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Abstract

Many former agricultural fields become available for nature development. These fields have
to be colonised by seeds of target species as often the topsoil together with the seed bank will
be removed. Colonisation by target species can be stimulated by fencing the nature
development site together with so called source sites. Then herbivores may disperse the seeds
by epizoochory and endozoochory. This study focuses on endozoochory.

We studied the relationship between seed survival in cattle and of seed uptake by
fallow deer and nutritional quality of the foliage. Three hypotheses have been tested: (1)
seeds of plants with relatively high nitrogen content are overrepresented in the dung of
Scottish Highland cattle compared with the seed supply in the same area; (2) intake of seeds
by fallow deer is positively correlated with nitrogen content of foliage within plant species
grown on different nitrogen supply; (3) intake of seeds by fallow deer is positively correlated
with nitrogen content of the foliage between three plant species (Agrostis capillaris, Juncus
effusus and Erica tetralix).

To test the first hypothesis the correlation between nitrogen content of various plants
at Dellebuursterheide and seed composition in the dung of cattle was tested. In this survey it
cannot be concluded that there was a significant correlation. But there was a positive
correlation between Ellenberg nitrogen indicator value and nitrogen content. To test the
second hypothesis Plantago major and Stellaria media were grown upon soils with different
nitrogen supply and used in a food choice experiment. In neither of the species nitrogen
content in foliage and seed intake did significantly correlate. In Plantago major there was a
significant increase in seed uptake with increasing length of the fruiting stems. In Stellaria
media there was a significant correlation between nitrogen content of the fruiting stems and
the percentage foraging time.

To test the third hypothesis the three species were used in a food choice experiment.
There was no significant correlation between nitrogen content of the plants and uptake of
seeds. Nitrogen content of plants on itself seems to be no good indicator for the potential
seed dispersal. But together with other researches it is shown that heathland species are
dispersed less than species from areas that are richer in nutrients. Therefore we recommend
to exclude grazing from heathlands, especially in summer.
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I Introduction

Nowadays many agricultural fields become available for ecological restoration. In
many of these places the topsoil is removed in order to get the right abiotic conditions
(i.e. nutrient poor) for the restoration and development of heathlands or species-rich
grasslands. But with the removal of the soil the seed bank is also removed. In order to
recover, these areas have to be colonised by target plant species. As plants are sessile
their colonisation depends on successful dispersal of their seeds to new sites. The
larger the area that is covered through dispersal the higher the chance of having a
successful colonisation as the possibility of finding a convenient site becomes larger.
Plant seeds can be dispersed by wind, water, animals and machines (Bakker et a!.
1996). The results of wind dispersal would probably be small as wind tunnel
experiments with 22 species of pasture and heath showed that wind dispersal occurs
only on a scale of a few meters (Zijlstra 1992, Klooker et a!. 1999). Dispersal by
animals is considered to have a larger range, therefore it has been thought that
colonisation by target species can be stimulated by fencing the nature development
site together with so called source sites and graze them by different herbivore species
(Klooker et a!. 1999).

Seeds can be dispersed by small animals (i.e. ants) and larger animals (birds,
mammals, etc.) in their fur (epizoochory), in their gut (endozoochory) or by scatter
hoarding (dysochory). Specific feeding habits, home range and migration movement
complicate the possible seed dispersion patterns by zoochory (Harper 1977, Bonn &
Poschlod 1998). The number of seeds dispersed by animals is first determined by the
seed output of a plant species (Nathan & Muller-Landau 2000). In endozoochory the
size and range of dispersal depends further on the amount of seeds that is taken in, the
percentage of seeds that is still viable after the passage through the alimentary tract,
the retention time inside the animal and the home range of the animal (figure 1.1)
(Bonn & Poschlod 1998). Viability of seeds after gut passage is determined by the
resistance of particular species to the process of chewing and gut passage. Seed
survival through animals is related to the degree of hardness of seeds. Small and hard
seeds have less chance of being crushed by teeth and are more resistant for the
enzymes and acids than larger and softer seeds (Gardener et a!. 1993, Frankton &
Mulligan 1987). The retention time, which differs between herbivore species, also
plays a key role in the survival of seeds: the longer the retention time the lower the
number of viable seeds (Bonn & Poschlod 1998).

Seeds that are still viable in the herbivore dung have a competition advantage
above seeds that are dispersed by wind or epizoochory as large faecal droppings have
at least four effects on plants, beneath and around it: (I) smothering and exclusion of
light from the adjacent plants; (2) local disturbance of the nutrient relations; (3)
changes in the pattern of grazing around the pat which animals tend to avoid; (4)
creation of an island for colonisation (Harper 1977).
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Figure!.!: A conceptual model on dynamics of seed dispersal by large
herbivores. Epizoochory is shown by the upper part and endozoochory
by the lower part (from Mouissie (unpublished)).

The present study focuses on the endozoochory by large herbivores. We
studied the first step in the process of endozoochory; the intake of seeds by large
herbivores. And we compared this with the nutritional quality of the seed source
(lower left part of figure 1.1). Wallis de Vries (1994) distinguishes four levels of
factors which determine foraging behaviour of animals: the spatial scale, currencies,
information and the individual context. The spatial factor will be determined by
landscape, plant community, patches and plants. Currencies are the availability of
energy, proteins and minerals in the environment. Information about seasonal change,
spatial variation, sampling and visual and tactile cues can influence herbivore
behaviour. The implementation of this information depends on the individual context
which is formed by body condition, individual experience, social experience and other
priorities like predation pressure.

Seed intake can happen accidentally or intentionally. Seed intake happens
intentionally when an animal deliberately takes in a seed as food source. When intake
happens accidentally, the animal does not want the seeds but the foliage or a fruit. The
'foliage is the fruit'-hypothesis of Janzen (1984) states that some plant species with
small seeds are evolved to be consumed by large herbivores. It says foliage to
herbivores is like berries to birds. When these herbivores eat the foliage of the plants
they automatically take in the seeds. These seeds survive inside the animal and are
dispersed when they leave the animal. The plant is tasty when the seeds are ready: the
plant concentrates on the selectivity of the herbivore. This would be formed co-
evolutionary (mutualism). On the other hand it is possible that the plant tends to avoid
being eaten and that the seeds survive by coincidence. The seeds have become more
resistant to survive the route through the animal ('making the best of a bad job')
(Janzen 1984).

In the present study we tested if there is a relationship between the nutritional
quality of plants and seed intake by large herbivores. In general the research focused
on the question: are seeds of palatable plants dispersed better than seeds of plants that
are less palatable and which habitat type contains plants that are more palatable.
Within this main question three hypotheses are tested.

2

plant x herbivore
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First hypothesis (Hi): seeds of plants with relatively high nitrogen content are
overrepresented in the dung of Scottish Highland cattle compared with the seed
supply in the same area. To test this hypothesis the nitrogen contents of plants were
compared with the seed composition in the dung. These seed compositions are
coming from a previous study by M. Mouissie to find out the seed survival and
viability after passing the digestion tract of cattle (Scottish Highland cattle) as well as
to predict the nutrient and seed dispersal into the area of Dellebuurster Heide.
Mouissie et a!. (unpublished) found positive correlations between the Ellenberg
nitrogen indicator values of plants and the numbers of plant seeds that were found in
the dung of cattle. Ellenberg nitrogen indicator values of the specific plants were
determined in order to establish the relationship between the nutritional quality of
plants and the area they are expected to grow upon. Plant samples were taken from the
Dellebuurster Heide at the same moments in the year as the samples of cattle dung
were collected by M. Mouissie.

Second hypothesis (H2a): intake of seeds by fallow deer (Cervus dama)
(figure 1.2) is positively correlated with nitrogen content of foliage within plant
species grown on different nitrogen supply. It is thought that plants have higher
nutritional quality and are more attractive for herbivores when having relatively much
protein. To test this hypothesis Plantago major and Stellaria media were grown upon
soils with different nitrogen supply and used in a food choice experiment with fallow
deer. These intermediate feeders are thought to selectively minimise the fibre content
in their diet as well as exploiting any better source of nutrients to optimise their intake
(Geist 1982).

Third hypothesis (H2b): intake of seeds by fallow deer is positively correlated
with nitrogen content of the foliage between three plant species. Agrostis capillaris,
Juncus effusus and Erica tetralix were used for this experiment as these plants play
important roles on heathiands. In this experiment fallow deer (Cervus dama) were fed
plants that contained varying amounts of nitrogen to get insight in the possible
preference of deer for nitrogen rich plants. Fallow deer are appropriate study
herbivores qualified as intermediate feeders (Hofhann 1985). This means they have a
preference for certain high quality food but are not too fussy in their food choice as
concentrate selectors. Hence we expect our results to apply to a wide range of
herbivores.

3

Figure 1.2: A couple of male fallow deer (Cervus dama).'
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2 Materials & Methods

2.1 Relationship between endozoochory and plant nitrogen contents:
a field study

Hypothesis 1: seeds of plants with relatively high nitrogen content are
overrepresented in the dung of Scottish highland cattle compared with the seed
supply.

2.1.1 Study site
The Dellebuursterheide (200 ha) is situated in east-Friesland, and is a remnant of
extensive heathiands along the river Tjonger. The study site consists of the
Delleboeren (heathland, bog and forest), the Hoorn (river dunes) and former arable
fields of which the topsoil is removed (25 ha) (Klooker eta!. 1999). Almost the whole
site (180 ha) is grazed year-round since 1979 by livestock (cattle, horses and sheep) of
which the number fluctuates (Jager 1999). Plants were sampled from the heathland
(nutrient-poor), the mesotrophic grassland (moderate nutrient level) and the
oligotrophic grassland (nutrient-rich) (Table 2.1).

Table 2.1: Species sampled for nitrogen analysis. Per species the family, habitat type and sampling
month are indicated.
species family habitat type December March June
Erica tetralix Ericaceae heathland x x x
Calluna vulgaris Ericaceae heathiand x x x
Holcus lanatus Poaceae mesotrophic x x
Molinia caerulea Poaceae heathland x x x
Agrostis capillaris Poaceae oligo/meso x x(2)
Festuca ovina Poaceae oligotrophic x
Galium saxatile Rubiaceae oligotrophic x x
Juncuseffusus Juncaceae heathland x x x
Cerastium fontanum Caryophyllaceae mesotrophic x x
Plantago lanceolata Plantaginaceae mesotrophic x
Rumex acetosella Polygonaceae mesotrophic x
A. capillaris + G. saxat lie mixture oligotrophic x
F. ovina + A. capillaris mixture oligotrophic x
H. lanatus + P. trivialls mixture mesotrophic x
bulk grasses mixture oligotrophic x
short vegetation mixture mesotrophic x

4
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2.1.2 Nitrogen contents ofplani species
In order to get a complete image of the food opportunities of the animals, samples are
taken of plants that have seeds as well as plants that do not, but that can serve as an
alternative food source. Plant samples were taken from different parts of the study site
on December 18th 2002, March 25th 2003 and June 17th 2003 (Table 2.1). A manual
sampling method was used in order to get representative samples. The survival rates
that came out of the earlier research of Mouissie et a!. (unpublished) were compared
with the N-content of the plant samples to test the correlation between dispersal of
seeds of a plant and quality of its leaves. N-content is often used as quality indicator
(Lesage et a!. 2000; Semiadi et a!. 1995). With the amount of nitrogen the amount of
proteins is counted indirectly, especially when you leave the N03-form out of
account. Food quality can also be estimated by determining %NDF (neutral detergent
fibre), %ADF (acid detergent fibre) and amount of hard tissues such as lignin (Lesage
et a!. 2000; Wilmshurst et a!. 1994). But the analyses for these indicators would have
taken too long for the research period, so the choice was made to do N-analyses only.
The N-analysis is done with the Kjeldall-method (appendix 1), adapted to leave the
nitrogen in nitrate form out of account. So only the nitrogen in proteins is analysed.

2.1.3 Data analysis
The results for every plant species were compared with the amount of seeds in cattle
dung and the Ellenberg nitrogen indicator value. For every sampling date the species
were analysed with a One-way ANOVA and post hoc Tukey HSD (P=0.05) in order
to test which species differed in N-contents. The nitrogen contents of the plant
samples that contained seeds were compared with the ratio of seeds in cattle dung and
supply using a One-way ANOVA. Also nitrogen contents and Ellenberg nitrogen
indicator values of every species were compared.

5
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2.2 Food choice experiment fallow deer

Hypothesis 2a: intake of seeds by fallow deer (Cervus dama) is positively correlated
with nitrogen content of foliage of Plantago major and Stellaria media grown on
different nitrogen supply.
Hypothesis 2b: intake of seeds by fallow deer is positively correlated with nitrogen
content of the foliage between three plant species.

2.2.1 Cultivation ofplants offe red to fallow deer
The plant species that were used for this feeding experiment were Plantago major
(Plantaginaceae) and Ste//aria media (Caryophyllaceae), respectively a species with
the seeds placed outside the foliage and a species with the seeds between the foliage
(Figure 2.1). Both species have small and hard seeds, what is supposed to be an
advantage in surviving the alimentary tract of herbivores. Small seeds will not be
crushed very easily when the herbivore chews the plant material and when the seeds
are hard the digestive acids and enzymes can do less harm. Both species are found
flowering on cattle dung pats (Mouissie et al. unpublished). Both species normally
germinate in spring. Ste//aria media develops seeds year round and Plantago major in
July, but because they are grown in the greenhouse they were fructificated earlier.
Both species set seed within the year of germination. The plants were cultivated in 10-
liter trays with a sand/potting compost-mixture (sand: potting compost 3:1) and
different N-levels (Table 2.2).

Table 2.2: Scheme of the amount of seeds and the NH4NO3-additions for Plan tago major and Stellaria
media in the greenhouse as a preparation for the feeding experiment with fallow deer. P. major: 1
addition is FebruarZ 19th and 2usd addition is March 19th 2003. S.media: addition is May 20th and 2"'
addition is June 12 2003.

P. majoi sown 1St addition 2nd addition

poor

medium

rich

0.37g x x

0.379 250 ml 31.98mM 250 ml 31.98mM
0.379 250 ml 608.0 mM 250 ml 608.0 mM

S.media sown 1st addition 2nd addition

poor 0.5g x x

poor+ 0.5g x 100m131.98mM
medium 0.59 250 ml 31.98mM x

medium + 0.5g 250 ml 31.98mM 250 ml 31.98mM

rich 0.5g 250 ml 152.0mM x

rich+ 0.5g 250m1152.OmM 250m131.98mM

For both species the levels of nitrogen were chosen in order to get no overdose
resulting in dead plants or doses that are too low resulting in a lack of differentiation
between the different levels (Van Andel 1974, De Graaf 2000). Per tray 0.37 gram
seeds of P/antago major and 0.5 gram seeds of Ste//aria media were sown to get
equally and fully covered trays. The N-levels in the soils are approximately 1.6 mM,
2.4 mM and 16.8 mM for the trays with P/antago major. In order to realize these
levels different amounts of nitrogen were added (Table 2.2). The poor soil consists
only out of sand and potting soil. Because of the potting soil the nitrogen
concentration is initially circa 1.6 mM. The other two soils, medium and rich, have
nitrogen added. An NH.4N03-solution was chosen to keep the levels of other elements
equal for every treatment. To influence quality rather than quantity, only nitrogen was
differentiated by adding NH.4N03 to the soil. Nevertheless for control the sizes of the
plants are also taken into account. Before the start of the feeding four different

6
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qualities were determined for each tray. Some material was taken from the plants
(circa 7 grams - approximately I gram dry weight) for analysing the N-content. From
each tray the height of the leaves and the height of the inflorescences were measured
as well as the number of inflorescences.

2.2.2 Experimental design
The experiment was carried out in a deer enclosure in Lieren hosting five fallow deer.
The first plant species that was used for the experiments was Plantago major. The
trays were placed randomly (by drawing lots) in a matrix with circa 2 meters space in
between (Figure 2.2a). At a time interval of 15 seconds notations were made for each
tray whether a deer was eating from it or not. With the interval times the endurance of
the visits was determined. The inflorescences were counted after 5, 20, 60 and 120
minutes to obtain an overview of the foraging behaviour during the course of time.

The second time the Stellaria media-trays were offered to the fallow deer. The
number of inflorescences was determined as well as the height of the plants and the
N-content of the leaves and the inflorescences. Fourteen trays were put randomly in a
matrix (Figure 2.2b). Again at a time interval of 15 seconds notations were made for
each tray whether a deer was eating from it or not. The number of inflorescences left
was counted for each tray after 20, 60 and 80 minutes.

The last feeding experiment was done with three different species that roughly
represent the plant quality composition of heathland-grassland mosaics in the
Netherlands, namely, Erica tetralix, Juncus effusus and Agrostis capillaris. Three
trays of each species were placed randomly in a matrix after the number of
inflorescences was counted (Figure 2.2c). Just like the other experiments the number
of visits was counted by making notations at intervals of 15 seconds. At two points in
time (after respectively 20 and 40 minutes) during the experiment the fruiting stems
were counted to see if there were differences between the species.

7

Figure 2.1: Stellaria media (left) and Plantago major were the species used in this experiment.23
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2.2.3 Data analysis
After the experiment the relationships between the eating time of the animals and the
various parameters of the different trays were tested using Pearson's correlation. This
is also done for the percentage of eaten inflorescences and the different parameters.
The nine trays were classified into three groups of different nitrogen contents: 0-6, 6-
10 and >10 mg N/g plant material. The differences between percentages eaten fruiting
stems through time between the three different nitrogen content groups in Plantago
major were compared using a One-way ANOVA and Tukey HSD-test. Differences
between the three different species are determined using a Univariate Analysis of
Variance (ANOVA) and Tukey HSD.

8
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3 Results

3.1 Relationship between endozoochory and plant nitrogen contents:
a field study

3.1.1 Relationship between nitrogen content ofplant species and seed dispersal
In the samples of December 18th the heathland species have the lowest nitrogen
amounts followed by species from the oligotrophic and mesotrophic grasslands. Non
seeding Juncus effusus individuals have significantly higher nitrogen contents than the
individuals with seeds. Poaceae and Rubiaceae have the highest nitrogen contents
(Table 3.1A).

In the samples of March 25th differences in N-contents of the plants from the
different habitat units is clearer: heathiand species are lowest, followed by
oligotrophic and mesotrophic grassland species (Table 3.IB).

In June the species of the different habitat units are more or less mixed up: the
clear division is no longer there. Juncus effusus and Molinia caerulea belong no
longer to the species that are lowest in nitrogen. There is even no significant
difference between species (Table 3. 1C).

Table 3.1: Nitrogen contents of plant samples (mg N/g plant) taken at different habitat units (n =
numbers of samples). Samples were taken at three dates: December 18th 2002 (A), March 25th 2003 (B)
and June 17th (C). The results have been obtained with a Tukey HSD (a—O.05). Different letters
indicate significant differences between the species.

A) December 18th 2003
sample habitat n nitrogen content
Molinia caerulea heathland 3 6.5 ± 1.3 a
Erica tetralix heathland 3 10.3 ± 0.29 b
Calluna vulgaris heathland 4 10.7 ± 0.51 bc
Juncuseffusus heathland 3 13.1 ±0.58bc
A. capillaris + G. saxatile oligotrophic 2 15.5 ± 0.74 bcd
bulk grasses oligotrophic 2 15.9 ± 0.25 d
J. effusus seedless heathland 2 18.6 ± 0.11 de
Holcus lanatus oligotrophic 3 22.8 ± 1.7 ef
Cerastium fonfanum mesotrophic 2 22.9 ± 5.4 ef
Galium saxati/e oligotrophic 3 23.2 ± 2.0 ef
Holcus lanatus mesotrophic 2 24.9 ± 0.92 f

B) March 25th 2003
sample habitat n nitrogen content
Molinia caerulea heathland 4 7.4 ± 1.7 a
Erica fetralix heathland 4 10.5 ± 0.33 b
Juncus effusus heathland 5 11.7 ± 1.9 bc
Calluna vulgaris heathland 4 14.1 ± 0.56 bcd
Agrostis capil/aris (dry) oligotrophic 4 15.6 ± 1.3 Cd
Fesfuca ovina + A. capillaris oligotrophic 3 17.1 ± 2.3 d
H. lanatus + P. trivia/is mesotrophic 3 22.5 ± 1.2 e
short vegetation mesotrophic 3 29.2 ± 2.7 f

9
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C) June 17th 2003
sample habitat n nitrogen content
Erica tetralix heathland 3 12.5 ± 0.95 a
Calluna vulgaris heathland 3 12.8 ± 0.82 a
Cerastium fontanum mesotrophic 2 15.6 ± 2.3 a
Festuca ovina oligotrophic 3 15.8 ± 0.58 a
Rumex acetosella oligotrophic 3 15.9 ± 1.5 a
Molinia caerulea heathland 3 16.4 ± 2.8 a
Agrostis capillaris oligotrophic 3 17.7 ± 2.4 a
Juncus effusus heathland 3 18.7 ± 2.7 a
Holcus lanatus mesotrophic 3 20.1 ± 2.2 a
Plantago lanceolata mesotrophic 3 20.6 ± 4.8 a
Galium saxatile oligotrophic 3 20.8 ± 3.4 a
Agrostis capilaris mesotrophic 3 23.6 ± 10.7 a

The nitrogen content of plants at Dellebuursterheide that carried seeds were compared
with the data from Mouissie et a!. (unpublished) on seed density in cattle dung. These
seed amounts were divided by the relative abundance in the area to get the
cattle/supply ratio. In December the plants that carried seeds were Calluna vulgaris,
Erica tetralix, Juncus effusus and Molinia caerulea (Table 3 .2A). The correlation
between nitrogen content and cattle/supply ratio turned out to be insignificant (P =
0.21). In March the same species carried seeds as in December (Table 3.2B). Again
there was no significant correlation (P = 0.40). In June the species carrying seeds
were Juncus effusus, Rumex acetosella, Cerastium fontanum and Holcus lanatus
(Table 3.2C). There was no significant correlation (P = 0.67).

Table 3.2: Nitrogen content of plant species having seeds, sampled on December 18th 2002 (A), March
25th 2003 (B) and June 17th 2003 (C). The seeds in cattle dung and seed supply ratio (c/s-ratio) of the
same species is also shown. There was no significant correlation in any of the sampling sets.

A) 18th December 2002
species N-content c/s-ratio
Calluna vulgaris 0.00223 10.74
Encatetralix 0.00334 10.26
Juncus effusus 0 13.06
Molinia caerulea 0.00393 6.53

B) 25th March 2003
species N-content c/s-ratio
Callunavulgaris 0.00006 14.08
ica tetralix 0 10.48
Juncuseffusus 0.0771 11.10
Iinia caerulea 0 7.47

10
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C) 17t June 2003
species N-content c/s-ratio
Juncuseffusus 0.0121 18.66
Rumex acetosella 0 15.93
Cerastium fontanum 0.0133 15.56
Holcus lanatus 0.0147 20.06

11
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3.1.2 Nitrogen contents compared with Ellenberg nitrogen indicator value
Nitrogen contents of all plants sampled at Dellebuurster Heide were compared with
their Ellenberg nitrogen indicator values (Figures 3.1, 3.2 and 3.3). The samples taken
in December (Figure 3.1) and March (Figure 3.2) show a significant positive
correlation between the nitrogen content of the species and their Ellenberg nitrogen
indicator value (respectively P = 0.026 and P = 0.038). In the samples of June this
correlation is no more significant (P = 0.066). Each species has nitrogen contents
between 12 and 20 mg N/g plant material (dry weight) (Figure 3.3).
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Figure 3.1: Nitrogen content versus Ellenberg N of the plant samples
taken at Delleburen on December 18th 2002. Linear regression: y =
3.3x + 4.7, R2 = 0.59. P = 0.026.
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Figure 3.2: Nitrogen content versus Ellenberg N of the plant samples
taken at Delleburen on March 25th 2003. Linear regression: y = 2.lx
+ 6.7, R2 = 0.61. P= 0.038.
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Figure 3.3: Nitrogen content versus Ellenberg N of the plant samples
taken at Delleburen on June 17th 2003. Linear regression: 0.47x +
15.0, R2 = 0.14. P = 0.066.
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3.2 Food choice experiment fallow deer

3.2.1 Selectivity offallow deer for quality and quantity of Plantago major
The rich group apparently has got the most eaten seeds followed by the medium
group, although this was still the other way round after 300 seconds. From the start
the poor group was eaten the least. The differences are at any time insignificant
according to the One-way ANOVA (Figure 3.7).

0 300 1300 2935 6535

time (s)

Figure 3.7: Eaten fruiting stems through time: percentages of seeds eaten

per group are put against time (A= >10 mg N/g, • = 6-10 mg N/g, U = 0-6
mg N/g). No significant differences: (300s) P= 0.18, (1300s) P = 0.39,
(2935s) P = 0.30, (6535s) P = 0.68. Error bars indicate standard error of
the mean.

When the percentage of eaten fruiting stems is compared with nitrogen content the
various points are scattered and there is no significant correlation between the two
parameters: Pearson's Rho = 0.15 1, (P = 0.70) (Figure 3.8).

80

— — — — — -.. .

0 5 10 15 20 25 30

N-content (mg N/g)

Figure 3.8: Eaten fruiting stems of Plantago major by fallow deer versus
nitrogen content. Linear regression: y = 0.2 lx + 54.0, R2 = 0.023.
No significant correlation: P = 0.70.

Furthermore none of the parameters that were analysed showed a significant
correlation with the amounts of fruiting stems that were eaten during the experiment.
The correlation between foliage height and eaten fruiting stems was not significant (P

14
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= 0.36). Fruiting stem height and the height the fruiting stems pointed out of the
foliage did show a positive correlation with the percentage of eaten fruiting stems but
was still not significant (respectively P = 0.067 and P = 0.087).

The fallow deer did not eat longer at trays that had high nitrogen contents than
at those with low (P = 0.57). This was the case for every period within the experiment
(data not shown). The initial number of fruiting stems did have a significant
correlation with foraging time (P = 0.017) (Figure 3.9).
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Figure 3.9: Initial fruiting stem number in Plantago major versus foraging
time by fallow deer in percentages. Linear regression: y = 0.048x +

1.9, R1 = 0.54. P = 0.017.
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Figure 3.10: Fruiting stem height of Plantago major versus foraging time by
fallow deer in percentages have a positive correlation. Linear regression:
y = 0.92x + 1.7, R2 = 0.35. P = 0.029.

The fallow deer seem to be more attracted by the size of the plants than by the N-
content: N-content is not significantly correlated with the amount of seeds eaten
during the experiment neither with the time spent at the different trays. During the
first 20 minutes of the experiment the fallow deer spent significantly more time at

.

.

Fruiting stem height did also have a positive, significant (P = 0.029) correlation with
foraging time (Figure 3.10).
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trays with higher foliage but the foliage height was not significantly correlated with
the number of eaten fruiting stems.
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3.2.2 Selectivity offallow deer for quality and quantity of Stellaria media
In Stellaria media there was no significant correlation between nitrogen content of the
foliage and percentage of eaten inflorescences in this experiment (P = 0.94) (Figure
3.11). Also the initial number of fruiting stems did not significantly influence the
percentage of eaten fruiting stems (P = 0.64) (data not shown).
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Figure 3.11: Nitrogen content of the leaves of Ste/lana media versus
percentage of eaten fruiting stems by fallow deer. P = 0.94.

Time spent per tray seemed to increase with nitrogen content of the leaves, but this is
not significant (R2= 0.45, P = 0.30, Figure 3.12).
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Figure 3.12: Nitrogen content of the leaves of Stellaria media versus
foraging time in percentages by fallow deer. Linear regression:
y = 0.3 lx + 2.4, R2 = 0.45. P = 0.30.
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Figure 3.13: Nitrogen content in fruiting stems of Stellaria media versus
foraging time in percentages by fallow deer. Significant correlation.
Linear regression: y = 0.68x — 1.9, R2 = 0.84, P < 0.001.
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Percentage eaten fruiting stems did not have significant correlation with the nitrogen
content of fruiting stems (P = 0.79) (data not shown). Nitrogen content of the fruiting
stems and foraging time showed a significant correlation (P < 0.001) and explained
84% of the variation (R2= 0.84) (Figure 3.13).

. .
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The height of the leaves of Ste/lana media was not correlated with the percentage of
eaten fruiting stems by fallow deer (data not shown), but leaf height was positively
correlated with foraging time of fallow deer (R2= 0.79, P< 0.001, Figure 3.14).
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Figure 3.14: Leaf height of Stellaria media versus foraging time by fallow
deer. These two parameters are significantly correlated. Linear regression:
y = 0.79x + 0.87, R2 = 0.79, P <0.001.
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3.2.3 Choice between three species: Erica tetralix, Juncus effusus and Agrostis

capillaris

Erica tetralix, Juncus effusus and Agrostis capillaris had significantly different
nitrogen contents (P = 0.043). Comparing these nitrogen-values with the percentages
of eaten fruiting stems during the experiment resulted in a point scatter: this means
that there is no significant correlation (P = 0.79) (Figure 3.15).
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Figure 3.15: Nitrogen contents of three different species versus percentage
eaten fruiting stems by fallow deer. P = 0.79. Three samples for every
species (9 in total).

There seem to be differences in percentage eaten fruiting stems between the species
but the standard errors of the results are too large, so the differences are not
significant (Figures 3.16 and 3.17).
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Figure 3.16: Percentage eaten fruiting stems per species through time
during the experiment by fallow deer (.Erica tetralix, U Juncus effusus,

A Agrostis capillaris). Differences are not significant. Error bars indicate
standard error of the mean.
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Figure 3.17: Percentage eaten fruiting stems per species at the end of the
experiment (after 40 minutes). Differences are not significant: P = 0.40.
Error bars indicate standard error of the mean.

Also the foraging time of the fallow deer does not differ significantly between the
three species that were used (Figure 3.18).
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Figure 3.18: Foraging time by fallow deer in percentages per species. The
differences are not significant: P = 0.17. Error bars indicate standard
errors of the mean.

We noticed that fallow deer tried to eat the seeds of Juncus effusus, but grabbing also
the stems of the plant made them eat the stems as well. Fallow deer were attracted by
the seeds.
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4 Discussion

4.1 Relationship between N-contents ofplants and seed density in cattle dung
The first hypothesis, seeds of plants with relatively high nitrogen content are
overrepresented in the dung of Scottish Highland cattle compared with the seed
supply in the same area, cannot be tested with the results that came out of the survey
done. There were not enough samples to obtain reliable correlation results. Malo and
Suárez (1995) found that seed content of dung is correlated with seed supply in the
field. But the study of Vos (2001) did not show correlation between seed content in
the dung and seed supply in the field. So he concluded seed supply not to be the only
important factor determining seed content in the dung.

When foraging on heathlands, the highest intake by cattle (up to 20% of total
intake) of Calluna vulgaris and Erica tetralix takes place in the winter (Wallis de
Vries 1994). In these months the nitrogen content of these species is lower than the
rest of the year, so the intake must also depend on the quality of other available
species or certain elements in the plants. Vos (2001) found that Erica tetralix was
most abundant in Delleburen, but was not found in cattle dung samples. Cattle spent
much time in heathland, probably using it as a resting site. Cattle graze little on
resting sites, while dung deposition is probably not smaller than at foraging sites. In
summer mesotrophic grassland may function as a seed source, while the heathland
functions as a sink for seeds. During winter the heath may become an important seed
source. Calluna vulgaris is added to their grass diet between November and March,
and it can reach a maximum of 50% of all bites in January (Welch 1984, Bokdam &
Gleichman 2000).

Vos (2001) found that the species dispersed most by endozoochory were Poa
trivia/is, P. annua, P. pratensis, Cerastium fontanum and Juncaceae. These species
prefer soil which is rich in nutrients, contrary to heathiand species. Being dispersed in
cattle dung thus gives these species an advantage above the heath species because of
release of nutrients that comes together with dung deposition (Dai 2000). Plants such
as Calluna vulgaris in heather moorland are killed by more dung pats than they can
colonize (Welch 1985). Vos (2001) concludes that endozoochorous dispersal by cattle
is of little importance for the dispersal of target species. The number of seeds of target
species is very small compared to the number of dispersed seeds of non-target species.

Ellenberg nitrogen indicator values correlate with the ratio of seed supply and
amount of seeds in cattle dung, according to results of Mouissie et a!. (unpublished).
This means that plants from nutrient-rich fields will be dispersed better by cattle than
plants from poorer fields. So from the positive correlations between Ellenberg
nitrogen indicator values and nitrogen content of the plants we obtained one can
indirectly conclude there is a relation between nitrogen content and seed dispersal by
cattle. But it is plausible that for every species successful dispersal of seeds depends
on different factors: the quality and abundance of species in the environment as well
as the nutrient contents of the plants and the nutrients that are wanted by the animals
at that very moment.

Taking the above mentioned results into account one can foresee that
endozoochorous dispersal of seeds of target species does not always have the wanted
effect. Non-target species are dispersed better and towards the heathiands, especially
in summer, while cattle also take nutrients from the rich grasslands into the
heathlands. It is recommendable to stop the grazing during summer time when most
grasses have seeds, and restart the grazing in winter when the heath species are eaten
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and their seeds dispersed. This can be done for example by fencing the heathiand out
from the grassland. Very sensitive and threatened conservation sites should be grazed
without contact with nutrient-rich grassland.

4.2 The role of N-contents ofplants in diet selection offallow deer
The second hypothesis, intake of seeds by fallow deer (Cervus dama) is positively
correlated with nitrogen content of foliage within plant species grown on different
nitrogen supply, was not verified. In each experiment, with Plantago major or
Stel/aria media, there was no significant correlation between nitrogen content of the
foliage and percentage of eaten fruiting stems or time spent foraging at the relevant
trays. In Stellaria media there was a significant correlation between nitrogen content
of the fruiting stems and the percentage foraging time, but this can also be caused by
the corresponding foliage height. Contrary to what was expected there is an increase
in percentage eaten fruiting stems with increasing size of the fruiting stems. Therefore
the fruiting stems themselves seem to be attractive for the deer. It was expected they
would be avoiding the stems to eat the foliage only, and would be able to avoid the
fruiting stems better as they were taller. But the fallow deer even bit off the stems
deliberately instead of avoiding them. This refutes the possibility of the 'foliage is the
fruit'-hypothesis (Janzen 1984) on Plantago major, because this hypothesis states that
seeds are accidentally taken in while eating the foliage.

The last hypothesis, intake of seeds by fallow deer is positively correlated with
nitrogen content of the foliage between three plant species, was also not verified.
There was no significant correlation between nitrogen content of the plants and seed
intake by fallow deer, although the three species had significantly different nitrogen
contents. Also foraging time was not significantly different between the plant species.

Newman et a!. (1995) predict with their 'optimal grazing model' that
herbivores will not show a preference for high quality food, but a trade-off between
intake rates, (internal) passage rate and absorption speed of nutrients. The preference
depends on relative and absolute intake rates which can be modified by the relative
abundance of the species. This may explain the insignificancy of the relations
between nitrogen content and percentages foraging time and eaten fruiting stems in
both Plantago major and Ste//aria media. The model is also supported by the
significant correlation between foliage height and percentage foraging time in
Ste//aria media.

Another intermediate selector (Hoflnann 1985), red deer (Cervus e/aphus) is
found not to be always in the most optimal patch (Wilmshurst 1994) during an
experiment with patches containing varying biomass. This can have several causes:
individual variations between optima between the animals, errors in selecting the
optimal patch or sampling plants to get information on the palatability. The last reason
can also be the cause for the insignificant results in the food choice experiment with
fallow deer. The trays were not large and the deer walked from tray to tray. Fallow
deer are also supposed to be very opportunistic animals in their foraging behaviour
(Geist 1982).

4.3 Limitations of our study
For the food choice experiments it certainly would have been better if there were
more samples of each nitrogen level in both Plantago major and Ste//aria media.
Especially in P/antago major preparation problems resulted in a small number of
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usable trays. This small number resulted in data that could not give a reliable image of
the relationship between nitrogen content and seed uptake.

Second, it is uncertain that the fallow deer in captivity are representative for
the wild fallow deer in nature reserves. The deer in the enclosure are used to humans
giving them all sorts of vegetables, so it is possible that they are not as selective about
their forage as wild specimen. Maybe they are even more opportunistic as they are
immediately attracted to what is brought in the enclosure.

The arrangement of the trays within the enclosure can also have influenced the
foraging behaviour of the deer, as the trays at the corners of the matrix can be
explored earlier by the deer than the others.

As nitrogen content of plants on itself is maybe not a good indicator for the
potential seed dispersal one should focus on individual species. Diet selection studies
have already been shifted from broad levels of forage types or plant parts towards the
level of plant species. There are at least two reasons for this shift: (1) plant species
within forage types differ greatly in physical properties, chemical composition and
nutritional value; and (2) ecological and evolutionary interactions between herbivores
and their food resources occur at the species level (and below), not at the broad level
of forage type. However, diet selection at the plant species level is a very complex
problem (Hanley 1997).

When having data about all important plant species of a nature reserve one can
predict the processes that will occur when herbivores are used in the area for seed
dispersal. One can estimate the influences a source site will have when fenced
together with the nature development site. When the species of the source site are
dispersed better by endozoochory it will have a positive influence on the development
site. The other way round better dispersal of development site species will possibly
lead to degradation of the source site.
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Appendix 1

N-analysis after Kjelldal

Preparations
• Dry plant material in drying oven (48 hours by 70° C)
• Crush plant material
• Dry again (circa 1 hour by 700 C)

Analysis
• Weigh 0.2000 — 0.1500 grams of crushed and dried plant material and put it in a

glass
• Add a selene-pill and 8 ml 96% H2S04-solution
• Destruction (¾ hour)
• Destillation: add 20 ml 50% NaOH-solution and destillate to 10 ml borium acid
• Titrate with 0,05n H2S04-solution until a sense of red appears: read number of ml
• Calculate nitrogen content with the following equation:

(ml titrated sample — ml titrated blanco) * 0.05 = meq N / mg
mg dry plant material

(result times 14 to get mg N/mg)



Appendix 2

Timeschedules feeding experiment with fallow deer

Plantago major: 9 trays of plants, individual (1,2,3,4,5) notation at each time interval

time (s) pos 1 pos 2 pos 3 pos 4 pos 5 pos 6 pos 7 pos 8 pos 9
0 2

10 2 1

20 2 1

30 24 1

40 24 1

50 245 1

60 2 1

70 2 1

80 45 2 1

90 1 1 23
100

110

120 3

130 2 1 3

140 4 1 3

150

160 1 4

170 1 4 3

180 1 4 3

190 1 23
200
210 1 23
220 1 2345
230 1 2345
240 123 45
250 1 45
260 2 1

270
280 2 13

290 3

300 35
315 1

330 1

345 1

360 14

375 2 3
390 1 3

405 2 4 13

420 2 3
435 12 4

450 14 5

465 1



480
495 2

3

3

45
4

1

5 1

510 25 4 1

525 2
540 2 4
555 1 2
570, 25
585

1 25
600 3 1 45
615 13 5
630

645

660 -

1 3 5
3 45
4 15L±__

3:]J--- 3 4 5
3

L12 3 5
735 3 5
750 3 4
765 35 4
780 345
795 3 4 1

810 5 1

825 3 5 14
840 1

855
870
885 5
900 4 5
915 4 5
930 5
945 45
960 2

975 35
990 1 5 23

1005 1 5 2
1020 12 5 3

1035 1 23
1050 5 1 2
1065 5 3
1080 3 5
1095 3 5 1

1 110 3
1 5

1 125 34
1 5

1140 34
1

1 155 34 15
1 170 34 1 5
1 185 34 1 5
1 200 34 1 5
1215 3 4 5
1230
1245 3 5
1260 3 5 12 4



3

___

I 5 2

1290 5 23
1305 5 1

1320 5 1 3

1335 12
1350 1345 2
1365 1 4 2
1380 1

—
45

1395 4
1410 4

1425
1440
145
1485
151

154

157

160

1620 4 1

1635 45
1650 4 2

1665 45 2

1680 3 45 2

1695 3 5 2 4

1710 3 2

1725 45
1740 5 4

1755 4

1770

1785

1800
1815

1830
1845
1860
1875 4

1890 3

1905 45
1920 5

1935
1950
1965
1980
2010
2025 1 4
2040 1 24
2055 2 5

2070 4
2085 4

2100 5 4

2115 4

2130
2145 4



2160
2175
2190
2205
2220
2235
2250
2265
2280
2295
2310

2325
2340
2355
2370
2400
2430
2460
2475
2490
2505
2520
2535
2550
2565
2580
2595
2610
2625
2640
2655
2670
2685
2700
2715
2730
2745

4

4
4

45
5

5

5

5

5

4

45
4

4

4

4

3

235
4

4

2 5

5

1

3

4

4

4

35

1

5

5

3

3

5

5

5

I
(UI

I I



Ste/lana media: 14 trays with plants; no individual deer countings

1
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1

1

1

1

1

1
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1
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I
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I

I

1

1

1

1

1
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1
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I
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I
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1

1

1

1
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1

1

1

1

1

1

2

1

1

1

1

1

1

1

1

1

I

I

I

1

1

1

time(s) posl pos2 pos3 pos4 pos5
0 3

pos7 pos8 pos9 poslO posh posl2 posl3 posl4

15

1

2

21

1 1

2

30 ii 1 1

45 I

1 1

60
1

1

75
1

21
90 1

2 1

105
2

iö 2

—i- 11
iô 1

165 2

1

1

180 1

195 1

210 1

225

240

255

270

285

300

315 1
1

330

3451T360r
1

1 1

1

375 1 1

1

1

390 2 1

405 2

420 1 1 2

4351
4501

1 1 1

465 1 1

1

1

2

2
480 1

1

495 1 2
510 1

1 1

525 1 1 2
540
555

1ii 1

1

1 1

570 1 1

585 1 1

1

600 I 1

1

615

630

645

1

2

1 1

1
1

1 1

1 2

660 1 1

1 1

675
2 1

690 1

1

1

1 1

705 1 1

1 2

720 1 1

1

735 1

2

1

1



750 1 2 1 1

765 2 1 1

780 1 1 1 1 1

795 1 1 2 1

810 1 1

825 1 3 1

840 3 2
855 2 1 1 1

8701 2 1 2
8851 1 1

9001 1 1 2

9152 1 1

9301 1 1 1

945 1 1

960 1 2

975 1 1

990 2

1005 1 1 1 1

1020 2 2 1

1035 1 2 1

1050 1 2 1 1

1065 3 1 1

10801 1 1 1

1095 1 2
1110 1 1 1 1 1

1125

—
1 = 3 1

1140 2

1155 1 1

1170 1 1

1185 1

1200 2

215
230

1245 1 1

1260 1 1

1275 1

1290 1

1305 1

1320 2



3 species: 9 trays of plants (3 of each species)

time (s)



750 I 2

765 1

795
810 1 2 1

825 2

840
855
870
885 1

900
915
930

975
990

1005

.__

1170

1185

1

4
1 1-_______ 1 1-o________________ 1

foo____________ 1g______ 1 1

1

1 1

1200
1215
1230 1

1245
1260 1

1275 1 —- Iiö 1 1- 1 1iö - I I
1335 1 1 1

1350 1 1

1365 1

1380 1

1395 2 1 1

1410 2 1

1425 2

1440 2

1455 2
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