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1. Abstract
In this study the preference of foraging Brent geese is studied. The study
was
performed on the polder of the

Dutch Waddenisland Schiermonnikoog.
Wintering geese feeding in the polder are expected to prefer
grazed areas due to a
shorter sward, a higher protein content, a higher tiller density and less
bare ground in
these areas than in areas with other management types.
Therefore, the expectation is
that geese prefer sheep grazed grass to cattle grazed grass, which is
at that time of
year, ungrazed grass.
In a choice-experiment, where the geese could choose between
two treatments, two
geese were allowed to forage on the treatment of their choice. Foraging
time was used
as an indication for the foraging preference of the geese. Several
vegetation parameters
were measured for each treatment.
The geese showed a large preference for the sheep grazed
areas compared to ungrazed
areas. The sheep grazed area had a higher tiller density, a lower sward
height and
biomass and the intake rate of sheep grazed grass was higher than in the ungrazed
parcels. In the sheep grazed areas nutrient intake was highest.
The geese preferred grazing on sheep grazed compared to
goose grazed areas. The
goose grazed areas have a lower sward height, a lower biomass and a lower intake
rate.

Height and not treatment seems to be the major determinant
a goose selects on.

Nevertheless, there is a correlation between sward height
and treatment this is because
treatment is a way to achieve a certain grass height. Height is related
to intake rate;
they show an optimum curve; the geese have a preferred foraging
height of the grass
where they can optimise their intake rate.
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2. Introduction
On Schiermonnikoog, one of the Dutch Friesian Islands, Brent Geese
(Brania bernicia
bernicla) make a habitat shift in the early spring. The geese leave the foraging areas
on

the polder, pastures that are protected by dikes from the sea, and go to the salt
marshes (Prins & Ydenberg 1985, McKay el al. 1994, Arends 1998). This shift
is

related to the digestibility of the eatable grasses (Boudewijn 1984).
During winter and
early spring, food supplies on the saltmarsh are not sufficient for large
goose flocks
(Vickery et al. 1995). Hence, the majority of the birds are forced to graze on polder
grasses. At the end of March, digestibility of polder grasses decreases. Reason
for this
is the sudden and immense growth of these grasses. At the
same time, the grasses of
the salt marsh start to grow and here digestibility rises (Boudewijn
1984). Then, the
levels of digestibility are almost equal for both places. In this
period, the geese make
the habitat shift from polder to salt marsh.

Habitat shifts are well reported for all kinds of herbivores (Baker 1978). The basic
theory to explain such movements is that animals shift from
one area to another to
capitalise on better or more resources, usually food (Prins & Ydenberg 1985).
Belovsky (1981) stated that the behaviour of the moose (A ices alces) supports this
theory. The diet of the moose changes as the season progressed. In
the late spring /
beginning of the summer the animal feeds mainly on terrestrial
plants and in
midsummer the moose switch feeding on aquatic plants mainly. By doing
so, the
moose can profit from the high quality of both terrestrial and aquatic plants.

Though Brent geese on Schiermonnikoog make a habitat shift from
the polder to the
salt marsh, this process does not occur on the neighbouring
island of Ameland. On
Ameland the number of Brent geese on the polder do not decrease in the
spring (Van
der Graaf 1998, Arends 1998). A possible reason for this is that
the polder of Ameland
is, in contrast with Schiermonnikoog, sheep grazed (Van der Graaf
1998). Here, the
assumption is that the grazing of the sheep facilitates the geese. The grazing keeps the
foraging areas in a preferable stage for the geese.

This process, whereby the use of the herb layer by one grazing species
increases the
availability of these resources for other animals, has been termed
'grazing facilitation'
(Gordon 1988). Mostly, it are the larger herbivores who are facilitating the smaller
ones, but on Ameland for instance, not only sheep grazing but also grazing
of geese
early in the season can facilitate geese later on in the
season (Van der Graaf 1998).
In nature, the process of facilitation occurs spontaneously. Animals eat the
vegetation
they prefer and by doing so they facilitate, unconsciously, other animals.
Human's can

control and/or influence this process by, for instance, grazing by live
stock on
meadows or salt marshes. Use of management types like grazing
or cutting for silage
has turned into a possible facilitation process. Small herbivores like hares,
ducks or
wild geese can benefit from this. Each of these management types has their
own
specific way of influencing the vegetation.

As grass grows, fibre content increases, whereas nitrogen content decreases.
Young
tender shoots contain relatively high concentrations of nitrogen (Riddington
et a!.
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1997). After the grass has reached a certain height, the
tiller density of the grass
decreases. This is caused by the competition for light
or nutrients. It inhibits the
growth of new sprouts.
By cutting the grass, the height and the senescence of the
grass decreases (Grant ci a!.
1981). Growth of young sprouts will enhance and the
percentage of living material of
the grass will increase under this management regime (Vickery
ci al. 1994).
Grazing by large herbivores enhances the growth of
young shoots (Gordon & Lindsay

1990), thus increasing the nitrogen-content of the sward.
Grazed vegetation has,
except for a high quality (Gordon & Lindsay 1990, Vickery
ci a!. 1994, Hobbs ci a!.
1996), also a sward, which contains more living material
(Coppock ci a!. 1983,
Gordon 1988, Summers 1990). Grazed vegetation has
a higher tiller density (Grant ci
a!. 1981, Jones ei a!. 1982, Parsons & Penning 1988) and
a greater diversity of plantspecies (Smith & Rushton 1994). Grazing decreases the height
of the grazed plants
(McNaughton 1976).
Both sheep and cattle influence the vegetation by grazing.
However, sheep and cattle
have different ways of grazing, which causes a different
impact on the grazed
vegetation. At current agricultural practice in the Netherlands,
cattle and sheep are
grazing outside at different times in the season. Sheep
graze the whole winter and
spring, whereas cattle only graze in the fields from April till October
(Van der Graaf
1998). Cows pull the grass of the sward, while sheep nibble
the grass (Holmes 1980).
This leads to a difference in height of the grass sward. Cattle grazed swards
are of
greater height than sheep grazed swards (Kralovec ci a!. 1991).
Both sheep and cattle
prefer the green leaves and stem of the grasses (Crawley 1983),
but sheep are
selective on which species they feed (Holmes 1980). Plants in sheep-grazed more
swards
regrow more quickly and accumulate more herbage (Murphy ci a!.
1995). Sheep
grazing increases soil bulk density, percentage Poa
praiensis
and
extractable
soil P
(Abaye cia!. 1997).

A reasonable part of the world population of Brent geese (Brania bcrnicla bcrnicla)
spent the winter in the Dutch Waddensea. A small part, about 3000
winter of 1998-1999, winters on the polder and salt marshes of Brent geese in the
(pers. comm. J. Stahl).

Schiermonnikoog

The maximum number of Brent Geese counted on
Schiermonnikoog increased from

around 1500 in the 1960s to over 4000 in the late
1970s. From here onwards, no further increase was observed (van
der Wal 1998).
Apparently, the carrying capacity of the island was reached in the late l970s.
During late winter and early spring geese have to
accumulate body-reserves for their
migration and breeding season in the Arctic. The birds obtain
most of their bodyreserves in the last seven weeks before migration (Ydenberg & Prins 1981).
The geese
prefer grazing on the salt marshes (Ebbinge 1992), but
by depletion of these salt
marshes in late winter, they are forced to graze elsewhere (Vickery
ci a!. 1995). From
November till late March or early April they forage primarily
on the grasslands in the
polder (Boudewijn 1984). Here they consume the
grasses Lolium percnne L. and Poa
pralensis L., cultivated for livestock (Ydenberg & Prins 1981).
At the end of March,
the geese switch back to the saltmarsh (Boudewijn
1984, Prins & Ydenberg 1985,
McKay ci a!. 1994, Vickery ci a!. 1995, Arends 1998).
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Food intake, in herbivores, increases with plant standing
crop, but saturates at high
standing crop (Holling 1965). When grass reaches a certain height, it is no longer
profitable for geese to eat it. Geese are also very selective feeders. They typically
select
for low fibre and high nitrogen content in the grass (Owen et a!.
1977). The birds
prefer short and dense vegetation (Hassall & Riddington in prep.)
with many tillers.
Middleton (1992) found that Greylags (Anser anser) preferred sites, which were
grazed concurrently by other species of herbivores. He also states that these geese did
not show a preference for sites of which the grass had been cut. Thus, it is expected
that geese select short, grazed grasslands.

In this study the hypothesis will be tested that foraging Brent
geese prefer grazed
areas. The geese in this study will be held on different manipulated grass swards.
Differences between the grass swards, which have been treated
with different
management types, will be determined, as well as the differences in the behaviour
of

the geese on the different grass swards (plots).

The geese used in this study came from a flock that was held at the Zoological
Laboratory (Haren, Netherlands) for two years. For the experiment,
they were offered
the choice between these different grass swards.
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3. Study Area
This study was performed in the spring of 1999 on Schiermonnikoog, one of the
Friesian Waddensea islands in the Netherlands. The polder of Schiermonnikoog (c. 265
ha) is situated at the western part of the island (figure 1 & appendix 1).
The main part

of the polder is used as grassland; a smaller part is used for agricultural
crops. The
grasslands, with two dominant species Poa pratensis and Lolium perenne that form
almost 100% of the cover, are usually cut for silage at the end of May.
In some parts
there is aftermath grazing with young cattle but the most will be cut again later
in the

year.

The geese prefer particular parts of the polder and return every year at almost the same
places. The farmers of those meadows have not consequently chased the geese away
for the last ten years, so the birds can forage in a relatively quiet environment. For the
last 5 to 10 years, the geese have been foraging on three specific sites.
The experiment
is situated at one of these specific sites, in the eastern part of the polder. The size of
this meadow, rented from a nearby farmer, was c. 2 ha. In the past, this meadow was
used as grassland (hay mowing). The farmer treated both his land

and the land we
rented like usual. Chemical fertiliser was used twice, organic fertiliser only
once.
Organic fertiliser was applied in the first half of March. The
first application of the
chemical fertiliser was in the beginning of April, the second in the
end of May. Cutting
for silage of the meadow proceeded after the experiment was over. Fieldwork for this
study lasted from the first half of March until the beginning of June.

Figure 1: The map shows the polder (enclosed by a
sea-dyke) and salt marsh of
Schiermonnikoog (Prins en Ydenberg 1985).
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4. Methods
4.1. Use of different management-types
The geese used in the experiment were held on manipulated grass swards, called plots.
Three different management-types were selected. Different vegetation types were
created by the use of the different management types.
The following management-types were used:

• Sheep grazing;
• Goose grazing;
• No grazing.
The management-type sheep grazing took place all over the meadow, the other types
only in special plots.

On the sheep-grazed meadow (c. 1 ha), 9 sheep and their 6 lambs were grazing from
the first of April until the end of June. The grazing pressure was intensified in time:
while the number of sheep was kept constant, the size of the pasture decreased. By
doing this, the height of the grass was maintained at almost 4 cm, despite the increase
in growth rate of the grasses over the spring season. The sheep remained at the pasture
until the end of the experiment.
For the maintenance of the goose grazed pastures, three Barnacle Geese were used.
They were allowed to graze the plot for c. 6 days. Three days before the plots were
used the geese were removed of the grass, so it could recover.
All the plots, except for the sheep grazed areas, were protected with netting to prevent
natural grazing (hares, rabbits or wild geese) until the moment of experimental use
(van der Wal et a!. 1998).
Before the observation started all the droppings of sheep and/or the Barnacle geese
were removed from the plot.
Table 1. Management-ty )CS and their codes used in this study.

Management type

Code

Sheep grazing
Goose grazing
No grazing

SG
GG
NG

4.2. The Experiment
4.2.1. Experimental design
The northern side of the meadow was used for the experiment. It is located close to
the road. The distance between the experiment and the road was about 50 m.

The experiment was done with two semi-captive Brent geese (Branta bernicla
bernicla). The geese were paired. In this experimental design, where the habitat
preference of foraging geese was tested, the geese had to make a choice between two
plots; each treated with a different management-type. Each testing-day, the geese were
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offered the choice between two different vegetation types. Possible
combinations were
GG vs. NG, NG vs. SG and SG vs. GG. By observing the behaviour of the
geese, the
preference for a certain habitat of the foraging geese could be determined. In total

there were three experimental periods, lasting 10 to 12 days each. Between the
experimental periods there was a 12-day resting interval.

Each day a new plot was provided to the birds to prevent depletion
of the forage (Van
der Wal eta!. 1998). The birds were held in a 4 x 4 m cage, so the actual size of the
two plots was 2 x 4 m. Fresh water for drinking and bathing was freely available
during the day. The water was put in the middle, so it couldn't effect the choice the
geese made. The geese were observed from an observation-tent, so the observation
itself could not influence the geese. In the resting periods, the birds
were held in a 4 x
4-rn. cage on a grass sward. If necessary, supplementary waterfowl food
was provided.
Before the experiment, the birds were held for two weeks on a grass sward, without
supplementary food.

4.2.2. Behavioural parameters
The observation of the geese lasted for 2-3 hours a day, mainly in the
morning when
the geese were foraging. During this observation, several 10-minute bouts of
observation were conducted. Also, a camera was recording the cage during the
whole
observation period. Observation bouts in which a goose was resting or sleeping, thus
of which the habitat preference of foraging geese was not possible to measure are
excluded from the analysis.

Foraging time was noted. If a goose stopped foraging, time
was stopped also. If a
goose looked up, time was continuing. It is normal for geese to look up while
foraging; it's part of the foraging behaviour.

The geese were allowed to graze in the cage for 24 hours. After 24 h, all
goose
droppings were collected for each parcel separately as a measure of total grazing
pressure and preference for a specific vegetation type.
4.2.3. Vegetation parameters
Vegetation parameters were measured on both vegetation types (plots)
that were used
that day. The following parameters were determined before observation:

• Vegetation height;
• Tiller density;
• Biomass;
• Intake Rate.
Height of the vegetation was measured by using a sward stick. A
polystyrene disc (24
g, 0 20 cm) is sliding down a PVC-stick with a cm-scale. Height was measured
at 7 to
10 randomly selected locations in each plot with an accuracy of 0.25 cm.
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The density of the tillers was measured by counting all the tillers
on an area of 25 cm2.
In each plot, tiller density was measured six times at randomly chosen
locations.

To determine biomass of the vegetation types, a sod, with an area of 100 cm2,
was
taken of each plot. The vegetation of the sod
was clipped to ground level. Then the
vegetation was sorted in living and dead grass. A separation
between the two species,

Poa pratensis and Lolium perenne, wasn't necessary; the
geese also did not

discriminate between the plants (Prins & Ydenberg 1985). The vegetation
was dried
for at least 48 hours in a stove at 70-80 °C and weighted
afterwards.

Intake rate measurements were done for all the three
different plots. These
measurements were performed with two captive geese. The
geese were placed in a
wooden cage in which a wire net was separating the birds from
each other. Grass sods
of the different vegetation types were given to the
geese. Then a goose was allowed to

take about 50 pecks from a sod. During the testing
a camera was recording the sod
and the goose. From this recording, the exact number
of pecks, the foraging time (time
the goose feeds on the sod, including looking up) and
the peck-time (time the goose
takes bites of the sod) could be determined. By weighing
the sod before and after the
measurement the amount of weight loss by goose grazing could be determined. A
correction for amount of weight loss by evaporation
was performed. By using the time
the goose grazed, the number of pecks and the change of
weight of the sod, the intake
rate could be determined (Haar, R., van der 1999). A fellow
student performed the
intake rate measurements.

The digestibility of the grass in each vegetation type
was measured. This was done in
the periods the geese did not take part in the observation
experiment. A cage was
placed upon one of the vegetation types. After the
geese had spent 24 hours in the

cage, goose droppings and grass samples were collected. These
samples were air-dried
in a stove at 70-80 °C and an ADF-analysis (Acid Detergent Fibre)
was performed
(Stahl 1997).

The changes in nitrogen-content of the grass over time and
the differences between
sheep grazed and ungrazed areas were measured. Samples of the
grass were collected
once every two weeks at six randomly chosen spots in each of the
different vegetation
types. These samples were dried in a stove of 70-80 °C for
48 hours and an automated
CNHS analysis was performed. The nitrogen-content
can be used as a measurement
for the protein-content of grass.

4.3. Statistical analysis

4.3.1. Data ecpelledfrom the analysis
When a goose did not forage at all during the whole I 0-mm
observation bout, this
observation bout was expelled from the analysis.
All observation days in which a goose had spent less than 10 %
of the observation
period on foraging were expelled from the analysis. In all
off these expelled cases a
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reason for the behaviour of the geese can be given, mostly in the form of heavily

disturbance of wild geese or nosy lambs.

Photograph 1: Little lambs playing bo-peep in the observation tent. In the back is the cage of the
maintenance geese visible. The difference between grazed and ungrazed grass is clearly visible
by the colour of the grass.

4.3.2. Statistics

Foraging preference of the geese is calculated by comparing the percentage of time
spent on foraging on both sides of the cage. This calculated fraction of foraging time is
called the foraging preference.

All foraging percentages have been arc sinus transformed before performing an

analysis on these data. This has not been done with the data shown in the figures. All
the analyses were performed with SPSS 9.0.
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5. Results
5.1 Goose behaviour during the experiment
Both geese seem to spend equal time on foraging (see table 2). A Paired Samples Ttest shows that there is no significant difference between the foraging time of the two
individuals (t = -1.013, df= 20, p = 0.323).
Table 2: Percentage foraging (mean with std. error).

Goose

JB()

Percentage foraging (mean
± std.
32.77±4.91

JI (c3')

37.13 ± 5.19

The preference of the geese for the different treatments, as shown in Figure 2, is
significantly the same (Spearman's rho Correlation Test; Con. Coeff = 0.791,
p=
0.000, n = 21).
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Figure 2: Foraging time (fraction) of JB and JI of the observation period.

Because the two geese behave so similar in amount of foraging and preference for a
treatment, the data of the geese will be combined.
A preference for a western or an eastern part of the cage independent of treatment is
tested by comparing eastern preference within all cages with treatment SO vs. NO. In

the data set 5 cages had the SG treatment on the eastern side and 5 on the western

side. An ANOVA test shows that there is no preference for east or west (ANOVA; F1,9
= 0.035, p = 0.855).
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Weight of the geese was measured during the experiment (figure 3).
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Figure 3: Changes of weight of JB and JI during the
testing period.

Weight of JI (male) has a significant negative relation with week number
(ANOVA;
F1,11 = 19.183, p = 0.002), while the weight of JB (female)
a significant positive
relation has with week number (ANOVA; F1,4= 50.54, p = .019).

5.2 Vegetation changes
5.2.1 Height, biomass and tiller density
Height and biomass show vegetation changes related to treatment and to week number
(see figure 4 for height).
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Figure 4: Effect of week number and treatment on height of the grass.
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The graph of the effect of week number and treatment on biomass is almost the same
as figure 4. The effect of treatment and week number and their interaction
on height
and biomass is significant (see table 3 a-b).
Table 3a-b: Effect of treatment, week number and their interaction
on height and biomass on
SG, NG and GG grass swards.
Th

Grass height and biomass of the no grazing areas increase rapidly after the 1 8th
week
(beginning of May) (see figure 4). There is no increase in height or biomass in
areas
with sheep and goose grazing.
Figure 5 shows the effect of treatment and
week number on the tiller density of the
grass swards. Tiller density is significantly related with week number and
treatment
(ANOVA; respectively F1,51 = 28.37, p = 0.000; F25, = 11.09,
0.000),
p=
however the
interaction between week number and treatment approaches significance
(F2,45 = 1.91,

pO.161).
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Figure 5: The effect of treatment and week number on tiller density

on different treatments.

There is a difference in tiller density for the different
treatments. For the goose grazed
areas there seems to be an increase in tiller density over the whole time period. For the
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treatment sheep grazing and no grazing there is an increase followed by a decrease in
tiller density.

This becomes clear when the treatments are analysed separately. For the treatment
sheep grazing and no grazing there is a non-linear relation. The addition of a quadratic
term to the regression is significant (see table 4). For treatment goose grazing the
quadratic relation is significant, but because there are only a few data points the R(sq.)
is low.

Table 4: ANOVA of tiller density against week number (and (week no)2) for different

treatments.

Treatment

Linear
/
Quadratic

Goose grazing

Linear
Linear
Quadratic
Linear
Quadratic

Sheep grazing

No grazing

Linear
Quadratic

Week no
Week no
£Week no)2
Week no
Week no
jWeek no)2
Week no
Week no

F

p

F1,7 = 35.32

p = 0.001
p=
1

F1,7= 35.32
F1,6= 20.81
F1,21 = 13.78
F1,21 = 13.78
F1,20 = 27.61

F1,17= 2.87
F1,17= 2.87

j'eek no)2

p=
p=
p
p
p
p

=
=
=
=

0.00

0.000
0.109
0.109

9.32 —

5.2.2 Correlation between height and biomass
Height and biomass of the grass (see Figure 6) are significantly correlated (Spearman's
rho; Correlation Coefficient = 0.928, n=49, p=O.000).
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Figure 6: Correlation between height and biomass with different treatments.

An ANOVA was performed to test the influence of treatment on the correlation of
height and biomass. Treatment and the interaction of treatment is significant, biomass
16

approaches significance (see table 5). An ANOVA performed without interaction
results in significance for both treatment and biomass (ANOVA, respectively F49 =
7.75, p = 0.001; F1,49= 410.30, p = 0.000).
Table 5: Test results from ANOVA; height by treatment with biomass.

Height
Biomass
Treatment
Interaction

F

p

F1,49 = 2.98
F2,49 = 3.47

p = 0.092
p = 0.040
= 0.000

F2,49 = 19.00

The three treatments have different regression lines. Table 6 shows the coefficients of
these lines based on the test of table 5.
Table 6: Different lines for the three treatments: Hei2ht = Constant + B
Constant ± std. error)
B ± std.
L

*

Biomass.

LNo grazing

1.467±0.433

(Sheep grazing

error)
0.343±0.120

1.115 ± 1.146
0.366 ± 0.369

-4.112± 1.378
-2.497 ± 0.400

LGoose grazing

1

5.2.3 Nitrogen content and digestibility of the grass
Figure 7 shows the differences of nitrogen content of sheep grazed areas over time.
Differences in nitrogen content between SG and NG are calculated and NG is set to
zero. The figure shows that nitrogen content of sheep grazed areas significantly
increases with week number (ANOVA; F1,39 = 14.29, p = 0.00 1).
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Figure 7: Differences in nitrogen content (%) over time for sheep grazed (y = 0.140x

—

0.387).

There is not a significant effect of treatment on nitrogen (ANOVA; F1,78 = 0.582, p =
0.448). However the treatments sheep grazing and no grazing do not significantly
differ in nitrogen content, there is a change over time. In week 15 and 16 nitrogen
content of SG is lower than the nitrogen content of grass of NG, this changes in week
17, from here the nitrogen content of SG is higher than that of NG.
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Analysis on the ADF-data was performed. No difference in ADF percentage
or in
digestibility between the two treatments NG and SG was found (see table 7). There
appeared to be no time or treatment effect.
Table 7: test results from a paired samnie t-test.

Paired Samples T-test ADF droppings (%) NG vs. SG

Correlation

—

F Value
7

p_

ADF grass (%) NG vs. SG

Correlation

0.649
-0.425

—

—

n

Digestibility (%) NG vs. SG

Correlation

— n

0.400
-0.608
4

5.2.4 Intake Rate
When all data of the three treatments are combined and plotted against
height of the
grass (see figure 8) there is a significant quadratic relationship (Non linear regression;
R (sq.) = 0.112, df= 74, F 4.65, p = 0.013).
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Figure 8: Intake rate of all treatments plotted against height.

Intake rate increases till the grass reaches a height of Ca. 4-5 cm. from here intake rate
decreases again. There seems to be an optimum in the graph, which is at ca. 4 cm. At
this height of the grass the intake rate is maximal.
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5.3. Preference of the goose
5.3.1. Foraging preference from observation
Figure 9a-c shows where the geese forage during the observation period for all three
combinations (GO vs. NG, SG vs. NG and SG vs. GO).
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Figure 9a: Foraging time (fraction) during the
observation period of goose grazing and no

grazing.
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Figure 9b: Foraging time (fraction) during the observation period of no grazing and sheep
grazing.
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Figure 9c: Foraging time (fraction) during
the observation period of goose grazing and sheep
grazing.

Preference of the geese is tested with a T-test. If the geese have preference for a
treatment, it is expected that they will spend more then 50 % of the time on that

treatment. The data (of no grazing for 9a, of sheep grazing for 9b and 9c) are therefor
tested against 0.5. The results of the 1-test are shown in table 8. The goose has
a
significant preference of sheep grazed areas over the no grazing and goose grazing
areas; and a preference of areas with no grazing over areas with goose grazing.
Table 8:

5.3.3. Combination of dropping counts and observation

To find out whether preference measured by dropping counts
correlates with the
preference measured by observation, these preferences are plotted against each other
(figure 10). Dropping counts were done after the observation
was performed (ca. 3
hours). Only one, random chosen, data point per cage, which means that only one of
the two treatments, is taken in the figure and analysis.
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Figure 10: Foraging preference measured by observation and 3 h dropping counts plotted (n =
15).

There is a significant correlation between foraging preference by observation and by 3h

dropping counts (see table 9). The results from the dropping counts support the
preference results from the observation.

Table 9: Test results from the Spearman's rho test for foraging preference by observation, 3h
drop ing counts and 24h dropping counts.

Foraging preference
Observation

24h dropping count

3h dropping count
Correlation Coefficient
p (2-tailed)

0.768
0.001

n

15

Correlation Coefficient
p (2-tailed)
N

0.850
0.004
9

While the geese stay in the cage for 24 hours, the grass of the preferred foraging area
can be depleted or trampled by the geese. This effect can change the preference of the
geese over time. To test whether there was an effect of depletion or trampling the 3h
and 24h dropping counts are plotted (figure 11).
There is a significant relation between these dropping counts (see table 9); therefor
there is no such effect.
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5.4. Foraging preference and vegetation

The preference of the geese for a treatment might be explained by one of the
vegetation parameters. Differences in for example height or biomass of the grass of the
different treatments can influence the choice the geese made.
Foraging preference, from observation as well as 3h dropping count, of the geese is
plotted against vegetation height and biomass (see figure 12a-d).
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Figure 12a-d: Foraging preference (by observation
and 3h dropping counts) plotted against
vegetation parameters (height and biomass).

The preference of the geese for biomass (figure 12b &
12d) is not so clear; they

constantly select for SG in the SG vs. UG combination,
whether the biomass is higher
or not. This suggests that there is another parameter, then
biomass, for which the
geese show preference.
Height might be this parameter (figure 12a & 12c); here
the geese do select more on a
specific height of the grass, ± 4,0 cm. The
mean height of the data with foraging
preference> 50 % is 3,9877 ± 0,097 (mean ± std. error).
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6. Discussion
In this study the hypothesis is tested that Brent geese prefer foraging on grazed

vegetation.

6.1. Preference of the geese for the combination SG vs. NG
6.1.1. Height and intake rate
The geese prefer clearly the sheep grazed areas to the no grazing areas (figure 9b).
This preference is best related with the preference of the geese for a certain grass
height (figure 12a). This figure shows that the geese prefer a grass height of ca. 4 cm.
A study of Summers & Atkins (1991) on Brent geese and Aster tripolium found similar
results. Summers & Atkins showed that Brent geese when offered leaves with a length
in a range of 4-180 mm preferred those leaves with
a leaf length in the range of 40-5 9
mm. They state that the geese are selecting leaves of the mid-range to maximise the
rate of intake. Almost the same result is found in this study. As shown in
figure 8 grass
height is related with intake rate. The figure shows an increase in
intake rate when
grass becomes taller but intake rate decreases again when the grass is too high. The
graph has an optimum at a grass height of ca. 4-5 cm. This
suggests that the geese can
maximise their intake rate when they forage on grass with a height of ca. 4-5 cm.
This result fits in the theory of van der Wal et a!. (1998). They state that, in
contrast
with the conventional theory which states food intake saturates at high standing crop
(Holling 1965), herbivore intake decreases with high standing
crop. This theory is the
alternative hypothesis in figure 13 (van der Wal et a!. 1998).
Herbivore
Consumption

Plant standing crop
Figure 13: Theoretical relationships between herbivore consumption
and plant standing crop, as
predicted by conventional theory and the alternative hypothesis (Van der Wal et
a!. 1998).

They found a trend that suggests that daily food intake is lower
at high standing crop.
This implies that herbivores do not select for areas with the highest
standing crop but
for a standing crop on intermediate level.

The same result was found in this study. Figure 8 shows
great resemblance to the
alternative hypothesis in figure 13. In figure 8 height can be seen as a parameter for
standing crop and intake rate for herbivore consumption.
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As shown in figure 12a-d height and biomass both relate to the foraging preference of
the geese. However height seems to relate better with preference than biomass.
The
intake rate of a goose seems to be more affected by height of the vegetation
instead of
biomass.

When one looks through the eyes of a goose it might become clear. A goose, while
looking from almost straight above, is only able to forage on the top layer of the grass.
Most of the biomass, all short and new sprouts, is covered by the longest leaves of the
grass sward and therefore not attainable for the goose. Therefore height and not
biomass may be the direct parameter relevant for the goose.
6.1.2. Nitrogen content and digestibility
No significant difference in nitrogen content of the grass between the two treatments is
found. However, there seems to be a slight difference in nitrogen content between SG
and NG; from the 17th week nitrogen content is in the SG areas higher than in the
NG
areas.

Ydenberg and Prins (1981) did find differences in nitrogen content in early spring.
They found that in February / March nitrogen content of grazed areas is significantly
higher than in ungrazed areas. The difference in nitrogen content between
these
treatments continued until the second half of April. At the end of April / in the
beginning of May the nitrogen content of the grazed areas decreased immensely
till the
nitrogen level of the ungra.zed areas.

The reason that I did not find any differences could be a seasonal effect. The results
from Ydenberg and Prins suggest that the nitrogen difference between the treatments
last till half of April. Grass samples for this study have been collected in the period
from 12 of April till the end of May. Thus, at that time period the difference in nitrogen
content is not existing anymore.
Boudewijn (1981) found that digestibility of polder grass is increasing during early
spring but is decreasing again in May. He suggested that this could be a reason why
the geese leave the polder area and shift to the salt marshes.
However, there was no difference in digestibility found between the treatments (table
7). A difference over time was also not found.

6.1.3 Optimisation of the nutrient intake
The geese are expected to prefer sheep grazed vegetation because of the short, dense
and young vegetation with high nitrogen content (Summers & Critchley 1990, Vickery
& Sutherland 1992). A study of Therkildsen & Madsen (1999) shows that geese select
for high-quality food, but that there is a trade-off between quality and quantity when it
comes to intake rates. Therefore the geese are expected to select those foraging
areas

where they can optimise their nutrient intake rate (Prop & Derenburg 1991,
Riddington & Hassall 1997, Bos et a!. in prep).

Figure 14 shows the nutrient intake, the product of intake rate with nitrogen
content,
for the treatments SG and NG. A goose will prefer grazing on those areas with the
optimal mix of nutritional value and intake rate so they can optimise his nutrient intake.
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Figure 14: Nutrient intake for no grazing and sheep grazing plotted against each other (n = 17).

The y = x line is a visual division for nutrient intake for the two treatments. If a dot is

above the line, it means that a goose can get the highest nutrient intake at the SG
pasture and vice versa. All data points in figure 14 are lying above the y = x line. This
implies that a goose can get the highest nutrient intake in the sheep grazed areas. This
explains why the geese show preference for these areas. In the sheep grazed areas a
goose can optimise his nutrient intake.

6.2. Preference of the geese for the combination SG vs. GG
6.2.1 Nutrient intake

The preference of the geese in the combination SG vs. UG can be explained with
nutrient intake. It probably also explains the preference in the combination SG vs. GG,
however no measurements of the nitrogen content of the grass of the goose grazed
areas are performed, so nutrient intake can not be calculated for this combination.
Studies have shown that sheep grazing increases nitrogen content of the grass (Gordon
& Lindsay 1990, Vickery et al. 1994). A study of Beaulieu et a!. 1996 shows the effect
of goose grazing on nitrogen content. Nitrogen concentration was highest in heavily
grazed plants, intermediate in lightly grazed plants and lowest in ungrazed plants.
Goose grazing also leads to a large reduction in the grass standing crop (Percival &
Houston 1992).

Differences between these two treatments in nitrogen content or digestibility are not
described in any study. I expect, also because of the seasonal effect mentioned in 6.1.2,
no difference in nitrogen content between the treatments. Both geese and sheep graze
the vegetation short with an increase in tillers (figure 4 & 5), which enhances nitrogen
content of the grass (Gordon & Lindsay 1990, Vickery el a!. 1994).
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6.2.2. Height and intake rate
The geese show a clear preference for the sheep grazed
areas (figure 9c). The grass
height is slightly lower in the goose grazed areas than in the sheep grazed
areas, but
the difference is not significant. Figure 8 shows that intake rate at 4 cm (intake rate(4cm)
0.06 g/sec) is higher than the intake rate at 3 cm (intake rate(3cm) 0.045 g/sec). The
geese prefer grazing on the sheep grazed areas to the goose grazed areas, cause there
they can optimise their intake rate.
There might be some other factors that could influence preference of the geese. The
geese who were held for the maintenance of the goose grazed areas were grazing
on
the plots until three days before testing. These maintenance geese were held 4 days on
and 4 days off the plot. In the natural situation a flock of geese walk through a grass
pasture, deplete the area and walk on to the next area. Foraging geese can describe a
cyclic pattern in the exploitation of the feeding grounds, revisiting an area to forage on
the regrowth of the plants (Prins el a!. 1980). In this experiment the geese were forced

to graze for a relatively long period on this particular plot. Because of this the

vegetation of the plot can have been in an unattractive (depletion,
trampling) stage for
the testing geese, even although the grass had three days recovery time.

6.3. A comparison with Ameland
On the island of Ameland the geese do not leave the polder in early spring;
number of

geese in the polder remains the same until migration starts (van der Graaf
1998,
Arends 1998). On Schiermonnikoog the geese make a habitat shift from
the polder to

the salt marsh in the beginning of April (Prins & Ydenberg 1985, McKay ci a!. 1994,
Vickery el a!. 1995). The major difference between the two islands
that might cause
the difference in goose behaviour is the management of the
polder. The polder of
Ameland is sheep grazed, while the polder of Schiermonnikoog is
cattle grazed, which
means for the time the geese use the polder that the grass is ungrazed.

This study has tried to bring a piece of Ameland to Schiermonnikoog to see what

happens by sheep grazing of a polder meadow on Schiermonnikoog.

On both the islands the geese prefer foraging on areas with a short grass sward with an
average height of ca. 3.5 cm on Ameland and 4 cm on Schiermonnikoog. It seems that

there is on Ameland as well as on Schiermonnikoog a decrease in grazing pressure
(foraging pressure; figure 12 a-d) when the grass is too short, but not enough data of
the polder of Ameland are available. Both on Ameland and on Schiermonnikoog the
trend of a foraging optimum related to grass height is found; both data
sets endorse
this.
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6.4. Geese

grazing without facilitation of sheep

This study shows that geese prefer foraging on sheep grazed areas when offered a
choice between sheep grazed and ungrazed. The sheep facilitate the geese by keeping
the vegetation in a preferable stage. Can goose grazing facilitate other geese later in
the season?

A few studies show that goose grazing can indeed facilitate goose grazing later in the
season. A study of Drent & van der Wa! (1999) shows that Brent geese grazing on
Plantago visit Plantago patches once every 4-7 days. A recent study of Rowcliffe et
a!. (1995) shows evidence for cyclic grazing in Brent geese of Puccineiia maritima
swards on the salt marshes. The geese seem to be able
to maintain the grazing lawn in
a highly productive and attractive stadium. On the polder of Ameland the geese have
some favourite grazing areas, which they keep short and return to these areas regularly
(van der Graaf 1998).
So, geese can maintain a area if they start grazing early in the season when the grass is
still short. Can the geese also create a 'favourite' site and maintain it late in the season
when the grass has already grown high?

When the grass is high intake rate is low (figure 8). Because of the low intake rate a
large time will be spent in decreasing the grass height. The low intake rate can also
have an effect on the health of the geese. On ungrazed parcels the geese have to forage
on food with a low quality and a high digestibility.
During the testing period the geese were weighted (figure 3). The weight of the male
goose decreases rapidly in week 19-20 (pers. observation). In week 19 the geese were,
because of the digestibility measurements, feeding on NG areas 24 hours a day for 4
days in a row. The weight loss of the male suggests that the geese are not well adapted
to forage on high grass, which was at that time of a height of ca. 15-cm. However,
there is no such trend visible for the female.
This sudden decrease in weight of the male goose can be an indication that grass height
can be a limiting factor in creating a new 'favourite' grazing area.

6.5. Comparing polder feeding with salt marsh feeding
The geese wintering on Schiermonnikoog have to accumulate body reserves for the
migration to their breeding grounds. Most of the body reserve is gained in the last
seven weeks before migration (Ydenberg & Prins 1981). In these last seven weeks
most of the geese on Schiermonnikoog forage on the salt marsh. A study of Prop &
Deerenberg (1991) is used to compare data.

Are the geese able to gain enough body weight when feeding on the polder? Not
data are available therefore only speculations can be made.

all

Prop & Deerenberg (1991) found that the digestive capacity of the Brent goose is 1.67
fresh / mm. The mean intake rate of the sheep grazed areas as shown in figure 8, is ca
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0.06 g fresh weight / sec or 3.6 g fresh / mm. Intake rate of sheep grazed grass is too
high and digestive capacity will be a limiting factor. A goose has to compensate for
this. The testing birds, while foraging on the polder grasses, reduced their foraging
time per bout. They were only foraging for about 30 % of the all observation time.
Free living geese foraging on the polder decrease their foraging time on the polder
during the season. In March they forage Ca. 80 % of the time and in May only 45 % of
the time (Veeneklaas, R.M. in prep.). The foraging percentage of free living geese
foraging on the saltmarsh remains equal over time, Ca. 80 % of the time. By reducing
the foraging time and increasing the resting time, a high intake rate on polder grasses
can be sustained. Therefore it is expected that geese feeding on the polder will spend
more time on resting then geese feeding on the saltmarsh. A study of Veeneklaas (in
prep.) states this expectation.
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7. Conclusions
Height and not treatment seems to be the major determinant a goose selects on.
Nevertheless, there is a correlation between sward height and treatment because
treatment is a way of achieving a certain grass height. Goose grazing results in the
lowest, sheep grazing in an intermediate and no grazing in the highest vegetation
height.

On the polder of Schiermonnikoog geese prefer grazing on sheep grazed
areas to the
ungrazed areas. The sheep grazed areas have a higher tiller density, a lower sward
height and biomass and a higher intake rate. Because of the higher intake
rate, the
geese can obtain a higher in nutrient intake.
The geese prefer grazing on the sheep grazed areas to the goose grazed areas. Goose
grazed areas have a lower height, tiller density and intake rate, the grass is too short to
forage on. Other factors influencing the preference of the geese could be the trampling
and/or the depletion caused by the maintenance geese.
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8. Appendices
Appendix 1: Schiermonnikoog

Appendix 1: The island of Schiermonnikoog with poWer and saltmarsh. Inlay: The
polder of
Schiermonnikoog with the 4 favourite spots of the Brent geese for the last few years (3 dots and
the star) and the place of the experiment (star).
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