row (Chapter 3). In previous studies, where the poles were significantly closer (2—
3 m in Switzerland, and 3-5 m in the Netherlands), cases of nest desertion were
relatively numerous (Schifferli et al. 2006, Kragten et al. 2008). Especially at the
beginning of incubation, lapwings are more susceptible to disturbance and may leave
the nest if sticks appear near the nest at that time (Schifferli et al. 2009). This is
confirmed by our experience, when the farmer found the nests in the field himself
during spring work and marked them with thick branches up to 1 m high stuck at a
distance less than 1 m from the nest. A total of 2 of the 7 nests marked this way were
abandoned and in one case lapwing apparently actively attacked the pole and knocked
it to the ground (unpublished own observation).

Our research proved that the presence of bamboo poles has not increase the risk of
predation (Chapter 3). Still it would be desirable to repeat the research in the case of
a more massive use of the direct protection model. The ability of predators, e.g.
Corvids, to learn is generally well known (Koenen et al. 1996, Murthy et al. 2003, Nieder
et al. 2020) and if direct protection is to be truly effective, it is necessary to further
verify its benefits.



Predation in respect to breeding site

As lapwings nest in the open landscape, incubating birds are usually highly visible and
also have a perfect overview of potential predators themselves (Goétmark et al. 1995).
This open habitat may be selected to increase predator detection, with close proximity
to tall landscape features or those that may harbour predators (e.g. trees, hedgerows,
buildings, woodland) reducing the likelihood of site occupancy by breeding pairs
(Chapter 4, Milsom et al. 2000, MacDonald & Bolton 2008b, Bertholdt et al. 2016).
Lapwing also show a preference for feeding in short grass more than other wader
species (Green 1986, Ausden et al. 2003).

In case of danger, they leave the nest relatively quickly and rely on cryptic coloured
clutches (Lloyd et al. 2000). At the same time lapwings actively defend their nesting
territories against avian predators (Chapter 4, Elliot 1985, Walters 1990, Kis et al.
2000), similar to some other waders (Larsen et al. 1996, Hegyi & Sasvari 1997).
Lapwings may also try to lure some predators away by feigning injury (Walters 1990,
Santos 2020).

Lapwings diversified mobbing response within the breeding season and depending on
predator species. Raven, Hooded Crow and harriers evoked the strongest response,
while Common Buzzard, White Stork, Black-headed Gull and Rook were less frequently
attacked (Krdlikowska 2016). Lapwings increased their mobbing response against
Raven, Common Buzzard, White Stork and Rook throughout the breeding season, while
defence against Hooded Crow, harriers and Black-headed Gull did not exhibit clear
temporal patterns (Krélikowska 2016).

Nevertheless, lapwings usually leave the nest immediately at the approach of a
predator penetrating into the territory (Salek & Cepakova 2006), probably behaving so
in order to prevent disclosing the nest’s position (Walters 1982, Koivula & Ronka 1998),
so it is easier for the predators to visit the nests during the absence of parents in the
territories. Experiment have proved, that corvids can fix the position of a sitting bird
from perches, and if they manage to break into the territory, they can locate and prey
on the temporarily abandoned nest (Chapter 4). The critical distance of the perch from
the nest in our research was 100 m - nests that were closer were predated significantly
more than nests further away (Chapter 4). Also other research proved that with the
growing distance from the perch the risk of predation decreases (Berg et al. 1992, Salek
& Smilauer 2002, MacDonald & Bolton 2008b, Laidlaw et al. 2015).

In Western Europe several approaches to eliminate predation has taken place,
however, these methods are time-consuming, expensive and often controversial, with
the potential for unforeseen increases in other predator or competitor species (Bodey
et al. 2009). Instead, special attention should be paid to breeding sites of lapwings e.g.
in land planning to avoid establishment of bio corridors, tree planting or afforestation



close to breeding grounds. Also, in revitalization projects, e.g. creation of small
wetlands, promote the importance of their placement in open country away from trees
and other perches, creation of shallow banks to eliminate the risk of chicks drowning
(Schekkerman et al. 2009) and avoid planting of trees to maximise benefits for waders.

Agri-environment climate measure (AECM) for the protection of Northern Lapwing

The decline in the abundance of the lapwing has resulted in a whole range of
conservation activities of a diverse nature. In addition to the protection of nests in
various ways (Chapter 3, Kragten & Snoo 2007, Schifferli et al. 2006, Schifferli et al.
2009, Malpas et al. 2013, Plard et al. 2020), a number of models are based on territorial
protection of lapwings breeding grounds including the improvements of their quality
(Chapter 1, Chapter 5, Sheldon et al. 2007, Smart et al. 2013, Hoodless & MacDonald
2014, Schmidt et al. 2017). A basic condition for well-targeted protection is a more
detailed knowledge of the current living requirements of lapwings, their distribution,
structure and character of nesting areas and nesting success. Therefore, in 2008, a
nationwide monitoring of the nesting occurrence of Lapwing was launched, which
aimed to gather the initial information needed to set the conditions for possible
territorial protection (Chapter 5).

Monitoring has shown that around 80 % lapwings nest on arable land today. The largest
colonies of lapwings were formed in ploughed fields. For breeding sites with known
history, half of them lapwings occupied each year and around one third regularly. The
presence of wetlands and meadows on the nesting site increased the number of nests,
and the presence of wetlands also increased hatching success (Chapter 5). The results
confirmed that, based on monitoring, it is possible to design areas where there is a high
probability of regular occurrence of lapwings. It was also confirmed that waterlogged
arable land is currently the most attractive environment for lapwings.

On the basis of these findings, the conditions of an agri-environment climate measure
were proposed (Chapter 5, Zdmecnik 2014), which we subsequently succeeded to get
implemented to as new measure of Common Agricultural Policy from 2015 (Chapter 6,
Ministry of Agriculture 2015).

The conditions of the measures were based on the established data on nesting
preferences. Farmers is required to leave the area as ploughed field until June 15, then
during the next month, sow the area with certified mixture of crops for pollinators or
wild game. This mixture has to plough from November 15 till the end of December to
create a suitable nesting environment for the lapwings after returning from their
wintering grounds. No chemicals are allowed to be used (Chapter 6, Ministry of
Agriculture 2015).



The support of lapwings, skylarks and other land-nesting species by creating uncropped
cultivated areas on arable land was on option within so-called Entry Level Stewardship
program, English equivalent to our AECM. Unlike in case of Czech Republic placement
of the measure was not directly linked to the historical occurrence of lapwings, despite
lapwings were breeding on 40 % of 212 plots (Chamberlain et al. 2009) or 33 % of 36
plots (MacDonald et al. 2012). Similar approach aimed at protection of lapwings
nesting on arable land was tested in Germany in 2010-2015. In contrast to England, it
was possible to enter here only with fields where lapwings historically nested.
Confirmed breeding of lapwing was on 43 % of 61 plots (Schmidt et al. 2017).

In order to select the most suitable areas for inclusion in the AECM, solid data on the
nesting occurrence of lapwings was necessary to obtain. That is why a special "Lapwing
database" was launched in 2012, which, in addition to usual requirements, also
requested for additional information as regularity of breeding occurrence, presence of
wet features, size of the breeding size or vegetation height. These additional data
helped to make a decision whether the given area is suitable for inclusion in AECM
(Zamecnik 2023). From 2012 till 2014, a total of 2,987 records were collected as a
baseline for selection of 260 breeding sites suitable for AECM. Over the years, it was
possible to add new areas, so in 2019 total number of eligible sites reached 433
breeding sites. The number of farmers who joined the measure gradually increased
from 2015 till 2019, when 77 sites of total area of 455 ha has been included in the
measure (Ministry of Agriculture, unpublished data).

Verification of AECM effectiveness took place in 2016, 2018 and 2020 and was funded
by the Ministry of Agriculture (Zamecnik 2020b). A pairwise comparison of areas was
chosen, where one area was included in the AECM and the other was registered as a
breeding ground, and at the same time other parameters were taken into account so
that the compared areas were as similar as possible (comparable area, similar
proportion of neighbouring cultures, presence of bare area on both monitored areas).
On both areas, 3 control visits were carried out during the season, the first at the
beginning of breeding season, the second at the time of chick hatching and the last one
at the time of chicks' fledging and hatching of chicks from replacement clutches. Also
possible occurrence of other wader species was monitored (Zdmecnik 2020b).

In 2020, when the number of observed sites was highest (totally 22 pairs), displaying
behaviour of lapwings was recorded on 64 % of 22 breeding sites involved in AECM
compared to 27 % of the control sites, however, no statistically significant difference
was found in favour of the areas in commitment. The results indicate that well-selected
areas are attractive for nesting lapwings. The fact that no statistically significant
difference was found between AECM and control is largely due to the strict entry
criteria. Compared to the assumptions, there was a surprising significant decrease in
the number of birds during further control visits (Zdmecnik 2020b).
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In 2022, a comprehensive revision of the layer of nesting sites, which are proposed in
the AECM, took place. All 433 areas were visited at least once during breeding season,
and based on results of monitoring, the personal data of the mappers and records in
the ornithological database, revision of the sites proposed as AECM was done.
Meanwhile, we evaluated all lapwing records in the ornithological database from last
5 years and, in cooperation with volunteers, new additional nesting sites were added.
In total, the total number of nesting sites suitable for AECM increased to more than
700 (Zamecnik 2022).

Outline of the thesis

The aim of the work was to expand the current awareness of the causes of the long-
term decline in the abundance of the Northern Lapwing, and to try, on the basis of
these updated data, to propose possible methods of practical protection that have the
potential to support not only this species, but also other representatives of waders and
bird species of open agricultural landscapes in general.

+» The initial aim of the work was to summaries a knowledge search supported by
our data on the current state of the population of formerly meadow wader
species, including lapwing, to identify on basic level the current threats and to
introduce the basic approaches to their protection (Chapter 1).

%+ As the main factor responsible for the population decline of these species is low
breeding success, therefore specific attention was paid to the identification of
nesting parameters that may be important for increasing overall success
(Chapter 2).

* In addition to natural predation, a significant proportion of nests are destroyed
unnecessarily by agricultural machinery, which is further driven by higher
acceptance of arable land as breeding ground, especially ploughed fields.
Therefore, our goal was to verify whether nest marking does not increase their
predation or the risk of their abandonment (Chapter 3).

% Although we did not actively engage in predation, we tried to verify with an
experiment what abilities predators have when detecting nests and what
parameters the nesting site should optimally have in order to eliminate at least
part of the predation events caused by corvids (Chapter 4).

» By systematically collecting data on the current population of lapwings and
other characteristics of their nesting environment, we obtained data that we
used for the design of the overall protection of nesting sites through the agri-
environment climate measure Protection of the Northern Lapwing (Chapter 5).
We were trying to further develop this protection model and, above all, to
motivate farmers to get involved in it on the largest possible area (Chapter 6).

D)

L)

L)
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Chapter 1

Threats and conservation of meadow-breeding shorebirds in the
Czech Republic and Slovakia

Vojtéch Kubelka, Vaclav Zdmeénik, Katarina Slabeyova, Vlasta Skorpikova & Miroslav
Salek
This article covers the most recent population estimates, trends, threats and
protection measures for five meadow-breeding shorebirds in the Czech Republic (CZ)
and Slovakia (SK): Northern Lapwing Vanellus vanellus, Black-tailed Godwit Limosa
limosa limosa, Common Redshank Tringa totanus totanus, Eurasian Curlew Numenius
arquata arquata and Common Snipe Gallinago gallinago gallinago. All species have
undergone strong long-term declines in CZ and SK, however, at least in recent years,
trends appear to have improved for Common Redshank and Northern Lapwing in CZ.
Common threats to grassland breeding shorebirds in both countries and major factors
driving observed declines have been: (1) drainage of grasslands, (2) conversion of
grasslands to arable land and high fertilizer input in meadows leading to overgrowth
and thick, poorly penetrable habitat, (3) drilling of meadows during the Lapwing
incubation period and (4) grazing abandonment at fishpond margins. The majority of
failed clutches have been depredated or damaged by agricultural machinery. Current
population estimates in breeding pairs are: Northern Lapwing (CZ: 5,000-7,000; SK:
2,000-4,000), Black-tailed Godwit (CZ: 5-10; SK: 0), Common Redshank (CZ: 25-40; SK:
20-50), Eurasian Curlew (CZ: 0-1; SK: 0) and Common Snipe (CZ: 500-800; SK: 30-100).
Conservation in small-scale nature reserves has been effective, as has direct nest
protection. Large-scale effective conservation on grasslands is generally lacking,
however a newly launched agri-environmental scheme for Northern Lapwing on arable
land seems to be a promising conservation measure, also promoting other wildlife in
the agricultural landscape.
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This article covers the most recent population estimates, trends, threats and
protection measures for five meadow-breeding shorebirds in the Czech Republic
(CZ) and Slovakia (SK): Northern Lapwing Vanellus vanellus, Black-tailed Godwit
Limosa limosa limosa, Common Redshank Tringa totanus totanus, Eurasian Curlew
Numenius arquata arquata and Common Snipe Gallinago gallinago gallinago. All
species have undergone strong long-term declines in CZ and SK, however, at
least in recent years, trends appear to have improved for Common Redshank
and Northern Lapwing in CZ. Common threats to grassland breeding shorebirds
in both countries and major factors driving observed declines have been: (1)
drainage of grasslands, (2) conversion of grasslands to arable land and high
fertilizer input in meadows leading to overgrowth and thick, poorly penetrable
habitat, (3) drilling of meadows during the Lapwing incubation period and (4)
grazing abandonment at fishpond margins. The majority of failed clutches have
been depredated or damaged by agricultural machinery. Current population
estimates in breeding pairs are: Northern Lapwing (CZ: 5,000-7,000; SK: 2,000-
4,000), Black-tailed Godwit (CZ: 5-10; SK: 0), Common Redshank (CZ: 25-40; SK:
20-50), Eurasian Curlew (CZ: 0-1; SK: 0) and Common Snipe (CZ: 500-800; SK:
30-100). Conservation in small-scale nature reserves has been effective, as has
direct nest protection. Large-scale effective conservation on grasslands is
generally lacking, however a newly launched agri-environmental scheme for
Northern Lapwing on arable land seems to be a promising conservation measure,
also promoting other wildlife in the agricultural landscape.
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INTRODUCTION

Development and intensity of agriculture

The Czech and Slovak agricultural landscapes went
through a quite complicated development with several
important changes in intensity and use of agricultural
land during the 20" century (e.g. Andreska 1990, Pykal
& Janda 1994, Sélek 2000, Albrecht 2015). Because the
Czech Republic (CZ) and Slovakia (SK) underwent the

‘velvet divorce’ from the former Czechoslovakia as recently
as 1993, changes in agriculture were very similar in both
countries. Here, we present a brief history of CZ, based
on Albrecht’s (2015) thorough summary with input from
other resources.

The area of agricultural land was persistently declining
(by about 20%) during 1927-2008. Until the 1980s, both
arable land and grassland were declining; since then,
arable land continued to decline, whereas grassland has
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been steadily increasing. The area of forest land increased
by about 10% since the Second World War (Albrecht
2015). South Moravia represents a unique biogeographical
region in CZ: it is warmer, drier, and generally flatter
than the rest of the country. It also features highly fertile
soil, and thus the region has long been a centre of agri-
culture. In South Moravia, there are 363,000 ha of cultivated
agricultural land, of which 90% is arable land. The trans-
formation of arable land to permanent grasslands recently
(comprising an area of 19,000 ha) has occurred mainly in
less fertile areas of the region, organic farming (4,900 ha
in 2007) has developed mainly in less productive parts,
and a total of 708 ha of agricultural land lay fallow
(Vaishar et al. 2011).

Numbers of farm animals changed significantly during
the focal period, which had an significant influence on
the intensity and nature of agricultural land use (Albrecht
2015). Numbers of cattle were significantly decreasing
until 1960, then increased nearly to the numbers present
in ca. 1927, and then again rapidly dropped to less than
half of the initial abundance. The conditions of cattle
breeding also changed significantly. Scattered small stable
breeding prevailed up to 1950. Cattle could graze only on
marginal lands that were difficult to use for other purposes,
and meadows were only mowed and all cut grass was
dried on site. Concentrated large-scale breeding with
minimal use of grazing was established during the later
period of collectivization, with silage production at drained
and graded meadows. After 1990 most cattle were bred
freely in pasturelands, including partially during the
winter. Numbers of horses decreased by about 93% during
the focal period, whereas numbers of sheep fluctuated
significantly (Albrecht 2015). Similarly to other European
countries (Hotker 1991), shorebirds in CZ, mainly during
1950-1990, were negatively affected by conversion of wet
grasslands into arable land, higher fertilizer input, excessive
use of pesticides, increased intensity of fishpond agriculture,
and direct nest destruction during farming operations
(Salek 2000). Conventional use of agricultural land is still
very intense, with high levels of direct nest destruction
(Kubelka et al. 2012a).

METHODS

This article summarizes the most updated population
estimates, trends, threats and protection measures for
five meadow-breeding shorebirds in CZ and SK: Northern
Lapwing Vanellus vanellus, Black-tailed Godwit Limosa
limosa limosa, Common Redshank Tringa totanus totanus,
Eurasian Curlew Numenius arquata arquata and Common
Snipe Gallinago gallinago gallinago. Presented information
is based on a review of published articles, grey literature
and unpublished datasets concerning both countries.
Other European ‘grasslands shorebirds’ do not currently
breed in the region, therefore they are not included here.

SPECIES AND BREEDING HABITAT

All five species inhabit various environments including
grasslands in CZ and SK. For four species, the legal
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conservation status is the same in both countries:
Northern Lapwing = Vulnerable (VU), Black-tailed
Godwit = Critically Endangered (CR), Eurasian Curlew
= CR, and Common Snipe = Endangered (EN). Common
Redshank is listed as CR in CZ, but as EN in SK (Danko
2002, Plesnik et al. 2003, Hudec & Stastny 2005).

Northern Lapwing, Black-tailed Godwit and Common
Redshank, formerly more or less strictly meadow shorebirds,
are nowadays more commonly using arable land in CZ
and SK for breeding (Salek 2000, Danko 2002, Stastny et
al. 2006). The increase in intensification was followed by a
decline in breeding shorebird populations (Martisko 1994,
Stastny et al. 2006) and a higher proportion of Northern
Lapwings (Salek 1990, 1994, Fiala 2002, Schropfer 2002,
Stastny et al. 2006) and later also Black-tailed Godwits
(Kubelka & Kadava 2014, Kubelka et al. 2016) started to
use arable land, especially its wetter parts (field wetlands),
as breeding habitat — i.e. habitat where nests are situated
(we have less precise information about the movement of
families, but in many cases they stay in the same habitat
during the chick rearing period). Due to political changes,
there was a decrease in agricultural intensity around 1990,
but without noticeable positive effects on breeding farmland
shorebird trends (Reif ef al. 2008).

Arable land is the predominant habitat for Northern Lap-
wing, hosting more than 75% of the breeding population
in CZ on ploughed fields, winter wheat and spring crops,
whereas meadows and pastures host a smaller proportion
of the breeding population (Kubelka et al. 2012a), with
preference for ploughed fields in South Bohemia (Sélek
1990, 1994, Kubelka 2015). The last breeding Black-tailed
Godwits in the whole region, in a South Bohemian
fishpond area near Ceské Budéjovice, are now equally
using arable land and meadows or pastures (Kubelka &
Kadava 2014), and sometimes also bottoms of fishponds
(Kubelka & Pykal 2012). However, the predominant
breeding habitat for both Black-tailed Godwit and Common
Redshank was wet meadow until the end of 20™ century
(Salek 1987, Martisko 1994, Bure§ 1998, Kubelka et al.
2016). Generally, all shorebirds use wetlands in the fields
and meadows for breeding more often during wetter
years and slowly overgrowing bottoms of fishponds during
drier years (Camlik et al. 2010, Kubelka & Pykal 2012,
own unpubl. data).

Breeding Common Redshanks were closely monitored
only in the fishpond area near Ceské Budéjovice and the
breeding habitat was recorded for 76 confirmed or
presumed breeding pairs during 2005-2016. Altogether,
fishpond bottoms or sludge lagoons were most commonly
used (46%, 35 pairs), then arable land with marshlands
(30%, 23 pairs) and least often meadows or pastures
(24%, 18 pairs). The shift towards the arable land is
notable even during this period. Only 11% of 38 pairs
used arable fields during 2005-2010, however 50% of 38
pairs of Redshanks used arable land for breeding during
2011-2016 (V. Kubelka unpubl. data).

Eurasian Curlew is still a proper grassland breeder with
nests only exceptionally found in arable land (Hudec &
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Stastny 2005, Gahura 2010). The last r egular b reeding
area was restricted to artificial grassland of Vaclav Havel
airport in Prague (Sena 2013, Zdarek et al. 2015). All
other traditional meadow breeding grounds have been
abandoned, particularly due to habitat deterioration and
human disturbance (Gahura 2010). The Common Snipe
differs from previous species and is not restricted to the
lowland wet meadows, but can also inhabit middle and

higher altitudes where it prefers even smaller wetlands
and peat bogs in forested landscape, with tolerance of
nearby trees and shrubs (Salek 2000, Stastny et al. 2006).

NUMBERS, TRENDS AND DISTRIBUTION

Northern Lapwing is the most common shorebird species
with the widest distribution in both countries: 5,000-
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Fig. 1. Trend of the abundance of Northern Lapwing Vanellus vanellus with 95% confidence intervals, based on the JPSP
— the common bird monitoring scheme in the Czech Republic (CSO 2017) since 1982 (100%).
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Fig. 2. Trend of the abundance of Northern Lapwing Vanellus vanellus in numbers of breeding pairs at Namest (centre:
49.2°N, 16.2°E) in Vysocina district (Fiala 2002) and Pisek (M. Salek unpubl. data) in South Bohemia (centre: 49.2°N, 14.1°F),
both in the Czech Republic. Covered regions differ in size. Empty years in Pisek region indicate no monitoring in that year.
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Fig. 3. Distribution of Northern Lapwing Vanellus vanellus breeding grounds in the Czech Republic based on volunteer
monitoring during 2012-2018. N = 4,972 visits of particular breeding grounds, many of them repeatedly (CSO, own

unpubl. data).

7,000 breeding pairs in CZ and 2,000-4,000 in SK. Three
detailed atlas-mapping work periods in CZ (1973-1977,
1985-1989, and 2001-2003; St’astn}'l et al. 2006), based on
the help of hundreds of volunteers, provide a good estimate
for the population trend in the whole country: approximately
20,000-40,000 pairs during 1985-1989 and only 7,000
10,000 pairs during 2001-2003 (Stastny et al. 2006).
According to the recent detailed monitoring of Lapwing
breeding grounds in CZ during 2012-2016, we estimate
the current population at approximately 5,000-7,000
breeding pairs (Zd4rek et al. 2015). There is only one
older estimate from national atlas mapping in SK: 2,500-
5,000 breeding pairs up to the year 2002 (Danko et al.
2002); the current estimate is 2,000-4,000 breeding pairs.

The long-term trend (ca. 1970-2014) is a strong decline in
both countries (Figs. 1 & 2; Danko et al. 2002, Stastny et
al. 2006, Zidkova et al. 2007, Kubelka et al. 2012a, own
unpubl. data). Where known, medium- and short-term
trends also show strong declines (Table 1), but in CZ the
short-term trend (ca. 2004-2014) is a moderate decline
(own unpubl. data, CSO 2017). Northern Lapwing is
spread all over both countries apart from the high mountains,
in various habitats of the agricultural landscape (Fig. 3;
Danko 2002, St’astn}’r et al. 2006, Kubelka et al. 2012a).
There are several estimates of Lapwing nest survival in CZ
(Table 2), but no thorough estimate of chick survival.

Black-tailed Godwit is a rare breeder in CZ with only 5-10
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breeding pairs left (Kubelka & Kadava 2014), and the
species is now gone from SK. Godwits have inhabited
mainly grasslands (meadows and pastures) in lowlands
of both countries, but half of the population in CZ breeds
nowadays on arable land (Kubelka & Kadava 2014, Kubelka
et al. 2016). Long-, medium- and short-term trends are
all strong declines for CZ (Fig. 4, Table 1); previous pop-
ulation estimates in CZ were 250-500 breeding pairs for
1973-1977, then only 30-60 pairs for 1985-1989 and
10-20 pairs for 2001-2003 (Hudec & Stastny 2005, Stastny
et al. 2006). There were 5-40 breeding pairs of godwits in
SK before 2002 (Danko et al. 2002).

Common Redshank is more or less equally abundant in
CZ (25-40 breeding pairs) and SK (20-50). Redshanks
inhabit mainly lowland partly-flooded pond-bottoms and
also meadows and pastures in CZ, and marshlands in
arable land in CZ and SK. Long-term trends are a strong
decline in CZ and a decline in SK. Medium-term trends
are strong declines in CZ, whereas the short-term trend
in CZ is probably stable (Table 1; Sélek 1996, Kubelka &
Pykal 2012, Bures 2015). Previous population estimates
based on atlas mapping in CZ are 80-150 breeding pairs
for 1973-1977, 40-60 pairs for 1985-1989 and 25-40
pairs for 2001-2003 (Hudec & Stastny 2005, Stastny et al.
2006) and numbers seem to be the same since then
(Kubelka & Pykal 2012, Zdérek et al. 2015). There were
35-70 breeding pairs of Common Redshank in SK before
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Fig. 4. Trend of the abundance of Black-tailed Godwit Limosa limosa in IBA Ceskobudéjovické rybniky (centre: 49.0°N,
14.3°E) in South Bohemia, Czech Republic during 1990-2016. These include confirmed and presumed breeding pairs
only. Adopted from Bure$ 2012, Kubelka & Kadava 2014, Kubelka et al. 2016 and V. Kubelka unpubl. data.

2002 (Danko et al. 2002) and the decline may not be so
pronounced at some localities (Fig. 5). No demographic
parameters are available for this species.

Eurasian Curlew is a very rare breeder in CZ (0-1 pairs).
The species is now gone from SK. Curlews mainly inhabit
grasslands (meadow and pastures) in lower elevations.
Long-, medium- and short-term trends are strong declines
in CZ (Fig. 6), as is the long-term trend in SK (Table 1).
Previous estimates for CZ were 25-50 breeding pairs for
1973-1977, 5-15 pairs for 1985-1989 and 1-3 pairs for
2001-2003 (Hudec & Stastny 2005, Stastny et al. 2006).

Recently, pairs are occasionally seen in suitable breeding
habitat, but breeding was not confirmed for several years
(CSO & CZU 2018). There were 3-30 breeding pairs of
Eurasian Curlew in SK before 2002 (Danko et al. 2002).
Apparent nest survival from the vanishing South Moravian
population of this species during 1974-2001 was as follows:
out of 50 nests, mainly meadow clutches, 23 (46%) hatched
at least one chick, 22 (44%) were depredated, one (2%)
damaged by agricultural machinery and four (8%) abandoned.
Chick survival was very low. From 140-150 breeding pairs
in the area over the years, fledged juveniles were detected

Table 1. Current population estimates and trends of five shorebird species in the Czech Republic (CZ) and Slovakia (SK)

See text for details.

Population estimate

Long-term trend

Medium-term trend = Medium-term trend = Short-term trend

Species State | (breeding pairs) ca. 1970-2014 ca. 1970-1990 ca. 1990-2014 ca. 2004-2014
Northern Lapwing cz 5,000-7,000 strong decline strong decline strong decline moderate decline
Vanellus vanelfus SK 2,000-4,000 strong decline ? ? ?
Black-tailed Godwit cz 5-10 strong decline strong decline strong decline strong decline
Limosa limosa SK 0 strong decline ? ? ?
Common Redshank cz 25-40 strong decline strong decline strong decline stable
Tringa totanus sK 20-50 decline ? ? ?
BuEskn Curilw cz 0-1 strong decline strong decline strong decline strong decline
Numenius arquata SK 0 strong decline ? ? ?
Common Snipe cz 500-800 strong decline strong decline strong decline ?
Gallinago gallinago SK 30-100 strong decline ? ? ?
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Fig. 5. Trend of the abundance of Common Redshank Tringa totanus in IBA Poiplie in Central South Slovakia during
1996-2017. Maximum number of possibly breeding pairs is presented (Mojzis et al. 2011, M. Mojzis, D. Kerestur, R. Vaclav
pers. comm.). Empty years indicate no monitoring in that year.

only in 15 cases. Most chicks were killed by mowing
machinery and the rest by predators (Gahura 2010).

Common Snipe breeds regularly in both countries: 500—
800 breeding pairs in CZ and 30-100 in SK. Common
Snipes inhabit lowland grasslands (meadows and pastures)
as well as peat-bogs in more forested landscapes at higher
elevations. Long-term trends are a strong decline in CZ
(Fig. 7) and SK; medium- and short-term trends are also
a strong decline in CZ (Table 1). Previous estimates for
CZ were 1,200-2,400 pairs for 1985-1989 and 500-800
pairs for 2001-2003 (Hudec & Stastny 2005, Stastny et al.
2006). There exist no more updated estimates in CZ and
itis difficult to judge whether the negative trend continues
because some areas seem to be similarly occupied by
Common Snipes in recent decades (Fig. 8). There were
100-250 breeding pairs of Common Snipe in SK before
2002 (Danko et al. 2002). No demographic parameters
are available for this species.

THREATS AND CONSERVATION

Northern Lapwing

Common threats to grassland-breeding Lapwings in both
countries and major factors driving these trends are:
drainage of grasslands; conversion of grasslands to arable
land; high fertilizer input in meadows leading to overgrowth
and thick, poorly penetrable habitat; drilling of meadows
during the Lapwing incubation period; and grazing aban-
donment at fishpond margins (Sélek 1994, 2000, Danko
2002, St’astny'l et al. 2006, Kubelka 2015). Fishpond cultivation
intensification in CZ also plays a role (Salek 2000, Albrecht
2015).
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Apart from indirect effects of agricultural intensification,
there are key threats of nest and chick predation and
direct damage by agricultural machinery. Predation is
the most common cause of failure of Lapwing clutches
in South Bohemia (Table 2; Sélek 1992, Sélek & Smilauer
2002, Kubelka & Salek 2013, Kubelka 2015), West
Bohemia (Schropfer 2002) and East Bohemia (Table 2).
Larger breeding colonies in meadows experienced a
lower nest predation rate (Salek & Smilauer 2002). Daily
nest predation rate has increased over 25 years in the
fishpond area near Ceské Budé&jovice (Fig. 9). Nest
cameras have recorded three mammal predators as most
important: Red Fox Vulpes vulpes, Stone Marten Martes
foina and Eurasian Badger Meles meles (Kubelka 2015,
Sladecek et al. unpubl. data). However, avian predators
probably also play a role (Sdlek & Cepdkova 2006, Salek
& Zamecnik 2014) and Klabnik (1984) noted the Carrion
Crow Corvus corone as the only recorded predator of
Lapwing clutches in North Bohemia. Three avian predators
were determined as chick predators in CZ: Marsh Harrier
Circus aeruginosus, Common Kestrel Falco tinnunculus
and Long-eared Owl Asio otus (Kubelka 2015, Zamec¢nik
et al. unpubl. data).

Direct nest destruction by agricultural machinery is a
common and widespread cause of Lapwing clutch failure
(Table 2). When a ploughed field is cultivated, the egg
loss can reach 100% (own unpubl. data). It could be the
same for meadows which are often drilled or rolled
during the Lapwing incubation period (Salek 1992, 1994).
Damage by agricultural machinery could be much higher
without direct nest protection; e.g. in South Bohemia,
37% of 52 nests would be damaged instead of the observed
14% in 2011, and 55% of 57 nests instead of only 2% in
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Fig. 6. Trend of the abundance of Eurasian Curlew Numenius arquata in South Moravia (centre: 48.9°N, 17.3°E), Czech
Republic during 1974-2010. These include confirmed and presumed breeding pairs only. There was one non-breeding
pair in 2003 and no breeding Curlews were recorded afterwards (Gahura 2010).

2012 (Kubelka 2015). Therefore, we can assume that in a
conventional agricultural landscape in CZ without any
conservation measures, at least one third of all clutches
(especially from first breeding attempts) is damaged by
agricultural machinery every year.

Nest trampling by cattle is only a minor problem at a few
localities where cattle are released to the pasture in the
middle of the Lapwing incubation period (own unpubl.

data). Another detected threat (based on the chick ringing
data) is hunting pressure at wintering sites, which has been
found to be negatively associated with Lapwing population
trends in different parts of CZ (Zidkova et al. 2007).

Large-scale effective protection for Lapwings on grasslands
is generally lacking, but protection in small-scale nature
reserves can work well. Conservation measures in CZ
consist of efficient small-scale measures (nature reserves

Table 2. Apparent nest survival and failure estimates for Northern Lapwing Vanellus vanellus from three localities in the
different part of Bohemia. Other failures mean overgrowing in Plzensko, flooding and unknown nest failure in

Ceskobudgjovicko.

Apparent survival and failure of clutches (% from all nests)

Area Years n nests Source
Hatched Depredated = Machinery Other Abandoned

Ceskobudéjovicko

(South Bohemia, CZ) 1988-1991 267 60.4% 21.7% 13.9% 0.0% 3.0% Salek 1992

(GPS 49.1°N, 14.3°E)

Ceskobudéjovicko own unpubl

(South Bohemia, CZ) 2011-2015 545 38.2% 47.9% 5.7% 2.0% 6.2% datzrzl) ’

(GPS 49.1°N, 14.3°E)

Plzensko Schropfer

(West Bohemia, CZ) 1992-2001 35 34.3% 42.9% 14.3% 8.7% 0.0% 200‘;

(GPS 49.6°N, 13.2°E)

Krélovéhradecko own unpubl

(East Bohemia, CZ) 2012-2014 119 53.5% 31.0% 11.6% 0.0% 3.9% dat:E) ’

(GPS 50.2°N, 15.6°E)
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Fig. 7. Trend of the abundance of Common Snipe Gallinago gallinago with 95% confidence intervals, based on the JPSP
— the common bird monitoring scheme in the Czech Republic (CSO 2017) since 1982 (100%).
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Fig. 8. Locality occupancy by at least one Common Snipe Gallinago gallinago in Vysocina district (centre: 49.5°N, 15.6°E),
Czech Republic during 1990-2016. Number of monitored localities each year is given in each bar (V. Kodet unpubl. data).

with a high water table) and direct nest protection against
agricultural machinery (Kubelka et al. 2012b). This pro-
tection consists of two thin 2 m-long conspicuous bamboo
poles with the top end highlighted with reflective spray,
placed along the line of cultivation 10-12 m apart, with a
nest in the middle. The measure works very well, as it is
adequately obvious for farmers, but the marking does
not increase nest predation (Zamecnik et al. 2018). An
agri-environmental scheme for Lapwings on arable land,
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consisting of the ploughed field left without any intervention
through the breeding period (Zamec¢nik 2014), seems to
be promising after four years in practice, but exact evalu-
ations have not been done yet.

Black-tailed Godwit

The main factors driving the declines are the same as for
Lapwing (Sélek 1987, Bures 2012). Effective large-scale
protection measures are generally lacking. Direct nest
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Fig. 9. Daily predation rates (+ standard error) of Northern Lapwing Vanellus vanellus nests near Ceské Bud&jovice (centre:
49.1°N, 14.2°E) in South Bohemia, Czech Republic (Salek & Smilauer 2002, V. Kubelka et al. unpubl. data, M. Salek et al.
unpubl. data, V. Storek pers. comm.). Daily nest predation computation follows Mayfield’s (1961, 1975) approach with
SE computation according to Johnson (1979). Sample sizes (number of nests involved) are given in each bar.

protection works well at the last breeding grounds of this
species in South Bohemia (Zame¢nik et al. 2018). Nego-
tiation with fish farmers to maintain a low water level in
a fishpond, after Black-tailed Godwits or Common Red-
shanks initiate breeding on the fishpond bottom, has
been proven as an effective conservation measure (Kubelka
& Pykal 2012).

Common Redshank

The main factors driving the declines are the same as for
Lapwing (Salek 1987, 1996, 2000). Effective large-scale
protection measures are generally lacking. Protection in
CZ and SK consists of nature reserves, and direct nest-
site protection is applied effectively for part of the
population in South Bohemia, CZ (Zame¢nik et al. 2018).

Eurasian Curlew

The main factors driving the declines are the same as for
Lapwing; another factor in CZ is the higher human dis-
turbance at former breeding grounds (Gahura 2010).
Effective large-scale protection measures are generally
lacking. There are no protection measures in CZ; the last
regular breeding site was the airport and the airport
regime, paradoxically without human disturbance, is
probably the best protection.

Common Snipe

The conversion of meadows to arable land, drainage of
wetlands, high fertilizer input, and drainage of meadows
are assumed to be the main threats in CZ and SK (Salek
2000, Danko et al. 2002, Hudec & Stastny 2005). An agri-

environmental scheme implemented on meadows in CZ
during 2004-2013, consisting of a postponed cutting
regime only (Scharf et al. 2007), has not been properly
evaluated, but it was probably ineffective as shorebirds
avoided these sites (V. Kodet pers. comm., own unpubl.
data). Therefore, application of this scheme was terminated
in 2014. Protection in nature reserves with a higher water
table works well in some parts of CZ and SK, as does
quite sophisticated restoration of former peat bogs (Lysak
& Kodet 2016), where Common Snipe can work nicely as
a flagship and umbrella species (Kodet 2017).

FUTURE PERSPECTIVES

Meadow shorebirds are still generally declining in CZ and
SK. However, at least in recent years, improvement of these
trends is apparent for a few species. In addition to direct
nest protection for various shorebird species, which is
effective and has not increased nest predation rates (Zamec¢nik
et al. 2018), revitalisation of peat bogs is beneficial for
Common Snipe (Lysak & Kodet 2016) and can serve as an
inspiration for future revitalisation projects. Another con-
servation measure successfully promoting meadow shorebirds
consists of leaving fishponds at a low water level through
the whole breeding season. This prescription works very
well, however, negotiation with fish farmers is difficult and
rarely successful (Sychra et al. 2008).

A very promising conservation tool for meadow shorebirds
seems to be the new agri-environmental scheme launched
for Northern Lapwing on arable land in CZ in 2015. This
prescription consists of non-managed ploughed fields
during the whole breeding season, preferably at traditional
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and waterlogged breeding grounds (Zamec¢nik 2014),
which is very similar to the German scheme (Schmidt et
al. 2017). The recent comparison of agri-environmental
scheme plots with control sites (Lapwing breeding grounds
were also suggested for the prescription, but not imple-
mented by the farmer) suggests that the scheme not only
promotes a higher abundance of Northern Lapwing but
also attracts Lapwing families with chicks hatched elsewhere,
as well as Common Redshank and Black-tailed Godwit,
which are very rare in CZ. Other farmland birds such as
Eurasian Skylark Alauda arvensis and Western Yellow
Wagtail Motacilla flava, as well as daylight-active butterflies
and bumblebees, also benefit from the scheme (V. Kubelka
unpubl. data). Northern Lapwing works nicely as the
‘umbrella species’ in this case; however, thorough evaluation
of overall breeding productivity is still needed, with quan-
tification of key mortality factors for nests and chicks
(e.g. predation, agricultural machinery, starvation) on
the plots under the agri-environmental scheme regime
and on control plots.
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Chapter 2

Seasonality predicts egg size better than nesting habitat in a
precocial shorebird

Vojtéch Kubelka, Martin Sladecek, Vaclav Zameénik, Eva Vozabulova & Miroslav Salek

Egg size represents a fundamental predictor of chick mass and body condition. Chicks
from bigger eggs have significantly increased survival, especially in precocial species,
where chicks must forage for themselves and cope with environmental threats, such
as bad weather or predators. Therefore, our understanding of the factors influencing
egg size is crucial both from the perspective of their breeding ecology as well as of their
conservation. However, studies simultaneously addressing multiple factors and
qguantifying their influence on egg size in large samples are rare. Here, we test the
effect of seasonality, clutch size and nesting habitat on egg size, measured as volume,
in a ground-nesting shorebird, the Northern Lapwing Vanellus vanellus, using a sample
of 4384 eggs from 1125 clutches in South Bohemia, Czech Republic, during the period
between 1988 and 2018. We report a significant decline in egg size over the breeding
season, on average bigger eggs in larger clutches with a significant difference between
2-egg and 4-egg clutches, and no direct effect of nesting habitat. From our review of
the same predictors across 15 Northern Lapwing populations throughout Europe it is
apparent that replacement or late clutches have on average 3—7% smaller eggs than
first or early clutches. Nesting habitat only rarely affects egg size and there are no
significant differences in egg size between 3-egg and 4-egg clutches. Earlier studies
showed that chicks hatching from bigger eggs early in the breeding season performed
better, and that there was higher food abundance available for chicks at that time. This
fact, together with the documented seasonal decline in egg size, sends an important
message to conservationists and policymakers that early breeding attempts may play
a pivotal role in safeguarding shorebird breeding productivity.

Published as:
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predicts egg size better than nesting habitat in a precocial shorebird. Ardea 107: 239—-
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Egg size represents a fundamental predictor of chick mass and body condition.
Chicks from bigger eggs have significantly increased survival, especially in
precocial species, where chicks must forage for themselves and cope with envi-
ronmental threats, such as bad weather or predators. Therefore, our under-
standing of the factors influencing egg size is crucial both from the perspective
of their breeding ecology as well as of their conservation. However, studies
simultaneously addressing multiple factors and quantifying their influence on
egg size in large samples are rare. Here, we test the effect of seasonality, clutch
size and nesting habitat on egg size, measured as volume, in a ground-nesting
shorebird, the Northern Lapwing Vanellus vanellus, using a sample of 4384
eggs from 1125 clutches in South Bohemia, Czech Republic, during the period
between 1988 and 2018. We report a significant decline in egg size over the
breeding season, on average bigger eggs in larger clutches with a significant
difference between 2-egg and 4-egg clutches, and no direct effect of nesting
habitat. From our review of the same predictors across 15 Northern Lapwing
populations throughout Europe it is apparent that replacement or late clutches
have on average 3-7% smaller eggs than first or early clutches. Nesting habitat
only rarely affects egg size and there are no significant differences in egg size
between 3-egg and 4-egg clutches. Earlier studies showed that chicks hatching
from bigger eggs early in the breeding season performed better, and that there
was higher food abundance available for chicks at that time. This fact, together
with the documented seasonal decline in egg size, sends an important message
to conservationists and policymakers that early breeding attempts may play a
pivotal role in safeguarding shorebird breeding productivity.
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Egg size in birds is not only a measure of parental tant for precocial birds, where chicks must forage for
investment, but also represents an important predictor  themselves soon after hatching and are more exposed
of chick growth and survival (Williams 1994, Christians  to harsh climatic conditions or predators in comparison
2002, Krist 2011). In general, egg size is more impor-  with altricial nestlings (Starck & Ricklefs 1998). Pre-
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cocial birds enhance survival of their chicks by invest-
ing more in eggs, which are, on average, proportionally
more energy-rich and larger than eggs of altricial birds
(Carey et al. 1980, Sotherland & Rahn 1987, Starck &
Ricklefs 1998, Deeming 2007, Stoddard et al. 2017).
Shorebirds belong to the bird clades with the propor-
tionally largest eggs (Rahn et al. 1975).

The positive relationship between egg size and
chick size, measured usually as, respectively, volume
and mass, has been found in many bird species (Martin
1987, Christians 2002, Krist 2011) including shorebirds
(Byrkjedal & Kélas 1985, Galbraith 1988a, Grant 1991,
Thompson & Hale 1991, Hegyi 1996, Blomqvist et al.
1997, Hegyi & Sasvari 1998, Dittmann & Hotker 2001,
Sheldon 2002, Larsen et al. 2003). Bigger chicks are in
better body condition, are capable of longer-lasting self-
thermoregulation, are more effective at searching for
prey and can escape from predators easier. This advan-
tage of hatching from a bigger egg can positively
influence chick survival until fledging (Davis 1975,
Galbraith 1988a, Bolton 1991, Grant 1991, Sheldon
2002, Eglington et al. 2010, Krist 2011).

Variability in egg size is higher among clutches than
within a clutch (Nol et al. 1984, Redmond 1986,
Thompson & Hale 1991, Blomqvist & Johansson 1995,
Dittmann & Hotker 2001, Parish et al. 2001). Egg size
thus seems to be a consistent maternal trait, because
eggs in a female’s consecutive clutches are more similar
in size than the eggs of different females, and intrinsic
factors of particular females, such as protein storage or
ovary size, probably play an important role (Christians
2002). Nevertheless, older, more experienced and
heavier females lay bigger eggs than younger and
lighter individuals of the same species (Nol et al. 1984,
Thompson & Hale 1991, Parish et al. 2001, Christians
2002). Despite the generally assumed pivotal role of
female intrinsic characteristics (Christians 2002), envi-
ronmental factors, e.g. food availability during the egg
formation period, can influence egg size (Lank et al.
1985, Perrins 1996, Nol et al. 1997). As food avail-
ability can differ among nesting habitat types (e.g.
Galbraith 1988b, Blomgqvist & Johansson 1995),
habitat quality may influence not only the food avail-
ability for chicks (Devereux et al. 2004, Kentie et al.
2013), but also the egg size via the food supply for
females prior to the egg-laying period. Furthermore,
eggs in replacement or seasonally later clutches tend to
be smaller than in the first ones (Byrkjedal & Kalas
1985, Redmond 1986, Galbraith 1988a, Salek 1995,
Hegyi 1996, Grgnstgl 1997, Hegyi & Sasvari 1998,
Sandercock et al. 1999, Sharpe 2006), possibly suggest-
ing combined effects of intrinsic as well as several envi-
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ronmental factors. Therefore, a possible seasonal
change in egg size could have important consequences
for chick survival.

From interspecific comparison it is apparent that
many bird species trade-off the number of eggs in the
clutch against egg size (Blackburn 1991, Figuerola &
Green 2006, Martin et al. 2006). However, this pattern
has not been found in shorebirds (Olsen et al. 1994),
which usually have clutches of four eggs (Lack 1947,
Arnold 1999), although there is some inter and intra-
specific variability in the number of eggs in complete
clutches (del Hoyo et al. 2018). Studies on the trade-off
between egg size and clutch size at the intraspecific
level are less common (e.g. Rohwer 1988, Hotdk et al.
2008, Pellerin et al. 2016, Song et al. 2016).

The Northern Lapwing Vanellus vanellus, a precocial
shorebird, breeds in agricultural landscapes using
diverse nesting habitats with variable availability of
different foraging opportunities (Cramp & Simmons
1983, Shrubb 2007). This species probably aggregates
energetic reserves for egg production particularly after

Northern Lapwing Vanellus vanellus chicks facing a difficult
future while hatching late in the breeding season from smaller
eggs in a maize field, which is often hot and dry with scarce
food supply (photo V. Kubelka, 26 May 2012, Cestiovice, South
Bohemia, Czech Republic).
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arrival to its breeding grounds, as suggested by indirect
evidence (Galbraith 1989, Blomqvist & Johansson
1995, Shrubb 2007), lays a varying number of eggs in
the clutch (Cramp & Simmons 1983, Shrubb 2007)
despite a predominant clutch size of four eggs (Klomp
1970), and thus represents a suitable model species for
investigating environmental or physiological factors
affecting egg size (Galbraith 1988a).

Our aim is to assess and quantify the role of factors
influencing egg size in Northern Lapwings and discuss
the implications for conservation practices. We are
using a long-term data set to ask the following ques-
tions. (1) Do seasonal timing (seasonality), nesting
habitat and/or clutch size influence egg size? (2) Is
chick size after hatching predicted by egg size in our
study area? In addition, by reviewing the existing liter-
ature, we investigate (3) variation in the effect size of
seasonality, nesting habitat and clutch size across
Northern Lapwing populations, and discuss possible
consequences for chick performance.

METHODS

Study area and field measurements

We searched for Northern Lapwing (Lapwing from
hereon) nests near Ceské Bud&jovice, Czech Republic,
during 17 breeding seasons: 1988-1989, 1991, 1993-
1994, 1996-1997, 2008-2009, 2011-2018. The study
area (centre: 49.0°N, 14.4°E) consists of approximately
60 km? of agricultural landscape with prevailing arable
land at an altitude of 380-420 m (for more details see
Sélek & Smilauer 2002, Zame¢nik et al. 2018). Lap-
wings breed in the whole area in small aggregations
(rarely more than 25 pairs) or less commonly as indi-
vidual pairs. We searched for nests using binoculars
and telescopes, or by direct nest searching in denser
breeding colonies during the breeding season. The peak
of the start of incubation was usually during the first
two weeks in April with the overall median on 7 April,

the earliest clutch incubation started on 19 March in
2017 and the latest on 15 June in 2013.

We recorded nest locations and assigned nesting
habitat into one of six categories (Table 1). We deter-
mined the first day of incubation for each nest using
the flotation method (van Paassen et al. 1984) or using
the observed egg-laying dates of first or sequential
eggs. The incubation start represents a day when the
third egg was laid (Shrubb 2007). For two egg clutches
the laying date of the second egg was used. We took
egg measurements (length, width) to the nearest 0.05
mm using vernier calipers. Due to possible egg size
differences with the laying sequence within clutches
(Lislevand et al. 2005), only complete clutches were
included. Nests where not all eggs were measured and
also two-egg or three-egg clutches found at a later incu-
bation stage were excluded to eliminate a possible
effect of partial predation on clutch size and mean
within-clutch egg size in a clutch. The final dataset
contained 1125 clutches with all eggs measured, speci-
fied known nesting habitat and defined first day of
incubation. During 2013-2014 we also weighed chicks
in or close to the nest at the day of hatching, using elec-
tronic scales with an accuracy of 0.01 g. The fate of
chicks was not determined in this study. Additionally,
we collected data following the same procedures in
East Bohemia (50.18°N, 15.61°E; more detail on study
site in Zamecnik et al. 2018), at c. 200 km from the
South Bohemian study site. These data were used only
in the comparison among European populations.

Data processing

From the egg measurements, we estimated egg volume
according to Galbraith’s (1988) formula: V = 0.457X
LXW2, where V is egg volume in mm?, L is length of the
egg in mm and W is width of the egg in mm. We
converted the values to cm® and calculated the mean
egg volume for each clutch as the targeted response
variable. Similarly, we computed mean body mass of
freshly hatched chicks from each clutch. We coded the

Table 1. Description of nesting habitat categories in South Bohemia, Czech Republic, and relative proportion (%) of these habitats

among 1125 clutches.

Habitat category Description Number (%)
Ploughed field Ploughed fields, stubble fields with partial ploughing 32
Meadow Meadows and pastures 13
Winter crops Winter wheat, oil-seed-rape fields 15
Spring crops Harrowed fields, spring crops, maize fields, spring beans 33
Clover Clovers and temporary grass planting on arable land 1
Other Fallow lands, dry fishpond bottoms, other marshlands, potatoes 6
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first day of incubation for each clutch as the number of
days since the start of the calendar year, but without
taking into account leap years, for easier comparability
of data; thus 91 always equals 1 April and 152 equals 1
June, etc. Because a warmer winter or wetter spring
can accelerate the start of the Lapwing breeding season
(Both et al. 2005, Musters et al. 2010) and the timing
of the breeding season was unique every year in our
study population, we also computed standardized first
days of incubation expressed as a number of days prior
to or after the median first day of incubation for each
year separately. There was no temporal trend in egg
size variation for the 1125 clutches over the 17
breeding seasons of 1988-2018 (General Linear Model:
slope = -0.009, F; 1153 = 1.12, P = 0.282), which is
important when addressing the questions in this study.

Literature review and effect size assessment

We searched for relevant publications using the key-
words 'Northern Lapwing' or 'Vanellus vanellus' in the
electronic databases Web of Science, Searchable Orni-
thological Research Archive and Google Scholar, or via
reference works (Cramp & Simmons 1983, Shrubb
2007, del Hoyo et al. 2018) and references in relevant
publications. We found 13 publications which held
information on egg size and at least one predictor that
is also used in this study, in combination with our two
data sets, this accounts to 15 Lapwing populations in
our review study.

For better comparison among populations, we
expressed the effect size of each predictor as a relative
percentage difference between mean values of the
tested categories and the overall mean egg size in a
particular dataset. The reasons for this standardization
was a possible geographical variation in egg size, as
seen in shorebirds (Vdisédnen 1977) and in Lapwings
particularly (Chylarecki et al. 1997), and the fact that
some studies used different egg volume computations
or used egg mass instead of egg volume. Seasonality
was reported in two ways: (1) comparison between
first and replacement clutches as assessed in individu-
ally marked birds; (2) comparison between early and
late clutches using the regression line of egg size
against incubation start days over the two-month
breeding season. In the cases where the breeding
season was a little bit longer (Sheldon 2002, this
study), the effect size was adjusted for a two months
period only. Note that in two studies (Sheldon 2002,
Sharpe 2006), the date was not standardized according
to the yearly median of the first day of incubation, and
therefore the seasonal change in egg size could be less
apparent in these cases.
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When reporting the influence of nesting habitat on
egg size, only Galbraith (1988a) had a proportionally
balanced distribution of first and replacement clutches
between two tested prevalent habitat categories, and
Murton & Westwood (1974) had similar sample sizes
between habitats for different months during the
breeding season. Other studies did not account for the
possible different proportions of first and replacement
clutches between two tested habitats and one study
(Cherkaoui & Hanane 2011) even acknowledges the
possible impact of this disbalance on egg size. No study
accounted for a possible influence of a change in clutch
size over the breeding season (Shrubb 2007). It is
therefore necessary to interpret the significance of
reported values and the comparison of effect sizes of
clutch size and nesting habitat among studies with
caution.

We incorporated data in the comparative analyses
only if more than ten clutches were available per cate-
gory, otherwise, we assigned them as NA: no data
available. In the case of Klabnik (1984), we calculated
egg volumes from the mean egg measurements accord-
ing to the given formula (Galbraith 1988a) and then
calculated egg size differences for particular categories
from egg volumes. For the estimates of predictor effect
sizes, in four studies (Murton & Westwood 1974,
Galbraith 1988a, Baines 1990, Blomgvist & Johansson
1995) we calculated mean egg volumes for each cate-
gory from the given subset values (e.g. per year or
habitat) using a weighted mean according to sample
size (number of clutches) in each subset. We used these
values for the predictor effect size estimates by calcu-
lating the percentage difference between the mean
values of tested categories and the overall mean egg
size in the particular dataset of the given Lapwing
population. Overall values of predictor effect sizes were
calculated as the mean weighted by sample size
(number of clutches) across all studies that reported
the relationship and its quantification.

Statistical analyses

All statistical analyses were performed with R v. 3.3.3
(R Core Team 2017). We performed general linear
models (GLM) using the ‘lm’ function or general linear
mixed-effects models (GLMM) fitted with the ‘lmer’
function from the Ime4’ package (Bates & Maechler
2012). Apart from models with one dependent variable
only, we performed two models to assess simultane-
ously the effect of seasonality, habitat and clutch size
on egg size. The first model included all three possible
two-way interactions between variables but because
none of them were significant, the model presented
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here included only fixed effects of the three dependent
variables with year as a random intercept. Models were
estimating the effect of particular variables while
controlling for all other variables in the model (Table
3). Individual categories of nest habitat and clutch size
were compared using post-hoc multiple comparisons of
means (Tukey contrasts) in the ‘multcomp’ package
(Hothorn et al. 2017). Model assumptions, such as
normality and homoscedasticity of residuals, were
checked visually from diagnostic plots (Crawley 2013).
To visualize uncertainty in our model estimates in plots,
we added the 95% credible intervals based on the joint
posterior distribution of 5000 simulated values based
on model outputs as generated by the ‘sim’ function in
R (Gelman et al. 2016). Data and R codes for this study
are available at Open Science Framework (https://osf.
io/zxbhs/).

RESULTS

Effect of seasonality, clutch size and nesting habitat
on egg size in South Bohemia

The mean egg volume in the clutch varied from 19 to
28 cm? (mean: 23.40 cm® = 1.38 SD, median: 23.44
cm®) and declined significantly over the breeding
season, using the first day of incubation for individual
clutches (Figure 1, Table 2). Also clutch size was signif-
icantly related to mean egg size (Table 2). Mean egg
volume in 2-eggs clutches was 4.1% smaller than in 4-
eggs clutches (Tukey contrasts: z = 2.77, P = 0.021);
other clutch sizes did not differ significantly, although

Table 2. Effect of seasonality, clutch size and nesting habitat on
mean egg size in the clutch. Linear mixed effect models with the
random intercept effect of year, all variables were controlled for
the effect of remaining ones (type III analysis controlling for the
effect of all remaining predictors, n = 1125 clutches). Two-way
interactions and single terms are included in the first model.
Seasonality is expressed as standardized first day of incubation,
see Methods for more details.

Model Predictor F df P

First Seasonality 2.57 1,1101 0.110
Clutch size 5.27 3,1100 0.001
Habitat 1.77 5,1076 0.012
Seasonality x Clutch size 1.85 2,1096  0.160
Seasonality x Habitat 1.32 5,1073 0.250
Habitatx Clutch size 1.30 7,1098 0.250

Second Seasonality 68.79 1,7640 <0.001
Clutch size 3.25 3,1112 0.020
Habitat 1.27 5,7990  0.270
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Figure 1. Mean egg volume in clutches in relation to standard-
ized first day of incubation (n = 1125 clutches in 17 breeding
seasons during 1988-2018 in South Bohemia, Czech Republic).
Line with shaded area indicates model prediction with 95%
credible intervals based on the joint posterior distribution of
5000 simulated values based on model outputs (Table 2) and
generated by the ‘sim’ function in R (Gelman et al. 2016). Box-
plots represent two 10-day periods before and six 10-day
periods after the median of the first incubation day each year.
Medians are denoted by thick lines, 25% and 75% quartiles by
boxes, whiskers denote minimum and maximum values (when
these do not expand beyond the = 1.5 times inter-quartile
range), or 1.5 inter-quartile range with outliers denoted with
open circles.
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Figure 2. Mean egg volume in the clutch in relation to the
clutch size. See Figure 1 for an explanation of the box plots.
Overall n = 1125 clutches, 4 eggs = 987 clutches, 3 eggs = 121
clutches, 2 eggs = 16 clutches, 5 eggs = 1 clutch) during 1998
2018 in South Bohemia, Czech Republic.

egg size tended to increase with clutch size (Figure 2).
There was no effect of nesting habitat after controlling
for seasonality and clutch size (Table 2). Nesting habitat
was significant only on its own (GLMM: Fs 794 = 11.67,
P < 0.001), with on average smaller eggs in spring
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crops later in the season (Table 3), than in ploughed
fields, meadows and winter crops (Tukey contrasts: all
P-values < 0.001). In the comparison of three main
habitats with similar mean first day of incubation, i.e.
ploughed field, meadow and winter crop (Table 3), the
habitat category did not influence the mean egg
volume in the clutch (GLMM: F; 5g; = 1.65, P = 0.190,
n = 676 clutches).

Table 3. Mean egg volumes and mean clutch incubation start
date in six nesting habitats (n = 1125 clutches) in South
Bohemia during 1988-2018. For more detailed habitat descrip-
tions see Table 1.

Habitat Mean egg SE Mean SE n
volume incubation  (days)
(cm?3) start
Ploughed field 23.71 0.07 6 April 0.59 362
Meadow 23.56 0.11 2 April 0.55 147
Winter crops 23.49 0.10 4 April 0.59 167
Spring crops 2297  0.07 27 April 0.94 367
Clover 23.85 0.30 8 April 3.75 15
Other 23.43 0.18 11 April 1.88 67

Egg size and chick size in South Bohemia

The mean chick mass in a clutch right after hatching
was significantly related to the mean egg volume in the
clutch (GLM: slope = 0.701, F 44 = 99.32, Adjusted
R? = 0.69, P < 0.001) with heavier chicks hatching
from bigger eggs (Figure 3).

Comparison among European populations

There was a significant effect of seasonality (first
clutches vs. replacements, or regression of egg size over
the two-month breeding season) on egg size in 7 out of
the 11 reviewed studies (Table 4). All 10 studies that
reported relationships were negative: generally,
clutches laid later in the season consisted of smaller
eggs than clutches from the first part of the breeding
season. On average there was a 5.6% decline (range
0.1-11.8%, n = 10 studies, 2389 clutches) of egg size
in the course of the breeding season. When the two
approaches assessing seasonality were treated sepa-
rately, the average decline for known first and replace-
ment clutches was 2.9% (0.1-11.8%, n = 5 studies,
612 clutches), and the regression over the two-month
breeding season showed a mean decline of 6.5%
(5.9-7.3%, n = 5 studies, 1777 clutches).

Table 4. Review of seasonality, nesting habitat and clutch size effect on egg size in different Northern Lapwing populations. NA = no
data available, ns = no significant relationship. NA/ns = reporting non-significant relationship but without exact data for the effect
size estimate. Two main habitat categories are compared in each study. Only 3-eggs and 4-eggs clutches are compared. Relationships
are expressed in percentage of the difference between mean values of tested categories from the overall mean egg size in the partic-
ular dataset (see Methods for details) and are directional for seasonality and clutch size but not for nesting habitat. Significant rela-
tionships (given by test presented in each study) are highlighted in bold.

Source Location Study period Number of Seasonality? Habitat Clutch size
clutches (eggs) (% change) 3-4
this study, Salek 1995 S Bohemia (CZ) 1988-2018 1125 (4384) (-6.8%) 0.4% (ns) +1.1% (ns)
our unpubl. data E Bohemia (CZ) 2013-2018 119 (467) (-6.1%) 1.3% (ns) +0.3% (ns)
Baines 1990 N England (GB) 1986-1987 386 NA 0.2% (ns) NA
Bellebaum & Dittberner 2001 ~ NE Germany 2000 69 (252) (-3.5%) NA NA
Blomgqvist & Johansson 1995 SW Sweeden 1987-1990 216 (787) -0.1% 2.9% NA
Cherkaouki & Hanane 2011 N Morocco 2003-2010 69 (255) NA 3.1% NA
Galbraith 1988a S Scotland (GB) 1984-1986 220 (790)° -2.3% 2.9% +1.0% (ns)
Grgnstgl 1997 W Norway 1991-1994 72 (288)° -11.8% NA NA
Hart et al. 2002 SE England (GB) 1997 61 (226) NA/ns NA/ns +0.9% (ns)
Hegyi 1996 C Hungary 1988-1995 34> -3.8% NA NA
Klabnik 1984 N Bohemia (CZ) 1975-1981 83 (318) NA NA -0.8% (ns)
Murton & Westwood 1974 E England (GB) 1971-1973 55 (205) NA 6.0% NA
Parish et al. 2001 NE England (GB)  1992-1995 702 -4.0% NA NA
Sharpe 2006 N Wales (GB) 2003-2004 274 (-7.3%) NA/ns NA/ns
Sheldon 2002 C England (GB) 1999-2000 190 (-5.2%) NA/ns NA/ns

afirst vs. replacement clutches, or the regression line through the whole season (in parentheses)
bmarked/individually recognized females — Seasonality means first vs. replacement clutches of the same females
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Figure 3. Relationship between mean chick mass at the day of
hatching and mean egg volume. Line with shaded area indicates
model prediction with 95% credible intervals based on the joint
posterior distribution of 5000 simulated values based on model
outputs (Table 2; see caption Figure 1). As we were not aware of
the hatching order of chicks, the mean chick body mass from all
chicks in the clutch and the mean egg volume of all eggs in the
clutch were used, each dot in the figure represents one
family/clutch (n = 46 clutches comprising 161 chicks during
2013-2014) in South Bohemia, Czech Republic.

The influence of nesting habitat, measured as the
difference between the two most prevalent habitat cate-
gories, was significant in four out of ten cases. On three
occasions, eggs were bigger in arable land than in
coastal pastures, rough grazed pastureland or heath-
land. In one case, eggs were bigger in wet meadows
than in saline grasslands. In all four cases, the study
sites were dominated by a uniform habitat type. The
effect size was between 0.2-6.0% (n = 7 studies, 2190
clutches; Table 4), but note different habitat categories.
There were no significant differences in egg size
between clutches of three or four eggs in any of the
seven studies. The effect size was on average 0.9%
(-0.8-1.1%, n = 5 studies, 1608 clutches) of the mean
egg size (Table 4).

DISCUSSION

We have investigated the relative importance of three
factors — seasonality, nest habitat and clutch size —
potentially influencing egg size in Northern Lapwings
in Europe. By using a long-term dataset from South
Bohemia and reviewing literature we estimated, for the
first time, effect sizes across multiple populations. We
targeted our research on egg size with several possible
response variables (seasonality given by egg-laying
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date, nesting habitat, clutch size or habitat), but
directly studied other parameters of reproductive
investment, such as clutch size (Shrubb 2007) and egg-
laying date (e.g. Both et al. 2005, Brandsma et al.
2017).

Seasonality

Seasonal timing has the biggest effect on egg size in
Lapwings, with first clutches at the beginning of the
breeding season containing on average 5.6% larger
eggs in comparison with late and probable replacement
clutches. This finding is in line with studies of other
shorebirds (Byrkjedal & Kalas 1985, Redmond 1986,
Hegyi 1996, Hegyi & Sasvari 1998, Sandercock et al.
1999).

We identify three main, but not mutually exclusive,
factors that can be responsible for this phenomenon:
(1) depleted energy reserves during laying of a replace-
ment clutch (Hegyi & Sasvari 1998), (2) younger
females producing smaller eggs and laying generally
later in the season (Christians 2002), and (3) lower
food availability for females laying later in the breeding
season. There are several indications that the females’
food supply influences egg size and that energetically
rich earthworms play an important role (Baines 1990,
Grgnstgl 1997). For example, in South Sweden,
Lapwings arrived at their breeding grounds at the same
time, but females at the sites with more earthworms
started laying earlier (Hogstedt 1974). The more time
spent before egg-laying on arable land with better
availability of earthworms, the bigger eggs produced
(Blomgvist & Johansson 1995). Earthworms become
less available later in the season as they retreat deeper
into the soil, particularly during dry weather conditions
(Baines 1990, Beintema et al. 1991), or, they may be
less easily found in compacted soil under growing
crops. Warmer winters and wetter springs can accel-
erate the start of the Lapwing breeding season (Both et
al. 2005, Musters et al. 2010), however, more rain early
in the spring could also mean more easily available
prey for females (Ausden et al. 2001), which could be
used to gather more energy and produce larger eggs
than during dry conditions.

Habitat

The effect of habitat on egg size was only significant in
four out of ten studies. All these four studies share a
feature of landscape uniformity and polarization. This
‘landscape polarization’ (Wilson et al. 2001, Siriwardena
et al. 2012), defined as the presence of different but
uniform habitats at various parts of the study area,
probably limits feeding possibilities of an individual
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Lapwing, because there are less or no other different
habitats around the nest site. In three studies, eggs
were found to be always bigger in arable land than in
coastal pastures (Blomqvist & Johansson 1995), rough
grazed pastureland (Galbraith 1988a) or heathland
(Murton & Westwood 1974), which is in accordance
with better earthworm availability in arable land
(Blomgvist & Johansson 1995). Two studies (Blomgvist
& Johansson 1995, Cherkaoui & Hanane 2011) report-
ed smaller eggs in the habitat with higher proportions
of replacement clutches, and only two studies (Murton
& Westwood 1974, Galbraith 1988a) could be partially
controlled for seasonality (see Methods). Therefore, the
overall effect of habitat on egg size must be interpreted
with caution; it can be over-estimated and be more
driven by seasonality, similarly to the findings in South
Bohemia.

On the other hand, no egg size differences among
habitats were found in studies without ‘landscape
polarization’ within the study area, i.e. consisting of
grassland only (Baines 1990, Hart et al. 2002) or arable
land only (Sharpe 2006, East Bohemia in this study),
probably only with subtle qualitative differences
between prevailing nesting habitat categories. Further-
more, the effect of habitat on egg size in Lapwing was
also not visible in a mosaic agriculture landscape
consisting of a heterogeneous mixture of arable fields
with different crop types, meadows, pastures and fish
ponds (South Bohemia, this study, Sheldon 2002),
where females can easily feed nearby in different habi-
tats, which is a common behaviour in Lapwings (Baines
1990, Berg 1993, Blomgqvist & Johansson 1995), there-
by removing any effect of nesting habitat on egg size.
Although egg sizes differed among some habitats
within arable land in South Bohemia (this study), this
was in fact caused by seasonality (here the incubation
start date), and not by habitat. The smaller eggs in
replacement clutches later in the season in spring
cereals, after mechanical damage of first clutches
during agricultural activities such as harrowing of
ploughed fields, is the most probable explanation of
this pattern. This finding implies that future studies
should address all possible relevant predictors simulta-
neously in one model to be able to distinguish their
relative importance.

Clutch size

There were no significant differences in egg size
between the 3- and 4-egg clutches based on the litera-
ture review. However, there was a slight tendency to
bigger eggs in larger clutches, with eggs of 4-egg
clutches being on average 0.9% larger than 3-egg
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clutches. The significantly smaller eggs in 2-egg
clutches in South Bohemia fits this pattern. Similarly,
also Galbraith (1988a) found smaller egg volumes in 2-
egg clutches in comparison with larger clutches.
However, apart from the South Bohemian study loca-
tions, none of the other studies accounted for the
possible change in clutch size over the season (Shrubb
2007), therefore it is important to treat the comparison
among studies with caution. Nevertheless, any differ-
ence in egg size between 3-egg and 4-egg clutches is
small, probably with only minor biological relevance.

The data gathered here suggest that Lapwings that
produce smaller clutches do not have more energy to
increase egg size, following the trade-off principle. On
the contrary, the egg size is generally smaller in these
smaller clutches, especially in South Bohemia (Salek
1995, this study), demonstrating that Northern Lap-
wings do not trade-off clutch size against egg size
among individuals. But this may of course be different
within individuals. This finding corresponds to inter-
specific comparisons among shorebirds (Olsen et al.
1994) and intraspecific studies in some waterfowl
species (Rohwer 1988, Hordk et al. 2008).

Chick survival and conservation implications

The well-studied advantage of heavier shorebird chicks
hatched from bigger eggs (Byrkjedal & Kélas 1985,
Galbraith 1988a, Grant 1991, Thompson & Hale 1991,
Hegyi 1996, Blomqvist et al. 1997, Hegyi & Sasvari
1998, Dittmann & Hotker 2001, Sheldon 2002, Larsen
et al. 2003) was confirmed also for Northern Lapwings
breeding in South Bohemia. Besides the quality of
parents (Blomqvist et al. 1997), any initial advantage
of a larger size can have significant effects on body
condition, growth and survival (Galbraith 1988a,
Sheldon 2002). In Scotland, chicks hatched from eggs
bigger than 23 cm?® were twice as likely to survive until
fledging as chicks from smaller eggs (Galbraith 1988a).
A similar advantage for higher chick survival was
apparent also in Sweden (Blomgvist et al. 1997). Our
finding of on average 5.6% larger eggs and subse-
quently bigger chicks at the beginning of the breeding
season compared to the end of the season, will prob-
ably provide an important advantage to early hatching
Lapwing chicks. In addition, availability of food and
water for chicks is also known to often deteriorate at
the end of the breeding season (Matter 1982, Galbraith
1988c, Beintema et al. 1991). Chicks can try to compen-
sate for decreased food availability by increasing
foraging activity; however, this means a higher expo-
sure to potential predators (Evans 2004) and likely an
increase in the chick predation rate (Mason et al.
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2018). Maintaining high food availability for adults
and chicks could be stimulated by a high-water table
during the breeding season (e.g. Eglington et al. 2010),
and could be an important conservation measure for
shorebirds breeding in agricultural grasslands.

The Northern Lapwing has undergone a significant
decline throughout Europe (BirdLife International
2004, Delany et al. 2009) and despite extensive efforts
to change this trend (e.g. Tucker et al. 1994, Wilson et
al. 2009), the species is still declining (BirdLife Inter-
national 2015). The majority of Lapwing populations,
either on grassland or in regions with predominantly
arable fields, are not able to produce a sufficient
number of fledglings to compensate for year-round
adult mortality (Peach et al. 1994, French et al. 2000,
Sheldon 2002, Sharpe 2006, Roodbergen et al. 2012)
and chick survival may play a pivotal role (Roodbergen
et al. 2012).

In light of the current results it is obvious that
conservation measures for Lapwings should involve
support for the first breeding attempts by preventing
clutch losses due to destruction by agricultural activi-
ties, in particular during the early breeding season. This
can be achieved via nest protection (Kragten et al.
2008, Zamecnik et al. 2018), or on a larger scale, with
the use of effective agri-environmental schemes
(Eglington et al. 2010, Smart et al. 2014, Schmidt et al.
2017). However, nest predation seems to be in general
the most common case of shorebird nest failure
(MacDonald & Bolton 2008) and an increase in nest
predation rates has been recorded throughout Europe
(Roodbergen et al. 2012, Kubelka et al. 2018). There-
fore, the use of predator exclusion by nest exclosures
(Isaksson et al. 2007), habitat management (Laidlaw et
al. 2017) or predator control (Bolton et al. 2007) might
be also essential for the multifaceted support of
Lapwing breeding success at sites with high predation
pressure.

Taken together, the literature review and our own
field data show that in Lapwings bigger eggs, together
with food being more readily available for chicks at the
beginning of the breeding season, is a double advan-
tage for chicks hatching from the first breeding
attempt. Protection of first clutches together with safe-
guarding or restoring food availability via a higher
water table should be an important target in conserva-
tion measures for shorebirds breeding in the agricul-
tural landscape.
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SAMENVATTING

De grootte van een ei voorspelt in hoge mate het gewicht en de
lichaamsconditie van het kuiken dat uiteindelijk uit het ei
kruipt. Grote eieren bieden een aanzienlijk betere overlevings-
kans voor de nakomelingen dan kleine, vooral bij nestvlieders
(waarvan de kuikens na het uitkomen zelf moeten foerageren,
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bestand moeten zijn tegen soms barre weersomstandigheden en
op hen loerende roofdieren). Daarom is het belangrijk om te
begrijpen welke factoren de grootte van eieren beinvloeden,
zowel vanuit een broedecologisch perspectief alsook vanuit
vogelbeschermingsoogpunt. Het komt echter niet veel voor dat
in een studie meerdere factoren tegelijkertijd worden gemeten
om zo hun invloed op de grootte van eieren te kwantificeren. In
dit onderzoek testten we het effect van de tijd in het seizoen, de
legselgrootte en de nesthabitat op het volume van eieren bij de
Kievit Vanellus vanellus in Zuid-Bohemen (Tsjechié). Tussen
1988 en 2018 werden in totaal 4384 eieren (1125 legsels)
gemeten. Het volume van de eieren nam gedurende het broed-
seizoen significant af. Gemiddeld waren de eieren in grote
legsels groter dan in kleine legsels (verschil tussen tweelegsels
en vierlegsels significant). We vonden geen direct effect van de
nesthabitat op het volume van de eieren. Uit ons overzicht van
dezelfde variabelen in 15 kievitenpopulaties in Europa die
eerder waren onderzocht, blijkt dat vervangende of late legsels
gemiddeld 3-7% kleinere eieren hebben dan eerste of vroege
legsels. De nesthabitat beinvloedde in deze studies de grootte
van de eieren niet of nauwelijks. En er waren geen significante
verschillen in de grootte van de eieren tussen legsels met drie en
vier eieren. Vroegere studies hebben laten zien dat kuikens uit
grote eieren vroeg in het broedseizoen het beter doen dan kleine
eieren later in het seizoen en dat de voedselbeschikbaarheid
vroeg in het seizoen beter is. Dit gegeven, samen met de gedo-
cumenteerde seizoenafname van de grootte van de eieren, is
ook belangrijk voor natuurbeschermers en beleidsmakers.
Vroege broedpogingen kunnen een cruciale rol spelen bij het
verbeteren van het broedsucces van steltlopers.
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Chapter 3

Visible marking of wader nests to avoid damage by farmers does
not increase nest predation

Vaclav Zdmeénik, Vojtéch Kubelka & Miroslav Salek

Only a few studies have assessed the predation risk on artificially marked nests, or have
examined ways of marking nests to avoid destruction by machinery. Until now,
however, neither type of study has directly addressed this apparent trade-off
experimentally. The impact of marking the nests of Northern Lapwing Vanellus vanellus
with thin 2 m-long conspicuous bamboo poles with the top end highlighted with
reflective red or orange spray has been tested for three years in two breeding areas of
waders in the Czech Republic. A total of 52 pairs of nests on agricultural land, with each
pair consisting of one marked nest and one unmarked reference counterpart nest,
were monitored for 2004 nest-days until hatching, agricultural operations or failure.
The results proved that marking itself does not result in increased nest predation. The
nests found in the early incubation stage were under higher threat of depredation,
irrespective of the presence of marking. Our results show that it is possible to find a
finely-tuned trade-off in nest marking of ground-nesting birds between risk of damage
by agricultural machinery and risk of increased nest predation. Our positive experience
with Northern Lapwing, and episodically with three other wader species in the Czech
Republic, suggests that this direct nest protection could be used effectively for a wider
variety of ground-nesting birds.
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Visible marking of wader nests to avoid damage
by farmers does not increase nest predation

VACLAV ZAMECNIK, VOJTECH KUBELKA and MIROSLAV SALEK

Summary

Only a few studies have assessed the predation risk on artificially marked nests, or have examined
ways of marking nests to avoid destruction by machinery. Until now, however, neither type of study
has directly addressed this apparent trade-off experimentally. The impact of marking the nests of
Northern Lapwing Vanellus vanellus with thin 2 m-long conspicuous bamboo poles with the top end
highlighted with reflective red or orange spray has been tested for three years in two breeding areas
of waders in the Czech Republic. A total of 52 pairs of nests on agricultural land, with each pair con-
sisting of one marked nest and one unmarked reference counterpart nest, were monitored for 2004
nest-days until hatching, agricultural operations or failure. The results proved that marking itself
does not result in increased nest predation. The nests found in the early incubation stage were under
higher threat of depredation, irrespective of the presence of marking. Our results show that it is
possible to find a finely-tuned trade-off in nest marking of ground-nesting birds between risk of
damage by agricultural machinery and risk of increased nest predation. Our positive experience with
Northern Lapwing, and episodically with three other wader species in the Czech Republic, suggests
that this direct nest protection could be used effectively for a wider variety of ground-nesting birds.

Introduction

In most European countries the numbers of farmland birds have declined over recent decades
(Chamberlain et al. 2000, Donald et al. 2001, 2006, Chamberlain and Vickery 2002, Butler et al.
2010, PECBMS 2013). There is an increasing evidence that one of the main problems for ground-
nesting birds is low breeding success due to intensive agriculture and predation (e.g. MacDonald
and Bolton 2008, Roodbergen et al. 2012). Several approaches to the elimination of nest destruc-
tion and depredation have been developed in many European countries, including various forms
of direct nest protection (Guldemond et al. 1993, Isaksson et al. 2007, Kragten et al. 2008, Griiebler
et al. 2012, Kentie et al. 2015, Santangeli et al. 2015, Sutherland et al. 2015). On meadows and
arable land, the most widely-used technique is conspicuous marking to make the nest site visible
to farmers operating machinery, e.g. with bamboo poles (Kragten et al. 2008, Schifferli et al. 2006,
2009). Farmers usually drive round the nest and leave a small part of the land undisturbed. The
area of undisturbed land varies from several square metres in the case of waders and songbirds
(Kentie et al. 2015, Schifferli et al. 2006; Griiebler et al. 2012) up to dozens of square metres in
the case of Montagu’s Harrier Circus pygargus (Kunstmiiller and Kodet 2008). Direct protection
is primarily applied to avoid nest destruction by farm machinery, but the use of relatively short
poles just 1 m in height and inconspicuously coloured may not be sufficiently visible to farmers,
and may therefore not be very effective in nest protection (Kragten et al. 2008). At the same time,
marking itself has been considered to increase the risk of nest depredation (Kragten et al. 2008).
However, the assumption about the risk of depredation of directly protected wader nests has
never been properly verified experimentally.
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The objective of our study was to investigate the use of long poles that are more visible to farm-
ers and therefore more effective for direct protection of nests. It provides new findings from the
Czech Republic, where the local population of Northern Lapwing Vanellus vanellus dropped by
around 90% between 1982 and 2015 (Czech Society for Ornithology 2015). Most of this popula-
tion breeds on arable land, where it is strongly dependent on farmland practices. As in other
European countries, the main factors responsible for this decline are intensification of farming
which includes irrigation, conversion of grasslands to arable, the development of agricultural
machinery, increased use of pesticides and fertilisers (Fiala 2002, Stastny et al. 2006, Kubelka
et al. 2012a, Zameénik 2013), and predation of nests and chicks (Salek 2000). On grasslands, the
most high-risk operations are spring rolling and harrowing (Salek 2000, Kubelka et al. 2012b); on
arable land, the nests are often destroyed during cultivation of ploughed and fallow fields and
when spring crops are sown (Kubelka et al. 2012a). Since 2009, direct protection of Lapwing nests
has been one of the cross-compliance requirements. All farmers in the Czech Republic receiving
direct payments are obliged to avoid destruction of nests when they have been officially informed
about their position (Ministry of Agriculture of the Czech Republic 2015). This tool is still imple-
mented only occasionally, but on traditional breeding sites it can be a crucial way of eliminating
the destruction of clutches by farming activities. However, before this option can be promoted
more widely among volunteers it is necessary to gather enough evidence that it is an effective
measure and constitutes best practice. For this reason, the main objective of our study was to test
experimentally whether marking the nests with two thin bamboo poles which would be visible
enough to operating farmers affects the risk of predation on active Northern Lapwing nests.
Our study aimed to provide evidence on whether nest marking of this type can be considered a
safe conservation tool as regards the nest predation risk to ground-nesting birds in an agricultural
landscape.

Methods
Data collection

Field work was carried out between 2010 and 2013 in two regions of the Czech Republic, one in
South Bohemia (49.12N, 14.31E) and one in East Bohemia (50.18N, 15.61E), with a total area
of about 500 km?. In both regions, the dominant habitat is agricultural land, mainly a mosaic of
arable (winter wheat, ploughed fields, spring cereal, oilseed rape, maize) interspersed with mead-
ows, pastures (only in south Bohemia), linear non-cropped habitats along ditches and roads and,
especially in south Bohemia, fishponds. The main potential nest predator species (red fox Vulpes
vulpes, beech marten Martes foina, pine marten M. martes, stoat Mustela erminea, weasel
M. nivalis, European hedgehog Erinaceus europaeus, Marsh Harrier Circus aeruginosus and
Carrion Crow Corovus corone) are identical for these two areas (own observations and data from
cameras placed at the nests).

Northern Lapwing breeding sites were determined on the basis of the conspicuous display and
courtship behaviour of birds (e.g. Cramp and Simmons 1983) from the second half of March until
the end of May. Nests were located either visually with the use of binoculars and spotting scopes,
or by direct inspection of densely populated fields by a skirmish line with 5-8 (max. 12) observers
(Kubelka et al. 2012b). The positions of the nests that were found were stored in a GPS tracker.
All nests were marked with a thin willow twig 50 cm long fixed 15 m from the nest, exactly as in
Salek and Smilauer (2002). This inconspicuous marking was found not to affect nest survival
(Galbraith 1988). The incubation stage was assessed using a flotation test (van Paassen et al.
1984). When more than one nest was found in the same type of habitat and with a similar incuba-
tion stage and position within the field, pairs of nests were established and one (randomly selected)
of the nests was provided with bamboo poles. Paired nests were chosen to be approximately
50—200 m away from each other. The bamboo poles were 2 m in length, 2—3.5 cm thick at the base,
and 1 cm thick at the top. The top end was highlighted with a reflective red or orange spray.
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The sprayed part of the bamboo was 15—20 cm in length. The bamboo poles were fixed along the
line of cultivation 10-12 m apart, with a nest in the middle.

Our experiment was designed exclusively to test nest predation risk, i.e. nest pairs were situ-
ated in fields where no immediate farming activity was expected. Nevertheless, farmers were
informed about the position of poles and if we were informed about an unexpected farming opera-
tion that could cause nest destruction, the experiment ended just before this operation (as control
nests were also protected by bamboo poles). Both paired nests were repeatedly visited on the same
day at irregular intervals, with a median of seven days (minimum two days and maximum
18 days), until the final fate of any of them was determined. Nests were recorded as successful
when at least one egg hatched. Eggs were assumed to have hatched successfully when chicks or
small remnants of eggshell were present in the nest (Green et al. 1987). Nests were assumed to
have failed when no eggs hatched. If a nest was found empty, without eggshell remnants, or with
large pieces of eggshell nearby, the nest was recorded as depredated. If there were signs of recent
farming operations, and remnants of the nest were found, the nest was recorded as failed due to
farming activities (three nests in two pairs, one nest even with bamboo poles). In our dataset, the
losses were due only to predation and agricultural machinery; there was no desertion or other
reason for failure. Once one of the nests was depredated or destroyed, the experiment on that pair
was terminated. The date of predation was then calculated as the midpoint of the period between
the last visit when eggs were present and the final visit. For the three nests (two pairs) destroyed
by farm machinery, the experiment was terminated by the date of the last positive visit.

Data analysis

We used a paired t-test to test whether both marked and unmarked nests were equally distributed
in respect to distance from the habitat edge. In order to assess whether the nests provided with
poles also attracted predators toward the nest counterparts without poles, we compared the pro-
portion of simultaneous predation events on both nests within nest pairs and proportion of preda-
tion events on just any one of the two nests within a pair. If the former prevails, we can assume
significant attraction of poles for predators to both nests in a pair. The nest predation rate was
calculated according to Mayfield (1975) as the proportion of the number of depredated nests and
the sum of nest-day exposures. Hatching success reflected the daily survival rate powered by the
mean incubation period of Northern Lapwing (27 days; Cramp and Simmons 1983).

A mixed-effect model (GLMM) with the chi-square testing procedure (likelihood ratio test,
LRT) was applied to assess the fixed effects of poles, incubation stage, habitat, distances from the
habitat edge and the interactions of the poles with all remaining predictors on the nest predation
risk (response variable) expressed binomially (surviving = 1, predation = o). Non-predation
means a still active nest with eggs, or a hatched nest. The nest-specific incubation stage on the day
when the experiment began might add to the explanation of nest depredation, so we included it in
the model. As the locality might pseudo-replicate the predation risk of the same predators, we
assigned nest pairs and breeding grounds as random effects. First we tested the effects of interac-
tions, and after they had been removed we checked the contributions of the fixed effects (Crawley
2007). We adopted a = 0.05 for the rejection of a hypothesis. We also checked the relationship
between incubation stage on the day when the poles were installed and the day in the season
(corrected by median date of incubation start in analysed nests within particular years). All
statistical procedures were performed by ‘Ime4’ package in R, version 3.1.2 (R Core Development
Team 2014).

Results

A total of 104 nests in 52 pairs of nests in 15 localities, accounting for 2004 nest-days of exposure
and 57 depredated nests were included in the analysis (Table 1). The distance from the nearest
habitat edge of nests provided with poles [140 m + (SE) 12.3 m] did not differ significantly from
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Table 1. Dataset of nest pairs collected for various habitats in two areas in Bohemia.

Bohemia ploughed field maize spring cereal other
South 26 11 6 3
East 6 o o o

the control nests without poles [131 m + (SE) 13.7 m] (paired t-test, ty; = 1.4, P = 0.18). The incu-
bation stage on the day of the beginning of the experiment was identical for the nests provided
with poles [nine days + (SE) 0.8 days] and for the nests without poles [nine days + (SE) 0.8 days]
(paired t-test, t;; = 0.2, P = 0.82). Incubation stage was not correlated with day in the season
(Spearman’s rank correlation coefficient r; = -0.16, P = 0.10).

The total daily nest predation rate was 2.8% = (SE) 0.37%. The daily predation rate was 2.8% =+
(SE) 0.54% in the marked nests (n = 52) and 2.8% = (SE) 0.51% in the unmarked nests (n = 52),
i.e. the hatching success was 47.0% for the marked nests and 44.8% for the unmarked nests.
The mixed-effect model did not detect an effect of poles on the predation risk of the experimental
nests (Table 2). The incubation stage was the only significant fixed effect; it showed that fresh
nests were more prone to predation risk than nests closer to hatching date. As shown in Figure 1,
nests found in the halfway incubation stage (14 days) still had about a 60% chance of survival
while the nests found earlier had markedly reduced survival. We did not detect significant effects
of habitat, distance from field edge or any interaction on nest survival, with the exception of the
interaction poles x stage. This suggested that there were different effects of incubation stage in
nests provided with poles and in nests without poles. A post-hoc analysis indicates that the nests
without poles were more prone to depredation in the early stages of incubation (GLMM,; estimate =
0.04 + (SE) 0.011, %> = 12.2, P < 0.001) than the nests provided with poles (GLMM; x> = 1.9, P =
0.17). The proportion of simultaneously depredated nest pairs (40.4%) was not significantly
higher than the number of predation events on one (28.8%) of the two paired nests (test of pro-
portions, x>, = 1.1, P = 0.30). We suggest that the poles did not affect simultaneous attraction to
both nests within experimental pairs.

Discussion

Although marking of ground-nesting birds’ nests for nest protection is generally used in many
European countries, only a few studies have evaluated the effectiveness of this marking
(Sutherland et al. 2015). Our experience indicates that, when applied in an optimal way, direct
nest protection could be a suitable method for avoiding nest destruction during farming opera-
tions without raising the risk of nest depredation or desertion.

Probably the largest investigation was carried out in 2005 and 2006 in the Netherlands; this
analysis included 1,644 protected nests against 229 nests without any protection (Kragten et al.
2008). The authors recorded a higher rate of predation of the marked nests in one study area

Table 2. Results of a mixed-effect model explaining the effects of the factors on the predation risk for the
experimental Northern Lapwing nests. Ordered according to decreasing x> values. A positive estimate means
increasing survival.

Predictor estimate SE x> df P

stage 0.04 0.007 20.867 1,8 < 0.001
poles:stage —0.02 0.012 3.841 1, 10 0.050
habitat 0.19 0.132 2.045 1,8 0.153
poles 0.01 0.062 0.022 1,8 0.882
poles:edge -0.09 0.200 0.234 1,10 0.628
edge 0.01 0.156 0.009 1,8 0.925
poles:habitat 0.06 0.128 0.265 1,10 0.607
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Figure 1. Probability (+95% CI) of nest survival (n = 104 nests) according to nest stage at the
date of pole installation. All nests (provided with poles and without poles) are included.

during one season. They admit that the conspicuous markings may enhance nest predation in
some circumstances. In addition, 6% of protected nests were destroyed due to farming operations.
According to Gotmark (1992), marking itself reduces nest destruction due to farming operations,
but might attract predators through investigator disturbance. To avoid this potential bias, an
experimental design based on pairing of nests, with only one of them marked and the other as a
reference nest, was applied in our study. This design helped us to eliminate the effects of habitat,
locality and to control the incubation stage at the date when the experiment started. However, our
study has not revealed any impact of marking of nests on nest predation.

Timing of conservation action

Nests at earlier stages of incubation are under higher risk of predation as these include a group of
poorly placed nests prone to be easily discovered by predators (Ricklefs 1969, Martin and Roper
1988, Eggers et al. 2005). An explanation that fresh Lapwing clutches were defended less inten-
sively and thus were more exposed to predation risk is not supported by previous investigation
(Kis et al. 2000). If these early clutches are marked for a longer time before field cultivation,
subsequent losses due to predation will make this measure inefficient due to the unreasonable
demands that it makes on farmers as these either unnecessarily drive around depredated nest or
have to stop the tractor to check the nest. If it is depredated, drivers have to take away the bamboo
poles before continuing their work.

A further risk connected with marking of early clutches is nest desertion. In Switzerland,
half of the Lapwing nests marked with bamboo poles while eggs were being laid were deserted,
probably due to sensitivity of females to disturbance of this kind in the early stages of nesting
(Schifferli et al. 2009). This was probably aggravated by the relatively close placement of the
poles, only 2—3 m from the nest. Also Kragten et al. (2008) recorded greater desertion of marked
nests than of unmarked nests. As the nests in their study were marked immediately after they
were found, clutches in the early stages of incubation were very likely also included. In our study,

54



V. Zdmecnik et al.

nest marking did not result in any nest desertion, as bamboo poles were placed only when the
clutches were complete. This indicates that clutches that are just being laid should be marked with
poles only if field operations are imminent. If this is not possible, it is questionable whether the
nests should be protected at all, having in mind the uncertain benefits of this measure in this
particular case. Our finding that nests without poles were more prone to depredation in the early
incubation stages than nests provided with poles we interpret as a type I error.

Optimal use of bamboo poles

In our experiment, poles were placed at least 5 m from the nest and there was no evidence of nest
desertion. In previous studies, the poles were significantly closer (2—3 m in Switzerland, and 3—5 m
in the Netherlands) and, as mentioned above, cases of nest desertion were relatively numerous.
From the farmer’s point of view, it makes practically no economic or technical difference whether
the poles are placed 3 m or 5 m from the nest. Therefore to eliminate possible disturbance to the
birds, poles should be placed at least 5 m from the nest.

In addition, it seems that taller poles that are sprayed with a bright colour at the top end are
more effective than shorter poles with a natural colour. Altogether with this project, from 2010
until 2016 we used direct protection for more than 400 nests and all cases of nest destruction (up
to 4% of protected nests) were due to a communication failure (own unpubl. data). It is therefore
crucial to stay in close contact with farmers. They need to be informed without delay, and must be
given precise information about the number of nests, the way in which they are marked and the
dates of hatching. It is also useful to provide a map with the positions of the nests. It seems that
the use of a bright reflective colour at the top of poles acts optimally for informed farmers, even
if they are working at night (own unpubl. data), and that the bright reflective colour does not
attract potential nest predators.

Direct protection has also been used with success for protecting a small number of nests of rarer
waders breeding in the Czech agricultural landscape in the South Bohemian region (own unpubl.
data) — several tens of nests of Little Ringed Plover Charadrius dubius, three nests of Black-tailed
Godwit Limosa limosa, and one nest of Redshank Tringa totanus. These species easily accept
marking of their nests with bamboo poles, and direct nest protection was highly successful.

Disadvantages of direct protection

Although our results did not show an increased rate of predation due to conspicuous nest marking
to inform farmers, there is still a question of the learning abilities of some predators. It has already
been confirmed that some predators are able to remember the position of an incubating individual,
and they visit the breeding site when the parents are away (Salek and Zameénik 2014). Corvids,
in particular, are known to develop their predation tactics and to learn. Once these birds connect
poles with possible prey, marking could lead to increased predation. Another risk arises with the
possible attractiveness of the small plots around the nest that are created as a result of the tractor
driver’s efforts to avoid destroying a nest. This effect has already been proved for Montagu’s
Harrier (Koks and Visser 2000, Santangeli et al. 2015). To provide evidence of this, however,
further specifically designed experiment is required.

In addition, it is not known how predators would respond to a high concentration of poles
installed near to the nests in large breeding colonies concentrated around one hotspot (e.g. a piece
of waterlogged land inside an arable field). We suggest that it would be more effective and techni-
cally more feasible in this case to protect the whole nesting colony from the risk of damage by
farmers, rather than marking and avoiding each nest individually. In the long term, the best
option is to adopt targeted agri-environment measures that would create an optimal breeding
habitat and would prohibit any agricultural activity during the breeding season. However, a meas-
ure of this type should preferably be applied at regular breeding sites of local importance, and
only if allowed by legislation and accepted by farmers.
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Conclusion

Our results show that it is possible to find a finely tuned trade-off in marking the nests of ground-
nesting birds between the risk of damage by agriculture machinery and the risk of increased nest
predation. Two thin bamboo poles with the nest located between them are sufficiently visible for
the farmer but, at the same time, they do not attract potential predators. Our positive experience
with Northern Lapwing and episodically with three other wader species in a mosaic of arable plots
and meadows in the Czech Republic suggests that this type of direct nest protection could be used
effectively for a wider variety of ground-nesting birds. However, it is necessary to carry out fur-
ther research on the responses of individual species to this kind of disturbance in association with
depredation risk in larger colonies. Although direct nest protection can be used as a suitable pro-
tection tool, it is time-demanding and should be applied only when other conservation measures
fail. Especially for regular breeding sites, it cannot effectively substitute a targeted large-scale
conservation measure, e.g. an agri—environmental scheme.
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Chapter 4

Delayed nest predation: a possible tactic toward nests of open-
nesting birds

Miroslav Salek & Vaclav Zameénik

Predators use various tactics to find and depredate bird nests. This study examines a
possible tactic of visually orientated predators termed “delayed nest-visit”. This
consists in remembering the positions of incubating parents and subsequent easy
depredation of eggs when the parents are away from their nests. Conditions for use of
this tactic were experimentally simulated by installing artificial nests with quail eggs
and plastic dummies of northern lapwings (Vanellus vanellus) at 11 actual breeding
grounds with various habitat conditions in southern and eastern Bohemia, Czech
Republic. Habitat, presence of the dummy, and their interaction significantly affected
nest survival. While 17.2 % of the nests baited with the dummy were depredated, this
occurred in only 6.9 % of the nests without the dummy. This depredation rate was
affected by the visibility of the dummies in particular habitats. The results suggest that
predators may remember the nest position to delay their first visit to a previously
located bird nest from a remote place and may use this tactic to easily capture the
clutches. The use of this tactic showed that at least some predator species are able to
apply much more sophisticated approaches in search of birds’ nests than previously
assumed.
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Abstract. Predators use various tactics to find and depredate bird nests. This study examines a possible tactic of visually orientated
predators termed “delayed nest-visit”. This consists in remembering the positions of incubating parents and subsequent easy depredation
of eggs when the parents are away from their nests. Conditions for use of this tactic were experimentally simulated by installing
artificial nests with quail eggs and plastic dummies of northern lapwings (Vanellus vanellus) at 11 actual breeding grounds with various
habitat conditions in southern and eastern Bohemia, Czech Republic. Habitat, presence of the dummy, and their interaction significantly
affected nest survival. While 17.2 % of the nests baited with the dummy were depredated, this occurred in only 6.9 % of the nests
without the dummy. This depredation rate was affected by the visibility of the dummies in particular habitats. The results suggest that
predators may remember the nest position to delay their first visit to a previously located bird nest from a remote place and may use
this tactic to easily capture the clutches. The use of this tactic showed that at least some predator species are able to apply much more

sophisticated approaches in search of birds’ nests than previously assumed.

Key words: artificial nests, ground-nesting birds, egg predation, nest crypsis, search image tactic, Vanellus vanellus

Introduction

Predation of bird nests specifically contributes to avian
mortality (Ricklefs 1969, Nilsson 1984), and therefore,
an understanding of mechanisms responsible for nest
predation, including search image tactics, is a key topic
of behavioural ecology and evolutionary biology in
birds (Martin 1995, Lima 2009). Bird eggs may be a
valuable food item the acquisition of which motivates
predators to locate nests and deplete entire clutches
(Salathé 1987, Careau et al. 2008). Predators’ finding
of bird nests has often been considered incidental,
such that when predators are searching for food across
suitable habitats they occasionally come upon nests
(Vickery et al. 1992, Vigallon & Marzluff 2005).
Sometimes, however, nests can be depredated after
they have been purposely detected and visited. This
is especially the case of nests concentrated in large
colonies where the predators deliberately return based
on their previous experience (Andersson & Waldeck
2006, Varela et al. 2007) and/or return to the nests if
all eggs cannot be carried off at once (Salathé 1987,
Olsen & Schmidt 2004).

For their part, breeding birds apply various defence
tactics against nest predators (Montgomerie &
Weatherhead 1988). If parents actively defend the
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nests, if they fastidiously incubate the clutches
(Montgomerie & Weatherhead 1988, Opermanis
2004), or if finding the nest is difficult or time
consuming (e.g. because of vegetation cover or low
nest density), predators can address the trade-offs
between costs (risk of injury or time expenditure) and
benefits (obtaining food) arising from the active search
of a nest (Wiklund & Andersson 1994, Thyen & Exo
2005, Cresswell 2011). In such cases, predators may
develop more effective nest search tactics to increase
their gains relative to costs. One such tactic used by
visually orientated bird predators in open habitats
may include to overview fields from elevated vantage
points such as trees or pylons (Olsen & Schmidt 2004,
MacDonald & Bolton 2008, pers. obs.). This tactic
could be particularly efficient if the predator is able
to find and remember locations of incubating parents
and consciously postpone the egg depredation until
such time as the parents are away from the nest. To the
best of the authors’ knowledge, however, this potential
“delayed nest-visit” tactic has never been observed
directly or experimentally tested in the field. It has been
established that at least corvids (Corvidae) have rapid
learning and cognitive abilities (Emery 2006). They
are able to develop various foraging tactics (Eggers



et al. 2005), including to form visually based search
images from elevated points (Olsen & Schmidt 2004,
Fernandez-Juricic et al. 2010). In addition, corvids are
known to possess a memory for caching locations of
long duration (Brodin 2005). It was therefore presumed
that remembering nest positions from remote perches
followed by a delayed intervention whenever the
parents were away from the nest might be one of their
regular search image tactics.

The northern lapwing (Vanellus vanellus) is a useful
prey model for testing whether at least some predators
use the delayed nest-visit tactic. This ground-nesting
shorebird breeds in open landscapes across the
Palearctic (Cramp & Simmons 1990). Non-hidden
parents incubate their clutches in sparse vegetation
(Cramp & Simmons 1990), which enables early
detection of approaching predators (Gotmark et al.
1995). Moreover, the cryptic colouration of their eggs
might play a role in camouflaging the nests (Lloyd et
al. 2000). Consistent with an assertion that motion at
the nest may serve as an impulse for nest detection
by a predator (Skutch 1949), it is easier to search out
lapwing nests by means of the incubating parents and
from a distance than by immediate scanning (walking
through or flying over) large field areas in search of
cryptic clutches. However, lapwing parents actively
defend their nesting territories against avian predators
(Elliot 1985, Kis et al. 2000, Seymour et al. 2003),
similar to some other shorebirds (Larsen et al. 1996,
Hegyi & Sasvari 1997), so it is easier for the predators
to visit the nests during the absence of parents in the
territories. In addition, northern lapwings usually leave
the nest immediately at the approach of a predator
penetrating into the territory (Salek & Cepakova
2006), probably behaving so in order to prevent
disclosing the nest’s position (Walters 1982, Koivula
& Ronka 1998). A predator’s success in searching out
a nest once it has walked into the proximity of the
nest is therefore limited by nest crypsis. If, however,
the predator knows the exact nest position from
previous perching, it can easily find and depredate
the eggs. Indeed, crows (Corvus corone), which
often use perching at field edges, are considered to
be common predators of northern lapwing eggs along
with foxes (Vulpes vulpes) in many areas (e.g. Kis et
al. 2000, Seymour et al. 2003, Olsen & Schmidt 2004,
MacDonald & Bolton 2008, pers. obs.), even though
direct observations of depredation events are scarce
(Olsen & Schmidt 2004) and the dominant predators
of lapwing nests remain unknown.

This study experimentally tested the use of this
possible predatory tactic by examining nest predation

risk on artificial nests with quail eggs and plastic adult
northern lapwing dummies installed in crow nesting
territories at northern lapwing breeding grounds. The
idea is based on that if predations will occur with a
delay after removing the dummy, there must be that at
least some predators are able to remember the remote
position of previously occurring subject in the field
and potentially use this tactic in nest searching. Its
existence would prove that predators are able to apply
much more sophisticated approaches when searching
out bird nests than was previously assumed.

Material and Methods

The study was conducted in southern and eastern
Bohemia, Czech Republic, in areas with breeding
northern lapwings and crows (Stastny et al. 2006,
Kubelka et al. 2012). The experiment was conducted
from April to May 2012 using artificial nests
simulating small, open-nesting shorebird nests. Nests
were formed as shallow open pits lined with a small
amount of dry plant material from the surrounding
area, then baited with four quail eggs with their tip
ends facing to the centre of the nest. The nests were
installed in the early morning (05.00-08.00 h) as nest
pairs (trials), where the two nests (30 m apart) within
each trial did not differ in any measured parameter
(installation time, habitat, vegetation height, and
distance to a perch for avian predators and to the
field edge). A commercially produced plastic dummy
of the northern lapwing in real size and colour was
attached to one randomly selected nest within each
trial to imitate incubating bird. After ca. 12 h of
exposure, the dummy was removed and two eggs
were exchanged between the nests within each pair in
order to provide the same handling time and olfactory
characteristics. If any nest was found to be destroyed
during this inspection, the trial was excluded from
further analysis. Successfully surviving nest pairs
were subsequently exposed for 48 h. The fates of
nests (predation or survival) were determined and
surrounding vegetation height was estimated. Nest
pairs destroyed by machinery were excluded from
the analysis. We avoided using cameras and other
tools allowing detection of individual predators as
any other objects at the nests except the dummy may
strongly influence the results and their interpretation.
This experiment was designed to maximize the
probability of locating nests from perches by visual
bird predators, particularly crows. The trials were
therefore situated in areas of nesting crows and close
to northern lapwing nesting territories where predators
may have experience with their nests. The trials were
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not, however, within the protective zone which may
be created by northern lapwings and were at least 200
m from the nearest active lapwing nest (Elliot 1985).
The nests were located up to 100 m from elevated
points (perches), as a previous study in that area had
confirmed a higher predation risk to northern lapwing
nests from this distance (Storek 2011). A perch was
defined as any fixed object (e.g. a tree or pylon) in
the field or at its edge enabling a predator’s lookout
from a height of at least 5 m. The choice of habitats
for nest placement was limited to those habitats
usually occupied by nesting lapwings in the study
areas (Kubelka et al. 2012), including (a) crop fields
with denser and/or taller dark growth where dummies
are hidden from visual predators; (b) ploughed fields
and maize with mosaic of bare ground and sparse
vegetation cover, where dummies can easily blend in
with the substrate; and (c¢) managed meadows with
uniform short-grass cover where dummies are easily
found. Trials were deployed in sets of 8-9 nest pairs
around a given breeding area with a distance of at
least 300 m between two neighbouring trials.

Specifically of interest was whether predation would
occur more often at nests after removal of the dummy
than at control nests (not previously provided with
the dummies). Software R 2.12.0 (R Development
Core Team 2010) was used for computations of a
generalized linear mixed-effect model (GLMM,
‘Imer’ in R package ‘lme4’) with log link function
and binomial error distribution to test the effects
of dummy’s presence, habitat, vegetation height,
distance to a perch, and the first-order interaction of
the dummy’s presence with perch distance, vegetation
height and habitat on predation risk (depredated or
not). The GLMM framework was applied to account
for the proximity of nests within trials and breeding
grounds by including the trial identity and breeding

ground as random effects. The null hypothesis was
rejected at P < 0.05.

Results

A total of 96 nest pairs were installed at 6 breeding
areas in southern Bohemia and 5 breeding areas in
eastern Bohemia. With the exception of 3 areas in
southern Bohemia provided with 8 trials each, 9 trials
were installed at each of the remaining 8 areas. Seven
nests in 7 pairs were depredated before removal
of the dummy and 2 other pairs were destroyed by
machinery. Therefore, 9 nest pairs distorting the
original experimental design were excluded and 87
pairs were included into the analysis. In this final
sample, crop fields constituted the most represented
habitat (52 trials), followed by meadows (20).
Samples from ploughed fields (6) and maize (9) were
pooled for further analysis, as the dummies in these
habitats were regarded as similarly camouflaged.

The GLMM analysis revealed that habitat, presence
of the dummy, and their interaction significantly
influenced nest predation risk (Table 1). Whereas in
meadows only those nests provided with the dummy
were depredated (23.8 % of all such trials), 40 % of
such nests, compared with only 20 % of control nests,
were lost due to predation in ploughed fields and
maize. Low predation risk (6.8 % of all nests) was
recorded in crop fields regardless of dummy presence
(Fig. 1).

In sum, 15 nests previously exposed with the dummy
were depredated (17.2 %) compared to six control
nests (6.9 %). At seven (the majority) of 11 breeding
areas, the nests previously exposed with the dummy
were more depredated than control nests (consistent
with the prediction), at two breeding areas these
predation rates were identical, at one breeding area
the result was opposed to the prediction and at one

Table 1. Results of the mixed-effect model explaining the effects of factors on predation risk to experimental nests. The order of levels
included into the model among the categorical variables was as follows: “habitat” — crop fields (reference value), ploughed fields and maize,

meadows; and “dummy” absent (reference value) or present.

Predictor Estimate Std. error x df p
habitat -0.213 0.1269 9.67 2,7 0.008
0.058 0.0835
habitat x dummy —-0.237 0.1481 6.58 2,11 0.037
-0.218 0.0961
dummy 0.169 0.1776 6.41 1,8 0.011
height -0.032 0.0452 1.53 1,8 0.216
perch x dummy -0.031 0.0284 1.23 1,12 0.266
height x dummy -0.036 0.0526 0.49 1,12 0.486
perch 0.022 0.0240 0.13 1,8 0.715
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Fig. 1. Proportions of nest predation on dummy (grey bars) and
control (white bars) nests in 87 experimental pairs. The numbers
indicate sample sizes.

area the depredation did not occur at all. Vegetation
height, distance to perch, and their interactions with a
dummy’s presence did not contribute significantly to
the predation rate in this model.

Discussion

Significantly (2.5x) higher depredation rate of nests
previously provided with dummies compared with
control nests confirms that, in at least on some
places (7 of 11 breeding grounds, i.e. 63.6 % of the
sites included in this study), the predators registered
the dummies as subjects of increased interest and
subsequently inspected the corresponding positions
preferably. Although the absolute differences
between predation rates on dummy-provided nests
and the control nests did not seem very great, it must
be taken into account that nest exposure lasted only
a few hours, which was certainly not enough time
for relevant inspection of complete home feeding
ranges by many predators present at the study sites.
In addition, some of the nests of both types were
apparently depredated incidentally (Vickery et al.
1992). On the other hand, a scent at the nests that
might influence nest attractiveness for predators using
olfactory cues (Rangen et al. 2000) did not contribute
to this difference because manipulation and time
spent by an observer at all nests were the same. In
addition, the dummies were exposed on the nests only
during daylight, so their presence was convenient for
predators with daily activity, i.e. primarily birds.
Predation on lapwing nests strongly varies among
habitats (Berg et al. 1992, Sheldon et al. 2007)
including the study area (Salek & Smilauer 2002) and,
according to the results of this study, one reason for
this variation may be different visibility of incubating

parents. Good visibility of the dummies in meadows
can lead to stronger predation on the dummy-provided
nests in contrast with the control nests, all of which
survived. Higher nest predation in ploughed fields and
maize compared with other habitats may demonstrate
this habitat’s increased attractiveness for predators
searching for food while walking (i.e. incidentally),
despite the fact that dummy-provided nests were
also disadvantaged more than control nests in this
habitat. The suitability of ploughed fields and maize
for predators might be based on the fact that these
fields abound in bare ground and thus supply various
forms of surface-dwelling invertebrates (e.g. carabid
beetles) attractive for generalist predators that can
then focus on visual searches of such easy prey while
walking (Bradbury & Kirby 2006). In contrast, a low
predation rate in crop fields regardless of the presence
of a dummy could be due to good concealment of
both dummies and nests in dense vegetation, which is
rather avoided by predators due to the lower general
availability of prey there (Tagmann-loset et al. 2012).
That effects of perch distance and vegetation height
on nest predation risk were non-significant in this
study may not be surprising, because all nests were
purposely located within a distance of 100 m from
elevated points. There are two main reasons for this.
First, the predation risk in the study area is known
to be significantly higher within this range compared
to greater distances (Storek 2011). Second, up to this
distance, nests are viewed from above at a relatively
sharp angle such that the height of vegetation may
play a minor role compared to habitat substrate.

Incubating parents use a variety of tactics to protect
their nests from predators (Conway & Martin 2000,
Coates & Delehanty 2008), one of which is to
passively remain on the nest, as this may immediately
discourage approaching avian predators, and defend
the nest against direct attack (Montgomerie &
Weatherhead 1988, Opermanis 2004). This is known
in species such as ducks, which have cryptic plumage
but uniformly coloured eggs that are much more
easily found from above (Albrecht & Klvana 2004,
Andersson & Waldeck 2006). This tactic is obviously
not the case for the northern lapwing, however, even
though its incubation effort represents in average
more than 80 % of the daytime and the nests remain
unattended for only a very short time during the
day (Grenstel 2003, pers. obs.). Because lapwings
leave the nests at the time of a predator’s approach
(Salek & Cepakova 2006), a predator such as crow
that has surpassed the protective umbrella formed
by aggressive lapwing adults attacking intruders in
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nesting territories and has reached the proximity of
the nest by walking, is therefore no longer hindered
by incubating parents (pers. obs.). The success of its
search is therefore limited in particular by crypsis of
the nest. However, if the predator knows the nest’s
exact position as a result of previous perching, it can
easily and quickly find and depredate these cryptic
eggs, doing so in a manner which would not be
detected by a casual observer. The common use of
this tactic could then easily explain why successful
depredation of clutches at the time of fighting between
incubating parents and predators is rarely observed
(if at all), even though predation rates on northern
lapwings nests are generally high (MacDonald &
Bolton 2008), including in the study area (Salek &
Smilauer 2002).

Only seven experimental nests in this study (3.7 %
of nests) were depredated before removal of the
dummy, which suggests that a few predators ignored
its presence in the nest. Unfortunately, there are no
other data useful for clarification of these incidents
as no cameras were added to the nests. It may at
least be excluded that these depredations were due
to nocturnal mammalian predators such as foxes or
hedgehogs (Erinaceus spp.); because the dummies
were exposed exclusively during daylight, avian
predators were probably responsible for these attacks.
The generalization of real proportions of depredation
events must be treated with a caution. First, to
increase chance that the object will be found from
distance, we designed the experiment using proximity
of elevated points. Second, large areas were included
to detect whether general pattern exists throughout
sites, habitats and regions regardless other non-
controlled variables potentially influencing predation
patterns. Third, the plastic dummies may attract
more or less the predators than living lapwings (e.g.
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Chapter 5

Survey of breeding Northern Lapwings (Vanellus vanellus) in the
Czech Republic in 2008: results and effectiveness of volunteer work

Vojtéch Kubelka, Vaclav Zdmeénik & Miroslav Salek

The paper analyses and summarizes the results of a national survey of the Northern
Lapwing (Vanellus vanellus) in the Czech Republic conducted during the breeding
season 2008. Thirty seven observers collected the data within 300 field visits on 151
breeding grounds particularly in southern and eastern Bohemia. A detailed
qguestionnaire was readily filled in by the observers but most of them did not perform
all four visits required for each site’s survey during the season, as the work effort
declined in the period of the third and fourth visits. We suggest simplifying of the
questionnaire as well as reduction of the number of visits in future surveys. Arable land
(particularly ploughed fields, winter wheat and spring cereal) dominated as nesting
habitat of Northern Lapwings at 78% of localities while meadows and pastures were
occupied less frequently. Breeding grounds were usually inhabited by one to four pairs
while larger colonies, present mostly in ploughed fields, occurred rarely. Presence of
marsh patches and/or meadows on the breeding grounds was positively correlated
with lapwing abundance. In addition, the results indicate higher hatching success in
ploughed fields and at sites with a presence of marsh patches. Agricultural activities
were evaluated as the main threatening factor for breeding Northern Lapwings.
Regularly occupied breeding grounds were considered as particularly important for
lapwing population; these sites are easily detectable early in the breeding season
which enables introduction of suitable long-term conservation actions, for example the
discussed agri-environmental schemes for Northern Lapwings on arable land.

Published as:
Kubelka V., Zdmeénik V. & Salek M. 2012. Monitoring &ejky chocholaté (Vanellus

vanellus) v Ceské republice v roce 2008: vysledky a efektivita prace dobrovolnikg. Sylvia
48: 1-23. Available only in Czech.
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Kubelka V., Zdmec¢nik V. & Sdlek M. 2012: Monitoring ¢ejky chocholaté (Vanellus vanellus)
v Ceské republice v roce 2008: vysledky a efektivita prace dobrovolnikd. Sylvia 48: 1-23.

Studie shrnuje a hodnoti vysledky celostatniho monitoringu ¢ejky chocholaté (Vanellus va-
nellus) v Ceské republice v hnizdni sezoné 2008. Do monitoringu se zapojilo 37 ornitologu,
ktefi provedli celkem 300 kontrol na 151 hnizdistich zejména v jiznich a vychodnich Cechach.
Navrzeny podrobny formuldf byl ochotné a uspokojiveé vyplnovan, vétsi potize pozorovatelim
¢inilo dodrzet pozadované ctyii kontroly kazdé lokality a jejich terénni Gsili pozdéji v sezoné
klesalo. Formu dotazniku pii dalsim podobném monitoringu hnizdist bude vhodné zjednodu-
sit a pocet kontrol omezit na dvé. Dominantnim hnizdnim biotopem cejek byla ze 78 % orna
puda (zejména oranisté, ozimé obiloviny a jafiny), louky a pastviny byly zastoupeny méné.
Hnizdni lokalita byla nejcastéji obsazena 1-4 pary cejek, vétsi kolonie, obvykle v oranistich,
vznikaly vzacnéji. Vysledky indikuji vyssi uspésnost lihnuti v oranistich. Pfitomnost mokfiny
a louky na hnizdisti zvysovala hnizdni pocetnost, piitomnost mokiiny také uspésnost lihnuti.
Zemédelska ¢innost byla respondenty hodnocena jako hlavni ohrozujici faktor. Vyznamnymi
hnizdisti jsou vétsinou pravidelné obsazované lokality a Ize je dobie identifikovat jiz zacatkem
hnizdni sezoény, coz usnadiiuje zavedeni vhodnych dlouhodobych ochranaiskych opatieni,
napfiklad diskutované agroenvironmentdlni opatfeni pro ¢ejku chocholatou na orné ptadeé.

The paper analyses and summarizes the results of a national survey of the Northern Lapwing
(Vanellus vanellus) in the Czech Republic conducted during the breeding season 2008. Thirty
seven observers collected the data within 300 field visits on 151 breeding grounds particularly
in southern and eastern Bohemia. A detailed questionnaire was readily filled in by the obseruv-
ers but most of them did not perform all four visits required for each site’s survey during the
season, as the work effort declined in the period of the third and fourth visits. We suggest simpli-
Jying of the questionnaire as well as reduction of the number of visits in future surveys. Arable
land (particularly ploughed fields, winter wheat and spring cereal) dominated as nesting habi-
tat of Northern Lapwings at 78% of localities while meadows and pastures were occupied less
Jfrequently. Breeding grounds were usually inhabited by one to four pairs while larger colonies,
present mostly in ploughed fields, occurred rarely. Presence of marsh patches and/or meadows
on the breeding grounds was positively correlated with lapwing abundance. In addition, the
results indicate higher hatching success in ploughed fields and at sites with a presence of marsh
patches. Agricultural activities were evaluated as the main threatening factor for breeding
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Northern Lapwings. Regularly occupied breeding grounds were considered as particularly
important for lapwing population, these sites are easily detectable early in the breeding season
which enables introduction of suitable long-term conservation actions, for example the dis-
cussed agri-environmental schemes for Northern Lapwings on arable land.

Keywords: agri-environmental scheme, effectiveness of volunteer work, monitoring, Northern

Lapwing, species protection, Vanellus vanellus

UVOD

Cejka chocholata (Vanellus vanellus) je
nejbéznéjsi hnizdici bahndk v Ceské re-
publice, nicméné v poslednich deseti-
letich dochazi k trvalému poklesu jeji
pocetnosti. Jest¢ v letech 1984-1988 se
velikost hnizdni populace pohybovala
na uarovni 20 000-40 000 par®, béhem
mapovani 2001-2003 to vsak uz bylo
pouze 7000-10 000 part (Stastny et
al. 20006). Pokles pocetnosti mezi roky
1982-2010 az o 80 % dokumentuji také
vysledky Jednotného programu scitani
ptaki (Ceska spole¢nost ornitologicka
2011, Reif et al. 2008). Vyrazny ubytek
Cejek potvrzuje i analyza krouzkovacich
udaju o nevzletnych mladatech z 10 re-
giont CR v letech 1976-2004 (Zidkov4 et
al. 2007). Shodné nepftiznivy trend byl za-
znamendn také ve vétsiné zemi Evropy,
zejména ve starych clenskych statech
Evropské unie (BirdLife International
2004). Po vstupu novych zemi pfevazné
ze stfedni a vychodni Evropy do EU
v roce 2004 lze predpokladat, ze diky
dotacim ze Spole¢né zemédélské politi-
ky (dale jen SZP) dojde i pfes existenci
raznych podpurnych opatieni k dalsi
intenzifikaci zemédélstvi. Ta pfedstavuje
vyznamny ohrozujici faktor pro hnizdici
bahndky a muze se tak prohloubit po-
kles jejich pocetnosti v Evropé (Delany
et al. 2009).

Vysledky cetnych vyzkumu probihaji-
cich na raznych mistech Evropy potvrzu-
ji, ze na ¢ejky negativné ptisobi nékolik
vyznamnych a vzdjemné provazanych
faktora. Kromé intenzifikace zemédélské
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vyroby na orné pude¢ je jednou z hlav-
nich pficin ztrdta ¢i znehodnocenti tradic-
nich hnizdnich stanovist v mokiadech
vcetn¢ vlhkych luk (Hotker 1991, Wilson
et al. 2004, Eglington et al. 2008). V CR
ptispélo odvodnovani a rozordavani niv-
nich travnich porostli ve druhé poloviné
20. stoleti k tomu, zZe Cejky zacaly ve veétsi
mife hnizdit na orné puad¢, podobé jako
tomu bylo jiz v 1. poloviné 20. stoleti
v nekterych zapadoevropskych zemich
(Stastny et al. 2006). V rybni¢ni oblasti
u Namesté nad Oslavou doslo k tomuto
pfesunu v sedmdesatych letech (Fiala
2002), na Pisecku byl tento trend ve vetsi
mife zaznamendn az po roce 1987 (Silek
1990). Vyznamné ohroZzeni pro cejky
predstavuji zemédelské priace v hnizdni
dob¢ (napf. Galbraith 1988a, Heath et
al. 2000, Wilson et al. 2001, O’Brien et al.
2002, Kragten & de Snoo 2007) a preda-
ce (napf. Berg et al. 1992, MacDonald &
Bolton 2008, Teunissen et al. 2008). V za-
padni Evropé byl prokazan nartst preda-
ce ¢ejc¢ich hnizd z 18 % pied rokem 1980
na 56 % mezi lety 1996-2006. Potvrzen
byl rovnéz vyznamny pokles v pfezivani
¢ejc¢ich nevzletnych mladat (Roodbergen
et al. 2012). Cejku v CR ovlivnilo také
omezeni pastevniho hospodartstvi v oko-
li rybnik(, zvySeni intenzity rybaiskeé-
ho hospodareni spolu s intenzivnéjsim
hnojenim luk (shrnuto v Sdlek 2000a).
Vsechny zminéné vlivy vedou k tomu, ze
hnizdni Gspé&snost cejek je nizkd a zda-
leka nesta¢i na autoreprodukci mnoha
evropskych populaci (Peach et al. 1994,
Roodbergen et al. 2012).

Podpofit hnizdni populace bahnakt



(napf. Ottvall & Smith 20006, Verhulst
et al. 2007) nebo konkrétné cejku cho-
cholatou (Sheldon et al. 2004) v nékte-
rych zemich Evropy by méla specidlni
agroenvironmentalni opatfeni (dile jen
AEO), jejichz cilem je zachovat vhod-
nd hnizdisté v dobrém stavu. Napftiklad
ve Velké Britdnii vznikly v rdamci AEO
plochy vytvofené jarni podmitkou obil-
ného strnisté, které byly zachovany ve
forme¢ thoru béhem hnizdniho obdobi
(Sheldon et al. 2007). Podle vysledk mo-
nitoringu, ktery z velké c¢dasti provadéli
dobrovolnici, se uspésnost lihnuti snu-
Sek c¢ejek na téchto pozemcich pohybo-
vala okolo 85 % a byla jednoznac¢né vyssi
nez na kontrolnich plochdach. Nicméné
podle Chamberlaina et al. (2009) se cej-
ky v hnizdni dobé vyskytovaly pouze
na 40 % z 212 nabizenych ploch, pfi-
¢emz hnizdéni bylo pfedpoklddané na
25 % a prokdzané pouze u 11 % ploch.
Piicinou mohl byt fakt, ze tyto plochy
byly stfidany v ramci farem podle osev-
niho postupu a v nékterych pfipadech
byly zaloZzeny na nevhodnych stanovis-
tich, napf. v blizkosti lesa. Ve vétsine
pifipada se opatfeni na ochranu cejky
chocholaté soustfedi na travni porosty.
Jejich hlavnim cilem je posunout termi-
ny se¢e na pozde¢jsi dobu, a tim piedejit
hnizdnim ztratam zptisobenym zemédél-
skymi pracemi (napf. Kleijn et al. 2001).
Jak ale ukazuje dlouholety monitoring,
na plochich se zavazkem AEO nedo-
chazi k o¢ekdvanému zvysovani hnizdni
hustoty v porovnani s kontrolnimi plo-
chami (Berendse et al. 2004, Breeuwer et
al. 2009). Jako vhodné dopliujici opat-
feni je proto navrhovana uprava vodni-
ho rezimu, zejména c¢aste¢né zavodnéni
téchto ploch béhem hnizdéni (Eglington
et al. 2008, Belleaum & Bock 2009).
Také v CR existuje od roku 2004 spe-
cidlni AEO zacilené na podporu bah-
fidka hnizdicich v travnich porostech
(Scharf et al. 2007), jeho piinos vsak
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nebyl dosud vyhodnocen v odborném
tisku. Jelikoz vétsina ¢ejek v CR v soucas-
né dobé hnizdi na orné pudé (Stastny
et al. 2006), je zadouci jejich ochranu
zaméfit i na tyto kultury. U¢inny zptsob
ochrany v8ak vyzaduje jasné&jsi predsta-
vu nejen o aktudlni pocetnosti cejek
v riiznych regionech CR, obsazovanych
biotopech, ohrozujicich faktorech nebo
hnizdni uspésnosti, ale také o vhodném
zpusobu monitoringu ucinnosti realizo-
vanych opatfeni, aby mohla byt vhod-
n¢ modifikovdna, pokud se ukdzi jako
neefektivni. Nase doposud provedené
lokalni studie o hnizdéni ¢ejek (Klabnik
1984, Silek 1990, Silek 1994, Fiala 2002,
Schropfer 2002, Kunstmuller 2006) jsou
piili§ zatizeny mistnimi podminkami
(napf. rizna biotopova nabidka nebo
preference, pocetnost hnizdnich sesku-
peni a rozptyleni populace, rizika ohro-
zeni zemédélstvim, predaci aj.), takze
nemusi spolehlivé odrazet stav na nadre-
giondlni Grovni.

Po vyhldseni cejky chocholaté pta-
kem roku 1995 (Formanek et al. 1995,
Sdlek 1995) a vyhodnoceni vysledk této
akce, ktera poukazala na zasadni vyznam
orné pudy pro nase hnizdici cejky (Salek
1996), Ceskd spolecnost ornitologicka
(ddle jen CSO) iniciovala v roce 2008
novy celostitni monitoring cejky cho-
cholaté s nékolika cili: (1) ziskat informa-
ce o aktudlnim hnizdnim vyskytu cejek
v CR; (2) zjistit blizsi informace o hniz-
distich vcetné charakteru vegeta¢niho
krytu, pfitomnosti podmacenych ploch
a travnich porostli nebo hnojist; (3) od-
hadnout uspésnost lihnuti a definovat
ohrozujici faktory na hnizdistich; (4) po-
soudit moznosti vyuziti dobrovolniku
pfi monitoringu, jejich piistup ke sbéru
dat a vyuzivani zpracovaného formulafre;
(5) vyhodnotit vyznam monitoringu pro
Ucely pfipravy vhodnych managemen-
tovych opatieni na podporu hnizdicich
Cejek.
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MATERIAL A METODIKA

Sbér dat

Sbér dat byl rozdélen do ¢ty obdobi:
I. Vybér hnizdist ¢ejkami (15.-31. 3.), IL.
Obdobi lihnuti mladat (21. 4.-10. 5.),
III. Obdobi vodéni mladat (1.-15. 6.)
a IV. Pohnizdni shromazdisté (11.-31. 7.).
Rozmezi jednotlivych obdobi byla vole-
na natolik Siroce, aby si kazdy pozoro-
vatel nasel ¢as na kontrolu svych dob-
rovolné vybranych lokalit. Minimalné
20denni rozestup mezi nasledujicimi
kontrolami snizil riziko provedeni dvou
kontrol na jedné lokalité kratce po sob¢
v témze aspektu reprodukcni sezony.
Pokud scitatel navstivil lokalitu vicekrat
béhem jednoho obdobi, pro nidsledné
analyzy byla vybrana kontrola s nejvys-
sim poctem zjisténych cejek. Pro maly
pocet hlaseni ziskanych ve IV. obdo-
bi, které navic nema pfimou vazbu na
hnizdni lokality, nebyla data z tohoto
obdobi zahrnuta do dalsiho hodnoceni.

V kazdém obdobi mapovatelé uvedli
ndzev sledované lokality a jeji polo-
hu (GPS soufadnice centra vyskytu),
mapovaci kvadrat, nejblizsi obec a kraj,
upfesnili rozlohu a popis hnizdisté
véetné pomeéru zeméedelskych kultur.
U kazdé kontroly zaznamenavali datum,
¢as, pocasi béhem pozorovani a pocet
zjisténych cejek. Vitanym doplitkem
byl vycet hlavnich ohrozujicich faktort
a historicky vyskyt ¢ejek na lokalité (dle
jim dostupnych informaci). Cilen¢ byli
respondenti dotazovani na pfitomnost
mokitin, luk, hnojist na hnizdni lokalité,
nebot tyto prvky mohou vyrazné zvysit
nabidku potravy pro cejky a hrat roli
pfi vybéru hnizdisté ¢i ovlivnit hnizdni
uspésnost (napi. Salek 2000a, Sheldon
2002, Ausden et al. 2003, Kunstmuller
2000, Eglington et al. 2008, vlastni ne-
publ. udaje). Velikost lokality, kterou
kazdy pozorovatel s ohledem na mistni
okolnosti mohl volit zcela subjektivné,
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nebyla u fady hlaseni viibec specifiko-
vana. Z téchto divodu nebyl tento udaj
nakonec zahrnut do dalsich analyz, ac¢-
koliv muze jit o vyznamnou promeénnou
pfi interpretaci vysledka. Pfi mapovani
nebyla dohledavana hnizda, proto bylo
jako hnizdisté mapovateli oznaceno Sirsi
uzemi (jeden, ¢i vice sousedicich bioto-
pu), které cejky na dané lokalité vyuziva-
ly jak k toku, tak ke sbéru potravy nebo
odpocinku. Na takto pozorovatelem
definované lokalit¢ byla zaznamenava-
na piitomnost jednotlivych prvka (viz
vy$e). Cas straveny kontrolou lokality
nebyl bohuzel v fadé zaznamt uveden,
a tudiz nebyl ddle analyzovan. Rozdily
v kvalité pozorovateltd by navic mohly
setfit dulezitost ¢asu jako ukazatele usili
mapovatelll. Za mokfinu je v této praci
povazovana plocha s docasné stojici
vodou. Jde zejména o kazdoroc¢né pii-
tomné jarni kaluze v mirnych terénnich
depresich nad $patné propustnym pod-
lozim v zemédelskych kulturdch na roz-
dil od mokfadu, jimz je obvykle trvale
zamokfeny a jen ziidka koseny travni
porost s hojnym vyskytem ostficovych
stolicek, charakteristicky napf. pro vyto-
py rybnikd. Uhorem, pokud byl pozoro-
vatelem uveden, je nazyvano spontanné
zarlstajici pole ponechané ladem po
dobu alespoii jednoho roku a dalsi ru-
derdlni plochy (zpravidla s vyssim, ale
fidsim a riznorodym porostem).
Provedeni monitoringu bylo dopo-
ru¢ovano v plném rozsahu (Ctyfi ter-
minované kontroly od poloviny biezna
do konce cervence), avsak bylo moz-
no uskutecnit pouze nekteré ze Ctyf
kontrol. Dodrzovani konkrétnich termi-
nu terénni priace pfi monitoringu cejek
a duslednost pfi vypliiovani rozsihlého
dotazniku jsou spolehlivymi ukazateli
uspesnosti pripadného budouciho mo-
nitoringu Uc¢innosti AEO pro cejku na
orné pude. Jedna se o pfijatelna kritéria
pro posouzeni vhodnosti tohoto pfistu-



pu k ziskavani podkladovych dat pro
ochranaiské ucely.

Pro co nejlepsi pokryti celé CR a co
nejreprezentativnéjsi vzorek lokalit byli
vybrani regiondlni koordindtori, ktef{
meli co nejvice propagovat monitoring
ve svém regionu a zajiStovat komunikaci
s jednotlivymi mapovateli. Regiont bylo
8:stredni Cechy (Stiedocesky kraj, Praha),
jizni Cechy (Jihocesky kraj), zapadni
Cechy (Plzensky kraj, Karlovarsky kraj),
severni Cechy (Ustecky kraj, Liberecky
kraj), vychodni Cechy (Krilovéhradecky
kraj, Pardubicky kraj), Vysocina (kraj
Vysocina), jizni Morava (Jihomoravsky
kraj, Zlinsky kraj) a severni Morava
(Olomoucky kraj, Moravskoslezsky kraj).
Tyto regiony byly i nadile pouzivany pfi
analyzach vysledka. Cejka je relativné
vzacnym druhem, proto byly zpracovany
veskeré dostate¢né podrobné a vyuzi-
telné informace z jednotlivych lokalit,
pfestoze lokality mohly byt soustfedény
vlivem zvysené aktivity pozorovateli do
n¢kolika malo regionti. Pro mdlo zastou-
pené regiony mohou mit tedy vysledky
omezenou vypovidaci hodnotu.
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Veskeré metodické pokyny mohli ma-
povatelé ziskat na webu CSO na adrese
http://www.josefovskelouky.cz/index.
php?ID=1686, kde byl a stile je mimo
jiné ke stazeni podrobny formulaf, riz-
né nahravky hlasu cejek a dalsi uzite¢né
informace.

Zpracovani vysledka

Vliv vice faktori a soucasné i jejich vza-
jemnych interakci byl testovan pomoci
obecnych a zobecnénych linearnich mo-
delti. Pocetnost Cejek na hnizdistich méla
po logaritmické transformaci normalni
rozdéleni, takze vliv faktort byl analyzo-
van pomoci obecného linearntho mo-
delu (LM). Binomicky vyjadfeny vyskyt
mladat nebo varujicich rodica (pfitom-
nost nebo nepfitomnost) byl hodnocen
pomoci zobecnéného linearntho mode-
lu s binomickou distribuci vysvétlované
proménné (GLM). Souhrnné vysledky
téchto modelu jsou zatazeny formou pii-
loh (Appendix 1 a 2) a jejich nejdilezi-
t¢jsi interpretace jsou popsdny slovné
v kapitole Vysledky a ddle diskutovany.
Pramérné hodnoty uvadéné ve vysled-

Appendix 1. Vysledky obecného linearniho modelu (LM) hodnoticiho vlivy hlavnich biotopo-
vych faktorl a jejich interakci na pocetnost ¢ejek na hnizdistich ve 2. obdobi s¢itani.

Appendix 1. Results of a general linear model (LM) analysing effects of the main habitat at-
tributes and their interactions on numbers of lapwings on breeding grounds in the second

monitoring period.

Faktor / Factor df Y2 P
Louka, mokiina 2,108 35.6 0.030
Meadow, wetland

Region 2,108 254 0.082
Region

Region x Dominantni biotop 8,88 62.0 0.083
Region x Prevailing habitat

Region x Louka, mokiina 4,88 32.1 0.125
Region x Meadow, wetland

Dominantni biotop 5,108 29.8 0.318
Prevailing habitat

Dominantni biotop x Louka, mokfina 8,88 14.3 0.921

Prevailing habitat x Meadow, wetland
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Appendix 2. Vysledky zobecnéného linearniho modelu (GLM) hodnoticiho vlivy hlavnich
biotopovych faktort a jejich interakci na vyskyt mladat nebo varujicich cejek ve 2. obdobi

scitani.

Appendix 2. Results of a generalized linear model (GLM) analysing effects of the main habitat
attributes and their interactions on presence of chicks or warning adults in the second monitor-

ing period.

Faktor / Factor df X2 P
Region 2,86 26.87 <0.0001
Region

Region x Dominantni biotop 8,72 15.58 0.049
Region x Prevailing habitat

Region x Louka, mokfina, hnojisté 4,72 9.30 0.054
Region x Meadow, wetland, dunghill

Louka, mokiina, hnojisté 2,86 4.49 0.106
Meadow, wetland, dunghill

Region x Pocetnost pfi 1. kontrole 2,72 2.81 0.246
Region x Numbers during the first visit

Pocetnost pfi 1. kontrole 1,86 0.91 0.341
Numbers during the first visit

Dominantni biotop 5,86 3.59 0.611

Prevailing habitat

cich jsou doplnény o smeérodatné odchyl-
ky (£ SD). Statistické zpracovani vysledku
bylo provedeno v programu R (ver. 2.12.0;
R Development Core Team 2010).

VYSLEDKY

Uspésnost dotaznikové akce

Na vyzvu k monitoringu (Zdmecnik
2008), zvefejnénou také na interneto-
vych strankich CSO na adrese http;//
www.josefovskelouky.cz/index.ph-
pID=1686, odpovédélo a sva pozorova-
ni zaslalo 49 mapovateld. Tficet z nich
(61 %) poslalo data formou vyzadované-
ho formulafe, zbyvajicich 19 v jiné podo-
bé. Vyuzitelné byly udaje od 34 mapova-
teltt (69 %) ze 101 lokality, z toho 29 re-
spondentd pouzilo formuldr a dalsich
pét zpracovalo data jinym zputsobem.
Po piiddni udaji tii autora tohoto pfi-
spevku vznikl soubor 151 sledovanych
lokalit se 300 s¢itanymi obdobimi v pri-
beéhu hnizdni sezony od 37 mapovatela
reprezentujicich osm regionti CR. Tento
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souhrnny datovy soubor byl vyuzit pfi
zpracovani prezentovanych vysledk.
Zastoupeni jednotlivych regiont CR
vsak bylo nerovnomérné. Vice nez po-
lovina sledovanych lokalit se nachazela
vjiznich Cechdch, dalsi pfiblizné ¢tvrtina
ve vychodnich Cechidch, takze vice nez
dvé tietiny lokalit pfipadaji na tyto dva
regiony (obr. 1). Z zadného z ostatnich
Sesti region® nebyly zasldny udaje z vice
nez 15 lokalit, proto byly pfi dil¢ich ana-
lyzach shrnuty do spole¢né kategorie
yostatni regiony*.

Usili mapovatela

Prumérny pocet lokalit na jednoho ma-
povatele cinil 4,1. Téméf polovina re-
spondentu (49 %) vsak scitala pouze
jedinou lokalitu a jen ¢tyfi pozorovatelé
sc¢itali 10 nebo vice lokalit (obr. 2), dva
z nich byli autofi tohoto c¢lanku. Na
124 lokalitach (82 %) scitatelé zazname-
navali pritomnost mladat ¢i varujicich ro-
di¢t, na zbyvajicich 27 lokalitach (18 %)
Udaje o tomto nepiimém hodnoceni



[ SYLVIA 48/ 2012

60 -
n =81

40 -

n=35
20 -

n=15
n=10

. i B _—
0 - . _ L BN ——

pocet lokalit (%) / no. of localities (%)

JC str. C JM zC VY SM
region /reglon

Obr. 1. Zastoupeni s¢itanych lokalit v jednotlivych regionech CR (JC = jizni Cechy, VC = vy-
chodni Cechy, Sti.C = stiedni Cechy vcetné Prahy, JM = jizni Morava, SC = severni Cechy,
7C = zapadni Cechy, VY = Vysocina, SM = severni Morava). U kazdého regionu je uveden pocet
lokalit. Jizni Cechy tvoti 53,6 % lokalit a vychodni Cechy 23,2 %.

Fig. 1. Distribution of monitored localities in particular regions of the Czech Republic
(JC = southern Bohemia, VC = eastern Bohemia, StiC = central Bohemia including Prague,
JM = southern Moravia, SC = northern Bohemia, ZC = western Bohemia, VY =Vysocina region,
SM = northern Moravia). The numbers of localities are presented. Southern Bohemia and
eastern Bohemia make up 53.6% and 23.2% of localities, respectively.
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Obr. 2. Usili jednotlivych mapovatel(i (n = 37) vyjadiené poctem jimi s¢itanych lokalit (n = 151).
Fig. 2. Effort of individual observers (n = 37) expressed by the number of monitored localities
(n=151).

hnizdni Gspésnosti chybi. Jednotlivé lo- Na 86 lokalitach byly provedeny prvni
kality byly s¢itany v jedné az vSech tfech  dvé kontroly; z nich na 75 (87 %) byly pii-
fazich hnizdniho obdobi, pouze 31 % tomny Cejky také béhem druhé navstévy,
lokalit pfitom bylo s¢itino béhem celé  zatimco na 11 jiz ptitomny nebyly (13 %).
hnizdni sezony (tab. 1). Ze 75 lokalit s pozitivnim vysledkem
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Tab. 1. Navstévovanost lokalit scitateli v jednotlivych s¢itacich obdobich. Zatazeny jsou udaje
ze vsech vyhodnocovanych lokalit. Celkem bylo provedeno 300 navstév 151 lokalit.

Table 1. The attendance of localities by observers in particular monitoring periods. Data from
all localities are included. Altogether 300 visits of 151 localities were performed.

1. obdobi 2. obdobi 3. obdobi

pocet lokalit

pocet lokalit (%)

1st period 2nd period 3rd period number of localities number of localities (%)

ANO/YES ANO/YES ANO/YES 47 31,1

ANO/YES ANO/YES NE/NO 39 25,8

ANO/YES NE/NO NE/NO 22 14,6

NE/NO ANO/YES NE/NO 26 17,2

NE/NO ANO/YES ANO/YES 10 6,6

ANO/YES NE/NO ANO/YES 6 40

NE/NO NE/NO ANO/YES 1 0,7

celkem ANO 114 122 64 151 100

total YES

Tab. 2. Obsazenost lokalit ¢ejkami v jednotlivych s¢itacich obdobich. Zatazeny jsou udaje
pouze z lokalit, kde byly provedeny kontroly ve vsech tfech hnizdnich obdobich. Tfi varianty
obsazeni lokalit v prabéhu sezony, NEFANO-ANO, ANO-NE-ANO a NE-NE-ANO vtbec nenasta-

ly, proto nejsou v tabulce uvedeny.

Table 2. Occupancy of localities by lapwings in particular monitoring periods. Only localities
with three visits during the whole breeding season are included. Three variant possibilities,
NO-YES-YES, YES-NO-YES and NO-NO-YES, did not occur and are not mentioned in the table.

1. obdobi 2.obdobi 3. obdobi

pocet lokalit pocet lokalit v %

1. period 2. period 3. period number of localities number of localities (%)

ANO/YES ANO/YES ANO/YES 30 63,9

ANO/YES ANO/YES NE/NO 12 255

ANO/YES NE/NO NE/NO 4 8,5

NE/NO ANO/YES NE/NO 1 2.1

celkem ANO 46 43 30 47 100

total YES

(zjisténim cejek) pii druhé kontrole bylo
43 (57 %) kontrolovano i pfi tieti kontro-
le. Z 11 lokalit s negativhim vysledkem
(4j. bez vyskytu cejek) pfi druhé kontrole
byly potfeti navstiveny jen ctyfi lokality
(36 %). To vse poukazuje na zietelny
(avsak statisticky neprukazny) pokles
motivace provést tfeti pozadovanou kon-
trolu lokality po predchozim neuspéchu,
ovsem stejné tak na nedostate¢cnou moti-
vaci provést vabec tuto tfeti kontrolu, byt
Cejky pfi druhé kontrole pfitomny byly
(jednostranny test proporci, P = 0.090).
Obecné¢ byla tfeti kontrola pro pozorova-
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tele mén¢ atraktivni a byla uskute¢néna
méné casto. Motivace pro jeji provedeni
po uspesné druhé kontrole prikazné po-
klesla v porovnani s provedenim druhé
kontroly po prvni tspésné kontrole (ze
76 % na 57 %; test proporci, n, = 113 a n,
= 86 lokalit, P = 0,005).

Obsazeni hnizdist béhem sezony

Jak se ukazalo, provadeéni tfeti kontroly
po druhé neuspeésné kontrole nebylo
ani efektivni, protoze kombinace pii-
tomnosti ¢ejek na lokalit¢ ANO-NE-ANO
se nevyskytla (tab. 2). Obsazeni hnizdist



v prub¢hu sezoéony bylo hodnoceno pro
47 lokalit navstivenych ve vsech tfech
obdobich v pribéhu hnizdni sezony.
Na 64 % lokalit se Cejky vyskytovaly bé-
hem vSech ti'i kontrol, na 26 % lokalit pak
chybély pfi tfeti kontrole.

Hnizdni prostredi

Dominantnim biotopem na hnizdistich
¢ejek byla jednoznac¢né ornd puda, a to
ze 78 % (obr. 3). Mezi nejvice obsazo-
vané kultury patfila v prvnim scitacim
obdobi oranisté (31 lokalit, 28 %), ozimé
obiloviny (24 lokalit, 22 %), jafiny (21 lo-
kalit, 19 %) a louky/pastviny (18 lokalit,
17 %) z celkového poctu 109 lokalit na-
vstivenych v tomto obdobi. Oranisté pfe-
vazovala ve vychodnich Cechdch, ozimy
v jiznich Cechdch. V ostatnich regionech
prevladaly louky a pastviny. Z celkového
poctu sledovanych lokalit (n = 151) byla
louka (jako dominantni biotop nebo
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mén¢ zastoupeny prvek na hnizdisti)
ptfitomna na 37 % lokalit, mokiina (pod-
macend plocha) na 65 % lokalit, hnojiste
na 12 % lokalit.

Pocetnost na hnizdistich

Nejcasté€jsi sestavou pozorovanou na
hnizdistich byly 2 az 4 cejky, popf. také
8 cejek, coz odpovidd 1-2 a 4 parim
(obr. 4). Na lokalitich, kde byly scitany
cejky pii prvni i druhé kontrole, byl vy-
nesen vztah mezi poc¢etnostmi pii téchto
dvou kontrolach. Byly pfitom vynechany
lokality s pocty vice nez 50 cejek pozoro-
vanych pfi prvni kontrole povazované za
zjevne tadhnouci skupiny. Tento vztah byl
prukazné porzitivni (Spearmantiv korel.
koef., r = 0,01, P <0,05),1kdyz pocty cejek
pii druhé kontrole byly pfiblizné polovic-
ni v porovnani s prvni kontrolou (obr. 5).

Nejvyssi pramérny pocet cCejek na
lokalitu (9,6 + 8,09) pti druhém scitani
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dominantni biotop / dominant biotope

Obr. 3. Zastoupeni dominantnich biotopti na lokalitach a v jednotlivych regionech béhem prv-
niho obdobi s¢itani (ORA = oranisté, OZI = ozim, JAR = jarni obilovina, LOU = louka/pastvina,
REP = fepka, STR = strnisté, MOK = mokiad, DNO = dno rybnika, UHO = thor), n = 109. Sest
méné sledovanych regiont (viz obr. 1) bylo shrnuto do kategorie ,ostatni“. JC = jizni Cechy,

VC = vychodni Cechy.

Fig 3. Representation of dominant habitats on localities and in particular regions during the
first monitoring period (ORA = ploughed field, OZI = winter wheat, JAR = spring cereal, LOU =
meadow/pasture, REP = oil-seed rape, STR = stubble field, MOK = marshland, DNO = fishpond
bottom, UHO = fallow land), total n = 109. Six less represented regions (see Fig. 1) were merged
in the category ,rest*. Regions: JC = southern Bohemia, VC = eastern Bohemia.
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Obr. 4. Histogram rozdéleni poctu lokalit podle poctu pozorovanych c¢ejek v terminu druhé
kontroly (n = 123).

Fig. 4. Histogram of distribution of lapwing numbers observed on the localities (n = 123) during
the second monitoring period.
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Obr. 5. Korelace mezi pocetnosti ¢ejek na hnizdistich pii prvni a druhé kontrole (n = 82).
Lokality s vice nez 50 ¢ejkami pfi prvni kontrole jsou vynechdny. Pferusovand ¢ara pfedstavuje
situaci pii nezménéném stavu (smérnice = 1).

Fig. 5. Correlation between lapwing numbers on the localities during the first and second visits
(n = 82). Localities with more than 50 lapwings during the first visit were omitted. Dashed line
represents stable state (slope = 1).
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Obr. 6. Pocetnost ¢ejek v biotopech dominantnich na jednotlivych hnizdistich pfi druhém sci-
tani. Tu¢né jsou medidny, boxy vymezuji 25% a 75% kvantily, tsecky pfilehlé a krouzky odlehlé
hodnoty [n = 83; oranisté = 27, jai = 17, louka/pastvina = 10, ozim = 16, ostatni (fepka, strniste,

mokfiad, dno rybnika a Ghor) = 13].

Fig 6. Lapwing numbers in dominant habitats on particular breeding grounds in the second
monitoring period. Box-plots include medians, 25% and 75% quantiles, outliers (bars) and
extreme values (circles) [n = 83, ploughed fields = 27, spring cereal = 17, meadow/pasture =
10, winter wheat = 16, others (rape oil-seed, stubble fields, marshland, fish-pond bottom and

Jfallow) = 13].

(lihnuti mladat) byl zaznamenan v ora-
nistich, pfipadné v naslednych bioto-
pech po zvlaceni a oseti (Slo zejména
o jafiny v¢etné kukufice; obr. 6), ¢imz
se tento biotop prukazné lisil od vsech
ostatnich dominantnich biotopu s pru-
mérem 5,8 + 4,69 Cejek (Wilcoxonuv
dvouvybérovy t-test: W = 936, n = 83,
p = 0,040). Vsechny dominantni bioto-
py reprezentujici méné nez 10 lokalit
(fepka, strnisté, mokiad, dno rybnika
a uhor) byly v této analyze shrnuty do
kategorie ,ostatni®.

Dile jsme hodnotili, zda pocetnost
¢ejek na hnizdisti ve 2. obdobi (inku-
bace a lihnuti mladat) byla ovlivnéna:
(a) biotopem (po slouceni biotopti kvuli
pocetnimu vyrovnani velikosti vzorkt na
jafiny, oranisté, ozim+fepku a ostatni);
(b) pfitomnosti mokfiny (v¢etné dna
vypusténého rybnika) a luk; (¢) zda se
v téchto ohledech lisila mezi regiony
(jizni Cechy, vychodni Cechy, ostatni).

Analyza ukdzala, Ze pocetnost ¢ejek na
hnizdistich byla statisticky vyznamné
ovlivnéna pfitomnosti mokiin a/nebo
luk bez ohledu na dominantni biotop
a region (Appendix 1). Nejpocetnéjsi
seskupeni cejek se tedy tvorila na loka-
litach, jejich soucdsti jsou podmacené
plochy ¢i travni porosty.

Hnizdni aspésSnost

Z celkového poctu 124 lokalit, na kte-
rych byla ve druhém ¢i tietim scita-
cim obdobi zjistovdna pritomnost kuftat
(,kufetem® je dale v textu mysleno vzdy
mladé cejky chocholaté od vylihnuti
po dosazeni vzletnosti) nebo varuji-
cich rodic¢t indikujicich uspésné vylihlé
snusky, byla na 63 (51 %) pozorovana
mlddata ¢i varujici dospéli ptaci, na 61
(49 %) nikoliv. Testovali jsme, zda je
vyskyt varujicich rodi¢i nebo pfimo
pozorovanych mladat spojen s pfitom-
nosti luk, mokfin a hnojist na lokalité
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a zda je v tomto ohledu patrny rozdil
mezi regiony a pfevlddajicimi bioto-
py. Zjistili jsme vysoce prukazny roz-
dil mezi regiony v podilu lokalit s va-
rujicimi c¢ejkami bez ohledu na dalsi
atributy (Appendix 2). Nejvyssi podil
lokalit s varujicimi ¢ejkami v dobé vo-
déni mladat byl zaznamendn ve vychod-
nich Cechach (93 %), nejnizsi v jiznich
Cechich (27 %), ostatni regiony dosa-
hovaly 69 %. V interakci s regionem se
uplatnil i vliv dominantniho biotopu, tj.
dominantni biotop se uplatnil v tomto
smeéru pouze v nékterych regionech.
Nejvyssi uspésnost lihnuti vykazovaly
¢ejky v oranistich (na 77 % lokalit byli
zaznamendni varujici dospélci nebo
byla pozorovana mladata). Nizsi byla
naopak v loukdch, pastvinach a jafindch
(27 %). Tento trend vsak nebyl statistic-
ky prikazny pro cely soubor dat (test
homogenity, x> = 5,1, df = 3, P = 0,164;
obr. 7). Vyznamnym faktorem prikaz-
né zvysujicim podil lokalit s vyskytem
varujicich ¢ejek nebo pozorovanych ku-
fat byla pfitomnost samotné mokiiny
(x2 = 10,12, df = 1, P = 0,001; obr. 8).

20

pocet lokalit / number of localities

oranisté / ozim /

ploughed field

winter wheat

Historicky status lokalit

Z celkového poctu 151 lokalit nebyl u 83
z nich stanoven jejich historicky status.
Ze zbyvajiciho poctu 68 lokalit prukaz-
n¢ prevazovaly lokality s kazdoro¢nim
hnizdnim vyskytem cejek (n = 33, 49 %),
méné bylo lokalit s pravidelnym vysky-
tem (Cejky na lokalité hnizdily 3 az 4krat
béhem 5 let; n = 24, 35 %) a nejméné
bylo lokalit s ob¢asnym hnizdnim vysky-
tem (Cejky na lokalité hnizdily 1 az 2krat
behem 5 let), popt. slo o uplné novou lo-
kalitu (n = 11, 16 %) (test homogenity, %>
=10,9, df = 2, P = 0,004). Pfes mirny trend
vyssi hnizdni aspésnosti ¢ejek na kazdo-
ro¢né obsazovanych hnizdistich nebyl
shleddn statisticky vyznamny rozdil v za-
stoupeni lokalit s pfitomnosti kufat (4j.
s varujicimi ¢ejkami nebo pozorovanymi
mladaty) v zdvislosti na historii lokality
(x?=23,df =2, P=0,31).

Ohrozeni lokalit

Scitatelé na jednotlivych lokalitich uva-
deli vyznamné ohrozujici faktory pro
dané hnizdisté. Jednoznac¢né nejvyznam-
néjsim faktorem povazovanym pozoro-

W pozorovano / observed
moc¢ekavano / expected

jar/
spring cereal

louka-pastvina /
meadow-pasture

hnizdni prosttedi / breeding habitat

Obr. 7. Cetnost varujicich ¢ejek / pozorovanych mladat v nejvice zastoupenych hnizdnich
biotopech (n pro oranisté = 26, jat = 19, louka/pastvina = 11, ozim = 17).

Fig. 7. Frequency of warning lapwings / observed chicks in the most represented breeding habi-
tats (n for ploughed fields = 26, spring cereal = 19, meadow/pasture = 11, winter wheat = 17).
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Obr. 8. Piitomnost varujicich ¢ejek / pozorovanych mladat na lokalitich s mokfinou (n = 83)
a lokalitach bez mokfiny (n = 41).

Fig. 8. Presence of alarm calling lapwings / observed chicks on localities with marsh (n = 83)
and localities without marsh (n = 41).
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Obr. 9. Zastoupeni hlavnich ohrozujicich faktora pro kazdou lokalitu uvedenych respondenty
(vyjadfeno v % pro kazdy uvadény ohrozujici faktor zvlast, n = 151 lokalit pro kazdy ohrozujici
faktor, pozorovatelé mohli uvést vice nez jeden nebo zadny ohrozujici faktor na jedné lokalite).
Fig. 9. Representation of particular threatening factors in particular localities (expressed as %
Jor each factor separately, n = 151 localities for each factor, observers could indicate more than
one or none factor per locality ).
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vateli za ohrozujici danou lokalitu byla
zemedelska c¢innost (test homogenity:
¥ = 58,8, df = 3, P < 0,001). Dalsimi vy-
znamnymi ohrozujicimi faktory byla pre-
dace a vysouseni lokalit (obr. 9).

DISKUSE

Vyhody a slabiny monitoringu,
uspésnost dotaznikové akce a usili
mapovateli

Dotaznik byl navrzen v rozsahlejsi po-
dobé¢ pro zachyceni co nejpodrobnéj-
Sich a objektivné vyhodnotitelnych
udaj, coz zvySovalo naroky kladené
na respondenty. Alternativou pro ma-
povatele bylo poskytnout jakakoliv
data o pozorovani cejek bez vyuziti
navrzeného dotazniku. Vétsina respon-
dent odevzdala sva pozorovani pomo-
ci ptipraveného formuldfe. Data zaslana
v této podobé byla sndze zpracovatelna
a vyrazné uzite¢néjsi pro hodnoceni.
Ve formulafi byly vzdy vyplnény uda-
je o autorovi a umisténi jeho lokality
(na rozdil od casti zprav doslych ji-
nou formou) a respondenti pomérné
ochotné vyplnovali i dalsi pozadova-
né udaje. Pouze v nékolika piipadech
nebyla hnizdni lokalita popsdna do-
state¢né podrobné. Kolonka pro dalsi
pozndmky casto obsahovala informace
upfesnujici jiné casti dotazniku nebo
popisujici neobvyklé situace. Pokud
tedy pozorovatel lokalitu navstivil v da-
ném sledovaném obdobi, celkem bez
problémt formulat vyplnil. V pfipade,
kdy slo o doplnéni konkrétniho udaje
¢i mél pozorovatel na vybér z nékoli-
ka moznosti, vzdy byly vysledky sndze
hodnotitelné nez kdyz byla s¢itateli po-
nechdna volnost v obsirnéjsich popi-
sech, jez mohly byt respondenty pojaty
vzdjemné velmi odlisné. I tento pfistup
vSak mel svij piinos v situacich, kdy
bylo vhodnéjsi prenést zodpoveédnost
za podobu vysledku a jeho interpretaci
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az na konec¢né zpracovatele (napf. pfi
hodnoceni sporného ukazatele uUspés-
nosti lihnuti). Pfedlozeny formulaf tedy
povazujeme za dobry ndstroj pro sbér
dat od vétstho okruhu pozorovatel,
coz dokazuji i vysledky této studie, nic-
méné v ramci monitoringu AEO bude
vhodné jeho podobu mirné upravit, vy-
lepsit a zjednodusit v souladu s okruhy
problémt diskutovanymi nize.

Jako nejproblematictéjsi se ukazala
obecna neochota realizovat kompletni
monitoring (¢tyii navstévy) v prubehu
celé sezony. Posledni obdobi monito-
ringu bylo proto nutno v kone¢né ana-
lyze zcela vynechat, protoze o pohnizd-
nich shromazdistich se seslo jen velmi
malo udaja. Motivaci scitatel pozdéji
v sezOn¢ by mohlo zvysit napf. inter-
aktivni vyplnovani dat elektronickou
formou, kde by scitatelé meli okamzi-
tou zpétnou vazbu a napft. veédéli, ,kdo
v jejich okoli s¢ita“ a ,jak si vedou cejky
v riiznych regionech CR“. RovnéZz pri-
bézné vyhodnocovini a zpfistupnéni
pfedbéznych vysledku scitatelim jeste
béhem sezony by mohlo zvysit jejich
motivaci k provedeni dalsich kontrol.
Ukazalo se (viz nize), Zze neni nezbytné
vyzadovat ani tfi kontroly béhem celé
sezony. Kromé toho, Ze i pozadavek
tieti kontroly mohl odradit nékteré po-
zorovatele pro svou ¢asovou naro¢nost,
z vysledkl vyplyva, ze tfeti kontrola
nepfinasi informaci adekvatni vynalo-
zenému Usili. Klicové udaje pro zhod-
noceni vyuzivanych biotopt a faktoru
ovliviiujicich uspésnost lihnuti posky-
tuji totiz v uspokojivé formeé prvni dvé
kontroly. Argumentem pro vynechdni
tieti kontroly v budoucim monitoringu
soustfedéném na vytipovani vhodnych
hnizdist pro AEO na orné pudé (ackoliv
pro zaznamenani biotopt vyuzivanych
¢ej¢imi rodinkami v dobé vodéni ku-
fat nebo pfi ndhradnim hnizdéni by
mohla byt 3. kontrola uzite¢nd) je také



fakt, ze kombinace ANO-NE-ANO (4j.
pfitomnosti ¢ejek na lokalit¢ béhem 1.,
2. a 3. kontroly) se v naSem vzorku vu-
bec nevyskytla. Naopak velmi uzite¢cnou
polozkou se stala pfitomnost varujicich
rodict jako alternativa pfimého pozoro-
vani kurat, kterou respondenti ochotné¢
zaznamendvali a kterd umoznila analy-
zovat vliv raznych biotopovych atribu-
ti na uspésnost lihnuti. Cejku vodici
mladata lze obvykle spolehlivé identi-
fikovat pravé podle charakteristického
napadného varovani pfed nebezpecim
pfi ptiblizeni pozorovatele ¢i predatora
k ukrytym mlddatim (Cramp 1983).
Tato polozka by proto méla byt soucasti
i budouciho monitoringu.

Prestoze vysledky nékterych hodno-
ceni neni mozné€ povazovat za repre-
zentativni a zcela spolehlivé pro jejich
malé mnozstvi (zvlasté z nckterych re-
gionl), jsou diky mozné mistni speci-
ficnosti cennym doplnkem nasi obecné
predstavy o velkoplosnych trendech na
tuzemi CR a jsou proto i v této podobé
uziteCné. K opatrnosti pfi interpretaci
vysledkl nabada takeé velka heterogenita
pozorovatelt, mezi néz byli ve snaze
vytézit maximum ze vSech ziskanych dat
zafazeni napf. i patrné zkuSenéjsi autofi
této prace. Ti mohli vénovat sbéru dat
vice usili a pokryt tak vice lokalit v né-
kterych regionech, konkrétné v jiznich
a vychodnich Cechdch. Nezda se ale, ze
by tim byla zkreslena napf. informace
o ukazateli Uspésnosti lihnuti. Nejvyssi
podil lokalit s varujicimi ¢ejkami v dobé
vodéni mladat byl totiz zaznamendn pra-
vé ve vychodnich Cechdch a naopak nej-
niz§f v jiznich Cechdch, zatimco ostatni
regiony (mimo operac¢ni prostor autor(i)
dosahovaly primérnych hodnot. Piesto
vSak pro formulovani Siroce pouzitel-
nych AEO bude zadouci uskutec¢nit dui-
kladné¢jsi monitoring ¢ejc¢ich hnizdist, ze-
jména v regionech mdilo zmapovanych
v roce 2008.

SYLVIA 48 / 2012

Forma dotazniku

Vétsina dotaznika dosla v elektronické
podobé¢, méné poté v papirové podobé
pozemni postou. Vyplnovani elektro-
nickych dotaznikd je v soucasné dobé
uzivatelsky pfijatelngjsi a také atraktiv-
n¢jsi; tak je tomu napf. v Jednotném
programu sc¢itani ptaka v CR (http://
jpsp.birds.cz). Zde pozorovatel vybira
z nabizenych moznosti v rolovacich
listich a po odeslani jsou vysledky
jednoduse pfifazeny k ostatnim archi-
vovanym zaznamum, takze nedochazi
k zadnému dodate¢nému vytazovani
nekvalitné vyplnénych dat a udaje jsou
tak ihned pfipraveny pro vyhodnoceni.
To muze byt velmi dulezité pti naléhavé
potieb¢ vybéru vhodnych lokalit pro
AEO ¢i pohotového vyhodnoceni jejich
ucinnosti.

Hnizdni prostiedi

Jednoznacna prevaha vyskytu cejek na
orné pudé dokazuje urgentni potiebu
ochrany ¢ejky chocholaté v tomto pro-
sttedi bez ohledu na region. Naopak
louky a pastviny nejsou v soucasné
dobe¢ klicovymi hnizdisti v takovém roz-
sahu jako tomu bylo diive. Mohou vsak
stale hrat dulezitou roli v dobé vodéni
kutat (viz napi. Redfern 1982, Galbraith
1988a, Johansson & Blomqvist 1990).
Zhodnoceni tohoto jejich vyznamu vsak
vyzaduje detailnéjsi zacilenou studii na
Cej¢i kurata. Z typu obsazeného bioto-
pu vyplyva zejména duraz na oranisté
(¢i ndsledné jafiny) a ozimy, jez predsta-
vuji nejvyznamnéjsi hnizdni prostfedi
Cejek z hlediska absolutni pocetnosti
hnizd v zemédélské krajiné CR. Cilem
monitoringu nebylo zjistovat preferen-
ce Cejek pii vybéru hnizdniho prostie-
di. Data z lokdlnich praci shleddvaji
nejpreferovanéjsim hnizdnim biotopem
Cejek oraniste (Sdlek 1994, vlastni ne-
publ. udaje), zatimco ozimy, a¢ hojné
pro hnizdéni vybirané, nejsou obvykle

81



Kubelka V. et al. / Monitoring cejky chocholaté v roce 2008

pro svuj celkoveé vysoky podil v ramci
obhospodatrovanych ploch ve skutec-
nosti preferovany. V oranistich cejky
formovaly nejpocetnéjsi hnizdni usku-
peni, ktera maji také obecné vyssi Sanci
na uspesné vyhnizdeéni diky efektivnéjsi
obrané cejek vuci predatorim (napf.
Elliot 1985, Sdlek & Smilauer 2002).
Tento divod a naopak citelné ztraty
pfi souvislém vlaceni a seti vzhledem
k velkému poctu soucasné ovlivneé-
nych hnizd ¢ini z oranist klicovy biotop
pro cilenou ochranu hnizdicich cejek
prostfednictvim AEO na orné pudé. Je
ovSsem nutno poznamenat, ze rozdilné
zastoupeni dominantnich biotopt za-
znamenanych na hnizdistich v jednot-
livych regionech mtzZe byt dano nejen
preferencemi lokdlnich populaci cejek,
ale také rozdilnym zastoupenim samot-
nych biotopu v regionu (napft. v jiznich
Cechich muze ptrevazovat nabidka ozi-
mu a ve vychodnich Cechach naopak
oranist). Pro posouzeni biotopovych
preferenci je nezbytné mit k dispozici
celkovou nabidku biotopu v dané oblas-
ti, stavajici monitoring vsak se ziskanim
tohoto udaje nepocital.

Z pomérného zastoupeni luk, mokfiin
a hnojist (jako specificky registrovanych
prvkl prostiedi piitomnych na hnizdni
lokalité) vyplyvd, ze ¢ejkim vyhovovaly
lokality zejména s pfitomnosti mokiiny,
pokud mozno také v kombinaci s louka-
mi v blizkém okoli. Tato stanovisté jsou
klicova z hlediska nabidky vhodné potra-
hmyz a clenovci, a to jak pro dospélé
Cejky, tak i kurata (napf. Beintema et al.
1991, Sheldon 2002, Hudec & Stastny
2005). Pro vytipovani vhodnych hnizdist
¢ejek neni dulezity pouze charakter sa-
motného pozemku (napf. oraniste), ale
soucasné¢ i podoba jeho okoli, tj. zda jsou
ptitomny louky a mokiiny nabizejici kro-
mé hnizdnich pfilezitosti také potravni
moznosti.
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Pocetnost ¢ejek na hnizdistich
béhem sezony, historicky statut
lokalit a hnizdni aspéSnost

Na hnizdistich pfevladaly malé skupiny
¢ejek do ¢yt part. To sice do urcité miry
snizuje efektivitu potencidlnich AEO na
jednotlivych plochdch, pro maly podil
velkych seskupeni vsak neni mozné se
pfi ochrané hnizdist soustfedit vyhrad-
n¢ na né. Navic redlny pocet jedincli na
lokalité byva casto vyssi nez ¢ini prvni
odhad pfi monitoringu. Néktefi ptaci
mohou v okamziku monitoringu sbirat
potravu mimo hnizdisté a méné napad-
né samice sedici na hnizdech nemusi
byt viibec zaregistrovany (vlastni nepubl.
udaje). Pfiznivym jevem je naopak velké
mnozstvi pravidelnych hnizdist, jejichz
lokalizace je predvidatelnd a lze proto
pomérné spolehlivé s pfedstihem navr-
hovat vhodné lokality pro AEO. Tim spi-
Se, ze na téchto pravidelnych hnizdistich
dosahovaly cejky i vyssi uspésnosti lihnu-
ti (byt nepriikazné, pravdépodobné kvu-
li malému vzorku lokalit). Alternativnim
(metodickym) vysvétlenim pro nizky po-
dil hnizdist vedenych jako obcasna vsak
muze byt skutecnost, Ze se pozorovatelé
cilen¢ (avsak nezamérné) soustiedili na
lokality, kde cejky v predchozich letech
pozorovali. V takovém pfipadé ziska-
ny vzorek neni nadhodnym vybérem ze
vSech existujicich hnizdist a vysledky zis-
kané jeho analyzou je nutno interpreto-
vat jen s velkou opatrnosti.

Pocetnosti ¢ejek na hnizdistich be-
hem prvni a druhé kontroly prukazné
korelovaly (a¢ s priblizné polovi¢nim
ubytkem do druhé kontroly), coz na-
svédcuje setrvani mnoha c¢ejek na svych
hnizdistich i pfes vysoké ztriaty na snus-
kich (na cca 50 % hnizdist nebyli pfi
druhé kontrole zaznamendni varujici ro-
di¢e ani mladata). Jako zcela minimalni
varianta monitoringu hnizdicich c¢ejek se
tedy jevi druhd kontrola (obdobi lihnuti
kurat), kdy lze velmi zhruba odhadnout



i miru prezivani snuasek. Jde samoziejme
o velmi hrubé odhady, které vsak mohou
byt uzitecné pro ucely velkoplosného
monitoringu AEO se zapojenim Siroké
verejnosti.

Nejvyssi podil varujicich rodicu
v oraniStich (a ndslednych jafinach, ¢i
kukufici po oranisti) a naopak nizky
v loukach, pastvinach a jafinach (exis-
tujicich jiz jako jafiny v obdobi vybéru
hnizdist) je ponékud v rozporu s proka-
zanou preferenci pastvin jako biotopu
vhodného pro vychovu cejcich kurat ve
Skotsku (Galbraith 1988a) i ve Svédsku
(Johansson & Blomqvist 1996). Duvod
této odlisnosti mize byt nékolik. Bud
¢ej¢i rodinky v CR louky a pastviny sku-
tecné tolik nevyuzivaji (ale tuto moznost
je potfeba pro neprikaznost trendu
a mensi vzorek lokalit zvazovat s maxi-
malni opatrnosti) nebo se v CR nena-
chazi dostatek dostupnych a vhodnych
pastvin (tak tomu bylo napft. ve Walesu;
Sharpe 2006), coz naznacuji vysledky
zejména z vychodnich Cech (obr. 3),
¢i se prosté kurata vylihld v oranistich
pro naslednou vysokou mortalitu viibec
nestac¢i na pastviny piesunout, podob-
n¢ jako kufata z orné pudy ve Skotsku
(Galbraith 1988b). Moznosti je také pod-
cenéni luk a pastvin pozorovateli pro
fidky vyskyt hnizd na pocatku hnizdni
sezony, takze tyto lokality nebyly na-
sledn¢ dostatecné sledovany ani v ob-
dobi vodéni mladat.

Atraktivni hnizdni lokality cejek lze
celkem spolehlivé identifikovat jiz kon-
cem bfezna (v obdobi vybéru hnizdist)
a jiz v té dobé je tedy nutno jim zajis-
tit vhodnou ochranu. Naopak lokality
zjisténé jako obsazené az ve druhém,
pfipadné tfetim terminu monitoringu
(2 % ptipada) zfejmeé nemaji pro hnizd-
ni populaci ¢ejek zasadni vyznam, acko-
liv je uzite¢né mit tyto lokality podchy-
cené jako pfipadnd ndhradni hnizdiste.
Zjisténi, ze na veétsinge lokalit cejky setrva-
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vaji od zacatku hnizdniho obdobi az do
doby vodéni kurat (rozdilné lokality pro
vodéni kufat vsak mohly byt v monito-
ringu podcenény, viz vyse) ¢i kladeni na-
hradnich snusek, je ptiznivé pro zpraco-
vani cilenych AEO, nebot se tim zvySuje
efektivita opatfeni na konkrétni lokalité
i pfes pribézné ztraty zpusobené napf.
predaci. Podminkou je samoziejmé od-
povidajici ¢asové rozvrzeni AEO, které
by mélo trvat od konce brezna (pocatku
prvnich snusek) az do vzletnosti mla-
dat z ndhradnich snusek, tj. pfiblizné
do poloviny cervna. Vedle fungujicich
kratkodobych ochranaiskych opatfeni
formou piimé ochrany hnizd (Kubelka
et al. 2012) je tedy potieba zavést pra-
veé dlouhodobéjsi AEO (podrobnéji viz
Zamecnik et al. 2010), které bude v Sir-
$im ¢asovém i prostorovém méiitku sys-
tematicky zlepSovat hnizdni podminky
¢ejek chocholatych v zemédélské krajiné
s pfevahou orné ptdy.

Vyznamné regiony, ohrozujici
faktory cejcich hnizdist

Vezmeme-li v avahu pouze vysledky mo-
nitoringu z hlediska pokryti CR, byly
by nejvyznamnéjsimi regiony (do kte-
rych by se méla soustfedit ochrana hniz-
dist cejky chocholaté) jizni a vychodni
Cechy. Nerovnomérnost zastoupeni lo-
kalit v regionech v nasem vzorku vsak
muize byt ddna nejen tim, Ze v jiZnich
a vychodnich Cechich se nachazi oprav-
du nejvice hnizdist, ale také tim, ze zde
byl planovany monitoring jednotlivymi
koordindtory nejvice propagovan a po-
sléze i realizovan (do téchto regionu
byly rovnéz soustiedény terénni aktivity
vSech tff autorli tohoto pfispévku). Vyssi
koncentrace cejcich hnizdist v nékte-
rych regionech muze rovnéz znamenat
zvysenou motivaci pozorovatele k pro-
vedeni monitoringu a nasledné vyssi
podil udaji z daného regionu. Avsak
dulezitost jiznich, vychodnich a stifed-
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nich Cech zdutraziuije jiz Salek (2000b),
kdy v letech 1995-1997 se 60 % Cejcich
hnizdist v CR nachdzelo pravé v téchto
tfech regionech.

V souvislosti s hnizdénim cejek na
orné pudé je jako nejzdvaznéjsi ohro-
zujici faktor cejcich hnizdist v CR uva-
déna zemédélska ¢innost, a to na vice
nez poloviné lokalit. Nejvyssi hodnoty
z hlavnich dominantnich biotopti do-
sahlo pochopitelné oranisté, kde bylo
zemeédélstvi jako ohrozujici faktor uve-
deno na 82 % lokalit. Je vSak nutné odli-
it negativni vliv piimé likvidace sntisek
(napf. Baines 1990, Berg et al. 1992)
a mlddat (napf. Schekkerman et al. 2009,
Rickenbach et al. 2011) zemédélskou
technikou pfi kultivaci pole od nepfi-
mych vlivli intenzifikace zemédélstvi
(viz uvod). Nepfimé vlivy intenzifikace
zemedélstvi mohou byt pozorovatelim
pfi monitoringu cejek méné ziejmé,
ale zpravidla hraji zdsadni roli. Navic
lze nahlym snizenim intenzifikace ze-
medélstvi dosahnout vyrazného zvyse-
ni hnizdni produktivity c¢ejky i dalsich
bahndka zemeédélské krajiny (Galbraith
1988a, Schekkermann 2008), coz je po-
tieba zohlednit pfi planovani AEO. Na
17 % lokalit je uvadéna jako vyznamny
negativni faktor predace, ta v3ak bude
ve skute¢nosti hrat daleko vyznam-
né&jsi roli (srovnani napt. Sdlek 1992,
MacDonald & Bolton 2008, Teunissen
et al. 2008), protoze je obtizné ji odhad-
nout jen na zakladé pozorovani béhem
kratkych navstév lokalit bez detailniho
sledovani hnizd. Na 15 % lokalit je uva-
dén ohrozujici faktor vysouseni lokalit,
coz poukazuje na pokracujici problém
odvodnovani i v soucasnosti. Dalsi uva-
déné ohrozujici faktory (zaplaveni, ru-
Seni a zastavba) se uplatnily v podstatné
mensi mife.

Vyse byly prezentoviny pouze nej-
podstatnéjsi a nejpresvedcivejsi vysled-
ky monitoringu ¢ejek v roce 2008, dal-
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$i sporné otazky si zaslouzi upraveny
monitoring a podrobnéjsi rozpracova-
ni. Vysledky stdvajictho monitoringu
mohou poslouzit jako vhodny odra-
zovy mustek pro dalsi dukladny a re-
prezentativnéjsi sbér dat v ramci celé
CR. K tomu bude zapotiebi provést
podrobné¢jsi monitoring c¢ejc¢ich hniz-
dist, zejména v regionech nedostate¢né
zmapovanych v roce 2008. Podrobné¢jsi
monitoring by se mohl navic zaméfit
na ziskdni presnéjsich udaju o hnizdni
uspésnosti Cejek, o vySce porostu na
hnizdnich lokalitach, o rozloze hnizdist,
o Case straveném na lokalité (terénnim
Usili) se zohlednénim piedchozich zku-
Senosti mapovatelt s vyzkumem a sle-
dovanim cejek.

ZAVER

Navrzeny dotaznik pfinesl uzite¢né in-
formace o hnizdéni cejek v CR, které jsou
ddle vyuzitelné pfi vybéru vhodnych
hnizdist pro pfipravované AEO a pla-
novani dalsiho podrobného monitorin-
gu ¢ejc¢ich hnizdist v CR. Dotaznik také
ovéril moznosti vyuziti dobrovolnika pii
vlastnim monitoringu ucinnosti téchto
opatieni. Mira jejich zapojeni zavisi na
podob¢ dotazniku a ¢asové ndroc¢nosti
terénni prace. Efektivitu velkoplosného
monitoringu muze vyznamné podpofit
zejména zavedeni atraktivnéjsi elektro-
nické verze dotazniku a sniZeni poctu
pozadovanych kontrol cejcich hnizdist
na dvé (zacatek hnizdéni a obdobi lih-
nuti), v krajnim pfipadé na jedinou, a to
v obdobi lihnuti mladat.

Z vysledkt monitoringu cejek v roce
2008 zejména vyplyvd, ze: (1) za hlavni
a dostate¢n¢é zmapované oblasti hnizd-
niho vyskytu ¢ejek v CR lze povazovat
vychodni a jizni Cechy; (2) klicovym pro-
sttedim jsou oranisté nejen z hlediska po-
Cetnosti, ale zfejme i uspesnosti hnizdéni
a efektivity pfipravovaného AEO; (3) za



nejzavaznéjsi ohrozujici faktor hnizdist
Cejek v CR je povazovdna zemédélska
¢innost; (4) dulezitou soucasti hnizdist
je pritomnost podmacenych ploch a luk;
(5) velka hnizdni seskupeni jsou vzacna
a nenabizi dostatek prostoru soustie-
dit se pfi ochran¢ hnizdist vyhradné
na né&; (6) pravdépodobné pievladaji
pravidelnd hnizdisté s vyssi uspésnosti
lihnuti umoznujici s pfedstihem navr-
hovat vhodné lokality pro uc¢inna AEO;
(7) vhodné hnizdni lokality cejek lze
spolehlivé identifikovat jiz koncem biez-
na, od kdy je zddouci zajistit vhodnou
ochranu téchto ploch az do vzletnosti
mladat z ndhradnich sntsek, tj. piiblizné
do poloviny ¢ervna. Pfi interpretaci né-
kterych vysledku této prace je potfeba
mit na zfeteli, Ze monitoring ¢ejek v roce
2008 mel urcité metodické slabiny, kte-
rych bude potieba se v dalsich navazuji-
cich akcich vyvarovat.

PODEKOVANI

Nas velky dik patii fadé ornitologu, kteii
se do monitoringu v roce 2008 zapojili
a poskytli ndm fadu cennych informaci:
J. Bartonicek, J. Basta, J. Bures, J. Cepdk,
G. Camlik, T. Divis, M. Dusik, M. Dusek,
M. Fejfar, M. Hanzlikova, K. Harant,
J. Havlicek, J. Horak, M. Hordkova,
M. Chaloupka, K. Chmel, A. Kaduch,
R. Kalous, V. Kodet, V. Kovaf, V. Koza,
J. Mach, J. Malina, L. Maly, R. Mulacek,
V. Oplustil, M. Pakandl, L. Praus, J. Prazan,
J. Sladky, J. Sinko, T. Telensky, P. Tousek
a A. Vondrka. Ddle bychom radi podéko-
vali K. Rezdcové za vyznamnou pomoc
pfi zpracovani primdrnich dat a dvéma
anonymnim recenzentim za cenné pii-
pominky vedouci k vylepseni ptvodni-
ho rukopisu. Clanek vznikl s podporou
projektu CIGA CZU v Praze ¢. 20124218
- Rizika hnizdnich ztrat ¢ejky chocholaté
v zemedélské krajiné a moznosti jejich
zmirnéni.

SYLVIA 48 / 2012

SUMMARY

Although the Northern Lapwing (Va-
nellus vanellus) remains the most
common breeding shorebird in the Czech
Republic, it is an unceasingly declining
species in the country, the population
numbers dropped by about 80% during
the last 35 years (¢ Ceskd spolecnost orni-
tologickd 2011).

In 2008, a national survey focused on
this species was announced with the aim
to (1) update the list of breeding grounds
in the country, (2) describe habitat char-
acteristics of the mest sites including
character of vegetation cover, presence of
elements such as wetlands, marshlands,
meadows and dunghills; (3) evaluate
hatching success and specify factors
threatening the breeding lapwings; (4)
assess the involvement of volunteers in
the project, their effort to collect and
supply the data in a required form, (5)
evaluate meaningfulness of such project
Jfor development of a suitable agri-envi-
ronmental scheme (AES) for breeding
lapwings on arable land.

Thirty seven observers collected field
data during 300 visits on 151 breeding
grounds (Table 1, Fig. 2) particularly
in southern and eastern Bohemia (Fig.
1). The questionnaire was readily filled
in by the majority of observers and the
final data set provided results which
were useful in several ways. In particu-
lar, many important breeding grounds
of lapwings in the Czech Republic were
identified. In spite of the documented
applicability of volunteer work in the
monitoring of AES effectiveness, we
suggest some modifications of the moni-
toring scheme in the future. For example,
three visits (out of four recommended in
this project) per breeding ground were
conducted on 47 sites only (Table 2). The
effort of volunteers decreased from 76%
of performed second visits after the suc-

85



Kubelka V. et al. / Monitoring cejky chocholaté v roce 2008

cessful first one (i.e., if the lapwings were
recorded) to 57% of performed third
visits after the successful second one
(Test of proportions, n, = 113 and n, = 86
breeding grounds, P = 0.005). Therefore,
a reduction of the number of obligatory
visits per site from four to two (one in
the period of the establishment of nesting
groups and one in the hatching period)
would increase the amount of observers
willing to be involved in this monitor-
ing. Furthermore, we point out that the
observers should have an immediate
positive feedback which would increase
their labour effort; a more interactive
questionnaire easily available online is
also recommended as it provides an
opportunity for quick updates and elec-
tronic presentation of the results during
the breeding season.

The results of this study show in par-
ticular that (1) the representativeness of
the collected data largely varied among
the regions (Fig. 1), (2) ploughed fields
are probably the key habitat for bree-
ding lapwings as well as for applicati-
on of the most effective AES, given the
highest numbers per breeding site in the
hatching period (mean 9.6 + 8.09/SD]
in ploughed fields versus 5.8 + 4.69/SD]
in other habitats [Wilcoxon test,
W = 936, n= 83, P = 0.04, Fig. 3 and
6/) as well as given the highest num-
bers of alarm calling birds indicating
successful hatching there (Fig. 7); (3)
agricultural activities were identified
by the observers as the main factor that
negatively influences breeding lapwings
(Fig. 9); (4) wet patches and meadows
are important components of breeding
grounds (Appendix 1) and presence of
wet patches supports hatching success
(x? = 10.12, df = 1, P = 0.001, Fig. 8); (5)
large nest aggregations are rare (Fig. 4)
and thus insufficient for sole protection
of lapwing populations; (6) suitable
breeding sites were reliably identified at
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the end of March and lapwings usually
stayed there until late season (Spearman
rank correl. coelf., rs = 0.61, P <0.05, Fig.
5), suggesting a mnecessity to provide
appropriate protection of breeding birds
Jfrom March until mid June (i.e. fledging
period of the young), (7) regularly occu-
pied breeding grounds with relatively
higher hatching success are probably
a frequent alternative which provides
an opportunity for effective application
of AES on selected breeding grounds
enough time before beginning of the
breeding season, even though the rate of
hatching success varied widely among
regions (Appendix 2).
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Chapter 6

Protection of the Northern Lapwing - Use of agri-environment
climate measures

Vaclav Zamecnik

Leaflet introducing ways farmers, how to protect lapwings. Three main options are
mentioned: 1) conserving existing and creating new wetlands in open agricultural
landscapes is key for lapwings, 2) protection of nests from destruction by agricultural
machinery is possible by marking them with two bamboo poles placed on a line 5
m from the nest and 3) a targeted agro-environment climate measure (AECM) for the
most valuable breeding areas on arable land called Protection of the
Northern Lapwing. Leaflet is introducing basic condition of AECM to the farmers
and also environmental benefits for other species as Ring Plovers, Common
Redshank, Black-tailed Godwits, Skylarks or Brown Hares. In the second half of the
year, pollinators, seed-eating birds or various game species benefit from the
measure.
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Zamecnik V. 2015. Ochrana cejky chocholaté - VyuZiti agroenvironmentalné-
klimatického opatreni. Published by the Faculty of the Environment of the Czech
University of Life Sciences in Prague in cooperation with the Czech Ornithological
Society with the financial support of a project funded by the Ministry of Finance from
the EEA and Norwegian funds 2009-2014 within the CZ02 program — Biodiversity and
ecosystem services: EHP-CZ02-OV-1-027-2015 Mitigating the consequences of
habitat fragmentation in different types of landscapes Czech Republic.
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Ochrana ¢ejky chocholaté

Vyuziti agroenvironmentalné-klimatického opatreni

Cejka chocholata je elegantni ptdk velikosti hrdlicky s ndpadnou chocholkou na hlavé.
Tento mizejici ptaci druh miiZete spatfit na zamokrenych i sussich polich, na vlhkych loukdch,

v blizkosti vodnich ploch a vodoteci nebo na dnech upusténych rybnikil.

91



pocty
parQ

Prilet. Prvni cejky je mozné pozorovat uz od unora, kdy riizné velkd hejna protahuji krajinou (1).
== Tok. Postupné obsazuji hnizdisté (2), obvykle ve skupindch. Samci ptitom predvdidi ndpadné
svatebni lety doprovizené pronikavym voldanim (3).
== Snusky. Do jednoho z hnizdniho diilku, ktery samec hloubi na zemi, samice postupné snese
nejcastéji 4 vajicka (4), na kterych stridaveé sedi oba rodice (5). Pokud Cejky o vajicka ptijdou,
at uz kvuli zemédélskym pracim nebo predaci, obvykle snesou nahradni sniisku, kterou tvori
Casto jen 3 vajicka mensich rozmérii.

OHROZENI CEJKY CHOCHOLATE

Cejka chocholata je jednim z nejvice zemédeélskych pracich na polich (napf. jarni
ubyvajicich ptacich druh( u nas. Jen od roku  pfiprava pudy k oseti) nebo na loukach
1982 se jeji stavy snizily zhruba o 80 %. (napf. vlaceni), zvysena predace cejcich

K poklesu pocetnosti ¢ejek pFfitom v mnoha mladat a nizkd Uspésnost nahradnich
oblastech dochazelo uz pred rokem sntsek kvili pokrocilé sezéné i cetnym
1982 v reakci na masivni odvodnovani predatorim, ktefi v této dobé jiz jen
mokiadnich luk a s tim spojeny zanik s velkymi obtizemi hledaji potravu pro sva
tradi¢nich hnizdnich stanovist (viz graf). mladata v biotopové silné ochuzené polni

Cejku ohroZuje také niéeni hnizd pfijarnich  krajiné.

Vyvoj pocetnosti Cejek v oblasti Naméstské rybniky (okres Trebic). Bile je vyznaceno

150 - Lo o a i oo o . ; ;
obdobi masivniho odvodriovini mokfadnich travnich porostii.
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wm= Mladata. Zhruba po 27 dnech sezeni se lihnou mlddata (6), kterd se krdtce po oschnuti rozbihaji
z hnizda. Samicka mladata podle potreby zahtivd a vodi je za potravou (7), nejcastéji k mokfi-
nam (8). Samec, pokud setrvd az do této doby, postava opoddl a bedlivé rodinku stiezi. Pokud se
objevi nebezpeci, oba rodice vzlétnou a varuji (9). Pfitom na potencidlniho preddtora titoci nebo
se ho snazi odldkat od mlddat. Pfiblizné po 5 tydnech od vylihnuti jsou mlddata vzletnd.

== Pohnizdni obdobi a odlet. Tohorocni mlddata vytvari s dospélymi ptaky riizné velké skupiny
a spolecné se potuluji po krajiné (10). Zimuji v jihozdpadni Evropé.

MOZNOSTI OCHRANY

Pro Cejky je klicové zachovat stavajici
a vytvaret nové mokrady v oteviené
zemédélské krajiné. Ochrana hnizd
pred zni¢enim zemédélskou technikou
je mozna pomoci jejich vyznaceni
dvéma bambusovymi tycemi
umisténymi na fadku 5m od hnizda
(A). Pro nejcenngjsi hnizdisté na

orné pldé bylo pfipraveno zacilené
agroenvironmentalné-klimatické
opatieni (AEKO) Ochrana cejky
chocholaté, které v prvni poloviné

roku kromé Cejek chrani také kuliky
ficni, skfivany polni nebo zajice polni,
vyjimecné i nase nejvzacnéjsi bahnaky
vodouse rudonohé a bifehouse
cernoocasé.V druhé poloviné roku

z opatfeni profituji opylovaci, semenozravi
ptaci nebo rdzné druhy zvére (B).




Podminky podopatieni

e0d 1.1.do 15. 6. - zabranéni prejezdim
zemédélské i jiné techniky (vyjimka se
vztahuje na 4 m pds od okraje dilu pldniho
bloku pro prejezdy techniky)

e 0d 16.6.do 15.7. - vyseti stanovené
smési (certifikované, uznané nebo
kontrolované osivo, které neni starsi
dvou let od posledniho uredniho odbéru
vzorku uvedeného na urednich navéskach;
v pfipadé seti smési jiz namichaného osiva

Podopatfeni AEKO je nutné smés pouzit nejpozdéji do dvou let

v G ” od vydani michaciho protokolu) v jedné ze
Ochrana ¢ejky chocholaté dvou variant:

o pétilety zavazek mezi zemédélcem e sloZeni stanovené smési

a statem e kazdorocni vyplaceni pro krmnou variantu:
dodatec¢nych nakladu a ztrat zemédélci 10kg prosa setého,

e ro¢ni vyse podpory je 667 EUR/ha 10 kg lesknice kanarské,

(cca 18 000 K¢/ha)  podpora se vztahuje 5kg slunecnice ro¢ni na hektar

na plochu, ktera se musi vymezitjako - « slozeni stanovené smési pro opylovace:
samostatny dil ptdniho bloku e zemédélec 6,25 kg svazenky vraticolisté

pobira i dalsi platby v€éetné SAPS a LFA 5,00kg hofice bilé,
¢ pokud o podporu zada ekolog, plocha
dilu ptdniho bloku s hnizdistém cejky

jiz neni podpofena dotaci v ramci
ekologického zemédélstvi e zemédélci
musi pInit podminky tzv.,cross compliance’
a minimalni pozadavky na pouziti hnojiv

a pripravkd na ochranu rostlin

5,00 kg fepky jarni,
5,00 kg pohanky obecné,
3,75 kg komonice bilé na hektar
I e0d 15.11.do 31.12. — zapraveni porostu
do pUldy, optimalné hlubokou orbou

Navrh hnizdist zafazenych do AEKO Ochrana ¢ejky chocholaté naleznete v LPIS u polozky tisk ¢.3
(Agroenvironmentalni Udaje PRV 2015-2020 k datu). Pokud je hnizdisté cejky vymezeno, najdete
ve sloupci ,typ louky” slovo ,CEJKA”. Informaci o vymezeném hnizdisti Ize rovnéz najit na konkrétnim
dilu padniho bloku na zdlozce ,Podrobné” v ¢asti ,AEO info — ENVIRO vymezeni PRV 2015-2020"
Vymezené hnizdisté Ize graficky zndzornit v mapé zapnutim Zarovky v ¢asti,Dotace-Nové ENVIRO".
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Discussion

The Northern Lapwing belongs to a large family of bird species for which agricultural
landscapes are the dominant environment. Historical sources indicate that with the
development of agriculture, its number increased in the Czech Republic, but
unfortunately this development reversed during the 20th century (Stastny et al. 2006).
The ploughing of waterlogged flowering grasslands and the drainage of the landscape
seems to be essential (Chapter 1, Kltiz 1957, Salek 2000, Fiala 2008). Impact of these
two connected interventions is probably best described from the area of ponds near
town Namést nad Oslavou in central part of Czech Republic from 1958 until 2006.
Before ploughing and irrigation the total number of nesting lapwings fluctuated from
53 to 126 pairs, while after the number of birds dropped to 6 - 30 pairs (Fiala 2008).
When considering, how to promote more successful survival of lapwings in farmland,
revitalization of once irrigation land and creation of new attractive wetland features
should be one of the priorities.

Return of water to the landscape

Only five decades after last period of in most cases unreasonable irrigations (Vasku
2011) there general political agreement of the need to return water to the landscape
and to enhance the overall ecological stability of the landscape, especially in response
to ongoing climate change. The revitalization of the agricultural landscape including
biodiversity is part of key European strategy called Green Deal (European Commission
2019) or Farm to Fork Strategy (European Commission 2020), on national level the
same goals are part of the Strategic framework Czech Republic 2030 (Ministry of
Environment 2023) and several other strategies. For the lapwing and waders this bring
another opportunity to improve their living conditions. However, this process is slow
and very expensive. While the creation of smaller wetlands, especially to support
biodiversity, is relatively easy - the basic premise is the interest of the land owner - the
revitalization of the river network is a long and expensive process with an uncertain
end. In contrast to agricultural subsidies, these are individual projects that must always
be solved directly at a specific location, taking into account local conditions. Since 2014
700 projects amounting CZK 5.1 billion (EUR 207 million) to restore natural water
processes including natural flow regime within the landscape have been funded from
the Operation Programme “Environment”, i.e. from the EU structural funds and
hundreds of small projects have recently been supported from national subvention
programmes/subsidiary schemes under the Ministry of the Environment of the Czech
Republic (Landscape Management Programme, Landscape Natural Function
Restoration Programme) (The Nature Conservation Agency of the Czech Republic 2023,
unpublished data). Unfortunately, it is not possible to estimate the benefit of
implemented projects for the lapwing and waders.
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As a positive example of successful support of waders through water revitalisation can
serve a bird park called “Josefovské louky”, which has been built by the Czech
Ornithological Society since 2008 on the floodplain meadows between the Stara and
Nova Metuje rivers in eastern Bohemia (Czech Society for ornithology 2023a). The main
goal of the park is to create ideal nesting areas for waders through the controlled
irrigation of floodplain meadows, the construction of permanent water wetlands of
various sizes, the elimination of invasion of woody plants, the subsequent natural
grazing of a primitive breed of horses and backcrossed stilts, and the mechanical
creation of areas with bare soil. In this way, it was possible to achieve repeated nesting
of lapwings in the park (in 2022, 5 pairs successfully nested here) and, with additional
measures, more demanding redshanks (Michdlek 2022) and ring plovers. It is
indisputable that creating of similar sites in the landscape would be beneficial for the
lapwings, but only if these are placed in an open landscape without accompanying
planting of trees (Chapter 1, Chapter 4, Storek 2011, Salek & Smilauer 2002,
MacDonald & Bolton 2008a).

Elimination of predation

The high level of predation of nests and lapwing chicks is being actively addressed in
some countries, particularly in Western Europe, with various approaches. Most often,
this involves passive protection of nests by enclosures or by fencing them (Isaksson et
al. 2007, Rickenbach et al. 2011, Maplas et al. 2013, Verhoeven et al. 2022). In some
cases, the method of targeted elimination of selected species of predators, most
often foxes and corvids, was chosen (Bolton et al. 2007).

Predator exclusion has been found to be effective at improving avian hatching
success (Smith et al. 2011). In natural habitats, where predation pressure is naturally
low, the breeding success can be as high as 2.1 (in 2006) and 2.8 (in 2007) fledged
young per single nest with four chicks (Pilacka et al. 2022). Also, the elimination of
predators by using fencing contributed to higher fledging success - in England from
0.23 to 0.79 fledglings per pair (Malpas et al. 2013); in Switzerland chick survival
increased from almost 0 % to 24 % (Rickenbach et al. 2011). However, this protection
method is time-consuming and expensive and in case of population size estimated on
level 6000 — 9000 pairs in 2014-2017 has no justification (Stastny et al. 2021).

The results of an 8-year cross-over experiment examining the effect of red fox Vulpes
vulpes and carrion crow Corvus corone control on breeding performance and
population trends of lapwing showed no overall effect on the failure rate of 3139
lapwing nests (Bolton et al. 2007). Predator densities in the absence of control
measures were highly variable among sites, and consequently the numbers of
predators removed were similarly variable. Overall, predator control measures
resulted in a 40% decline in adult fox numbers and a 56% reduction in territorial
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crows (Bolton et al. 2007). However, the effect of predator control varied significantly
among sites, reflecting the variation in predator densities. Predator control measures
were more likely to result in increased nest survival at sites where predator densities
were high. Overall, predator control measures resulted in a 40% decline in adult fox
numbers and a 56% reduction in territorial crows (Bolton et al. 2007).

In the Czech Republic, a similar protection model has not yet been systematically
recommended, but as our data indicate, foxes in particular can purposefully search
for fields with nesting lapwings on some nesting sites, and their potential shooting
could contribute to an increase in nesting success (Oppel et al. 2011). However, the
results so far indicate that the use of this method is often controversial, with the
potential for unforeseen increases in other predator or competitor species (Bodey et
al. 2009).

Direct nest protection

Lapwings reacted very quickly to negative changes in the landscape by changing their
nesting preferences and gradually began to prefer arable land over grassland,
especially ploughed fields (Chapter 1, Chapter 5). Without direct protection, practically
all the first clutches of lapwings in this environment are unsuccessful (Chapter 1,
Chapter 3), which may be unsustainable in the long term (Chapter 2, MacDonald &
Bolton 2008b). Direct protection can in most cases prevent the destruction of nests
during agricultural activities, but considering its marginal effect so far, a significant
impact at the level of the entire population cannot be expected.

By far the largest number of protected nests was recorded in the Netherlands (Plard et
al. 2020). The Dutch lapwing nest record scheme monitored 213 797 nests from 1995
to 2014 in different places across the Netherland (on average, 10 960 nests per year,
from 38 nests in 1995 to 19 064 nests in 2006). The breeding success from monitored
nests was used to estimate productivity (Plard et al. 2020). Most (99 %) monitored
nests were marked with sticks to avoid destruction by agricultural activities and to
ensure recovery of nests to monitor nest success. For each nest, the clutch size, the
number of days the nest was monitored, the breeding success (successful: hatching of
one egg at least/not successful) and the protection status (protected using sticks/not
protected) were recorded (Plard et al. 2020).

If we assume that lapwings from the first clutches have the best chances to reach
fledging (Chapter 2), such a high number of saved nests should display into overall
nesting success. However, according to research in Netherland, direct protection
contributed to the population growth rate by only 2 % (Plard et al. 2020). Nevertheless,
it is not appropriate to resign from direct protection. Though the destruction of wader
nests by agricultural activities has been demonstrated as a main driver of nest failure
(Shrubb 2009), direct nest protection does not prevent from predation and do not
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improve habitat quality (Chapter 3, Plard et al. 2020). In this respect, it is not possible
to compare the Czech Republic with the Netherlands, because they differ in the
character of the landscape, agricultural practices or climatic conditions. Larger field
units in the Czech Republic can be an advantage for lapwing chicks in some respects,
as they could provide a safer environment (Salek & Smilauer 2002, MacDonald &
Bolton 2008a).

In addition to CSO's efforts to promote direct protection among its members and the
public (Zamecnik 2015), another opportunity is to involve farmers themselves
(Zdmecnik 2020a). Greater involvement of farmers in the protection of lapwing nests
is one of the possibilities that can contribute to their effective protection. Some of
farmers decided to systematically look for nests of lapwings from the tractor during
spring work, mark them themselves and then bypass them when sowing the crop. Their
example could inspire other farms and that is why we are planning to shoot a
demonstration video in 2023 to introduce, how to optimally manage the direct
protection from the farmer's point of view. If nests are searched by volunteers a
varying amount of time before the agricultural work itself some risk of marked nests
predation before the beginning of the agricultural work remains (Chapter 3), while
farmers are always protecting active nests present in the field at a given moment. It
cannot be assumed that farmers will start massively protecting lapwings in this way,
but for now the number of farmers who protect the nests themselves is growing. At
this moment, farmers in the Czech Republic are not financially rewarded for the
protection of nests. For the future, some model rewarding farmers for actions
beneficial for biodiversity as result-based agri-environment climate measure should be
developed as it is being effectively used for protecting of other taxa, mainly plants
(Burton & Schwarz 2013, Elmiger et al. 2023).

Agri-environment climate measure

From 2015, farmers can join AECM designed to protect lapwings breeding on arable
land. Design of the scheme was based on data from volunteer monitoring (Chapter 5)
and also experiences from UK within-fields fallow plots was used (Sheldon et al. 2005,
Sheldon et al. 2007).

When designing this scheme, three assumptions were followed:
1) AECM will provide a suitable nesting environment that will be attractive for nesting

Ploughing of vegetation into the ground from second half of November was proposed
to increase attractiveness of the site in the spring to create open habitat practically
without vegetation (Cramp & Simmons 1983). The conditions of the measures
completely eliminated the risks associated with the movement of agricultural
machinery, but at the same time it was expected that they could also reduce the risk
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of nest predation. If plant remains were partially left on the field after the vegetation
had been cultivated at the end of the year and new vegetation started to grow early in
Spring, a visually more heterogeneous environment should would be created and
cryptic coloured eggs would survive better. However, a more detailed evaluation of
nest timing and predation in AECM sites has not yet taken place.

2) A food-attractive area will be created.

One of the conditions of the measure is the exclusion of chemical treatment, including
fertilization, which should support the development of invertebrates and insects
(Chapter 1, Britschgi et al. 2006). At the same time, until mid-June, the area is left to
its own development, which leads to the development of a varied plant community of
various types of field weeds (Hanusova in prep.) and related invertebrates, as well as
to the partial regeneration of cultural crops, with which the area is sown from June 16
to July 15. Their proportion and predominant species composition vary significantly in
different locations according to local conditions, and at the same time as wild plants
increase the overall diversity on the nesting site (Hanusova in prep.). Especially
attractive for bids are fields with temporary wetlands, that are hosting significantly
more diverse and numerous communities of plants and animals than dry fields and, in
addition to lapwings, they are used for breeding by other bird species, including wader
species such as Redshank, Ring Plover or Common Snipe (Sychra et al. 2021).

3) A diverse and structured vegetation will create optimal cover for chicks to
minimise predation

The last assumption was that the areas will gradually become overgrown and, due to
different height and spatial diversity, suitable areas for the development of chickens
will be created, which will increase, in addition to higher food opportunities, also
optimal hiding options (McKeever 2003).

Data from monitoring of AECM effectiveness in 2020 indicate, that well-selected sites
lapwings occupy (Zamecnik 2020b). During first visit displaying or nesting activity of
lapwing was recorded on 64 % of 22 AECM sites compared to 27 % of the control sites.
However, no statistically significant difference was found in favour of sites in
commitment. Compared to the assumptions, there was a surprisingly significant
decrease in the number of birds during further control visits (figure 1) (Zamecnik
2020b). There could be several explanations for this. The nesting success rate is low on
both sites due to predation and for replacement clutches lapwings prefer spring crops.
Only in one case lapwings were observed nesting in the AECM site during second
control in case, when no bird was seen during first control (Zdmecénik 2020b). The
second alternative is that some lapwings leave the area early with their chicks — in
some AECM sites vegetation exceeds 20 cm already in April and despite it is not so
dense as normal crops, lapwings may not feel safe enough there. Especially in some
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dry sites there could be also limited feeding options, despite no chemical treatment.
Another explanation for moving from breeding site could be lapwing’s fear of
potentially high predation risk resulting from several families feeding close to each
other in relatively small area. If suitable biotopes are near the AECM within 2 km
distance, e.g. maize or open wetlands, lapwings may prefer to move there (own
unpublished data).
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Figure 1: Seasonal trend in AECM and control is significantly declining.

Unfortunately nesting success has not been monitored as our intentions was not to
minimise the disturbance of birds during breeding, just to prove possible presence of
chicks by entering the site and monitoring bird behaviour. Information on nesting
success differ significantly. In Germany were lapwing observed on 65 % of the 61 plots
at the beginning of breeding season (Schmidt et al. 2017), very similar to 64 % of
occupied sites in the Czech Republic (Zdmecnik 2020b). Breeding was confirmed at 26
out of 61 lapwing plots (43 %), whereas only 18 pairs bred on 9 control plots (15 %).
Hatching success was significantly higher at lapwing plots on level of 37.5 % (24 of 64
pairs at 11 plots) while on untreated sites it was only 16.7 % (Schmidt et al. 2017). It
indicates significantly higher predation pressure compared to England, where hatching
success of lapwings on unsown within-field fallow plots was on opposite very high.
Totally 85 % (Sheldon et al. 2007) and 77 % (Hoodless & MacDonald 2014a) of the
clutches hatched successfully. In our previous research total nesting success over all
study periods and sites was 46 %, in addition 9 % of nests were destroyed by agriculture
machinery. These results indicate, that by eliminating this threat overall nesting
success could be around 50 % (Chapter 1, Chapter 3). This level of nesting success has
been confirmed by some other studies as well (Teunissen et al. 2008, Pilacka et al.
2022).
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Similar to situation in the Czech Republic, many lapwings soon after hatching moved
away from German experimental plots (Schmidt et al. 2017), so total chick survival
could not be examined. These findings indicate, that more precise research of the
nesting success of lapwing in AECM sites and further movements of the families with
chicks including their survival needs should be done.

There were also some differences among management. While in Czech AECM and
Germany experimental plots cultivation takes place in late Autumn, in England it was
from February 1% till March 20™". Evidently both options were accepted by lapwings.
Also size of the plots were different. In England the cultivated area had to be located
on level, or slightly sloping ground; in fields larger than 5 ha with an open aspect and
at least 100 m away from woods, in-field and hedgerow trees, overhead power-lines
and public rights of way in order to minimise nest disturbance and predation. It could
not be placed in fields bounded by tree lines or adjacent to woods, unless the field was
larger than 10 ha. The cultivated area had to be at least 1 ha and no more than 2.5 ha
in size and at least 100 m wide (Natural England 2013). In Germany plots were situated
on fields or in their neighbourhood with evidenced lapwing breeding and the size of
the areas ranged from 1 — 2.6 ha (Schmidt et al. 2017). Nevertheless, results from
Germany indicates, that larger fields are better and consider 5 ha limit as optimal
compromise for lapwings and farmers (Schmidt et al. 2017). In Czech Republic we
preferred maximal size of AECM sites to be 10 ha in most cases, but on some over-
logged fields with high number of breeding pairs we accepted even larger area.

Cooperation with farmers

As quality of the farmland and farming management are crucial in lapwing protection,
there is no way forward without close engagement of nature conservationists and
farmers. The practical implementation relay directly on farmers themselves who first
have to decide to join the given measure. While in some cases the main motivation
may be the guarantee of a certain income from a given area, for a large part of farmers
key the barriers to entry may be the fear of an increase in the administrative burden,
more frequent controls and the risk of a possible sanction for breaching the conditions,
which can occur either through the error of the farmer himself, but in some cases also
caused by a third party (Meierovd & Chvatalova 2022).

In addition, farmers often do not receive more information about the measures from
the state administration than an overview of the conditions and the financial rate, and
this may not be enough for most of them. Therefore, it is necessary for nature
conservation and farmers to find a common language and for farmers to better
understand why the given measure was actually created, what were the reasons for
setting the given conditions and, above all, what the implementation of the measure
can help in the given site. There are several ways to convey this information to the
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farmer, each of them has its place and can often function independently or in
conjunction (Meierova 2020).

Probably the easiest way is the creation of ideally visually attractive and
comprehensibly grasped information material (prints, videos), which will present the
given protection measures to farmers, including the necessary technical details
(Chapter 6). Another possibility is the organization of educational seminars and
lectures. The last option is individual counselling, where nature conservation
representatives actively try to reach out to the concerned farmer and, during a
personal meeting, discuss in detail all the technical, economic and environmental
aspects of the given measure (Klockner 2015).

Therefore, as part of the support for the extension of the measure, since its inception
in 2015, | have actively approached farmers in the case of locations that had a high
perspective from the point of view of long-term nest occurrence or the nature of the
location in question (waterlogging, attractive surroundings, etc.). In 2017, with the
support of the Ministry of Agriculture, | personally visited 98 farmers farming on the
most promising areas according to the data from ornithological database. Also this
intervention contributed to increase of total area of the measure from 196 in 2017 to
318 ha in 2018 (Ministry of Agriculture, unpublished data). The personal contact in this
case is also an opportunity for mutual sharing of views on the agricultural landscape,
presentation of the specifics of agricultural practice and the latest knowledge in the
field of nature conservation, and opening up possibilities for synergy in more effective
protection of birds and overall biodiversity and agricultural management (Meierova
2020).

Conclusion

The long-term decline of farmland birds demonstrates that unless changes are made
to current agricultural practices, we may lose most of our previously common species
in a short period of time. As an example can be used the Northern Lapwing, whose
abundance in Czech Republic decreased by more than 80 % since 1982 till 2022 (Czech
Society for Ornithology 2023b). The main cause is overall intensification, especially
inappropriate interventions in the agriculture landscape as its drainage or conversion
of former waterlogged flowering meadow to arable fields. If we want to reverse the
current negative trend, revitalisation of agriculture land, especially the restoration of
the drained areas, where field agricultural production is inefficient from an economic
point of view, should be promoted at the political level and in the expert debate
between the agricultural community and nature conservation. Also further research to
find the most appropriate managements of farmland should be further carried out.

In our work, we focused mainly on the possibility of direct protection of nests, which
eliminates unnecessary losses of the first clutches, in which lapwings invest the most
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energy. Lapwing chicks, that hatch from them, have the most favourable initial
conditions for achieving fledging. So far, this protection model is only marginally
applied. Although the contribution itself to the overall nesting success of lapwings is
not essential according to some researches, it also has a significant educational impact.
Therefore, it is desirable that this protection be used more massively and, ideally, that
the farmers themselves adopt it to a greater extent.

Even from 2023, farmers will be able to enter a targeted AECM to support the
successful nesting of lapwings. The first results of monitoring indicate that well
selected areas are occupied by lapwings, but it is not yet clear how it contributes to the
overall breeding success. Therefore, it is desirable to devote further research especially
to this parameter.
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