Breeding in an agricultural landscape: conservation
actions increase nest survival in a ground-

nesting bird
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Abstract Agricultural intensification has affected wildlife
across Europe, triggering steep declines and regional extinc-
tions of farmland birds. Effective conservation activities are
essential for the preservation of biodiversity in an agricul-
tural landscape, but current efforts have not succeeded in
halting these declines. Here we investigate a ground-nesting
shorebird, the collared pratincole Glareola pratincola, which
has shifted its habitat use in Central Europe over the last 20
years from alkaline grasslands to intensively managed agri-
cultural fields. We show that nesting success was different be-
tween three agricultural habitat types, with the highest nesting
success in fallow lands and the lowest in row crops. Nesting
success was also associated with the timing of breeding and
breeding density, as nests produced early in the breeding sea-
son and those in high-breeding-density areas hatched more
successfully than those produced later in the season and at
low density. We implemented direct conservation measures
including marking nests and negotiating with farmers to
avoid cultivating the field between nest markers, controlling
nest predators and, most recently, creating suitable nesting
sites and foraging areas for pratincoles. As a result of these
conservation actions, nest survival increased from 11.2% to
83.5% and the size of the breeding population increased
from 13 to 56 pairs during 2012-2021. Thus, we show that
agricultural landscapes can continue to provide suitable
habitats, and targeted conservation actions have the po-
tential to reverse the declines of farmland species.
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Introduction

N atural habitats are disappearing or degrading at global
scales and at an unprecedented rate as a result of the
combined effects of current climatic processes and changes
in land use during the Anthropocene (Fahrig, 1997; Balmer
& Erhardt, 2000; Davidson, 2014; Hu et al., 2017). One of the
main driving factors is the expansion of intensive forms of
agricultural land use, which has led to the reduction and
sometimes even complete disappearance of various native
habitats across Europe (O’Connor & Shrubb, 1986; Potter,
1997). These declines are especially severe amongst grass-
land breeding animals that are considered to be sensitive
to environmental changes, as evidenced by recent steep de-
clines of steppe species (Fuller, 2000; Massa & La Mantia,
2010; Ward et al.,, 2010; Guerrero et al.,, 2012). As a conse-
quence of the loss of grassland habitats, birds that tradition-
ally bred in open natural habitats now increasingly breed
on arable land and in agricultural areas (Galbraith, 1987;
Bohning-Gaese & Bauer, 1996; Brady & Flather, 1998).
However, agricultural landscapes can lead to mal-assess-
ment in habitat choice as they appear suitable to prospective
breeders but the conditions they offer often result in inferior
reproductive success (Székely, 1992), and thus they may be
ecological traps (Schlaepfer et al., 2002; Robertson & Hutto,
2006; Pirt et al.,, 2007; Gilroy et al., 2011; Hollander et al.,
2017). Additionally, the intensification of agricultural prac-
tices can affect the nesting success of ground-breeding birds
in numerous ways, including direct loss of nests, chicks and/
or adults through mowing, cultivation by agricultural ma-
chinery, use of pesticides, irrigation and/or drainage (Berg
et al., 1992; Wilson et al., 2005; Kentie et al., 2013). There
are numerous examples of the negative affects of agriculture
on ground-breeding birds, including local extinctions of
flagship species such as the great bustard Otis tarda and
grey partridge Perdix perdix (Donald et al., 2001; Arroyo,
et al.,, 2002; De Leo et al., 2004; Alonso & Palacin, 2010;
Potts, 2012; Gooch et al., 2015). These pressures on farmland
birds have intensified as a result of global climate change,
which has amplified predation rates in human-modified
habitats. Specifically, environmental changes have boosted
the populations of mesopredators, which have further
reduced the nest or offspring survival rates of ground-
breeding birds (Roodbergen et al., 2012; Kentie et al., 2015;
Kubelka et al., 2018; Brzezinski et al., 2020). To mitigate
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these negative effects, targeted conservation actions are
needed (Arroyo et al., 2002; Schekkerman et al., 2008;
Zamecnik et al., 2018).

Here we report the results of a 10-year conservation effort
focused on the collared pratincole Glareola pratincola,
which is affected by habitat alterations and has undergone
population declines across many parts of Europe (Yuri
et al., 2020). The collared pratincole is a ground-nesting
shorebird that used to breed in loose colonies on alkaline
grasslands close to wetlands in Central Europe (Cramp &
Simmons, 1983), and a large inland breeding population
existed in Hungary until the mid 1900s (Aradi, 1979; Kiss
et al., 2018). Collared pratincoles feed on flying insects
including dragonflies, flies and beetles of various sizes.
They scrape their nests into livestock hoofprints or into
the bare ground (Beretzk, 1954; Cramp & Simmons, 1983).
The collared pratincole is categorized as Least Concern on
the TUCN Red List but the global population is declining
(BirdLife International, 2021). It has been difficult to
assess population changes because of the high dispersal
propensity and semi-nomadic strategy of the species, lead-
ing to large fluctuations in breeding densities (Yuri et al.,
2020). Collared pratincoles are now breeding on agricultural
land in Europe (Calvo & Alberto, 1990; Calvo, 1994; Calvo &
Furness, 1995; Lebedeva, 1998; Kiss et al., 2017; Yuri et al.,
2020), and most breeding attempts now occur on arable
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farmland even in some of the coastal breeding populations
(Vincent-Martin, 2007; Nardelli et al., 2008; Kiss et al.,
2017). During the past decade, the Hungarian population
has fluctuated between 22 and 65 pairs, at two major breed-
ing sites (the Nagykunsag and Kiskunsag regions). These
sites are the last remaining regular breeding locations of col-
lared pratincoles in the Carpathian Basin (Kiss et al., 2018).

We have four objectives: firstly, to quantify nesting suc-
cess of the collared pratincole and investigate the ecological
variables that could predict nesting success, including habi-
tat type, timing of breeding, proximity to open water and
breeding density; secondly, to compare nest survival rates
between different agricultural habitats; thirdly, to investi-
gate the effects of conservation measures on nest survival;
and finally, to investigate potential associations between
predator control and nest survival.

Study area

We carried out data collection and conservation activities
in the Nagykunsdg region in eastern Hungary (Fig. 1). The
climate is eastern continental, characterized by dry and
warm periods during the breeding season interspersed
with short, heavy rainfall of 20-100 mm/h (Hungarian
Meteorological Service, 2021). We focused on the southern
part of Nagykunsdg, where the landscape is dominated by
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cultivated lands, primarily rice fields (Fig. 1). Because of the
requirements of rice cultivation, each year > 1,500 ha of
farmland is flooded, providing important habitats for
breeding and migrating shorebirds (Kiss et al, 2017).
In Nagykunsdg, the estimated number of collared pratin-
coles fluctuated between 13 and 56 breeding pairs dur-
ing 2012-2021 (mean 32.4 * SEs5.3; data from the data-
base of the Hortobagy National Park Directorate).

Methods

Data collection

Starting in 2012, we collected data on breeding sites, includ-
ing nest-site location, nesting success and behaviour. We re-
corded the data using a handheld digital assistant and then
transferred the data to ArcMap 10.1 (Esri, Redlands, USA).
We also collected observations in croplands used by collared
pratincoles and in shallow wetlands. Using nest points and
various agricultural variables we created a map of nest points
and shapefiles of arable lands and shallow water bodies.

We prepared maps of nest locations and polygons of
croplands and water bodies for further analyses using
ArcMap. We carried out monitoring activities of birds on
potential nesting sites, location and revisiting of nests
using binoculars and spotting scopes. We always ap-
proached nests to a distance of 8-10 m using four-wheel
drive cars (even within agricultural fields) to limit any
possible disturbance to incubating birds. In addition to
the locations of nests, we identified the agriculture habitat
types used for nesting (Plate 1, Supplementary Table 1).
We identified these using Calvo’s (1994) methodology
based on the planting patterns of crops: we classified fields
with crops planted in rows at least 60 cm apart as row crops,
areas where crops were sown without leaving any row gaps
as spring cover crops and areas that were left unsown after
tilling as fallow. After locating the nests, we recorded the
clutch size, nest cover and location coordinates for each
nest and then placed a small stick c. 1 m from the nest to
mark the nest location in the field. After locating a new
nest, we consulted the owner or manager of the land. To
prevent nest destruction by farming activities, we marked
a buffer zone around the nests using 1.5 m-tall wooden
poles. However, to avoid attracting the attention of poten-
tial nest predators, we only placed the nest markers during
periods of active agricultural work (Zame¢nik et al., 2018).
The sizes of these oval-shaped nest protection zones were
100 m?, which is sufficient to ensure adequate protection
from agricultural machinery (Plate 2).

During the incubation period, we checked all of the nests
remotely using a spotting scope every other day. The incu-
bation period was 18 days (based on Myhrvold et al., 2015,
and our field observations supplemented with use of the
egg-floating methodology; see details in Székely et al,

PraTe 1 Main breeding habitats of collared pratincoles Glareola
pratincola in Hungary: (a) row crop, (b) spring cover crop, (c)
fallow land.

2006), and after the last nest visit, we classified each nest
as hatched, predated, abandoned, unknown, flooded or
destroyed by agricultural machinery. To identify the fate
of each nest, we used the methods of Green et al. (1987) to
identify potential nest predators in addition to our field
observations (Kiss et al., 2018). We established successful
hatching if there were small eggshell fragments or small
chick droppings in the nest cup, predation if we found
predator tracks or signs of predation by mammals or birds
near the nest, desertion if the pair was not nearby and the
egg was cold and abandonment because of rainfall if the
egg was stuck in mud. We determined a nest successful
if at least one chick hatched.
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PraTE 2 Protection zone around collared pratincole nest,
marked temporarily by 1.5 m-tall wooden poles. This photograph
was taken using a telephoto lens that distorts the actual distance
between the two wooden poles.

The survival and productivity of ground-nesting birds
are influenced by predation (Martin, 1993; Roodbergen
et al,, 2012; Kubelka et al,, 2018). To investigate relation-
ships between pratincole breeding success and number of
nest predators removed from the study area, we collected
data from hunters. Potential huntable nest predators include
mammals (red fox Vulpes vulpes, golden jackal Canis aur-
eus, European badger Meles meles) and birds (Eurasian
magpie Pica pica, hooded crow Corvus cornix). We re-
quested hunting bag data from professional hunters for
the period 2017-2021 and we aggregated the number of
individuals killed for each year. Hunting bag data relate to
the regional hunting district (c. 26,000 ha), which covers
c. 65% of collard pratincole nest sites (National Game
Management Database, 2022).

Estimating daily and total nest survival

To investigate the effects of year and agricultural habitat
on nesting success, we estimated daily and total nest
survival rates using calculations provided by Mayfield
(1975). We applied this method to estimate the chances of
a clutch surviving daily and for the full nesting period
(egg laying+ incubation period) by defining the daily
nest survival rate as the number of failed nests divided by
the sum of exposure days (Johnson, 1979). We calculated
total nest survival using Mayfield’s formula: (daily nest
survival)nesting period in days “\yhere the total nesting period
is egg laying period + incubation (20 days in total). We
defined exposure time as the number of days from find-
ing a nest to the confirmed (or expected) last day of the
breeding attempt. The incubation period started when the
complete clutch had been laid. For those nests that hatched
(i.e. at least one chick hatched), we calculated the exposure
time from the day of nest finding to the confirmed (or
predicted, using the egg floating methodology; Székely
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et al, 2006) date of hatching (Mayfield, 1975; Kubelka
et al, 2018). For predated nests, we calculated exposure
from the day of nest finding until the midpoint between
the last positive and the first negative visit to the nest. For
all other outcomes (i.e. unknown, abandoned, flooded, de-
stroyed by agricultural machinery), we defined exposure
time from the day of nest finding until the last positive
nest visit, following standard protocols (Kubelka et al.,
2018). We focused trail cameras on 116 nests to identify
species of nest predators and the date of hatching.

Statistical analyses

We performed the statistical analyses in R 3.3.3 (R Core
Team, 2021). To identify relationships amongst individual-
level reproduction success metrics (i.e. nests hatched or
failed and the number of hatched chicks), we used general-
ized linear models (GLMs) with factors of year, habitat
type, Julian day of egg laying, distance from the closest
field boundary, distance from the closest water body and
colony density. The latter factor represented the mean
distance from the focal nest to the three closest nests
within the same breeding colony. As nesting success was
a binary response variable (hatched or failed), we used a
logistic regression GLM with the logit link error function.
Field boundaries and water bodies were available in shape
files. We computed the mean distance from the three
neighbouring nests using the nndist spatial neighbour-
hood function available in the spatstat package in R. For
the start of incubation, we used the Julian day of clutch
completion at a given nest. We used ANOVA, imple-
mented using the Im function, to analyse the associations
between (1) clutch size and habitat type, (2) timing of
hatching and habitat type, and (3) daily nest survival
(aggregated for years and habitats).

Results

Timing of breeding and breeding success

During 2012-2021, we found 315 nests, for 212 of which we
also determined the hatching date of the first chick. Egg
laying started in late April and terminated in mid July
(c. 2.5 months duration), with most nests (60%) laid dur-
ing 25 May-15 June. The first eggs hatched on 16 May,
which implies that the clutch was completed on 29 April.
The latest hatch date was recorded on 3 August. The mean
hatching date was 15 June * SE 1 day (n = 212 nests; Table 1,
Supplementary Fig. 1).

Collared pratincoles bred in three agricultural habitats:
most nests were in row crops (48%), followed by fallow
lands (29%) and spring cover crops (23%, n =315 nests;
Table 1). The timing of breeding was different between
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TasLE 1 Timing of breeding, clutch size and nesting success of collared pratincoles Glareola pratincola in agricultural habitats in Hungary
(mean * SE; Fig. 1). We found 315 nests over our study period, but as we were only able to establish hatching times for 212 of these nests,

we show hatching times separately.

Row crop Spring cover crop Fallow land Overall
Timing of hatching (Julian day) 158.5+0.9 164.6+2.3 175.8+1.9 165.6+1.0
Timing of hatching (calendar day) 9 June 15 June 26 June 15 June
Number of nests with known hatching times 94 50 68 212
Clutch size 2.66+0.05 2.58+0.08 2.49+0.08 2.59+0.04
Number of hatched chicks per nest 1.54%0.10 1.50%0.14 1.72+0.12 1.58 £0.07
Total number of nests 152 72 91 315

habitat types: nests in row crops or spring cover crops
hatched earlier than in fallow lands (one-way ANOVA,
b>6.311, F, 5,0 =39.02, Pryin = 0.009; Supplementary Fig. 1).
Similarly, clutch size was related to habitat type: the
largest clutch sizes were in row crops (one-way ANOVA,
b < —0.0491, F, 68 = 2.601, Pi; = 0.0254; Table 1). A total
of 75% (n=68) of nests on fallow lands hatched at least
one chick, whereas the corresponding figures were 69%
(n=50) on spring cover crops and 62% (n=94) in row
crops (Table 1). The overall nesting success was 67% (n = 315
nests). Nesting success was related to the type of habitat:
nests in spring cover crops or fallow lands were more
successful and produced more hatchlings than nests in
row crops. In addition, nesting success was also associated
with both time in the season and breeding density, as
early nests and those in areas with higher breeding densities
produced more chicks (Table 2).

Daily nest survival increased significantly over the study
period (linear regression, b=0.0064, n=8, P =0.0189;
Fig. 2). Total nest survival increased from 11.2 to 83.5%
(Supplementary Table 2). However, using two-way ANOVAs
we found no association between habitat type and daily nest
survival (two-way ANOVA, b= —0.046, SE =0.036, P = 0.21)
or total nest survival (two-way ANOVA, b= —0.103,

SE =0.144, P =0.48), using year as the unit of analysis.
The highest level of total nest survival was recorded in
fallow lands (Supplementary Table 2).

Causes of nest failure

Most nest failures (n = 102) were caused by predation (58%),
followed by nest abandonment (23%) and flooding by heavy
rainfall (17%), with 1% having an unknown fate. As a result
of the nest-marking scheme, agricultural machinery
destroyed only a few nests (1%; Supplementary Table 3).
In total, 83% (n = 49) of all nest predation and 89% (n =17)
of all flooded nests were found in row crops and spring cover
crops, respectively. The most common predators of eggs and
chicks were red foxes, European badgers, hooded crows,
western marsh harriers Circus aeruginosus and Caspian
gulls Larus cachinnans.

Conservation action

During the study period, we directly protected 159 nests
(c. 50% of the total) with a protection zone. The number
of protected nests fluctuated across years and habitats,
although the largest proportion (92%) of protected nests

TasLE 2 Nesting success and the number of hatched chicks of collared pratincoles in Hungary and their relationships to agro-technology,
time, space and other ecological variables. Logistic and linear regression analyses were used to explore the relationship between these
variables, as appropriate. Significant relationships are indicated in bold.

Number of hatched
Nesting success chicks

Variable Estimate SE z P Estimate SE t P
Intercept —463.12 124.42 —3.72 < 0.01 —292.04 63.84 —4.58 < 0.01
Agricultural habitat

Spring cover crops 1.03 0.40 2.56 0.01 0.42 0.20 2.11 0.04

Fallow lands 1.35 0.45 3.03 0.01 0.72 0.22 3.32 0.01
Ecology & timing

Year 0.23 0.06 3.74 < 0.01 0.15 0.03 4.62 < 0.01

Egg-laying date —0.01 0.01 —1.36 0.18 —0.01 0.01 —2.29 0.02

Field boundary 0.01 0.01 0.95 0.34 0.01 0.01 1.01 0.32

Distance from water body <0.01 < 0.01 0.40 0.69 <0.01 <0.01 1.56 0.12
Social behaviour

Breeding density <0.01 <0.01 —1.39 0.16 <0.01 <0.01 —2.47 0.01
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FiG. 2 Daily nest survival (mean + SE) in relation to the study year
(r* = 0.55, n = 10 years). The number of nests per year is indicated.

was in row crops (Table 3). Nest protection was successful,
as 64% of protected nests produced at least one chick
(n = 101; Table 3). The number of nests we rescued via direct
protection measures was 150 (Table 3).

Hunters culled a mean of 454 mammals and 655 birds
annually in the hunting district that overlapped with our
study site (i.e. 1.7 mammals and 2.5 birds per 100 ha;
Table 4). Daily nest survival was not predicted by the
number of culled avian (linear regression, b = 0.0001, n =5,
P=0.655) or mammalian predators (linear regression,
b=0.0005,n =5, P=0.503).

Discussion

Here we show that the nesting success of a ground-nesting
bird is predicted by the agricultural habitat type of its nest

Breeding in an agricultural landscape

TasLe 4 Number of predators culled during 2017-2022 in the
¢. 26,000-ha hunting district that overlaps with the collared prat-
incole nest sites.

Year Mammals  Birds Total
2017 280 263 543
2018 488 312 800
2019 415 699 1,114
2020 504 1,046 1,550
2021 582 953 1,535

Total number of culled predators 2,269 3,273 5,542

as well as breeding density and timing of breeding. We
increased daily nest survival of pratincoles over the study
period through conservation measures, so that the majority
of nests now hatch successfully.

Collared pratincoles that breed on fallow lands and in
spring cover crops had significantly higher nesting success
than those nesting in row crops. Nesting success for other
shorebirds is also influenced by the timing and intensity
of agricultural operations. For example, nest losses of nor-
thern lapwings Vanellus vanellus depend on the timing of
spring tillage during the nesting period (independently
of crop type; Sheldon et al, 2007). We observed that
predation pressure was lower in extensively used habitats
compared with intensively treated areas. Similar patterns
have been documented in black-tailed godwits Limosa
limosa (Kentie et al., 2015) and other ground-nesting
species (Berg et al.,, 1992). It is probable that the rise of
modern intensive agriculture has favoured generalist
predators (Pescador & Peris, 2001). In addition, rainfall
was more likely to flood nests in fields of row crops, as
the heavy agricultural machines used for these crops
compact the soil and thus water drains more slowly in

TabLE 3 Nest protection activities for collared pratincoles in Hungary in relation to year and habitat type (n = 315 nests). Nests rescued refers
to nests that would have been destroyed by agricultural machinery without direct protection.

Number Number of nests Number of nests Number of protected Number of unprotected

Year of nests protected (%) rescued (%) nests hatched (%) nests hatched (%)
2012 24 14 (58) 14 (58) 0 3 (30)
2013 16 9 (56) 9 (56) 5 (56) 5(71)
2014 14 3(21) 3(21) 0 8 (73)
2015 38 31 (82) 31 (82) 17 (55) 7 (100)
2016 46 24 (52) 20 (43) 18 (75) 12 (55)
2017 49 12 (24) 12 (24) 8 (67) 29 (78)
2018 34 17 (50) 17 (50) 12 (71) 14 (82)
2019 21 13 (62) 13 (62) 7 (54) 3 (38)
2020 33 9 (27) 8 (24) 9 (100) 20 (83)
2021 40 27 (68) 23 (58) 25 (93) 10 (77)
Habitat

Row crops 152 146 (96) 140 (92) 92 (63) 2 (33)

Spring cover crops 72 8 (11) 5(7) 6 (75) 44 (69)

Fallow lands 91 5(5) 5(5) 3 (60) 65 (76)

Total 315 159 (50) 150 (48) 101 (64) 111 (71)
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these habitats. The frequency of heavy rains appears to have
declined during the study period, which could also have
contributed to the higher nest survival we observed over
these years.

Collared pratincoles breed in colonies of various sizes,
and thus we expected inter-nest distance to be an important
predictor of nesting success. A similar pattern was observed
by Berg (1992), who found that predation risk was negatively
correlated with the number of neighbours within a breeding
colony of northern lapwings. Nest predation was also nega-
tively correlated with nest density in other wader species
(Macdonald & Bolton, 2008). In another colonial shorebird,
the pied avocet Recurvirostra avosetta, nesting success was
highest at intermediate densities (Hotker, 2000), suggesting
that density might have a non-linear effect on breeding
success in certain cases.

Several shorebird species are declining in their native
breeding habitats across Europe, having been forced to
choose riskier breeding sites as their preferred habitats
are converted into agriculture (Berg, 1992; Schifferli et al.,
2006; Kentie et al., 2015). For the collared pratincole and
similar species such as the Eurasian curlew Numenius
arquata, nesting success tends to be higher in their natural
habitats than in agricultural ones (Berg, 1992, Calvo, 1994;
Vincent-Martin, 2007). In our study area, pratincoles only
occupied agricultural habitats, which allowed us to compare
the impacts of various types of human-made habitats on
nesting success. However, we have no data on nest survival
in the native grasslands of this species because these are
now rare. In other studies that did include grasslands,
higher nesting success was reported in these natural
habitats (Calvo, 1994; El Malki et al., 2013).

Most fields in our study site were managed in different
phases during the breeding season; therefore, the peak
hatching dates occurred at different times. Nesting strategies
were highly dependent on the local agricultural schedule
because row crops and spring cover crops were sown
first, followed by the ploughing of fallow lands. In
row crops and spring cover crops, vegetation grows
particularly uniformly and rapidly, reducing the time
period during which the pratincoles can nest successfully.
By contrast, vegetation on fallow lands grows hetero-
geneously in mosaic patches, creating more suitable nesting
conditions. The highest number of nests was in row crops,
which was the most common type of agricultural breeding
habitat available for collared pratincoles and other shore-
birds at our site.

The clutch size of pratincoles is similar in Hungary,
Spain (Bertolero & Martinez Vilalta, 1999) and France
(Vincent-Martin, 2007) and higher than that in Ukraine
and Morocco (Pozhidaeva & Molodan, 1992; El Malki
et al., 2013). However, the number of successfully hatched
chicks was lower than in Ukraine (Pozhidaeva &
Molodan, 1992) and in Algeria (Bensaci et al., 2014).

Conservation actions

Nesting success was different between the three major
breeding habitats, with the results suggesting that the
most productive habitats were spring crops and fallow fields.
This difference persisted even though conservation mea-
sures focused on row crops, which increased the nesting suc-
cess for this habitat. Separating the impact of conservation
actions from that of the nesting habitats themselves would
be difficult, as the majority of nest protection measures fo-
cused only on row crops. The finding that neither daily nest
survival nor total nest survival was different between habi-
tats might seem counterintuitive, although the analyses that
we carried out at year level (rather than at the individual nest
level as in the other analyses) would have lower statistical
power. Nevertheless, we only had accurate data until the
chicks hatched, so we can only draw conclusions regarding
the effects of the habitats from the incubation period. Direct
nest protection interventions increased nest survival simi-
larly to other studies, such as the wood turtle Glyptemys in-
sculpta conservation project that found nesting success can
be increased by designing appropriate interventions (Bougie
et al., 2020). In the absence of direct nest protection, breed-
ing success was probably low in critical habitats, similar to
that described by Calvo (1994), who found that as a result of
changing agricultural practices, nesting success also im-
proved. Nesting success and the daily survival rate of nests
have increased significantly over the past decade probably
because of conservation actions.

Although the number of culled predators did not predict
nest survival, we believe this is because of the relatively
crude nature of the data (i.e. hunting bag data) and small
number of sample years. Predator control is likely to be im-
portant for the long-term survival of ground-nesting birds
(Neuman et al,, 2004; Bolton et al., 2007). We are currently
designing a project to investigate the effects of predator con-
trol on the nesting success of pratincoles. In addition, there
are various other natural and human-induced factors that
could influence the nest survival of ground-nesting birds,
and we need more precise data on the effects of culling on
the density of the most common nest predators.

Compared with unmarked nests, we did not find increased
predation rates in nests marked with poles, similar to that
observed by Zamecnik et al. (2018), perhaps because the
poles were left near nests for only short time periods. Local
farmers were supportive of this nest protection, and so
none of the known nests were at serious risk during agricul-
tural work. However, the collared pratincole conservation
project should be further improved through the establish-
ment of fields and fallow lands that are free from agricultural
disturbance. As a result of the current agricultural scheme,
agricultural land in Hungary and elsewhere in Europe
tends to be used intensively, so arable fields are typically
producing crops for most of the year (Tarjuelo et al,, 2020).
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Hortobagy National Park is involved in a species-focused
recovery programme that includes improving alkaline
grasslands to attract pratincoles, although the habitat resto-
ration seems to have been unsuccessful so far (Kovacs &
Kapocsi, 2004). Based on the results presented here, we
believe that joint actions by conservationists and farmers
are key (Kiss et al., 2018). Maintaining good relation-
ships between farmers and conservationists is essential to
achieving success in conservation projects (Logsdon et al.,
2015; Homberger et al., 2017). Direct nest protection activ-
ities had to be implemented mostly in row crops because
these types of agricultural land (especially sunflower and
corn fields) are cultivated intensively during the breeding
season. By contrast, in spring cover crops and fallow lands
(with a few exceptions), we observed no disturbance by
agricultural machinery after ploughing or sowing.

On a global scale, human activity can negatively influ-
ence the behaviour, productivity and nest survival of
ground-nesting birds in various habitats, especially on
farmland (Fahrig, 1997; Donald et al., 2001; Colwell, 2010;
Ward et al., 2010). We have set ourselves the goal of habitat
development at the local level, as a result of which 50-100 ha
of fallow lands are created every year to facilitate the
settlement of shorebirds on the Nagykunsag rice systems.
These empty fields are created through disc ploughing
from the middle to the end of April, and after the treatment
there is no human disturbance during the breeding
season. These areas are small in relation to the size of the
total habitat, but this seems to be a promising project
as increasing numbers of birds have nested and gathered
in these fallow areas in recent years. Improvements
could be supported through the development of targeted
agricultural programmes, which would set management
standards specifically for the arable lands used by the
species and financially support the conservation efforts of
farmers.

Our results suggest that direct conservation activities can
achieve desired outcomes even in intensively farmed
agricultural habitats. Without such interventions, a large
proportion of farmland bird nests could be destroyed by
agricultural machinery. We believe that the Eurasian popu-
lations of collared pratincoles are threatened considerably
by anthropogenic pressures: for instance, even in their
native breeding habitats the pratincoles are subject to
adverse effects from climate change, pollution and an
unnaturally high density of mesopredators. In addition to
effective direct nest protection, it will be important to
increase the proportion of safe fallow lands in the future
as a specific agri-environmental protection measure, so
that as many farmland birds as possible have the opportun-
ity to choose this undisturbed agricultural habitat for
breeding. As collared pratincoles nest in several places in
artificial habitats across Europe, mainly close to wetlands
such as rice fields, breeding habitats should be protected
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or restored more widely to maintain biodiversity in agricul-
tural landscapes.

Acknowledgements We thank Antal Széll, Miklés Lérdnt and
other national park rangers who participated in the conservation man-
agement of the species and data collection in Hungary; Fanni Takacs,
who supported our field data collection; William Jones and Tamas
Székely Jr for their linguistic corrections; the farmers of Kistjszallas
and Karcag, especially the workers of Nagykun 2000, Hubai és Tarsa
and Indidn Rizs Agro, Inc., who supported the protection of the
species in Hungary through their patience, positive attitude and
help with field site management; and the hunters association for
providing data on predator control. VK and TSz were supported by
ELVONAL-KKP 126949 of the Hungarian government. TSz was
also funded by the Eo6tvos Loérdand Research Network (Grant no.
1102207) and VK was also supported by Junior Star GACR project
(31-2307692M_Kubelka). We thank Project TetraClim for the use of
ELKH Cloud for our analyses.

Author contributions Study design and fieldwork: AK, AM, IK,
SzG, TSz; data analysis and writing: all authors.

Conflict of interest None.

Ethical standards This research abided by the Oryx guidelines on
ethical standards.

Data availability The dataset is available in the Dryad data reposi-
tory at doi.org/10.5061/dryad.mgqnk9959.

References

ALoNso LoPEz, J.C. & Paracin, C. (2010) The world status and
population trends of the great bustard (Otis tarda). Chinese
Birds, 1, 141-147.

Arapr, C. (1979) Telepesen fészkel6 madarak etologiai vizsgalata.
MTA Biolbgiai Osztily Kozleményei, 22, 239-256.

ARROYO, B., GARCIA, ].T. & BRETAGNOLLE, V. (2002) Conservation of
the Montagu’s harrier (Circus pygargus) in agricultural areas.
Animal Conservation, 5, 283-290.

BALMER, O. & ERHARDT, A. (2000) Consequences of succession on
extensively grazed grasslands for central European butterfly
communities: rethinking conservation practices. Conservation
Biology, 14, 746-757.

BEensact, E,, BouTERrA, N., CHERIEF, A., SAHEB, M., MoaLl, A. &
Hounawmpi, M. (2014) Breeding ecology studies of collared
pratincoles Glareola pratincola in the Central Hauts Plateaux of
Algeria. Wader Study Group Bulletin, 121, 43-48.

BERETZK, P. (1954) Uber das Vorkommen der Brachschwalbe,
Glareola pratincola (L.) in Ungarn und einigen Nachbarnlindern.
Larus, 6, 192—205.

BERG, A. (1992) Factors affecting nest-site choice and reproductive
success of curlews Numenius arquata on farmland. Ibis, 134, 44-51.

BERG, A, LINDBERG, T. & KALLEBRINK, K.G. (1992) Hatching success
of lapwings on farmland: differences between habitats and colonies
of different sizes. Journal of Animal Ecology, 61, 469-476.

BERTOLERO, A. & MARINEZ VILALTA, A. (1999) La perdiu de mar
Glareola pratincola al delta de I'Ebre: seguiment de la poblacié i
biologia reproductora. Bulletin Parc Natural Delta de I'Ebre, 10, 14-19.

BIRDLIFE INTERNATIONAL (2021) Glareola pratincola. In The IUCN
Red List of Threatened Species 2017. dx.doi.org/10.2305/ITUCN.UK.
2021-3.RLTS.T22694127A166268593.en.

doi:10.1017/50030605323000911


https://doi.org/10.5061/dryad.mgqnk9959
https://dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22694127A166268593.en
https://dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22694127A166268593.en
https://doi.org/10.1017/S0030605323000911

248

A. Kiss et al.

BOHNING-GAESE, K. & BAUER, H.G. (1996) Changes in species
abundance, distribution, and diversity in a central European bird
community. Conservation Biology, 10, 175-187.

BoLToN, M., TYLER, G., SMITH, KE.N. & BAMFORD, R.O.Y. (2007)
The impact of predator control on lapwing Vanellus vanellus
breeding success on wet grassland nature reserves. Journal of
Applied Ecology, 44, 534-544.

Bouaikg, T.A., BYER, N.-W,, LarIN, C.N,, PEErY, M.Z., WOODFORD,
J.E. & PauLr, J.N. (2020) Wood turtle Glyptemys insculpta nest
protection reduces depredation and increases success, but annual
variation influences its effectiveness. Canadian Journal of Zoology,
98, 715-724.

BraDY, S.J. & FLATHER, C.H. (1998) Agricultural land use patterns and
grassland nesting birds. Game and Wildlife, 15, 775-784.

BRrZEZINSKI, M., ZMIHORSKI, M., NIEOCZYM, M., WILNIEWCZYC, P.
& ZALEWSKI, A. (2020) The expansion wave of an invasive predator
leaves declining waterbird populations behind. Diversity and
Distributions, 26, 138-150.

CaLvo, B. (1994) Effects of agricultural land-use on the breeding of
collared pratincole Glareola pratincola in south-west Spain.
Biological Conservation, 70, 77-83.

Carvo, B. & ALBERTO, L.J. (1990) Nest-site selection of the collared
pratincole Glareola pratincola in the province of Sevilla, Spain.
Bulletin of the International Wader Study Group, 58, 13-15.

CaLvo, B. & FUrNEss, R-W. (1995) Colony and nest-site selection by
collared pratincoles (Glareola pratincola) in southwest Spain.
Colonial Waterbirds, 18, 1-10.

CoLwELL, M.A. (2010) Shorebird Ecology, Conservation, and
Management. University of California Press, Berkeley, USA.

Cramp, S. & Stmmons, K.E.L. (1983) The Birds of the Western
Palearctic, volume 3. Oxford University Press, Oxford, UK.

DavipsoN, N.C. (2014) How much wetland has the world lost?
Long-term and recent trends in global wetland area. Marine and
Freshwater Research, 65, 934-941.

Dk Leo, G.A,, Focarpi, S., GATTO, M. & CATTADORI, .M. (2004)
The decline of the grey partridge in Europe: comparing
demographies in traditional and modern agricultural landscapes.
Ecological Modelling, 177, 313-335.

DonaLp, P.F,, GreeN, RE. & HEaTH, M.F. (2001) Agricultural
intensification and the collapse of Europe’s farmland bird
populations. Proceedings of the Royal Society of London,

268, 25-29.

EL MaLki, S., HANANE, S, JouLawMmi, L. & EL HaMmouwmi, R. (2013)
Nesting performance of the black-winged stilt Himantopus
himantopus and collared pratincole Glareola pratincola on a
Moroccan coastal wetland: a comparison between natural and
artificial habitats. Wader Study Group Bulletin, 120, 47-52.

FAHRIG, L. (1997) Relative effects of habitat loss and fragmentation
on population extinction. The Journal of Wildlife Management,
61, 603-610.

FULLER, RJ. (2000) Relation between recent changes in lowland
British agriculture and farmland bird populations: an overview.
Ecology and Conservation of Lowland Farmland Birds, 1950, 5-16.

GALBRAITH, H. (1987) Threats to breeding waders: the impact of
changing agricultural land-use on the breeding ecology of lapwings.
Wader Study Group Bulletin, 7, 102-104.

GILROY, ].J., ANDERSON, G.Q.A., VICKERY, J.A., GRICE, P.V. &
SUTHERLAND, W.J. (2011) Identifying mismatches between habitat
selection and habitat quality in a ground-nesting farmland bird.
Animal Conservation, 14, 620-629.

GoocH, S., AsHBROOK, K, TAYLOR, A. & SzEKELY, T. (2015) Using
dietary analysis and habitat selection to inform conservation
management of reintroduced great bustards Otis tarda in an
agricultural landscape. Bird Study, 62, 289-302.

GREEN, RE, HaweLL, J. & JorNson, T.H. (1987) Identification of
predators of wader eggs from egg remains. Bird Study, 34, 87-91.
GUERRERO, I, MORALES, M.B., ONATE, ].]., GEIGER, F., BERENDSE, F.,

DE SN0O, G. & TSCHARNTKE, T. (2012) Response of ground-nesting
farmland birds to agricultural intensification across Europe:
landscape and field level management factors. Biological
Conservation, 152, 74-80.

HovrLAaNDER, F.A,, TiTEUX, N., HoLVECK, M.]. & VAN Dyck, H.
(2017) Timing of breeding in an ecologically trapped bird. The
American Naturalist, 189, 515-525.

HOMBERGER, B., DUPLAIN, J., JENNY, M. & JENNI, L. (2017)
Agri-evironmental schemes and active nest protection can increase
hatching success of a reintroduced farmland bird species. Landscape
and Urban Planning, 161, 44-51.

HOTKER, H. (2000) Intraspecific variation in size and density of avocet
colonies: effects of nest-distances on hatching and breeding success.
Journal of Avian Biology, 31, 387-398.

Hu, S.,N1u, Z.,, CHEN, Y., L1, L. & ZHANG, H. (2017) Global wetlands:
potential distribution, wetland loss, and status. Science of the Total
Environment, 586, 319-327.

HUNGARIAN METEOROLOGICAL SERVICE (2021) Hungarian
Meteorological Service homepage. met.hu [accessed 10 July 2022].
JouNnsoN, D.H. (1979) Estimating nest-success: the Mayfield method

and an alternative. The Auk, 96, 651-661.

KENTIE, R, BoTH, C., HOOIJMEIJER, J.C. & P1ERSMA, T. (2015)
Management of modern agricultural landscapes increases nest
predation rates in black-tailed godwits Limosa limosa. Ibis,

157, 614—625.

KENTIE, R., HOOIJMEIJER, J.C., TRiMBOS, K.B., GROEN, N.M. &
P1ErRsMA, T. (2013) Intensified agricultural use of grasslands reduces
growth and survival of precocial shorebird chicks. Journal of Applied
Ecology, 50, 243-251.

Kiss, A., MOLNAR, A., MoNoOKI, A., Karocsi, I, Kovics, G., ARADI,
C. et al. (2018) A szanto6foldi kornyezetben fészkel
székicsér Glareola pratincola természetvédelmi
helyzete és megdrzésének lehet8ségei Magyarorszagon,
killonos tekintettel a nagykunsagi fészkel-allomanyra. Aquila,

125, 49-72. )

Kiss, A., MoNoOKI, A. & VEGVARI, Z. (2017) Nest-site selection and
population trend of collared pratincoles Glareola pratincola in
agricultural habitats of the Nagykunsag region (Hungary). Ornis
Hungarica, 25, 37-49.

Kovics, G. & Karocsi, L. (2004) Székicsér Glareola pratincola. In A
Hortobdgy maddrvildga (ed. Z. Ecsedi), pp. 272-276. Winter Fair,
Balmazujvaros-Szeged, Hungary.

KUBELKA, V., SALEK, M., TOMKOVICH, P.,, VEGVARI, Z., FRECKLETON,
R.P. & SzEKELY, T. (2018) Global pattern of nest predation is
disrupted by climate change in shorebirds. Science, 362, 680-683.

LEBEDEVA, E.A. (1998) Waders in agricultural habitats of European
Russia. Migration and international conservation of waders:
research and conservation on north Asian, African and European
flyways. International Wader Studies, 10, 315-324.

LogspoN, R.A, Karcic, M.M., TrYBULA, E.M., CHAUBEY, I. &
FRANKENBERGER, J.R. (2015) Ecosystem services and Indiana
agriculture: farmers’ and conservationists’ perceptions.
International Journal of Biodiversity Science, Ecosystem Services &
Management, 11, 264-282.

MacDoNALD, M.A. & BoLTON, M. (2008) Predation on wader nests
in Europe. Ibis, 150, 54-73.

MAaRTIN, T.E. (1993) Nest predation and nest sites. BioScience,

43, 523-532.

Massa, B. & La MaNTIA, T. (2010) The decline of ground-nesting
birds in the agrarian landscape of Italy. Revue d’Ecologie, Terre et
Vie, 65, 73-90.

Oryx, 2024, 58(2), 240-249 © The Author(s), 2023. Published by Cambridge University Press on behalf of Fauna & Flora International  doi:10.1017/50030605323000911

https://doi.org/10.1017/50030605323000911 Published online by Cambridge University Press


https://met.hu
https://doi.org/10.1017/S0030605323000911

MavyrIELD, H.F. (1975) Suggestions for calculating nest success. The
Wilson Bulletin, 87, 456—466.

MyHRrvoOLD, N.P., BALDRIDGE, E., CHAN, B., Stvam, D., FREEMAN,
D.L. & ErRNEST, S.M. (2015) An amniote life-history database to
perform comparative analyses with birds, mammals, and reptiles.
Ecological Archives, 96, 3109-3109.

NARDELLI, R, ANDREOTTI, A., BiaNcHI, E., BRAMBILLA, M.,
BrecciaroLl, B. & CeLaDa, C. (2008) Rapporto sull’'applicazione
della Direttiva 147/2009/CE in Italia: dimensione, distribuzione e
trend delle popolazioni di uccelli. Istituto Superiore per la Protezione
e la Ricerca Ambientale (ISPRA), Rome, Italy.

NATIONAL GAME MANAGEMENT DATABASE (2022) The National
Game Management Database 2022. ova.info.hu [accessed 21
November 2021].

Neuman, KK, Pace, GW,, STENZEL, L.E., WARRINER, ].C. &
WARRINER, J.S. (2004) Effect of mammalian predator
management on snowy plover breeding success. Waterbirds,

27, 257-263.

O’CONNOR, RJ. & SHRUBB, M. (1986) Farming and Birds. Cambridge
University Press, Cambridge, UK.

PArT, T., ARLT, D. & VILLARD, M.A. (2007) Empirical evidence for
ecological traps: a two-step model focusing on individual decisions.
Journal of Ornithology, 148, 327-332.

PESCADOR, M. & PERIs, S. (2001) Effects of land use on nest predation:
an experimental study in Spanish croplands. Folia Zoologica,

50, 127-136.

PoTTER, C. (1997) Europe’s changing farmed landscapes. In Farming
and Birds in Europe: The Common Agricultural Policy and
Its Implications for Bird Conservation (eds D.]. Pain &

M.W. Pienkowski), pp. 25-42. Academic Press, San Diego, USA.
Ports, G.R. (2012) Partridges. Harper Collins, London, UK.
PozHIDAEVA, S. & MoLoDAN, G.N. (1992) Productivity of the collared

pratincole Glareola pratincola on the northern coast of the Azov

Sea. Wader Study Group Bulletin, 65, 23.

R Core TEaM (2021) R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna,
Austria. r-project.org [accessed 6 November 2023].

RoBERTSON, B.A. & HuTTO, R.L. (2006) A framework for
understanding ecological traps and an evaluation of existing
evidence. Ecology, 87, 1075-108s.

ROODBERGEN, M., VAN DER WERF, B. & HOTKER, H. (2012) Revealing
the contributions of reproduction and survival to the Europe-wide
decline in meadow birds: review and meta-analysis. Journal of
Ornithology, 153, 53-74-

Breeding in an agricultural landscape

SCHEKKERMAN, H., TEUNISSEN, W. & OOSTERVELD, E. (2008) The
effect of ‘mosaic management’ on the demography of black-tailed
godwit Limosa limosa on farmland. Journal of Applied Ecology,

45, 1067-1075.

SCHIFFERLI, L., SPAAR, R. & KOLLER, A. (2006) Fence and plough for
lapwings: nest protection to improve nest and chick survival in
Swiss farmland. Osnabriicker Naturwissenschaftliche Mitteilungen,
32, 123-129.

SCHLAEPFER, M.A., RUNGE, M.C. & SHERMAN, P.W. (2002) Ecological
and evolutionary traps. Trends in Ecology & Evolution, 17, 474-480.

SueLDoN, R.D., CHANEY, K. & TYLER, G.A. (2007) Factors affecting
nest survival of northern lapwings Vanellus vanellus in arable
farmland: an agri-environment scheme prescription can enhance
nest survival. Bird Study, 54, 168-175.

SzEKELY, T. (1992) Reproduction of Kentish plover Charadrius
alexandrinus in grasslands and fish-ponds: the habitat
mal-assessment hypothesis. Aquila, 99, 59-68.

SzeKELY, T., KoszToLaNYI, A. & KUPPER, C. (2006) Practical guide
for investigating breeding ecology of Kentish plover Charadrius
alexandrinus. Unpublished report. University of Bath, Bath, UK

TARJUELO, R, MARGALIDA, A. & MOUGEOT, F. (2020) Changing the
fallow paradigm: a win-win strategy for the post-2020 common
agricultural policy to halt farmland bird declines. Journal of Applied
Ecology, 57, 642-649.

VINCENT-MARTIN, N. (2007) Statut de conservation de la Glaréole a
collier Glareola pratincola en Camargue: identification des facteurs
limitant la reproduction. PhD thesis. Ecole Pratique des Hautes
Etudes, Paris, France.

WaRrp, M.P., SEMEL, B. & HERKERT, J.R. (2010) Identifying the
ecological causes of long-term declines of wetland-dependent
birds in an urbanizing landscape. Biodiversity and Conservation,
19, 3287-3300.

WILSON, J.D., WHITTINGHAM, M.]. & BRADBURY, R.B. (2005) The
management of crop structure: a general approach to reversing the
impacts of agricultural intensification on birds? Ibis, 147, 453-463.

Yuri, V., LokHMAN, V., FEDOSOV, N. & MIKHAIL, V.K. (2020)
Collared pratincole Glareola pratincola. In European Breeding Bird
Atlas 2: Distribution, Abundance and Change (eds V. Keller,

S. Herrando, P. Vorisek, M. Franch, M. Kipson, R.P.B. Foppen
et al.), p. 284. Lynx Edicions/European Bird Census Council
(EBCC), Barcelona, Spain.

ZAMECNIK, V., KUBELKA, V. & SALEK, M. (2018) Visible marking of
wader nests to avoid damage by farmers does not increase nest
predation. Bird Conservation International, 28, 293-301.

Oryx, 2024, 58(2), 240-249 © The Author(s), 2023. Published by Cambridge University Press on behalf of Fauna & Flora International doi:10.1017/50030605323000911

https://doi.org/10.1017/50030605323000911 Published online by Cambridge University Press

249


https://ova.info.hu
https://www.r-project.org/
https://doi.org/10.1017/S0030605323000911

	Breeding in an agricultural landscape: conservation actions increase nest survival in a ground-nesting bird
	Abstract
	Introduction
	Study area
	Methods
	Data collection
	Estimating daily and total nest survival
	Statistical analyses

	Results
	Timing of breeding and breeding success
	Causes of nest failure
	Conservation action

	Discussion
	Conservation actions

	Acknowledgements
	References


