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Summary

1.

 

Overlap in habitat use between herbivores can result in facilitative interactions,
through enhancement of forage quality, as well as competitive interactions. The latter
result from either interference or indirectly from resource depletion.

 

2.

 

We investigated competitive and facilitative interactions between wild Barnacle and
Brent Geese and European Brown Hares on a salt marsh in the Dutch Wadden Sea.
In a multifactorial experimental design, we manipulated biomass and quality of grass
swards and determined foraging preferences of the wild herbivores.

 

3.

 

We found that both Barnacle and Brent Geese select plots with plants that have a
higher nitrogen content. Barnacle Geese avoid plots with high plant biomass.

 

4.

 

Hares prefer the combination of high biomass with high plant quality, when geese
are absent. However, in the natural situation with geese present, hares select high
biomass swards.

 

5.

 

Grazing increases the quality of the vegetation within one season. Geese mainly
select plots that have been previously grazed by either geese or hares within the same
season.

 

6.

 

We conclude that indirect competition through forage depletion by large numbers
of geese in spring plays a significant role determining the foraging choices of hares,
while Barnacle Geese profit from grazing facilitation by other small herbivores which
prevents the maturation of forage tissues.
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Introduction

 

In terrestrial ecosystems, herbivores consume, on
average, only 10–20% of annual net primary production
(Cyr & Face 1993). Explaining why so much of  the
terrestrial plant biomass is left uneaten remains a major
challenge in studies of plant–animal interactions (Polis
1999). It has been argued that herbivore numbers are
controlled partly by predators, parasites and diseases
(Hairston, Smith & Slobodkin 1960). In addition,
potential food plants show many characteristics that
deter herbivores, e.g. low nutritional quality and chemical
defences. These plant characteristics are intrinsically
heterogeneous in space and time, rendering plants a
patchy and unpredictable food source (Hartley &
Jones 1997).

Two constraints on rates of  nutrient uptake in
herbivores are the short-term rate of food intake,
mainly influenced by forage availability, and the long-
term rate of energy assimilation, mainly characterized
by processing constraints that reflect forage quality
(Wilmshurst, Fryxell & Hudson 1995). Besides plant
phenological changes, food plant availability and
nutritional quality also depend on the manipulation of
the foraging environment by the herbivores themselves
(Drent & Van der Wal 1999). The maintenance of
grazing lawns brought about by events of cyclic grazing
(McNaughton 1984) is one example of maximizing
intake per unit time (reviewed in Drent & Van der
Wal 1999). Foraging herbivores can either physically
change the structure of a plant community (trampling
or selective grazing) or can modify plant phenology as
a consequence of consumption, which often indirectly
changes the chemical composition of tissues (Arsenault
& Owen-Smith 2002). We use the term herbivore
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facilitation when the foraging opportunities of one
species are enhanced indirectly by the feeding activities
of another. In contrast, depletion of resources, inter-
ference and resource competition between consumer
species negatively affect resource acquisition by a
particular herbivore species, potentially influencing
foraging choices, and inducing resource partitioning
by different herbivores (Belovsky 1984; Gordon &
Illius 1989; Edwards, Croft & Dawson 1996; Murray &
Illius 2000).

The close interplay of facilitative and competitive
interactions between herbivores has long been neglected
and experimental field studies remain scarce (Van der
Wal, Kunst & Drent 1998a; Van der Wal 

 

et al

 

. 2000b).
Overlap in habitat use, sharing of  food plants and
limited food supply, which are generally described as
necessary prerequisites for resource competition (De
Boer & Prins 1990), are also prerequisites for facilitation
in a system where one herbivore species has a beneficial
effect upon another. We suggest that the timing of
overlap in plant use by different herbivores in connec-
tion with seasonal patterns of plant phenology can
lead to either competition or facilitation. The African
savannahs with their collection of large, mainly migra-
tory, ungulate grazers are an example of  a system
where both competitive and facilitative interactions
between herbivores occur (De Boer & Prins 1990;
Sinclair 1995; Van de Koppel & Prins 1998; Prins &
Olff  1999).

In the present study we report on temperate salt
marshes, where there is the potential for interactions
between three herbivore species with strong temporal
and spatial overlap. Barnacle Geese, 

 

Branta leucopsis

 

,
and Dark-Bellied Brent Geese, 

 

Branta bernicla bernicla

 

,
use coastal salt marshes in the Dutch, German and Danish
Wadden Sea during spring fattening, accumulating
energy reserves essential for successful migration and
subsequent reproduction at Arctic breeding sites
(Ebbinge & Spaans 1995). On natural salt marshes
European Brown Hares, 

 

Lepus europaeus

 

, are the only
other important vertebrate herbivore, which, in con-
trast to staging geese, use the salt marsh year round.
Migratory geese are among those herbivores, for which
the terrestrial green world is far from being universally
edible or universally nutritious, and the birds show a high
degree of dependency on forage of superior quality
(e.g. Prop & Deerenberg 1991). For this reason, geese
are particularly selective in their habitat choices (Van
der Graaf  

 

et al

 

. 2006b), and we predict that they are
sensitive to alterations in food availability and quality
imposed by interactions with other herbivores using
the same forage. Recent studies provide evidence for
direct interference and food competition between Brown
Hares and Brent Geese during spring (Van der Wal 

 

et al

 

.
1998a), as well as for indirect, long-term facilitation by
hares for Brent Geese through selective removal of woody
plant material in winter (Van der Wal 

 

et al

 

. 2000b). In
this study we focus both on competitive (i.e. removal of
potential forage by preceding grazers) and facilitative

(i.e. grazing lawns maintained by predecessors) inter-
actions. For our study site we find that the vegetation
is not affected by nitrogen addition through dropping
deposition (A. J. Van der Graaf, unpublished data).

With a multifactorial experimental approach, we
manipulated biomass and quality of forage grass
swards in the field. Subsequently we monitored the use
of these plots by wild geese and hares. The experiments
allowed us to investigate the reaction of small herbiv-
ores to the main forage parameters which are biomass
availability and forage quality. Based on their depend-
ence on high-quality forage (Prop & Vulink 1992), we
expect that geese prefer plots with increased quality.
Hares can cope with less nutritious food (Kuijper,
Van Wieren & Bakker 2004). For hares, we therefore
hypothesize that they select plots with high biomass
even with a lower nutritional value. In particular, we
aimed to gain insights into the interactions of geese and
hares on a common food source in the spring period.
We expect the relationship between these vertebrate
herbivores to be competitive when resident hares and
staging geese jointly use 

 

Festuca rubra

 

 as forage, espe-
cially during March, April and May, the spring staging
period of the migratory geese. These competitive inter-
actions may result in one of the herbivores accepting
suboptimal foraging conditions.

 

Methods

 

 

 

The field experiments were performed on the salt
marsh of the island of Schiermonnikoog, in the eastern
part of the Dutch Wadden Sea (53

 

°

 

30

 

′ 

 

N, 6

 

°

 

10

 

′ 

 

E). As
cattle are excluded from the study area, Brown Hares
and rabbits, 

 

Oryctolagus cuniculus

 

, are the only resident
vertebrate herbivores, but Barnacle and Brent Geese are
transient grazers during winter and spring. Grazing by
rabbits was considered to be insignificant, as rabbits
stayed close to the dunes beyond the experimental area.
There are no voles (

 

Microtus

 

 sp.) on this island and
other rodent folivores are absent. Numbers of hares
counted in November 1996, 2001 and 2002 preceding
the experiments in spring, were, respectively, 550, 350
and 300 in the 550-ha marsh and dune area (Van der Wal

 

et al

 

. 1998a; Kuijper 

 

et al

 

. 2004). Maximum Barnacle
Goose numbers in the same area varied between 2500
in March and 900 in April (J. Stahl, A. J. Van der Graaf,
personal observations). Maximum Brent Goose num-
bers on the salt marsh rose from 850 in February to 910
in April and 1500 in May (J. Stahl, A. J. Van der Graaf,
personal observations).

Three experimental studies were conducted during
the spring of 1997, 2002 and 2003. The study area on
the higher marsh was approximately 30 years of  age
(as described by Van der Wal 

 

et al

 

. 1998a) and is one of
the salt-marsh areas most intensively grazed by small
herbivores in spring (Van de Koppel 

 

et al

 

. 1996). The
vegetation was dominated by dense swards of 

 

Festuca
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rubra

 

 (average cover value 72%); 

 

Juncus gerardi

 

 was
present in shallow depressions (average cover value 18%).
Emerging stems of the shrub 

 

Artemisia maritima

 

, can
locally dominate the plant community during summer,
but average cover was only 2% during spring. 

 

Festuca
rubra

 

 accounts for 90% of the diet in staging Barnacle
Geese (Van der Wal, Van de Koppel & Sagel 1998b),
53% of the diet in staging Brent Geese (Van der Wal

 

et al

 

. 2000a) and 51% of the estimated spring diet of
hares in the study area (Van der Wal 

 

et al

 

. 1998a).
For this study we concentrated on the 

 

Festuca

 

meadows of the upper marsh where the three herbivores
occur together, with peak usage from mid-March to late
April. In this period the majority of the geese grazing
on the 

 

Festuca

 

 meadows are Barnacle Geese. By early
May, the Barnacle Geese have left the island on migra-
tion to the breeding areas, and the Brent Geese shift to
the lower marsh where they select a more varied diet
(Prop & Deerenberg 1991), but still exploit 

 

Festuca

 

 until
they depart from mid- to late May. We can profit there-
fore from a study system where resident and migratory
herbivores use a joint food source during the period of
rapid spring plant growth within partially overlapping
time windows: hares and Barnacle Geese in March/
April, hares and Brent Geese in April /May.

 

      
   

 

(

 

 


 

)

 

In mid-February, in early March and at the beginning
of April 2003, respectively, 10 replicates of four experi-
mental plots were created on homogeneous swards of

 

Festuca rubra

 

, each plot measuring 4 m 

 

×

 

 4 m. Each
replicate consisted of an untreated control plot (sub-
sequently called 

 

bq

 

), a plot with increased biomass
(subsequently called 

 

Bq

 

), a plot with increased quality
(subsequently called 

 

bQ

 

) and a plot with increased
quality and increased biomass (subsequently called

 

BQ

 

). The experimental biomass increase was obtained
by setting up exclosures, consisting of 50-cm high
chicken wire, screened from above by thin ropes (called

 

full exclosure

 

 from now on). The corners of the control
areas were marked with short plastic pegs. The experi-
mental increase in quality was obtained by applying a
commercial granular fertilizer (NPK 12–10–18, 12%
N, resulting in an addition of 100 kg nitrogen ha

 

−

 

1

 

).
The exclosures were established for 2 weeks and then

removed. This event is called 

 

start of the experiment

 

.
Upon removal, we imposed two different competitive
scenarios: five replicates (each containing four plots
representing the four treatments) were completely
opened for herbivore access, so both geese and hares
could graze in these plots. On the other five replicates
selective goose exclosures were erected. The goose
exclosures allowed hares to graze the plot but effec-
tively excluded geese. The exclosures were constructed
from bamboo sticks connected by horizontal ropes at
different heights (10 cm and 50 cm). The four treat-

ments within one replicate were separated by approxi-
mately 3 m and replicates were spaced approximately
150 m apart. In order to quantify foraging choices of
both herbivore species we counted the number of
droppings of both hares and geese on the plots. Sward
heights are generally lower than 7·5 cm in our study area
(Van der Graaf 

 

et al

 

. 2002) and provide no shelter from
predators. In the following we therefore use dropping
numbers as an indicator of grazing pressure. Droppings
were counted before opening the treatments to grazing,
as a measure of grazing pressure before the start of the
experiment, and again 3 weeks after the start of the
experiment. At the start of the experiments, no droppings
were recorded in the exclosures.

At the start of the experiment biomass and forage
quality were measured. In order to leave the sward
undisturbed we applied a non-destructive technique to
measure biomass by multiplying average tiller weight
with average tiller density. Tiller density was measured
on 20 randomly placed quadrats of 5 cm 

 

×

 

 5 cm on
each individual plot. In these quadrats we counted all
tillers of 

 

Festuca rubra.

 

 Tiller weight was determined by
clipping 50 tillers of 

 

Festuca rubra

 

 at ground level from
each plot. In order to obtain a representative sample of
tillers, a point was randomly selected within each plot
and all tillers around this point were collected until a
sample of 50 tillers was achieved. These tillers were dried
at 60 

 

°

 

C for 48 h and weighed. In addition, samples of
approximately 4 g of  fresh 

 

Festuca

 

 tips (2 cm) were
collected on each plot. Plant material was washed,
dried at 60 

 

°

 

C for 48 h and ground to a fine powder. As
a measure of forage quality, total nitrogen content of the
plant tissue was determined using an automated CHNS
analyser (automated element analysis, Interscience EA
1110, New York).

 

 

 

Additional experiments were conducted during spring
1997 and spring 2002 at a salt-marsh site in the sur-
roundings of the main experiment. In both studies food
availability and quality of 

 

Festuca rubra

 

 were manipu-
lated and foraging choices of geese and hares were
monitored through dropping counts. In these years,
hares and geese were jointly using the plots and there-
fore interactions between the herbivores could not be
tested in detail.

In 1997, we applied differently scheduled exclosure
treatments in combination with fertilization (in total
48 plots of 4 m 

 

×

 

 4 m) to create a range of amounts of
plant biomass and of tissues with different nitrogen
contents on 

 

Festuca

 

 swards, which was offered to wild
Brent Geese and hares at the start of the experiment in
the first week of May. At that time in spring, Barnacle
Geese had already left on migration.

In 2002 we created 10 replicates, each consisting of
four experimental plots. Each replicate consisted of
a natural grazed plot (grazed by wild geese and hares),
a plot on which grazing by geese was excluded (goose
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exclosure), a plot on which grazing by both geese and
hares was excluded (full exclosure) and a plot on which
grazing by captive geese was applied (two geese in a
holding pen for 24 h). Grazing pressure applied by the
captive geese closely mimicked the natural cumulative
grazing pressure of the site during that period in spring
(natural 

 

vs

 

 experimental grazing pressure, mean 

 

±

 

 SE:
2·85 

 

±

 

 0·54 

 

vs

 

 3·06 

 

±

 

 0·29). These treatments created a
range of amounts of plant biomass and of tissues with
different nitrogen contents on 

 

Festuca

 

 swards (in total
40 plots of 4 m 

 

×

 

 4 m). The plots were opened to wild
Barnacle Geese and hares at the start of the experiment
in the first week of April 2002. At that time in spring,
Brent Geese rarely forage on 

 

Festuca

 

 swards and the
measured response of goose grazing pressure therefore
represents the grazing pressure of Barnacle Goose only.
Plot selection, exclosure design and fertilizer application
followed the same protocol as described in the previous
paragraph for the main experiment. Grazing with
captive geese was conducted under licence of  the
ethical committee for use of  experimental animals
of the University of Groningen (DEC RuG, licence
number 2734).

In the additional experiments, forage biomass and
quality were measured at the start of the experiment
following the protocol described for the main experi-
ment. At the start of both additional experiments, goose
and hare droppings were counted on all plots and
removed. The foraging choice of wild geese and hares
was monitored, based on weekly dropping counts for
a period of 3 weeks after the start of the experiment.
For the analyses, cumulative dropping numbers for
3 weeks were linked to values of biomass and forage
quality of each individual plot. In our analyses, we do
not examine the experimental history of the plots, since
this was merely the means of creating a range of values
of biomass and forage quality. We will relate directly
grazing pressure to differences in biomass and forage
quality that were created from the different treatments.
Replicates (

 

N

 

 = 48 for 1997 and 

 

N

 

 = 40 for 2002) and
date (first week of May and first week of April for 1997
and 2002, respectively) were included as factors in the
statistical model, given below.

In order to measure herbivore responses in the main
as well as the additional experiments, we deliberately
used cumulative dropping numbers for 3-week periods
instead of weekly counts. We chose to use a 3-week
period to ensure that all experimental blocks (each
containing the four treatments) were actually detected
by the herbivores, as zero values contain no information
whether a treatment was not preferred, or simply not
found and therefore not used in a particular week.

 



 

For all analyses, we log-transformed (log(

 

x

 

 + 1)) data
of the dropping count to meet normality.

In the analysis of herbivore responses in the main
experiment in 2003, we used a univariate 

 



 

 with

fertilization and exclosure as fixed factors, and repli-
cate nested within the starting date of the experiment
as random factor. From now on, we will refer to the set
of  replicates started on the same date as set. To test
the effects of the treatments on 

 

Festuca

 

 biomass and
nitrogen content we used a multivariate 

 



 

 with
the same factors as mentioned above.

Data from all years were used to correlate 

 

Festuca

 

biomass, nitrogen content and the reaction of  the
herbivores. The reaction of hares to the different levels
of biomass and forage quality was tested using the full
data set (1997, 2002, 2003). In the case of Brent Geese,
only data from 1997 were used. For the Barnacle Geese
data from both 2002 and 2003 were used. The plots
that were only opened to hares in 2003 were analysed
separately. We used univariate 

 



 

s with 

 

Festuca

 

biomass and nitrogen content as covariates and replicate
nested within set as a random factor.

For the comparison of goose and hare droppings
before (preceding grazing pressure) and after (foraging
choice) the start of the experiments we used a Pearson
correlation coefficient.

 

Results

 

Our results of the vegetation measurements clearly
indicate that the exclosure treatment created a sward
with increased biomass and that the fertilization treat-
ment increased the nutritional quality of the forage
plants (Table 1). Fertilization did not increase biomass,
nor did exclosures affect forage quality (Table 1).
These data from our main experiment in 2003
demonstrated clear foraging choices by the Barnacle

Table 1. Quantity and nitrogen content of biomass of
Festuca rubra as created by the different treatments (fertilizer
application and exclosed from grazing by geese and hares), at
the start of the main experiment, given as mean ± SE for each
treatment and summarized for three sets in mid-February,
early March and early April 2003 on the salt marsh of
Schiermonnikoog. A results of a multivariate  in B.
Treatments: bq – low biomass, low quality, Bq – high biomass,
low quality, bQ – low biomass, high quality, BQ – high biomass,
high quality

A
Treatment N

Biomass 
(g dry weight m−2) Quality (% N)

bq 30 24·2 ± 1·3 3·38 ± 0·68
Bq 30 26·7 ± 1·3 3·35 ± 0·69
bQ 30 24·3 ± 0·9 4·66 ± 1·09
BQ 30 27·2 ± 1·4 4·66 ± 1·08

B Biomass Quality

df F P F P

Fertilization 1 0·011 0·917 187·633 <0·001
Exclosure 1 6·520 0·012 0·074 0·786
Fert. * Excl. 1 0·000 0·997 0·080 0·778
Replica (Set) 29 1·939 0·010 6·197 <0·001
Error 86
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Geese: they preferred fertilized plots above non-
fertilized plots and they avoided previously ungrazed
(exclosed) plots (Fig. 1a, Table 2). We conclude that
the geese prefer forage of high nutritional quality in
combination with low or moderate above-ground
biomass levels.

Hares showed no preference for any treatment when
plots were simultaneously used by geese (Fig. 1b, Table 2),
which simulates the natural spring grazing situation.
However, we detect a non-significant trend towards a
preference of  previously exclosed plots with higher
levels of biomass (

 

P =

 

 0·069, Table 2). When geese were
excluded and hares were the only grazers on the plots,
hares preferentially foraged on plots with high biomass
and with shoots of high nutritional quality (Fig. 1c,

Table 2). Forage choices of the hares thus shifted in the
absence of  direct competition with geese as shown
in Fig. 2, which depicts the relative preference of the
herbivores for plants subject to the different treatments.
In contrast to Fig. 1, this figure allows a direct com-
parison of  the two herbivore species as it presents
relative values of  forage choices and demonstrates
the differences in preference for quality and biomass
parameters between geese and hares.

 

     
      
    

 

We amalgamated data from all experiments to relate
the quantity and quality of biomass to food choice by
geese and hares. We tested the foraging responses of
the herbivores over a wider range of biomass amounts,
which also differed in nutritional quality. Both Barnacle
(data from 2002 and 2003, 

 

N

 

 = 80) and Brent Geese
(data from 1997 only, 

 

N

 

 = 48) preferred plots with highly
nutritious plants (Table 3). Hares preferred plots with
high biomass when geese were present in the area (data
from all years, 

 

N

 

 = 128), but plots with highly nutritious
plants when geese were absent (data only from 2003,

 

N

 

 = 60, Table 3).

 

    
  

 

We used a Pearson correlation to relate goose and hare
grazing pressure at the start of the three experiments
with cumulative grazing pressure. Hares avoided plots

Fig. 1. Use of the different treatments, created in the main
experiment, by either geese (a), hares in a natural situation
where geese are present (b) and in a situation where geese are
excluded (c) on the salt marsh of Schiermonnikoog. Shown is
the mean ± SE, summarized for three sets in mid-February,
early March and early April 2003. Different letters denote
significantly different values (Tukey LSD test).

Table 2. Results of a univariate  testing the response of
(A) Barnacle Geese (with hares present), (B) Brown Hares
(with geese present) and (C) Brown Hares (with geese absent)
to the treatments applied to swards of Festuca rubra in the main
experiment in 2003 (fertilizer application and exclosed from
grazing by geese and hares) on the salt marsh of Schiermonnikoog,
N = 60. Sets 1–3 were opened, respectively, in mid-February,
early March and early April 2003

Parameter
estimate df F P

A. Goose droppings – with hares present
Fertilization +0·123 1 20·424 <0·001
Exclosure −0·076 1 7·859  0·008
Replica (Set) 14 19·949 <0·001
Error 43

B. Hare droppings – with geese present
Fertilization NS 1 0·376  0·543
Exclosure NS 1 3·482  0·069
Replica (Set) 14 20·338 <0·001
Error 43

C. Hare droppings – without geese
Fertilization +0·171 1 21·980 <0·001
Exclosure +0·091 1 6·200  0·017
Replica (Set) 14 7·102 <0·001
Error 43
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that had previously been grazed by either hares or
Barnacle Geese, while Barnacle Geese preferred these
plots (Table 4). Combined results of all experiments
indicate that nutritional quality of a plot increased
with increased goose grazing (univariate , goose
droppings: F1,58 = 12·026, P = 0·001; hare droppings:
F1,58 = 0·511, NS; replicate (set) F42,58 = 10·730, P < 0·001),
while biomass declined with previous grazing (univariate

, goose droppings: F1,74 = 7·810, P = 0·007;
hare droppings: F1,74 = 4·371, P = 0·040; replicate (set)
F47,74 = 3·039, P < 0·001). This again demonstrates that,
within a given biomass range, the Barnacle Geese
selectively chose plots with low biomass which had
been grazed previously, but which offered forage tissue
of increased quality. Hares avoided previously grazed
plots.

Discussion

   

All our experimental data indicate that both Barnacle
and Brent Geese prefer plots with a nutrient-rich sward
(Fig. 1, Table 3). Additionally, we found that Barnacle
Geese avoid plots with high biomass. This finding is
supported by the significant positive correlation between
the grazing pressure of the Barnacle Goose during the
experiment and the previous history of grazing by
hares and Barnacle Geese on the experimental plots
(Table 4). Forage quality in our salt-marsh system is
generally highest in the beginning of  the growing
season and decreases rapidly as the season progresses
(Van der Graaf  et al. 2006b). However, continuous
grazing can retard this seasonal decline. Grazing by
either hares or geese apparently improves the quality
of the vegetation relative to an ungrazed area and makes
these plots particularly attractive for foraging geese
(Ydenberg & Prins 1981; this study). Brent Geese

Table 3. Response of geese and hares to the manipulation of biomass and quality on plots of Festuca rubra on the salt marsh
of Schiermonnikoog for all experiments combined: in early May 1997 (Brent Geese, Hares – geese present), early April 2002
(Barnacle Geese, Hares – geese present) and (Barnacle Geese, Hares – geese present, Hares – geese absent). N is lower than the
actual number of experimental plots for ‘Barnacle Geese’ and ‘Hares – geese present’ as quality samples were collected for only
part of the plots in 2002

Barnacle Geese Brent Geese Hares – geese absent Hares –geese present

df F P df F P df F P df F P

Biomass 1 0·140  0·709 1 0·549  0·463 1 19·888 <0·001 1 1·229  0·274
Quality 1 12·185  0·001 1 4·290  0·045 1 0·092  0·763 1 6·107  0·018
Replicate (Set) 19 8·707 <0·001 7 13·311 <0·001 27 9·348 <0·001 14 3·797 <0·001
Error 58 38 98 42

Table 4. Pearson correlation between grazing pressure of Brown Hares and Barnacle and Brent Geese before the start of the
experiments and grazing pressure 3 weeks after the start of the experiments on the salt marsh of Schiermonnikoog, for all
experiments combined: early May 1997 (Brent Goose, Hare), early April 2002 (Barnacle Goose, Hare) and (Barnacle Goose,
Hare)

Response during
experiment

Accumulated grazing pressure at the start of the experiment

N Barnacle Goose Hare

Hare 148 −0·384*** −0·233**
Barnacle Goose 100 0·210* 0·344***
Brent Goose 48 −0·054 −0·312*

*P < 0·05, **P < 0·01, ***P < 0·001.

Fig. 2. Relative grazing pressure of Barnacle Geese (left), Brown Hares with geese
present (middle) and Brown Hares with geese absent (right) on the different treatments
of the main experiment, summarized for three sets in mid-February, early March and
early April 2003 on the salt marsh of Schiermonnikoog (mean values of Fig. 1), given
as profile plots; the lengths of each arm of the cross inside the polygon represents the
contribution of each treatment to the total grazing pressure. Small numbers give
percentage shares. The total length of all arms represents the total grazing pressure
accumulated on all treatments, set at 100%.
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prefer high-quality plots (Table 3), although, unlike
the Barnacle Geese, they do not favour previously
grazed vegetation (Table 4).

Barnacle and Brent Geese use the salt marsh during
spring fattening. In this period they need to accumu-
late energy reserves essential for successful migration
and subsequent reproduction at Arctic breeding sites
(Ebbinge & Spaans 1995). Since their digestive system
combines rapid passage of plant food through the gut
with low digestive efficiency (Prop & Vulink 1992), the
birds show a high degree of dependency on forage of
superior quality (e.g. Prop et al. 1991).

   

For hares, we detected a subtle interplay of foraging
choice with concurrent goose grazing. When given a
free choice in the absence of goose grazing, hares chose
to forage on plots that combine biomass of high quality
and quantity. However, when geese are present, as in
the spring situation at our study site, hares chose high
biomass plots, which are avoided by geese (Table 3).

Van der Wal et al. (1998a) provided descriptive and
experimental evidence that hares avoid salt-marsh sites
that have been previously grazed by Brent Geese. The
authors argued against the occurrence of direct com-
petition between geese and hares, since both species
forage at different times within a day (i.e. hares feed
mainly at dawn and dusk and geese during the daylight
period). We witnessed a strong negative correlation
between hare foraging choices and previous grazing by
either geese or hares in our study (Table 4). Based on
these experimental data, we conclude that resource
competition as a result of depletion of favourable plots
by large numbers of  spring staging geese is driving
forage patch choice in hares on the salt marsh.

     
   

Grazing by both geese and hares leads to an increased
quality of vegetation. This facilitative process, in which
grazing of one herbivore induces a subsequent increase
in quality of forage tissue through the production of new
tissue within one season, has been found in previous
studies at our salt-marsh site (Ydenberg & Prins 1981;
Van der Graaf, Stahl & Bakker 2005), and has been
demonstrated for herbivore–plant interactions in a
variety of ecosystems (McNaughton 1984; Gordon
1988; Hobbs et al. 1996; Ruess et al. 1997; Fox et al.
1998; Green & Detling 2000). Under these circum-
stances, herbivores profit from the increased tissue
quality as a result of an elevated rate of nutrient intake.

However, when the forage resource is used concur-
rently by more than one herbivore species, we expect a
shift towards less-preferred plots by one species to
avoid resource competition. In our experimental study,
hares avoided plots that were favoured by geese. A
distinct foraging choice of hares manifested itself  only

in a situation where concurrent goose grazing had been
excluded experimentally. We interpret this as an
indication of resource competition with geese. It was
suggested by Van der Wal et al. (1998a) that large flocks
of socially foraging geese rapidly deplete preferred
salt-marsh sites in spring and evict hares to alternative,
less favourable foraging sites.

We can explain the observed pattern of forage
choices in the small herbivores with a species-specific
functional response. For smaller herbivores, several
studies demonstrate a dome-shaped functional response
of food intake rate vs forage biomass, a classic example
of an optimality model (Fryxell 1991; Gross et al. 1993;
Van de Koppel et al. 1996; Iason et al. 2002; Durant
et al. 2003; Bos, Van de Koppel & Weissing 2004; Van
der Graaf, Coehoorn & Stahl 2006a). The intake rate
of the small herbivore increases with increasing bio-
mass availability, beyond which intake rate declines at
even higher levels of biomass. This decrease in the func-
tional response is usually explained as a response to
the handling problems of long leaves which decreases
intake rate (Van der Wal et al. 1998b; Hassall, Rid-
dington & Helden 2001; Durant et al. 2003; Bos et al.
2004), increased costs of locomotion and increased
vigilance due to changes in the perception of predation
risks (Van de Koppel et al. 1996). Because of their high
receptiveness for short grass swards of high nutritional
value (this study; Durant et al. 2003) we expect geese
to show an optimal grazing response at low biomass
levels while hares are able to cope with swards of higher
biomass (Kuijper et al. 2004). Our experimental data
demonstrate that foraging choices of sympatrically
occurring small herbivores on coastal salt marshes are
influenced by a complex interplay of facilitative and
competitive processes.

Acknowledgements

We thank Jeroen Minderman, Ralf Mullers and Geerke
Lubbe for invaluable support in the field. Vereniging
Natuurmonumenten kindly allowed us to work within
the borders of the National Park Schiermonnikoog, and
we especially thank Kees Soepboer and Jan Harthoorn
for logistic help on the salt marsh. Many people were
very supportive with the care for the captive geese, we
especially thank Götz Eichhorn, Fanny Stavasius and
Ciska Veen. Nellie Eck and Bert Venema analysed our
nitrogen samples. JS acknowledges financial support
by the Deutsche Forschungsgemeinschaft.

References

Arsenault, R. & Owen-Smith, N. (2002) Facilitation versus com-
petition in grazing herbivore assemblages. Oikos 97, 313–318.

Belovsky, G.E. (1984) Moose and snowshoe hare competi-
tion and a mechanistic explanation from foraging theory.
Oecologia 61, 150–159.

Bos, D., Van de Koppel, J. & Weissing, F.J. (2004) Dark-
bellied Brent geese aggregate to cope with increased levels
of primary production. Oikos 107, 485–496.



915
Competition and 
facilitation among 
small herbivores

© 2006 The Authors.
Journal compilation
© 2006 British 
Ecological Society, 
Functional Ecology, 
20, 908–915

Cyr, H. & Face, M.L. (1993) Magnitude and patterns of
herbivory in aquatic and terrestrial ecosystems. Nature
361, 148–150.

De Boer, W.F. & Prins, H.H.T. (1990) Large herbivores that
strive mightily but eat and drink as friends. Oecologia 82,
264–274.

Drent, R.H. & Van der Wal, R. (1999) Cyclic grazing in
vertebrates and the manipulation of the food resource.
Herbivores: Between Plants and Predators (eds H. Olff,
V.K. Brown & R.H. Drent), pp. 271–299. Blackwell
Science, Oxford.

Durant, D., Fritz, H., Blais, S. & Duncan, P. (2003) The func-
tional response in three species of herbivorous Anatidae:
effects of sward height, body mass and bill size. Journal of
Animal Ecology 72, 220–231.

Ebbinge, B.S. & Spaans, B. (1995) The importance of body
reserves accumulated in spring staging areas in the temper-
ate zone for breeding in dark-bellied Brent geese Branta b.
bernicla in the high Arctic. Journal of Avian Biology 26,
105–113.

Edwards, G.P., Croft, D.B. & Dawson, T.J. (1996) Competi-
tion between red kangaroos (Macropus rufus) and sheep
(Ovis aries) in the arid rangelands of Australia. Australian
Journal of Ecology 21, 165–172.

Fox, A.D., Kristiansen, J.N., Stroud, D.A. & Boyd, H. (1998)
The effects of simulated spring goose grazing on the
growth rate and protein content of Phleum pratense leaves.
Oecologia 116, 154–159.

Fryxell, J.M. (1991) Forage quality and aggregation by large
herbivores. American Naturalist 138, 478–498.

Gordon, I.J. (1988) Facilitation of red deer grazing by cattle
and its impact on red deer performance. Journal of Applied
Ecology 25, 1–10.

Gordon, I.J. & Illius, A.W. (1989) Resource partitioning by
ungulates on the Isle of Rhum. Oecologia 79, 383–389.

Green, R.A. & Detling, J.K. (2000) Defoliation-induced
enhancement of total aboveground nitrogen yield of grasses.
Oikos 91, 280–284.

Gross, J.E., Shipley, L.A., Hobbs, N.T., Spalinger, D.E. &
Wunder, B.A. (1993) Functional response of herbivores in
food-concentrated patches: test of a mechanistic model.
Ecology 74, 778–791.

Hairston, N.G., Smith, F.E. & Slobodkin, L.B. (1960)
Community structure, population control, and competition.
American Naturalist 94, 421–425.

Hartley, S.E. & Jones, C.G. (1997) Plant chemistry and
herbivory: or why the world is green. Plant Ecology (ed.
M.J. Crawley), pp. 284–324. Blackwell Science, Oxford.

Hassall, M., Riddington, R. & Helden, A. (2001) Foraging
behaviour of brent geese, Branta b. bernicla, on grasslands:
effects of sward length and nitrogen content. Oecologia
127, 97–104.

Hobbs, N.T., Baker, D.L., Bear, G.D. & Bowden, D.C. (1996)
Ungulate grazing in sagebrush grassland: mechanisms of
resource competition. Ecological Applications 6, 200–217.

Iason, G.R., Manso, T., Sim, D.A. & Hartley, F.G. (2002)
The functional response does not predict the local distribu-
tion of European rabbits (Oryctolagus cuniculus) on grass
swards: experimental evidence. Functional Ecology 16,
394–402.

Kuijper, D.P.J., Van Wieren, S.E. & Bakker, J.P. (2004) Diges-
tive strategies in two sympatrically occurring lagomorphs.
Journal of Zoology 264, 171–178.

McNaughton, S.J. (1984) Grazing lawns: animals in herds,
plant form and coevolution. American Naturalist 124,
863–886.

Murray, M.G. & Illius, A.W. (2000) Vegetation modification
and resource competition in grazing ungulates. Oikos 89,
501–508.

Polis, G.A. (1999) Why are parts of the world green? Multiple
factors control productivity and the distribution of biomass.
Oikos 86, 3–15.

Prins, H.H.T. & Olff, H. (1999) Species richness of African
grazer assemblages: towards a functional explanation.
Dynamics of Tropical Communities (eds D.M. Newberry,
H. H. T. Prins & N. D. Brown), pp. 449–490. Blackwell
Science/British Ecological Society, London.

Prop, J. & Deerenberg, C. (1991) Spring staging in Brent geese
Branta bernicla: feeding constraints and the impact of diet
on the accumulation of body reserves. Oecologia 87, 19–28.

Prop, J. & Vulink, T. (1992) Digestion by barnacle geese in the
annual cycle: the interplay between retention time and food
quality. Functional Ecology 6, 180–189.

Ruess, R.W., Uliassi, D.D., Mulder, C.P.H. & Person, B.T.
(1997) Growth responses of Carex ramenskii to defoliation,
salinity, and nitrogen availability: implications for geese-
ecosystem dynamics in western Alaska. Ecoscience 4,
170–178.

Sinclair, A.R.E. (1995) Population limitation of  resident
herbivores. Serengeti II: Dynamics, Management and Con-
servation of an Ecosystem (eds A.R.E. Sinclair & P. Arcese),
pp. 194–219. University of Chicago Press, Chicago, IL.

Van de Koppel, J. & Prins, H.H.T. (1998) The importance of
herbivore interactions for the dynamics of African savanna
woodlands: an hypothesis. Journal of Tropical Ecology 14,
565–576.

Van de Koppel, J., Huisman, J., Van der Wal, R. & Olff, H.
(1996) Patterns of herbivory along a productivity gradient:
an empirical and theoretical investigation. Ecology 77,
736–745.

Van der Graaf, A.J., Bos, D., Loonen, M.J.J.E., Engelmoer, M.
& Drent, R.H. (2002) Short- and long-term facilitation of
goose grazing by livestock. Journal of Coastal Conservation
8, 179–188.

Van der Graaf, A.J., Coehoorn, P. & Stahl, J. (2006a) Sward
height and bite size affect the functional response of barnacle
geese Branta leucopsis. Journal of Ornithology 147, 479–
484.

Van der Graaf, A.J., Stahl, J. & Bakker, J.P. (2005) Compen-
satory growth of Festuca rubra after grazing – can migratory
herbivores increase their own harvest during staging?
Functional Ecology 19, 961–969.

Van der Graaf, A.J., Stahl, J., Bakker, J.P. & Drent, R.H.
(2006b) Surfing on a green wave – how plant growth drives
spring migration in the barnacle goose. Ardea 94, in press.

Van der Wal, R., Kunst, P. & Drent, R.H. (1998a) Interactions
between hare and brent goose in a salt marsh system:
evidence for food competition? Oecologia 117, 227–234.

Van der Wal, R., Van de Koppel, J. & Sagel, M. (1998b) On
the relation between herbivore foraging efficiency and plant
standing crop: an experiment with barnacle geese. Oikos
82, 123–130.

Van der Wal, R., Van Lieshout, S.M.J., Bos, D. & Drent, R.H.
(2000a) Are spring staging brent geese evicted by vegetation
succession? Ecography 23, 60–69.

Van der Wal, R., Van Wijnen, H.J., Van Wieren, S., Beucher, O.
& Bos, D. (2000b) On facilitation between herbivores: how
Brent geese profit from brown hares. Ecology 81, 969–980.

Wilmshurst, J.F., Fryxell, J.M. & Hudson, R.J. (1995) Forage
quality and patch choice by wapiti (Cervus elaphus). Behavioral
Ecology 6, 209–217.

Ydenberg, R.C. & Prins, H.H.Th (1981) Spring grazing and
the manipulation of food quality by barnacle geese. Journal
of Applied Ecology 18, 443–453.

Received 20 April 2006; revised 12 June 2006; accepted 12 June
2006 
Editor: Daniel Costa


