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ABSTRACT

1. In semi-natural grasslands, nest trampling by cattle can have a strong effect on hatching success but the
relationship linking cattle density, incubation time and nest survival has for now only been hypothesized.

2. Based on an experiment with artificial nests, the objective of this study was to test the theoretical model
generally used to estimate nest survival. In spring 2009, we conducted a one-month experiment on permanent
grasslands of the French western marshlands grazed at three different stocking rates (1 LU.ha-1, 2 LU.ha-1 and
4 LU.ha-1).

3. The results confirmed that trampling depended on stocking rates.

4. Trampling had a major effect on nest survival (32-85% of nests destroyed).

5. The theoretical model classically used by managers and modellers proved to be a good approximation of the
dynamics of nest trampling.

6. Synthesis and applications: We conclude that nest trampling has a major impact on nest survival in pastures
and that the use of such a model could help managers to define acceptable levels of cattle densities.
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INTRODUCTION
(Sabatier et al. 2010), mainly by an anticipation of grazing be-

European grasslands are anthropic ecosystems highly de-
pendent on agricultural practices and cannot be maintained
without farming. However, like in most other agroecosystems,
grassland biodiversity has suffered from a steep decline due
to intensification of farming practices (Vickery et al. 2001).
Ground nesting birds like waders capture this dual effect of
grassland management on biodiversity particularly well: on
the one hand, these birds have specific habitat requirements,
implying relatively short grass heights in spring that need a
minimal grazing pressure (Durant et al. 2008); but on the other
hand, high cattle densities increase risks of nest trampling and
reduce hatching success (Beintema & Muskens 1987). Cattle,
therefore, interact in a dual way with birds: as an ecosystem
engineer (facilitation) and through nest trampling (amensial-
ism). Recent studies based on dynamic models of grassland
agroecosystems suggest that a fine adjustment of grazing se-
quences would make it possible to balance these two effects
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fore the nesting period of the birds at stake. However, such
mechanistic models are highly dependent on the underlying
hypotheses made on biological mechanisms, while knowledge
of these mechanisms is often lacking.

In this study, we addressed more specifically the
mechanism of nest trampling that is at the core of the interac-
tions between grassland management and dynamics of ground
nesting birds. This mechanism is most of the time modelled
considering an independence of the events: {being trampled
by one animal during one day}, either explicitly (Guthery &
Bingham 1996; Sabatier et al. 2010) or implicitly (Green et al.
1997). Many studies have tried to quantify trampling effects
(e.g. Bareiss et al. 1986; Paine et al. 1996; Pavel 2004) but until
now, no study had recorded the dynamics of trampling to test
if this hypothesis of independence was a good approximation
of reality.
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The main objective of this study was, therefore, to
test if the base model of Guthery and Bingham (1996) led to
a good approximation of the trampling dynamics of artificial
nests. We designed an experiment to record the effect of cattle
stocking rate on nest trampling in a dynamic way and to test
how the theoretical model of Guthery and Bingham (1996) fits
our data. We then extrapolate our experimental results to es-
timate the effect of cattle density on egg loss due to trampling
for three patrimonial waders of our study area: the Northern
Lapwing (Vanellus vanellus), the Common Redshank (Tringa to-
tanus) and the Black-Tailed Godwit (Limosa limosa). We finally
discuss the implications for management in the context of the
dual effect of grazing on birds.

1. METHODS AND MATERIALS

1.1. Study area

The experiment was conducted on the Saint-Laurent de la Prée
(INRA) experimental farm. This experimental farm is an exten-
sively managed beef-cattle operation typical of the study area.
It is located in the ‘dry marshes’ (i.e. polders with controlled
water levels, mainly devoted to agriculture: field crops and
grasslands) of Rochefort-sur-mer on the French Atlantic coast
(0°02'28"W; 45°58'52"N, at sea level).Grasslands are charac-
terised by a high (5 t dry matter/ha on average) but seasonal
productivity as soil and climatic conditions induce specific
constraints on grass production. Grass growth is usually halted
by water deficits in summer and by low temperature in winter,
thus it generally occurs from April to June.

1.2. Experiment

The experiment was conducted from 21 April to 19 May 2009.
It was based on six fields grazed by pairs of cows and calves
and managed with three increasing stocking densities (1 Live-
stock units (LU).ha?, 2 LU.ha™ and 4 LU.ha; Table 1). Due to
slight differences in field sizes, the desired instant cattle densi-

Table 1. Experimental plan

ties could not always be reached (e.g. field T1.1) but were kept
as close as possible from the target.

Artificial nests (Fig. 1) were designed to mimic real
nests. They consisted in small (=10 cm) radius cavities host-
ing four snail shells of Helix pomatia standing for the average
number of eggs in a clutch (Ottvall 2004). Empty snail shells
were preferred to eggs as in Paine et al. (1996) or Bareiss et al.
(1986) to avoid predation by foxes or crows, for example, and
focus on the effect of trampling. The need to conduct a daily
survey of nests prevented us from using buried clay discs as in
Mandena et al. (2013) as these could not have been checked
every day. Empty snail shells were also preferred to clay discs
laid directly on the ground as in Koerth et al. (1983) and Jen-
sen et al. (1990) or to jam-jar caps as in Pavel (2004) to avoid
stimulating the curiosity of the animals by introducing artificial
elements to their environment. The use of snail-shells, howev-
er, could have induced snail-specific predation. To account for
this risk in the study, we recorded disappeared and predated
shells (26 in total) and replaced them by new ones the day we
recorded it. Explicitly representing the eggs in the nest made
it possible to limit the dependency of nest trampling to its size

Number of cows and
Field Treatment Field size (ha) calves couples Cattle density (LU.ha?) Number of nests
T1.1 T1 1,63 1,2 30
T1.2 T1 2,00 1,0 29
T2.1 T2 2,00 2,0 31
T2.2 T2 2,00 2,0 28
T3.1 T3 1,97 4,1 26
T3.2 T3 2,00 4,0 29
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that would have been expected with a clay disc or any other
form of artificial nest (Pakanen et al. 2011). To avoid attract-
ing cattle, locations of the nests were not marked with flags
or any other mark. This implied that artificial nests had to be
placed following a regular pattern that could be easily followed
by the observer. To minimise biases due to this non-random
location of artificial nests, nests were placed along a transect,
every 7 m, alternatively on the right and on the left side of the
transect, at 4 m from the transect. Transects were located on
one of the diagonals of each field so as to locate nests both on
edges and in the centre of the field. The choice of the diago-
nal was made to avoid structures acting as attractors for cattle
(water source, gate ...) resulting in over-trampled areas, unsuit-
able for nesting. Due to differences in field shapes, lengths of
diagonals varied and number of nests were chosen not to have
transects longer than 200 m. Nests were placed in the fields a
few hours after the cows entered them to avoid over-trampling
at the beginning of the experiment due to the initial exploring
behaviour of the animals. Nest placement did not induce any
modification of cattle behaviour, leading to a modification of
nest trampling (no over-trampling on the first day).

1.3. Analyses
Testing the effect of stocking rates: In a first step, trampling
data were transformed into survival estimations S(t) using the
Kaplan—Meyer method (Lee & Wang 2003). S(t) is recursively
estimated as follows:

(eqn 1)

SE+1) =51 (1- ﬁg:g)

with D(t) the number of nests trampled at time t, N(t) the num-
ber of nests that had not been trampled until t — 1 and S(0)= 1.
Curves were then compared within and between treatments
using the non-parametric Logrank test adapted to the compari-
son of survival data (Lee & Wang 2003). Survival analyses were
computed with the ‘survival’ package (Thernau & Grambsch
2000) of the R software (R Core Team 2015). For readability,
we will often speak of trampling rates defined as 1-S in the rest
of the study.

Testing the validity of the base model: In a second
step, the trampling rates were used to calibrate and test the
validity of the theoretical base model developed by Guthery
and Bingham (1996). This model assumes independence of the
animals in their grazing behaviour as well as independence of
their grazing behaviour in time and is expressed as follows:

T(tu)=1-(1-q)* (eqn2)

with T the trampling rate, t the length of the trampling period,
u the cattle density in LU.ha* and g the trampling coefficient,
a constant equal to the trampling rate due to 1LU.ha™ in 1 day.
Estimation of g was performed for the different treatments us-
ing a least square method. For each estimation of g, the root
mean square error (RMSE) was computed. Estimates of g were
then compared two by two using Mann-Whitney non-paramet-

ric tests and the different models were visually compared to
the data.

Link to nest survival for three common species: In
the final step, effects of the different treatments on trampling
rates were analysed regarding their potential effects on nest
survival in face of trampling for three patrimonial grassland
birds of our study area: Common Redshank (Tringa totanus;
Least Concern IUCN 2015), Northern Lapwing (Vanellus vanel-
lus; Least Concern IUCN 2015) and Black-Tailed Godwit (Limosa
limosa; Near Threatened IUCN 2015). For each species, we
computed the nest survival over the whole incubation period
for cattle densities ranging from 0 to 10 LU.ha™ based on eqgn
2. To model nest survival, we used values of trampling coeffi-
cients g obtained from the observation of real nests in different
European contexts (Beintema & Muskens 1987; Liker & Szekely
1997; Hart et al. 2005; Ottvall 2005; review in Pakanen et al.
2011) and lengths of incubation periods found in Cramp and
Simmons (1983). Numerical computations were performed
with Python 2.7.2 (von Rossum & de Boer 1991).

2. RESULTS

2.1. Survivals and trampling rates

The first series of results confirmed that trampling rates dif-
fered between treatments. Fields of treatment T3 (4 LU.ha?)
showed the highest percentage of nests trampled (mean
percentage of nest trampled at the end of the experiment =
85.0 %) followed by fields of treatment T2 (2 LU.ha?) that had
an intermediate percentage of nests trampled (69.75 %) and
finally fields of treatment T1 (1 LU.ha?) showed the lowest
percentage of nest trampled (32.25 %). Trampling frequencies
in the three treatments significantly differed (Chi-square test,
p<1073). Comparison of the Kaplan-Meyer estimations of sur-
vivals (Fig. 2) confirmed this finding. The survivals did not show
any significant difference within each treatment (Logrank test ;
p=0.78inT1, p=0.17 in T2 and p=0.13 in T3) but differed among
treatments (Logrank test ; p<10-3) and were ranked in the same
order. These results confirm that trampling rates increase with
cattle density.

2.2. Model of trampling rate

The second series of results showed that the base model of
Guthery and Bingham (1996) gave a good approximation of the
dynamic of trampling observed in our experiment. Different
estimations of parameter g (trampling coefficient) gave similar
values and low RMSE (<0.1; Table 2). The values of parameter
g did not significantly differ between treatments (Mann and
Whitney Test; p = 0.35). The model of Guthery and Bingham
(1996) gave a good visual fit (Fig. 2) and low RMSE (Table 2),
with the average value of g = 0.0182. The curves obtained with
the average trampling coefficient were very similar to the ones
obtained with the trampling coefficients specific to the differ-
ent treatments (Fig. 2).
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Figure 2. Observed and modeled trampling rates. Black dots represent the trampling rates observed in the two fields of each treatment. Black
dashed lines (Model 1) correspond to the trampling rates modeled with the trampling coefficient q based on the data of the three treatments. Con-
tinuous grey lines (Model 2) correspond to the trampling rates modeled with the trampling coefficient q based on the data of the given treatment.

Table 2. Estimations of parameter q (the trampling coefficient) and associated
RMSE (Root Mean Standard Error) of the model.

Cattle
density q RMSE
T1 1 0,0169 0,0367
T2 2 0,0213 0,0985
T3 4 0,0165 0,0767
Mean - 0,0182 0,0810

2.3. Links to waders’ dynamics

The results on trampling rates could be interpreted in terms
of their impacts on bird demographic parameters, for three
common waders of our study area (Fig. 3). A first overview of
the result shows that the nest survival quickly decreases with
increased cattle density. The Northern Lapwing is the species
the least impacted by trampling, followed by the Black-Tailed
Godwit and finally the Common Redshank is the most sensitive
to trampling. As an example, with a cattle density of 1.5LU.ha
over the whole incubation period, nest survival of the North-
ern Lapwing is expected to reach approximately 50% while

nest survival of the Black-Tailed Godwit is expected to reach
approximately 35% and nest survival of the Common Redshank
is expected to reach approximately 25%. The high variability of
model outputs to the value of parameter q illustrates the high
sensitivity of the model to this parameter.

3. DISCUSSION

3.1. Values of the trampling coefficients

Many studies have tested the effects of trampling on nest
survival but have largely been limited to a global assessment
of percentage of nest trampled without explicit references to
stocking rates. It is only recently that standardized studies were
conducted to estimate values of trampling coefficients (g in the
present study). The study of Pakanen et al. (2011) provides the
detailed list of these studies to which the more recent study
of Mandema et al. (2013) should be added. The article by Pak-
anen et al. (2011) gives daily trampling rates (g“ with our no-
tations) and corresponding cattle densities u from which we
could infer the trampling coefficients g. These studies predict
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Figure 3. Estimation of nest survival as a function of cattle density for three patrimonial waders of the study area (Northern Lapwing, Common Red-
shank and Black-Tailed Godwit). Dashed lines correspond to relationships estimated with the different values of the trampling coefficient (q) found
in the literature (Beintema and Muskens 1987, Liker and Szekely 1997, Hart et al. 2005, Ottvall 2005; review in Pakanen et al. 2011). Continuous
lines are the relationships estimated with a trampling coefficient (q) equal to the mean of these values. The grey area is delimited by the relation-
ships estimated with a trampling coefficient (q) equal to the mean +/- standard deviation of these values.

a trampling coefficient g ranging from 0.002 to 0.046 (mean =
0.026; sd = 0.018) similar to the one found in our study (g
0.018 on average), although very variable. This high variability
and the difference with our study can be explained by environ-
mental factors such as grassland productivity or time of the
year or by species specific factors such differences in nest size
or in defensive behaviour among species (Pakanen et al. 2011).
Defensive behaviour was mainly documented in situations of
defense against predators (e.g. Smith et al. 2012) and has been
shown to drastically reduce predation rates (Goransson et al.
1975). It is likely that this defensive behaviour also reduces
nest trampling by keeping the cattle away from nests. Indeed,
Northern Lapwing and Black-tailed Godwit that showed the
lowest trampling rates are well known for their active defensive

strategies towards predators (Black-tailed godwit: Green et al.

1990, Dyrcz et al. 1981; Northern Lapwing: Kis et al. 2000) while
the Common Redshank is considered less aggressive (Cervencl

et al. 2011; Dyrcz et al. 1981).

3.2. Implication for bird conservation

Our results confirm that nest trampling by cattle may have a
strong negative impact on nest survival. A simplistic conclusion
would be to advocate for cattle exclusion during the nesting
stage of birds. However, one shall also keep in mind that graz-
ing is compulsory to create suitable sward heights for grassland
birds (review in Durant et al. 2008) and (ii) that spring is a time
of the year on which farmers strongly rely for cattle feeding.
In other words, a full removal of grazers is expected to be det-
rimental to both bird dynamics and agricultural production. A
model like the one tested in this study provides a solution to
determine what levels of grazing remain acceptable for bird
conservation. We show that the simple model hypothesising
independence of events {being trampled by one animal during
one day} proposed by Guthery and Bingham (1996) given in egn
2 is accurate enough to simulate nest survival through time as
a function of cattle density. With this model, accuracy in the
estimation of parameter g is of utmost importance since small
variations in its value may result in high difference in predicted
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nest survival, especially for cattle densities ranging from 0.5 to
4 (Fig. 3). This is due to the fact that this parameter is raised at
the power of u (the cattle density) and t, _(the length of the in-
cubation period). Literature shows that this parameter strongly
depends on case study specific conditions such as the bird spe-
cies considered or the type (species and age) of animal graz-
ing (Beintema & Muskens 1987). Given the high importance of
this parameter, and the lack of quantitative information on its
dependency to environmental factors, we advise managers to
estimate this trampling coefficient in the field as accurately as
possible before applying the model to their situation. Once es-
timated, it can be used to compute expected nest survival for a
given cattle density or used in more complex models to simu-
late bird dynamics. Dynamic modelling studies addressing this
issue showed, for instance, that anticipated grazing occurring
before the nesting period was a way to balance the two posi-
tive and negative effects of grazing (Sabatier et al. 2010). In par-
ticular, heavy autumn grazing has been shown to create short
grass heights favourable to precocious birds like the Northern
Lapwing (Tichit et al. 2005).
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