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Many farmland-breeding wader species have declined across Europe, probably due to
reductions in reproductive output caused by high nest losses as a result of agriculture
or predation, or low chick survival between hatching and fledging. Most studies have
focused on nest failures, and the factors affecting post-hatching survival of chicks are
poorly known. In an experimental approach, we fenced parts of the arable foraging
areas of Northern Lapwing Vanellus vanellus families to quantify chick survival
simultaneously in the presence and absence of ground predators. Lapwing chicks were
radiotagged to estimate survival probabilities by daily locations, applying multistate
capture–recapture models. During the night, chick survival was considerably lower
outside fenced plots than within. During the day, chick survival was higher than at
night and did not differ between protected and unprotected plots. This suggests that
nocturnal ground predators such as Red Foxes Vulpes vulpes were responsible for a
significant proportion of chick mortality. Cumulative survival probability from hatching
to fledging was 0.24 in chicks within fenced plots, but virtually zero in chicks outside
fenced plots. In farmland, temporary electric fences can be effective in minimizing the
impact of ground predators and offer a promising short-term method to increase
fledging success of precocial birds.
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Most wader populations breeding in agricultural
landscapes have declined across Europe (Hender-
son et al. 2002, Newton 2004, Wilson et al. 2005,
Donald et al. 2006, PECBMS 2009). Waders origi-
nally breeding in wetlands have lost most of their
habitat as a result of drainage and have resorted to
nesting in farmland (Glutz von Blotzheim 1959,
Glutz von Blotzheim et al. 1999). In recent
decades, increasingly mechanized cultivation has
increased brood destruction, and habitat changes in
modern agriculture have caused heavy brood losses
due to predation (Baines 1990, Grant et al. 1999,

Berg et al. 2002, Kragten & de Snoo 2007,
MacDonald & Bolton 2008a, Eglington et al.
2009). This impact of predation can prevent popu-
lation recovery even where habitat is improved
substantially.

Studies investigating the causes of precocial bird
population declines have typically focused on fac-
tors affecting hatching success, as nests are easier
to monitor than chicks (MacDonald & Bolton
2008b). Juvenile survival to independence is argu-
ably the most important determinant of reproduc-
tive success in birds because, if no young fledge,
breeding success is zero irrespective of nest
survival. Reproductive success has been identified
as the most important demographic parameter in
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the population dynamics of many precocial species
(Peach et al. 1994, Besbeas et al. 2002). However,
survival rates and causes of mortality during early
life are largely unknown (Valkama & Currie 1999,
Sheldon 2002, Schekkerman et al. 2008). Investi-
gating the determinants and proximate causes of
chick mortality is thus fundamental to understand-
ing the dynamics of precocial bird populations and
to developing conservation measures in threatened
populations.

Mortality of precocial chicks and its causes are
difficult to quantify, as precocial young are mobile
and difficult to follow. Low chick survival has been
attributed to hypothermia in unfavourable weather
conditions (Beintema & Visser 1989, Schekkerman
& Visser 2001), insufficient food supplies on
drained soils and improved farmland (Beintema
et al. 1991, Vickery et al. 2001, Eglington et al.
2010), trampling by livestock (Beintema &
Müskens 1987), and injury by farm machinery
(Junker et al. 2004, Teunissen et al. 2006). Recent
studies using radiotelemetry, however, suggest pre-
dation is the crucial factor determining chick sur-
vival, accounting for 60–87% of chick mortality
(Grant et al. 1999, Junker et al. 2004, Hönisch
et al. 2008, Schekkerman et al. 2009). There is
good evidence for mammalian predators being
responsible for a high proportion of nest losses
(MacDonald & Bolton 2008a, Eglington et al.
2009). However, other studies suggest that birds
might also be important predators of chicks
(e.g. Teunissen et al. 2008, Bodey et al. 2011).

Estimates of cause-specific mortality rates and
the identification of predators are often biased, as
the probability of recovering dead chicks depends
on the cause of mortality (Schaub 2009). Preda-
tion by birds, for example, is usually easier to
detect than mammalian predation (Junker et al.
2006). Moreover, predator identification from
remains is often ambiguous (Bellebaum & Boschert
2003). A possible means to overcome this problem
is to radiotag chicks. The probability of detecting
dead chicks by telemetry is less biased by the mor-
tality cause, although even in telemetry studies
there is a lower probability of recovering working
radiotags from predated chicks, because tags can be
destroyed by the predator. A further problem in
observational studies is that causality cannot be
inferred. Hitherto, experimental predator control
has been applied to overcome these shortcomings
and to quantify the role of specific predators
(Bolton et al. 2007, Fletcher et al. 2010).

Some studies of the effects of predator control
have concluded that predator removal significantly
increases the breeding success of many prey species
(Fletcher et al. 2010). In contrast, other studies
suggest that predator control shows no positive
effect on chick survival (Bolton et al. 2007) or
even results in reduced survival rates due to
changes in the interactions between predator
species (Bodey et al. 2011). An explicit, systematic
review concluded that predator removal results in
increased breeding populations of declining bird
species (Smith et al. 2010). However, predator
control experiments have inherent problems: con-
trol plots monitored simultaneously without pred-
ator control at the same site are often lacking
because of spatial and temporal limitations in the
scale of the experimental treatment. Moreover,
there are ethical, financial and practical issues
related to predator removal.

As an alternative, we applied a different experi-
mental approach. Instead of removing predators,
we used exclosures to exclude ground predators
from experimental plots within a Northern Lap-
wing Vanellus vanellus research area. Electric
fences excluded Red Foxes Vulpes vulpes and other
large potential ground predators (e.g. Badgers
Meles meles, Hedgehogs Erinaceus europaeus) but
not small mammals, such as small mustelids or
rats, or birds (Balharry & MacDonald 1999, Poole
& McKillop 1999, 2002, Jackson 2001, Hayward &
Kerley 2009). Radiotracking Lapwing chicks from
hatching allowed survival rates and causes of mor-
tality to be assessed with high temporal resolution
while controlling for differences in encounter and
movement probabilities.

METHODS

Study area

The study was carried out on the plain of Wauwil
in central Switzerland (47�10¢N, 8�02¢E, 18 km2)
in 2006 and 2007. This is a traditional breeding
area for Lapwings that held 70 pairs in the 1960s
but has supported only 20–30 pairs in recent years
(Schifferli et al. 2009). The marshland originally
covering most of the area has gradually been con-
verted to arable farmland with a mix of different
crop types (Imboden 1970). The remaining grass-
land is sown, un-grazed and intensively managed.
Lapwings were confined to a core area of 350–
400 ha.
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Study species

The Lapwing is a ground-nesting bird with a
clutch-size of 3–4 eggs and an incubation period of
26–28 days. Lapwings breed in semi-colonial
aggregations on farmland with short vegetation. As
an efficient anti-predator behaviour, colony mem-
bers jointly mob and chase intruders to protect
nests or chicks (Berg et al. 1992, Berg 1993).
Shortly after hatching, the precocial chicks forage
for themselves, feeding on earthworms, spiders,
beetles and other invertebrates taken from the soil
surface (Matter 1982, Beintema et al. 1991). At
night and on cool days, parents brood their chicks
until they are able to thermoregulate at an age of
2–3 weeks (Beintema & Visser 1989). Subse-
quently, parental care includes guiding the chicks
to feeding grounds, giving alarm calls and mobbing
potential predators (Berg et al. 1992, Sasvári &
Hegyi 2000, MacDonald & Bolton 2008b). Chicks
become independent when they are able to fly
5–6 weeks after hatching (Shrubb 2007). Home-
ranges of Lapwing chicks prior to independence
were c. 20 ha in our study population (own
unpublished data). Dense crop types such as cere-
als or oilseed rape were never used for nesting or
foraging by Lapwing chicks or adults.

Electric fences

In 2006 and 2007, whole fields or areas within
fields that included Lapwing nests were
surrounded by electric fences to create ground-
predator-free plots in a focal area of 100 ha. All
nests in the core area of the colony (c. 6 ha) were
enclosed to prevent nest losses due to predation.
Single nests outside the core area were protected
by small enclosures of less than a field (minimum
size of enclosure: 0.25 ha). Fences were erected
immediately after detection of the nests. In 2006,
1.46 km of electric fences enclosed 6.13 ha of agri-
cultural fields (two enclosures of 4.94 and 1.18 ha,
separated by a small road). In 2007, nests were
more dispersed and 3.70 km of fences were needed
to enclose 11.46 ha (six enclosures of 2.25, 2.34,
6.02, 0.25, 0.25 and 0.35 ha). The same fields as
in 2006 were fenced (i.e. 6.13 ha), but the fenced
areas were larger and additional fields at distances
up to 250 m from the enclosures of 2006 were
fenced. The distance from nests to the nearest
fence ranged from 7 to 82 m. The fence was a
0.9-m-tall net with a 10-cm mesh typically used

for sheep pasturing. All horizontal strands were
electrically conductive, vertical strands and the
bottom strand, which was in contact with the
ground, was insulated to avoid loss of electric cur-
rent. This and the mesh size should exclude
ground predators such as Foxes, Badgers or Hedge-
hogs, although this may not be the case for small
mammals such as small mustelids or rats. Lapwing
chicks regularly crossed the fences freely and
unharmed by the electric current. Some broods
hatching close to the fence left the enclosure as
early as their first day.

The area where Lapwing chicks were located
was a uniformly cultivated agricultural landscape.
As fences were around nest-sites, crops avoided by
Lapwings such as winter cereals and oilseed rape
were less frequent within fences than outside (0.02
and 33.16%, respectively). However, crop types
preferred for nesting were more abundant within
than outside of fences (potatoes – inside: 17.75%,
outside: 3.69%; fodder beet – inside: 23.33, out-
side 2.89%). Maize and intensively managed mead-
ows were equally represented within and outside
fences (maize – inside: 25.71%, outside: 24.92%;
meadows – inside: 33.20%, outside 35.34%). How-
ever, all crops occurring within fences were also
accessible within short distances outside. As the
home-ranges of chicks were c. 20 ha and fenced
areas were relatively small, all chicks moved regu-
larly between fenced and unfenced areas. Thus,
chicks had free access to all crop types, within and
outside fences. This suggests that differences in
crop type composition within and outside of fences
had only a minor effect on the results of the study.

Radiotagging

Lapwing chicks leave their nest a few hours after
hatching. We therefore marked and tagged chicks
on the hatching day, when they remained in close
proximity to the nest. In nests found during laying,
we estimated the expected hatching date on the
basis of an average clutch size of four and an aver-
age incubation period of 26–28 days. In clutches
found during incubation, we estimated the
expected hatching date by using the equation for
the decrease in egg density during incubation given
in Galbraith (1988).

All chicks were marked with a unique combina-
tion of colour rings. Rings on the right leg coded
for the family. On the left leg, one of four colours
(green, blue, red, yellow) was used to distinguish
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individuals within the family, and a mark of the
same colour was applied on the white spot on the
chick’s neck using waterproof pencils (Edding
3000) to facilitate individual identification. Minia-
ture radio-transmitters (Naef-Daenzer 1993, Naef-
Daenzer et al. 2005) sending signals on individual
frequencies were attached to the back of Lapwing
chicks using medical glue (Histoacryl; B. Braun
Medical AG, Sempach, Luzern, Switzerland). The
transmitters weighed 0.6 g and were operational
for 4–6 weeks. Receiver detection ranges varied
between 50 and 200 m, depending on vegetation
height, structure and terrain. Earlier studies
showed that the radiotag had no adverse effects on
chick condition or survival (e.g. Keedwell 2001,
Terhune et al. 2007, Sharpe et al. 2009). However,
Sharpe et al. (2009) showed that frequent distur-
bance and repeated handling affect chick body con-
dition and survival probability. Unfortunately, 45%
of the chicks lost their transmitter after 5–7 days.
Therefore, we had to recapture chicks repeatedly.
This may have affected absolute values of survival
probability, but did not affect relative differences
in survival rates.

In 2006, 81 chicks hatching from 23 broods
were radiotagged and colour-marked. In 2007, we
marked 78 of 81 chicks from 23 broods. In total,
survival analyses are based on 159 chicks from 46
broods. All chicks hatched from clutches protected
by electric fences.

Encounter histories

Each chick was located twice a day over a period
of 40 days after hatching. Chicks were located on
mornings between 06:00 and 13:00 h and on after-
noons between 13:00 and 22:00 h. This procedure
allowed assessment of survival rates during two
periods of the day (i.e. from the mean morning
location time to the mean evening location time,
referred to as the diurnal period (day): dura-
tion = 10.16 ± 2.4 h (mean ± sd), only daylight
hours; from the mean evening location time to
the mean morning location time, referred to as
the nocturnal period (overnight): duration =
13.84 ± 2.4 h, including daylight and darkness).
Locations of tagged chicks were obtained by using
hand-held antennae. For each location, we
recorded whether the chick was in an area
enclosed by an electric fence. Regular visual identi-
fication of individuals allowed errors in encounter
histories to be minimized. Missing chicks were

searched for throughout the study area for at least
1 h on each of five consecutive days after the last
encounter using vehicles equipped with an omni-
directional antenna (Grüebler & Naef-Daenzer
2008). All information from radiotracking and
visual observations was used to build encounter
histories consisting of 80 encounter occasions (i.e.
two locations per day over 40 days), with each
occasion being assigned to one state (i.e. within ⁄out-
side fences).

Model structure

Even with the use of radiotracking, the probability
of encountering an individual at a given time was
relatively low. In small ground-living animals,
detection rates may vary strongly in relation to veg-
etation structure and small-scale topography. More-
over, the small spatial scale of fences allowed for
frequent crossing of fences by Lapwing chicks
between locations. To account for these variations
in encounter and movement probabilities, we used
multistate capture–recapture models (Nichols et al.
1992) to analyse the encounter histories. The states
described the locations of the chicks with respect to
the fence (within vs. outside fenced plots) allowing
the estimation of state-specific survival and encoun-
ter probabilities as well as state transition (i.e.
movement) probabilities. However, a model with
time- and group-specific probabilities did not fit
well (Pradel et al. 2003). The lack of fit was at least
partially caused by an immediate trap effect, which
was probably due to short-term spatial autocorrela-
tion of subsequent fixes. Individuals that were
encountered at occasion t were more likely to be
encountered at occasion t + 1 than those not
encountered at t. The test component M, which is
indicative of this effect, was highly significant
(v2 = 380.21, P < 0.001). The goodness-of-fit test
of a model that accounts also for the immediate
trap effect still did not fit perfectly (v2 = 251.64,
P < 0.001). We assumed that the remaining lack of
fit was due to overdispersion, which is frequent in
capture–recapture data (Lebreton et al. 1992) and
might occur due to interdependence of siblings
from the same brood. To correct for the overdisper-
sion, we calculated the variance inflation factor as
ĉ = 251.64 ⁄ 161 = 1.563 and adjusted the estimated
standard errors and model selection criteria accord-
ingly (Anderson et al. 1994).

To include the immediate trap effect, we
extended our model to four states (‘inside, encoun-
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tered’, ‘inside, not encountered’, ‘outside, encoun-
tered’, ‘outside, not encountered’). The encounter
probability may then be defined as a transition
probability (Schaub et al. 2009). The model was
parameterized in such a way that two survival
probabilities were defined (survival within and out-
side fenced plots), as well as two movement proba-
bilities (movement from within fenced plots to
outside and from outside to within fenced plots)
and four re-encounter probabilities (within and
outside, dependent on whether encountered
already at the preceding occasion). A detailed
description of the model is given in the Supporting
Information (Appendix S1). We used E-SURGE to
fit the models (Pradel 2005, Choquet et al. 2009).

Survival, encounter and movement probabilities
were modelled separately as functions of the fac-
tors fence (implemented as state: within or outside
fenced plots), chick age (implemented as time-
dependent model structure) and year (imple-
mented as group effect). We also accounted for
possible differences between the two time periods
of the day (overnight, diurnal) for encounter, move-
ment and survival probabilities (daytime). As sam-
ple sizes declined with chick age due to mortality,
age dependence was structured into four age classes
of increasing duration, namely 1–5, 6–10, 11–20
and 21–40 days post-hatching. As the average per-
iod from the morning location to the afternoon
location was shorter than that from the afternoon
location to the following morning’s location
(10.2 ± 2.4 vs. 13.8 ± 2.4 h), the relative length of
the time interval was entered into the model, so
that the model estimated standardized survival per
12 h. This had the consequence that during model
selection we could assess whether survival per unit
time differed during the day and overnight.

Candidate models and model selection

We defined a priori a set of candidate models and
ranked these models using Akaike’s Information
Criterion (AIC) for inference (Burnham & Ander-
son 1998), using a two-step approach for model
selection (Lebreton et al. 1992). First, we mod-
elled selected factors affecting encounter and
movement probabilities while keeping the survival
part of the model fixed at a reasonably flexible
structure. Second, we used the best encounter and
movement models to evaluate different survival
models. We included in all encounter models the
interaction between period of day (daytime) and

age of chicks. Encounter probability was expected
to be higher within rather than outside fences,
because fenced plots were small and well defined,
and therefore were surveyed more intensely
than the surrounding unfenced fields. Moreover,
we expected the encounter probability to decline
with increasing mobility of the chicks and thus
with their age, and to differ between the period of
day. Furthermore, we evaluated encounter models
including an additive year effect, and varied
encounter probability considering the trap effect.
A trap effect might be present within and outside
fenced plots, only inside fenced plots or only
outside fenced plots. In all models of movement
probability, we included an age effect, as mobility
increases with age, and considered different proba-
bilities for leaving and entering fenced areas.
Furthermore, they included an additive effect of
year, as fenced plots varied in size and distribution
between years, potentially affecting the proba-
bilities of entering or leaving fenced areas. The two
candidate movement models differed in whether
they included an interaction effect of daytime,
thus testing whether movement probabilities
differed between the period including the night
and the period during the day. The highly
parameterized survival model used in the first
modelling step contained the interactions of fence,
chick age and daytime and an additive effect of
year (Ffence · age · daytime + year).

In accordance with the aims of the study, we
evaluated in the second modelling step whether
chick survival differed within or outside fenced
plots and between time periods of the day, control-
ling for possible age and year effects. Thus, we
built survival models including all possible combi-
nations of effects where, if included, the factor
fence interacted with the factors age and ⁄ or daytime
and where the factor year, if included, was consid-
ered to be an additive effect. This yielded 20
candidate survival models.

RESULTS

Encounter and movement probabilities

Model selection of encounter and movement prob-
abilities favoured a model in which encounter rates
depended on interacting effects of fence, age and
period of day. The trap effect was present inside
and outside the fence, and movement depended on
the period of the day (Table 1). The second best
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model, which had 1.9 times (ratio of Akaike’s
weights 0.649 ⁄ 0.342) less support, included an
additive year effect on encounter rates. The other
encounter and movement models received very
little support from the data. In addition to high
variation, some patterns in the favoured and
encounter and movement model were evident:
encounter probability was lower outside fences
decreased with increasing age of Lapwing chicks,
and the trap effect was mainly evident in young
chicks located after the night. Movement probabil-
ities were lower in 2007 than in 2006, reflecting
the larger surface fenced in 2007. Estimates of
encounter and movement probabilities are shown
in Figures 1 and 2.

Survival probabilities

When estimating survival rate from hatching to
independence by visual observations only, without
the mark–recapture models based on radiotracking,
Lapwing chick survival was F = 0.082, which
resulted in a breeding success of 0.26 chicks per
pair (2006, 0.29 chicks per pair; 2007, 0.22 chicks
per pair).

Modelling survival with the mark–recapture
data resulted in two top ranked models that had
nearly the same support, the other 18 models
being clearly inferior (Table 2). The two top
ranked models differed only in whether an additive
year effect was included. Otherwise, the factors

Table 1. Model selection results for encounter (p) and movement (w) of Lapwing chicks. For each model the value of the QAIC-

deviation from the most parsimonious model (DQAIC), the number of parameters (np), the deviance and the QAIC weight are given.

For all models we used the structure Ffence · age · daytime + year for survival. Variance inflation factor: ĉ = 1.563.

Model DQAIC np QDeviance Weight

pfence(I&O) · age · daytime; wfence · age · daytime + year 0.000 67 5282.328 0.649

pfence(I&O) · age · daytime + year; wfence · age · daytime + year 1.282 68 5283.610 0.342

pfence(O) · age · daytime; wfence · age · daytime + year 9.663 59 5291.991 0.005

pfence(O) · age · daytime + year; wfence · age · daytime + year 10.856 60 5293.184 0.003

pfence(I&O) · age · daytime; wfence · age + year 14.597 59 5296.925 0.000

pfence(I&O) · age · daytime + year; wfence · age + year 16.725 60 5299.052 0.000

pfence(O) · age · daytime; wfence · age + year 25.130 51 5307.457 0.000

pfence(I) · age · daytime; wfence · age · daytime + year 26.081 59 5308.409 0.000

pfence(O) · age · daytime + year; wfence · age + year 26.459 52 5308.786 0.000

pfence(I) · age · daytime + year; wfence · age · daytime + year 26.863 60 5309.191 0.000

pfence(I) · age · daytime; wfence · age + year 37.956 51 5320.284 0.000

pfence(I) · age · daytime + year; wfence · age + year 38.538 52 5320.866 0.000

Model notations: ·, interaction; +, additive effect; I&O, trap effect inside and outside the fence; I, trap effect only inside the fence; O,

trap effect only outside the fence.
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Figure 1. Model estimates of age-specific encounter probabilities within and outside fences including the trap effect for the two time

periods of the day separately. The vertical lines show the 95% confidence intervals.
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fence, age and period of day were all included and
were decisive for the variation in survival. Based
on the principle of parsimony, which prefers the
simpler of two models with similar support, the
one without an effect of year was favoured.

On average, the favoured model estimated sur-
vival probabilities across 12 h of F = 0.967 (95%
confidence interval (CI): 0.955–0.976), resulting in
survival estimates of F = 0.096 (CI: 0.041–0.180)
from hatching to fledging (across 35 days) and in a

breeding success of 0.3 chicks per pair. Overnight
model estimates of survival were much lower in
unfenced than in fenced plots, whereas during the
day they did not differ between fenced and
unfenced areas (Fig. 3). This gave mean survival
estimates that were significantly higher inside
fences (mean value including day and overnight:
F = 0.984; CI: 0.975–0.990) than outside (mean
value: F = 0.938; CI: 0.894–0.964; Fig. 3). Fur-
thermore, mean survival probability in the period

Table 2. Model selection results for survival (F) of Lapwing chicks. For each model the QAIC-deviation from the most-parsimonious

model (DQAIC), the number of parameters (np), the deviance and the QAIC weight are given. All survival models in the table were

combined with the best encounter and movement model (pfence(I&O) · age · daytime; wfence · age · daytime + year) as identified in Table 1.

Variance inflation factor: ĉ = 1.563.

Model for F DQAIC np QDeviance Weight

(fence · age) + (fence · daytime) 0.000 60 5273.843 0.382

(fence · age) + (fence · daytime) + year 0.101 61 5273.944 0.363

Fence · age 3.052 58 5276.895 0.083

(fence · age) + year 3.317 59 5277.159 0.073

(fence · daytime) + year 4.289 55 5278.131 0.045

Fence · age · daytime 6.276 65 5280.119 0.017

Fence + year 6.632 53 5280.475 0.014

Fence 7.013 52 5280.855 0.011

Fence · daytime 8.120 54 5281.963 0.007

(fence · age · daytime) + year 8.485 67 5282.328 0.005

Daytime 49.600 52 5323.443 0.000

Daytime + year 51.106 53 5324.948 0.000

Age 51.806 54 5325.648 0.000

Constant 51.859 51 5325.702 0.000

Age · daytime 52.455 58 5326.298 0.000

Year 53.351 52 5327.193 0.000

Age + year 53.536 55 5327.379 0.000

(age · daytime) + year 54.229 59 5328.072 0.000

Age + daytime 54.327 55 5328.170 0.000

Age + daytime + year 56.065 56 5329.908 0.000

Model notations: ·, interaction; +, additive effect.
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Figure 2. Model estimates of age-specific movement probabilities leaving or entering fenced plots during the day and overnight for

both study years separately. The vertical lines show the 95% confidence intervals.
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including the night was lower (mean value includ-
ing fenced and unfenced areas: F = 0.944; CI:
0.906–0.968) than diurnal survival (mean value:
F = 0.978; CI: 0.955–0.989). Survival was particu-
larly low outside fenced plots in the nocturnal
period (mean value including all age classes:
F = 0.899; CI: 0.870–0.923; Fig. 3), whereas
within fenced plots survival in the nocturnal period
was high (mean value: F = 0.990; CI: 0.970–
0.997), suggesting that nocturnal chick predators
were effectively excluded by electric fences. The
difference in the survival probabilities in the noc-
turnal period within and outside fences was most
pronounced in newly hatched chicks and in chicks

close to fledging (Fig. 3). Cumulative survival from
hatching to fledging showed large differences
between fenced and unfenced sites (Fig. 4). Out-
side fenced plots no chicks had survived up to
fledging, whereas within fenced plots the estimated
survival to fledging was 0.24.

DISCUSSION

The experimental exclusion of ground predators
using electric fences allowed survival probabilities
of Lapwing chicks within and outside fenced plots
to be compared. Our results demonstrate that sur-
vival probabilities within fenced plots were signifi-
cantly higher than in the surrounding unprotected
fields. Fencing entire home-ranges (c. 20–25 ha)
would have enhanced chick survival to indepen-
dence from around 0 to 0.24 and breeding success
from around 0 to 0.75 chicks per pair, in particular
because overnight mortality was reduced. In our
study, a mean of 3.3 Lapwing chicks hatched per
breeding pair in 2006 and 2007 (Schifferli et al.
2006, 2009) and 0.3 chicks per pair survived to
fledging as a result of arranging a fencing mosaic in
home-ranges. In the following years 2008 and
2009, fencing large additional parts of home-ranges
increased post-hatching survival to 0.8 chicks per
pair (Schifferli et al. 2009). This is within the 0.7–
1 fledglings per pair required to maintain a stable
Lapwing population, as calculated in a population
viability analysis based on British ring recovery
data (Peach et al. 1994, Catchpole et al. 1999).

Other studies of Lapwings using radiotracking
found chick predation to be an important cause of
mortality (Blühdorn 2002, Junker et al. 2004,
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Hönisch et al. 2008), but provided conflicting
evidence with regard to the predominant preda-
tors. Blühdorn (2002) identified Red Foxes to be
responsible for most casualties. In contrast, Junker
et al. (2004) and Hönisch et al. (2008) found most
deaths to be caused by avian predators. This indi-
cates that the pressure from different predators
may be highly variable in space and time. How-
ever, assessing causes of death by recoveries of
dead chicks and the associated effect of specific
predators on chick survival may be strongly biased
(e.g. Schaub 2009). This calls for experimental
studies. Our approach of fencing off parts of the
home-ranges of precocial chicks provides an excel-
lent method to compare simultaneously chick sur-
vival with and without ground predators to
quantify their impact on the productivity of a local
population. We therefore recommend the use of
an experimental fencing approach and mark–recap-
ture analyses in studying nest and chick predation
in ground-nesting birds.

In the nocturnal period, mortality rates outside
protected plots were more than three times higher
than within fences and also clearly higher than
diurnal mortality rates. These estimates of noctur-
nal mortality are conservative, as the overnight per-
iod also included daylight hours. We conclude from
this that nocturnal mammalian predators are a cru-
cial factor impeding Lapwing chick survival in our
study population. Recoveries of dead chicks out-
side fences suggested high rates of Red Fox preda-
tion. Moreover, a new study suggests a limited role
for small mustelid predation on Lapwing chicks
(Bodey et al. 2011), supporting the importance of
Red Fox as a predator in our study area. However,
the experimental fencing also revealed that mortal-
ity rate of chicks to independence would have been
0.76, even if they were protected by fences all the
time. This would result in a breeding success of
0.75 chicks per pair, which is just over the limit to
maintain a stable population. Although some
chicks died due to hypothermia or starvation (6%),
or farming machines (6%), we suggest that diurnal
predation by birds is the main reason for the
remaining high mortality. Direct observations of
Common Kestrels Falco tinnunculus and Carrion
Crow Corvus corone attacking Lapwing chicks sup-
port this hypothesis. As mortality inside fences in
the nocturnal period was low, nocturnal birds such
as the Long-eared Owl Asio otus breeding in the
study area (Aschwanden et al. 2005) cannot repre-
sent a significant threat to precocial chicks.

Within and outside fenced plots, mortality dur-
ing the day did not vary with chick age. In contrast,
mortality outside fences varied with chick age in
the nocturnal period, peaking during the first
5 days after hatching and again towards indepen-
dence. The high mortality in the first days post-
hatching is similar to findings from other studies
(Galbraith 1988, Baines 1989, Sheldon 2002),
which attributed the pattern to the susceptibility
of small chicks to suboptimal weather conditions
(Beintema & Visser 1989, Schekkerman et al.
2009). In our study, the mortality of chicks outside
fences increased only in the nocturnal period, so
weather effects are an unlikely explanation. We
suggest that the peaks in chick mortality outside
fences were likely to be due to ground predators.

Multi-state mark–recapture analysis is an appro-
priate way to analyse data from small-scale fencing
experiments. Encounter probabilities differed
within and outside fences and between age classes,
and movement probabilities differed between
years. The complex patterns of encounter and
movement probabilities suggest that they were
influenced by confounding factors such as weather,
observer and individual differences in mobility.
However, selection of fenced areas by considering
nest-sites to enhance hatching success had the dis-
advantage that crop type composition differed
within and outside fences. Although the area
where Lapwing chicks were located was a very uni-
formly cultivated agricultural landscape and home-
ranges of Lapwing chicks were much larger than
fenced areas, we cannot fully exclude an effect of
the different crop type composition on survival
probabilities. Moreover, the frequent recapturing
of chicks for re-attachment of radiotags could have
had adverse effects on body condition and survival
(Sharpe et al. 2009). However, such a bias could
explain neither differences between within and
outside fences, nor differences between the two
periods of the day. In our analysis, the most appro-
priate approach might accommodate family as a
random-effects factor. However, to fit such a struc-
ture within our mark–recapture model would
currently be almost prohibitively challenging.
However, we adjusted for the possible non-inde-
pendence of juveniles from the same nest by using
a variance inflation factor. Moreover, we have
evidence that at least after the time of brooding,
siblings are so dispersed that predation of siblings
should be spatially independent of their shared
origin from the same nest.
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The fact that mortality within fences was low
illustrates the effectiveness of fences in excluding
ground predators and indicates that fencing might
be an efficient conservation action to obtain a self-
sustainable local population of ground-nesting bird
species. Fenced areas should contain most of the
activity ranges of chicks and have to be adapted
to a species’ home-range (Johansson & Blomqvist
1996), which in our study area was around 20 ha.
However, a consequence of more extensive fencing
could be the risk that predators are included in the
enclosures and must therefore be culled or translo-
cated (e.g. Lagrange et al. 1995). Moreover, mam-
mals can get through fences where electric current
has failed or the fence is damaged (Smith et al.
2011).

Assuring adequate breeding success by pre-
venting chick predation is only effective if eggs
are also protected from predation and agricultural
machines (Schifferli et al. 2009). Thus, conserva-
tion measures for Lapwings and other precocial
ground nesters must promote both nest success
and chick survival (Dreitz 2009). We suggest that
predator exclusion by fencing is an effective strat-
egy for both requirements (see also Smith et al.
2011). In agricultural landscapes, using fences is
labour-intensive as fences have to be removed
and rearranged during the course of frequent
agricultural operations involving machinery.
Therefore, cost-efficient use of fences should
include close cooperation with landowners to
minimize agricultural operations within fences
without impairing habitat quality. Continuous
maintenance of fencing and electric power is also
essential.

We have shown that the use of electric fences
is an adequate alternative to predator control by
hunting as practised in many European countries
(Bolton et al. 2007) and may be less cost-inten-
sive. Like culling, applying fences is not a
feasible measure to prevent the effects of
predators on ground-nesting birds at the land-
scape scale (Rushton et al. 2006). In contrast,
we regard fencing as a short-term and small-
scale measure to increase fledging success of
threatened populations of ground-nesting birds.
In the long term, management should improve
the habitats of endangered focal species while
simultaneously lowering the attractiveness of
habitats to ground predators, e.g. by altering the
water table (Bellebaum & Bock 2008, Eglington
et al. 2008).
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Handbuch der Vögel Mitteleuropas. Bd. 6, Charadriiformes

(1. Teil). Wiebelsheim: Aula.

Grant, M.C., Orsman, C., Easton, J., Lodge, C.S., Thomp-

son, G.R. & Moore, N. 1999. Breeding success and

causes of breeding failure of curlew Numenius arquata in

Northern Ireland. J. Appl. Ecol. 36: 59–74.
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