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Abstract

Agricultural intensification may increase an impacts of predators on the reproductive performance of
declining populations of farmland birds. Still, there is little definitive evidence of nest success and
predator identity in intensive arable fields. In order to clarify whether nest predators really
contribute to declines in farmland ground nesting birds, | used video-monitoring to identify nest
predators and quantify nest success in the Skylark (Alauda arvensis) and Lapwing (Vanellus vanellus).
Both species share common nesting habitats in sparsely vegetated arable fields, but their life
histories suggest different vulnerabilities to nest predation. Results showed very low nest success in
the Skylark, but relatively high success in the Lapwing. Skylark nests were vulnerable to all local
predators, while it seems that Lapwings can avoid avian predators. The species composition of
predators and patterns in nest predation rates mostly differed from those reported from Western
Europe.

Because of expected differences in predator identity and nest survival among nesting
habitats and regions, | further quantified nest success and identified nest predators for a high-density
population of Skylarks as well as Woodlarks (Lulllula arborea) breeding in more natural heath and
grassland habitats in the Netherlands. Populations of both species co-occur in this area and their
nests are similar targets for local predators; even so their nest predators might differ, because these
larks differ in the selection of their nest sites. My results suggest that Skylark nests located in open
sites were preyed upon mainly by red foxes (Vulpes vulpes), while the main predators of Woodlark
nests, located generally closer to trees, were Carrion Crows (Corvus corone).

Changes in agricultural practices, especially shifts from spring-sown to autumn-sown crops,
can limit the number of breeding attempts of Skylarks. Under these circumstances, Skylarks are
forced to shift to different breeding sites or habitats. In spite of the seasonal shift in nest sites in my
study, nest predation rates did not show a clear seasonal trend; however, the proportion of
predation attributed to birds decreased along with vegetation growth. My results suggest that the
recently increasing area of maize fields in particular provide an attractive, yet risky, nesting habitat
for Skylarks, especially late in the season when autumn-sown crops are too dense.

Nest proximity to field edges may also have a negative influence on breeding productivity,
with nests placed closer to edges experiencing higher rates of nest predation. | found that Skylarks
seem to avoid areas close to field edges in spite of the comparatively low predation cost associated
with nesting there.

Variation in nest predation risk during the breeding period may be an important source of
natural selection on parental behaviour. Skylark females spent more time attending clutches in the
early morning and evening, with more frequent recesses during the afternoon. Moreover, this
diurnal variation was dependent on (i.e. interacted with) ambient temperature and vegetation
characteristics at the nest site (height and concealment). This suggests that the way incubation time
is allotted during the day may be equally as important as the total amount of time spent incubating.
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Abstrakt

Krajinné zmény spojené s intenzifikaci zemédélstvi mohou zvySovat negativni vliv predace na hnizdni
produktivitu ubyvajicich ptacich druhl zemédélské krajiny. Pfesto dodnes chybi presnéjsi odhady
hnizdni Uspésnosti a identity predatoril pozemnich hnizd v intenzivnich polnich kulturach.
V predkladané préci jsem si polozil otazku, zda mohou predatofi ptacich hnizd pfispivat k poklesu
ubyvajicich druhl polnich ptakd. Hnizdni Uspésnost a identitu predator(i jsem sledoval pomoci
kontinualniho videomonitoringu. Za sv{j hlavni modelovy druh jsem si zvolil skfivana polniho (Alauda
arvensis) a doplikové cejku chocholatou (Vanellus vanellus). Oba druhu sdileji spole¢né hnizdni
prostiedi vtidce porostlych polich, nicméné jejich odlisSné Zivotni styly naznacuji rozdilnou
zranitelnost hnizdni predaci. U skfivanich hnizd jsem zaznamenal vysokou denni miru predace,
naopak hnizdni Uspésnost Cejek byla relativné vysokd. Skfivani byli zranitelni vSemi pfitomnymi
predatory, zatimco cejky sva hnizda dokazaly aktivné ubranit proti pta¢im predatordm. Druhové
sloZeni predatord a vzorce hnizdni predace se lisily od studii ze zapadni Evropy.

Z dlvodu ocekavanych rozdilG videntité predatord a hnizdni Uspésnosti mezi odliSnymi
hnizdnimi prostfedimi a geografickymi regiony jsem dale kvantifikoval hnizdni UspéSnost a identitu
predator( také u populace skfivand polnich a skfivan( lesnich (Lullula arborea) hnizdicich ve vice
ptirozeném prostredi atlantskych viesovist v severnim Nizozemsku. Populace obou druh( skfivant se
zde vyskytuji na stejném uUzemi a jejich hnizda predstavuji podobny typ kofisti pro predatory,
nicméné se tyto dva druhy lisi vybérem hnizdnich stanovist. Zatimco skfivani polni se vyhybaji
okrajliim lesa i jednotlivym stromdm, skfivani lesni sva hnizda ¢asto umistuji pod vzrostlé dfeviny. Mé
vysledky naznacuji, Ze hlavni hnizdni predatofi se mohou mezi témito dvéma blizce pribuznymi druhy
lis$it. Hnizda skfivand polnich umistovand v otevieném prostoru byla castéji predovana liskou
obecnou (Vulpes vulpes), zatimco hlavnim predatorem hnizd skfivanl lesnich byla vrana cernd
(Corvus corone).

Dnesni prevaha ozimych plodin limituje pocet hnizdnich pokust skfivand na jednom
stanovisti z dlvodu jejich ptiliSné hustoty v druhé poloviné sezény. Presto jsem nepozoroval jasny
sezonni trend v prezivani hnizd. Nicméné proporce ptacich predatord klesala ve prospéch savcl se
zvétsujici se vyskou vegetace. V druhé poloviné kvétna nabyvala na vyznamu zejména pole osetd
kukufici, ktera predstavuji pro skfivany atraktivni, ale rizikové hnizdni prostredi.

Produktivita skfivanich hnizd mize byt negativné ovlivnéna i blizkosti polnich okrajd, kde je
ocekavan vétsi pohyb predator. Vysledky naznacuji, Ze skfivani skute¢né preferuji umistovani hnizd
spiSe ve stfedu poli, presto jsem nezaznamenal vyrazné zvysené predacni riziko pobliz polnich okrajt.

Rozdilné predacni riziko mizZe byt vyznamnym zdrojem selekce vzorc( inkubacniho chovani.
Pritomnost samic skfivanl na hnizdé byla silné ovlivnéna dennim pribéhem. Skfivani travili vice casu
na snlsce rano a vecer, frekvence odletd byla nejvyssi okolo poledne. Denni variabilita inkubacniho
chovani byla ovlivnéna a interagovala s teplotou a rozvojem vegetace. To naznacuje, Ze spravné
rozvrzeni inkubacnich smén v rdmci dne je stejné dulezité jako celkova intenzita inkubace.

Klicova slova: hnizdni Uspésnost, predace ptacich hnizd, video-monitoring, Alauda arvensis, Vanellus
vanellus, Lullula arborea, intenzifikace zemédélstvi, okrajovy efekt, inkubacéni chovani
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INTRODUCTION

Nearly all bird species face predation, and it is during the breeding season that birds are the most
vulnerable, whether as eggs, chicks or parents (Newton 2013). Therefore, nest predation is one of
the major selective agents shaping avian life histories (Martin 1995). Nest predation rates are
influenced by features of the habitat, the nesting birds themselves, as well as by the numbers and
behaviour of predators present, so rates in the same species vary greatly among different areas and
times (Newton 2013). Predation rates on nests can be minimized by parents through adequate nest
site choice, timing of breeding and parental behaviour (Magnhagen 1991).

Human-induced habitat alterations often result in the loss or degradation of suitable
breeding habitats for bird specialists that have specific demands on the environment (Fuller 2012).
Because of anthropogenic habitat change, mismatches between habitat preferences and
reproductive performance may, in some cases, be attributable to ecological-evolutionary traps in
which historical settlement cues become decoupled from their historical outcomes (Martin 1993,
Remes 2000, Chalfoun & Schmidt 2012). Loss of suitable nesting habitat can result in higher nest
densities and subsequently higher density-dependent predation rates (Schmidt & Whelan 1999,
Misenhelter & Rotenberry 2000, Pescador & Peris 2001), and habitat changes may also force birds to
nest in more dangerous habitat types (Donald 2004, Evans 2004, Morris & Gilroy 2008). Moreover,
habitat changes can lead to shortened breeding seasons and thus less opportunity for renesting
(Chamberlain & Crick 1999, Schmidt & Whelan 1999, Donovan & Thompson 2001). Nest predation
can also be influenced by risky parental nesting behaviour, which may affect the amount of time
parents spend off the nest at food-poor habitats (Newton 1986, Martin & Ghalambor 1999).

Furthermore, populations of generalist predators not dependent on specific habitat features
benefit from anthropogenically modified landscapes (Bossema et al. 1986, Andrén 1994). They can
take a wide variety of prey, switching from one prey species to another as opportunities and needs
arise. Because the population levels of such predators can be influenced by the total number of all
prey types, they are not often greatly affected by shortages of any one prey type (Newton 2013).
Nevertheless, it is not possible to conclude that predators have driven the decline of a population of
their prey simply by measuring high levels of nest predation, except in extreme cases.

Nest predation is usually higher in open-nesting than in hole-nesting birds (Martin & Li 1992).
Ground-nesting birds seem to suffer greater nest predation than off-ground-nesting species in shrub
and grassland habitats (Martin 1993). Breeding populations of waders and gamebirds are more likely
to be limited by nest predation than ground nesting passerines (Gibbons et al. 2008). Populations of
many farmland bird species have declined throughout Western and Central Europe since the advent

of agricultural intensification in the 1950s (van Beusekom 2004, Donald et al. 2006, Vofrisek et al.
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2009, Hayhow et al. 2014). Agricultural intensification has decreased the heterogeneity of farmland
by removing semi-natural habitats, increasing field sizes, promoting large scale monocultures,
reducing mixed farming and developing practices that maximise yields (Fuller 2012), which has
resulted in depressed food availability (Fuller et al. 1995, Hart et al. 2006) and loss of suitable
breeding habitats for farmland birds (Hole et al. 2002, Benton et al. 2003, Donald 2004, Donald et al.
2006, Flohre et al. 2011). It has been demonstrated that habitat loss does not fully explain the
observed population declines of farmland birds (Evans 2004). It is plausible that nest predation
interacts with farmland habitat change and contributes to declines of ground nesting passerines in
impoverished agricultural landscapes (Donald 2004, Morris & Gilroy 2008, Gilroy et al. 2011).

The numbers of some farmland avian predators (e.g. corvids Corvus spp., harriers Circus spp.)
have increased over the last decades (Baillie et al. 2006, Stastny et al. 2006). The same probably
applies to most mammalian mesopredators e.g. the stone marten Martes foina and red fox Vulpes
vulpes, as well as alien species such as the american mink Mustela vison (Harris et al. 1995, Andéra &
Gaisler 2012). All these predators are generalists (Hanski et al. 1991, Newton 2013), and thus
predation rates on any particular prey species are likely to be independent of its density. Bird nests
are only a supplementary type of prey for almost all predators, but even so nest predation can cause
prey population declines. Thus, the combination of habitat loss and invading predator species may
act in concert, causing further negative effects on farmland birds. As such, nest predation may be an
issue worthy of consideration in the design of measures to aid the recovery of farmland bird species.

It is known that nesting in sparsely vegetated habitats can increase nest predation rates on
small passerines (Martin 1993). Increased vegetation height, density and heterogeneity may reduce
nest predation rates through increased nest concealment (Newton 2013). However, predation rates
are not always related to the degree of visual nest concealment, because some predators use non-
visual cues for nest detection (Rangen et al. 1999, Dion et al. 2000), or because a trade-off exists
between nest concealment and good visibility from the nest, so that parents can detect approaching
predators in time (Gotmark et al. 1995, Whittingham & Evans 2004). Specifically, in farmland habitat
nest success has been shown to vary among crop types (Weibel 1999, Donald et al. 2002, Eraud &
Boutin 2002, Kragten et al. 2008) as well as within individual fields with proximity to tramlines
(Donald et al. 2002) or field edges (Weibel 1999, Morris & Gilroy 2008). Although previous studies
often implied predator-specific effects on nest survival, there is still little definitive evidence of nest
success and predator identity for ground nesting birds of open habitats in different regions or
habitats, or between species with different life histories (MacDonald & Bolton 2008, Morris & Gilroy
2008, Teunissen et al. 2008).

In order to clarify whether generalist predators really contribute to population declines in

farmland birds, one must first investigate sources of nesting mortality and the relative importance of
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different nest predators in habitats of conventionally managed arable fields. In the past it was
difficult to be certain of nest fates and the identity of predators, but recently identification of nest
predators has become more reliable using camouflaged nest video cameras (Ribic et al. 2012), which
provide precise nest survival times and nest fates. Therefore | used video-monitoring to quantify nest
success, the identity of nest predators and the behaviour of nest-attending adults in ground nesting
birds in intensive arable fields and in semi-natural habitats. The results of my research should help
elucidate the causal relationships between farmland habitat change and nest predation, which is
essential for developing appropriate management options to reverse the population declines of

farmland birds.

AIMS OF THE THESIS

A prerequisite for sensible interpretations of nest predation rates is knowledge of nest predators.
Hence | first quantified nest fates and nest predator identity in two species breeding in intensively
managed arable fields, the Skylark Alauda arvensis and the Lapwing Vanellus vanellus. Both these
species share common nesting habitat; however the Skylark, a small passerine that relies solely on
nest crypsis for defence against nest predators, is expected to experience higher predation by
possibly different predators in comparison to the Lapwing, a wader who relies on early detection and
active nest defence against bird predators. The majority of observed nests were monitored using
continuous video surveillance.

Because of expected differences in predator identity and nest survival among nesting
habitats and regions, | also further quantified nest success and identified nest predators for a high-
density population of Skylarks as well as Woodlarks Lulllula arborea breeding in more natural heath
and grassland habitats in the Netherlands. Populations of both lark species co-occur in this area and
their nests are similar targets for local predators. Yet, the two species differ in the selection of their
microhabitats; while Skylarks avoid forest edges and even the proximity of single trees, Woodlarks
usually nest close to trees and/or forest edges. Hence | explored whether this different nest site
selection within a semi-natural area relates to species-specific vulnerability to nest predation.

Disturbances associated with placing video cameras and nest visits may introduce bias to
estimations of nest survival rates and predator identification (Richardson et al. 2009, Ribic et al.
2012). | therefore evaluated the possible effects of the presence of a camera on predation through
an artificial nest experiment with dummy cameras in same area where real Skylark nests were
studied.

Agricultural intensification has resulted in a reduction of landscape heterogeneity due to the

increasing size of individual arable fields and changes in the structure of crop monocultures. |



compared characteristics of Skylark breeding biology and daily survival rates in the "extreme" habitat
of maize fields, where vegetation may grow about 150 cm during a single nesting cycle, and other
crops with more modest vegetation growth rates. | posed the question whether nesting success can
be affected by rapid changes in vegetation growth throughout the breeding season.

Not only the selection of particular crops as breeding habitat but also the spatial distribution
of nests within arable fields is expected to influence nest predation rates and predator identities,
therefore | asked if nest predation rates are affected by the edge effect, when predation rates are
expected to decline with increasing distance from field edges.

Apart from selecting safe nesting habitats, birds can minimize nest predation risk through
adequate parental behaviour (Ghalambor & Martin 2002, Massaro et al. 2008, Cervencl et al. 2011),
e.g. parental activity may respond to variation in nest concealment (Burhans & Thompson 2001, Lima
2009). The uniform habitat of arable fields facilitates studies of parental behaviour by minimizing
habitat heterogeneity within individual crop types. Therefore | evaluated variation in Skylark
incubation patterns and its plasticity in relation to vegetation characteristics, season, ambient

temperature, incubation progress and clutch size.

STUDY SYSTEM

Model species
Eurasian Skylark (Alauda arvensis)

The main model species was the Eurasian Skylark (further referred to as ‘Skylark’), a typical ground-
nesting passerine that currently relatively abundantly breeds in areas experiencing changing
agricultural systems, as well as in open semi/natural habitats across most of Europe and Asia and in
the mountains of northern Africa (Donald 2004, Stastny et al. 2006, Hegemann 2012). However,
almost all monitoring programmes have reported declines in Skylark breeding abundance by 25 - 50%
since the 1970s across European farmland regions (Robertson & Berg 1992, Fuller et al. 1995, de Carli
et al. 1998, Chamberlain & Crick 1999, Reif et al. 2008, Fig. 1). The Skylark population decline has
been associated with agricultural intensification, specifically with changes in cropping patterns and
increased use of pesticides and fertiliser. A reduced spectrum of cultivated crops and increasing
harvesting efficiency has depressed food availability (Hole et al. 2002, Hart et al. 2006, Flohre et al.
2011) and safe breeding sites (Donald 2004). Particularly, in regions dominated by cereal crops a
switch from spring-sown to autumn-sown cereals results in the rapid development of tall, dense
swards that, from May onwards, restrict nesting opportunities (Donald 2004) and access to food
(Morris et al. 2004). Skylarks prefer a breeding vegetation cover of 35-60% and vegetation height not
exceeding 50 cm (Toepfer & Stubbe 2001, Donald 2004).



A large proportion of Skylark nests are lost to predators. Probably as a consequence of
naturally high nest predation, larks tend to have small clutch sizes (3-5 eggs) and instead make
several (up to 6) nesting attempts during the course of a single breeding season. Other possible anti-
predator strategies include rapid chick development (9 days from hatching to leaving the nest) and a
rapid dispersion of chicks away from the nest site immediately after fledging (Donald 2004). In spite
of generally high nest predation rates varying among crop types as well as within individual fields
with proximity to tramlines (Donald et al. 2002) or field edges (Weibel 1999, Morris & Gilroy 2008),

no study has yet implicated predation as a major driver of Skylark population declines.

Woodlark (Lullula arborea)

Of all the larks, the Woodlark shows the greatest affinity to woodland, preferring relatively open,
sandy habitats with scattered trees across much of Europe, the Middle East and northwest Africa
(Donald 2004). Woodlark ground nests are similar targets for predators as Skylark nests. Yet, the two
lark species differ in the selection of their microhabitats: while Skylarks avoid the proximity of trees,
Woodlarks usually nest close to trees and/or forest edges. This allowed me to explore if different
nest site selection within an area where both lark species co-occur is related to species-specific

vulnerability to nest predation.

The Northern Lapwing (Vanellus vanellus)

The Northern Lapwing (further referred to as ‘Lapwing’) is a wader species which breeds on
cultivated land and other short vegetation habitats throughout Eurasia (Shrubb 2007). It shares
common nesting habitat with the Skylark in sparsely vegetated arable fields, but their life-histories
suggest different vulnerability to nest predation. Lapwings are a comparatively larger precocial
species with a longer incubation period (24 — 29 days), an active social nest defence (Kis et al. 2000)
and only one successful brood per season (Schekkerman 2008). The breeding population of the
Lapwing in Western and Central Europe has also declined severely in recent decades (Wilson et al.

2001, Zidkova et al. 2007, Bellebaum & Bock 2009, tawicki et al. 2011, Fig. 1).
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Figure 1. Population trends of Skylarks (Alauda arvensis) and Lapwings (Vanellus vanellus) in the Czech Republic from 1982-
2014 (Czech Society for Ornithology/the Breeding Bird Monitoring Programme).

Study areas
Intensive arable fields (CZ)

The majority of fieldwork was conducted in the northeast part of Chrudim District, the Czech
Republic (49° 55.39' N, 15° 59.33' E 49°, altitude 270-500 m). Research was carried out on
conventionally-managed intensive arable fields (total study area of c 60 km?, mean field size about 50
ha) interspersed with remnants of deciduous woodland and villages (<15% of the total area, Fig. 2).
The main crop types were: winter wheat (Triticum aestivum) (45%); maize (Zea mays) (15%); winter
rape (Brassica napus subsp. napus) (15%), spring barley (Hordeum vulgare) (10%); sugar beet (Beta
vulgaris) (5%); alfalfa (Medicago sativa), opium poppy (Papaver somniferum), caraway (Carum carvi),
pea (Pisum sativum) and brown bean (Vicia faba) (each <2%). Fieldwork was carried out during the

breeding seasons 2009-2011.



Figure 2. Map of the study area in the Czech Republic. Right map: field crops situation in 2009; yellow: winter wheat, blue:
maize, orange: winter rape, green: spring barley, pink: sugar beet, brown: alfalfa, red: opium poppy, white: caraway.
(Ortho photo map: www.mapy.cz)

Semi-natural sandy heathland (NL)
| also studied Skylark and Woodlark nesting in the Aekingerzand, part of the National Park Drents-

Friese Wold in the northern Netherlands (52°55'N, 6°18'E) (Fig. 3). The study area (c. 400 ha) was
characterised by nutrient-poor sandy soil. Dominating vegetation types were heather, Calluna
vulgaris and Erica tetralix, and different succession states of grass, moss and Juncus spec.
Furthermore, patches of open sand and groups of trees were spread throughout the area, which was
surrounded by pine forest. Suitable nesting habitat covered approximately 240 ha for Skylarks and

220 ha for Woodlarks. Fieldwork was conducted from early May to late July in 2012.
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Figure 3. Semi-natural habitat of Skylark and Woodlark populations in the Aekingerzand, northern Netherlands, in April
2012. Photo Libor Praus
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Chapter 1: PREDATORS AND NEST SUCCESS OF THE SKYLARK AND LAPWING
IN ARABLE FIELDS IN THE CZECH REPUBLIC

Skylarks and Lapwings are farmland bird species that are both negatively affected by agricultural
intensification (Fig. 1). Both species share common nesting habitat in sparsely vegetated arable
fields, but their life histories suggest different vulnerabilities to nest predation. The Skylark is typical
small altricial ground nesting passerine with several broods during the season, and relies exclusively
on passive anti-predator strategies such as small clutch size with multiple renesting attempts, a short
nesting cycle (14 day laying and incubation period, 8 day nestling period) and nest camouflage. In
contrast, the Lapwing is comparatively larger precocial species with a longer incubation period (24 —
29 days), an active social nest defence and only one successful brood per season (Schekkerman
2008).

In Contribution I. we presented novel data on predators of Skylark nests (n = 44) observed in
2009, the first season of our fieldwork. Here we present the complete data set (186 Skylark nest, 18
Lapwing nests) collected during three breeding seasons from 2009-2011. We compare nest predators
and nest predation rates of Skylarks and Lapwings exposed to the same predator community in

intensively managed arable fields.

METHODS

Fieldwork

Searching for Skylark nests was undertaken from the beginning of the breeding season in the start of
April and continued until late July. Roughly, 100 days per year were devoted to searching for nests in
the whole study area. We located nests by systematically searching in suitable plots (<60% mean
vegetation coverage); 35% of Skylark nests were found by the flushing of incubating females.
Lapwing nests were searched for opportunistically in fields with monitored Skylark nests. The age of
nests (first egg = day 0) was estimated from the clutch/brood size and the stage of incubation
estimated by egg floatation or by visual clues of nestling development.

Nest survival and fates of Skylark and Lapwing nests were determined by means of
continuous video-surveillance. Video-monitoring systems consisted of a video-camera with infrared-
emitting diodes, a portable security digital video-recorder (DVR) (Yoko RYK-9107), and a 12V/65(40)
Ah deep cycle battery (for details see Contribution I., Fig. 4). Cameras were placed 0.7-2.0 m from
nests (depending on nest visibility) and 2—20 cm above the ground, never exceeding the height of
surrounding vegetation. Local natural materials (dry vegetation, stones) were used to mask the
camera; all other parts were buried under ground. We set the DVR to record continually with

a frequency of 10 frames s -1 at 640 x 480 pixel resolution and medium quality. These settings
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allowed for 4.5 days of recording on a 16 GB memory card. Cameras were deployed either
immediately at the time of nest discovery or within the next 4 days after discovery, avoiding
disturbing vegetation or leaving dead-end tracks (to/from the nest). There was usually no response
from the birds to the installed recording equipment. All nests were usually visited (80% of cases)
every fourth day (mean 3.9, range 1-8) to check nest contents and to change the battery and
memory card at video-monitored nests. To keep the time spent at nests short (<15 min), we
offloaded all data in the lab.

About half of our visits took place in the morning (08:00-11:30 Central European Time) and
half in the afternoon (12:30-20:30). When a nest was found to be empty, we recorded and
photographed its state and searched in the immediate vicinity for signs of nest failure (eggshells,
feathers, dead nestlings) or success (live fledglings, droppings, juvenile feathers). We continued
video-monitoring of deserted or partially depredated nests with intact egg(s) for at least two 4-day
periods, depending on the availability of active nests at that time. For video-monitored nests we
determined the exact survival time and nest fate. Time of failure for nests without a video-camera
was estimated as the midpoint between the last visit to an active nest with eggs or nestlings and the
first negative visit (empty nest, dead chicks or deserted clutch). The exposure time of successful
Skylark nests without a video-camera was terminated by the 8th day of chick age on the basis of the

mean fledging age of video-monitored nests (8.2 days, range 7-12 days, n=33).

Figure 4. Video-monitoring system in the field: Battery and accessories for camera installation on the left and righ side;
Camouflaged nest cameras in arable field and in natural habitat in central pictures. Photo Libor Praus

Data analysis
For nests monitored by video, we viewed the video-recordings backwards to locate any predation
events, and to determine the nest fate, timing of the event and the species of nest predator. It is not

possible to express nesting success simply as the percentage of all nests that went on to succeed,
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since nests failing quickly are more likely be missed by the researchers then those that succeed,
leading to an overestimate of success (Weidinger 2003). The Mayfield method (Mayfield 1975) and
its more complex extensions (e.g. Aebischer 1999, Shaffer 2004) reduce this bias by calculating daily
survival rate (DSR) as the probability of survival per day that nests are under observation (nest-days).
This allows the derivation of an unbiased estimate of nesting success and to assess the effects of
potential covariates.

The exposure period was measured in nest-days since the day of nest discovery with eggs or
chicks. Each nest-day was treated as an independent binary observation (survived or failed) and the
daily survival rates (DSR) were estimated as the simple ratio of survived to exposed nest-days. We
calculated DSR separately for the egg (laying and incubation) and nestling stages (only for Skylarks) of
active nests and for deserted (= inactive) nests with eggs. To calculate DSR we considered either nest
losses due to predation, or total mortality. Nest survival was estimated as DSR" where t = 14 (egg
stage including laying period), 8 (nestling stage) or 22 (total) days for Skylarks and where t = 28 (egg
stage including laying period) for Lapwings. Egg stage was based on a mean clutch size of 4 eggs for
both species and an incubation period of 11 days for Skylarks (Donald 2004, own unpublished data)
and 24 days for Lapwing (Hudec & Stastny 2005) starting with the last egg laid. The limited sample
size from the first field season precluded the application of inferential statistics in the preliminary
analysis (Contribution 1.). Here we describe the complete data set and focus on possible patterns in

the data; a formal statistical analysis will be the subject of a forthcoming study.

RESULTS
Overall, we found 177 active nests and 9 abandoned clutches of Skylarks (2009: 45, 2010: 82 2011:
59). Skylark nests were found before the commencement of egg laying (37), during laying (61),
incubation (62) or the nestling stage (15). The mean age of found nests was 3.2 days (+0.38 SE; day of
first egg = 0, minimum = -5, maximum = 21). The earliest Skylark clutch initiation was found on 6 April
(2011), the latest on 21 July (2010), with median date = 3 June. The number of monitored nest days
during the breeding season showed a unimodal distribution with a peak in late May and early June
(Fig. 5.).

Skylark nests experienced a higher overall mortality rate than Lapwing nests (Fig. 6); the
major cause of mortality in both species was predation. Daily predation rate was higher in Skylarks

(0.084; 95% Cl: 0.068-0.096) than in Lapwings (0.011; 0.004-0.027).
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Figure 5. Distribution of monitored active Skylark and Lapwing nest-days over the course of the breeding season (pooled
data 2009-2011). Black diamond: number of monitored Lapwing clutch nest-days (n = 18 nests), brown part of bars: number
of monitored Skylark nest-days at the egg stage (n = 159 nests), white part of bars: number of monitored Skylark nest-days
at the nestling stage (n = 62 nests).
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Figure 6. Daily mortality rates (DMR, red bars) and daily predation rates (DPR, pink bars) of Skylark and Lapwing eggs and
nestlings (only Skylark), Number of nests is shown above the bars.

Using continuous video-recording, we monitored 161 of 186 found Skylark nests and 18
Lapwing nests. The 104 documented predation events at Skylark nests were caused by: Marsh
Harrier (Circus aeroginosus) (32), Montagu's Harrier (Circus pygargus)(18), stone marten (Martes
foina) (14), Hooded Crow (Corvus cornix) (13), wild boar (Sus scrofa) (9), red fox (Vulpes vulpes) (8),
Common Raven (Corvus corax) (2), domestic cat (Felis silvestris f. catus) (2), hedgehog (Erinaceus sp.)
(2), european polecat (Mustela putorius) (1), European Magpie (Pica pica) (1), Eurasian Jackdaw
(Corvus monedula) (1) and an unidentified bird of prey (1). Two Lapwing nests were depredated by
red fox, and one by wild boar and by stone marten (Fig. 7, 8).

The spatial distribution of predation events (Fig. 9) suggests that results are not based on
repeated sampling of the same individual predators, and that the data may successfully be used for
further analysis of spatial relationships (see Chapter 5). The identity of predators cannot be inferred

from the appearance of depredated nests, because in most cases mammal and bird predators do not
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leave specific marks and cause similar damage to nests (Fig 10). Nests were vulnerable to the full
range of local predators across different locations (crops, vegetation height, and distance) and
seasonal timing (Table 1). Nests were under risk of predation at all times of day; mammalian

predators were responsible for all nocturnal predation events, while bird predators predominated

during daylight (Fig. 11).

Figure 7. Screen shots of video-recorded predators at Skylark nests. Upper line: Marsh Harrier, Montagu's Harrier, Domestic
Cat, Common Raven. Central line: Stone Marten, Hooded Crow, Hedgehog, European Magpie. Bottom line: Red Fox, Wild
Boar, European Polecat and Eurasian Jackdaw.
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Figure 8. Number and species composition of recorded nest predators at Skylark and Lapwing nests.
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Spatial distribution of predation events (Fig. 9) suggests that results are not based on
repeated sampling of the same individual predators and that the data are open for further analysis of
spatial relationships (see Chapter 5). Identity of predators cannot be inferred from appearance of the
depredated nests, because in most cases mammal and bird predators do not leave specific marks and
cause similar damage to the nests (Fig 10). Nests were vulnerable to a full range of local predators
across different locations (crops, vegetation height, distance) and seasonal timing (Table 1). Nests
were under risk of predation at any time of day; mammalian predators were responsible for all

nocturnal predation events, while bird predators predominate during daylight (Fig. 11).

Figure 9. Spatial distribution of predation events by the four most important predators in the study area (pink: Marsh
Harrier, blue: Montagu's Harrier, yellow: Stone Marten, green: Hooded Crow.

Table 1. Characteristics (median and range) of predation events at Skylark nests by different predator species.

Predator Day of the year Distance from field edge (m) Vegetation height (m) n
Marsh Harrier 163; 108-188 110; 26-294 0.29;0-1.19 32
Montagu' s Harrier  153; 124-185 120; 31-296 0.18; 0.1-0.55 18
Stone Marten 181; 131-205 102; 38-243 0.64; 0.08-1.8 14
Hooded Crow 158; 128-191 123; 24-304 0.2;0.1-0.29 13
Wild Boar 192; 170-209 44;1-184 1.1; 0.45-1.95 9
Red Fox 175; 169-189 156; 24-274 0.43;0.14-1.2 7
Common Raven 173; 164-182 122; 95-149 0.33;0.2-0.45 2
Domestic Cat 174; 170-178 60; 44-77 0.45; 0.4-0.5 2
Hedgehog 60; 167-180 174; 67-281 0.24;0.14-0.34 2
European Polecat 173 124 0.9 1
European Magpie 147 147 0.26 1
Eurasian Jackdaw 148 70 0.17 1
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Figure 10. Examples of Skylark nests before and after predator visits by the main local predators. From top: Marsh Harrier,
Montagu's Harrier, Hooded Crow, Stone Marten, Red Fox and Wild Boar.
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Figure 11. Timing of predation events by bird (white triangles) and mammal (black dots) predators over the course of the
nesting season. The lower black line marks the time of sunrise, the upper the time of sunset.

DISCUSSION

Across Western European farmland, the overall Skylark nest success ("Mayfield" estimates) ranges
from 0.04 % to 0.40 (Weibel 1999, Donald et al. 2002, Jeromin 2002, Kragten et al. 2008, Kuiper et al.
2015). In this study nest success was quite low (0.07; 95% Cl: 0.04-0.11); similar or lower overall nest
survival has only been reported from grasslands in the Netherlands due to frequent silage cutting
(Kuiper et al. 2015). Lapwings in our study area had relatively high nest success (0.72; 0.49-0.99),
which is in agreement with other studies across Europe (MacDonald & Bolton 2008, Teunissen et al.
2008, Roodbergen et al. 2012). The major cause of mortality for both species was predation. Skylark
nests were vulnerable to all local predators, while it seems that Lapwings can avoid avian predators.
My results are in accordance with a large study of predators of Lapwings clutches in the Netherlands,
where the dominant predator was the red fox, while bird predators were responsible only for about
8% of predation events (Teunissen et al. 2008). Until the availability of video-recording data, indirect
evidence suggested more frequent predation of Lapwing clutches by bird predators (Berg et al.
1992). Lapwings protect their clutches by aggressively attacking corvids and birds of prey near their
nests throughout the incubation period with the same intensity (Kis et al. 2000, Salek & Smilauer
2002) and they also rely on egg crypsis as a further strategy against avian nest predators (Salek &
Cepakova 2006). Skylarks rely only on passive nest defence through sitting on the nest (nest
attentiveness), thereby hiding the eggs from view and serving to camouflage the nest from predators

(Donald 2004).
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The distribution of predatory pressure over the course of the day reflected the proportion of
total predation by diurnal (birds) and mainly nocturnal (mammals) predator species. A similar
distribution of nest predation over a 24-h period was reported for open-cup nests of woodland
passerines in same region, where an almost uniform diel distribution of predatory pressure reflected
an even proportion of total predation by Jay (diurnal) and marten (mainly nocturnal) species
(Weidinger 2009, Weidinger 2010).

The species composition of predators of Skylark nests and patterns in nest predation rates
found in our study mostly differ from those reported from Western Europe, where a majority of
depredation was due to mammals (Donald 2004, Morris & Gilroy 2008). Our results show that
harriers might account for almost 50% (50/103) of total depredation events within our study area.
This is unlikely to be a site-specific effect since the local abundance of Marsh Harriers (two breeding
pairs in a 55 km? area) was representative of the large-scale density for the whole Czech Republic
(2.0-3.6 pairs/100 km?; based on data from St’astny et al. 2006). Carnivores accounted for about 25%
(25/103), corvids for 16.5% (17/105) and wild boars for 9% (9/103) of the total predation.

Video-monitoring of active nests provides an essential method for revealing nest fates and
predator identities, and helps towards progress in uncovering life history processes that are
connected to the predation of nests. The study presented here demonstrates the potential for future
studies of predator-specific effects in farmland breeding birds. At the same time, we caution against

the generalisation of site-specific results and unsupported assumptions on predator identity.
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Chapter 2: PREDATORS AND PREDATION RATES OF SKYLARK AND
WOODLARK NESTS IN A SEMI-NATURAL AREA IN THE NETHERLANDS

Knowledge of predation pressure and the relative importance of lark nest predators in different
habitats and across different geographic regions is scarce (Delius 1965, Yanes & Suarez 1995). We
quantified nest success and identified nest predators in a high-density population of Skylarks and
Woodlarks breeding in a semi-natural heath- and grassland area in the Netherlands characterized by
permanently low and sparse vegetation (details in Contribution Ill.). Populations of both species co-
occur in this area and their nests are similar targets for local predators. Of all the larks, the Woodlark
shows the greatest affinity to woodland, preferring relatively open, sandy habitats with scattered
trees (Donald 2004). Young pine plantations and wooded heaths are especially important Woodlark
breeding habitats in Europe (Sitters et al. 1996, Wotton & Gillings 2000, Mallord et al. 2007).
Differences in nest site selection between Skylark and Woodlark co-occurring in the same open area

allow for an analysis of species-specific vulnerability to nest predation.

METHODS

Fieldwork was conducted from early May to late July in 2012; roughly 80 days were devoted to
searching for nests in the whole study area. This period covers the entire breeding season of the local
Skylark population (Hegemann 2012) and the period of the second and third broods of Woodlarks
(Tieleman et al. unpublished data). A total of 58 Skylark and 40 Woodlark nests were found. A
randomly selected subset of these nests (Skylark: n = 37 nests, 247 active nest-days; Woodlark:
n = 16, 92) was monitored by continuous video-recording. The field protocol and data analysis were

the same as described in Chapter 1.

RESULTS

The overall nest success of all monitored Skylark (Woodlark) nests (58 (40), Mayfield estimate) was
33% (22%; all mortality factors considered) or 43% (25%; only depredation). On video we
documented 11 predation events by four species of predators (details in Contribution IIl.). The
principal predators differed between the two lark species — red foxes accounted for 71% of predation
events in the Skylark, while corvids accounted for 75% of predation in the Woodlark. The six
predation events by red foxes occurred throughout the breeding season, while all three predations

by the Carrion Crow (Corvus corone) were restricted to the second half of May.
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DISCUSSION

The overall nest success of Skylarks in a semi-natural breeding habitat in the northern Netherlands
was 33%, and thus within the range of values reported from arable fields throughout Europe (Weibel
1999, Donald et al. 2002, Jeromin 2002, Kragten et al. 2008). Woodlarks had a slightly lower nest
success (22%) than Skylarks. One possible drawback of this study is the small study area, which has a
similar size as the home ranges of the main predators (Bijlsma 2013). This could account for multiple
predation events by a particular predator species/individuals, and the possibly pseudo-replicated
data may not be representative of predation patterns at larger spatial scales. Even so, our results
suggest that the main nest predators might differ between the two co-occurring lark species. Skylark
nests located in more open sites were preyed upon mainly by red foxes, while the main predators of
Woodlark nests, located generally closer to trees, were corvids. Because predator-prey systems are
locally specific, conclusions from this small isolated area in Western Europe may not be directly
applicable to other biogeographical regions. This is well illustrated by the distinctly different

composition of nest predators documented from arable fields in the Czech Republic (Chapter 1).

Figure 12. Incubating Skylark (left column) and Woodlark (right column) females and clutches in National park Drents Friese
Wold, The Netherlands. Photo Libor Praus.
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Chapter 3: RESEARCH DISTURBANCES AND THE RISK OF NEST PREDATION

Placing video-cameras near active bird nests and the disturbances associated with nest visits may
introduce bias to estimations of nest survival rates and predator identification (Richardson et al.
2009, Ribic et al. 2012). However, the reported effects of cameras on predation of bird nests are not
consistent across studies. The daily predation rate on Skylark nests in Czech arable fields (0.08; see
Chapter 1) was higher than average values found in Western European farmland (Weibel 1999,
Donald et al. 2002, Jeromin 2002, Kragten et al. 2008, Kuiper et al. 2015). Therefore, we conducted
an experiment to evaluate potential bias in our data. A negative effect of observer visits should lead
to an increased predation rate on the first days after a nest visit compared to subsequent days
(Weidinger 2008). Similarly, a negative camera effect should lead to an increased predation rate on

nests monitored by cameras compared to control nests without cameras.

METHODS

During the fieldwork in arable fields in the Czech Republic (see Chapter 1) we kept notes on the time
of each nest visit, allowing us to check for a potential observer effect on Skylark nest survival by
analysing the relationship between the timing of our visits and the timing of depredation events
recorded by video-cameras. We compared daily predation rates between the first and the
subsequent days that followed after a nest visit by means of logistic regression, with the day after an
observer visit entered as a time-dependent covariate (day 1 vs. subsequent days).

To evaluate the effect of the presence of a camera on predation rates we conducted an
artificial nest experiment with dummy cameras. This experiment was run during the breeding season
2011 in same area where real skylark nests were studied (see Chapter 1). Each artificial nest
consisted of a shallow depression lined with dry herbaceous material and baited with two Japanese
Quiail (Coturnix japonica) eggs. Nests were placed in sites mimicking those of real Skylark nests. Nests
were arranged in pairs, with 100 m between nests in each pair. We placed a dummy camera
(a realistic model of the cameras used for video-monitoring, see Chapter 1) and simulated the
process of camera deployment with all associated disturbances to the nest surroundings at one of
the paired nests. The other paired nest served as a control without a camera. In total, 100 nest pairs
were distributed throughout three crop types across 44 fields: cereals (42 nest pairs, 21 fields), sugar
beet (24, 7) and maize (34, 16). Two nest pairs separated by 300 m were placed in each field at one
time. The exact survival time of control and camera nests was measured using event-recording
dataloggers hidden under the nests in the ground. The nests were checked every 5th day and

exposed for a total of 15 days.
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RESULTS

Daily predation rates were not higher on the first day after an observer visit (0.062, 0.039-0.084 95%
CL) compared with subsequent days (0.081, 0.061-0.101 95%CL; Fig. 13). Of the 100 artificial nest
pairs, at least one nest was depredated in 65 cases. Of these, a nest with a dummy camera was

predated first in 29 cases, whereas a control nest without a camera was predated first in 36 cases

(Fig. 13).
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Figure 13. Left chart: a comparison of daily predation rates on active Skylark nests between the first and consecutive days
after an observer nest visit (n = nest days). Right chart: a comparison of camera nests predated first and control nests
predated first within nest pairs.

DISCUSSION

Although the use of cameras may bias nest predation rates and the species composition of predators
(Richardson et al. 2009), this effect is unlikely to be serious in our study of nest predation in arable
fields. The marginally lower DPR on the day just after a nest visit as well as at artificial nests with
dummy cameras indicate that there are no detectable negative effects of research activities on
predation rates. This also supports the suitability of our field protocol, minimising the visible parts of
video-equipment and limiting the time spent at nests. In addition, various human artefacts not
associated with our research activity (plastic garbage etc.) were common in all fields under study.
Most importantly, the observed composition of predators is conservative with regard to the direction
of potential bias. Birds of prey, the dominant predators in this study, are known to display neophobia
to human artefacts (such as cameras), while carnivore predators, which could have potentially been
over-represented because of an attraction to monitored nests (human trails, infrared illumination),
were less frequent. The absence of a temporal relationship between the timing of nest visits and the
timing of depredation events indicates that overall nest survival in this study was not seriously
influenced through altered depredation risk. Previous studies of shrub-nesting passerines in this
study area have come to the same conclusions (Weidinger 2008). Yet, we caution against the
generalisation of these site-specific results and unsupported assumptions on predator-specific

observer effects.
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Chapter 4: HABITAT CHARACTERISTICS OF ARABLE FIELDS AND THEIR
EFFECTS ON SKYLARK BREEDING BIOLOGY AND NEST PREDATION RATES

Changes to farmland habitats have caused declines in habitat quality throughout the breeding season
within bird home ranges (Gilroy et al. 2010). Furthermore, rapid and marked changes of intensive
farmland ecosystems may lead to a disconnection between the habitat selection decisions made by
breeding birds and the underlying patterns of habitat quality (Gilroy et al. 2011). Skylarks prefer a
vegetation cover of 35-60% and vegetation heights up to 50 cm (Toepfer & Stubbe 2001, Donald
2004). Shifts from spring-sown to autumn-sown cereals thus limits the availability of sparsely
vegetated plots and consequently the number of breeding attempts of Skylarks in many areas of
arable land (Toepfer & Stubbe 2001, Donald 2004). Therefore, Skylarks experiencing multiple
breeding opportunities during the course of a season are forced to shift to different breeding sites or
habitats (Gilroy et al. 2010, Brambilla et al. 2012). The increasing areas sown by maize are currently
becoming a new important nesting habitat for Skylarks in the second half of their breeding season
(Brandt & Glemnitz 2013, Saurbrei et al. 2014). Skylarks are capable of nesting on almost bare ground
soon after sowing of maize, as well as in fully grown crops, probably because the typical vegetation
coverage does not exceed 50% (Schlapfer 1988, Toepfer & Stubbe 2001).

Here, We describe the vegetation characteristics of areas with Skylark nests and explore
whether predation rates and predator composition vary systematically over the course of the nesting
season with respect to rapid vegetation growth.

As most Skylark nests were found in maize fields (Table 2), we analysed breeding biology and
nest survival separately for this "extreme" habitat and for a comparative set of nests from other

crops in Contribution IV.

METHODS

Searching for nests and subsequent monitoring followed the general field protocol described
previously (for details see Chapter 1). The height of vegetation at the nest site (m) and the degree of
nest cover (scored as: 1, well visible from above; 2, intermediate; 3, completely covered from above)
were measured and the nest was photographed during each nest visit. The degree of field vegetation
cover in a 20 m radius around the nest during the laying period was classified according to four

categories: (1: 0-25 % vegetation cover, 2: 26 — 50%, 3: 51-75%, 4: 76—-100%).
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RESULTS

Skylarks placed nests in a wide variety of habitats (Fig. 14). Of a total 186 Skylark nests, 92 nests were

found in maize fields, while the rest were found in nine other crops. The number of nests found in

individual crops was not proportional to the proportion of those crops in the study area (Table 2).
The mean crop height during the first egg laying was 0.27 £ 0.032 m (mean + SE; n= 58, range

0-1.6 m, Fig. 15). Details of nest site selection in maize fields with respect to crop growth and a

comparison of breeding biology in maize fields vs. others crops are given in Contribution IV.

Figure 14. Examples of the variability in Skylark nest placement. A: maize, 7. 6. 2010; B: opium poppy, 16. 5. 2011; C: sugar
beet, 1. 6. 2011; D: spring barley, 9. 5. 2011.

Table 2. The distribution of Skylark nests found among crops and the proportion of the total arable land in the study area
covered by these crops.

Crop Found nests Arable land
n % %
winter wheat 11 5.9 45
maize 92 495 15
winter rape 0 . 15
spring barley 9 4.8 10
sugar beet 32 17.2 5
alfalfa 10 54 <2
opium poppy 20 10.8 <2
oilseed caraway 3 1.6 <2
pea 4 2.2 <2
brown bean 3 1.6 <1
potatoes 2 1.1 <1
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Figure 15. Seasonal changes in the mean (black dots) and range (black vertical line) of vegetation height (m) at monitored
Skylark nests. Grey bars show the proportion of Skylark nest initiations (n = number of nests).

The overall nest predation rate of Skylarks did not show a clear trend over the course of the
nesting season (Fig. 16). However, the proportion of bird (vs mammal) predation decreased over the
course of season, along with vegetation growth (Fig. 17).
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Figure 16. Daily predation rates of Skylark nests over the course of the nesting season (pooled data from 2009-2011,
n = nests).
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Figure 17. Proportion of bird (white) and mammal (black) predation events over the course of the nesting season
(n = depredated nests, pooled data from 2009-2011). Green line: mean vegetation height (m) at predation time.
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DISCUSSION

The number of Skylark nests found in each crop type was not proportional to the proportion of those
crops in the study area. Despite the fact that these results might not be representative of the whole
landscape, we believe they are valid for the crops well represented in our data (maize, sugar beet).
Because we searched for nests visually, our data could be potentially biased towards poorly-
concealed nests that in turn might be more vulnerable to visually guided predators (Gotmark et al.
1995, Weidinger 2002). Nevertheless, 26% (49/186) of active nests were found by the flushing of
incubating birds, and these nests did not differ in vegetation characteristics from nests found directly
by visual searching (unpublished data). Nest predation rates of Skylark nests did not show a clear
trend over the nesting season; however, the proportion of bird predation decreased over the course
of season, along with vegetation growth. This marked seasonal trend in predator composition
probably results from the seasonal development of vegetation in the fields selected for nesting. The
sparse but high vegetation of maize fields might provide suitable hiding and foraging sites for
mammalian predators in late June and July (Panek & Bresinski 2002, Schley & Roper 2003), thus
increasing their predation upon late Skylark nests located in such fields. The comparatively low
vegetation height of all crops early in the season makes early nests more visible for bird predators
and more accessible for their aerial attacks. The very low nest success found in this study suggests
that none of the various crops provides safe nesting habitat. Both sparsely vegetated fields early in
the season and wide row crops late in the season offer an attractive, yet risky, nesting habitat for

Skylarks, especially late in the season when autumn-sown crops are too dense (Donald 2004).
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Chapter 5: SPATIAL DISTRIBUTION OF SKYLARK NESTS WITHIN ARABLE FIELDS:
EDGE EFFECTS AND PREDATION

Skylark nest success has been shown to vary according to field size, as well as within individual fields
with proximity to tramlines (Donald et al. 2002) or field edges (Weibel 1999, Morris & Gilroy 2008).
Crop monocultures on large arable fields reduce landscape heterogeneity on large scales; therefore,
the importance of field edges as foraging and nesting habitats has increased during the last decades
(Weibel 1999, Perkins et al. 2002, Vickery et al. 2002). However, nest proximity to field edges may
decrease nesting productivity through increased rates of nest predation along field edges and other
linear habitat structures (Morris & Gilroy 2008). This is because some predators tend to move/fly
along linear structures such as tracks and the borders between fields (Lariviere 2003, Salek et al.
2009).

Here, we asked whether Skylarks place nests proportionally to the available area within
individual fields, or if they favour certain zones according to the distance from a field edge. Next we
asked whether nest predation rates and predator composition vary according to the distance from a
field edge. We hypothesized adaptive nest spacing within fields, with most of the available area along

field edges being avoided due to the expected high risk of predation.

METHODS

Searching for nests and their subsequent monitoring followed the general field protocol described
previously (see Chapter 1). We recorded all observer tracks inside each field parcel during nest
searching and the coordinates of each discovered nest using a handheld Garmin Oregon 300 GPS
(Fig. 18). This enabled us to quantify the spatial distribution of our nest searching effort through the
proportion of tracks at a particular distance from a field edge as well as the spatial distribution of
found nests. Parcel size, nearest distance to a field edge, woodland and settlement, and the length of
tracks were measured using the Quantum GIS application (http://www.qggis.org). To analyse nest site
preferences in relation to the distance from a field edge we applied the Manly resource selection
design | (habitat use and availability are measured at the population level - animals are not identified,
Manly et al. 2002). Distances and track lengths were grouped into edge-distance classes that
represented discrete "habitats". The Manly selection ratio uses relative density as a measure of
habitat selection (density-based selection ratio; Wi ): Wi = proportion of utilized area / proportion of
available area; Wi < 1 categories negatively selected, Wi = 1 no selection, Wi > 1 categories positively

selected. Statistics were calculated using the Adehabitat package in R software (R version 3.0.0,
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AdehabitatHS Package 2011). Daily predation rates were calculated (see Chapter 1) for nests located

in each edge-distance class.

It T
rj\Bor-u Chroustovic

Figure 18. An example of monitored fields with locations (blue flags) of active Skylark nests found. Blue inset: an example of
GPS recorded searching tracks used to quantify the searching effort with respect to the distance from a field edge.
(Ortho photo map: Google Earth)

RESULTS

The spatial distribution of our nest searching effort was roughly proportional to the available area,
with the exception of a lower effort close to field edges (Fig. 19). However, even after correction for
this bias Skylarks were found to avoid areas close to field edges (<20 m) for nest placement
(wi =0.127 £0.089 95% Cl). In contrast, field interior areas more than 200 m from field edges were
preferred for nest placement (wi = 1.437 +0.201) (Fig. 20). Nest predation rates were only slightly
and non-significantly higher along field edges (Fig. 21). The proportion of bird/mammal predation did

not vary systematically with the distance from a field edge (Fig. 22).
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Figure 19. Distribution of Skylark nests (stacked bars: white - nests depredated by birds, black - nests depredated by
mammals, green — no predation) according to the distance from a field edge. Red line: distribution of the searching effort,
brown line: distribution of the available area within fields.
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Figure 20. Manly's selection ratios (Wi; 95% Cl) for Skylark nest placement within individual fields. Wi < 1 indicates
categories negatively selected, Wi = 1 no selection and Wi > 1 categories positively selected.
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Figure 21. Daily predation rates of Skylark nests according to the distance from a field edge (n = nests).
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Figure 22. Proportion of predation events by birds (white) and mammals (black) according to the distance from a field edge
(n = depredated nests).

DISCUSSION

Skylarks favoured nest locations in the less accessible area of the field interior compared to the more
accessible areas close to the edge. This pattern cannot be accounted for by the spatial distribution of
the nest searching effort. A significant negative influence on nest productivity, with Skylark nests
placed closer to edges experiencing higher rates of nest predation, has been reported from the UK
(Donald et al. 2002), where mammals were the dominant nest predators in arable fields (Morris &
Gilroy 2008). In contrast, here we found only slightly increased nest predation rates along field edges,
and both mammals and birds contributed to nest predation in similar proportions across all edge-
distance classes. This pattern can be tentatively explained by the composition of local nest predators
(see Chapter 1). The dominant bird predators (harriers, crows) probably use the entire area of fields
as a foraging zone approximately uniformly, irrespective of field edges (Underhill-Day 1985, Vogrin
1998, Hudec & Stastny 2005). Contrary to expectations (e.g. Salek et al. 2009) we found mammalian
predators in the interior of large fields (Table 1), which suggests extensive home ranges and high
mobility (Harris et al. 1995, Genovesi et al. 1997, Andéra & Geisler 2012).

In conclusion, Skylarks seem to avoid areas close to field edges in spite of the comparatively low
predation costs associated with nesting there. This avoidance of field edges or preference for field

interiors might reflect past selection pressures not detected in present-day arable field habitats.
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Chapter 6: INCUBATION AND FEEDING BEHAVIOUR OF SKYLARKS WITH
NESTS IN ARABLE FIELDS

Adequate parental care plays an important role in the reproductive success of most bird species
(Stearns 1992). However, parental care is also costly to the parents in terms of time and energy as
well as risk to their own survival (Coleman & Gross 1991). Many studies have shown that intraspecific
variation of incubation behaviour is affected by ambient temperature (Hotker 1990, Tieleman et al.
2008, Kovarik et al. 2009), food supply (Zimmerling & Akney 2005, Barnett & Briskie 2010) including
allofeeding rates (Pearse et al. 2004), nest predation risk (Ghalambor & Martin 2002, Massaro et al.
2008, Cervencl et al. 2011) and the success of previous nesting attempts (Chalfoun & Martin 2010).

Predators use parental activity to find nests, exerting a predation cost that constrains the
rates at which parents can visit nests to incubate their clutch and feed their young. Therefore,
variation in predation risk during the egg and nestling periods may be an important source of natural
selection on the behaviour and life history strategies of parents (Martin et al. 2000).

Incubation in Skylarks is undertaken by the female alone, and usually begins with the laying
of the last egg (Donald 2004). The length of incubation period is quite variable, lasting between 10
and 13 days, with an average of 11 days (Delius 1965, Donald 2004). This short incubation period is
supposed to be an adaptation to reduce the likelihood of the nest being predated (Donald 2004).

Here we present a descriptive account of incubation behaviour and examples of feeding
behaviour at Skylark nests. A detailed analysis of the factors influencing between/within-day

variation in Skylark incubation behaviour is presented in Contribution V.

METHODS

Continuous video-monitoring of nests (see Chapter 1) provided a large amount of video footage. To
analyse incubation behaviour and feeding rates we used video-records from days without heavy rain
disturbances by agricultural operations, and midway between observer visits. The sampling unit of
daylong parental activity was a 24-hour period starting at midnight, taken from continuous
recordings of the entire nesting cycle. We sampled recordings to cover the whole breeding season
(late April-late July) and all stages of incubation. The day of incubation (day 1 = the 1st day after
clutch completion) was determined from a combination of egg floatation and known laying dates.
We also took care to sample nests over the full range of crop heights and concealment levels.

We reviewed 24-hour video-recordings in the lab to determine the following variables: nest
attentiveness, number of on/off bouts and duration of on/off bouts. Nest attentiveness was defined

as the proportion of the total time female was incubating during the working day or during
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the 24-hour period (including overnight). The working day (sensu Shaw & Creswell 2014) is the period
from the first morning departure from the nest to the last evening arrival to nest prior to overnight
incubation.

A complete analysis of video-recordings of feeding behaviour still awaits processing. Here we

analysed six daylong recordings of two nests to illustrate feeding rates at different chicks ages.

RESULTS

In total, 75 complete daily samples of incubation behaviour were analysed (2009: n=14; 2010: n=24;
2011: n=37) from 55 nests (2009: n = 11; 2010: n = 18; 2011: n = 26), with 1114.38 h during the active
daylight period and 2150/2075 individual on/off bouts. Nest attentiveness was 0.81 (per 24 hour) or
0.69 (per working day) (Fig. 23), and varied markedly during the course of the working day (Fig. 24).
The length of the working day lasted on average 14.87 h (range 11.87 — 17.07 h).
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Figure 23. Nest attentiveness(grey part of bars) in Skylark females, calculated for either a working day (from the first
morning departure to the last evening arrival) or a 24-h period, n = 75 daylong samples from 55 nests.
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Figure 24. Variation in nest attentiveness during the day (n = 75 daylong samples).
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The earliest morning departure from the nest was recorded at 04:23 CET (0.45 h before sunrise) the
latest was at 07:41 (2.67 h after sunrise). The earliest evening arrival to roosting was at 18:18 (2.84 h
before sunset), the latest was at 21:44 (0.85 h after sunset). Daily activity began mostly after sunrise
(on average 1.0 h after sunrise) and ended around sunset (on average 0.05 h before sunset) (Fig. 25).

Skylark females did not leave the nest during the hours of darkness.

Lenght of daily activity during incubation
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Figure 25. Time of the first morning departure from the nest (blue diamonds) and last evening arrival to the nest (grey
triangles) during incubation over the course of the nesting season. The lower black line marks the time of sunrise, upper the
time of sunset (n = 75 daylong samples from 55 nests).

Skylark females took on average 28.67 = 1.02 (SE) departures per working day (n = 75 daylong
samples from 55 nests). The frequency of departure rates peaked in the middle of the daylight period
(Fig. 26). Number of on/off bouts during one day distinctively varied between individual females (Fig.
27). The average on-bout duration was 22.37 + 0.37 min (mean % SE; n = 2075) and average off-bout
duration was 9.52 +0.20 min (n = 2150). On-bouts were longer at the start and the end of daily
activity, whereas the length of off-bouts was relatively stable with a marked decline at the end of
daily activity (Fig. 28).
Female nest attentiveness decreased markedly from the incubation to nestling stage and

further with the increasing age of nestlings (Fig. 29). Feeding rates increased with nestling age

(Fig. 30).
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Figure 26. Variation in the number of incubation nest departures during the day (mean * SE). The number of departures is
given for each 1-hour period.
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Figure 27. An example of extreme daily samples of incubation behaviour from two nests with the lowest/highest number of
on/off bouts.
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Figure 28. Variation in incubation on-bout (grey triangles) and off-bout (white diamonds) duration during the day (mean +
SE). The number of on/off bouts is given for each 1-h period.
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Figure 29. Examples of the attentiveness/absence of Skylark females during the working day at two nests, each sampled in
three stages of nesting: clutch incubation, feeding hatchlings, feeding chicks at the age of 8 days.
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Figure 30. An example of variation in feeding rates during the day at one nest with hatchlings (grey columns) and the same
nest just before fledging (black columns).

DISCUSSION

The basic characteristics of the incubation behaviour of Skylark females were similar to patterns
found in other small passerines (Skutch 1962, Conway & Martin 2000, Chalfoun & Martin 2007,
Kovarik et al. 2009, Davis & Holmes 2012). Mean on- and off- bout duration and average number of
daily departures was also very similar to the incubation rhythm of other small open nesting
passerines (Norment 1995, Rauter & Rayer 1997, Joyce et al. 2001, Kovafik et al. 2009). The complete
absence of incubation feeding in our data set is in accordance with the high rates of nest predation
found in this study (Ghalambor & Martin 2002, Matysiokova et al. 2011). Apart from ambient
temperature, the habitat characteristics (vegetation at the nest site), the day of incubation and
clutch size had only weak effects on the mean daylong values of nest attentiveness and duration of
on/off bouts (Contribution V.). This might indicate a narrow window for adjustments of incubation
behaviour determined by the inherent physiological demands of parents and embryos in small
passerines (Deeming 2002).

The incubation attentiveness was strongly affected by the time of day. Females spent more time
attending clutches in the early morning and evening, with more frequent recesses during the
afternoon. Moreover, this diurnal variation was dependent on (i.e. interacted with) ambient
temperature and vegetation characteristics at the nest site (crop height and nest concealment). This
suggests that the way incubation time is allotted during the day may be equally as important as the

total amount of time spent incubating.
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CONCLUSIONS

e Video-monitoring of active nests was an important method to reveal nest fates and predator
identities.

e Nest success in intensive arable fields was very low in Skylarks, but relatively high in Lapwings.
Skylark nests were vulnerable to all local predators, while it seems that Lapwings can avoid avian
predation. Species composition of predators of Skylark nests and patterns in nest predation
rates mostly differed from those reported from Western Europe, where the majority of
depredation has been attributed to mammals. Our data show that Harriers account for almost
half of total depredation events on Skylark nests in the Czech Republic.

e A distinctly different composition of nest predators was found in a semi-natural area in the
Netherlands, where the main nest predators differed between co-occurring Skylarks and
Woodlarks, possibly because differences in nest site selection.

e The high predation rate on Skylark nests was a consequence of sampling nests from risky plots
(crops), not a consequence of disturbances associated with the research.

e Nest predation rates in Skylarks did not show a clear trend over the course of nesting season.
The proportion of predation by birds decreased over the course of season, along with vegetation
growth. The very low nest success found in arable fields suggests that none of the various crops
provide safe nesting habitat. Both sparsely vegetated fields early in the season and wide row
crops late in the season offer an attractive, yet risky, nesting habitat for Skylarks.

e  Skylarks seem to avoid areas close to field edges in spite of the comparatively low predation cost
associated with nesting there. This avoidance of field edges or preference for field interiors
might reflect past selection pressures not detected in the present-day arable field habitats.

e The incubation behaviour of Skylarks nesting in arable fields was basically similar to what is
known about passerine species with comparable life histories. Incubation behaviour was rather
stable on a daily basis, yet it markedly varied within the day. This suggests the way incubation
time is allotted during the day may be equally as important as the total amount of time spent
incubating.

e Farmland ground nesting birds could be made less vulnerable to nest predation by managing
habitats to ensure nests will be better hidden from predators or located in locations less
favoured by predators.

e To better understand the role nest predation might play in population declines of farmland
birds, | propose continued research on spatial and temporal variation in predator-specific nest
predation rates, predator behaviour and their interactions with habitat. Manipulative field

experiments will be essential for obtaining causal explanations of the patterns found.
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Predators and nest success of Sky Larks Alauda
arvensis in large arable fields in the Czech
Republic

LIBOR PRAUS* and KAREL WEIDINGER
Department of Zoology and Laboratory of Ornithology, Faculty of Science, Palacky University, tr. Svobody
26, CZ.771 46 Olomouc, Czech Republic

Capsule Nest failure owing to a range of predators was high, but the level and specificity of nest
depredation cannot be generalised.

Aims To determine fates and predators of Sky Lark nests in conventionally managed arable fields in the
Czech Republic.

Methods Sky Lark nests in large fields (mainly Maize, Sugar Beet and Opium Poppy) were monitored
by means of continuous video surveillance.

Results Primary nest fates of 42 active nests were fledging (13), depredation (22), desertion (5), nestling
death (1), and flooding (1). The overall nest success (Mayfield estimate) was 17% (all mortality factors
considered) or 27% (only depredation). Depredation events were caused by Marsh Harrier Circus
aeruginosus (11), Hooded Crow Corvus cornix (4), Stone Marten Martes foina (3), Montagu’s Harrier
Circus pygargus (2), Red Fox Vulpes vulpes (2), Hedgehog Erinaceus sp. (2) and Eurasian Jackdaw
Corvus monedula (1). Successful nests were only slightly more away from field edge than depredated
nests; nests taken by birds tended to be closer to field edge than those depredated by mammals. The
possible reasons for the absence of a clear edge effect include comparatively large field parcels (about
50 ha) and location of nests far from field edge (median = 195 m).

Conclusion Nest survival and composition of nest predators are site-specific and contingent upon the

study method and may not be simply generalised.

INTRODUCTION

Sky Larks Alauda arvensis are one of the most abundant
and widespread of ground-nesting farmland birds
(Donald 2004). No other passerine in Europe shows
such a strong association with arable land (Reif et al.
2008). Sky Lark populations have declined over past
decades across much of western Europe and these
declines have coincided temporally and spatially with a
rapid intensification in farming (Erhard & Wink 1987,
Chamberlain & Crick 1999). Therefore, Sky Larks are
commonly included among top indicators of loss of
biodiversity in agriculture landscapes (Gregory et al.
2005). Nest depredation, the principal cause of low
nesting success in most passerines, usually accounts for
over 70% of all failures of Sky Lark nests (Weibel 1999,
Donald et al. 2002). Yet, the question of whether nest

*Correspondence author. Email: prabor@centrum.cz
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depredation may have increased as a result of farmland
habitat changes, has rarely been addressed (Evans
2004) and no studies have reported depredation as a
major driver of population decline for Sky Larks
(Donald 2004). Nevertheless, nest success has been
shown to vary among crop types (Weibel 1999, Donald
et al. 2002, Eraud & Boutin 2002, Kragten et al. 2008)
as well as within individual fields with a proximity to
tramlines (Donald et al. 2002) or field edges (Weibel
1999, Morris & Gilroy 2008).

Although previous studies often implied predator-
specific effects on nest survival, there is little definitive
evidence of nest predator identity in farmland birds
(MacDonald & Bolton 2008, Teunissen et al. 2008).
We are aware of only one video surveillance study of
any ground-nesting passerine in crop fields (Morris &
Gilroy 2008). Because predator—prey systems are locally
specific, conclusions from one area may not be directly
applicable to other regions (Thompson 2007).
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Agricultural landscapes have developed differently in
the western and eastern parts of Europe over the past
50 years. Temporary decline in the intensity of agricul-
ture around 1990 is the likely reason why populations
of farmland birds, including Sky Larks, have declined
at a slower rate in central and eastern Europe compared
with western Europe (Donald et al. 2001; see Reif et al.
[2008] for details on the Czech Republic). Contrary to
the well-documented population trends, data on breed-
ing performance and nest predators in the former
socialist eastern and central European countries are
lacking (Shurulinkov 2005, Erdos et al. 2009).

Here we report on breeding success and nest preda-
tors of Sky Larks in intensively managed arable fields
in the Czech Republic. The results should help to asses
whether predictors of Sky Lark nest success identified
in western European farmlands can be generalised to
other regions.

METHODS

Study area and field methods

The study was conducted in the northeast part of
Chrudim District, the Czech Republic (49° 54" N, 15°
59" E, altitude 270—460 m) in 2009. The study area of
55 km? was characterised by predominance of conven-
tionally managed arable land (>80% of total area, mean
parcel size about 50 ha), interspersed with remnants of
deciduous woodland (<5% of total area) and villages.
Main crop types were: Winter Wheat Triticum aestivum
(50%); Maize Zea mays (25%); Sugar Beet Beta vulgaris,
Lucerne Medicago sativa and Spring Barley Hordeum
vulgare (each 5%); Opium Poppy Papaver somniferum,
Oilseed Winter Rape Brassica napus subsp. napus,
Caraway Carum carvi, Pea Pisum sativum and Sunflower
Helianthus annuus (each <2%).

Fieldwork was carried out from early April to late
July; roughly 100 days were devoted to nest searching
in the whole study area. This period covers the breed-
ing season of Sky Larks in the Czech Republic (from
end of March to end of July [Hudec 1983]). Sky Larks
avoid fields with dense coverage and tall vegetation
(Toepfer & Stubbe 2001); therefore, we located nests
by systematically searching only the ground of sparse
and low-vegetated fields (<60% coverage and <60 cm
vegetation height). Searches for nests were conducted
mainly in Winter Wheat (during April), Maize, Opium
Poppy and Sugar Beet (all from May to July). We did
not keep systematic observations of adult birds, but we
opportunistically searched in places where birds were

© 2010 British Trust for Ornithology, Bird Study, 57, 525-530

flushed. Age of nestlings was estimated from their
development; stage of incubation was estimated by egg
floatation. First-egg laying date was back-calculated
from brood size and hatch date or clutch size and com-
mencement of incubation. Position of each discovered
nest was determined with a global positioning system;
nearest distance to field edge, woodland and settlement
were measured from orthophotomaps. Height of vege-
tation at the nest site (m) and the degree of nest cover
(scored as: 1, well visible from above; 2, intermediate;
3, completely covered from above) were measured and
the nest was photographed at each nest visit.

During field work we kept notes on occurrence of
potential nest predators, including direct observation
(corvids, raptors), occupation of potential breeding
sites (completely known only for Marsh Harrier Circus
aeruginosus) and records of trails and feaces (carnivo-
rous mammals).

Video monitoring

Video monitoring systems consisted of a video camera
(40 x 35 mm) with nine infrared-emitting diodes, a
portable security digital video recorder (DVR) (Yoko
RYK-9107), and a 12V/65Ah deep cycle battery. The
DVR was housed in a weatherproof plastic box (125 x
95 x 50 mm) and connected to the camera by a 5-m
cable and to the battery by a 1-m cable. All outer parts
of the system were camouflaged by brown-green spotted
painting. The camera was mounted on a piece of wire
that was inserted in the ground and allowed the adjust-
ment of camera position. Cameras were placed 0.7-2.0
m from nests (depending on nest visibility) and 2-20
cm above the ground, never exceeding the height of
surrounding vegetation. We used local natural material
(dry vegetation, stones) to mask the camera; all other
parts (box, battery, cables) were buried under ground.
We set the DVR to record continually with a frequency
of 10 frames s™! at 640 x 480 pixel resolution and a
medium quality. These settings allowed for 4.5 days of
recording on a 16 GB memory card. Cameras were
deployed either immediately at the time of nest discov-
ery (22 nests), on the same day after a period of 2-5
hours (11 nests) or within the next 4 days after discov-
ery (10 nests). Deployment of the video system by two
people took about 20 minutes. We avoided disturbing
vegetation or leaving dead-end tracks (to/from the
nest). Also, we postponed deployment of the camera
(or subsequent nest visits) in the case of rain or when
the nest was exposed to another human disturbance
(agricultural operations). We visited the nests usually
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(70% cases) every fourth day to check nest content and
to change the battery and memory card; the rest of the
nest visits were at 1- to 3-day intervals. To keep the
time spent at nests short (<15 min), we offloaded all
data in the lab. About half of our visits took place in
the morning (08:30-10:30 Central European Time) and
half in the afternoon (14:30-17:30). When a nest was
found to be empty, we recorded and photographed its
state and searched in the immediate vicinity for signs of
nest failure (eggshells, feathers, dead nestlings) or suc-
cess (alive fledglings, droppings, juvenile feathers). We
continued video monitoring of deserted or partially dep-
redated nests with intact egg(s) for at least two 4-day
periods, depending on availability of active nests at that
time.

Data analysis

When the nest checked was empty or when some eggs/
nestlings were missing we viewed the recordings backward
to find the event and to determine the nest fate, timing of
the event and the species of nest predator. Although the
exact survival times and nest fates were available, the lim-
ited sample size precluded sensible application of the
methods suitable for continuous survival data (e.g.
Weidinger 2008). Instead, we measured the exposure
period in nest-days where each nest-day was treated as an
independent binary observation (survived or failed). We
estimated the daily survival rate (DSR) as a simple ratio
of survived to exposed nest-days. With the present type of
data this method is equivalent to the conventional logis-
tic (Aebischer 1999) or logistic-exposure (Shaffer 2004)
models without covariates. Contrary to these methods
applied to ordinary nest-visitation data (i.e. interval sur-
vival data) the survival time in this study was known and
did not need to be estimated from the length of nest visit
intervals. In this way we estimated DSR separately for the
egg (laying and incubation) and nestling stage of active
nests, and for deserted (= inactive) nests with eggs. For
the active nests we considered either nest losses owing to
predation, or combined mortality.

Given the limited sample size we performed only sim-
ple univariate analyses; we focused on indicating possible
patterns in the data rather than on formal statistical test-
ing. We examined an edge effect on nest survival by
means of logistic regression (sensu Aebischer 1999; with
scale adjustment for over-dispersion) with distance to
field edge entered as a single continuous nest-level cova-
riate. We checked for potential observer effects on nest
survival by analysing the relationship between timing of
observer visits and timing of depredation events. We
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compared DSR among the four days that followed after a
nest visits by means of logistic regression with day
entered as either a categorical (day 1 vs. subsequent
days) or continuous time-dependent covariate. Lowered
DSR on the day just after nest visit would indicate
attraction of predators by observer presence at the nest,
while DSR gradually increasing from the first to the
forth day after observer visit would indicate a vanishing
effect of tracks left by observer at the nest (for detailed
reasoning see Weidinger [2008]).

RESULTS

In all, 44 nests (42 active nests and two abandoned
nests with fresh intact eggs) were found in 16 different
fields representing seven crop types: Maize (19 nests,
five fields), Sugar Beet (12, 4), Opium Poppy (7, 2),
Lucerne (2, 2), Caraway (2, 1), Spring Barley (1) and
Pea (1). Median age of nests at discovery was 4 days
(day 1 = first-egg laying date); the nests were found
before commencement of egg laying (5), during laying
(8), incubation (28) or nestling stage (1). Nests found
by accidental flushing of incubating birds (n = 15) were
similar in vegetation characteristics (difference + se;
vegetation cover score: 0.01 + 0.26; vegetation height:
-0.07 = 0.12 cm) to nests found directly by visual
search (n = 27). The electronic supplementary data file
details all nest depredation events.

The median laying date was 3 June (24 April-5 July,
n = 42), size of completed clutches was 3.86 + 0.12 se
(2-5, n = 35), number of hatchlings was 3.53 + 0.19 se
(24, n = 15) and number of fledglings was 3.31 + 0.33
se (1-4, n = 13). Primary nest fates of the 42 active
nests were: fledging (13); complete depredation (17);
partial depredation (5); desertion (5); nestling death
(1); and flooding (1). Almost all (26/29) nest losses
occurred during the egg stage. Overall nest success was
17% (all mortality factors considered) or 27% (only
predation considered; Table 1).

Video monitoring of 43 nests (342 active nest-days and
106 abandoned nest-days) documented 38 primary nest
fates and seven secondary depredations on nests previ-
ously deserted or partially depredated, yielding a total of
25 documented depredation events at 23 nests (see sup-
plementary data which is available on the supplementary
content tab of the article’s Informaworld page at http://
dx.doi.org/10.1080/00063657.2010.506208). In all, seven
species (four birds, three mammals) were recorded depre-
dating Sky Lark nests: Marsh Harrier (11 events, 11 nests),
Hooded Crow Corvus cornix (4, 3), Stone Marten Martes
foima (3, 3), Montagu’s Harrier Circus pygargus (2, 2),

© 2010 British Trust for Ornithology, Bird Study, 57, 525-530
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Table 1. Survival rates of active (primary depredation, all mortality) and abandoned (secondary depredation) Sky Lark nests in crop fields in

the Czech Republic.

Mortality factor Total nests Failed nests Exposure nestdays ~ DSR® 95% Cl Nest survival 95% Cl
Nesting stage

Primary predation

Eggs 42 21 245 0.914 0.872 0.946 0.29 0.15 0.46
Nestling 16 1 120 0.992 0.954 1.000 0.94 0.69 1.00
Total 43 22 365 0.940 0.910 0.962 0.25 0.13 0.42
Total - - - - - - 0.27 0.10 0.46
Secondary predation

Eggs (abandoned) 13 7 118 0.941 0.882 0.976 - - -
All mortality factors

Eggs 42 26 245 0.894 0.848 0.930 0.21 0.10 0.36
Nestling 16 3 120 0.975 0.929 0.995 0.82 0.55 0.96
Total 43 29 365 0.921 0.888 0.946 0.16 0.07 0.30
Total® - - - - - - 0.17 0.06 0.34

Daily survival rate; bnest survival = DSR', where t = 14 (eggs), 8 (nestlings) or 22 [total) days; <calculated as the product of nest survival for

the egg and nestling stage, respectively.

Hedgehog Erinaceus sp. (2, 2), Red Fox Vulpes vulpes (2,
2) and Eurasian Jackdaw Corvus monedula (1, 1).
Appearance of the depredated nests did not provide any
useful cues to determine the species or class of the preda-
tor. Predation by birds and mammals was restricted to day
(05:34-20:34) and night (21:24-03:43), respectively. The
median distance from Sky Lark nests depredated by Marsh
Harrier to the nearest occupied harrier nest was 3.5 km
(0.3-4.5 km, n = 11).

Daily nest survival rate (considering predation losses)
did not change appreciably with distance to field edge:
DSR (logit scale) = 2.3647 (+ 0.6710 se) + 0.0024
(£ 0.0039 se) x distance (m). Correspondingly, successful
nests (n = 13) were, on average, only slightly further
away from field edge (difference * se: 31 + 25 m)
than depredated nests (primary predation, n = 22). Nests
depredated by birds (n = 17) differed little from those
depredated by mammals (n = 7) in vegetation cover
score (difference * se: 0.34 + 0.41), but tended to be
closer to field edge (difference + se: =76 + 34 m).

Daily survival rate (considering depredation losses
during the egg stage) was non-significantly higher
on the first day after observer visit compared with
subsequent days (difference * se, logit scale: 0.3855
+ 0.4268) and did not show a trend across the four
days in between nest visits (regression slope * se,

logit scale: —=0.0412 + 0.1425).

DISCUSSION

The overall nest success (Mayfield estimate) in this
study (17%) was lower than the average values found

© 2010 British Trust for Ornithology, Bird Study, 57, 525-530

in the UK (23-40% [Wilson et al. 1997, Chamberlain
& Crick 1999, Donald et al. 2002]), Germany (22%
[Jeromin 2002]) and Switzerland (22% [Weibel 1999]).
However, our estimate is based on single-year data and
it falls at the lower end of annual variation reported
from elsewhere (e.g. 18-38% [Weibel 1999], 16-30%
[Donald et al. 2002]); more data are needed to assess an
‘average’ nest success in our study area.

At least 76% (22/29) of primary nest losses were
caused by depredation, which is in agreement with other
Sky Lark studies (Weibel 1999, Donald et al. 2002).
About 72% (18/25) of all depredation events were
attributable to birds, which is in stark contrast with a
study from the UK (Morris & Gilroy 2008), where all
depredation was caused by mammals. While corvids
were traditionally suspected as primary nest predators of
ground-nesting farmland birds across Europe, the recent
video evidence from western Europe revealed carnivo-
rous mammals as the principal nest predators of waders
(MacDonald & Bolton 2008, Teunissen et al. 2008) as
well as passerines (Morris & Gilroy 2008). Yet, we
showed that raptors (Harriers) might account for as
much as 52% (13/25) of total depredation events within
our study area. This is unlikely to be a site-specific effect
as the local abundance of Marsh Harriers (two breeding
pairs in a 55 km area) was representative of the large-
scale density for the whole Czech Republic (2.0-3.6
pairs/100 km?; based on data from St’astny et al. 2006).
Corvids and carnivores each accounted for about 20%
(5/25) of total nest depredation events. Predation by
foxes was low, despite their local abundance (inferred
from hunting statistics) and frequently reported effects
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on farmland birds (Tryjanowski et al. 2002, MacDonald
& Bolton 2008). Unlike foxes, predators like martens
(Lopez-Martin et al. 1992, Virgés & Garcia 2002) and
hedgehogs (Micol et al. 1994) are thought to require
more complex habitat structure and their activity is sup-
posed to be concentrated along field edges and linear
habitats (Sélek et al. 2009). Surprisingly, we documented
their nest depredations and occurrence (based on trails
and faeces) even in central part of large crop fields
(>300 m from edge).

Contrary to some previous studies (Weibel 1999,
Donald 2004, Morris & Gilroy 2008) we did not find
depredation rates to vary with distance to field edge.
The possible reasons include comparatively large size
of field parcels (about 50 ha in this study versus e.g.
12 ha in a UK study [Vickery et al. 2002]), small num-
ber of monitored nests and their location rather far
from field edge (median = 195 m, minimum = 30 m).
The edge effect on nest success in crop fields is
presumably a result of increased mammalian nest
depredation near edges, but the principal predators in
our study were birds. Moreover, nests depredated by
birds tended to be closer to field edge than those
depredated by mammals.

Breeding performance of Sky Larks varies markedly
among crop types (Wilson et al. 1997, Weibel 1999,
Donald et al. 2002), but the number of Sky Lark nests
found in each crop type was not entirely proportional
to the distribution of crops in the study area. Despite
the fact that our results might not be representative of
the whole landscape, we believe they are valid for the
crops well represented in our sample (Maize, Sugar
Beet). Because we searched for nests visually, our
sample could be potentially biased towards poorly
concealed nests that in turn might be more vulnerable
to visually guided predators. Nevertheless, 36% (15/42)
of active nests in our sample were found by accidental
flushing of incubating birds and these nests did not
differ in vegetation characteristics from nests found
directly by visual search. Moreover, nests depredated
by birds were not less concealed than those depredated
by mammals.

Although the use of cameras may bias nest depreda-
tion rates and species composition of predators
(Richardson et al. 2009), this effect is unlikely to be
serious in this study, for several reasons. We minimised
the visible parts of video equipment (see Methods),
while various human artefacts not associated with
research activity (plastic garbage, cans, etc.) were com-
mon on all fields under study. Most importantly, the
observed composition of predators is conservative with
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regard to the direction of potential bias. Predators
potentially under-represented because of neophobia to
human artefacts (cameras) — raptors — dominated in
our sample of video records, while predators potentially
over-represented through attraction to the monitored
nests (human trails, infrared illumination) — carnivores
— were less frequent. The absence of a temporal rela-
tionship between timing of our nest visits and timing
of depredation events indicates that overall nest
survival in this study was not seriously influenced
through changed depredation risk (Weidinger 2008).
All cases of ‘spontaneous’ (unexplained) nest desertion
occurred more than 12 hours (i.e. night hours on the
next day or later) after our last nest visit. Contrary to
potential bias (see earlier) video monitoring allowed us
to eliminate the problem of uncertain nest fates in
estimating nest survival (Manolis et al. 2000, Weidinger
2007).

To conclude, we showed that video surveillance
represents an efficient tool to study nest success and
nest predators of a farmland breeding passerine. This
study of Sky Larks revealed a distinctly different com-
position of nest predators than studies of farmland
birds in other regions or an earlier study of woodland
passerines in the same area (Weidinger 2009).
Identification of principal predators is vital for causal
interpretation of observed nest depredation rates as
well as for efficient conservation of populations
threatened by nest depredation (Gibbons et al. 2007).
Yet, we caution against generalisation of site-specific
results and unsupported assumptions on predator
identity.
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Supplementary File

Summary of video recorded Sky Lark nest depredation events and characteristics of the depredated Sky Lark
nests in crop fields in the Czech Republic. Mammalian predators are shown in boldface.

Event Date  Time Crop® Area Height® Cover® Edge’ Forest®  Settlement"
Predator? (dm.)  (CET) (ha) (m) (m) (m) (m)

Primary predation
Marsh Harrier 31.05. 18:55  Maize! 47.5 0.18 2f 240 820 550
Marsh Harrier 02.06. 07:12 Maize' 47.5 0.11 1f 140 710 740
Hooded Crow" 06.06. 17:09 Maize' 47.5 0.11 2 120 700 490
Hooded Crow 16.06.  15:30 Maize' 47.5 0.20 3f 130 620 300
Hedgehog 16.06.  22:22 Maize' 475 0.4 3 190 1020 450
Marsh Harrier 11.06. 06:59  Maize? 11.6 0.22 2f 90 270 890
Marsh Harrier 24.06. 20:20  Maize? 38.2 0.25 3 150 310 240
Marsh Harrier 26.06. 20:34 Maize® 38.2 0.26 3f 100 330 400
Marsh Harrier 29.06. 17:16 Maize® 50.1 0.40 2f 140 2290 220
Hedgehog 30.06. 01:53 Maize" 50.1 0.34 2f 130 250 500
Marten 22.06.  03:43 Maize® 86.0 0.32 3 340 400 660
Marsh Harrier 16.06. 05:34  Sugar Beet’ 75.0 0.25 2f 100 1820 1050
Marsh Harrier 18.06. 06:15  Sugar Beet’ 75.0 0.25 3 200 2070 830
Marsh Harrier 07.07. 09:50  Sugar Beet® 53.1 0.16 1 140 1280 430
Red Fox 08.07.  22:21  Sugar Beet® 53.1 0.40 1 260 1070 420
Marten? 26.05.  02:58  Sugar Beet’ 53.0 0.12 1 240 330 820
Marten ® 29.05.  21:24  Lucerne™ 185  0.22 1 90 570 670
Montagu's Harrier ~ 10.05.  05:54  Opium Poppy**> 482  0.16 1f 140 840 610

Secondary predation
Hooded Crow" 11.06.  19:07 Maize' 47.5 0.13 2 120 700 490
Marsh Harrier 19.06.  06:43 Maize® 50.1 0.50 1 190 540 500
Marsh Harrier 18.06.  14:18 Maize® 44.3 0.70 3 30 835 580
Hooded Crow 06.07. 12:26  Sugar Beet® 53.1 0.20 2 130 1340 280
Red Fox* 02.06.  02:10  Sugar Beet’ 530 0.4 1 240 330 820
Eurasian Jackdaw ~ 28.05.  07:52  Lucerne' 5.6 0.17 1 230 660 270
Montagu's Harrier 07.06. 06:59  Opium Poppy**  48.2 0.32 3f 50 860 510

®Numerical superscripts indicate double predation of the same nest.

®Numerical superscripts indicate individual field parcels.

“Vegetation height and cover on the last nest visit before the predation event. Cover was estimated as visibility
of the nest from above: 1 — well visible, 2 — intermediate, 3 — completely covered.

INearest distance to field edge, forest and settlement.

*The only predation on nestlings, all other cases refer to nests with eggs.

"Nests discovered by incidental flushing of incubating female; remaining nests were found by systematic search.
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Ground beetles (Carabidae) as potential predators
of Skylark (Alauda arvensis) nestlings
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Praus L. & Weidinger K. 2011: Stievlici (Carabidae) jako potencidlni nebezpeci pro mlddata
skiivant polnich (Alauda arvensis) na hnizdech. Sylvia 47: 91-94.

Dne 13. 6. 2010 bylo v kukufi¢ném poli u obce Mentour na Chrudimsku nalezeno hnizdo skfi-
vana polniho (Alauda arvensis), které obsahovalo dvé vejce a jedno pravée se lthnouci mladé.
K jeho pravému tibiotarsu byl zakously cerny stievlik (celed Carabidae) o velikosti asi 1cm
nalezici s nejvétsi pravdépodobnosti do rodu Pterostichus. Ten zptsobil mladéti zranéni, které
vedlo pozdéji k odumfeni a odpadnuti vétsiny pravé spodni koncetiny. Pfes nipadné zaostava-
ni v ristu se mladé diky rodicovské péci dozilo véku osmi dna a uhynulo az po vyvedeni svého
pozdéji se vylihlého zdravého sourozence.

The paper describes an unusual case of fatal injury of a Skylark (Alauda arvensis) hatchling by
a ground beetle (Carabidae, probably of the genus Pterostichus). The beetle bite caused necrosis
and apostasy of the chick's right tarsometatarsus. The young Skylark without a major part of
its right leg survived due to parental care until his healthy sibling fledged (eight days later).

Keywords: Alauda arvensis, Carabids, farmland birds, nest predation, Skylark

Drobné na zemi oteviené hnizdici druhy
ptakt musi pfi inkubaci a péci o mladata
odolavat vysokému preda¢nimu tlaku.
To plati plnou mérou i o skiivanech pol-
nich (Alauda arvensis), u kterych se
predace podili na hnizdnim netspéchu
vice nez ze 70 % (Weibel 1999, Donald
et al. 2002). Identita preddtorti skfiva-
nich hnizd ztstavd ¢asto neobjasnéna.
Presto mezi doposud spolehlivé zdoku-
mentované konzumenty sntsek a mla-
dat skfivanu patii pomérné rozsihla
paleta ptacich i savcich druhu (Donald
2004, Morris & Gilroy 2008, Praus &
Weidinger 2010) . Mimo ,pravé“ predac-

ni udalosti byly v minulosti zazname-
ndany pouze zcela ojedinéle i kuriozni
interakce s bezobratlymi zivoc¢ichy (ne-
pocitaje ptipady parazitoz), které mély
za nasledek zmateni hnizdniho pokusu.
Z Velké Britanie je dolozeno zniceni
snusky skfivana hlemyzdém zahradnim
(Helix pomatia), ktery pifi doplnovani
svych zdsob vapniku narusil radulou
vajecné skotdpky, coz mélo za nasledek
thyn embryi. Obdobny piipad je zdo-
kumentovan i ze Svycarska, kde mél na
svédomi poruseni skfivanich vajec neur-
¢eny druh slimdka (Limacidae) (Donald
2004).
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Dne 13. 6. 2010 dopoledne nale-
zl prvni z autord v kukufi¢cném poli
(36 ha, vyska porostu 22 c¢m, vzdalenost
od okraje pole 122 m) u obce Mentour
(okres Chrudim; kvadrat 6062; koordi-
naty 49°58'N 16°20'E; nadmoiskd vyska
285 m n. m.) hnizdo skfivana polniho,
které obsahovalo dvé vejce a jedno pra-
v¢ se lthnouci mladé. K jeho pravé spod-
ni koncetiné byl zakously cerny stfevlik
o velikosti asi 1 cm, s nejveétsi pravdépo-
dobnosti ndlezici do rodu Pterostichus
(Htrka 2005). Na prvni pohled se zdalo,
ze je mlddé mrtvé. Po piiblizeni byly
zaznamendny u ptacete drobné pohyby,
proto byl stfevlik ihned odstranén. Pfi
nasledném ohledani a fotodokumentaci
(obr. 1) se ukazalo, Ze stievlik mlade-
ti zpusobil oteviené poranéni v oblasti
pravého tibiotarsu.

Pfi druhé kontrole (15. 6.) jsme k hniz-
du instalovali videonahravaci zafizeni.
Na hnizdé se nachdzela dvé zivda mlddata
a jedno vejce. U poranéného ptacete jiz

zcela chybéla ¢ast pravé dolni koncetiny
pod mezotarzdlnim kloubem. Obé& mla-
data byla zvdazena (tab. 1) a vriacena do
hnizda.

Potieti jsme hnizdo navstivili 18. 6.
Poranéné mladé bylo stile nazivu, vy-
razné vsak zaostavalo v rustu za svym
zdravym sourozencem (tab. 1) a celkova
télesna stavba vykazovala asymetrii, kdy
osvaleni bylo ndpadné vyvinuto na levé
poloviné téla, kterou podpirala zdrava
spodni koncetina.

Pfi posledni kontrole 22. 6. nave-
Cer lezelo handicapované mladé mrtveé
v hnizdni kotlince (obr. 2). Diky video-
zdznamu vime, ze k vyvedeni zdravého
mladéte doslo 21. 6. dopoledne. V té
dobé¢ bylo zranéné mladé stdle na zivu.
Uhynulo az po nékolika hodindch snahy
rodicl vyvést je z hnizda.

Zdokumentovany piipad rozsifuje
znamé spektrum moznych hrozeb pro
skfivani hnizda. V dostupné literatufe
jsou stievlici doposud popisovani vzdy

Obr. 1. Lihnouci se mladé skiivana polniho (Alauda arvensis). Poranéni pravého tibiotarsu
(zluta sipka) zpusobil stievlik, pravdépodobné rodu Pterostichus. Foto L. Praus.

Fig. 1. Skylark (Alauda arvensis) chick hatching. Right tibiotarsus injury (yellow arrow) was
caused by a carabid beetle, probably of the genus Plerostichus, Photo by L. Praus.
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pouze v opacné roli - jako pomérné vy-
znamnd slozka potravy pro mladé i do-
spelé skiivany (Poulsen et al. 1998, Smith
et al. 2009). Pfipad napadeni mladéte
skfivana polniho stfevlikem nebyl dosud
v literatufe popsdan. Naskytd se otdzka,
nakolik pfedstavuje pfipad ohrozeni ma-

[ _SYLVIA 47/ 2011

Iych skiivanich mladat na hnizdé vétsim
druhem stfevlika pfirozenou situaci. Je
pravdépodobné, ze pokud by byla na
hnizdé v dobé¢ lihnuti pfitomna samice,
sttevlik by mlddé nemohl ohrozit. Nelze
vyloucit, ze za osudnou absenci samice
muiZe prvni z autort, ktery se ve vzdale-

Tab. 1. Hmotnostni rozdily mezi zdravym a handicapovanym mladétem skiivana polniho ve
snudce nalezené 13. 6. 2010 v kukufi¢ném poli u obce Mentour na Chrudimsku.
Table 1. Body weight differences between the healthy and handicapped Skylark siblings in the
nest found in a maize field, Mentour village, eastern Bohemia on 13 June 2010

hmotnost (g)

datum vék (dny) weight (g)
date age (days) handicapované mladée zdravé mlade
handicapped chick healthy sibling
15. 6. 2 57 11,6
18. 6. 5 7.8 17,8
edeno
22.6. 9 6.9t edgod

+-1 den mrtvé
t- 1 day dead

Obr. 2. Uhynulé mlddé skfivana polnfho ve véku osmi dnti. Cdst pravé spodni koncetiny pod
poranénim odumiela a odpadla béhem prvniho dne po vylihnuti. Foto L. Praus.

Fig. 2. Injured Skylark chick died at the age of 8 days. Necrotic part of the right leg dropped off
the first day after being wounded. Photo by L. Praus.
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nosti do 200 m od hnizda pohyboval asi
poslednich 20 minut pfed jeho ndlezem.
Na druhou stranu samice skiivana neza-
hiiva vejce ani mald mladata bez pferu-
Seni cely den. Hnizdo béhem svételné
faze opousti vétsinou vice nez tficetkrat
a doba jednotlivych absenci se pohybuje
i okolo nékolika desitek minut (Praus,
nepubl. data). Navic vétsi druhy strevlika
jsou v polich dodnes pomérneé bézné
(Desender & Alderweireldt 1988, Doring
et al. 2003). Domnénku o tom, Ze jsou
mlddata drobnych pozemné hnizdicich
pévcu stievliky skute¢né ohrozena pod-
poruje i zaznamenany pfipad pokousdni
mladat lindusky lu¢ni (Anthus pratensis)
neurc¢enym druhem stievlika na hnizdé
v alpinském pdsmu Hrubého Jeseniku
(Bures 1997). Popisovany piipad proto
nemusi byt zcela ojedinély.
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Predation is a major cause of breeding failure in bird species with open nests.
Although many studies have investigated nest predation rates, direct identifica-
tion of nest predators is sporadic, especially in (semi-)natural habitats. We
quantified nest success and identified nest predators in a population of
Skylarks Alauda arvensis and Woodlarks Lullula arborea breeding in a protect-
ed semi-natural area dominated by heathland and different succession states
of grassland on nutrient-poor soil in The Netherlands. We monitored 54 nests
by means of continuous video surveillance to determine survival times and
predators, and monitored another 44 nests without a camera. Fates of the 58
(40) Skylark (Woodlark) nests were: fledging 41 (27), depredation 13 (12), egg
desertion 1 (0) and nestling death 3 (1). The overall nest success of all moni-
tored nests (58 (40), Mayfield estimate) was 33% (22%; all mortality factors
considered) or 43% (25%; only depredation). Predators of Skylark nests were
Red Fox Vulpes vulpes (5), Carrion Crow Corvus corone (1) and European
Adder Vipera berus (1). Woodlark nests were depredated by Carrion Crow (2),
Eurasian Jay Garrulus glandarius (1) and Red Fox (1). Results suggest that the
main nest predators might differ between the two co-occurring lark species;
Skylark nests located in more open sites were preyed upon mainly by Red Fox,
while the main predators of Woodlark nests, located generally closer to trees,
are corvids.
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Predation is a major cause of nest failure for many birds
and hence it is an important source of natural selection
that shapes avian behaviour and life-history traits
(Martin 1995). Nest predation has been suggested to
be the primary cause of losses across a wide range of
bird species, habitats, and geographic regions, account-
ing on average for 80% of nest losses (Ricklefs 1969,
Martin 1993). In particular, breeding populations of
some ground-nesting birds of open habitats, such as
waders and galliformes, are highly vulnerable to a wide
range of mammalian and avian predators, sometimes

to the point of affecting population size (Marcstrom
et al. 1988, Tapper et al. 1996, Grant et al. 1999). By
contrast, the evidence that numbers of breeding
passerines are limited directly by nest predation is weak
(Gibbons et al. 2007). Population declines of many
ground-nesting passerines of open habitats in Western
and Central Europe are primarily caused by loss and
degradation of breeding habitat (Donald 2004,
Grzybek et al. 2008, Menz et al. 2009). However, inter-
actions between habitat changes and nest predation
rates frequently occur and can obscure the primary
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causes of bird populations declines (Evans 2004).

Nest predators differ among habitats and species,
but some general patterns exist. Red Foxes Vulpes
vulpes, martens and corvids are among the important
nest predators in European woodland (Jedrzejewska &
Jedrzejewski 1998, Weidinger 2009, Mallord et al.
2012) and in farmland (MacDonald & Bolton 2008,
Teunissen et al. 2008, Praus & Weidinger 2010).
Predation studies in intensive farmland have focused
on nest success and nest predator identity of ground-
breeding farmland birds (Teunissen et al. 2008, Morris
& Gilroy 2008, Praus & Weidinger 2010). Some studies
have also investigated the nesting success of these
species in more natural areas like coastal, steppe and
heathland habitats (Aunins et al. 2001, Pearce-Higgins
& Grant 2002, Wright et al. 2009). However, direct
evidence of the identity of nest predators in natural
habitats is anecdotal and detailed studies are lacking.

The Skylark Alauda arvensis and the Woodlark
Lullula arborea are ground-nesting species of open
landscapes that face high predation rates (Donald
2004, Dolman 2010). The Skylark was originally wide-
spread in a variety of open habitats including steppes,
natural grasslands, heathlands and saltmarshes, but
nowadays the majority of European birds breed in agri-
cultural landscapes, where Skylarks are rapidly declin-
ing (EBCC 2012). The Woodlark inhabits semi-natural
habitats, especially restocked conifer plantations and
lowland heathlands across Europe (Sitters et al. 1996,
Wotton & Gillings 2000, Mallord et al. 2007). Various
predators and variable nest predation rates have been
identified for Skylark nests in West and Central
European farmland (Morris & Gilroy 2008, Praus &
Weidinger 2010) and Woodlark nests in lowland heath-
lands of Great Britain (Dolman 2010). However, infor-
mation about predation pressure and relative
importance of nest predators in different habitats and
across different geographic regions is scarce (Delius
1965, Yanes & Suarez 1995).

In this study, we quantified nest success and identi-
fied nest predators in a rather high-density population
of Skylarks and Woodlarks breeding in a semi-natural
heath- and grassland area in The Netherlands. Popu-
lations of both species co-occur in this area, but the two
species differ in the selection of their nest sites; while
Skylarks avoid forest edges and even the proximity of
single trees, Woodlarks usually nest close to trees and/
or forest edges. Thus our study tentatively allowed us
to explore whether different nest site selection within
an area relates to species-specific vulnerability to nest
predation.

METHODS

We monitored fates and identified predators of lark
nests in the Aekingerzand, part of the National Park
Drents-Friese Wold in the northern Netherlands
(52°55'N, 6°18'E) in 2012. The study area (c. 400 ha) is
characterised by nutrient-poor soil. Dominating vegeta-
tion types are heather, Calluna vulgaris and Erica
tetralix, and different succession states of grass, moss
and Juncus spec. Furthermore, patches of open sand
and groups of trees are spread through the area which
is surrounded by coniferous forest. Suitable nesting
habitat covers approximately 240 ha for Skylarks and
220 ha for Woodlarks. Population densities are rather
high compared to most modern agricultural areas of
Western Europe and the local Skylark (80-100 pairs)
and Woodlark (60-80 pairs) populations have been
intensively studied since 2006 (Hegemann et al. 2010,
Hegemann & Voesten 2011). About 500 sheep graze
the study area year-round, keeping the vegetation short
and succession limited. The National Park is surround-
ed by intensive farmland with maize, potatoes and
cereals as the main crop types, and to a lesser extent by
intensive grasslands (Geiger et al. 2014).

Fieldwork was conducted from early May to late
July; roughly 80 days were devoted to nest searching in
the whole study area. This period covers the entire
breeding season of the local Skylark population
(Hegemann et al. 2012, 2013) and the period of second
and third broods in Woodlarks (Tieleman et al. unpub-
lished data). Although we missed the first Woodlark
broods, this does not pose a major problem, because
one aim of our study is to compare predation rates and
predators between the two species breeding in the
same area and at the same time, rather than to obtain
season-long estimates of breeding performance. Nests
were found either through direct observation of adults
returning to the nest or by systematic searches of spots
where intense mating behaviour had been observed.
Age of nestlings was estimated by visual clues from
their development (e.g., opening of eyes, feather devel-
opment); first-egg laying date was back-calculated
from brood size and hatch date, or from clutch size and
the stage of incubation estimated by egg floatation.

We found a total of 58 Skylark and 40 Woodlark
nests. A randomly selected subset of these nests
(Skylark: n = 37 nests, 247 active nest-days; Woodlark:
n = 16,92) were monitored by continuous video
recording. The remaining nests served as control nests
without video monitoring. Video systems consisted of a
small camouflaged video camera with IR diodes, a
portable security digital video recorder (DVR), and a
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Figure 1. The typical layout of a video camera (arrow) at one of the monitored nests, here with incubating Woodlark female, 18 May
2012 (Photo Libor Praus).

12V/40Ah deep cycle battery (for details see Praus &
Weidinger 2010). We used local natural material (dry
moss, stones) to mask the camera; all other parts (DVR,
battery, cables) were buried under the ground (Figure
1). We set the DVR to record continually with a
frequency of 10 fps at 640 x 480 pixel resolution. These
settings allowed for 4.5 days of recording on a 16 GB
memory card. Cameras were deployed about 2 days
(range 0-4) after nest discovery. We visited the nests
usually (80% cases) every fourth day (mean 3.4, range
1-5) to check nest content and to change the battery
and memory card; we visited nests with cameras as
well as control nests according to the same time sched-
ule (mean 3.0, range 1-6). When a nest was found
empty, we searched in the immediate vicinity for signs

of nest failure (eggshells, feathers, dead nestlings) or
nest success (alive fledglings, droppings).

For video monitored nests we determined the exact
survival time, nest fate and the species of nest predator
by inspection of video recordings. Survival time of
failed nests without a video camera was estimated as a
midpoint between the last visit to an active nest (eggs
or nestlings) and the first negative visit (empty nest,
dead chicks or deserted clutch). Survival time of
successful nests without a video camera was terminat-
ed by the 8™ day of chick age for both Lark species
(Skylark mean fledging age 8.6 days, range 7-12 days,
n =19 video-monitored nests; Woodlark 9.3 days,
range 9-10, n = 10); disappearance of younger chicks
was considered as predation. The observed mean age of
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fledging might have been influenced by the disturbance
associated with ringing; chicks left the nest within one
day after ringing. However, nestlings also regularly
fledge at an age of 7 or 8 days, without ringing or other
research activities at the nest, especially if ambient
temperature is high and nestlings need to escape the
direct sunlight (Hegemann et al., unpublished data).
Exposure period for all nests was measured in nest-days
since the day of discovery of an active nest or since
camera deployment (see below). We treated each nest-
day as an independent binary observation (survived or
failed) and estimated the daily survival rate (DSR) as a
simple ratio of survived to exposed nest-days. We calcu-
lated DSR separately for the egg (laying and incuba-

tion) and nestling stage. To calculate DSR we consid-
ered either nest losses owing to predation, or total
mortality. Nest survival was estimated as DSR where t
= 14 (egg stage including laying period), 8 (nestling
stage) or 22 (total) days for Skylarks and where t = 15
(egg stage including laying period), 9 (nestling stage)
or 24 (total) days for Woodlarks. Egg stage is based on
a mean clutch size of 4 eggs for both species and an
incubation period of 11 days for Skylarks (Glutz von
Blotzheim & Bauer 1985, own unpublished data) and
12 days for Woodlarks (Nick Horrocks & Stef Waas-
dorp, pers. comm.) starting with the last egg laid.
Duration of nestling stage is based on the video-record-
ings (see above). The limited sample size precluded

Table 1. Daily survival rates (DSR) of Skylark and Woodlark nests in a semi-natural heath- and grassland in the northern

Netherlands during the breeding season of 2012.

Species Total Exposure  Depredated DSR! 95% CL! Total DSR2 95% CL?
Nesting stage nests nest-days nests failed nests

Skylark
Eggs 21 91 4 0.956  0.891-0.988 5 0.945  0.876-0.982
Nestlings 53 259 9 0.965  0.935-0.984 12 0.954  0.921-0.976
Total 58 350 13 0.963  0.937-0.980 17 0.951  0.923-0.972

Woodlark
Eggs 9 88 5 0.943  0.872-0.981 5 0.943  0.872-0.981
Nestlings 34 123 7 0.943  0.886-0.977 0.935  0.876-0.972
Total 40 211 12 0.943  0.903-0.970 13 0.938  0.897-0.967

Icalculated from the number of depredated nests; 2calculated from the total number of failed nests

Table 2. Summary of video-recorded Skylark and Woodlark nest depredation events during the 2012 breeding season in a semi-natu-

ral heath- and grassland in The Netherlands.

Predator identity Date (d.m) Time (CET) Nesting Nest age Tree! (m)
stage (within stage)
Skylark nests
Red Fox Vulpes vulpes 19.05 05:07 Nestlings 4 310
Red Fox Vulpes vulpes 27.05 03:54 Nestlings 3 180
Red Fox Vulpes vulpes 03.06 23:45 Nestlings 4 230
Red Fox Vulpes vulpes 24.06 03:15 Nestlings 6 45
Red Fox Vulpes vulpes 26.06 01:45 Nestlings 5 260
Carrion Crow Corvus corone 19.05 21:22 Nestlings 5 30
European Adder Vipera berus 22.05 19:40 Nestlings 4 50
Woodlark nests
Carrion Crow Corvus corone 17.05 11:35 Eggs 15 40
Carrion Crow Corvus corone 26.05 06:05 Nestlings 8 2
Eurasian Jay Garrulus glandarius 29.06 15:02 Eggs 16 2
Red Fox Vulpes vulpes 14.05 02:37 Eggs? 15

IDistance to the nearest tree (height = 5 m); 2Fox took incubating female, unattended eggs were taken later by Carrion Crow
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formal statistical analyses, therefore we present only
descriptive data. To check for an effect of research
disturbance on the risk of nest predation, we compared
daily predation rates between samples of nest-days
with and without video camera, and between the first
day after an observer’s visit and subsequent days.
Results of these comparisons are presented as odds
ratios with 95% confidence limits.

RESULTS

Skylark

Overall, we found 58 Skylark nests at a median age of
17 days (day 1 = first-egg laying date); the nests were
found during nest building and egg laying (9), incuba-
tion (4) or nestling stage (45). The median back-calcu-
lated laying date was 1 June (27 April - 5 July, n = 58).
Size of completed clutches was 3.62 + 0.27 SE (2-5,
n = 13) and number of fledglings was 3.37 = 0.12 SE
(2-5, n = 41). Nest fates were: fledging (41), depreda-
tion (13), egg desertion (1) and nestling death (3).
Overall nest success was 33% (95% confidence limits:
CL = 17, 54; all mortality factors considered) or 44%
(CL = 24, 64; only predation considered; Table 1).
Corresponding values of nest success, calculated as a
product of nest survival for the egg and nestling stage
were 31% (CL =38,64) and 40% (CL = 12,74),
respectively. Fates of the video-monitored nests were:
fledging (27), depredation of nestlings (7; Table 2), egg
desertion (1) and nestling death (2). Based on the odds
ratio (OR), daily predation rate was non significantly
lower on the first day after observer visits vs. subse-
quent days (OR = 0.69; CL = 0.13, 3.64), and on nests
with video cameras vs. nests without cameras (OR =
0.51; CL = 0.17, 1.56).

Woodlark

Altogether, we found 40 Woodlark nests at a median
age of 20 days; the nests were found during nest build-
ing and egg laying (6), incubation (3) or nestling stage
(31). The median laying date was 30 April (29 March —
26 June, n = 40). Size of completed clutches was 4.23
+ 0.32 SE (3-6, n = 13) and number of fledglings was
4.00 + 0.29 SE (2-5, n = 23). Nest fates were: fledging
(27), depredation (12) and nestling death (1). Overall
nest success was 22% (CL = 7, 45; all mortality factors
considered) or 25% (CL =9, 48; only predation
considered; Table 1). Corresponding values of nest
success calculated as the product of nest survival for
the egg and nestling stage were 23% (CL = 4, 58) and
25% (CL= 4, 61), respectively. Fates of the video-moni-

tored nests were: fledging (11), depredation of
nestlings (1; Table 2), depredation of clutches (3; Table
2) and nestling death (1). Based on the odds ratio,
daily predation rate was non significantly higher on the
first day after observer visits vs. subsequent days (OR
= 1.12; CL = 0.4, 3.56), and non significantly lower
on nests with video cameras vs. nests without cameras
(OR = 0.36; CL = 0.11, 1.13).

Nest predators

We documented on video 11 predation events (one
event per nest) by four species of predators (Table 2).
The principal predators differed between the two lark
species — Red Fox accounted for 71% (5/7) of predation
events in Skylark, while corvids accounted for 75%
(3/4) of predation in Woodlark. The six predation
events by Red Fox occurred throughout the breeding
season (14 May - 26 June), while all three predations
by Carrion Crow Corvus corone were restricted to a
shorter period (17-26 May). Foxes accounted for all
nocturnal predation events (Table 2).

DISCUSSION

The overall nest success of Skylarks in a semi-natural
breeding habitat in the northern Netherlands was 33%
and thus within the range of values reported (also
using the ‘Mayfield method’) from arable fields in the
UK (23-40%; Wilson et al. 1997, Chamberlain & Crick
1999, Donald et al. 2002), The Netherlands (27%;
Kragten et al. 2008), Germany (22%; Jeromin 2002),
Switzerland (22%; Weibel 1999) and Czech Republic
(17%; Praus & Weidinger 2010). In our study area,
Woodlarks had a slightly lower nest success (22%) than
Skylarks. The nest success rates we found are also
lower than those reported for Woodlarks breeding on
heathlands in southern England (47%; Mallord et al.
2007). Predation accounted for 76% (13/17) and 92%
(12/13) of nest losses in Skylarks and Woodlarks,
respectively. These values are in accordance with data
from Skylark populations breeding on farmland (gener-
ally >70%; Weibel 1999, Donald et al. 2002, Praus &
Weidinger 2010) and in coastal dunes (>85%; Delius
1965). The second most important cause of nest failure
in this study was nestling death. All cases of nestling
death in Skylarks (3/53) and Woodlarks (1/34; Table
1) were likely a consequence of predation on parents.
Video recordings of one Skylark nest showed that the
male kept on bringing food to the 3 days old nestlings
after the female had disappeared, but without brooding
by the female the nestlings died of hypothermia. We
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also video-recorded an incubating Woodlark female
being taken at night by a fox. The fox did not take the
clutch but these remained unattended in the nest for
four hours until taken by a Carrion Crow.

No nest with nestlings was deserted after we
installed the camera equipment and only one female
Skylark did not resume incubation after camera deploy-
ment. We are reasonably confident that neither the
presence of a camera at the nest, nor the repeated visits
associated with the video recording, increased nest
predation rate. In fact, there was a non-significant
trend in the opposite direction. In both species preda-
tion was marginally lower on nests with a camera.
Furthermore, in Skylarks it was also marginally lower
on the first day after an observer visit to the nest
compared to subsequent days. In both cases confidence
intervals are wide and do not allow any firm conclu-
sions. Yet, our data are in line with the current opinion
that nest cameras do not increase nest predation (Ribic
et al. 2012).

Combining both lark species, nest predation
occurred during darkness in 55% cases, despite the
relatively longer daylight periods during the breeding
season (68% of recording time). This pattern was main-
ly attributed to a predominance of predation by Red
Foxes which mainly forage at night (Doncaster &
MacDonald 1997). Red Foxes accounted for 55%
(6/11) of all video recorded predation events. Foxes are
known to be the most important predators of wader
nests across The Netherlands (Teunissen et al. 2008).
Nevertheless, bird nests might represent only an alter-
native prey for foxes, whose foraging behaviour and/or
abundance is rather affected by their primary prey-
populations of small rodents (Marcstrom et al. 1988,
Tomkovich & Zharikov 1998, Kjellander & Nordstrom
2003). If so, foxes may actively switch to bird nests
when the primary prey is scarce. Or alternatively, inci-
dental predation on bird nests may increase as a side
effect of increased abundance of the primary prey
(Yanes & Suarez 1996). In 2012 Common Vole Microtus
arvalis and Wood Mouse Apodemus sylvaticus, two of
the main prey species of Red Foxes (Lloyd 1980),
showed relatively high population abundances in
Drents-Friese Wold, where our study area is located
(Bijlsma 2013).

The second most important nest predators were
corvids, accounting for more predation losses in
Woodlarks (3/4) than in Skylarks (1/7). This is not
unexpected because corvids probably use trees as
observation posts, and consequently prey more on
Woodlark nests, which are located generally closer to
trees than Skylark nests (Table 2). In spite of limited

sample size, we documented one case of a European
Adder Vipera berus preying on Skylark nestlings. This,
together with evidence from a broadly similar habitat
in southern England (16% of 7 nests; Dolman 2010)
suggests that snakes might be locally important preda-
tors of lark nests in heathlands. Although the available
data suggest that foxes were the main predators during
the single study season, a higher sampling intensity
over multiple seasons would likely reveal a wider range
of nest predator species and may change the impor-
tance of different predator species in our study area
(e.g., Dolman 2010, Praus & Weidinger 2010).

In summary, nest success of both lark species, inten-
sity of predation and species composition of nest preda-
tors in Aekingerzand were similar to what is known
from other regions and habitats. We realize that our
sample size is limited and our data are mainly based on
nests found in the nestling stage, which may influence
the robustness of our conclusions. Additionally, we
studied only one breeding season and might have
missed yearly variation in predation rates. We therefore
suggest sampling across years to help address these
issues. Monitoring the abundance of predator species
identified in this study and the abundance of their
primary prey may further help to understand predation
patterns. Finally, combining a study on nest predation
with tracking of predators foraging behaviour would
help to clarify whether foxes actively search for nests or
find them incidentally while searching for their primary

prey.
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SAMENVATTING

Predatie is een van de belangrijkste oorzaken van nestverliezen,
vooral bij vogels met open nesten. Toch is er betrekkelijk weinig
directe evidentie welke predatoren waar, hoe en wanneer
toeslaan. In deze studie staan Boomleeuwerik Lullula arborea en
Veldleeuwerik Alauda arvensis centraal. Beide soorten broeden
op de grond in open terrein, maar de Boomleeuwerik doet dat
bij voorkeur in de buurt van boomopslag, terwijl de
Veldleeuwerik juist bomen en struiken mijdt. Het Aekingerzand

op de grens van Friesland en Drenthe, een open heidegebied
met een afwisseling van grazige en zandige delen, herbergt een
forse dichtheid van beide soorten. In mei-juli 2012 werden hier
58 nesten van de Veldleeuwerik en 40 nesten van de Boom-
leeuwerik opgespoord. Bij een willekeurige steekproef uit deze
nesten werd een gecamoufleerde videocamera bijgeplaatst,
waarmee de lotgevallen van het nest non-stop werden gere-
gistreerd. De overige nesten fungeerden als controle. Beide sets
van nesten werden volgens een zelfde schema gecontroleerd.
Op deze wijze werd een antwoord gezocht op de vraag of de
keuze van een nestplek van invloed is op soortspecifieke kwets-
baarheid voor predatie.

Het nestsucces van Veldleeuweriken, berekend met de
Mayfield-methode, kwam uit op 33%, tegen 22% voor Boom-
leeuweriken. Bij beide soorten was predatie voor het gros van
de verliezen verantwoordelijk. De videocamera’s lieten zien dat
Vossen Vulpes vulpes de belangrijkste predator van de nesten van
de Veldleeuwerik waren (altijd ‘s nachts), terwijl dat bij nesten
van de Boomleeuwerik Zwarte Kraaien Corvus corone waren
(overdag). Jongen die dood in het nest werden aangetroffen,
waren vermoedelijk indirect slachtoffer van predatie geworden,
doordat de ouder(s) waren gepredeerd. Er werden geen aanwij-
zingen gevonden dat de plaatsing van camera’s bij nesten, noch
de daaropvolgende controles van de camera’s, hebben geleid tot
een stijging van de predatiekans. Hoewel de steekproef aan de
kleine kant was (en voornamelijk nesten met jongen betrof) en
het onderzoek slechts één broedseizoen omvatte, lijkt het erop
dat Veld- en Boomleeuweriken specifieke predatoren hebben,
geassocieerd met het type van de nestplaats: respectievelijk
open terrein met Vossen en halfopen terrein met Zwarte
Kraaien. Een grotere steekproef zou uitsluitsel moeten geven of
dit verschil reéel is, en of het ieder jaar in dezelfde mate
optreedt. Immers, de dynamiek van predatoren en hun invloed
op de slagingskans van leeuweriknesten hangen nauw samen
met de talrijkheid van hun hoofdprooi (in het geval van Vossen:
muizen). (RGB)
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Abstract. The Skylark populations are declining in most European agricultural landscapes. Changing
crop compositions and seasonal vegetation dynamics have been suggested to influence the breeding
success of Skylarks in arable fields. We quantified the breeding performance of Skylarks by means of
continuous video surveillance in maize fields (n = 83 nests) and in a pooled sample of other crops,
mostly sugar beet, opium poppy and cereals (n = 89 nests), in the Czech Republic, from 2009 to 2011.
Skylarks colonized the bare ground of maize fields immediately after sowing and continued to breed
there until the end of the breeding season in late July. The vegetation height at the time of laying did
not exceed 100 cm, but late broods left nests under maize reaching up to 210 cm. In spite of similar
clutch sizes, a lower number of chicks fledged per successful nest in maize fields compared to other
crops, as a consequence of the lower hatchability and higher partial nestling mortality. Nest success
(based on daily survival rates) was very low ranging from 8% (raw estimate) to 12% (model estimate),
while the difference between crops was less than 1%. The nest productivity was less than 0.4 chicks
produced per nesting attempt in both crops. At least 84% (maize) and 65% (other crops) of primary
nest losses were caused by predation. After controlling for vegetation height, there was little
difference in nest survival between crops during the egg stage, but nest survival was marginally lower
in maize during the nestling stage. We propose that the recent increasing area of energy cropping
fields represented mainly by maize provide an attractive, yet risky, nesting habitat for Skylarks,
especially late in the season when autumn-sown crops are too dense. The main factor responsible for
the low nesting success is the high rate of nest predation, regardless of vegetation height, as a
consequence of shift from mainly avian to mammalian predation towards the end of breeding

season.

Key words: Alauda arvensis, Zea mays, nesting habitat, farmland biodiversity, nest success, crop

height

Suggested running title: Breeding biology of the Skylark in crop fields
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INTRODUCTION

Farmland bird species, which have benefited historically from the spread of arable land, are now
suffering severe population declines. The rate and extent of farmland change, and its negative
impact on birds has markedly accelerated within the last decades, since the advent of agricultural
intensification in the 1950s (Wilson et al. 2009). Agricultural intensification has decreased the
heterogeneity of farmland throughout Europe by removing semi-natural habitats, increasing field
sizes, promoting large scale monocultures, reducing mixed farming and developing practices that
maximises yields (Nagy et al. 2009, Fuller 2012), which factors ultimately depressed food availability
and safe breeding sites for birds (Hole et al. 2002, Donald 2004, Hart et al. 2006, Flohre et al. 2011).

Farmland habitat changes may cause declines in habitat quality throughout the breeding
season within a bird’s home range (Gilroy et al. 2010). Birds experiencing multiple breeding
opportunities during the course of a season can buffer against these declines by shifting to different
breeding sites or habitats (Gilroy et al. 2010, Brambilla et al. 2012). However, the shift from spring-
sown to winter-sown cereals limits the number of breeding attempts of ground nesting passeriness
in numerous area's of arable land (Donald & Vickery 2001, Toepfer & Stubbe 2001). Contrary,
increasing arable areas sown by spring wide row energy crops now represents a new important
nesting habitat for farmland birds in the second half of their breeding season (Brand & Glemnitz
2013, Saurbrei et al. 2014). In particular, the cultivation of maize for energy cropping has increased
substantially in recent years, with further increases predicted throughout the European Union
(Schiimann et al. 2010, Candova 2011), Czech Republic including (2002: 289 265 ha; 2012: 324 441
ha, Czech Statistical Office 2012). Models assessing the impact of increase of maize fields on
biodiversity predicts marked population decline in ground nesting farmland passerines with respect
to increased energy maize cultivation (Gevers et al. 2011, Engel et al. 2012, Brand & Glemnitz 2013,
Saurbrei et al. 2014).

There is strong evidence that especially vegetation coverage and height are important
determinants of habitat selection in ground nesting passerines, because vegetation structure affects
nest predation risk (Davis 2005, Winter at al. 2005), food availability (Wilson 2001) and possibility
also locomotion (Donald 2004). Maize fields are characterized by rapid increase of crop height, yet
relatively stable coverage. The pattern of maize growth is typically characterized by a sigmoid curve
with slow growth during May, followed by rapid development to final height of about 200 cm during
June (Berzsenyi & Lap 2004). This posses chalenge for birds that have to cope with dramatic changes

of nesting habitat even during a single nesting cycle.
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The Skylark Alauda arvensis is the most abundant and widespread passerine of arable land in
Europe (Hagemeier & Blair 1997) and one of the few ground-breeding birds inhabiting maize fields.
Since the mid 1970s, intensive agriculture practices have resulted in Skylark population declines by
50% across West European farmland (Robertson & Berg 1992, Busche 1994, de Carli et al. 1998,
Siriwardena et al. 1998). Skylark populations in Central and East Europe declined by 25% on average
in the same period (Rheinwald 1993, Tryjanowski 2000, Reif et al. 2008), possibly due to less
intensive agriculture than in West Europe. Skylark territory density is influenced by the vegetation
coverage and height, the preferred vegetation cover is 35-60% and the preferred vegetation height
does not exceed 50 cm (Toepfer & Stubbe 2001, Donald 2004).

Skylarks start to establish territories in maize fields since early May due to the late sowing
date. About 5 territories per 10 ha has been observed in May (J. Kolecek in litt.), 7.5 territories in late
June and 2-6.5 territories still found in July (Toepfer & Stubbe 2001, Eraud & Boutin 2002). Skylarks
are capable of nesting on almost bare ground soon after maize sowing, as well as in fully grown
crops, probably because the typical vegetation coverage does not exceed 50% (Schlapfer 1988,
Toepfer & Stubbe 2001). During the Skylark nesting cycle (average 23 days) maize can grow by about
150 cm, thus making maize fields one of the most seasonally dynamic breeding habitats. This poses
guestions about the maximum crop height selected by Skylarks for nest placement and the
subsequent crop growth tolerated by already nesting birds to complete the nesting cycle.

Here we report on Skylark breeding biology and nest survival in the "extreme" habitat of
maize fields in the Czech Republic, together with comparative breeding data on Skylark nests from
other crops. To evaluate an effect of crop type per se, we statistically controlled for seasonal increase

in crop heights and seasonal variation in breeding performance.

METHODS

Study area and field methods

The study was carried out on conventionally managed arable fields (total study area of ¢ 60 km?,
mean field size about 50 ha) interspersed with remnants of deciduous woodland and villages (<15%
of the total area) during the breeding seasons from 2009-2011, in the East Bohemia Region, the
Czech Republic (49° 55.39' N, 15° 59.33' E, altitude 240-500 m). The main crop types were: winter
wheat Triticum aestivum (45%); maize Zea mays (15%); winter rape Brassica napus subsp. Napus

(15%), spring barley Hordeum vulgare (10%); sugar beet Beta vulgaris (5%); alfalfa Medicago sativa,
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opium poppy Papaver somniferum, oilseed caraway Carum carvi, pea Pisum sativum and brown bean
Vicia faba (each <2%).

Searching for nests was undertaken from the beginning of the breeding season in the middle
of April and continued until late July. Roughly, 100 days per year were devoted to nest searching in
the whole study area (70 days in maize fields). We located nests by systematically searching in
suitable plots (<60% mean vegetation coverage), 35% of sample nests were found by the flushing of
incubating females (26% nests in maize). The age of nests (first egg=day 0) was estimated from the
clutch/brood size and the stage of incubation estimated by egg floatation or by visual clues of
nestling development. The degree of field vegetation cover in a 20 m radius around the nest during
the laying period was classified to three categories: (1: 0— 20 % vegetation cover, 2: 21 - 60%, 3: 61—
100%). The degree of egg visibility during the laying period to the direct view of an observer standing
above the nest was classified to three categories: well visible from above, intermediately covered,

and completely covered. Vegetation height above the nest (cm) was measured at each visit.

Videomonitoring

Using continuous video recording, we monitored 161 of 172 found active Skylark nests (81/83 of
nests in maize fields and 80/89 nests in other crops). Video systems consisted of a small camouflaged
video camera with IR diodes, a portable security digital video recorder, and a 12V/40Ah deep cycle
battery (for details see Praus & Weidinger 2010). The system allowed for 4.5 days of recording on a
16 GB memory card. There was usually no response from the birds to the installed recording
equipment. We visited all nests usually (80% of cases) every fourth day (mean 3.7, range 1-6) to
check nest contents and to change the battery and memory card at nests monitored by video. For
video-monitored nests we determined the exact survival time and nest fate. Time of failure for nests
without a video camera was estimated as the midpoint between the last visit to an active nest with
eggs or nestlings and the first negative visit (empty nest, dead chicks or deserted clutch). The
exposure time of successful nests without a video camera was terminated by the 8th day of chick age
on the basis of mean fledging age of video-monitored nests (8.2 days, range 7-12 days, n=33). In
total, >91% of all exposure time (nest-days) included in the subsequent nest survival analyses was

documented on video.

Data analysis
The focal habitat variable in our analyses was the type of crop. Of the total sample of 172 active
nests, 83 nests were found in maize fields, while the rest was found in nine other crops (sugar beet:

29, opium poppy: 20, winter wheat: 11, alfalfa: 9, spring barley: 8, pea: 4, oilseed caraway: 3, brown
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bean: 3, potatoes Solanum tuberosum: 2). Because no other crop provided a sufficient sample of
nests, we show results separately for maize fields and a pooled sample of the other crops. Only the
nests from maize fields comprise a well-defined sample that represents a particular crop throughout
the entire nesting season. The composition of the pooled sample does not represent the
proportional use of different crops by nesting Skylarks, or the seasonal distribution of nests in
different crops. As this precludes a meaningful application of inferential statistics, we focused on
describing patterns in the data rather than on formally testing the differences between crop types.

We evaluated the effects of predictor variables on clutch size and brood size by fitting a
linear mixed model. The data unit in these analyses was a nest. The fixed effect predictors were crop
type (maize vs. other crops; see above), vegetation height (m; linear term) and date of first-egg laying
or fledging, respectively (linear and squared term to account for a nonlinear seasonal pattern). Dates
were transformed prior to analysis to take variation in phenology between years into account. To do
this, we centred dates around the annual medians and then added a constant to ensure that all dates
were positive before calculating squared terms.

We modelled daily survival rate (DSR) of nests separately during the egg and nestling stage
by fitting a logistic mixed model. Each nest-day of exposure was regarded as an independent binary
observation (survived or failed) and represented the data unit in these analyses. The fixed effect
predictors were the same as in models of clucth/brood size, except that date and vegetation height
refer to individual nest-days rather that to laying/fledging days. For this purpose we extrapolated
vegetation height on individual nest-days from the measurements taken on each nest visit.

All models contained a random effect of year (random intercept) for which we estimated the
variance component. We present regression coefficients estimated by the full model containing all
fixed effect predictor variables that were a priori deemed important, regardless of their formal
statistical significance. All models were fitted by procedures implemented in Proc Glimmix (SAS
version 9.2; SAS Institute, Inc. 2013). To visualize model outputs we plotted the predicted values of
breeding parameters for each crop type against date, while keeping the vegetation height at a fixed
value.

In addition to model outputs we present also raw estimates of breeding parameters
calculated from the pooled data for both crop types. This ensures direct comparability of our results
with those of earlier descriptive studies. Mean clutch size was calculated from the sample of
incubated nests checked at least twice in a four day interval. Hatchability of eggs/clutches is defined
as the proportion of hatched eggs/complete clutches among those that survived over the incubation
period. The daily survival rate was estimated separately for the egg (laying and incubation) and

nestling stages as the simple ratio of survived to exposed nest-days. This procedure is eqivalent to an
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output of logistic regression model (see above) without covariates. Overall nest success was
estimated as a product of stage-specific survival, i.e. (DSR for egg stage)™* x (DSR for nestling stage)®,
where exponents were set to the mean length (in days) of the nesting stages. Nest productivity
(number of fledglings per nesting attempt) was then estimated as a product of nest success x mean
brood size at fledging. Mean values are shown with SE, or with 95% confidence intervals (Cl) where

indicated.

RESULTS

Timing of breeding

Of the 83 (89) nests in maize (other) fields, 13 (23) nests were found during nest building, 27 (30)
during egg laying, 31 (33) during incubation and 12 (3) in the nestling stage. The mean nest age at
discovery was 4.3 +0.6 days for maize (-4 to 21; first egg laying = 0) and 2.2 +0.4 day (-5 to 17) for
other crops. The age of the nest when found slightly decreased throughout the season in both crop
samples; linear regression for maize: age = 12.28 (+6.64 SE) — 0.05 (+0.04)*day of the year; day 1 =1
January, n = 83; other crops: age = 8.16 (+2.56) — 0.04 (+0.02)* day of the year; n = 89. The earliest
clutch in maize was initiated on 8 May (2009), the latest on 21 July (2010), the median first egg laying
date was 12 June, and the highest number of active nests was present from about 5 to 28 June.
Compared to maize, breeding was advanced in other crops; the earliest clutch was initiated on 6 April
(2011), the latest on 16 July (2010), the median first egg laying date was 15 May, and the highest

number of active nests was present during May (Fig. 1).

Vegetation at nest sites

Median vegetation height above the nest was 9 cm at the time of egg laying (0 — 95; n = 50), 68 cm at
the time of hatching (5 —180 cm; n = 32) and 110 cm at the time of fledging (25 — 215; n = 15) in
maize fields vs. 15 cm at the time of egg laying (0 — 45; n = 70), 29 cm at the time of hatching (0 — 68
cm; n = 26) and 38 cm at the time of fledging (0 — 65; n = 18) in other crops (Fig. 2). Vegetation height
above the nests in the stage of egg laying slightly increased over the course of nesting season in both
crop samples; linear regresion for maize: height =-15.48 (+33.70) + 0.23 (+0.21)*day of the year, day
1 =1 January, n = 50; other crops, height =-1.16 (+6.75) + 0.13 (+0.05)*day of the year, n = 70. Of 50
nests in maize (vs. 70 nests in other crops), 16% (18%) nests were initiated in fields with vegetation
cover under 20%, 80% (54%) nests were initiated in fields with cover from 21 to 60%, and only 4%
(20%) nests were placed in fields with cover exceeding 60%. Of these nests, 10% (4%) had no
vegetation cover above the nest, 46% (61%) were partially covered and 44% (35%) were completely

concealed by vegetation during egg laying.
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Clutch and brood size

The size of completed clutches was 3.84 + 0.10 eggs (4x 2 eggs, 12x 3, 37x 4 and 10x 5) in maize vs.
3.59 + 0.08 eggs (2x 2 eggs, 24x 3, 36x 4 and 2x 5) in other crops. Mean clutch size slightly increased
from April to June and declined thereafter (Fig. 3). A model (Table 1) accounting for annual
differences in phenology corroborated a seasonal trend with the largest clutches being laid in about
the middle of the season (Fig. 4a). After controlling for laying date and height of vegetation during
laying the mean clutch size did not differ between maize vs. other crop fields (Table 1). The mean
number of hatchlings was 3.42 £ 0.21 (1x 1, 3x 2, 8x 3, 9x 4; 3x 5) in maize vs. 3.29 £ 0.17 (4x 2, 7x 3,
10x 4) in other crops. Hatchability was 83.7% (n= 98 eggs) and 54.2% (n= 24 clutches) in maize vs.
89.6% (n =77 eggs) and 66.7% (n = 21 clutches) in other crops. The length of incubation was 10.8 +
0.17 days (9-12, n = 24; days counted from the first day after clutch completion) in maize vs. 11.1 +
0.14 days (10-12, n = 21) in other crops. Chicks fledged at a mean age of 9.0 + 0.25 days (7-10, n =
15, hatching day = age 1) in maize vs. 9.2 + 0.36 days (7-12, n = 18) in other crops. The mean number
of fledglings per successful nest was 2.60 + 0.32 (4x 1, 3x 2, 3x 3, 5x4) in maize vs. 3.00 £ 0.30 (4x 1,
2x 2, 2x 3, 10x 4) in other crops. A model (Table 1) accounting for annual differences in phenology
revealed a pronounced seasonal trend with the largest broods of fledglings in about the middle of
the season (Fig. 4b). After controlling for fledging date and height of vegetation during fledging the

broods were, on average, markedly smaller in maize compared to other crops (Table 1).

Nesting success and productivity

Documented nest fates in maize (vs. other crops) were: fledging 15 (18) nests, depredation 58 (47),
egg desertion 4 (16), egg flooding 3 (4) and nestling death 3 (4). The number of nest depredated by
birds/mammals was 27/24 in maize vs. 26/7 in other crops. Daily survival rate of nests was marginally
higher during the nestling stage compared to the egg stage in both crop types (Table 2). During the
egg stage, DSR was highest in about the middle of the nesting season, increased with vegetation
height, but did not differ between maize vs. other crops (Table 2 and 3, Fig. 4c). During the nestling
stage, DSR increased with date and was marginally lower in maize vs. other crops (Table 2 and 3, Fig.
4d). Nest productivity (nest success x brood size) derived from the raw data was 0.20 (0.079 x 2.60)
fledglings per nest in maize vs. 0.24 (0.078 x 3.00) in other crops. Nest productivity derived from
estimates yielded by the models (Table 1 and 2), where covariate values (height, date) were set to
crop-specific means found in the data, was 0.32 (0.109 x 2.91) fledglings per nest in maize vs. 0.43

(0.123 x 3.52) in other crops.
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DISCUSSION

Skylarks colonized the bare ground of maize fields immediately after sowing at about the beginning
of May, and continued to breed there until the end of the nesting season in late July. Vegetation
height at the time of clutch initiation was typically from 10 to 30 cm, and the maximum height did
not exceed 100 cm throughout the nesting season. Vegetation height during the incubation and
nestling stages did not differ markedly between maize and the pooled sample of other crops until
about the middle of June (Fig. 2). However, the difference between crops became apparent with the
accelerating growth of maize. Nestlings fledged in May and early June left nests under vegetation not
exceeding 65 cm in all crops, while those fledged in July did so under maize reaching up to 210 cm.
Our results thus support previous findings that Skylarks avoid high vegetation when selecting nest
sites (Donald et al. 2001a, Toepfer & Stubbe 2001). However, we found that Skylarks can successfully
finish nesting even under the rapidly growing vegetation of maize fields, probably due to the low
density/coverage of this crop. Skylarks have been reported to avoid dense vegetation possibly
because of impaired orientation (Patzold 1983) and hindered ground locomotion (Jenny 1990,
Odderskaer et al. 1997), yet explicit tests of this idea are lacking.

Our data on Skylark clutch size and length of the nesting cycle fall within the range of variation
reported from other case studies (Delius 1965, Donald 2004, Hegemann 2012). As is common for
multibrooded species (Crick et al. 1993), Skylark clutch sizes have increased towards the middle part
of the breeding season (Tab. 1, Fig. 4a), when the most chicks can be reared, and then have declined
again as the optimal time for nesting passed. Clutches were, on average, marginally larger in maize
fields compared to other crops, but this was because the latter sample comprised small clutches
from the beginning of the nesting season; for any given date the mean clutch size was almost equal
in both crops. The hatchability of individual eggs (86% in all crops pooled) was lower than the
average values found in Western Europe (about 95%; Weibel 1999, Donald et al. 2002). In spite of
similar clutch sizes, the mean number of chicks fledged per successful nest was markedly lower in
maize fields compared to other crops, especially after controlling for date (Table 1). The difference
between crops and the more pronounced seasonal pattern in brood size (Fig. 4b) compared to clutch
size (Fig. 4a) was likely a consequence of the lower hatchability and higher partial nestling mortality
in maize fields and in the early/late nests. Indeed, the hatchability of individual eggs was marginally
lower in maize compared to other crops . Clutches and nests placed in sparsely vegetated fields
should be more exposed to fluctuating microclimates, which might reduce embryonic and nestling

growth efficiency (Olson et al. 2006, Tieleman et al. 2008).
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The overall Skylark nest success ("Mayfield" estimates) ranges from 22% to 40% (Weibel
1999, Donald et al. 2002, Jeromin 2002, Kragten et al. 2008) across West European farmland. In this
study we observed very low nest success ranging from 8% (raw estimate) to 12% (model estimate),
while the difference between crops was less than 1%. Given this low nest success and only a
moderate size of fledged broods, which was just below the published values (about 2.8 to 3.5 chicks:
(Delius 1965, Schlapfer 1988, Wilson et al. 1997, Weibel 1999), the resulting nest productivity was
also very low — less than 0.4 chicks produced per nesting attempt in both crops. So far the lowest
nest productivity has been reported from grassland fields in southern England (0.63, Donald et al.
2002). In any case, the observed nest productivity may not be sustainable, regardless the renesting
potential of Skylarks (Donald 2004).

At least 84% (maize) and 65% (other crops) of primary nest losses were caused by predation.
These values are in accordance with data from Skylark populations breeding on farmland (generally
>70%; Weibel 1999, Donald et al. 2002). The incidence of nest desertion in our study (13% of all
nests) was also similar to values reported elsewhere (10-13%; Weibel 1999, Donald et al. 2002).
Most nest desertions (18 of 20) took place during periods of unfavorable rainy and cold weather,
especially in April. Frequent soil and water erosion in wide row fields (maize, sugar beet, early stage
opium poppy) during rainfall (Bazzoffi et al. 1998) increases the risk of nest flooding. Indeed, flooding
of Skylark nests has been reported as the major cause of nest failure in the low and sparsely
vegetated meadows close to the airport’s runways (Griesser & Hegelbach 1999).

The prevalence of predation in this study implies that the patterns in nest survival rate (Fig.
4c,d) largely reflect the variability in predation rates. As expected, daily nest survival during the egg
stage increased with vegetation height above the nest (Table 3), suggesting better protection from
visually searching avian predators with vegetation growth. After controlling for an effect of
vegetation height, there was little difference in nest survival between crops, suggesting that
comparatively low vegetation during the egg stage was accessible to all predators, regardless of crop
type. However, the positive effect of vegetation height was not detectable during the nestling stage
(Table 3), i.e. in that part of nesting season when vegetation was on average taller (Fig. 2), and
mammals took a large share of predation (own unpublished data). Accordingly, after controlling for
vegetation height, the nest survival during the nestling stage was marginally lower in maize
compared to other crops (Table 3, Fig. 4d), suggesting that tall, yet relatively sparse, maize is more
accessible to mammalian predators than denser vegetation of other crops. Altogether, the results
suggest that nests in bare fields and low vegetation of all crops were under a high pressure from

locally dominant avian predators (53 of 84 predation events) and that whilst the high vegetation was
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generally safer for nesting, the high-grown maize fields late in the season were well accessible for
mammalian predators.

Our results on use of nesting habitat and nesting success are unlikely to be influenced by
biased nest sampling with regard to increasing vegetation height/density in the course of the
breeding season. In fact, the age of nests at discovery marginally decreased throughout the season,
and about half (55%) of all nests were already found before/during egg laying. Most importantly,
these patterns did not differ between maize fields and the other crops. Nest predation rates are
sometimes thought to be potentially affected by video monitoring (Richardson et al. 2009). However,
we are reasonably confident that neither the presence of a camera near the nest, nor the repeated
visits associated with the video recording, increased the nest predation rate at our sites (Praus &
Weidinger 2010), which is in line with the current opinion that nest cameras generally do not
increase nest predation (Ribic et al. 2012). Finally, the low age of sampled nests throughout the
entire breeding season, together with high numbers of nest found already destroyed (presumably
depredated early in the nesting cycle; not included in the analysis), suggest that our estimates of nest
survival/predation rate were not seriously affected by our nest searching method. Hence we believe
that the very low nest success was real and might realistically characterize Skylark breeding
performance in crop fields in the study area.

Wide row spring crop fields, represented mainly by maize, sugar beet and opium poppy have
become an important breeding habitat for Skylarks in the second half of nesting season. Their
frequent use for nesting (Schlapfer 1988, Toepfer & Stubbe 2001, Eraud & Boutin 2002), together
with the very low nest success as found in this study, suggest that these crops offer an attractive, yet
risky, nesting habitat for Skylarks, especially late in the season when autumn-sown crops are too
dense. The projected future increase and spatial aggregation of maize for use in energy cropping
might therefore contribute to the continuing decline of Skylark populations. We propose that the
main factors responsible for the low nesting success in spring wide crop fields are the high risk of
nest predation. Comparative data on Skylarks from other areas as well as data on other species are
needed to validate and extend our conclusions to farmland birds in general (Brandt & Glemnitz

2014).
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Table 1. Linear mixed models showing effects of predictor variables on clutch and brood size in the
Skylark. Shown are estimates from the full model where all predictors were kept regardless of their
formal significance (p < 0.05 indicated by bold face). Effect of crop is shown for maize vs. other crops
(= reference category). Vegetation height (m) and date (linear and squared term) were continuous
predictors; all dates were centred by the annual median prior analysis. For random effect of year, the
variance component (+SE) is shown where estimable; however, conclusions remained qualitatively
the same when year was modeled as a fixed effect. Sample size was 128 (clutch size) and 33 (brood

size) nests. Predictions of the models are plotted in Fig. 4 a,b.

Response = Clutch size Response = Brood size

Predictor Estimate SE Estimate SE

Intercept 2.6151 0.2945 0.6918 0.6888
Crop 0.0009 0.1434 -1.3138 0.5755
Height 0.6193 0.3425 1.1864 0.6650
Date 0.0368 0.0118 0.1192 0.0338
Date’ -0.0003 0.0001 -0.0014 0.0004
Year (random) 0.0000 0.0000 0.3228 0.4756

15



Praus, L. & Weidinger, K. (2015). Breeding biology of the Skylark Alauda arvensis in maize and other crop fields. Acta Ornithologica 50: 1 (in press).

Table 2. Daily survival rates (DSR) of Skylark nests in maize and other crop fields in the Czech Republic

during the breeding seasons 2009-2011. Shown are raw estimates calculated as a ratio of survived to

exposed nest-days and estimates yielded by the models (Table 3) where covariates (height, date)

were set at crop-specific mean values found in the data set.

Crop Total Nest- Failed Raw estimate Model estimate
Nesting stage nests days nests DSR 95% ClI DSR 95% ClI
Maize

Eggs 71 436 49 0.888 0.854-0.916 0.906 0.865-0.936
Nestlings 34 205 19 0.907 0.859-0.943 0.911 0.850-0.949
Other crops

Eggs 85 448 61 0.864 0.829-0.894 0.890 0.840-0.925
Nestlings 28 184 10 0.946 0.902-0.974 0.951 0.875-0.982
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Table 3. Logistic mixed models showing effects of predictor variables on daily survival rates of nests
during the egg and nestling stages. For sample size (humber of nest-days) see Table 2, for other

explanation see Table 1. Predictions of the models are plotted in Fig. 4 c,d.

Response = DSR (egg stage) Response = DSR (nestling stage)
Predictor Estimate SE Estimate SE
Intercept 0.4381 0.6871 2.1949 0.9316
Crop 0.0221 0.2568 -1.0094 0.6900
Height 1.2058 0.5178 -0.8186 0.7399
Date 0.0514 0.0238 0.0177° 0.0458°
Date’ -0.0005 0.0002 0.0002 0.0005
Year (random) 0.0444 0.0778 0.0784 0.2736
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Figures

Fig. 1. Number of nest initiations (observed or back-calculated first egg laying dates; columns) and
the number of monitored active Skylark nests (i.e. exposure nest-days as shown in Table 2; solid line)

over the course of the nesting season.

Fig. 2. Mean (£SE) vegetation height (cm) at Skylark nests on the day of first egg laying: solid line,
black circles; chick hatching: dashed line, open squares and fledging: dotted line, black triangles, over

the course of the nesting season.

Fig. 3. Mean (£SE) number of eggs in complete clutch (white columns), number of hatchlings (grey
columns) and number of fledglings (black columns) in Skylark nests over the course of the nesting
season (n = number of nests). The values are raw means calculated from the pooled data; for model

outputs see Fig. 4 a,b.

Fig. 4. Seasonal variation in clutch size (number of eggs, a), brood size (number of fledglings, b) and
daily survival rate of nests with eggs (c) and nestlings (d) in Skylark. Shown are values predicted by
the respective models (a and b: Table 1; c and d: Table 3) for "other crops" (thin solid line; dashed
lines represent 95% confidence limits) and maize (bold solid line; confidence limits not shown).
Predicted values are plotted over the observed range of dates in the respective crop type; all dates
were centred by annual median prior analysis. Predicted values are for crop height set to a typical

value common to both crop types (a: 0.2 m; b: 0.6 m; c and d: 0.4 m).
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Fig. 1.
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ABSTRACT

Incubation behaviour is largely determined by inherent physiological demands of parents and
embryos, and consequently, there might be only a narrow window for behavioral
adjustments. We asked what factors affect incubation behaviour in Skylarks breeding in crop
fields. This rather uniform habitat permitted us to control for habitat heterogeneity while
focusing on the targer explanatory variables. By means of continuous video recording we
obtained 75 full-day samples of incubation behaviour from 55 nests. We evaluated incubation
patterns in relation to ambient temperature and vegetation characteristics, while controlling
for incubation progress and clutch size. Novel finding of this study is that within-day variation
(time-specific attentiveness and length of individual bouts) was not independent of the
variation found on a daily basis (daily mean values of respective variable), as these two data
levels interacted in a complex manner. Attentiveness was on average higher in less
favourable conditions, i.e. on cold days and in nests under tall vegetation (wet nest sites);
however, attentiveness was disproportionally higher in morning and evening hours, when
microclimatic effects were accentuated. In contrast, better nest concealment (protection from
predators rather than proxy of nest microclimate) releaved females from incubation duties on
average, yet disproportionally so during mid-day in contrast to morning and evening hours.
We showed that the most remarkable patterns in incubation behaviour emerged only after
the interactions between daytime and other predictors were taken into account. These
findings suggest that the way time is allotted may be equally as important as the total amount

of time spent incubating.

Key words: Incubation, Skylark, Alauda arvensis, nest attentiveness, agricultural

intensification, nest concealment
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INTRODUCTION

Avian incubation behaviour is very conservative with almost all species relying on contact
with the adult to raise egg temperature to a level suitable for embryonic development
(Haftorn 1988, Deeming 2002a). Incubating parent must balance thermal needs of the
developing embryos with their own energetic needs by leaving the nest to forage (Conway &
Martin 2000a, Tinbergen & Williams 2002).

The principal characteristic of incubation behaviour is incubation attentiveness
defined as the proportion of time the eggs are incubated by a parent. Total nest attentiveness
is strongly limited by available time and energy (Matysiokova & Remes 2014). In
gyneparental systems, where only the female incubates, daytime incubation is usually
intermittent, i.e. bouts of attentiveness (on-bouts) are interspersed with frequent foraging
bouts (off-bouts). Total attentiveness is then given by the ratio of average (or sum) on-bout to
off-bout lengths. It follows that incubating parent can keep same attentiveness through
proportionally increasing/decreasing lenght of individual on- and off-bouts, thus
decreasing/increasing frequency of incubation rhythm. Conversely, any disproportional
change in lengths of on- and off-bouts results in change in total attentiveness, regardless of
incubation rhythm. Incubation behaviour is thus potentially plastic trait that allows incubating
birds to cope with changing environmental conditions and their own needs.

Indeed, incubation behaviour was shown to vary with ambient temperature and
insolation (Hoétker 1990, Kovarik et al. 2009, Tieleman et al. 2008), food supply (Zimmerling
& Akney 2005, Barnett & Briskie 2010, Boulton et al. 2010, Lothery et al. 2014) including
allofeeding rate (Pearse et al. 2004), predation risk (Ghalambor & Martin 2002, Massaro et
al. 2008, Cervencl et al. 2011) and success of previous nesting attempt (Chalfoun & Martin
2010). Specifically, birds incubating at low ambient temperature take shorter off-bouts, which
prevents eggs from cooling to temperatures below the physiological zero temperature (Zerba
& Morton 1983, Conway & Martin 2000a, Carey 2002, Kovarik et al. 2008, MacDonald et al.
2014). At the other extreme, as ambient temperature rises above 40.5°C, females are forced
to take shorter off-bouts to prevent eggs from overheating to lethal temperatures during their
absence (Conway & Martin 2000a, Tieleman et al. 2008). Food suplemented parents spend
less time off the nest than hunger parents (Chalfoun & Martin 2007, Barnett & Briskie 2010,
Lothery et al. 2014). In environments with high nest predation by visualy guided predators,
natural selection favors infrequent nest trips opposite to short off-bout duration (Conway &
Martin 2000b, Massaro et al. 2008). Small birds mostly could not assess and respond
beforehand to territory level nest-predation risk, but parents whose nests were depredated

reduced clutch sizes and activity at nests attempted later in the season by increasing the
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length of bouts and decreasing the number of trips to feed nestlings (Chalfoun & Martin
2010).

Effective resolution of the trade-off between embryos and parent is particularly
complicated in species with unasisted single-sex incubation. Moreover, in small ground-
nesting steppe passerines which usually build rudimentary nests at open sites, the
unattended eggs are exposed to high temperature variation and to predators (Deeming
2002a). Vegetation cover and height have been shown to be the critical factors for nest-site
selection in ground-nesting birds (Helzer & Jelinski 1999), because they can counteract
predation and overheating simultaneously (Wells & Fuhlendorf 2005, Tieleman et al. 2008,
Gillis et al. 2012).

Nowadays the steppe habitat is represented mostly by unnatural arable land in
Europe (Stoate et al. 2009). Agricultural systems alter biotic interactions and behavioural
patterns of many organisms and can have serious environmental consequences (Matson et
al. 1997). Arable fields are characterized by rapid and unpredictable (from the bird
perspective) changes of vegetation cover and height during the breeding season as well as
by interannual changes of complete habitat features (Feddes et al. 1978). Moreover, crop
monocultures reduce availability of safe nesting and foraging sites (Donald 2004, Atkinson et
al. 2005). Accordingly farmland ground-nesting birds might have little opportunity to assess
habitat characteristics for adequate nest site choice to the demands of the clutch and their
own needs. Plastic adjustements of incubation behaviour might be critical for successful
reproduction under such conditions. However, as far as we know, there have been no
studies of incubation behaviour in this particular study system.

The goal of this study was to to find out what factors affect nest attentiveness and
bouts duration in the the Skylark (Alauda arvensis), a typical ground nesting passerine
abundantly breeding in crop fields across Europe (Donald 2004, Stastny et al. 2006). The
nesting season of Skylark lasts from beginning of April to late July in lowland arable fields in
the Czech Republic (Stastny & Hudec 2011). During this period the lenght of daylight
changes by about 3.5 h and mean daily temperature raises by more than 10°C. Unlike many
previous studies we used continuous videorecording to analyse 24-hour samples of
incubation behaviour. Moreover, Skylark nest sites in arable fields vary from bare ground to
tall vegetation throughout the whole breeding season. The uniform habitat of large arable
fields permitted us to control for habitat heterogeneity while focusing on the targer
explanatory variables. We evaluated variation in Skylark incubation patterns in relation to
ambient temperature and vegetation characteristics, while controlling for incubation progress

and clutch size.
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MATERIALS AND METHODS

Study area
The data were collected during the breeding season 2009-2011 in the East Bohemia Region,
the Czech Republic (49° 55.39' N, 15° 59.33' E, altitude 240-500 m). The study area of ¢ 60
km? is characterized by predominance of conventionally managed farmland (>80% of total
area, mean parcel size about 50 ha) interspersed with remnants of deciduous woodland
(<5% of total area) and villages. Main crop types were: winter wheat Triticum aestivum
(45%); maize Zea mays (15%); winter rape Brassica napus subsp. napus (15%), spring
barley Hordeum vulgare (10%); sugar beet Beta vulgaris (5%); lucerne Medicago
sativa,opium poppy Papaver somniferum, oilseed caraway Carum carvi, pea Pisum sativum
and brown bean Vicia faba (each <2%).

Weather data (Appendix 1) were obtained from measuring stations in Hrochiv Tynec
(5 km NW of the study area; daily precipitation) and Pardubice (17 km NW of the study area;.
mean daily temperature). Although these data might not correspond exactly to conditions in
the study area in terms of absolute values, we assumed they provide reasonable indices for

the purpose of our analysis.

Nest searching and monitoring

Nest searching was undertaken from the beginning of the breeding season in the middle of
April and continued until nesting activity had ceased in late July. Roughly, 100 days per year
were devoted to nest searching in the whole study area. We located nests by systematically
searching in suitable plots (<60% mean vegetation coverage) of arable field parcel, 35% of
sample nests was found by the accidental flushing of incubating females. Of the 55 nests
included into the analysis, 9 nests were found during nest building, 25 during egg laying and
21 during incubation.

Nests were monitored using continuous video surveillance to record parental
behaviour and to determine nest fates. The video monitoring systems consisted of a video
camera (40 x 35 mm) with infrared-emitting diodes, a portable security digital video recorder
(DVR; Yoko RYK-9107), and a 12V/40-65Ah deep cycle battery. The DVR was housed in a
weatherproof plastic box (125 x 95 x 50 mm) and connected to the camera by a 5-m cable
and to the battery by a 1-m cable. All outer parts of the system were camouflaged by brown-
green spotted painting. The camera was mounted on a piece of wire that was inserted in the
ground and allowed the adjustment of camera position. Cameras were placed 0.7-2.0 m
from nests (depending on nest visibility) and 2—20 cm above the ground, never exceeding

the height of surrounding vegetation. We used local natural material (dry vegetation, stones)
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to mask the camera,; all other parts (box, battery, cables) were buried under ground. We set
the DVR to record continually with a frequency of 10 fps at 640 x 480 pixel resolution. These
settings allowed for 4.5 days of recording on a 16 GB memory card. There was usually no
response from the birds to the installed recording equipment, and incubation typically
resumed within <15 minutes after the camera had been installed. We visited the nests
usually (70% cases) every fourth day to check nest content and to change the battery and
memory card, the rest of the nest visits were at 3-day intervals.

Two vegetation characteristics were recorded (by L.P.) on each nest visit. Vegetation
height was measured directly above the nest (cm). Nest cover scored visibility of the eggs
from direct view of an observer standing above the nest into three categories: well visible

from above, intermediately covered, and completely covered.

Data analysis

Continuous video monitoring of nests provided a large amount of video footage. To analyze
incubation behaviour we have to subsample from the available data. The sampling unit was a
24 h period starting at midnight, taken from continuous recordings of the entire nesting cycle.
We considered video records from days without heavy rain, without disturbance by
agricultural operations, and midway between observer visits. We purposely sampled
recordings to cover the whole breeding season (late April-late July) and all stages of
incubation (1-11 day). The day of incubation (day 1 = the 1st day after clutch completion)
was determined from a combination of egg floatation and known laying dates. The length of
incubation in the study population was 11.15 +0.90 SD days (h = 62 nests). We also paid
care to sample nests over the full range of crop heights and concealment categories
(Appendix 2). Included into the analysis were values of vegetation height and cover recorded
on the last nest visit before the sampling day.

Sampled 24-hour videorecordings were reviewed in the lab by L.P. to determine the
length of working day (sensu Shaw & Creswell 2014), i.e. the period from the first morning
departure from the nest to the last evening arrival to nest prior overnight incubation, and the
legths of all consecutive on- and off-bouts. Our data represent three hierarchical data units
(Table 1). In all, 55 nest were sampled. Although Skylark females were not individually
marked, we assume that these nests represented different females due to their wide spatial
distribution over the study area during three years. Twenty of these 55 nests were sampled
twice, resulting in 75 daily damples. The lowest data unit was an individual on/off bout. We
conducted analyses on two data levels.

In the analysis of incubation behaviour on a daily basis we modeled mean daylong

values of incubation attentiveness and on- and off-bout length. Attentiveness in this case was
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calculated as a proportion of the total time spent incubating during the working day. Similarly,
length of all recorded on- and off-bouts were averaged over the working day. The
explanatory variables (Appendix 2) were clutch size, day of incubation, mean daily
temperature, vegetation height and nest cover (three categories). To account for double
sampling of some nests we entered nest identity as the random effect in the models.

In the within-day analysis we modeled lengths of individual on- and off-bouts.
Attentiveness (“"time-specific attentiveness") in this case was calculated from the lengths of
individual subsequent on- and off-bouts. The explanatory variables were the same as in the
analysis on a daily basis. To analyse daily variation in behaviour we entered the relative time
of day as an additional explanatory variable. We used relative timing instead of absolute
timing to account for variation in the length of daylight period. We divided the period from
sunrise to sunset (= 100%) into five periods each encompasing 20% of the daylight period.
Timing of each bout was then classified into these five periods yielding categorical
explanatory variable with 5 levels. The bouts starting just after sunset (c 2.5% of all bout)
were classified into the last period of daylight. Division of daylight into five periods was
sufficent to capture the daily pattern of incubation behaviour (Fig. 1). To account for natural
data clustering we entered identity of the daily sample as the random effect in the models.

In both analyses we fitted general mixed models implemented in PROC MIXED (SAS
Institute, Inc. 2013) with the variables indicated above. We applied Box-Cox transformation
to all three response variables (Table 1) to conform with normality assumptions. However,
even an analysis of raw data yielded qualitatively similar results. We focused on detecting
patterns in the data rather than on formal hypothesis testing. In the between-day analysis we
kept the main effects of all explanatory variables in the models regardless of their statistical
significance. Next we converted parameter estimates into standardized effect sizes
(Nakagawa & Cuthill 2007) to assess relative importance of individual explanatory variables.
Our goal in the within-day analysis was to assess incremental effects of daytime and
interaction of daytime with the other explanatory variables in explaining the daily pattern of
incubation. Hence we fitted set of seven models containing: main effects of all five
explanatory variables (as in between-day analysis), the same as in preceding model with
added main effect of daytime, the same as in preceding model with added interaction of
daytime with one of the five other explanatory variable. We adopted model selection
approach to rank these models according to AlCc criterion (Burnham & Anderson 2002). We
avoided fitting models with all interaction effects of interest entered simultaneously due their
complexity and risk of getting spurious results. To visualize the above interaction effects, we

plotted model predictions against daytime for selected levels of the explanatory variable
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involved in the particular interaction, while keeping the other explanatory variables fixed at
the modal value.

Finally, we repeated all the above analyses with a subset of data restricted to the
nests located in maize fields (Appendicces 2, 3, 4, 5, 6, 7). By this we hoped to minimize
uncontroled environmental variation that might have influenced our conclusions based on the
pooled sample of nests from different crops. We adopted this approach instead of entering
crop type as an additional explanatory variable because the distribution of nests among
crops was very uneven. Nevertheless, because the restricted data set yielded very similar
results we present here only the results based on the complete data set.

RESULTS

Overall characteristics of incubation behaviour

We analysed 75 complete daily samples of incubation behaviour (2009: n=14; 2010: n=24;
2011: n=37) from 55 nests (2009: n=11; 2010: n=18; 2011: n=26). In total we checked
1114.38 h of active daylight period and 2150/2075 individual off/on bouts (Table 1). The
length of working day lasted on average 14.87+ 0.14 (SE) h (range 11.87 — 17.07 h). Total
incubation attentiveness was 0.69 per working day (Table 1) or 0.81 per 24 h. Females took
on average 28.67 + 1.02 off-bouts and the time spent off the nest totalled 272.85 + 7.34 min
per 24 h. Females did not leave the nest during the hours of darkness. Incubating feeding by

males was not recorded.

Variation on a daily basis

Our models explained only a small part of the variation among mean daily values of
incubation attentiveness and bout length (Table 2). Standardized effect sizes for all
explanatory variables were small to moderate (r < 0.3) and their confidence intervals mostly
contained zero (Fig. 2). The notable exception were the effects of ambient temperature and
vegetation height. Attentiveness decreased with increasing temperature, which effect
resulted from shortening of on-bouts and lenghtening of off-bouts. Attentiveness increased
with the height of vegetation above the nest, which effect was mostly attributable to
lenghtened on-bouts, while the legth of off-bouts was little affected. Attentivenes tended to
decrease with increasing vegetation cover of the nest, which effect was due to shortening of
on-bouts. Attentiveness was only little affected by the day of incubation and by the clutch
size. Nevertheless, on- and off-bout lenghts increased with increasing clucth size, thus

indicating lower frequency of incubation bouts.
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Within-day variation

All measured characteristics of incubation behaviour varied markedly during the day (Fig. 1,
Appendix 5). Attentiveness was highest in the morning and evening hours corresponding to
the first and the last 20% of the daylight period. This pattern resulted from disproportional
variation of on- and off-bout lengths. On-bouts were longest in the morning and evening,
except the period just prior the end of activity, while off-bouts shortened gradually during the
evening hours.

The models of time-specific attentiveness and individual bout lengths suggest that
daytime alone, as well as in interaction with other factors, is an important predictor of
incubation behaviour (Table 3). Models containing interaction of daytime with other predictors
ranked better than models containing only the main effect of daytime (except for model of off-
bout length), which in turn ranked better than models not including daytime. Visualized
predictions from the above models revealed distinctive patterns suggesting interactive effects
— attentiveness and on-bout length varied throughout the day according to the level of other

predictors (Fig. 3).

DISCUSSION

Overall incubation pattern

Skylark females breeding in arable fields face wide variation of environmental conditions
during the incubation period. Continuous videorecording provided detailed insight into the
correlates of incubation rhytm in this specific habitat. The overall incubation attentiveness
was about 0.70 per working day and it varied markedly with time of day. Females spent more
time attending clutches in the early morning and in the evening, with lower and stable
attentiveness during the rest of the day. This is in accordance with patterns found in most
temperate passerines with uniparental incubation (Skutch 1962, Conway & Martin 2000b,
Chalfoun & Martin 2007, Davis & Holmes 2012). Similar values of total attentiveness were
found in other species of larks breeding across a range of habitats (Tieleman et al. 2008,
MacDonald 2014). Not only the attentiveness, but also the mean length of on- and off-bouts
and the number of daily departures, were very similar to what is known about incubation
rhytm in other small open nesting passerines (Norment 1995, Rauter & Rayer 1997, Joyce et
al. 2001, Kovarik et al. 2009). Total absence of incubation feeding conforms to an
expectation from the high nest predation pressure in this study system (Praus & Weidinger
2010, 2015), because benefits of incubation feeding can be offset by the cost of increased
nest predation rate (Ghalambor & Martin 2002, Matysiokova et al. 2011).
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Variation on a daily basis

Incubation behaviour varied considerably on a daily basis. Specifically, mean daily
attentiveness ranged from 0.5 to 0.8, on-bout length from 10 to 57 min and off-bout length
from 4 to 21 min (Table 1). Nest sites and sampling days in our data set represented a wide
range of vegetation characteristics and weather conditions, respectively. However, models
with vegetation characteristics, mean daily temperature, clutch size and incubation stage as
predictors of incubation behaviour revealed only small to moderate (r < 0.3) effects with wide
confidence intervals (Fig. 2). Nevertheless, all estimated effects were in the expected
directions.

Not surprisingly, attentiveness decreased with rising ambient temperature, which is
general pattern found in temperate passerines (Conway & Martin 2000a, Deeming 2002).
Also the size of this effect fall within the range of univariate correlations reported from
comparative analyses for North American passerines (Conway & Martin 2000b). The effect
of rising ambient temperature on attentiveness resulted from the opposing effects on off-bout
(lenghtening) and on-bout (shortening) length. This indicates that longer foraging bouts taken
at high ambient temperature were not associated with lenghtened on-bouts due to rewarming
cost.

The opposing effects of vegetation height and vegetation cover reflect the different
meaning of these two nest site characteristics as defined in this study. Given the
homogeneity and uniform height of crop monocultures, vegetation height was a proxy of the
total amount of vegetation around the nest. Water vapor pressure interacts in a complex
manner with temperature to define local microclimate under vegetation cover (Tuller &
Chilton 1973, McArthur 1990). Hence, attentiveness and on-bout length increasing with
vegetation height could be explained as a nest protection against soil and vegetation
moisture formed under shadow of tall vegetation.

In contrast, nest cover was only weakly related to nest height (r = 0.18) as it
measured concelament of the nest itself from the observer/predator view, independently of
the amount of vegetation around the nest. Hence we interpret nest cover as a proxy of nest
concealment from visually oriented predators rather than a measure of nest site
microclimate. Birds facing high nest predation risk adopt an incubation strategy that
minimizes time of absence from conspicious nest that could attract predator (Conway &
Martin 2000b). Accordingly, we found that attentiveness and on-bout length decreased with
nest vegetation cover, thus suggesting lower predation risk perceived by females with well
concealed nests.

We were not primarily interested in effects of clutch size and stage of incubation, yet

we included these variables into the models as potential predictors of incubation behaviour.
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The positive relationship between clutch size and nest attentiveness found in some species
of birds (Jones 1987, Larsen et al. 2003) was not detectable in this study. Nevertheless,
clutch size was the only predictor with similar effect, in terms of size and direction, on both
on- and off-bouts; females with larger clutches took longer off-bouts followed by longer on-
bouts.

Within-day variation

Incubation behaviour varied not only on a daily basis, but it showed distinct variation within a
day. Daily course of nest attentiveness mostly reflected changes in on-bout lenght. High
attentiveness and on-bout lenght at the begining and at the end of daily activity might
represent response to low ambient temperature at dawn and dusk. Lower and comparatively
stable attentiveness and on-bout lenght during mid-day (from c. 0.2 to 0.8 of daylight period)
may not be fully explained by the daily course of ambient temperature, which would predict
steady decrease in attentiveness until late afternoon. Obviously, other factors are involved in
addition to temperature. For instance, foraging might be more efficient during mid-day
because of higher arthropod activity (Holmes et al. 1978). Intermittent incubators set their
incubation investment at levels dictated by energetic constraints on parents, not maximizing
developmental conditions of offspring (Ardia et al. 2009). Depletion of nutrient reserves as
incubation proceed could cause decrease in total attentiveness through shortening of on-
bout duration in mid-day in later stages of incubation (Afton 1980, Coates & Delehanty 2008;
Fig. 3).

Off-bouts showed less variation (on absolute scale) during a day than on-bouts.
Longer off-bouts at morning hours could be brought on by high hunger level of females after
fasting overnight (Reid et al. 1999). Relatively stable lenght of off-bouts during a day is in
agreement with the hypothesis that incubating females modify their behaviour (i.e. foraging
bouts) so as to minimize the cost of rewarming eggs and the risk of cooling the eggs through
by varying the frequency rather than length of off-bouts (Camfield & Martin 2009, MacDonald
2014). The observed drop of off-bout lenght at the end of daily activity might reflect prior
sufficient food supplementation for overnight incubation (Moreno 1989, Smith et al. 1989,
Chalfoun & Martin 2007, Lothery et al. 2014).

Interactive effects

Novel finding of this study is that variation in incubation behaviour within and between days
was not independent but interacted in a complex manner. Specifically, the pattern of within-
day variation depended on daily mean value of given behavioural trait, which in turn

depended on the value of other predictors.
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Ambient temperature and vegetation height were the best predictors of incubation
attentiveness on a daily basis. Not only the mean daily attentiveness decreased on warmer
days (Fig. 2), but also the pattern of daily variation changed from U-shaped to flat profile (Fig.
3). The interaction between daytime and vegetation height was of opposite direction; mean
daily attentiveness increased with vegetation height and the daily pattern changed from flat
to U-shaped profile. In fact, there is no contradiction between these two findings as they refer
to the same phenomenon. Cold days and nests under tall vegetation (i.e. wet nest sites;
Tuller & Chilton 1973) represented less favourable conditions for incubation, where
attentiveness was on average higher, but it was disproportionally higher in morning and
evening hours, when microclimatic effects were accentuated.

Different pattern emerged from interaction between daytime and vegetation cover,
which is a measure of nest concealment rather than proxy of nest microclimate. Better nest
concealment releaved females from incubation duties during mid-day, but not in morning and
evening hours; hence the change from flat to U-shaped profile of daily variation in

attentiveness with increasing nest cover.

Conclusions

Incubation behaviour is largely determined by inherent physiological demands of parents and
embryos, and consequently, there might be only a narrow window for behavioral adjustments
(Deeming 2002a). In spite of this we found considerable variation in incubation behaviour of
Skylarks nesting in seemingly uniform habitat of arable fields. The most remarkable patterns
emerged only after the interactions between daytime and other predictors were taken into
account. These findings suggest that the way time is allotted may be equally as important as
the total amount of time spent incubating. Obtaining these results would not be possible
without continuous videorecording, which we promote as an essential tool for studies of long
and uninterrupted samples of incubation behaviour. We have also showed that analyses of
daily patterns based on relative daytime might be more revealing than those based on
absolute daytime, particularly in species with prolonged nesting season. One potential
weakness of this study is the correlative nature of all conclusions. Nevertheless, the habitat
of crop fields represents a kind of natural experiment where part of environmental variation is
filtered out by agricultural operations.

The Skylark is one of the few passeriness nesting exclusively on the ground in
natural, as well as human-altered open habitats. Here we showed that temperature and
vegetation surrounding the nest are important predictors of incubation patterns, through their
effects on nest microclimate (Ar & Sidis 2002, Wells & Fuhlendorf 2005). The amount of

unexplained variation in our models may have been due to other uncontrolled factors,
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especially risk of nest predation and varying food availability (Conway & Martin 2000b,
Zimmerling & Akney 2005). Although the overall nest predation rate did not show a clear
daily pattern and was independent of vegetation progress throughout the breeding season
(Praus & Weidinger 2010, 2015), the question of predator-specific effects on nest predation
and possible interaction with microclimate of nest site is open to further study.
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Table 1. Descriptive characteristics of incubation behaviour (response variables) calculated
for three hierarchical data units.

Response variable n Mean +SD Min, Max Median  Box-Cox
Data unit = nest
Mean attentiveness 55 0.70 £0.06 0.56, 0.82 0.70 -
Mean on-bout (min) 55 2412 +842  10.37,48.87 21.97 -
Mean off-bout (min) 55 9.85 +2.95 4.52,19.98 9.58 -
Data unit = daily sample
Attentiveness 75 0.69 £0.07 0.51, 0.85 0.70 1.70
Mean on-bout (min) 75 2462 +£9.05 10.37,57.45 22.75 -0.66
Mean off-bout (min) 75 10.22 £3.33 4.03, 21.17 9.65 -0.21
Data unit = individual bout
Attentiveness 2075 0.67 £0.15 0.02, 0.99 0.68 1.69
On-bout (min) 2075 22.37 £16.93  0.05, 18.37 18.37 0.14
Off-bout (min) 2150 9.52 +9.00 0.17, 234.80 8.43 0.17

& Exponents of the Box-Cox transformation applied to the response variables before fitting
models.
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Table 2. Parameter estimates for predictors of daily mean values of attentiveness, on-bout
length and off-bout length (n=75 daily samples, 55 nests). Random effect of nest identity was
forced into all models. All response variables were Box-Cox transformed prior analysis (see
Table 1); for details of explanatory variables see Appendix 2.

Response/Explanatory variable Estimate Lower CL Upper CL
Response: Attentiveness ?
Intercept 0.7330 0.6235 0.8425
Clutch size 0.0037 -0.0163 0.0237
Day of incubation -0.0025 -0.0082 0.0032
Mean daily temperature (° C) -0.0048 -0.0089 -0.0008
Vegetation height (m) 0.0581 0.0035 0.1126
Vegetation cover (medium) -0.0137 -0.0621 0.0348
Vegetation cover (high) -0.0385 -0.0803 0.0034
Response: mean On-bout °
Intercept 0.0134 0.0034 0.0234
Clutch size 0.0015 -0.0003 0.0033
Day of incubation -0.0004 -0.0009 0.0002
Mean daily temperature (° C) -0.0002 -0.0006 0.0002
Vegetation height 0.0055 0.0006 0.0105
Vegetation cover (medium) -0.0028 -0.0073 0.0016
Vegetation cover (high) -0.0029 -0.0067 0.0009
Response: mean Off-bout °
Intercept 0.0038 -0.0001 0.0076
Clutch size 0.0005 -0.0002 0.0012
Day of incubation -0.0001 -0.0002 0.0002
Mean daily temperature (° C) 0.0001 -0.0001 0.0002
Vegetation height -0.0005 -0.0024 0.0014
Vegetation cover (medium) -0.0001 -0.0018 0.0016
Vegetation cover (high) 0.0002 -0.0013 0.0017

2 A AlCc (vs intercept model) = 3.28; R?= 0.14
® A AICc (vs intercept model) = 2.28; R?= 0.14
¢ A AlCc (vs intercept model) = 8.97; R*= 0.06
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Table 3. Models explaining within-day variation in attentiveness and individual bout lengths
(n= 2075/2150 on/off bouts from 75 daily samples). Random effect of daily sample was
forced into all models. All response variables were Box-Cox transformed prior analysis (see
Table 1). X indicates the main effects of clutch size, day of incubation, mean daily
temperature, vegetation height and vegetation cover — the same predictors as in the models
of between-day variation (Table 2). Time is a 5-level categorical predictor indicating relative
timing within the period from sunrise to sunset (see Methods). Shown for each model is the
number of parameters (K), value of log-likelihood, a AICc relative to the best model and the
approximate proportion of explained variance (R?).

Model K -2logL A AlCc R?
Response: Attentiveness
X + time + time*cover 20 -2460.0 0.0 0.120
X + time + time*clutch 16 -2422.3 29.5 0.095
X + time + time*temperature 16 -2422.3 29.6 0.095
X + time + time*height 16 -2420.6 31.3 0.094
X + time + time*day 16 -2414.2 37.6 0.090
X +time 12 -2404.6 39.1 0.083
X 8 -2304.1 1315 0.013
Intercept 2 -2286.2 137.3
Response: On-bout
X+time+time*cover 20 -12977.5 0.0 0.083
X+time+time*temperature 16  -12954.2 15.2 0.072
X+time+time*clutch 16  -12942.3 27.1 0.067
X+time+time*height 16  -12938.4 31.0 0.065
X+time+time*day 16  -12937.5 31.9 0.065
X+time 12 -12927.5 33.8 0.060
Intercept 2 -12798.7 142.4
X 8 -12810.2 143.0 0.006
Response: Off-bout
X+time+time*temperature 16  -16202.6 0.0 0.028
X+time 12 -16184.9 9.5 0.019
X+time+time*day 16 -16193 9.6 0.023
X+time+time*cover 20 -16198.6 12.1 0.026
X+time+time*clutch 16  -16187.8 14.8 0.021
X+time+time*height 16 -16186.9 15.7 0.020
Intercept 2 -16144.3 30.0
X 8 -16150.5 35.9 0.003
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Fig. 1. The daily pattern of incubation plotted on relative vs. absolute time scale. Shown is
the mean length of on-bouts (dark part of columns), off-bouts (light part of columns) and nest
attentiveness (points conected by a line). Based on 1114.38 h of active daylight period.
Absolute times are given in CEST (GMT+3 h).

Fig. 2. Effect size (with 0.95 CI) of individual explanatory variables included in the models of
between-day variation in mean on-bout length (black circle), off-bout length (white circle) and
nest attentiveness (black square). For parameter estimates on the original scale see Table 2.
Vegetation cover was a 3-level categorical predictor where the least covered nests
represented the reference category.

Fig. 3. Interactive effects between the time of day and other predictors of incubation
behaviour. Plotted values are predictions (xCl) for nest attentiveness (left panels, black
square), on-bout (right panel, black circle) and off-bout (right panel, white circle) length from
respective models shown in Table 3. Explanatory variables not involved in the particular
interaction were kept at their modal values.
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Fig. 2.
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Fig. 3. (continued)
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Appendix 1.
Monthly precipitation (mm) and mean daily temperature (°C) in the study area during the
observation period.

Year/Month April May June July
Monthly sum of precipitation (mm)
2009 154 63.1 97.0 106.4
2010 59.7 108.2 42.1 156.4
2011 18.9 67.5 78.5 134.4
Mean daily temperature (°C; +SE)
2009 13.210.4 14.7 £0.6 16.2 £0.6 19.6 £0.5
2010 9.5 0.6 13.1 £0.5 18.4 £0.7 21.7 £0.7
2011 11.8 £0.6 14.5 +0.8 18.7 £0.5 18.2 £0.6
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Appendix 2.
Characteristics of explanatory variables used in the analyses. The total dataset included 75

daily samples from 55 nests; a subset of nests from maize fields included 46 daily samples
from 30 nest).

n Mean +SD Min, Max Median
Data unit = nest (all nests)
Ordinal date 55 157.6 +23.8 108.0, 202.0 161.5
Clutch size 55 3.8+0.8 2.0,5.0 4.0
Day of incubation 55 46 +2.0 1.0,85 5.0
Mean daily temperature (°C) 55 17.4 +4.0 5.0,25.1 17.4
Vegetation height (m) 55 0.5+0.3 0.0,14 0.4
Nest cover (scale 1-3) 55 2.3+0.8 1.0,3.0 2.5
Data unit = daily sample (all nests)
Ordinal date 75 160.2+22.4 108.0, 202.0 164.0
Clutch size 75 3.9+0.8 2.0,5.0 4.0
Day of incubation 75 49129 1.0,11.0 4.0
Mean daily temperature (°C) 75 17.7 4.2 5.0,25.1 17.7
Vegetation height (m) 75 0.510.4 0.0,1.5 0.4
Nest cover (scale 1-3) 75 2.3+0.8 1.0,3.0 3.0
Data unit = daily sample (nests in Maize fields)
Ordinal date 46 171.4 £13.3 137.0, 202.0 169.5
Clutch size 46 4.01£0.8 2.0,5.0 4.0
Day of incubation 46 5.0 +£3.1 1.0, 10.0 4.0
Mean daily temperature (°C) 46 18.7 £3.7 11.2,25.1 18.7
Vegetation height (m) 46 0.710.4 0.0,1.5 0.6
Nest cover (scale 1-3) 46 2.310.8 1.0,3.0 2.0

26



Appendix 3.

Pearson correlations among ordinal date and the explanatory variables in the total data set
(above diagonal, n = 75 daily samples) and in the subset of nests from maize fields (below
diagonal, n = 46 daily samples). See Appendix 2 for descriptive statistics.

Variable 1 2 3 4 5 6

Ordinal date (1) 0.26 0.09 0.59 0.66 0.02
Clutch size (2) -0.15 0.08 0.00 0.25 0.12
Day of incubation (3) 0.28 0.04 -0.04 0.31 0.26
Mean daily temperature (4) 0.34 -0.23 -0.09 0.39 -0.12
Vegetation height (5) 0.72 0.13 0.37 0.28 0.18
Nest cover (6) 0.21 0.26 0.37 -0.20 0.26
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Appendix 4.

Effect size (with 0.95 CI) of individual explanatory variables included in the models of
between-day variation in mean on-bout length (black circle), off-bout length (white circle) and
nest attentiveness (black square). Based on the subset of data from Maize fields (n = 46
daily samples from 30 nests). Compare with results based on the total data set of nests from
all crops (Fig. 2).
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Appendix 5.

Comparison of daily pattern of incubation behaviour between subset of nests from maize
fields (grey line; n = 46 daily samples from 30 nests) and the total data set of nests from all
crops (black line; n = 75 daily samples from 55 nests). Shown are raw means (xSE).
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Appendix 6.

Descriptive characteristics of incubation behaviour calculated for three hierarchical data
units. Based on the subset of data from Maize fields (n = 46 daily samples from 30 nests).
Compare with results based on the total data set of nests from all crops (Table 1).

n Mean £SD Min, Max Median

Data unit = nest

Mean attentiveness 30 0.700 %0.052 0.572,0.816 0.699

Mean on-bout 30 25417 +9.133 10.367, 48.867 22.783

Mean off-bout 30 10.117 £2.817 4517, 19.983 10.117
Data unit = daily sample

Attentiveness 46 0.700 +£0.063 0.564, 0.852 0.706

Mean on-bout 46 25.750 £9.750 10.367, 57.500 23.000

Mean off-bout 46 10.183 £2.883 4,083, 19.983 10.050
Data unit = individual bouts

Attentiveness 1254 0.673 £0.147 0.038, 0.992 0.684

On-bout 1254 23.133£17.900 1.167, 158.550 19.167

Off-bout 1300 9.550 +8.483 0.167, 227.250 8.600
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Appendix 7.

Comparison of interactive efects in daily patterns of nest attentiveness between the subset of
nests from maize fields (dashed line; n = 46 daily samples from 30 nests) and the total data
set of nests from all crops (solid line; n = 75 daily samples from 55 nests). See Figure 3 for
further explanation.

0,85 0,85
0,80 0,80
0,75 0,75
2 2
2 070 2070
[ 9]
2 =
=] E=}
065 G 065
g Z
0,60 0,60
0.55 vegetation cover: vegetation cover: vegetation cover:
’ vegetation height: vegetation height: vegetation height: 0,55 low medium high
om 10m
050l A O0SM | M 050
12345 12345 12345 ’ 12345 12345 12345
Relative time of day Relative time of day

31



CURRICULUM VITAE

Date and place of birth:

E-mail:

Education:

2008 — till now

2005 - 2008

2002 - 2007

Research stay:

IF publications:

Czech reviewed publications:

Libor Praus, M.Sc.

July 3, 1982, Hradec Kralové, Czech Republic

libor.praus@gmail.com

Ph.D. study of Zoology, Faculty of Science, Palacky University in
Olomouc. Topic: Effects of nest predators on ground nesting birds in
intensively used arable fields.

Supervisor: doc. Mgr. Karel Weidinger, Dr.

Pedagogical minimum of Biology for Secondary schools, Faculty of
Science, Palacky University in Olomouc

M.Sc. study of Systematic biology and Ecology, Faculty of Science,
Palacky University in Olomouc. Master thesis: Postfledging
movements and survival of juvenile flycatchers (genus Ficedula).
Supervisor: Prof. Ing. Stanislav Bures, CSc.

April = July 2012, University of Groningen, Animal Ecology Group

Praus, L. & Weidinger, K. (2015). Breeding biology of the Skylark
Alauda  arvensis in maize and other crop fields.
Acta Ornithologica 50: 1. (in press)

Praus, L., Hegemann, A., Tieleman, B. I. & Weidinger, K. (2014).
Predators and predation rates of Skylark Alauda arvensis and
Woodlark Lullula arborea nests in a semi-natural area in the
Netherlands. Ardea 102: 87-94. (DOI: 10.5253/078.102.0112)

Praus, L. & Weidinger, K. (2010). Predators and nest success of Sky
Larks Alauda arvensis in large arable fields. Bird Study 57: 525-530.
(DOI: 10.1080/00063657.2010.506208)

Praus, L. (2014). Hnizdni vyskyt havran( polnich (Corvus frugilegus)
v Opavé v roce 2014. Zprdavy MOS 72: 66-71.

Praus, L. (2013). Soucasné rozsiteni chocholoust obecnych (Galerida
cristata) ve vychodnich Cechach. Panurus 22: 1-18.

Praus, L. (2013). Aktualni vyskyt chocholoust obecnych (Galerida
cristata) na stfedni Moraveé. Zprdvy MOS 71: 38-44.



Popularization articles:

Book chapters:

Participation in conferences:

Praus, L. & Weidinger, K. (2011). Strevlici (Carabidae) jako potencialni
nebezpedi pro mladata skfivanl polnich (Alauda arvensis) na
hnizdech. Sylvia 47: 91-94.

Kolecek, J., Paclik, M., Praus, L., Vymazal, M., Tyller, Z., Turcokova, L.,
Sedlacek, J. & Figura, R. (2011). Hnizdni a zimni pocetnost ptakl dvou
sttedomoravskych luznich lest. Zpravy MOS 69: 4—-17.

Praus, L. (2009). Neobvykle umisténé hnizdo tuhyka $edého (Lanius
excubitor) na Chrudimsku. Panurus 18: 63—-67.

Praus, L. (2014). Vymizi chocholou$ obecny z Ceskych zemi?
Ziva 2: 83-85.

Praus, L. (2014). Strnad zahradni — nendpadna vzacnost Hlucinska.
Vlastivédné listy 2: 37-38.

Praus, L. (2012). Skfivan polni — nepfitel stisnénych prostoru.
Nase pfiroda 1: 8-13.

Praus, L. (2014). Zoologicka podsbirka Slezského zemského muzea. In:
VIk, P. (ed.). Museum Silesiae. SZM Opava, 110-117.

Praus, L. (2014). Dermoplastické preparaty ptakd z Opavského
gymnazijniho muzea. In: Sil, J. (ed.). Zemé a jeji muzeum. SZM Opava,
57-61, 264-266.

Praus L. & Weidinger K. (2013). Teplota a vegetacni kryt ovliviiuji
inkubacni chovani skfivana polniho (Alauda arvensis). Sbornik
abstraktl z konference Zoologické dny Brno 7. — 8. Unora 2013:
186-187 (poster).

Praus L. & Weidinger K. (2011). Nest success and predators of Sky
Lark (Alauda arvensis) and Lapwing (Vanellus vanellus) nests in arable
fields in the Czech Republic. In: Book of abstracts: 8th Conference of
the European Ornithologist Union, Riga August 27-30, 2011 (poster).

Praus L. & Weidinger K. (2011). Inkubacéni chovani skfivand polnich
(Alauda arvensis) v intenzivnich polnich kulturach. Sbornik abstrakti
z konference Zoologické dny Brno 17. — 18. Unora 2011: 182-183
(presentation).

Praus, L. & Weidinger, K. (2011). Hnizdni Uspésnost a predatofi
skrivana polniho (Alauda arvensis) a ¢ejky chocholaté (Vanellus
vanellus) v intenzivnich polnich kulturach. Sbornik abstrakt(



Professional experience:
2013 —till now

2006 — 2009

Voluntary activities:

z konference €SO Ornitologie — Véda pro kazdého. Mikulov na
Moravé 7. —9. 10. 2011: 61-62 (poster).

Praus L. & Weidinger K. (2010). Hnizdni biologie skfivana polniho
(Alauda arvensis) v intenzivnich polnich kulturach. Metody a vysledky
vyzkumu ptacich populaci V. Sbornik abstraktll z celostatni
ornitologické konference k 35. vyroci zaloZeni Vychodoceské pobocky
Ceské spoleénosti ornitologické 22. — 24. 10. 2010: 40. (presentation)

Praus L. & Weidinger K. (2010). Predatofi hnizd skfivana polniho
(Alauda arvensis) a Cejky chocholaté (Vanellus vanellus) v intenzivnich
polnich kulturdch. Metody a vysledky vyzkumu ptacich populaci V.
Sbornik abstrakt( z celostatni ornitologické konference k 35. vyroci
zaloZeni Vychodocgeské pobocky Ceské spole¢nosti ornitologické 22. —
24.10. 2010: 41. (presentation)

Kutal, M. & Praus, L. (2009). The neighbour wolf: Conservation of
large carnivores in the Beskysy Mts., Czech Republic. In: Book of
abstracts: 2nd European Congress of Conservation Biology. Czech
University of Life Sciences, Prague. (poster)

Silesian museum Opava, Curator of Zoological collections

Friends of the Earth Czech Republic — Olomouc local group.
Projects in conservation of large carnivores in Beskydy mountains,
educational programs, editor of bulletin Ekologické listy

Active member of The Czech Society for Ornitology (Birdlife CZ) and
its regional brands; organizing projects in conservation and
monitoring of farmland birds and swifts, public education.

Editor in chief of Panurus, Ornithological journal of the East
Bohemian Branch of the Czech Society for Ornithology at the
Museum of East Bohemia, Pardubice

Holder of Bird-ringing license for the Czech Republic



PALACKY UNIVERSITY OLOMOUC
FACULTY OF SCIENCE

DEPARTMENT OF ZOOLOGY AND LABORATORY OF
ORNITHOLOGY

Effects of nest predators on ground nesting birds in
intensively used arable fields

P1527 — Biology
Zoology

Summary of the Ph.D. Thesis

Libor Praus

OLOMOUC 2015



Palacky University Olomouc
Faculty of Science

Summary of the Ph.D. Thesis
Ph.D. Candidate: M.Sc. Libor Praus

Study programme: P1527 Biology
Study field: Zoology

Title of Ph.D. Thesis:

Effects of nest predators on ground nesting birds in intensively used arable fields

Supervisor: doc. Mgr. Karel Weidinger, Dr.

Reviewers:

prof. MVDr. Emil Tkadlec, CSc.

Department of Ecology & Environmental Sciences
Faculty of Science

Palacky University Olomouc

prof. Mgr. Miroslav Salek, Dr.
Department of Ecology

Faculty of Environmental Sciences
Czech University of Life Sciences

The oral defence will take place on June 24, 2015 in front the Commission for the Ph.D. thesis of
Study field Zoology at the Department of Zoology, Faculty of Science, Palacky University, room S2,
17. listopadu 50, Olomouc.

The Ph.D. Thesis is available in Department of Science and Research, Palacky University,
17. listopadu 12, Olomouc.

Copyright © 2015 Libor Praus



ABSTRACT

Agricultural intensification may increase an impacts of predators on the reproductive performance of
declining populations of farmland birds. Still, there is little definitive evidence of nest success and
predator identity in intensive arable fields. In order to clarify whether nest predators really
contribute to declines in farmland ground nesting birds, | used video monitoring to identify nest
predators and quantify nest success in the Skylark (Alauda arvensis) and Lapwing (Vanellus vanellus).
Both species share common nesting habitats in sparsely vegetated arable fields, but their life
histories suggest different vulnerabilities to nest predation. Results showed very low nest success in
the Skylark, but relatively high success in the Lapwing. Skylark nests were vulnerable to all local
predators, while it seems that Lapwings can avoid avian predators. The species composition of
predators and patterns in nest predation rates mostly differed from those reported from Western
Europe.

Because of expected differences in predator identity and nest survival among nesting
habitats and regions, | further quantified nest success and identified nest predators for a high-density
population of Skylarks as well as Woodlarks (Lulllula arborea) breeding in more natural heath and
grassland habitats in the Netherlands. Populations of both species co-occur in this area and their
nests are similar targets for local predators; even so their nest predators might differ, because these
larks differ in the selection of their nest sites. My results suggest that Skylark nests located in open
sites were preyed upon mainly by red foxes (Vulpes vulpes), while the main predators of Woodlark
nests, located generally closer to trees, were Carrion Crows (Corvus corone).

Changes in agricultural practices, especially shifts from spring-sown to autumn-sown crops,
can limit the number of breeding attempts of Skylarks. Under these circumstances, Skylarks are
forced to shift to different breeding sites or habitats. In spite of the seasonal shift in nest sites in my
study, nest predation rates did not show a clear seasonal trend; however, the proportion of
predation attributed to birds decreased along with vegetation growth. My results suggest that the
recently increasing area of maize fields in particular provide an attractive, yet risky, nesting habitat
for Skylarks, especially late in the season when autumn-sown crops are too dense.

Nest proximity to field edges may also have a negative influence on breeding productivity,
with nests placed closer to edges experiencing higher rates of nest predation. | found that Skylarks
seem to avoid areas close to field edges in spite of the comparatively low predation cost associated
with nesting there.

Variation in nest predation risk during the breeding period may be an important source of
natural selection on parental behaviour. Skylark females spent more time attending clutches in the
early morning and evening, with more frequent recesses during the afternoon. Moreover, this
diurnal variation was dependent on (i.e. interacted with) ambient temperature and vegetation
characteristics at the nest site (height and concealment). This suggests that the way incubation time
is allotted during the day may be equally as important as the total amount of time spent incubating.

Keywords: nest success, nest predation, video-monitoring, Alauda arvensis, Vanellus vanellus, Lullula
arborea, agricultural intensification, edge effect, incubation behaviour



ABSTRAKT

Krajinné zmény spojené s intenzifikaci zemédélstvi mohou zvySovat negativni vliv predace na hnizdni
produktivitu ubyvajicich ptacich druh( zemédeélské krajiny. Presto dodnes chybi pfesnéjsi odhady
hnizdni Uspésnosti a identity predatoril pozemnich hnizd v intenzivnich polnich kulturach.
V predkladané praci jsem si polozil otazku, zda mohou predatofi ptacich hnizd prispivat k poklesu
ubyvajicich druhl polnich ptakd. Hnizdni Uspésnost a identitu predatorli jsem sledoval pomoci
kontinualniho video-monitoringu. Za sv(j hlavni modelovy druh jsem si zvolil skfivana polniho
(Alauda arvensis) a doplrikové cejku chocholatou (Vanellus vanellus). Oba druhy sdileji spolecné
hnizdni prostiedi v fidce porostlych polich, nicméné jejich odlisné Zivotni styly naznacuji rozdilnou
zranitelnost hnizdni predaci. U skfivanich hnizd jsem zaznamenal vysokou denni miru predace,
naopak hnizdni Uspésnost cejek byla relativné vysokd. Skfivani byli zranitelni vSemi pfitomnymi
predatory, zatimco cejky svad hnizda dokazaly aktivné ubranit proti pta¢im predatoriim. Druhové
sloZeni predatoru a vzorce hnizdni predace se lisily od studii ze zapadni Evropy.

Z dlvodu ocekavanych rozdilG videntité predatord a hnizdni Uspésnosti mezi odliSnymi
hnizdnimi prostfedimi a geografickymi regiony jsem dale kvantifikoval hnizdni Uspésnost a identitu
predatort také u populace skfivanll polnich a skfivan( lesnich (Lullula arborea) hnizdicich ve vice
ptirozeném prostredi atlantskych viesovist v severnim Nizozemsku. Populace obou druh( skfivant se
zde vyskytuji na stejném Uzemi a jejich hnizda predstavuji podobny typ kofisti pro predatory,
nicméné se tyto dva druhy lisi vybérem hnizdnich stanovist. Zatimco skfivani polni se vyhybaji
okrajim lesa i jednotlivym stromdm, skfivani lesni sva hnizda ¢asto umistuji pod vzrostlé dreviny. Mé
vysledky naznacuji, Ze hlavni hnizdni preddatofi se mohou mezi témito dvéma blizce pribuznymi druhy
lisSit. Hnizda skfivand polnich umistovand v otevieném prostoru byla castéji predovana liskou
obecnou (Vulpes vulpes), zatimco hlavnim predatorem hnizd skfivanl lesnich byla vrana cerna
(Corvus corone).

Dnesni prevaha ozimych plodin limituje pocet hnizdnich pokust skfivant polnich na jednom
stanovisti z divodu jejich pfilisné hustoty v druhé poloviné sezdny. Pfesto jsem nepozoroval jasny
sezonni trend v prezivani hnizd. Nicméné proporce ptacich predatord klesala ve prospéch savcl se
zvétsujici se vySkou vegetace. V druhé poloviné kvétna nabyvala na vyznamu zejména pole osetd
kukufici, ktera predstavuji pro skfivany atraktivni, ale rizikové hnizdni prostredi.

Produktivita skfivanich hnizd mize byt negativné ovlivnéna i blizkosti polnich okrajd, kde je
ocekavan vétsi pohyb predator(. Mé vysledky naznacuji, Zze skfivani skuteéné preferuji umistovani
hnizd spiSe ve stfedu poli, pfesto jsem nezaznamenal vyrazné zvySené predacni riziko v blizkosti
polnich okraju.

Rozdilné predaéni riziko mlze byt vyznamnym zdrojem selekce vzorcl inkubaéniho chovani.
Pfitomnost samic skfivant na hnizdé byla silné ovlivnéna dennim pribéhem. Skfivani travili vice ¢asu
na snUsce rano a vecer, frekvence odletli byla nejvyssi okolo poledne. Denni variabilita inkubacniho
chovéni byla ovlivnéna a interagovala s teplotou a rozvojem vegetace. To naznacuje, Ze sprdavné
rozvrzeni inkubacnich smén v rdmci dne je stejné dulezité jako celkova intenzita inkubace.

Klicova slova: hnizdni Uspésnost, predace ptacich hnizd, video-monitoring, Alauda arvensis, Vanellus
vanellus, Lullula arborea, intenzifikace zemédélstvi, okrajovy efekt, inkubacéni chovani
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INTRODUCTION

Nest predation is one of the major selective agents shaping avian life histories (Martin 1995). Nest
predation rates are influenced by features of the habitat, the nesting birds themselves, as well as by
the numbers and behaviour of predators present, so rates in the same species vary greatly among
different areas and times (Newton 2013).

Human-induced habitat alterations often result in the loss or degradation of suitable
breeding habitats for bird specialists (Fuller 2012). Loss of suitable nesting habitat can result in higher
nest densities and subsequently higher density-dependent predation rates (Schmidt & Whelan 1999,
Misenhelter & Rotenberry 2000, Pescador & Peris 2001), and habitat changes may also force birds to
nest in more dangerous habitat types (Donald 2004, Evans 2004, Morris & Gilroy 2008). Moreover,
habitat changes can lead to shortened breeding seasons and thus less opportunity for renesting
(Chamberlain et al. 1999, Schmidt & Whelan 1999, Donovan & Thompson 2001).

Populations of many farmland bird species have declined throughout Western and Central
Europe since the advent of agricultural intensification in the 1950s (van Beusekom 2004, Donald et
al. 2006, Vofrisek et al. 2009, Hayhow et al. 2014), which has resulted in depressed food availability
(Fuller et al. 1995, Hart et al. 2006) and loss of suitable breeding habitats for farmland birds (Hole et
al. 2002, Benton et al. 2003, Donald 2004, Flohre et al. 2011). It has been demonstrated that habitat
loss does not fully explain the observed population declines of farmland birds (Evans 2004). It is
plausible that nest predation interacts with farmland habitat change and contributes to declines of
ground nesting passerines in impoverished agricultural landscapes (Donald 2004, Morris & Gilroy
2008, Gilroy et al. 2011).

The numbers of some avian (Baillie et al. 2006, Stastny et al. 2006) and mammalian (Harris et
al. 1995, Andéra & Gaisler 2012) predators have increased over the last decades. All these predators
are generalists (Hanski et al. 1991, Newton 2013), and thus predation rates on any particular prey
species are likely to be independent of its density. Bird nests are only a supplementary type of prey
for almost all predators, but even so nest predation can cause prey population declines. Thus, the
combination of habitat loss and invading predator species may act in concert, causing further
negative effects on farmland birds. As such, nest predation may be an issue worthy of consideration
in the design of measures to aid the recovery of farmland bird species.

Although previous studies often implied predator-specific effects on nest survival, there is
still little definitive evidence of nest success and predator identity for ground nesting birds of open
habitats in different regions or habitats, or between species with different life histories (MacDonald
& Bolton 2008, Morris & Gilroy 2008, Teunissen et al. 2008).

In order to clarify whether generalist predators really contribute to population declines in
farmland birds, one must first investigate sources of nesting mortality and the relative importance of
different nest predators in habitats of conventionally managed arable fields. In the past it was
difficult to be certain of nest fates and the identity of predators, but recently identification of nest
predators has become more reliable using camouflaged nest video cameras (Ribic et al. 2012), which
provide precise nest survival times and nest fates. Therefore | used video monitoring to quantify nest
success, the identity of nest predators and the behaviour of nest-attending adults in ground nesting
birds in intensive arable fields and in semi-natural habitats. The results of my research should help
elucidate the causal relationships between farmland habitat change and nest predation, which is
essential for developing appropriate management options to reverse the population declines of
farmland birds.



AIMS OF THE THESIS

A prerequisite for sensible interpretations of nest predation rates is knowledge of nest predators.
Hence | first quantified nest fates and nest predator identity in two species breeding in intensively
managed arable fields, the Skylark Alauda arvensis and the Lapwing Vanellus vanellus. Both these
species share common nesting habitat; however the Skylark, a small passerine that relies solely on
nest crypsis for defence against nest predators, is expected to experience higher predation by
possibly different predators in comparison to the Lapwing, a wader who relies on early detection and
active nest defence against bird predators. The majority of observed nests were monitored using
continuous video surveillance.

Because of expected differences in predator identity and nest survival among nesting
habitats and regions, | also further quantified nest success and identified nest predators for a high-
density population of Skylarks as well as Woodlarks Lulllula arborea breeding in more natural heath
and grassland habitats in the Netherlands. Populations of both lark species co-occur in this area and
their nests are similar targets for local predators. Yet, the two species differ in the selection of their
microhabitats; while Skylarks avoid forest edges and even the proximity of single trees, Woodlarks
usually nest close to trees and/or forest edges (Donald 2004). Hence | explored whether this
different nest site selection within a semi-natural area relates to species-specific vulnerability to nest
predation.

Disturbances associated with placing video cameras and nest visits may introduce bias to
estimations of nest survival rates and predator identification (Richardson et al. 2009, Ribic et al.
2012). | therefore evaluated the possible effects of the presence of a camera on predation through
an artificial nest experiment with dummy cameras in same area where real Skylark nests were
studied.

Agricultural intensification has resulted in a reduction of landscape heterogeneity due to the
increasing size of individual arable fields and changes in the structure of crop monocultures.
| compared characteristics of Skylark breeding biology and daily survival rates in the "extreme"
habitat of maize fields, where vegetation may grow about 150 cm during a single nesting cycle, and
other crops with more modest vegetation growth rates. | posed the question whether nesting
success can be affected by rapid changes in vegetation growth throughout the breeding season.

Not only the selection of particular crops as breeding habitat but also the spatial distribution
of nests within arable fields is expected to influence nest predation rates and predator identities,
therefore | asked if nest predation rates are affected by the edge effect, when predation rates are
expected to decline with increasing distance from field edges.

Apart from selecting safe nesting habitats, birds can minimize nest predation risk through
adequate parental behaviour (Ghalambor & Martin 2002, Massaro et al. 2008, Cervencl et al. 2011),
e.g. parental activity may respond to variation in nest concealment (Burhans & Thompson 2001, Lima
2009). The uniform habitat of arable fields facilitates studies of parental behaviour by minimizing
habitat heterogeneity within individual crop types. Therefore | evaluated variation in Skylark
incubation patterns and its plasticity in relation to vegetation characteristics, season, ambient
temperature, incubation progress and clutch size.



SURVEY OF RESULTS

Chapter 1: Predators and nest success of the Skylark and Lapwing in arable fields in the Czech
Republic

Using continuous video recording, we monitored 161 of 186 found Skylark nests and 18 Lapwing
nests during three breeding seasons from 2009-2011. The number of monitored Skylark nest days
during the breeding season showed a unimodal distribution with a peak in late May and early June.
Skylark nests experienced a higher overall mortality rate than Lapwing nests; the major cause of
mortality in both species was predation. Daily predation rate was higher in Skylarks (0.084) than in
Lapwings (0.011).

The 104 documented predation events at Skylark nests were caused by: Marsh Harrier (Circus
aeroginosus) (32), Montagu's Harrier (Circus pygargus) (18), stone marten (Martes foina) (14),
Hooded Crow (Corvus cornix) (13), wild boar (Sus scrofa) (9), red fox (Vulpes vulpes) (8), Common
Raven (Corvus corax) (2), domestic cat (Felis silvestris f. catus) (2), hedgehog (Erinaceus sp.) (2),
european polecat (Mustela putorius) (1), European Magpie (Pica pica) (1), Eurasian Jackdaw (Corvus
monedula) (1) and an unidentified bird of prey (1). Two Lapwing nests were depredated by red fox,
and one by wild boar and by stone marten.

The spatial distribution of predation events suggests that results are not based on repeated
sampling of the same individual predators, and that the data may successfully be used for further
analysis of spatial relationships. Skylark nests were vulnerable to a full range of local predators across
different locations (crops, vegetation height, distance) and seasonal timing. Nests were under risk of
predation also at any time of day; mammalian predators were responsible for all nocturnal predation
events, while bird predators predominate during daylight.

Chapter 2: Predators and predation rates of Skylark and Woodlark nests in a semi-natural area in
the Netherlands

We quantified nest success and identified nest predators in a high-density population of Skylarks and
Woodlarks breeding in a semi-natural heath- and grassland area in the Netherlands characterized by
permanently low and sparse vegetation in 2012.

A total of 58 Skylark and 40 Woodlark nests were found. The overall nest success of Skylarks
was 33%, Woodlarks had a slightly lower nest success (22%) than Skylarks. On video we documented
11 predation events by four species of predators. Predators of Skylark nests were red fox (5), Carrion
Crow (Corvus corone) (1) and european adder (Vipera berus) (1). Woodlark nests were depredated by
Carrion Crow (2), Eurasian Jay (Garrulus glandarius) (1) and red fox (1).

One possible drawback of this study is the small study area, which has a similar size as the
home ranges of the main predators (Bijlsma 2013). This could account for multiple predation events
by a particular predator species/individuals, and the possibly pseudo-replicated data may not be
representative of predation patterns at larger spatial scales. Even so, our results suggest that the
main nest predators might differ between the two co-occurring lark species. Skylark nests located in
more open sites were preyed upon mainly by red foxes, while the main predators of Woodlark nests,
located generally closer to trees, were corvids.



Chapter 3: Research disturbances and the risk of nest predation

Placing video cameras near active bird nests and the disturbances associated with nest visits may
introduce bias to estimations of nest survival rates and predator identification (Richardson et al.
2009, Ribic et al. 2012). Therefore, we conducted an experiment to evaluate potential bias in our
data in arable fields. We compared daily predation rates (DPR) between the first and the subsequent
days that followed after a nest visit by means of logistic regression; to evaluate the effect of the
presence of a camera on predation rates we conducted an artificial nest experiment with dummy
cameras in 2011. This experiment was run in same area where real Skylark nests were studied.
Artificial nests were arranged in pairs. We placed a dummy camera (a realistic model of the cameras
used for video monitoring) and simulated the process of camera deployment with all associated
disturbances to the nest surroundings at one of the paired nests. The other paired nest served as a
control without a camera.

Daily predation rates were not higher on the first day after an observer visit (0.062)
compared with subsequent days (0.081). Of the 100 artificial nest pairs, at least one nest was
depredated in 65 cases. Of these, a nest with a dummy camera was predated first in 29 cases,
whereas a control nest without a camera was predated first in 36 cases.

The marginally lower DPR on the day just after a nest visit as well as at artificial nests with
dummy cameras indicate that there are no detectable negative effects of research activities on
predation rates. This also supports the suitability of our field protocol, minimising the visible parts of
video equipment and limiting the time spent at nests. The absence of a temporal relationship
between the timing of nest visits and the timing of depredation events indicates that overall nest
survival in this study was not seriously influenced through altered depredation risk.

Chapter 4: Habitat characteristics of arable fields and their effects on Skylark breeding biology and
nest predation rates.

Skylarks placed nests in a wide variety of habitats. Of a total 186 Skylark nests in arable fields, 92
nests were found in maize fields, while the rest were found in nine other crops: sugar beet (Beta
vulgaris) (31), opium poppy (Opium somniferum) (20), winter wheat (Triticum aestivum) (11), alfalfa
(Medicago sativa) (10), spring barley (Hordeum vulgare) (8), pea (Pisum sativum) (4), oilseed caraway
(Carum carvi) (3), brown bean (Vicia faba) (3), potatoes (Solanum tuberosum) (2). The number of
nests found in individual crops was not proportional to the proportion of those crops in the study
area.

The overall nest predation rate of Skylarks did not show a clear trend over the course of the
nesting season. However, the proportion of bird (vs mammal) predation decreased over the course
of season, along with vegetation growth. This marked seasonal trend in predator composition
probably results from the seasonal development of vegetation in the fields selected for nesting. The
sparse but high vegetation of maize fields might provide suitable hiding and foraging sites for
mammalian predators in late June and July (Panek & Bresinski 2002, Schley & Roper 2003), thus
increasing their predation upon late Skylark nests located in such fields. The comparatively low
vegetation height of all crops early in the season makes early nests more visible for bird predators
and more accessible for their aerial attacks. The very low nest success found in this study suggests
that none of the various crops provides safe nesting habitat. Both sparsely vegetated fields early in
the season and wide row crops late in the season offer an attractive, yet risky, nesting habitat for
Skylarks, especially late in the season when autumn-sown crops are too dense (Donald 2004).

-9-



Despite the fact that these results might not be representative of the whole landscape, we believe
they are valid for the crops well represented in our data (maize, sugar beet).

Chapter 5: Spatial distribution of Skylark nests within arable fields: Edge effects and predation

Skylarks were found to avoid areas close to field edges (<20 m) for nest placement. In contrast, field
interior areas more than 200 m from field edges were preferred for nest placement. This pattern
cannot be accounted for by the spatial distribution of the nest searching effort. Nevertheless, nest
predation rates were only slightly and non-significantly higher along field edges. The proportion of
bird/mammal predation did not vary systematically with the distance from a field edge.

This pattern can be tentatively explained by the composition of local nest predators
(Chapter 1). The dominant bird predators probably use the entire area of fields as a foraging zone
approximately uniformly, irrespective of field edges (Underhill-Day 1985, Vogrin 1998, Hudec &
Stastny 2005). Contrary to expectations (e.g. Salek et al. 2009) we found mammalian predators in the
interior of large fields, which suggests extensive home ranges and high mobility (Harris et al. 1995,
Genovesi et al. 1997, Andéra & Geisler 2012).

Chapter 6: Incubation and feeding behaviour of Skylarks with nests in arable fields

In total, 75 complete daily samples of incubation behaviour were analysed from 55 nests, with
1114.38 h during the active daylight period and 2150/2075 individual on/off bouts. Nest
attentiveness was 0.81 (per 24 hour) or 0.69 (per working day). The length of the working day lasted
on average 14.87 h (range 11.87 — 17.07 h). Daily activity began mostly after sunrise (on average 1.0
h after sunrise) and ended around sunset (on average 0.05 h before sunset). Number of on/off bouts
during one day distinctively varied between individual females. The average on-bout duration was
22.3min (n = 2075) and average off-bout duration was 9.5 min (n = 2150).

Females spent more time attending clutches in the early morning and evening, with more
frequent recesses during the afternoon. Moreover, this diurnal variation was dependent on
(i.e. interacted with) ambient temperature and vegetation characteristics at the nest site (crop height
and nest concealment). This suggests that the way incubation time is allotted during the day may be
equally as important as the total amount of time spent incubating.

Female nest attentiveness decreased markedly from the incubation to nestling stage and
further with the increasing age of nestlings. Feeding rates increased with nestling age.
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CONCLUSIONS

Video monitoring of active nests was an important method to reveal nest fates and predator
identities.

Nest success in intensive arable fields was very low in Skylarks, but relatively high in
Lapwings. Skylark nests were vulnerable to all local predators, while it seems that Lapwings
can avoid avian predation. Species composition of predators of Skylark nests and patterns in
nest predation rates mostly differed from those reported from Western Europe, where the
majority of depredation has been attributed to mammals. Our data show that Harriers
account for almost half of total depredation events on Skylark nests in the Czech Repubilic.

A distinctly different composition of nest predators was found in a semi-natural area in the
Netherlands, where the main nest predators differed between co-occurring Skylarks and
Woodlarks, possibly because differences in nest site selection.

The high predation rates on Skylark nests were a consequence of sampling nests from risky
plots (crops), not a consequence of disturbances associated with the research.

Nest predation rates in Skylarks did not show a clear trend over the course of nesting season.
The proportion of predation by birds decreased over the course of season, along with
vegetation growth. The very low nest success found in arable fields suggests that none of the
various crops provide safe nesting habitat. Wide row crops late in the season offer an
attractive, yet risky, nesting habitat for Skylarks, especially late in the season when autumn-
sown crops are too dense.

Skylarks seem to avoid areas close to field edges in spite of the comparatively low predation
cost associated with nesting there. This avoidance of field edges or preference for field
interiors might reflect past selection pressures not detected in the present-day arable field
habitats.

The incubation behaviour of Skylarks nesting in arable fields was basically similar to what is
known about passerine species with comparable life histories. Incubation behaviour was
rather stable on a daily basis, yet it markedly varied within the day. This suggests the way
incubation time is allotted during the day may be equally as important as the total amount of
time spent incubating.

Farmland ground nesting birds could be made less vulnerable to nest predation by managing

habitats to ensure nests will be better hidden from predators or located in locations less
favoured by predators.
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