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ABSTRACT I

Food depletion is a common phenomena in nature, however it is hard to measure in the
field. In the case of the foraging behaviour of a herbivore, a decrease of intake rate is due
depletion. In this project, intake rate has been measured in relation with biomass and quality of
the vegetation. Intake rate can be measured by offering turves to the Brent Geese, Branta
bernicla bernicla, and by measuring the weight loss of the turf when the geese are feeding.
Peck rate and bite size, components of the intake rate, have also been measured in order to
determine which variable influences mainly the intake rate.

When depletion occurred, a decrease of the intake rate has been measured. A positive
relation links the intake rate with the biomass. The intake rate is also dependent on the quality
of the vegetation, in this study defined as fertilization of the turves. For a higher quality of the
vegetation, the intake rate is higher.
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INTRODUCTION
I

Optimal foraging theory assumes that herbivores feed first in the patch with highest
food density. Once the food density in that patch has been depleted and become less profitable,
the herbivores should switch to the next highest density patch (Schneider 1984, Sutherland and
Anderson, 1993).Depletion phenomena are hard to measure because food availability is not
only food dependent. The food preference of the herbivore is also based on the vegetation type
and quality. In fact, food preference is defined in relation with biomass, quality of the
vegetation and intake rate. Estimates of forage intake can be useflul to gain a better
understanding of a population's habitat requirements (Hupp, White, Sedinger and Roberstson,
1996, Sutherland and Aliport, 1994). The assumption tested during this investigation is that the
intake rate has a positive relation with biomass and food quality (Porp and Loonen, 1986,
Tolsma, 1998).

The main goal of the experiment is to measure intake rate and to relate it with biomass
and quality of the vegetation. In order to measure intake rate, we offered turves of vegetation
to the geese and we let them pecking an average of 50 pecks. The main measurements done
were the intake, in gram, got from weighing the turf before and after the geese had fed on, the
exact number of pecks done by each bird and the exact pecking time. These different measures
permit to calculate the peck rate of each geese, the bite size and the intake rate. This
investigation has been done in relation with field work done in Schiermonnikoog and the North
Coast; the turves used came from these two areas. The herbivores used were Brent Geese,
Branta bernicla bernicla, and the main vegetation presented was Puccineiia maritima. The
Puccineiia is the principal food species in the diet of the geese. Puccineiia is common and
abundant on the salt-marshes of north Holland. Moreover, Puccineiia has a high protein
content. Nevertheless, the diet of the Brent Geese is also based on Plantago maritima,
Triglochin maritima and Festuca rubra. Due to their restricted distribution in the field,
Plantago and Triglochin represent a limited part of the geese diet. Festuca rubra is mainly
used by the geese as a substitute for Puccineiia (Prop and Deerenberg, 1991).

The first aim of the experiment is to measure the intake rate and to correlate it with
variation in biomass. The addressed problem was (1) in which way intake rate varies according
to biomass, (2) which factors (peck rate or bite size) influence mainly the variations of the
intake rate. We expected that intake rate increase with the available plant biomass (Trudell and
White, 1981).

The second aim of the experiment is to investigate additional effects of the quality of
the vegetation (fertilized and non fertilized vegetation). We will investigate how the
fertilization can influence intake rate. Food quality and intake rate are interrelated so intake
declines as food quality declines ( Trudell and White, 1991).

The third goal is to determine if intake rate is mostly affected by biomass or by quality
of the vegetation.
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MATERIALS AND METHODS. I

Geese.

The birds, used during the experiment, were two Brent geese, Branta bernicla bernicla

Brent Geese are an arctic species which used to spend the wintering time along the coast of
Holland, Germany, England and France. In May, they migrate to Siberia for the breeding and

moulting period.
For this experiment, a pair of geese have been chosen: the male was JA and the female

JC. The couple has been kept in a small room from January to May. When this experiment
started in April the couple was already used to live in this room and were not very afraid of
humans.

The regular weighing permitted to check the health of the geese. In order to minimize
the stress of the birds, they have been caught as less as possible. The weighing was effected by
letting the geese go on the balance by their own. Day time was first from 8:00 to 19:00 andhas
been changed gradually to 9:00 to 24:00. The rhythm of the day has been switched in order to
respect the natural change of the daylight which cause the need of moulting, breeding and
migration.
The alimentation of the geese consisted of dry food and turves of grass; fresh water was
brought every day. The cleaning of the room was done every morning.

Turf

The turves tested during this investigation came from the North Coast of Groningen
and from Schiermonnikoog.
The experiment made on the salt-marsh of the North Coast of Groningen, by Monique
Timmner, presented two blocks of six plots each. In each plot, on site was fertilized and the
other exciosed from grazing in order to observe the food preference of the geese. Four geese
were feeding for 24 hours on each plot and depleted the vegetation. During this experiment,
for each plot two turves of each site for different time were tested; in total 131 turves have

been tested.
The investigation made in Schiermonnikoog, by Daan Bos, presented four trays. In each tray
there were four plots spread in the field. Each plot got a different treatment: the black one was
grazed and not fertilized, the green one was ungrazed and fertilized, the red one was ungrazed
and not fertilized and the yellow one was grazed and fertilized. In t1ie field, the different plots
were opened for wild geese and the behaviour (residence time, peck rate, step rate, fights) was
recorded. In the laboratory, two turves of each plots of each tray have been tested for intake
rate; so in total 32 turves have been tested.

The size of the turves was standard, 301 cm2. After their cutting, the turves were tested
as soon as possible but in order to keep the vegetation in its initial form the turves were kept in
a cold room, at 4°C.
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Set up of the intake experiment.

The aim of this investigation was to measure the weight loss of by the turf during the
feeding of the geese.

Before offering the turf to the geese the evaporation was measured during five or six
minutes by weighing the turf twice. The time was also noticed in order to calculate the time
spent between the end of the evaporation measurement and the end of the feeding trial.

After the evaporation measurement, the turf was offered to the geese. During the
feeding time the geese were filmed with a video camera. After 50-60 pecks done by one or
both of the geese, the feeding was stopped. The use of a constant and low number of pecks
permits to assume that depletion can not occur. At the end of foraging, the turf and the spilled
biomass were collected and weighed, the time was also noticed. In order to keep the same
feeding motivation of the geese, the interval time between two foraging period was an average
of twenty minutes.

After foraging, all green plants were clipped. The different vegetation type were
separated between the main species, mostly Puccineiia maritima, the other minority species,
mostly Salicornia and Sueda maritima and dead material. These different kinds of vegetation
were washed separately and put in the oven during 48 hours or more at 70 degree Celsius. The
weighing of the vegetation was done at the end of the drying. The weighing permitted to
calculate the biomass available per square meter.

Analyzing the tape

For each bird and each turf, the following measurements were done:
-Feeding or foraging time: time spent between the first and the last peck.
-Pecking time: time during which the geese were only pecking.
-Processing Time: time during which the geese were only processing the grass.
-Number of head up: number of time when the geese raised their head up, this measurement
gave some information about the feeding behaviour and the foraging motivation.
-Number of fights: estimation of the interaction between the geese.
-Number of pecks done.

Sum up of the data:

The data were organized as follows:
- Number of the turf, its origin and plot.
- Intake in gram: the intake has been calculated by subtracting the amount of grass lost and the
evaporation during the feeding time from he weight loss of the turf during the feeding. The
evaporation during the feeding has been calculated with the evaporation measured before the
feeding and the time spent between the beginning and the end of the feeding.
- Number of pecks of each bird
- Feeding time
- Pecking time
- Processing time
- Number of head up
- Peck rate, in peck per second, of each bird calculated by dividing the number of peck by the
pecking time. The pecking time has been used in order to get more precise data.
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- Bite size, in gram per peck, calculated by dividing the intake, in gram, by the total number of
pecks done by the two geese.
- Intake rate, in gram per second, calculated by dividing the intake, in gram, by the pecking
time of the two birds
- Biomass, in gram dry per squared meter, was calculated with the weight of the dry grass.

In order to analyze the peck rate in relation with the biomass, regression tests have
been made.

For the calculation of the bite size and the intake rate, the total intake in gram, the
number of pecks of the two birds and the pecking time of both of the birds have been used. To
allow for potential differences in bite size and in intake rate the fraction of bites made by the
male was included as potential variable in the model. The statistical test used was ANCOVA
(procedure manova in spss) and the interaction between the plots, the biomass and the fraction
of bites made by the male have been tested. Only significant interactions have been included in
the final model.

For the turves coming from Schiermonnikoog, the mean, the standard error and the
analysis of the variance have been calculated for the different treatments.
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Relation with biomass

I RESULTS I

A relation between intake rate and biomass is expected, based on earlier results (Prop and
Loonen 1986, Toisma 1998, Trudell and White, 1981). In this section, we investigated this
relation not only for the intake rate but also for the components determining intake rate (peck
rate and bite size). These components are analyzed separately in relation with biomass. The
results measured on turves from Schiermonnikoog and from the North Coast of Groningen are
presented separately.
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Figure 1: Peck rate of the female related to biomass.
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No relation has been found between peck rate of the female and biomass
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Figure 2 : Peck rate of the male related to biomass

No relation has been found between peck rate of the male and biomass
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Figure 3: Bite size related to biomass, fraction of bite made by the male and interaction
between those variables.
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With the statistic test ANCOVA (procedure manova in spss), intake rate has been correlated
with biomass, fraction of bite made by the male, interaction between these variables and square
biomass. The table 2 gives the coefficients of the quadratic relation found.

Table 2 : Coefficients, F values, degrees of freedom and significance corresponding to the
relation between intake rate and biomass (figure 4)

Variables Coefficient F df P
constant 0.222
biomass -0.0321 7.61 1,27 0.001

square biomass 0.00 164 11.76 1,27 0.002
bite male -0.127 4.45 1,27 0.044

Biomass*bite male 0.02 19 10.44 1,27 0.003

The rectangular points represent the intake rate when the male is mostly eating (fraction of
bites made by the male > 0.7) and the circle one represent the bite size when the female is
mostly eating (fraction of bites made by the male < 0.3). The value of intake rate used has been
calculated in relation with the measures done during the investigation.

We tested if the intake rate is a function of the peck rate or of the bite size. Earlier results
demonstrated that intake rate of herbivores increases asymptotically as a function of bite size
(Gross, Shipley, Hobbs, Spalinger and Wunder, 1993). In this study, we also found that intake
rate is only varied in relation to bite size Bite size is an useful predictor of short term intake
rate of herbivores.
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Figure 5 Intake rate related to bite size.
A positive relation links intake rate to bite size. The equation found is y = 6.51 x -0.00604 with
F(1,30)=856.17, p=0.000 and r2=0.982
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With the statistic test ANCOVA (procedure manova in spss), bite size has been correlated with
biomass, fraction of bites made by the male, interaction between these variables and the square
biomass. The coefficients related to the quadratic relation found are given in the table 1.

Table 1 : Coefficients, F values, degrees of freedom
relation between bite size and biomass (figure 3)

The rectangular points represents the bite size when the male is mostly eating (fraction of bites
made by the male> 0.7) and the circle one represent the bite size when the female is mostly
eating (fraction of bites made by the male < 0.3). The value of those bite size used has been
calculated in relation with the measures done during the investigation.

For the figures 3 and 4, bite size and intake rate of the male has been calculated by the formula
found and with the fraction of bites made by the male equal to one. Bite size and intake rate of
the female has been calculated by the formula found and with the fraction of bites made by the

male equal to zero.
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Figure 4 Intake rate related to biomass, fraction of the bites made by
between these variables.
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Figure 6 : Peck rate of the female related to biomass

The relation found between the peck rate of the female and biomass
equation is y = 0.0214 x +1.73 , with F(1,1 17)=7.55, p=O.OO69.
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Figure 7 : Peck rate of the male related to biomass
No relation has been found between peck rate of the
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Figure 8 : Bite size related to biomass

No relation has been found between bite size and biomass
0.6

0.1

0

5 10
Biomass (gram dry/m2)

Figure 9 : Intake rate related to biomass

With the statistic test ANCOVA (procedure manova in spss), intake rate has been correlated
with biomass. The equation of the positive relation found is y = O.0045x +0.1379 with

F(1,123)4.46 and p=O.O37.
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Figure 10 Intake rate related to bite size.

The relation found between the intake rate and bite size is a regression line whose equation is
y = 6.12 x - 0.00853, with F(1,123)678.18, p0.0000.
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Different quality of the vegetation

We expected an effect of the quality of the vegetation (Trudell and White, 1981). In this
section, this relation is not only investigated for the intake rate but also for the peck rate and
the bite size which define intake rate. These components are analyzed separately. The results
measured on turves from Schiermonnikoog and the North Coast are presented separately.
First the effect of biomass and quality is analyzed in a parametric ANCOVA to test significant
effects. If there is no significant effect of biomass, the effect of treatment was again tested
using a non parametric Kruskall Wallis ANOVA.

Schiermonnikoog

During the investigation in Schiermonnikoog, four treatments have been used:

Black : grazed and non fertilized
Green : ungrazed and fertilized
Red : ungrazed and non fertilized
Yellow: grazed and fertilized

As there is no significant effect of biomass on peck rate, bite size and intake rate (figure 11),
when treatment was included in the model, the various treatments are compared non
parametric with a Kruskall Wallis ANOVA.
The tables 3, 4, 5 and 6 give the mean, the standard error and the number of cases for
respectively the peck rate of the female, of the male, for bite size and intake rate.

Table 3 : Mean, standard error and number of cases related to peck rate of the female for
different treatments.

______________

Treatments Mean Standard error Cases

Black 1.966 0.0820 8

Green 2.078 0.0710 7

Red 1.86 0.0725 7

Yellow 2.006 0.0817 6

In fact, there is no significant difference in the peck rate of the female for the four different
treatments (Kruskall Wallis: cases = 28, Chi-square = 3.66, p=O.299).

Table 4 : Mean, standard error and number of cases related to peck rate of the male for the

different treatments.

______________ ______________

Treatments Mean Standard error Cases

Black 1.46 0.169 4

Green 1.73 0.0742 8

Red 1.71 0.155 6

Yellow 1.60 0.0131 4

In fact, there is no significant difference in the peck rate of the male for the four different
treatments (Kruskall Wallis: cases = 22, Chi square = 2.48, p=O.478).
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Table 5 : Mean, standard error and number of cases related to the bite size for the different
treatments.

Treatments Mean Standard error Cases
Black 0.0127 0.00201 8

Green 0.03 79 0.00466 8

Red 0.0217 0.00304 8

Yellow 0.0 160 0.00 176 8

There is a significant difference between the bite size related to the vegetation belonging to the
four different treatments (Kruskall Wallis: cases = 32, Chi square = 17.91, p=O.0005).

0.35
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E0.2
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Figure 11: Intake rate, according to the four different treatments, related to biomass

No relation has been found in order to relate the intake of the four different treatments to the
biomass

Table 6 : Mean, standard error and number of cases related to the intake rate for the different
treatments.

Treatments Mean Standard error Cases
Black 0.0788 0.0150 8

Green 0.2378 0.0309 8

Red 0.1361 0.0242 8

Yellow 0.0987 0.00968 8

These last test shows that there is a significant difference between the intake rate for the four
treatments (Kruskall Wallis: cases = 32, Chi square = 15.50, p=0.OO14).

16

0.4

—1----

— H.0.05

0

2 4 6 8 10 12 14 16 18
biomass (gram dry/m2)

L ' black • green A red • yellow



The treatment pairs green/yellow and black/red differ in biomass. So far this is not used in the
analysis and no significant effect of biomass is found within the four treatments. Now we will
lump the two pairs of treatment into two categories fertilized and unfertilized and analyze
again the possible effect of biomass.

_______

• •. •
1.6

2 4 6 8 10 12 14 16 18

biomass (gram drylm2)

. fertilized plot • non fertilized plot

Figure 12 : Peck rate of the female, according to different quality of the vegetation (fertilized
and non fertilized), related to biomass.
No relation has been found between peck rate of the female, according to the quality of the
vegetation, and biomass. Table 7 gives us the mean, the standard error and the number of cases
related to the peck rate of the female for the different quality of the vegetation.

Table 7 : Mean,
different quality

Treatments

standard error and
of the vegetation.

Mean

number of cases

Standard error

related to peck rate of the female for the

Cases
13

15

Fertilized 2.04 0.0510
Non fertilized 1.91 0.05 52

There is no significant difference between the peck rate of the female done on the fertilized
vegetation and the one done on the non fertilized vegetation (Kruskall Wallis : cases = 28,

Chi-square = 2.67, p=0. 102)
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Figure 13 : Peck rate of the male, according to different quality
non fertilized), related to biomass

of the vegetation (fertilized and

No relation has been found between peck rate of the male, according to the different quality of
the vegetation, and biomass. Table 8 gives us the mean, the standard error and the number of
cases related to the peck rate of the female for the different quality of the vegetation.

Table 8 : Mean
different quality

Treatments

, standard error and
of the vegetation.

Mean

number of cases

Standard error

related to peck rate of the male for the

Cases
12

10

Fertilized 1.695 0.0654
Non fertilized 1.612 0.116

There is no significant difference between the peck rate of the male done on the fertilized
vegetation and the one done on the non fertilized vegetation ( Kruskall Wallis : cases = 32,
Chi-square = 0.8522, p=0.3 559).
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Figure 14 : Bite size, according to the different quality of the vegetation (fertilized and non
fertilized), related to biomass and fraction of bites made by the male.

With the ANCOVA test (manova procedure in spss), for each quality of the vegetation, nearly
significant positive relation (p<O. 1) has been found relating bite size with biomass and fraction
of bites made by the male. With a corresponding to biomass and b to the fraction of bite made
by the male, the relations found are:
for the fertilized plot, y = -0.00343+ 00284+0.00223 a +0.00753 b,
for the non fertilized plot, y = -0.00343- 00284+0.00223 a +0.00753 b.
The table 9 gives the coefficients related with the relations found.

Table 9 : Coefficients, F values, degrees of freedom
relation between bite size and biomass (figure 14)

There is a significant difference between the bite size related to the fertilized and non fertilized
plots (Mann and Whitney, cases=32, Chi-square=4. 14 and p=O.041 8)

The rectangular points represent the bite size for the fertilized vegetation and the circle one the
bite size for the non fertilized vegetation. These bite size has been calculated according with
the measurements done during the investigation.
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Variables Coefficient F df P

Constant -0.00343
Biomass 0.00223 42.73 1,28 0.000
Bite male 0.00753 3.14 1,28 0.087

Fertilization factor 3.89 1,28 0.048
Fertilized plot +0.00284

Non fertilized plot - 0.00284



For the graphs concerning the bite size and the intake rate (figure 13 and 14) and in order to
simplify the lecture of the graphs, the lines have been created with the fraction of bites made by
the male equal to 0.5, which mean that number of pecks done by the male and the female are
equal.
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Figure 15 : Intake rate, according to the different quality of the vegetation (fertilized and non
fertilized), rclated to the biomass and the fraction of bites made by the male.

With the ANCOVA test (manova procedure in spss), for each quality of the vegetation a nearly
significant positive relation (p<O. 1) has been found in order to correlate the intake rate with
biomass and the fraction of bites made by the male. With a corresponding to biomass and b to
the fraction of bite made by the male, the relations found are:
for the fertilized vegetation, y = -0.0391+0.0178+0.0146 a +0.064 1 b,
for the non fertilized plot, y = -0.039 1- 0.0178+0.0146 a +0.0641 b
The table 10 gives the coefficients related with the relations found.

Table 10 : Coefficients, F values, degrees of freedom
relation between intake rate and biomass (figure 15)

and significance corresponding to the

Variables Coefficient F df P

Constant -0.0391 1.53 1.28 0.226
Biomass 0.0146 40.45 1,28 0.000
Bite male 0.0641 4.99 1,28 0.034

Fertilization factor 3.37 1,28 0.077
Fertilized plot 0.0178

Non fertilized plot - 0.0178
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There is a significant difference between the intake rate related to the fertilized and non
fertilized plots (Mann and Whitney: cases=32, Chi-square=3.99 and p=O.O458).

The rectangular points represent the intake rate for the fertilized plot and the circle one the
intake rate for the non fertilized plot. These intake rate has been calculated according with the
measurements done during the investigation.

North Coast of Groningen

3

' 2.5
U)

C.)

Co

C.)

1

• fertilized plots • non fertilized plots

— fertilized plots — non fertilized plots

Figure 16 : Peck rate of the female, according to the different quality of the vegetation
(fertilized and not fertilized), related to biomass.

The thicker regression line correlate the peck rate of the female for the fertilized plots with the
biomass, its equation is : y = 0.0182 x +1.85 1. The thinner one correlated the non fertilized
plots with the biomass, its equation is : y=0.033 1 x + 1.537.
The table 11 gives the coefficients related with the relations found.

Table 11 : Coefficients, F values, degrees of freedom
relation between peck rate and biomass figure 16)

_________ _________

The rectangular points represent the peck rate for the fertilized vegetation and the circle one
the peck rate for non fertilized vegetation, they are both based on the measurements done
during the investigation.
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-Variables Coefficient F df P

Fertilized plots
Constant 1.851

Biomass 0.0182 5.55 1,61 0.0213

Non fertilized plots

Constant 1.537
Biomass 0.0331 5.27 1,54 0.0255
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Figure 17: Peck rate of the male, according to the different quality of the vegetation (fertilized
and not fertilized), related to biomass.

No relation has been found between peck rate of the male, according to the different quality of
the vegetation, and biomass.

The table 12 gives the mean, the standard error related to the peck rate of the female for the
different quality of the vegetation.

Table 12 : Mean,
different quality

Treatments

standard error
of the vegetation

Mean

and number of cases
figure 17).

Standard error

related to peck rate of the male for the

Cases
56
37

Fertilized 1.52 0.0338
Non fertilized 1.48 0.0395

There is no significant difference between the peck rate of the male done on the fertilized
vegetation and the one done on the non fertilized vegetation (Mann Whitney:U=871 .5,
W=1574.5, z -1.29, 2-tailed p=O.l966).
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Figure 18 Bite size, according to the different quality of the vegetation (fertilized and non
fertilized), related to biomass

With the ANCOVA test (manova procedure in spss), for each quality of the vegetation a linear
relation has been found in order to correlate the bite size with the biomass. For the fertilized
plot, the relation found is : y=0.0301+O.OO255; for the non fertilized plot the relation is
y=0.0030 1-0.00255; with for the fertilization factor F(1,123)6.76 and p0.O1O,.
The rectangular points represent the bite size for the fertilized vegetation and the circle one the
bite size for the non fertilized vegetation. These bite size has been calculated according to the
measurements done during the investigation.
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Figure 19 : Intake rate, according to the different quality of the vegetation (fertilized and non

fertilized), related to biomass.
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With the ANCOVA test (manova procedure in spss), for each quality of the vegetation a
positive relation has been found in order to correlate the intake rate with the biomass. For the
fertilized plot, the relation found is :y = 0.0049x+0.133+0.0 199; for the non fertilized plot the
relation is y = 0.0049x+0.133-0.0199

The table 13 gives the coefficients related with the relations found.

Table 13 : Coefficients, F values, degrees of freedom and significance
relation between intake rate and biomass (figure 19)

-Variables Coefficient F df P

Constant 0.133 47.56 1,122 0.000
Biomass 0.0049 5.56 1,122 0.0020

Fertilization factor 9.70 1,122 0.002
Fertilized plots 0.0 199

Non fertilized plots -0.0199

corresponding to the

The rectangular points represent the intake rate for the fertilized vegetation and the circle one
the intake rate for the non fertilized vegetation. These intake rate has been calculated
according to the measurements done during the investigation.
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I
DISCUSSION

I

Relation with biomass
Schiermonnikoog

During our investigation, contrary to our expectations, the peck rate of both of the
geese did not depend on biomass (figures 1 and 2). This results is mainly due to the large
variation in pecking behaviour of the geese.

The bite size is related to the biomass, the fraction of bites made by the male and the
interaction between the biomass and the fraction of bites made by the male. As we expected,
bite size presents a positive relation with biomass (figure 3). In deed, for the same pecking
effort, a high biomass allows an higher intake. The individual feeding behavior, which is
partially translated by the bite size, is worth noticing. [At low biomass the bite size of the male
is lower than the one of the female, but at higher biomass the bite size of the male is the
highest.] The male seems to be more sensitive to an increase on biomass At high biomass, he is
able to get more grass than the female.

As J.Trudell and RG. White demonstrated and as we expected, the intake rate is
dependent on biomass, the fraction of bites made by the male and the interaction between the
biomass and the fraction of bites made by the male (figure 4). The intake rate of both of the
birds presents a positive quadratic relation with the biomass, which is the expected relation. At
low biomass, the intake rate of the male is lower than the intake rate of the female but at higher
biomass the intake rate of the male is the highest one. At high biomass, geese are able to get
more food in a shorter time.

The intake rate and its variations with biomass are caused by the bite size, which
represents the quantity of food per unit of peck (figure 5).Intake rate of herbivores increases as
a function of bite size(Gross, Shipley, Hobbs, Spalinger and Wunder, 1993). The range of
biomass used does not permit to determine if the intake rate presents a optimum at high
biomass

North Coast of Groningen

The peck rate of the female presents a positive relation with biomass, this correlation is
the one expected. The pecking effort of the female is motivated by the biomass (figure 6).
Contrary to our expectations, no relation has been found between peck rate of the male and
biomass (figure 7). However it is important to know that during the investigation it has been
noticed that the pecking behaviour of the male was very fluctuating.

We expected a positive relation between the bite size and the biomass but no relation
has been found (figure 8). The quantity of food got per peck is not dependent on biomass in
the range of variation used.

According to our expectations, the intake rate is positively related to biomass (figure
9). As we expected, at high biomass geese are able to get quickly more food, their pecking
effort is higher and motivated by high biomass. Food intake rate increased linearly with
standing crop (Trudell and White, 1981).

The intake rate and its variations are defined by the bite size (figure 1O).The range of
biomass used does not permit to determine if the intake rate presents a optimum at high
biomass
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Different quality of the vegetation

Schiermonnikoog

For the different qualities of the vegetation, the peck rates of both of the geese do not
dependent on biomass (figure 12 and 13). The test of Kruskall Wallis demonstrates that there
is no significant difference between the peck rate related with the fertilized and non fertilized
vegetation. The quality of the vegetation does not influence the peck rate.

The bite size is nearly significantly related to biomass and to the fraction of bites made
by the male for the two different qualities of vegetation (p<O. 1, figure 14). As we expected, the
fertilization of the vegetation brings about the increase of the bite size.

As we expected, for the two different qualities of the vegetation the intake rate presents
a positive linear relation with the biomass and it is higher for the fertilized vegetation (figure
15). Our results correlated the one got by J. Trudell and RG. White who demonstrated that
food quality and eating rate of herbivores are interrelated. Biomass has to be 2.5 gram higher
in non fertilized plots to compensate for the fertilization effects. The intake rate of the geese is
nearly defined by the fertilization and by the biomass. Nevertheless, there is no interaction
between the quality and the biomass.

North Coast of Groningen

For the different qualities of the vegetation, the intake rate of the female presents a
positive linear relation with biomass (figure 16). Moreover, according to our expectations, the
peck rate of the female for the fertilized vegetation is higher. Nevertheless at high biomass (20
gram dry per square meter) the peck rate for fertilized and non fertilized vegetation are similar.
This could mean that the high biomass satisfies to motivate the feeding effort of the geese; an
other explanation can be that the difference between the fertilized and non fertilized vegetation
is not sufficient. Contrary to our expectations, no relation has been found to relate the peck
rate of the male with the biomass for the different quality of the vegetation (figure 17). The test
of Mann and Whitney demonstrates that the peck rate is not significantly different between the
fertilized and non fertilized plots.

A constant relation between bite size, on fertilized and non fertilized vegetation, and
biomass has been found (figure 18). However, as expected, the bite size related to the fertilized
vegetation is the highest one. The fertilization allowed the geese to improve their intake
without increasing the pecking effort.

For each quality of the vegetation, a positive relation correlates the intake rate to the
biomass (figure 19). According to our expectations, the intake rate related to the high quality
of the grass is the highest one. Biomass has to be 7.5 gram higher in non fertilized plots to
compensate the effects of the fertilization. The fertilization and plant biomass seem to
determinate the level of the intake rate.
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Intake rate declines as food quality declines. In this project, no quality measures have been
done. However, we can apologize that fertilized turves presented a higher contain of protein
and nitrogen. This nutritional characteristics probably motivate the geese feeding. On the other
hand, it has been noticed that the color of the fertilized plots was darker than the non fertilized

one.
The bite size done on the fertilized vegetation was higher and probably due to the structural
characteristics of the leave which were softer. No conclusions can be given concerning this
effects but an other project should be done to determine how the quality of the vegetation
affects bite size and intake rate.

Conclusions

A positive relation links the intake rate with the biomass. As expected, when depletion
occurred, a decrease of the intake rate has been measured. The variations of intake rate are
mainly defined by the fluctuations of the bite size.

The intake rate is also dependent on the quality of the vegetation, in this study defined

as fertilization of the turves. For a higher quality of the vegetation, the intake rate is higher.
Nevertheless, the slopes of the lines, of fertilized and non fertilized plots, relating intake rate to
biomass are similar.

Finally, it has not been possible to determine if intake rate is more defined by the
biomass or by the quality of the vegetation.

27



RELEVANCE OF THE RESULTS I

This experiment took place in a larger project which involves a lot of researchers and
students. The aim of this global project is to define the carrying capacity of the Wadden Sea
for the Brent Geese under different management regimes. Brent geese used several habitat
types which have been changing in recent years. By using agricultural fields and arable lands,
Brent geese are in conflict with farmers and a large range of money is paid to compensate the
damage for crop loss (Dutch Society for the Preservation of the Wadden Sea, 1994). The aim
of the project is to understand the habitat selection of the Bent Geese, based on the dynamic
interplay between nutritional requirements, production and depletion over a large range of
habitats (Drent and Bakker, 1996).

The choice of the habitat dependents on multiple factors as vegetation characteristics,
disturbance, safety of the area, climatic conditions. The factor taken into account in this
investigation is the vegetation and more precisely the intake rate. The intake rate is related to
the vegetation species, the biomass available, the quality of the vegetation, the plant density
and the vegetation structure. For this project, we only investigated the influence of the biomass
and of the quality of the vegetation on the intake rate. The vegetation tested is the Puccineiia
marilima from salt-marshes of Schiermonnikoog and the North Coast of Groningen.
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I
RECOMMENDATION

I

During this research, the intake rate of the Brent Geese has been measured and put in
relation with biomass and quality of the vegetation. Nevertheless, many other variables affect
the intake rate. With the same method it will be relevant to investigate the influence of other
variables as plant density, salt content, structure of the vegetation, amount of dead material and
seasonal changes of the leaves. A very detailed investigation of quality on the vegetation
should give more information about nutritional characteristics explaining food preferences of
the geese. In this study the biomass and the fertilization were the key factors which explain the
preference.

The plant species tested was Puccinellia maritima but it should be sensible to use the
same method to test other species as Festuca rubra, Triglochin maritima or Plantago
maritima. Variation in peck rate, bite size and intake rate between those species could be
detected.

Fluctuations of intake rate are a complicated phenomena which is influenced by a large range
of variables.

Recommendations about the set up of the research:

* The intake rate must be measured in a laboratory
* The turves must be more homogeneous : they must present only one species and have similar
biomass and plant density. The size of the turves must always be exactly the same.
* The turves have to be tested as soon as possible otherwise, even by keeping them in the cold
room, the vegetation characteristics change.
* The fights between the geese and the dominance phenomena should be avoid a solution can
be to run the experiment in double and to use one geese per room.
* To get good data, the characteristics which are tested should present a large range of
variations and the researcher should increase the number of samples as much as possible.
* To get exact data to calculate the bite size and the intake rate of each goose, it is necessary
to allow feeding only by one goose on each turf.
* A detailed study should be done to determinate which characteristics of the fertilized
vegetation allow the increase of bite size and intake rate.
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LisT OF APPENDIXES I

Appendix 1: Spread sheet of Schiermonnikoog

Appendix 2: Spread sheet of North Coast of Groningen
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