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Habitat preference of geese is affected by livestock
grazing — seasonal variation in an experimental field evaluation

Freek S. Mandema, Joost M. Tinbergen, Julia Stahl, Peter Esselink and Jan P. Bakker

E S. Mandema (fs.mandema@rug.nl), J. M. Tinbergen, P. Esselink and ]. P Bakker, Centre for Ecological and Evolutionary Studies (CEES),
Univ. of Groningen, PO Box 11103, NL-9700 CC Groningen, the Netherlands. — J. Stahl, SOVON, Dutch Centre for Field Ornithology,

PO Box 6521, 6503 GA Nijmegen, the Netherlands.

The number of staging geese in northwestern Europe has increased dramatically. Growing goose numbers put strong
grazing pressure on agricultural pastures. Damage to agricultural land may be mitigated by managing nature reserves in
order to optimally accommodate large numbers of grazing geese. Livestock grazing has been shown to facilitate foraging
geese; we take the novel approach of determining the effects of four different livestock grazing treatments in a replicated
experiment on the distribution of geese. We present experimental field evidence that livestock grazing of a salt marsh in
summer affects the habitat preference of foraging geese during autumn and spring staging. In an experimental field set-up
with four different livestock grazing treatments we assessed goose visitation through dropping counts, in both autumn
and spring. Grazing treatments included 0.5 or 1 horse ha=! and 0.5 or 1 cattle ha~! during the summer season. The
livestock grazing regime affected goose distribution in autumn, just after livestock had been removed from the salt marsh.
In autumn, goose visitation was highest in the 1 head ha~! grazing treatments, where grazing intensity by livestock was also
highest. In line with this result, goose visitation was lowest in the 0.5 head ha=! livestock grazing treatments, where the
grazing intensity by livestock was lowest. The differences in goose visitation among the experimental treatments in autumn
could not be explained by the canopy height. In spring we did not find any effect of livestock grazing treatment on goose
visitation. Differences in the distribution of geese over the experiment between autumn and spring may be explained by
changes in the availability of nutrient-rich vegetation. Livestock summer grazing with a high stocking density, especially
with horses, can be used to attract geese to salt marshes in autumn and potentially reduces damage caused by geese to
inland farmland. From a nature conservation interest point of view, however, variation in structure of the vegetation is a
prerequisite for other groups of organisms. Hence, we recommend grazing of salt marshes with densities of 0.5 head ha~!

of livestock when goose conservation is not the only management issue.

Over the past decades the number of staging geese in
northwestern Europe has increased dramatically (Fox et al.
2010). An example is the almost exponential growth of the
barnacle goose population Branta leucopsis from an estimated
267 000 in the 1990s to 770 000 barnacle geese in 2010
(Fox et al. 2010). Growing goose numbers put strong graz-
ing pressure on agricultural pastures, and geese reduce grass
yields originally intended for cattle (Patton and Frame 1981,
Owen 1990, Vickery 1999). Farmers call for a management
of nature reserves in order to optimally accommodate large
numbers of grazing geese, as a measure to mitigate goose
damage on agricultural land (Owen 1990, Mooij 1991,
Percival 1993, Vickery et al. 1994, Vickery 1999).

Livestock grazing is a common tool in nature management
(Ebrahimi et al. 2010) and it has been shown to facilitate
foraging geese (Van der Graaf et al. 2002, Bos et al. 2005b).
With a relatively high stocking density, grass swards are kept
short and facilitate the use by grazing geese. (Van der Graaf
et al. 2002, Bos et al. 2005b). A short sward enhances intake
rates and young shoots are protein rich and provide food of

a high nutritional value for small herbivores such as geese
(Van de Koppel et al. 1996, Fox et al. 1998, Mayhew and
Houston 1999). Previous studies have also shown that canopy
height is an important determinant for the distribution of
geese on a salt marsh (Drent and Swierstra 1977, Riddington
et al. 1997, Vickery 1999), and that the highest numbers of
geese will be found at a relatively low canopy height.
Livestock grazing affects canopy height and while the
effects of canopy height on geese have been documented,
in this study we take the novel approach of determining
the effects of four different livestock grazing treatments in a
replicated experiment on the distribution of staging geese.
With the results from this study we make recommendations
on management options for mainland salt marshes with
regard to habitat preference of staging geese. In our recom-
mendations we take into account the local goal of increas-
ing biodiversity in the study area. Grazing management
resulting in the highest numbers of geese may not necessarily
positively affect other bird species, invertebrates or plant

diversity.
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Methods

Study site

The study site is part of a large connected mainland salt
marsh in the north of the Netherlands along the Wadden
Sea coast (53 20’N, 5°43’E). The mainland salt marshes of
the Netherlands Wadden Sea are largely of anthropogenic
origin, because their development has been promoted by
the construction of sedimentation fields and ditching
(Verhoeven et al. 1980, Esselink et al. 2009). These engi-
neering works nowadays no longer aim at land claim but at
conservation of the existing salt marsh. The study area and
surrounding marshes are now managed as a nature reserve,
with livestock grazing by cattle and horses used as a measure
to increase plant diversity. The study area is an important
autumn, winter and spring staging site for geese (Fig. 1),
especially barnacle geese and, to a lesser extent, brent geese
Branta bernicla.

Experimental design

In spring 2010 we started a grazing experiment with three
55-ha replicates. Each replicate was divided in four equally
sized paddocks with a different grazing treatment in each
paddock. The grazing treatments were 1 horse ha=!, 0.5
horses ha=1, 1 cattle ha=! and 0.5 cattle ha=!. The grazing
treatments were allocated to the paddocks within a replicate
randomly, but we made sure not to place two horse-grazed
treatments next to each other, as horses are known to be
influenced in their site choice by other horses in adjacent
paddocks. Livestock was present from June to October.
Within each paddock, we established a transect for goose
dropping counts from high to low marsh. High and low
marsh were distinguished based on vegetation maps with
TMAP typology (Trilateral Monitoring and Assessment
Programme; Esselink et al. 2009). Four plots on each
transect were placed in vegetation types classified as high
marsh vegetation and four plots were placed in low marsh
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Figure 1. Geese numbers counted during the period of this study in
the study area surrounding the experiment show that the study area
is extensively used by geese in autumn and spring.
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vegetation. The four low marsh plots were always closer to
the sea edge than the four high marsh plots. In this manner
eight plots per transect, a total of 96 plots, were placed in the
entire study area. We marked the middle of the plots with a
bamboo stick which protruded not more than 10 cm above
the marsh bed.

From October to December 2011 (autumn) and from
March to May 2012 (spring) we counted goose droppings
and removed them from the plots at weekly intervals. For
this, we used a 113 c¢m piece of string, which we attached
to the bamboo stick at the centre of each plot. We then
circled the stick, counting and removing droppings from
a 4-m? plot with our string providing a 113-cm radius.
Foraging geese defecate at regular time intervals (Owen 1971,
Bruinzeel et al. 1997), so the number of goose droppings
provides a sound estimate of the total grazing time by geese
in a plot (Owen 1971). If the study site was flooded between
the weekly dropping counts, these dropping counts were
discarded from the analyses, as we could not exclude drop-
ping removal or addition by the tidal water in the preceding
interval.

In autumn, three dropping counts, one in October, one
in November and one in December, were removed from
the analysis, because the study area was flooded prior to the
counts. In the spring period, flooding events did not inter-
fere with the dropping counts. We calculated the average
number of droppings per weekly interval for each of the 96
plots in both seasons, and used these two average values per
plot in the data analyses.

Prior to the first dropping counts in both autumn and
spring, the canopy height at each plot was measured to the
nearest centimeter four times using a sward stick; for this a
styrofoam disc was dropped down along a vertical ruler and
the height above ground where it comes to rest was measured
(Holmes 1974, Stewart et al. 2001). The canopy height in
the plots was used as an explanatory factor for differences
in goose visitation between grazing treatments. The four
measurements of canopy height at each plot were averaged.

Analysis

To study the experimental effects of the grazing treatments,
the dropping counts averaged over weeks were used as the
response variable in a generalised linear mixed effects model
with grazing treatment, season (autumn/spring), salt-marsh
zone (high or low marsh, based on plant species composi-
tion), the interaction between grazing treatment and season
and the interaction between grazing treatment and salt-
marsh zone as the fixed explanatory variables. The three
replicates of the experiment were included as a ran-
dom effect. With the estimates from the model, pairwise
comparisons between the treatments were made using the
multcomp package (Hothorn et al. 2008) in R.

We hypothesised that the possible treatment effects on
goose visitation were generated by impact of livestock on
canopy height. For the season with a significant treatment
effect, we therefore fitted a different generalised linear mixed
effects model in an attempt to explain the variation in the
average number of droppings. In this model the explanatory
variables were the average canopy height per plot, square
canopy height per plot, salt-marsh zone, and all two-way



interactions. The three replicates of the experiment were
again included as a random effect. Both statistical models
were reduced by backwards elimination and by an evalu-
ation of models at every step on the basis of AIC values
(Zuur et al. 2009). The statistics were performed in R, using
the Ime4 package (Bates et al. 2011) to create the linear
mixed effects models.

Results

Overall patterns in livestock grazing

The summed numbers of goose droppings found over the
entire study area are rather similar in autumn and spring
(Appendix 1). With the linear mixed model used in this
study we found significantly fewer goose droppings on the
low marsh, compared to the high marsh (Table 1).

Experimental treatment effects

We found that the effects of livestock grazing treatment on
the number of geese droppings differed per season (Table 1).
In autumn we found differences in goose droppings between
treatments using pairwise comparisons (Fig. 2). The high-
est numbers of goose droppings were found in the 1 head
ha~! treatments, while the fewest were found in the 0.5
head ha~! treatments (Fig. 2). In the spring we did not find
any significant differences in numbers of goose droppings
among the treatments. Treatment effect was strongest
directly after the livestock had been removed from the
experiment in autumn (Table 2).

Does canopy height explain the treatment effects?

The differences in numbers of goose droppings in autumn
between grazing treatments could not be explained through
average canopy height (Table 3). With an additional linear
mixed effects model we did not find any significant relation
between average canopy height and the number of goose
droppings in autumn (¥2 = 1.45, p = 0.23).

Discussion

Effects of grazing treatments

Livestock grazing treatments with high stocking densities
were preferred by staging geese in autumn, while in spring

Table 1. Significance of fixed model parameters calculated by com-
paring a full model with models where one of the variables was
removed. DF represents the change in degrees of freedom compared
to the best model, with 11 DF. AIC shows the AIC values of the
models without each variable. AIC value of the best model was
412.80. Models were created with the Ime4 package (Bates et al.
2011) in R. Note that the interaction between grazing treatment and
marsh is significant, indicating that the effects of grazing treatment
vary between the seasons.

Variable X2 DF AIC p-value
Marsh zone 14.38 1 421.70  <0.001
Grazing treatment X Season ~ 28.62 3 431.34 <0.0001

(A) 12, 5 Autumn (B)

alb a

blc _'L

0
O O s, s €. 0
R,
D % o % B % o %
S B R % % B % %
IO > ® % B
S ® %@

Figure 2. The average number of droppings per 4-m? in autumn
and spring in four different grazing treatments. The numbers indi-
cate clear differences in the use of different grazing treatments by
geese in autumn (A). In spring we did not find significant differ-
ences between the same grazing treatments (B). Letters above the
bars indicate significant differences between the treatments in each
panel. Note that the generalised linear mixed model used to analyse
the data takes into account variance between the replicates. The
averages shown in the figure, therefore, are a simplification of the
underlying data, which may explain why, perceived large differ-
ences between the 1 horse ha™! treatment and the 1 cattle ha™!
treatment in both autumn and spring are not significant.

grazing treatments did not seem to affect the distribution of
foraging geese over the experiment. This confirms the study
by Aerts et al. (1996) who found that barnacle geese were
more evenly distributed over different habitat types in spring
than in autumn.

At the point of completion of the growing season, at the
beginning of autumn, the vegetation on a salt marsh is rela-
tively tall and mature, and plant digestibility is low due to
high fibre contents in the shoots (Demment and Van Soest
1985, Aerts et al. 1996). Summer grazing, especially in high
stocking densities, keeps the vegetation short and at young
growth stages. Grazing induces the growth of secondary
shoots and new leaves, which are relatively nitrogen rich

Table 2. Estimates and standard errors for the generalised linear
mixed model showing the effects of grazing treatment on number of
goose droppings. Note that the differences in the estimate for the
grazing treatments in autumn are larger than the differences in the
estimates for the grazing treatments in spring. This suggests that the
differences between the treatments are more pronounced in autumn
than in spring.

Estimate Standard error
1 horse ha=" spring 1.83 0.65
1 cattle ha=" spring 2.23 0.46
0.5 horses ha=" spring 2.09 0.65
0.5 cattle ha=1 spring 2.06 0.65
1 horse ha—1 autumn 2.32 1.09
1 cattle ha=1 autumn 1.92 0.65
0.5 horses ha~1 autumn 1.65 1.09
0.5 cattle ha—' autumn 1.18 1.09
low marsh vs high marsh -0.35 0.09
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Table 3. Canopy heights = SE per treatment, averaged over the three
replicates of the experiment.

Grazing treatment Average autumn Average spring

1 cattle ha! 13.8+2.3 2.5*x03
1 horse ha~1 8.5+19 1.6+0.3
0.5 cattle ha—1 21.1*+4.6 3.8x0.4
0.5 horses ha-! 35+2.6 3.5+0.3

(Demment and Van Soest 1985, Van de Koppel et al. 1996,
Fox et al. 1998, Mayhew and Houston 1999), and are high-
quality food for small herbivores, such as geese (Ydenberg
and Prins 1981, Summers and Critchley 1990). A preference
of geese for high-quality food in short canopies (Vickery
1999, Olff et al. 1997), may explain goose preference for the
1 head ha™! grazing treatments in autumn (Fig. 2).

In spring new growth of vegetation occurs over the
entire marsh. Previous studies have shown that geese can
selectively forage on patches of high quality food in areas of
lower quality food (Bos et al. 2005a). In spring geese may,
therefore, spread over larger parts of the study area to forage
on patches of high quality spring growth. Additionally, in
autumn tall vegetation on the salt marsh may be avoided
by foraging geese (Aerts et al. 1996), because predators
are harder to detect (Underwood 1982, Loughry 1993,
Kuijper and Bakker 2008). In winter, the salt marsh is regu-
larly flooded during storms. These flood events destruct
and flatten the vegetation and in spring, differences in
vegetation structure/canopy height among grazing treat-
ments have become much smaller. Therefore, tall vegetation
may no longer present a problem for foraging geese. This
corresponds to our finding that the geese use all grazing
treatments evenly in spring.

Livestock grazing may also change the plant species com-
position of a salt marsh (Bakker et al. 1993, Olff et al. 1997)
and with that the food availability for geese (Aerts et al.
1996). Previous studies showed that the preferred food of
geese differs between seasons. Brent geese prefer Puccinellia
maritima in winter, Salicornia sp. leaves and seeds in autumn
and Trichlogin maritima, Plantago maritima and Aster
tripolium in spring (Prop and Deerenberg 1991, Summers
et al. 1993, Rowcliffe et al. 1995, Van der Wal et al. 2000).
This seasonal variation in diet preference combined with
effects of livestock grazing on plant-species composition
could be an alternative explanation for the effects of livestock
grazing in autumn and spring found in the present study.
However, Nolte (unpubl.), using data from permanent plots
over three years, showed that within the study area within
the timeframe of this study, plant-species composition did
not change significantly in the grazing treatments. Possibly,
the grazing experiment has been running too short to find
effects of livestock grazing on plant-species composition

(Bakker et al. 1996, Nolte unpubl.).

Implications for management

Salt marshes are a natural habitat for staging geese and
grazing management can be applied to conserve salt marsh
habitat for geese. Succession of the salt marsh may lead to
higher canopy heights and eventually the dominance of the
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tall grass species Elytrigia atherica over a salt marsh (Bakker
et al. 1993). This would make salt marshes unsuitable for
grazing geese. Grazing management may retard the succes-
sion of a salt marsh (Olff et al. 1997), preventing Elytrigia
atherica from overgrowing a marsh. In this study we show
that as long as livestock grazing retards succession, the exact
grazing management has little effect on the distribution of
geese in spring.

'The type of management action recommended for an area
is, however, very much dependent on the goals set for nature
management. In our study area, the management goal is to
increase biodiversity. Biodiversity is higher in moderately
grazed areas opposed to intensively grazed areas (Bakker
et al. 1993). Moderate grazing leads to a higher structural
diversity in the vegetation, which in turn supports higher
numbers of invertebrates than intensively grazed sites (Olff
and Ritchie 1998, WallisDeVries et al. 1999, Balmer and
Erhardt 2000, Dennis et al. 2001, Woodcock et al. 2005,
Rickert et al. 2012). Many breeding waders in the study area,
have different habitat requirements than geese, and prefer
structurally diverse vegetation over short-grazed homoge-
neous vegetation (Norris et al. 1997, 1998, Milsom et al.
2000, Tichit et al. 2005, Verhulst et al. 2011). Along this
line Vickery et al. (1997) describe a management conflict
in grazed coastal salt marshes for staging geese and breed-
ing waders. Some waders, such as lapwing Vanellus vanellus
or dunlin Calidris alpina, however, prefer shorter vegetation
(Niethammer and Von Blotzheim 1966, Clausen and Kahlert
2010). These species may benefit from high density livestock
grazing, which would present no conflict with managing a
salt marsh for staging geese, although the trampling of nests
is lower when an area is grazed with low stocking density
(Beintema and Miiskens 1987, Fuller and Gough 1999,
Mandema et al. 2013). Trampling of nests may be largely
prevented by postponing release dates of cattle to the end of
the breeding season.

In those areas where geese themselves are of conservation
concern e.g. light-bellied brent geese Branta bernicla hrota in
Denmark (Clausen et al. 2013), our results show that geese
in autumn benefit most from high density livestock graz-
ing by horses. Benefits for geese with a conservation concern
should in these areas be carefully weighed against detrimen-
tal effects of high density horse grazing for other groups of
organisms.

Lastly, livestock grazing may be used to keep geese on salt
marshes instead of inland agricultural fields. This will most
likely be of little effect; we only found a significant differ-
ence between livestock grazing treatments in autumn. The
geese inflict most damage to farmland in spring when the
grass is growing fastest and is harvested as food for livestock
(Mayes 1991, Vickery 1999). Additionally, managing nature
areas for geese will, at best, temporarily remove the pressure
from agricultural fields. Considering the strong increase in
goose numbers over the past decades (Fox et al. 2010), it
seems likely that increasing the amount of land that is suit-
able as foraging habitat for geese will eventually lead to an
increase in the number of geese and renewed pressure on
farmland. Nonetheless, providing areas of high-quality for-
aging grounds for geese in autumn may attract geese to salt
marshes, at least temporarily relieving some of the stress cre-
ated by geese on farmland.
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