
 

 

 University of Groningen

Livestock grazing and trampling of birds' nests
Mandema, Freek S.; Tinbergen, Joost M.; Ens, Bruno J.; Bakker, Jan P.

Published in:
Journal of Coastal Conservation

DOI:
10.1007/s11852-013-0239-2

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2013

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Mandema, F. S., Tinbergen, J. M., Ens, B. J., & Bakker, J. P. (2013). Livestock grazing and trampling of
birds' nests: An experiment using artificial nests. Journal of Coastal Conservation, 17(3), 409-416.
https://doi.org/10.1007/s11852-013-0239-2

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://doi.org/10.1007/s11852-013-0239-2
https://research.rug.nl/en/publications/6165f108-9fcc-492f-913f-8b2837c8a304
https://doi.org/10.1007/s11852-013-0239-2


Livestock grazing and trampling of birds’ nests:
an experiment using artificial nests

Freek S. Mandema & Joost M. Tinbergen & Bruno J. Ens &

Jan P. Bakker

Received: 10 December 2012 /Revised: 25 January 2013 /Accepted: 14 February 2013 /Published online: 28 February 2013
# Springer Science+Business Media Dordrecht 2013

Abstract The purpose of this study is to experimentally
determine the differences between four grazing treatments
on the trampling of nests. Additionally, we examine to what
extent the trampling probability of nests is higher close to a
source of fresh water. We compare the trampling of artificial
nests in five different grazing treatments in an experimental
design. We use buried clay pigeon targets as artificial
mimics of bird nests to obtain reliable estimates of trampling
risk and compare these with real nests. We find that horses
trample significantly more artificial nests than cattle
resulting in lower survival rates of artificial nests under
horse grazing than under cattle grazing. For both horses
and cattle, we find a clear trend, approaching significance,
towards more trampling at higher numbers of livestock. We
found that more artificial nests are trampled closer to a
freshwater tank. The survival probability of artificial nests
in cattle grazed treatments in this study is found to be in the
same range as real nests in the study area and very close to
the survival probability of Northern Lapwing (Vanellus
vanellus) nests under cattle grazing in a different system.
We recommend that horses should not be used as grazers for
management purposes in areas with high densities of birds’
nests in order to minimize the risk of nests being trampled.

Additionally, we confirm that the location of freshwater
tanks has an important effect on the distribution of livestock
and hence on trampling of nests.

Keywords Cattle . Grazing treatments . Ground breeding .

Horse . Salt marsh .Wader

Introduction

Livestock grazing is commonly used as a nature manage-
ment tool (Bakker 1989, Ebrahimi et al. 2010). However, a
standing question in nature management is what type of
livestock to use and in which densities. Trampling by live-
stock may result in the destruction of nests of ground-
nesting birds (Fuller and Gough 1999). The risk of nests
being trampled depends on the bird species as well as the
type and density of livestock and time of nesting (Beintema
and Müskens 1987; Green 1988; Fuller and Gough 1999).
Effects of the type of livestock on trampling of birds’ nests
have been thoroughly studied for cattle and sheep (Beintema
and Müskens 1987; Fuller and Gough 1999; Hart et al.
2002; Ottvall 2005; Pakanen et al. 2011). Studies on tram-
pling by horses, however, are largely absent. The digestive
system of horses is different from that of cattle (Duncan et
al. 1990). To obtain sufficient nutrition, horses have higher
rates of food intake and consume larger quantities of food on
a daily basis than cattle with similar body mass (Arnold
1984; Duncan et al. 1990; Menard et al. 2002). This leads to
horses having been observed to have longer daily grazing
times than cattle (Arnold 1984; Duncan et al. 1990; Janis et
al. 2010). Therefore they are likely to be more active,
presumably increasing the probability of trampling a nest.
Additionally, horses trample with greater pressure than cat-
tle, an effect that is strengthened by running (Liddle 1997).
A possible positive effect of horse grazing is their creation
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of ‘latrines’, especially in low stocking densities. The rejec-
tion of herbage contaminated by dung (Frame and Laidlaw
2011) may lead to a higher canopy height, which is a major
descriptor of canopy structure (Frame and Laidlaw 2011).
Canopy structure, in turn, is important for ground nesting
waders, such as Redshanks and Lapwing (Norris et al. 1997;
Whittingham and Evans 2004).

Another potentially important factor on the trampling
probability of nests is water availability. Water availability
affects the distribution of livestock in areas where
fresh water is scarce (Vallentine 1971; Holechek 1988;
Ganskopp 2001). An uneven distribution of livestock can
lead to several problems associated with grazing, such as
damage caused by trampling (Lange 1985). We expect that
the relative density of livestock is higher close to a fresh-
water tank, thereby increasing the trampling probability of
nests near freshwater tanks. The purpose of the present
study is to experimentally determine the differences be-
tween four grazing treatments (1 horse/ha, 0.5 horse/ha,
1 cattle/ha and 0.5 cattle/ha) on the trampling of nests and
to assess to what extent the trampling probability of nests is
affected by the proximity of a freshwater tank.

The study was carried out in a salt marsh system. Fresh
water is only available at the freshwater tanks provided in
the experiment. As the density of birds’ nests was too low
for direct comparisons of trampling risk between grazing
treatments of real nests, we used artificial nests to compare
treatments. Artificial nests have been used in a number of
studies to assess predation of birds’ nests (e.g. Martin, 1987;
Picman 1987; Major 1991; Bayne and Hobson 1997; Maier
and Degraaf 2001; Boulton and Cassey 2006). They have
also been used successfully for studies on trampling (Koerth et
al. 1983; Jensen et al. 1990; Paine et al. 1996; Pavel 2004).
In this study, we use artificial nests to assess the relative
trampling risk between different grazing treatments.

In order to validate the use of artificial nests, we compare
artificial nests with real wader nests by calculating trampling
probabilities (Beintema and Müskens 1987) for our artificial
nests and comparing them to trampling probabilities found
for the small sample of real wader nests in our study area.
We also compare trampling probabilities of artificial nests
with trampling probabilities of real wader nests found by
Beintema and Müskens (1987) in an inland grassland
system.

Methods

Study site

This study was carried out on a site along the Dutch Wadden
Sea coast in a mainland salt marsh (53° 20′N 5° 43′E),
which is part of the UNESCO Wadden Sea World Heritage

Site. It is a man-made marsh with high clay content in the
soil, created with the aid of sedimentation fields. These
are maintained to avoid erosion of the salt marsh.
Approximately half of the study area can be considered high
marsh, close to the summer dike, (Fig. 1) and half low
marsh, close to the sea. Higher parts of the marsh are
inundated less frequently with sea water than lower parts.
The study site is an important breeding area for several
wader species.

Experimental design

Within the study area, a grazing experiment was set up with
three replicate blocks. Each replicate area of 55 ha consisted
of five equally sized paddocks with different grazing treat-
ments. We studied four grazing treatments: 5 cattle, 5 horses,
10 cattle and 10 horses per 11 ha (Fig. 1). A fifth treatment
(rotational grazing with 10 cattle at yearly intervals) was not
studied because it also contained 10 cattle at the time of this
study, providing little extra information. The different graz-
ing treatments were allocated randomly to the paddocks in
each replicate with the restriction that no two horse grazed
treatments were placed next to each other, as horses were
expected to influence one another if placed in adjacent pad-
docks. Each paddock contained a freshwater tank close to the
summer dike (Fig. 1).

Clay pigeon targets used as artificial nests

To estimate and compare the trampling intensity between
different grazing treatments, we used clay pigeon targets
(fragile round discs used for shooting sports) as artificial
nests.

Fig. 1 Distribution of five grazing regimes over five 11 ha paddocks
within one of the 55 ha replicate blocks. Fifty artificial nests were
randomly placed in all treatments, except for the rotational treatment.
Black dots indicate the position of freshwater tanks. The grey line
indicates the position of the summer dike
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Clay pigeon targets have been used extensively to esti-
mate the effects of trampling by livestock (Koerth et al.
1983; Jensen et al. 1990; Paine et al. 1997; Gregory and
Gamett 2009). Paine et al. (1997) found that trampling
levels were similar for clay pigeon targets and simulated
nests with pheasant eggs. Pavel (2004) found that artificial
nests with plasticine clay in jam jar lids had similar trampling
rates as natural nests of Meadow Pipit (Anthus pratensis) and
Water Pipit (Anthus spinoletta). However, during a pilot study,
we found that the plasticine clay was eaten by the cattle in our
study area, making this an unsuitable method. Instead we
chose to use clay pigeon targets. The high visibility of clay
pigeon targets may, however, attract livestock (Pavel 2004).
Therefore, we covered the clay pigeon targets with soil to
counterbalance the high visibility. For this, a soil core of
10 cm diameter and 10 cm depth was taken, a clay pigeon
(diameter=10 cm) was placed in the hole and the intact soil
core was placed on top of the clay pigeon. The clay pigeon
breaks when these soil cores are stepped on by cattle and
horses. The study area was not open to the public and was
fenced off with electric fence. Therefore it was not possible for
large grazers other than the livestock to enter the field and
breaking of artificial nests could be fully attributed to the
livestock used for the experiment.

Random coordinates to place the artificial nests were
generated in ArcGIS (ArcGIS Desktop 2010). Pavel
(2004) did not find a difference in nest trampling of artificial
nests placed in ’nest like locations’ and artificial nests
placed in a grid. This suggests that random placing of nests
should provide proper estimates of trampling by livestock.
In this manner, 50 clay pigeon targets were placed randomly
in each of the four grazing treatments within each replicate
block (total number=600). Although 50 nests per 11 ha is a
higher density than generally expected with natural nests of
non-colonial bird species, Koerth et al. (1983) and Beintema
and Müskens (1987) showed that relative trampling loss
does not increase at higher nest densities.

The artificial nests were placed on 26, 27 and 30May 2011
respectively in each replicate and were left in the field for
21 days, which is similar to the incubation time of a number of
breeding waders (von Blotzheim, 2004). Artificial nests were
checked after 7 and 21 days and recorded to be intact or
trampled. A metal pin was placed in the ground next to each
artificial nest and the coordinates were recorded in order to be
able to find the artificial nests again with a GPS and metal
detector. If artificial nests could not be found after 21 days,
they were left out of the analysis. Artificial nests trampled
after 7 days were removed from the field.

Trampling probability in different grazing treatments

As all the artificial nests in a paddock (field within a repli-
cate, Fig. 1) were pseudo-replicates, we used a linear mixed-

effects model approach to analyse this data (Zuur et al.
2009). We assessed the effect of livestock species, grazing
intensity and distance from the fresh water supply on tram-
pling risk of our artificial nests. The artificial nests we could
find after 21 days were used to model trampling as a binary
input variable (trampled or intact), as explained by the
distance of each artificial nest to the freshwater tank, the
type of livestock, the density of livestock, an interaction
between distance to the freshwater tank and livestock type,
an interaction between distance and livestock density and a
three way interaction between distance, livestock type and
livestock density. Replicate and paddock were used as ran-
dom factors in the model. Models were fitted using the lme4
package (Bates et al., 2011) in R, version 2.14.1 (R
Development Core Team 2011) and model selection was
conducted using backward elimination, using AIC values to
compare models. Using the parameters from the statistical
model, pairwise comparisons between livestock types and
densities were made with the multcomp package (Hothorn
et al. 2008). The results for the effect of density and live-
stock were confirmed using an ANOVA approach on the
fractions of nests trampled at different livestock types and
densities. The distance from artificial nests to the fresh water
supply in a paddock was calculated with ArcMap version
10.0 (ArcGIS Desktop 2010).

Comparison with real nests

We calculated V-values (survival rates of artificial nests per
grazing animal per hectare per day) for the artificial nests in
each grazing treatment as described by Beintema and
Müskens (1987), using the observations after 7 and 21 days.
A V-value of 1 indicates a nest survived 1 day with one
grazer per hectare, while a value of 0 indicates a nest has
been trampled after 1 day with one grazer per hectare. These
V-values are directly comparable to V-values found for real
nests. We calculated V-values for Common Redshank
(Tringa totanus) (N=16) and Eurasian Oystercatcher
(Haematopus ostralegus) (N=24) nests (two of the most
common ground breeding waders in the study area). These
nests were found and monitored in 2010 and 2011. Each
trampling event was recorded. Additionally, Beintema and
Müskens (1987) calculated V-values for several wader spe-
cies under different grazing treatments in an inland grass-
land system. We compared V-values between cattle and
horses with a Z-test as described by Johnson (1979) and
applied by McGowan et al. (2005).

Results

Out of 600 artificial nests placed, 524 could be found after
21 days and of those 118 had been trampled, a fraction of
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0.225 (Table 1). There is no reason to assume differences in
the probability of finding back trampled or non-trampled
artificial nests. Those nests not found back were generally
located in large patches of tall vegetation, or were sub-
merged under sea water, due to a flood of the study area
just prior to the final check of the artificial nests. One
paddock which combined a relatively tall canopy with a
large amount of standing water due to the flood had a
particularly low recovery rate (Table 1).

The trampling probability of artificial nests differed with
grazer type. Horses trampled significantly more artificial
nests than cattle as shown by pairwise comparisons of
grazing treatments (Fig. 2) and regression analysis (Fig. 3).
Pairwise comparison showed that 10 horses trampled sig-
nificantly more than 10 and five cattle and that five horses
trampled significantly more than five cattle (Fig. 2). Within
each species of grazer, we found a clear, although non-
significant (p=0.076, Table 2), trend towards more grazers
leading to more trampling of artificial nests. We did not find
an interaction between grazing treatment and distance to a
freshwater tank. This suggests that both for cattle and for
horses, the distance to water has a similar effect.

With the linear mixed model used in this study, we found
that the variance between paddocks within blocks is zero. To
confirm the outcome of the model relating to differences in
trampling between horses and cattle and between 5 and 10
animals, we did an additional analysis (ANOVA) on the
fractions of nests trampled per paddock (Table 1). In this
reduced form, the data still showed a significant difference
between horses and cattle and a significant difference be-
tween 10 and 5 animals was found as well (F-values of
90.58 and 26.78 and p-values of <0.001 and <0.001

respectively). The ANOVA therefore confirms the results
of the more appropriate, linear mixed model.

The distance to a freshwater tank had a strong effect on the
trampling probability of artificial nests. Logistic regression
showed that the probability an artificial nest was trampled
decreased with the distance to a freshwater tank (Fig. 3).

To compare artificial nests to real nests, daily survival
rates of artificial nests per grazing animal per hectare
(V-values, (Beintema and Müskens 1987)) were calculated.
The survival rates we found for horse treatments were

Table 1 Numbers of artificial nests placed and the fraction trampled
after 21 days

Replicate Density Species Nests
placed

Nests
found
(after
21 days)

Nests
trampled
(21 days)

Fraction

1 5 cattle 50 46 6 0.13

1 10 cattle 50 50 8 0.16

1 5 horses 50 49 14 0.286

1 10 horses 50 44 17 0.386

2 5 cattle 50 50 3 0.06

2 10 cattle 50 49 9 0.184

2 5 horses 50 48 12 0.25

2 10 horses 50 47 17 0.362

3 5 cattle 50 31 4 0.129

3 10 cattle 50 41 7 0.171

3 5 horses 50 28 6 0.214

3 10 horses 50 41 15 0.366

Fig. 2 In horse-grazed treatments, more artificial nests were trampled
after 21 days than in cattle-grazed treatments. Error bars represent
standard errors of the mean, calculated over three replicates. Letters
denote significant differences at 0.05 % between grazing treatments in
the trampling intensity of nests as found with a logistic regression
model

Fig. 3 The probability of an artificial nest being trampled was greater
closer to a freshwater tank. Letters denote significant differences be-
tween grazing treatments (shown in inset legend). Horses were more
likely to trample nests than cattle. Nests were left in the study area for a
maximum of 21 days
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significantly lower than those for cattle treatments (Table 3).
This result complies with the earlier findings on the tram-
pling probability of artificial nests.

The V-values can be used to compare artificial nests to real
nests of different bird species. With limited Eurasian
Oystercatcher and Common Redshank nests exposed to

livestock (14 Eurasian Oystercatcher nests and 12 Common
Redshank nests exposed to cattle and 10 Eurasian
Oystercatcher nests and 4 Common Redshank nests exposed
to horses) and few nests trampled (0, 2, 1 and 0 respectively)
in this study, we could only calculate biologically relevant V-
values for Common Redshanks exposed to cattle and
Eurasian Oystercatchers exposed to horses. When no nests
were found trampled, the calculated survival probabilities
would be 1. It is highly unlikely that this would be true in
any grazed system, so a larger sample size is required in these
cases. We found a V-value of 0.962±0.026 for Common
Redshanks under cattle grazing and a V-value of 0.971±
0.028 Eurasian Oystercatchers under horse grazing. We also
compared V-values of artificial nests with V-values found by
Beintema and Müskens (1987) in a grassland system. We
found that our V-values for artificial nests under cattle graz-
ing were very similar to V-values of Northern Lapwing nests
under cattle grazing as found by Beintema and Müskens
(1987) (Table 4). As Beintema and Müskens (1987) did
not study horse grazed treatments, we could not directly
compare artificial nests under horse grazing with real
nests under horse grazing. However, for three of the four
wader species studied by Beintema and Müskens (1987),
the survival rates of nests under cattle-grazed treatments
were higher than the survival rates we found for artificial
nests under horse-grazed treatments (Tables 3 and 4). This
again suggests a higher risk of nest trampling with horses
than with cattle.

Table 2 Results of a linear mixed model with distance to fresh water
as a continuous explanatory variable and livestock species and live-
stock density as factors. Replicate and paddock were included as
nested random factors in the model. The results of this model are
followed by the results of a multiple comparison of all factor levels
based on the model. Due to an adjustment to the p-values, because of
the multiple comparisons, the difference in trampling between 10 and 5
animals is just not significant at the 5 % level. However, there is a clear
trend (Fig. 2)

Z-value p-value

Intercept −3.654 <0.001

Distance to fresh water −5.881 <0.001

Livestock species 4.647 <0.001

Livestock density 2.067 <0.05

Results of multiple comparison of factors in the model

Horses-cattle 4.647 <0.001

10 animals-5 animals 2.067 0.076

Table 3 V-values (survival rate of artificial nests per grazing animal
per hectare per day) ± standard deviations as calculated according to
Beintema and Müskens (1987). A value of 1 indicates a nest definitely
survives a day with one grazer per ha, a value of 0 indicates a nest is
definitely trampled after 1 day with one grazer per ha. Survival rates
over several days (t) can be calculated by Vt. Using the average V-value
for horses, we expect 29 out of 50 nests to survive a 21 day period with
one horse per ha ( 50*0.97521=29 nests). V-values were calculated
using data collected after 7 days and after 21 days

Treatment Replicate V

10 cattle 1 0.991±0.003

10 cattle 2 0.990±0.003

10 cattle 3 0.991±0.003

5 cattle 1 0.994±0.004

5 cattle 2 0.986±0.006

5 cattle 3 0.987±0.006

Average cattle 0.990±0.004*

10 horses 1 0.978±0.006

10 horses 2 0.978±0.006

10 horses 3 0.978±0.005

5 horses 1 0.979±0.008

5 horses 2 0.966±0.009

5 horses 3 0.970±0.008

Average horse 0.975±0.007*

*The average V-values for cattle and for horses are significantly dif-
ferent, p<0.05 (Z test (Johnson 1979; McGowan et al. 2005))

Table 4 V-values ± standard deviations from Beintema and Müskens
(1987). Grazing systems: 1, dairy cattle during the day only; 2, dairy
cattle day and night; 3, yearlings day and night; 4, sheep day and night

Species Grazing system V

Northern Lapwing 1 0.995±0.0013

2 0.990±0.0017

3 0.984±0.0024

4 0.996±0.0015

Black-tailed Godwit 1 0.988±0.0027

2 0.982±0.0031

3 0.960±0.0050

4 0.993±0.0026

Common Redshank 1 0.972±0.0097

2 0.973±0.0045

3 0.964±0.0045

4 0.993±0.0034

Eurasian Oystercatcher 1 0.996±0.0015

2 0.986±0.0017

3 0.991±0.0011

4 0.999±0.0004
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Discussion

Survival probabilities of artificial nests were significantly
higher for cattle than for horses and significantly more
nests were trampled by horses than by cattle in similar
densities in this study. Additionally, we found a non-
significant, but clear trend towards an increased trampling
probability with higher grazer densities. The probability of
an artificial nest being trampled was significantly greater
close to a freshwater tank. The analysis did not show an
interaction effect between distance to water and grazing
treatment, suggesting a similar effect of distance to water
for all grazing treatments.

Effect of different grazing treatments on artificial nests

The differences we found between species of livestock are
likely to be explained by differences in behaviour of horses
and cattle. Horses are more active than cattle (Arnold 1984;
Duncan et al. 1990; Janis et al. 2010) and use longer parts of
the day to graze because of their different digestive systems
(Duncan et al. 1990). Studies on the behaviour of horses and
cattle in our study area suggest that both livestock species
prefer to graze close to the summer dike (Nolte, unpublished
data). Nonetheless, horses spent more time on the low
marsh, further away from the summer dike, than cattle.
Cattle also spent less time per day grazing than horses.
This means that horses move more than cattle, increasing
the risk of trampling a nest (Nolte unpublished data).

Increasing the number of grazers per paddock is likely to
increase the risk of a grazer trampling a nest (Beintema and
Müskens 1987). We found such a trend, bordering signifi-
cance. We did, however, not find as strong an effect as
expected. One could argue that, when doubling the number
of grazers, the number of nests trampled should double as
well. This was clearly not the case in this study.
Unpublished data showed that horses as well as cattle show
a positive selection for specific plant communities (Nolte,
unpublished). The positive selection for certain vegetation
types would suggest that livestock are not randomly distrib-
uted over a salt marsh. Since the artificial nests in our study
were randomly placed in each paddock, some artificial nests
are more likely to be trampled than others. Additionally,
with an increasing time interval, the chance of a nest being
trampled more than once increases. We cannot distinguish
this double trampling in our design. The non-random distri-
bution of livestock over the paddocks and the relatively long
time of 21 days of exposure would therefore explain why we
do not find a stronger effect of livestock density, with a
doubling of the number of livestock.

Although this study found an effect of distance to a
freshwater tank on the number of artificial nests trampled,
it should be noted that on a salt marsh, other gradients may

influence the behaviour of livestock as well. Most food for
livestock is available close to the summer dike and salt
water inundates higher parts of the marsh (closer to the
summer dike) less frequently than the lower parts.
Nonetheless, although this study was conducted in a salt-
marsh area, fresh water was an important and limiting re-
source for livestock. The only available fresh water was at
the freshwater tanks supplied in each experimental paddock.
Under comparable circumstances, livestock was shown to
concentrate around freshwater tanks (Arnold 1984). This
could be a partial explanation for the increased trampling
with decreasing distance from a fresh water source.

Artificial nests compared to real nests

An obvious difference between real birds’ nests and artifi-
cial nests is that no birds breed on and protect an artificial
nest and, therefore, artificial nests will never have the same
properties as real nests (Major and Kendal 1996; Wilson et
al. 1998; Moore and Robinson 2004). We suggest, however,
that the relative differences we found between horses and
cattle and between grazers of the same type in different
densities are comparable to effects on real wader nests. To
study the absolute effect of livestock on ground-breeding
birds using artificial nests, a correction of the V-values of
artificial nests would be necessary, depending on the bird
species. The behaviour of breeding birds will influence the
probability of a nest getting trampled. Three factors are of
particular importance: active nest defence, the effectiveness
of active nest defence and the nest site choice in relation to
the position of artificial nests. Using the few real nests
in this study, we calculated V-values for Eurasian
Oystercatcher nests under horse grazing, which were close
to V-values of artificial nests under horse grazing. Eurasian
Oystercatchers show active nest defence (Beintema et al.
1995), but our results suggest that the effectiveness of this
defence against horses is low. For Common Redshank nests
under cattle grazing, the V-values were still in the same
range but clearly lower than V-values for artificial nests.
Common Redshanks do not actively defend their nest
(Beintema et al. 1995), so they may choose nests sites with
a relatively low trampling risk, compared to the random
position of our artificial nests. When comparing our artifi-
cial nests to real nests in a much greater sample (Beintema
and Müskens, 1987), we found that V-values for artificial
nests were very similar to V-values found for Northern
Lapwing nests in a cattle-grazed treatment. Northern
Lapwings are an aggressive species which actively defend
nests but active nest defence was found to have little effect
on nest survival of waders in coastal meadows (Ottvall et al.
2005). This would explain why artificial nests without a
defending adult have similar survival probabilities to real
Northern Lapwing nests.
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Apart from the described and tested direct effects of
trampling by livestock on nest survival, there may also be
a number of associated indirect effects. MacDonald and
Bolton (2008), for example, show that Lapwings suffer from
lower predation rates when nesting at high densities,
possibly through a mobbing effect, deterring predators.
Therefore, nest loss due to trampling may lead to lower nest
densities and higher predation rates. Trampling may also
lead to the destruction and loss of vegetation or to changes
in the botanical composition of grasslands (Frame and
Laidlaw 2011). Since waders tend to select habitat with
greater concealment than generally available (MacDonald
and Bolton 2008), loss of vegetation may lead to loss of
breeding habitat for waders. Changes in botanical composi-
tion may lead to changes in food availability for birds.
Horses have been found to apply greater pressure to vege-
tation than cattle (Liddle 1997) and destruction of soils
through trampling is greater with high stocking densities
(Frame and Laidlaw 2011). Therefore it seems likely that
the indirect, as well as the direct effects of trampling on
ground breeding birds are greatest in high density horse
grazed sites.

On salt marshes and many other grassland systems, sheep
are another important livestock species. Sheep were not
included in this study. However, a pilot study using 15
artificial nests and two breeds of sheep (Ouessant and
Texelaar) was conducted to test the suitability of our method
to assess the impact of trampling by sheep. With our set-up,
the clay pigeon targets did not consistently break when
stepped on by sheep, most likely because of the lower body
weight of sheep compared to cattle and horses. Therefore,
our method in its present form would not be suitable for
studies on sheep grazing.

Implications for management

We suggest that the use of horses as grazers in areas with
high densities of birds’ nests should be avoided to minimize
the risk of nests being trampled. To further assess the impact
of grazers on trampling of nests, we conclude that artificial
nests, as described in this study, are a useful tool for studies
on cattle and horses.

In regions with limited availability of important resources
such as drinking water, livestock show distribution patterns
(Valentine 1947; Bailey et al. 1996; Bailey and Brown 2011).
This may create a gradient of grazing intensity by livestock.
The negative impact of livestock on ground-breeding birds
may be minimized by providing that resource far away from
breeding colonies or areas with high densities of breeding
birds. In this way, the use of fences can be largely avoided, as
these might have a negative effect by acting as perches for
predators (Ottvall et al. 2005; Wallander et al. 2006).
Additionally, fences are largely viewed in a negative light

by the general public due to the aesthetics of using fencing in
natural areas (Huijser and Kociolek 2008).
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