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1. Introduction

Herbivores make complex foraging decisions concerning the diet they

select and where they choose to feed. Their foraging behaviour will be

influenced by their own nutritional requirements and by the quality, availability

and distribution of the food where they live, in addition to other necessities

such as predator avoidance. The following study investigates the diet

selection and feeding site choice of the Brown Hare (Lepus europaeus) within

the salt marsh of the island of Schiermonnikoog (Netherlands).

Diet selection

Selection has been defined as an animal's preference modified by the

possibilities the environment offers in selecting (e.g. Hodgson 1979). A

selected diet can be seen as the combined result of food preference and food

availability in the area in which the herbivore lives (Norbury & Sanson 1992).

A herbivore's perception of food availability may be influenced by the

abundance, distribution and accessibility of the food source (Crawley 1983).

There is no general agreement on which plant characteristics best

explain herbivore food preference. Parameters used to describe food quality

for herbivores are digestible energy, nutrient content (e.g. nitrogen), the

proportion of digestibility reducing substances such as fibre content, lignins

and tannins and the presence or absence of toxins (e.g. cyanogenic

glycosides). The nutritional quality a food source has for a herbivore will

depend on both the chemical components of the plant and on the nutritional

requirements of the animal and the digestive system it is equipped with (lason

& van Wieren 1999).

Where herbivores choose to graze

Foraging efficiency is considered an important determinant of feeding

patch choice by herbivores (Langvatn & Hanley 1993). Feeding patch quality

for a herbivore is then sensibly looked at in terms of attainable energy or

nutrient intake rate. Parameters affecting this intake can be summarized as

the herbage quality and availability (Ungar & Noy-Meir 1988). The herbage

quality in terms of nutritional quality of the different food plants can influence
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intake rate due to the selective feeding of the herbivore itself (Parker et a!

1996) and due to the rate of food processing by the digestive system (lason &

van Wieren 1999). Food availability within a feeding patch is the vertical and

horizontal distribution of herbage mass. Studies have demonstrated the

relationship between herbage intake rate and different sward characteristics.

such as biomass, sward height and bulk density. Accordingly, these are the

main parameters used to describe availability of food within a patch (Arnold

1987; lllius eta/I 992; Parsons et all 994).

Species composition of a feeding site can be expected to influence

herbivore feeding patch choice in several ways. A high abundance of good

quality food plants can be assumed to have a positive effect as it may enable

a higher nutrient intake rate. The occurrence of less palatable plants among

food plants can lower the encounter rate of the herbivore with it's food. These

not eaten food plants can chemically mask the occurrence food species via

toxins or odours or interfere with the abilities to find and feed on the food

plants via large size or structures such as spines (Atsatt & Dowde 1976; Hay

1986).

The hares

Due to their small body size hares have a high metabolic rate that

leads to high energy requirements. Small herbivores consume more food per

unit body mass than larger herbivores. They are expected to require more

high quality food than larger bodied grazers (Kleiber 1961). Hares are known

to perform caecotrophy, which enables a more efficient digestion of the food.

Brown Hares appear to perform caecotrophy less frequently than rabbits (van

Laar 1995). A comparison between the diet of Brown Hares and that of their

lagomorph relatives the Wild Rabbit (Oryctolagus cuniculus) showed that the

latter was a more generalist feeder whereas hares were more selective for

higher quality food (Chapius 1990). This difference was related to the different

feeding ranges of the two species. While rabbit feeding is constrained to the

close vicinity of their burrows, hares forage over larger areas with a wider

range of food sources.

Brown Hares had fixed home ranges in the salt marsh. By radio-

tracking hares all year round Kunst & Baarspul (1997) determined a home
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range size of 34 ha in my study site. The radio-tracked hares showed a large

overlap in their home ranges (Kunst & Baarspul 1997). The same. study also

discovered that the hares spent a lot of time during the day in the dunes. Van

der Wal etal(1998b) showed for spring that the hares mainly grazed on the

salt marsh from evening to the early morning hours. Predators present that

are known to attack adult hares are feral cats and two species of birds of prey,

the Marsh Harrier (Circus aeruginosus) and Hen Harrier (Circus cyaneus)

(pers. observation R. Drent).

Study objective

The hares on the saltmarsh of Schiermonnikoog with it's comparably

low number of plant species and species compositions offer a good

opportunity for investigating their diet selection and factors influencing where

they choose to feed. My study lies within the context of ongoing research in

the Schiermonnikoog salt marsh where the effect of different herbivores on

plant competition is being studied. Previous studies on the interaction

between hares and the island salt marsh vegetation showed that their winter

feeding habits had a large impact on the system by retarding succession and

thereby facilitating goose grazing (van der Wal et a!. 1 998d). Little is known on

how the hares utilize the saltmarsh over the summer and what influences their

distribution.

This study aims at investigating both hare diet selection and feeding

patch choice in relation to seasonal food quality and availability in the salt

marsh.

The research questions and hypotheses are the following:

1) I hypothesized that hares would selectively graze on high quality food due

to higher nutrient per body mass requirements.

research questions:

2) How is hare choice of a feeding site affected by food availability and

nutritional quality?

3) Do structure plants influence hare patch choice?
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The thesis is divided into 3 parts consistent with the hypothesis and

questions raised above:

The first section deals with the hare diet composition in relation to food

plant availability and nutritional quality.

The second part concentrates on hare grazing preference for three

vegetation types with high abundances of Festuca rubra in relation to the

sward characteristics species composition, F. rubra biomass, F. rubra

nutritional quality and cover of structure plants. F. rubra is expected to be the

most important food plant over the summer (van der Wal eta! 1998d).

Thirdly, an experiment was set up to test the effect of structure plants

on hare feeding patch choice.

2. Materials and methods

The field season for the following study took place from 23 July to 15

December 1999. Many of the below described measurements were taken at

three different times during this period. The timing of these measurements

coincided with three periods distinguished within the field season as

presented in table 1.

2.1. Study area
This study took place in the salt marsh of the Dutch Wadden Sea island

Schiermonnikoog (fig. 1). The marsh is situated on the eastern section of the

island bordered in the North by dunes, which separate it from the North Sea.

My study site lies within the ungrazed marsh around the 8th gully. This area

was discovered to have the highest hare densities within the island salt marsh

(Drost 2000).

The salt marsh vegetation begins at the edge of the mud flats with the

Salicornia zone. Further inland follows the Limonium vegetation type and an

area with the so-called "island vegetation" consisting of a mosaic of lower

situated gullies with Puccinellia vegetation and slightly elevated uisIandsJ with

Artemisia vegetation. Along the lower edge of the 8th gully we find the

Atriplex/Limonium zone. The middle marsh consists of Festuca rubra

4



dominated vegetation, which can be sub-divided into the Festuca/Artemisia,

Festuca and the Festuca/Elymus types, listed in order of increasing elevation

height. Higher on the salt marsh lays the Elymus athericus zone followed by

dune vegetation with high covers of Ammophila arenaria and Elymus farctus.

Table 1: Field season divided into three periods. Timing of the different
measurements taken in the field.

Period: 1

23-Jul — 18-Aug
2

18-Aug — 20-Oct
3

20-Oct — 30-Nov
Number of dropping
counts 4 4 3

Samplingof droppings
for faecalanalyses

7.7 21.7 4.8 10.9 26.9 13.10 11.11 20.11 29.11

Biomass samples 20-Jul 4-Sept 6-Dec

Plant quality samples 9-Jul — 14-Jul 6-Sept — 11 -Sept 31 -Oct — 3-Nov

Grazing intensity veg.
type level:
-8veg. types 7-Oct- 10-Oct

- Festuca, Artemisia,
Festuca/Artemisia veg. 2-Aug — 17-Aug 7-Oct — 10-Oct 1 4-Dec — 1 5-Dec

Grazing intensity within
Artemisia &
Festuca/Artemisia veg.

28-Oct 29-Oct

Vegetation relevees point quadrat:
26-Jun — 17-Jul

LONDO:
1 5-Oct — 1 8-Oct

The main study area within which all measurements took place is

situated on the low to middle marsh vegetation (fig. 1, site B). A further section

of the salt marsh mentioned in this thesis is an area selected on the basis of

the hare home range size, referred to as site A (fig.1).

In spring during the main bird breeding season entrance to the salt

marsh in strictly limited. From summer to winter all visitors have free access to

the marsh. The Puccinellia maritima and Festuca rubra sites within the study
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area are frequented by Barnacle and Brent geese in spring, which leave for

their breeding grounds around mid April and end of May, respectively. In

autumn some geese return to the island, but are mainly in the polder area.

Hares and rabbits are the only herbivores resident all year round. Rabbits are

mainly found on the higher marsh and in the dunes, where they have their

burrows. This leaves only the hares that utilize the middle to lower salt marsh

vegetation during the summer and autumn months when my field work took

place.

Figure 1: Study site on the island of Sciermonnikoog. Site A presents
the area for which hare food availability was estimated. Site B is the
main study area in which all measurements were taken.

2.2. Hare diet
Hare diet composition was determined by microscopial faecal analysis

based on surface area of epidermal fragments (Steward 1967). The

fragments were identified according to characteristics of the epidermal cells

such as cell size, shape and hairs. Both half-digested epidermis fragments
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and the indigestible cuticule, which shows an imprint of the epidermal cells,

are present in the faeces and enable this procedure. I did not correct for

differences in leaf area verses biomass or for differential digestibility of

different species.

Droppings for the faecal analyses were collected during dropping

counts. A mixed sample consisting of about 40 droppings was collected from

plots spread over the whole study site. The samples were frozen for later

analyses. Hare diet composition was determined for three periods to take into

account seasonal changes (tab. 1). Three mixed samples collected during

three successive dropping counts were analysed per period.

The faecal analyses were performed as described by De Jong (1997).

For the analyses the de-frozen pellets of each sample were rubbed between

fingers until they crumbled into a mass of plant fragments. A few grams fresh

weight of the fragment mixture of each sample was blended with a mixer and

washed over a bacterial sieve in order to free the cuticular epidermal structure

from other cell material and wash away the smaller unidentifiable fragments.

Per sample I estimated the area of 100 identified epidermal fragments using

an ocular micrometer. A magnification of 80x was used. Epidermal fragments

smaller than 4 micrometer grid squares were ignored. Those fragments not

identifiable to species level were classed as monocotyledon, dicotyledon or

unknown.

Percentages of the diet results were arcsine transformed for statistical

analyses (Zar 1996).

2.3. Diet selection
I looked at diet selection by comparing food availability in the area with

percentage in the diet. It was assumed that neutral feeding takes place when

the proportion of a species in the area equals the proportion in the diet. A

preference for a species being shown when the percentage in the diet is

higher than the proportional availability and a non-preference when vice versa

is the case (Crawley 1983).

A frequently used method of looking at diet selection is to calculate a

selectivity index using the ratio between percentage in the diet and availability
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(Norbury & Sanson 1992). However, due to the rough estimation of availability

used in this study and generally due to difficulties in estimating food

availability (Crawley 1983; Norbury & Sanson 1992) the following method as

also used by van der Wal et a/(1998c) was chosen. Hare plant species

selection was looked at by plotting percentage in the diet on the y-axis against

availability on the x-axis. A line was drawn at x=y to divide between preferred

and non-preferred. A species was named preferred if it lay above the line and

twice the standard deviation did not overlap the line. The same went for non-

preferred species below the line. The rest were called neutral species (van der

Wal et a! I 998c).

In order to compare the diet results with food availability, home range

size of the hares was used to decide on how large the area should be in which

food availability was estimated. Kunst & Baarspul (1997) determined a home

range size of 34 ha by radio-tracking hares in my study area. I selected a

section of the island in such a way that an area with a radius of at least 660m

(represents two times the radius of a round 34 ha home range size)

surrounding each dropping plot lay within the set borders (fig.1, site A)

2.3.1. food availability

Proportional cover was used as an estimation of availability of potential

food plants for hares occurring in the study area. An existing vegetation map

of the island and the vegetation releveés this map was based on (Kers et a!

1996) were used for the calculations of food availability described below. The

eastern section of the island in which my study area lies was mapped in 1996

by the vegetation dynamics course of the University of Groningen. During the

course borders of the different vegetation types were first drawn using an

infra-red image of Schiermonnikoog taken in 1992. These borders were then

checked in the field and changed when necessary. Classification of the

different vegetation types was based on vegetation releveés made over the

whole eastern part of the island.

The abundance of each potential food species was calculated as

follows: the average percentage cover of each food species within a

vegetation type was multiplied by the area this vegetation type covered within

the selected area. For each species these multiplications for all vegetation
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types they occurred in where summed up. The sum per species was divided

by the total area covered by all food species and multiplied by 100. In this way

percentage cover of each food species within the area was estimated as a

proportion of the total cover of all potential food species.

2.3.2. seasonal changes in food availability

The above described calculation of food availability does not account

for seasonal changes and thereby remains a rough estimate. In order to

receive a measure of change in hare food supply that took place during the

field season vegetation releveés of eight main salt marsh vegetation types

were made twice during the season (tab. 1). These communities listed from

high to low salt marsh are: Festuca/Elymus, Juncus, Festuca,

Festuca/Artemisia, Artemisia, Limonium, Atriplex/Limonium and Puccinellia. I

made the first releveés using the point-quadrat method (Grant 1981) end

June - mid July (tab. 1). For time reasons the second releveés end of October

(tab. 1) were made using an estimation of cover according to Londo-scale

(Londo 1976). As these second releveés were done at a time when several

species were dying or dead, in addition to percentage cover of each species, I

also recorded whether dead or alive. The vegetation releveés made in the

Festuca, Festuca/Artemisia and Artemisia communities were additionally

important for the more detailed investigations of hare grazing preference of

these types in relation to different sward characteristics (section 2.6.).

In order to compare the two methods two point quadrat releveés were

additionally made in 5 vegetation types (Juncus, Festuca, Festuca/Artemisia,

Artemisia and Limonium) during the same period in which the vegetation

relevees were made according to Londo-scale.

2.4. Plant nutritional quality
The following chemical characteristics were chosen as quality

parameters of potential hare food plants: digestibility, fibre content (Neutral

Detergent Fibre) and nitrogen content. Neutral detergent fibre (NDF)

represents the cellulose and hemicellulose of the cell wall including lignin and

condensed tannins. These plant components are difficult to digest to

indigestible substances. Less fibre content means a higher proportion of
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easily digestible cell contents and vice versa. NDF together with digestibility of

the food plant give an indication of how much of the forage is actually

available to the herbivore. Nitrogen content is used as a rough measure for

the proportion of protein within organic substances. Proteins characteristically

have 16 % nitrogen and represent a major component of the animal body and

have numerous important functions (Robbins 1993). A sufficient supply of

proteins is crucial in the life of an animal (Robbins 1993).

Chemical analyses were performed by Tjakkie van der Laan at the

University of Wageningen. Potential digestibility was measured with the in

vitro digestibility method as described by Tilly & Terry (1963). The procedure

consists of leaving the plant material in the rumen fluid of a cow for 48 hrs and

determining how much was digested. This can be considered a relative

measure of digestibility in order to compare different species. For the

automated determination of nitrogen in the plant material, organic matter was

oxidized and digested using hydrogen peroxide and sulphuric acid

(Novozamsky eta! 1983). For more detailed description of the methods of

analyses see appendix.

The following species were sampled: Festuca rubra, Puccine!lla

mantima, Elymus athericus, E!ymus farctus, Agrostis stolonifera, Juncus

gerardii, Artemisia maritima, Atnp!ex portulacoides. The decision which plant

parts should be sampled was based on information from former studies on

hares on Schiermonnikoog (van der Wal et a! I 998bd; Bestman & Keizer

1997). Plant parts sampled also coincided with grazing marks observed during

the field season. Leaves were collected for all species. For the

monocotyledons, samples consisted of leaf tips and for the dicotyledons

whole leaves were taken. Additionally, stems of A. mantima and A.

portulacoides were analysed. Plant samples were collected three times

during the field season in order to account for seasonal changes in quality.

The sampling dates coincided with the different periods as indicated in table 1.

For all species except Festuca rubra (section 2.6.1.) one sample was

collected in each period.
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2.5. Relationship between number of hare droppings and grazing
pressure

In this study number of hare droppings was used as a measure of hare

grazing pressure. The relationship between hare grazing and droppings was

tested by comparing the results of dropping counts with a measure of grazing

intensity. This was done on two scales relevant for this study: on the

vegetation type level over eight vegetation types and on a smaller scale of

4m2 plots within two vegetation types.

The vegetation types listed according to decreasing height above sea

level were: Festuca/Elymus, Juncus, Festuca, Festuca/Artemisia, Artemisia,

Limonium, Atriplex/Limonium and Puccinellia. Relationship between number

of droppings and grazing pressure on the smaller scale was tested within the

Festuca/Artemisia and the Artemisia vegetation types.

The vegetation types Festuca, Festuca/Artemisia and Artemisia were

investigated in more detail concerning hare grazing preference in relation to

different vegetation parameters (section 2.6.). Dropping counts in these

vegetation types were performed on a one to two weekly basis throughout the

field season (tab. 1) and grazing intensity measurements were conducted

three times representing the three periods shown in table 1. For the purpose

of testing for a correlation between number of droppings and grazing intensity

on the vegetation type level dropping counts over all eight vegetation types

were performed from 7 July to 18 August and the grazing intensity

measurement took place in August after the last dropping count (tab. 1). Within

the vegetation types Festuca/Artemisia and Artemisia grazing intensity on the

4m2 plot level was measured end of October (tab. 1). This measurement was

related to the dropping counts that until then had taken place throughout the

field season in these two communities.

2.5.1. dropping counts

For counting droppings ten 4m2 dropping plots were set out per

vegetation type within site B (tab. 1). The center of each plot was marked with

a plastic pipe. Counting was done by checking the ground around the pipes

using a rope with a length of 1,33 m (radius of a 4m2 circle) to mark the 4m2

area. All plots were cleared of droppings during each count.
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Droppings found were divided into three categories: hare, unknown and

rabbit. Hare and rabbit droppings were differentiated according to size and

form based on measurements and observations made before the field season.
Hare droppings were defined as being longer than 12,5 mm. Rabbit droppings

were identified as those smaller than 12,5 mm and totally round in shape. The
rest was classified unknown.

In order to insure that number of droppings counted was not influenced
by flooding two test plots, each filled with 20 droppings, were set out for each
of the four lower salt marsh vegetation types (Atriplex/limonium, Limonium,

Puccinellia/Suaecja & Artemisia). The number of droppings re-found in these

30x30 cm2 plots was noted for eath dropping count date. In each case the

plots were cleared and filled with 20 fresh droppings from the area.

Dropping count results per vegetation type were expressed as average

dropping densities (no. droppings / 4m2) per day to account for the differing

time lengths between count dates. For further analyses results were log-
transformed to approach statistical assumptions (Zar 1996). Differences in

dropping densities between the Festuca, Festuca/Artemisia and the Artemisia
vegetation types were tested using a general linear model with repeated
samples.

2.5.2. grazing intensity

The performed grazing intensity measurements had two aims: to test
the relationship between number of droppings and frequency of grazed shoots
and in order to collect data on the plant species eaten and how frequently

each species was grazed within the three vegetation types Festuca,

Festuca/Arten,jsia and Artemisia., which were investigated in more detail
(section 2.6.).

Frequency of grazed shoots was measured using a grid with 20 5x5
cm2 squares. Each square was checked for grazed shoots and recorded as
grazed or not grazed. Number of grazed shoots per 5x5 cm2 was not counted.
Only green shoots were taken into account. Grazed shoots were assumed to
be mainly caused by hares as they were the main herbivores grazing on the
salt marsh at the time. Rabbits are only expected to graze the salt marsh
close to dune areas. At least six weeks lay between the measurements of
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frequency of grazed shoots for the Festuca, Festuca/Artemisia and Artemisia

communities. The turn-over rate of most leaves is expected to be fast enough

so that green grazed shoots present at each measuring date represented hare

grazing pressure that mainly took place after the last measurement.

For data on grazing intensity of the different species eaten within the

Festuca, Festuca/Artemisia and Artemisia vegetation type, each 5x5 cm2

square was also checked for occurrence/absence of each of the potential food

plants. Both occurrence and whether they were grazed/not grazed was

recorded. Potential food plants were those known to be eaten by hares

according to previous faecal analyses performed with hare droppings from

Schiermonnikoog (Bestman & Keizer 1997; van der Wal eta! 1998b,d). On

the vegetation type level the grid was thrown haphazardly onto each

vegetation type 12 times. Within the two vegetation types the grid was laid

down systematically eight times within each of the ten 4m2 plots in order to

avoid repeated measurements of the same spot.

2.5.3. procedure of looking for a correlation between number droppings

and frequency of grazed shoots

Since the frequency of green grazed shoots found in the vegetation

represented hare grazing over an unknown period of time, it was important to

compare the measured grazing intensity with number of droppings

accumulated over different time spans. Starting with the last dropping count

that took place before the grazing intensity measurement, previous counts

were added up step-wise resulting in a row of numbers of droppings for each

plot that represented an accumulation over different lengths of time. Bivariate

two-tailed Pearson correlations were performed to test the relationship

between grazing intensity and all values of dropping numbers calculated in the

above way.

2.6. Sward characteristics of the Festuca, FestucalArtemisia and
Artemisia vegetation types

Factors determining hare grazing preference for the vegetation types

Festuca, Festuca/Artemisia and Artemisia were studied in more detail. These

vegetation types occur at different elevations of the salt marsh, Festuca
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situated on the higher middle marsh followed by Festuca/Artemisia and then

the Artemisia community lower in the marsh. They were chosen due to their

high percentage cover of Festuca rubra, which was expected to be the most

important food plant over the summer (van der Wal et a! I 998d). I expected

differences in where hares chose to graze on this food plant based on the

species it occurs together with, the available biomass and the nutritional

quality of the leaves. A comparison between hare grazing preference for the

three communities and the sward characteristics was undertaken for the three

successional time periods indicated in table 1. Hare grazing preference was

based on the dropping counts (section 2.5.1.) and the grazing intensity

measurements (section 2.5.2.). Vegetation relevees of the three vegetation

types were performed as described in section 2.3.2..

2.6.1. Festuca rubra leaf nutritional quality

Leaf samples for the Festuca and Festuca/Artemisia vegetation types

were collected for all three periods (tab. 1). In both types four samples were

collected in both July and October/November and a single sample in the

middle period in September. Festuca rubra leaves from the Artemisia

vegetation type were only sampled in September and October/November,

but then in the same way as described above.

2.6.2. biomass samples

Biomass samples were taken in the Festuca, Festuca/Artemisia and

Artemisia at three different times during the field season (tab. 1) in order to

take into account seasonal changes in food availability and differences

between the different types. Six biomass samples were taken per type from

20x20 cm2 plots spread haphazardly within the area where droppings were

counted (tab.1, site B). Vegetation was clipped at ground level. The green

plant material in each sample was sorted into species. Standing dead was

lumped. The sorted samples were dried at 75°C for 48 hrs and weighed.

Differences in Fesfuca rubra leaf nutritional quality, Festuca rubra

biomass and in grazing intensity from the different sites were tested with a

oneway ANOVA including post hoc tests. Percentages were arcsine

transformed (Zar 1996).
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2.7. The effect of structure plants on hare feeding patch choice
An experiment was conducted in order to test for the effect of

"structure" plants standing among a food plant species on feeding patch

choice by hares. Structure plants were defined as not eaten species that

stand above a layer of eaten species. It was hypothesized that structure plants

hamper hare grazing making the covered food plants less attractive.

The two vegetation types Festuca/Artemisia and Puccinellia where

selected for the experiment, Festuca rubra and Puccinellia maritima being

the food plants under investigation. Artemisia maritima in the

Festuca/Artemisia community and Sailcornia spec. and Suaeda maritima in

the Puccinellia type were the structure plants. In each vegetation type five

random 1 m2 experimental plots with a same-sized neighbouring control were

selected. The structure species A. maritima and Suaeda mantima and

Salicornia spec. were removed by hand from the experimental plots.

Droppings were counted on all plots on a one to two weekly basis for six

weeks. It was assumed that within this relatively short period changes in the

abiotic conditions due to removal of the structure plants would not yet lead to

changes in the remaining vegetation that would interfere with the objective of

the experiment.

Counted droppings were accumulated per plot and log transformed

(Zar 1996) for further analyses. A paired samples T-Test was used to test for

differences between control and experimental plot within each vegetation

type.

3. Results

3.1. Hare diet selection

3.1.1. Hare diet

Epidermal fragments of 12 different plant species were found in the analysed

hare dropping samples. The proportion of unknown fragments ranged

between 2 and 5 %. The percentage of unknown dicotyledons and

monocotyledons were 1-3 % and 3-10 %, respectively.

15



(0
C)
C
0.
0.
2V
C

Festuca rubra was the most important food plant for hares throughout the

summer and early autumn. The proportion of F. rubra in the diet was lowest in

July at 45% and showed a significant increase later in the season to 75 % in

September. The slight decrease down to an average of 65% in November was

not significantly lower than September values nor significantly higher than in

July. Other important hare food plants in July were Plantago maritima, Juncus

gerardii, Elymus athericus and Puccinellia maritima, each making up between

5 and 10 % of the diet. Epidermal fragments identified as being part of

monoctyledon inflourescences took up 12% of the hare diet in July. These

fragments indicate the importance of monocotyledon seeds as a
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Figure 2: Hare diet based on faecal analyses for three different periods
of the year. Species never reaching more than I % in the droppings are
included in Rest. Different letters indicate significant differences in percentage
Festuca rubra between periods for arcsine transformed percentages
(oneway ANOVA, Tukey posthoc; p < 0.05; n = 3). Rest = Limonium vulgare,
Spergularia spec., Ammophila arenaria and Elymus farctus.



hare food source within this period. In September and November no single

species apart from F. rubra made up more than 5 % of the diet. Fragments

showing a marked decrease in average proportion of the diet from July to

November were Plantago maritima, Juncus gerardll, Puccinellia maritima and

monocotyledon Hullspelzen.

3.1.2. Food species availability

The calculated proportion cover of the potential food plants in the area

are listed in table 2. Festuca rubra clearly represents the most available food

plant with a proportional cover among potential food plants in the area of 28

%. The next most abundant species is Elymus athencus taking up a

proportion of 12 %.

Table 2: Percentage cover of the different potential
hare food plant species calculated as a proportion
of total cover of these species in the hare home range
area.

Proportional
cover

Festuca rubra 30.3
Elymus athericus 12.6
Juncus gerardi 10.0
Agrosfis stolonifera 9.5
Artemisa maritima 8.9
Limonium vulgare 7.5
Ammophila arenana 5.4
Pucinellia maritima 4.9
Plantago marititna 3.6
Elymus farctus 3.2
Atriplex portulacoides 2.3
Tnglochin maritimum 1.3
Spartina angilca 0.4

3.1. Comparison between the point quadrat and Londo method (tab.3)

The comparison between the two methods used for the vegetation

releveés undertaken in October showed partly large differences between the

results of the different methods on the same site. For example, in Festuca

rubra and in Limonium vulgare cover in the different vegetation types. These

differences can mainly be put down to the estimation of cover (Londo) taking
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Table 3: Comparison between vegetation relevees made with the point quadrat
method and estimating cover according to Londo-scale. Relevees are not complete,
only selection of species are presented here. Londo-scale values are transformed
into percentages. Jun = Juncus, Fes = Festuca, F/A = Festuca/Artemisia, Art =
Artemisia, Lim = Limonium, P = point quadrat, L = Londo.

Vegetation type:
Method:

Jun
P

1

L

Ju
P

n 2

L

Fes
P

1

L

Fe

P

s 2
L

Fl
P

A 1

L

F/

P

A 2
L

Art
P

1

L

Art
P

2

L

Li

P

ml
L

Lim

P

2

L

J. gerard! (dead) 50 40 61 60 3 1 4 1 3 0 0 0 - - - - - -

F.rubra 29 30 21 20 63 90 54 90 48 60 55 85 54 80 45 70 - - -

Lim. vulgare 5 20 3 13 0 1 1 2 0 0 0 0 0 1 0 1 33 58 30 6C

Plant. maritima 1 2 1 4 2 4 2 4 0 1 0 0 - - - - - - - -

Puc. maritima 0 0 1 1 - - - - - - - - - - - - 11 20 31 3C

A. portulacoides - - - - - - - - - - - - - - - 5 1 2 1

A. stolonifera 9 8 4 4 2 1 0 1 - • - - - - - - - - - -

S.maritima &
Salicornia_spec.

0 0 6 1 - - - - - - - - 0 1 0 1 38 20 28 2C

into account the double cover of the different vegetation strata, e.g. the layer

dominated by F. rubra and the higher L. vulgare towering above this layer.

This can result in overall covers of over 100%. In contrast, the results per

releveé of the point quadrat method as performed here always added up to

100%. However, both methods are measuring relative cover of different

species within a site. The overall picture of the plant composition stays the

same. For example, cover of Artemisia maritima on the releveO sites within

the Festuca/Artemisia and the Artemisia community showed a similar trend

according to the two methods. Festuca/Artemisia had a lower A. maritima

cover than the Artemisia vegetation. Percentage Festuca rubra cover for the

different sites showed a similar ranking order for releveés made with the two

methods. The highest F. rubra cover being found in the Festuca and the

Festuca/Artemisia vegetation relevees, followed by the Artemisia relevees

and then the Juncus relevees with lowest F. rubra cover.
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3.1.4. Seasonal changes in food availability (tab. 4)

Based on the vegetation relevees performed in July and October the

main seasonal change in the occurrence of hare food species was the dying

off of Juncus gerardi and Plantago maritima by October. For both species this

trend was especially clear in the Juncus and the Festuca vegetation types. In

these vegetation types alive J. gerardi cover decreases from 72.4 % and 23.5

% in July to 0.5 % in October. The cover of green Plant. mantima shoots

decreases from 12.4 % to 4.6 % in the Juncus and from 9.5 % to 2.95 % in

the Festuca community. A more detailed description of hare food plant

availability over the field season in the Festuca, Festuca/Artemisia and

Artemisia vegetation is given in section 3.3.5. based on the biomass samples.

Table 4: A selection of species from vegetation releveés made in eight salt marsh
vegetation types in July and October. Different methods were used for the different
penods: July — point quadrat (PQ) and October — Londo-scale (LO). Londo-scale
results were transformed into percentages.

Festuca
Elymus

Juncus Festuca Festuca I
Artemisia

Artemisia Limonium Atnplex /
Limonium

Puccinellia

Jul Oct

PQ LO

Jul

PQ

Oct

LO

Jul

PQ

Oct

LO

Jul Oct

PQ LO

Jul

PQ

Oct

LO

Jul
PQ

Oct

LO

,Jul Oct

PQ LO

Jul

PQ

Oct

LO

Eat hericus 32 29 0 0.2 0.1 0.1 - - - - 0.1 0 - - - -

Juncus gerardi - - 72 0.5 24 0.5 9 0 0.6 0 - - - - 0.4 0

Festucarubra 26 17 3 20 57 73 59 71 47 63 0.1 0.1 - - 0 0.2

Urn. vulgare - - 5 10 3 3 4 3 4 6 49 48 20 20 10 8

Plant. maritima 0.3 0.2 12 5 10 3 0.8 0 - - 0 0.1 - - 0.2 0.3

Art maritima - - 0 0.2 0.2 0 25 11 44 35 0 0 3 0 - -

Puc. maritirna - - - - - - 0.1 0 0.5 0 9 8 3 3 22 18

Aportulacoides - - - - - - - - 0 0.1 3 3 47 58 6 4

Sua. maritima - - 0.1 0.4 - - - - 0.4 0.4 7 3 9 3 18 19

Salicornia
spec.

Standing dead

- -

15 32

0

0.4

0.1

63

-

1

-

40

- -

0.9 36

-

1

-

13

11

2

6

53

5 4

1 14

22

4

16

23
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Figure 3: Hare diet in relation to plant species
abundance in July/August (A), August/October (B)
and November (C). Mean values are given for
proportion in the diet with 2x the standard deviation as
error bars. The line x = y is used as an indication of
preference or non-preference. Fes = Festuca rubra.

3.1.5. Food plant species selection (fig.3,A-C)

Festuca rubra is the only clearly preferred food plant in all three periods

when Comparing percentage in the diet with estimated availability in the

selected area based on hare home range size (tab. 1, site A). All other

potential food plant species occurred in both low percentages in the diet and

with low percentage cover in the area making statements on preference or not

problematic. Small differences in the calculated percentage cover compared

with actual availability and in the results of the faecal analyses compared with

the actual diet could easily lead to different conclusions.
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Figure 4: Percentage nitrogen in dry matter of hare food
species ranked accorng to decreasing nitrogen content.
Different times of the year are incated wth fferent
symbols. S = stem, L = leaf, fes = Festuca veg.,
f/a = Festuca/Artemisia veg.. art = Artemisia veg.
A. port = A. poitulacoides.
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Figure 5: Percentage neutral detergent fibre in dry
matter of potential hare food plant species ranked
according to increasing average. Different times of
the year are indicated by different symbols.
S = stem,L = leaf, A. port = Atnplex portulecoides.
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Figure 6: Dry matter digestibility of potential hare
food species ranked according to decreasing
average. Different times of the year indicated
by different symbols. S = stem, L = leaf,
A. port. = Atriplex pottulacoides.

3.1.6. Plant nutritional quality

% nitrogen in organic matter (fig. 4)

Nitrogen content in organic matter of the sampled species ranged from

0.5 to 3.58 %. Triglochin maritima had the highest average percentage

nitrogen (2.97 - 3.58 %). Lower values (0.5-1.6 %) were found for the dicot

stems and for Festuca rubra leaves from the Festuca/Elymus vegetation.

Among the grasses Agrostis stolonifera and Elymus farctus had a higher

percentage nitrogen. Festuca rubra had a nitrogen content of around 1.6 to

2.3 %.

Percentage Neutral Detergent Fibre (NDF) in dry matter (fig. 5)

Values of fibre content for sampled species ranged between 19 and 72

%. Dicotyledon leaves always contained less percentage NDF than the grass

species. Triglochin maritima had the lowest percentage NDF within each

sampling period with values around 19 to 21.5 %, followed by Plantago

maritima, Atriplex portulacoides and Artemisia mantima leaves with values

22
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between 30 and 40 %. Fibre content of the dicotyledon stems was

comparable to values of most grasses. Elymus athencus samples had the

highest percentage NDF among the grasses (61.5- 63.9 %). Puccinellia

maritima samples always had lowest fibre content among the grasses within

each period (43 - 47 %).

in vitro dry matter digestibility (fig. 6)

Highest dry matter digestibility was found for Triglochin mantima (82.3

—89 %) and Atnplex portulacoides (80.4 — 87.7 %) leaves within all sampling

periods. Samples with a lower digestibility throughout the season came from

the dicotyledons stems and the monocotyledons Juncus gerardi and Elymus

athericus.

combined quality parametres

In summary Triglochin maritima is the best quality food plant according

to the performed analyses. Festuca rubra leaves always lay in the upper

middle section of the nutritional quality ranking. Further species often amongst

the qualitatively higher ranked species are Puccinellia maritima, Atriplex

portulacoides leaves, Agrostis stolonifera and Elymus farctus. Puc. maritima

had a high nitrogen content, high digestibility and relatively low fibre content.

A. portulacoides leaves had a low fibre content, relatively high digestibility, but

a lower percentage nitrogen. Plant. maritima samples showed low fibre

content and ranked around the median in nitrogen content and in digestibility.

Leaves of the other species sampled and the sampled stems were found at

the lower end of the ranking. Only Artemisia maritima leaves had a relatively

high nitrogen content, but showed low quality in all other measured

parameters.

3.2. Relationship between number of hare droppings and grazing
intensity

No extreme floodings took place from July to September before the

grazing intensity measurement over all eight vegetation types was made. Test

plot results show that droppings re-found were never below 50% and mostly
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above 75% per count date (tab.5). Based on these results it was decided that

the dropping counts performed within these communities were usable to test

for a relationship between number of droppings and frequency of grazed

shoots on the vegetation type level.

The two dropping counts performed within the vegetation types

Festuca, FestucaiArtemisia and Artemisia on 13 October and 11 November

were excluded from further analyses because droppings re-found in the

Artemisia vegetation were less than 75% in both test plots. This is of

importance for section 3.3..

Table 5: Results of the dropping test plots set up in lower salt marsh vegetation types
to test for the effect of flooding on number of droppings counted in the salt marsh.
Numbers represent re-found droppings out of 20. Dropping counts excluded from
further analyses are in bold italics. Art = Artemisia, Lim = Limonium, Puc =
Puccinellia, Atr = Atriplex portulacoides.

date art 1 art2 urn 1 tim 2 lim 3 puc 1 puc 2 atr 1 atr 2

21-Jul 20 19 17 18 14 19 13 14 12

4-Aug 19 17 19 15 12 18 14 12 13

18-Aug 15 20 18 11 18 21 17 13 19

1-Sep 19 21 16 14 10 18 14 19 16

10-Sep 20 25 12 14 17 21 14 15 11

26-Sep 18 20 16 16 15 19 19 17 19

13-Oct 1 12 5 2 3 5 20 3 8
20-Oct 17 19 17 13 16 16 11 16 12

27-Oct 17 15 14 15 15 20 21 17 14

11-Nov 0 8 16 17 11 11 15 14 22
20-Nov 20 20 15 12 16 20 18 18 16

30-Nov 19 18 13 12 18 16 14 17 17

There was a good correlation between number of droppings and

grazing intensity on both the vegetation type level and on the smaller 4m2 plot

scale within the Artemisia and Festuca/Artemisia vegetation types.

On the vegetation type level the correlation was significant for all

dropping numbers representing the different time spans (tab.6). Within the

Artemisia vegetation, correlations are significant at the 0.05 level for

droppings accumulated over 10 and 27 days (tab.7). For numbers of

droppings accumulated over 43 days and longer, correlations with the

measured grazing intensity were highly significant. Correlations found

between dropping numbers and grazing intensity within the FestucalArtemisia

vegetation were significant at the 0.05 level (tab.7). No significant correlation
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was found between number of droppings accumulated over the shorter

periods of three and ten days within the Festuca/Artemisia and over three

days within the Artemisia vegetation. This is not unusual as the grazed shoots

found in the vegetation probably originate from hare grazing over a longer

period than ten days.

Table 6: Results of bivanate correlations
between number of droppings and
frequency of grazed shoots measured
in 8 different vegetation types.

Length of
period

(in days)

r p�

17 0.948 0.000
33 0.874 0.005
42 0.892 0.003
55 0.895 0.003
65 0.901 0.002
75 0.916 0.001

82 0.927 0.001

Table 7: Results of bivariate correlations between numbers of droppings
and frequency of grazed shoots measured within the Festuca/Artemisia
and the Artemisia vegetation types.

Length of period Festuca/Artemisia Artemisia
(indays) r p r

3 0.317 0.373 0.552 0.098
10 0.302 0.397 0.632 0.050
27 0.805 0.005 0.638 0.047
43 0.828 0.003 0.865 0.001

52 0.822 0.004 0.900 0.000
74 0.826 0.003 0.898 0.000
88 0.804 0.005 0.929 0.000
102 0.791 0.006 0.951 0.000
116 0.766 0.010 0.935 0.000

3.3. Hare grazing in the Festuca, Festuca/Artemisia and Artemisia
communities
3.3.1. Vegetation descriptions and structure plants

All three communities had a high average Festuca rubra cover (tab.4).

The Festuca and Festuca/Artemisia vegetation types with 56.7% / 73% and

58.6% / 70.5% respectively. The Artemisia vegetation showed slightly lower

values of 46.5% and 63%. In the Festuca vegetation type there was a higher
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Figure 7: Percentage cover of structure plants in the Festuca,
Festuca/Artemsia and Artemisia vegetation types in June/July
based on relevees using the point quadrat method and in
October using an estimation of cover according to Londo-scale.
Different letters indicate significant differences within a sampling
period for arcsine transformed percentages (oneway ANOVA,
Tukey post hoc; p <0.001; n = 10).

cover of the hare food plants Juncus gerardi and Plantago maritima than in

the other two.

The following species were defined as structure plants within the

Festuca, Festuca/Artemisia and the Artemisia vegetation: Artemisia maritima

and Limonium vulgare. Both the point quadrat releveés in July and the

releveés according to Londo-scale in October showed significant differences

in percentage cover of structure plants between the three communities (fig.7).

The highest percentage cover being found in the Artemisia, followed by the

Festuca/Artemisia and then the Festuca community.
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3.3.2. Grazing preference based on dropping counts

Dropping numbers on the vegetation types Festuca, Festuca/Artemisia

and Artemisia were looked at in more detail in order to relate them with results

from the biomass samples and Festuca rubra leaf nutritional quality taken in

these sites. In order to relate different biomass parametres with the hares
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preference for vegetation type, count dates were divided into periods which

are indicated by the dotted lines (fig.8).

There was never a significant difference between dropping densities in

the Festuca and Festuca/Artemisia vegetation. In the first two periods

dropping densities on the Artemisia vegetation were significantly lower than

on the Festuca and Festuca/Artemisia. In the last period there were no

significant differences in dropping densities between the three i.e. in the end

of November until end of October hares did not show a preference for one of

the three vegetation types.
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Figure 8: Average number of droppings I 4m2 per day for each count date
in the vegetation types Festuca, Festuca/Artemisia and Artemisia vegetation types.
Average dropping densities per count date expressed as average dropping densities per
day in order to account for different time lengths between count dates. Dotted lines
indicate division in 3 periods. Arrows indicate biomass sampling dates. Different letters
indicate significant differences within periods (GLM repeated measures; p < 0.05; n = 10).
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Figure 9: Frequency of grazed shoots as a measure of hare grazing pressure
in the Festuca, Festuca/Artemisia and Artemisia vegetation types at three
times of the year. Different letters indicate significant differences within periods
(oneway ANOVA, Tukey post hoc; p < 0.05: n = 12).

3.3.3.Grazlng preference based on grazing Intensity

In the first period, i.e. the results from August, no significant difference

was found in frequency of grazed shoots between the Festuca and the

Artemisia vegetation types (fig.9). This differs from the results of dropping

densities described above. The grazing intensity of the Festuca/Artemisia

vegetation was significantly higher than the grazing on the Artemisia type.

Measurements of grazing intensity in October and December, representing

periods 2 and 3, showed the same pattern as the dropping counts. Festuca

and Festuca/Artemisia did not differ in frequency of grazed shoots in period 2,

whereas grazing intensity in the Artemisia vegetation was significantly lower

than in the other two types. Also according to frequency of grazed shoots

hares did not show a preference for any of the three vegetation types towards

the end of the field season.

Festuca rubra grazing intensity in the three different communities was

looked at in order to see where hares preferred to graze on this food plant.

The F. rubra grazing intensity measurements showed the same picture as the

overall grazing intensity (fig.1O, A-C).
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Figure 10: Average frequency grazed shoots of different species in the Festuca,
Festuca/Arternisia and Artemisia vegetation types in 3 different periods. Different
letters indicate significant differences between Festuca rubra grazing intensity
in different vegetation types (oneway ANOVA, Tukey post hoc; p < 0.05; n = 12).
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3.3.4. Species grazed

Results from the grazing intensity measurements within the vegetation

types Festuca, Festuca/Artemisia and Artemisia show that Festuca rubra is an

important food plant in all three communities (fig.1O, A-C). The importance of

F. rubra increases from period 1 represented by the August results to period 2

shown by the October data.

Other species grazed upon are Plantago maritima, Juncus gerardi,

Artemisia maritima and Agrostis stolonifera, the latter not being of much

importance. Consistent with their percentage cover Plantago maritima and

Juncus gerardi are grazed more in the Festuca vegetation, followed by the

Festuca/Artemisia and then the Artemisia community. Artemisia maritima was

only grazed towards the end of the year as shown by results from December

(fig.1O, C).

3.3.5. Biomass results

The biomass results from the vegetation types Festuca,

Festuca/Artemisia and Artemisia are important for two reasons: for comparing

the three communities in relation to hare grazing preference and for

describing the seasonal availability of Festuca rubra.

Festuca rubra biomass (fig. 11)

Average Festuca rubra biomass decreased in December in relation to

July and September. In July and September F. rubra biomass in the Festuca

type was significantly lower than results from the Festuca/Artemisia and

Artemisia type. In December there was no significant difference in F. rubra

biomass between the Festuca and the Artemisia vegetation. At the end of the

year results from the Festuca type were still significantly lower than for the

FestucalArtemisia vegetation.

percentage standing dead biomass (fig. 12)

There was a strong increase in percentage standing dead in the three

vegetation types throughout the field season, with an especially strong
30



increase from around 15-30 % in September to between 60 and 80 % in

December. Percentage standing dead biomass between the Festuca and the

Artemisia vegetation was significantly different for all periods. In July the

Artemisia vegetation had significantly higher values compared with the

Festuca vegetation values. In September and December percentage standing

dead in the Festuca vegetation was significantly higher than in both the

Artemisia and the Festuca/Artemisia types.

300
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0

Figure 11: Average Festuca rubra biomass (gIm2) in the Festuca,
Festuca/Artemisia and Artemisia vegetation types over time.
Different letters indicate significant differences within sampling
dates (one-way ANOVA, Tukey post hoc;p < 0.05; n = 6).
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Figure 12: Average percentage standing dead biomass (of total biomass)
in the Festuca, Festuca/Artemisia and Artemisia vegetation types in 3 periods.
Different letters indicate significant differences within periods for arcsine
transformed percentages (oneway ANOVA, Tukey post hoc; p < 0.05; n = 6).

percentage eaten species of total biomass (fig. 13)

Eaten species were those regularly found grazed in the three

vegetation types according to the grazing intensity measurements. These

were Festuca rubra, Juncus gerard! and Plantago maritima in period 1 and 2

and additionally Artemisia maritima in period 3. In July and September the

highest percentage biomass of eaten species was found in the Festuca

vegetation followed by the Festuca/Artemisia type. The Artemisia community

had the lowest values for the first two periods. In December there was no

significant difference between the three vegetation types. This change

between September and December results is to a large extent due to

Artemisia maritima being included to the eaten species.

Juncus gerardi, Plantago maritima and Artemisia maritima biomass (tab. 8)

Overall Juncus gerard! biomass shows a strong decrease from July

over September to December in all three vegetation types. This is due to

senescence. In in December no green J. gerardi shoots were found. Artem!s!a

maritima biomass in the Festuca and FestucalArtemisia vegetation shows a
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Figure 13: Average percentage biomass of hare food plants of total biomass
in the vegetation types Festuca, Festuca/Artenhsia and Artermsia for three
different periods. Food plants are Festuca rubra, Juncus gerardi and Plantago
maritima, in December additionally Artemisia maritima. Different letters indicate
significant differences wthin periods for arcsine transformed percentages
(oneway ANOVA, Tukey posthoc; p < 0.05; n = 6). Horizontal lines through the
bars indicate average percentage Festuca rubra.

strong decrease from September to December where occure in the

Festuca/Artemisia and Artemisia communities. In July Plantago maritima was

found in biomass samples within all three plant communities. In September

this species was only found in the biomass samples from the Festuca site

where this species occurred more frequently (tab.4). This could be explained

by the patchy occurrence of this species together with it's low cover in the

Festuca/Artemisia and Artemisia vegetation types (tab.4).
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Table 8: Biomass in gIm2 for different species from samples collected in the Festuca,
Festuca/Artemisia and Artemisia vegetation types in three different periods over the
field season. Standard errors are in brackets, n = 6.

Festuca

Jun

Jul
64.5
(14.9)

cus gem

Sep
23.8
(6.8)

rdi

Dec

-

Plan

Jul
26.8
(11.4)

tago man

Sep
33.6
(10.2)

tima

Dec

-

Arte

Jul

-

misia man

Sep

-

tima

Dec

-

Festuca/Artemisia 33.4
(13.1)

7.6
(2.4) -

19.3
(12.9) - -

69.5
(15.3)

120.3
(19.0)

30
(8.6)

Artemisia 8.6
(6.9)

8.8
(8.8) -

4.9
(4.9) - -

254.1
(25.1)

272.7
(13.3)

81.9
(11.2)

3.3.6. Nutritional quality of Festuca rubra leaves

Nutritional quality results of Festuca rubra leaves over the season is important

for comparing the three vegetation types under closer investigation, but also

as an overall indication of quality change the hares are confronted with from

summer to autumn.

nitrogen content (fig. 14)

Percentage nitrogen in the F. rubra leaves was 1,6 % in the Festuca

vegetation and 2,2 % in the Festuca/Artemisia type in July. This difference

was highly significant. Values increased towards the end of the year in

December to an average of about 2,5 %. There was no significant difference

in % nitrogen between F. rubra leaves from the different vegetation types in

October/November and December.

dry matter digestibility (fig. 15)

Dry matter digestibility of Festuca rubra leaves decreased throughout

the season from 75 to 78 % in July to about 67 % in November. In July F.

rubra was significantly more digestible lower on the salt marsh in the

Festuca/Artemisia vegetation (75 %) than in the Festuca vegetation (78 %).

34



fibre content (fig. 16)

Percentage Neutral Detergent Fibre (dry matter) in the leaves showed a

decrease in quality from summer to autumn. In July values were around 46 and

48 % increasing to 52 % in November for the Festuca and Festuca/Artemisia

types. Samples from the second period indicate that this increase could have

already taken place in September. In November fibre content of F. rubra in the

Artemisia vegetation (50 %) was significantly lower than in the other two

vegetation types higher on the saltmarsh.

ci)

E

C
C

Figure 14: Nitrogen content in dry matter of Festuca rubra leaves in
the Festuca,Festuca/Artemisia and Artemisia vegetation types over
time. Different letters indicate significant differences within sampling
dates (one-way ANOVA,Tukey post hoc; p <0.05).
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Figure 16: Percentage Neutral Detergent Fibre in dry matter in
Festuca nibra leaves in the Festuca, Festuca/Artemisia and Artemisia
vegetation types at different times of the year. Different letters indicate
significant differences within periods (oneway ANOVA, Tukey post hoc;
p <0.05).
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Figure 15: Dry matter digestibility of Festuca rubra leaves in the
Festuca, Festuca/Artemisia and Artemisia vegetation types at
different times of the year. Different letters indicate significant
differences within sampling periods (oneway ANOVA, Tukey
post hoc test; p < 0.05).
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3.4. Effect of structure plants on hare feeding patch choice
For the Puccinelia vegetation type removal of Suaeda and Sallcornia

spec. had a significantly positive effect on patch choice by hares (p< 0,05)

(fig.17). Removing Artemisia maritima within the Festuca/Artemisia

vegetation did not have a significant effect on hare patch choice. There was,

however, a clear trend that hares preferred the experimental patches where

structure plants had been removed.
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Figure 17: The effect of experimental removal of structure plants in two
vegetation types on hare patch choice. Removal of Artemisia from the
Festuca/Artemisia veg., removal of Suaeda maritima and Salicomia
spec. from the PuccineHia veg. (paired t-test, n = 5; Festuca/Artemisia

n.s.; Puccinellia: t = 3.064, p < 0.05)
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4. Discussion

4.1. Point quadrat method verses estimation of cover (Londo-scale)
Vegetation relevees were performed twice during the field season. In

July using the point quadrat method and in October using an estimation of

cover (Londo-scale). Results on the comparison between relevees made with

both methods partially showed large differences between percentages cover

of some species. Large differences can be explained by overall percentages

of the Londo-relevees often reaching values much larger than 100%, whereas

values from the point quadrat relevees always added up to 100%. The relative

cover of the different species among each other, however, showed a similar

pattern in both methods. Both methods represent a description of species

composition within a site. The similarities between the two methods is

considered sufficient for the conclusions drawn in this study based on the

vegetation releveés.

4.2. Dropping densities as a measure for hare grazing pressure
Counting droppings has been considered an adequate measure for

habitat use in hares (Langbein et al 1999). However, no study directly related

hare dropping densities to intensity of grazed shoots. In this study I could

show a good correlation between dropping densities and frequency of grazed

shoots on both the vegetation type level and on a smaller scale of 4m2 plots.

There was a slight difference between the ranking of hare grazing preference

based on dropping densities and frequency of grazed shoots in the three

vegetation types Festuca, Festuca/Artemisia and Artemisia for the first period.

But this could be put down to plant leaves dying off at different rates on

different locations of the salt marsh due to differing abiotic conditions. This

would mean that the green grazed shoots found at different locations

represent grazing pressure over differing periods of time. The measurement of

grazing intensity used here is a rough estimate of hare grazing pressure.

However, it is considered accurate enough for the purpose of investigating

whether dropping densities represent hare grazing intensity.
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4.3. Effect of structure plants on hare patch choice
It was experimentally shown that structure plants can have an effect on

hare patch choice. A significant effect was, however, only found in the

Puccinellia vegetation where the structure species Salicornia spec. and

Suaeda maritima were removed from patches of Puc. maritima. It appears

likely that structure plants lower hare foraging efficiency of Puc. maritima by

getting in the way while foraging. However, the exact mechanism how these

species deter hare grazing was not investigated in this study.

4.4. Hare diet composition

4.4.1. Hare diet in relation to food plant qualityand availability

This study showed that the diet of the Brown hare in the salt marsh was

dominated by grasses throughout the field season from July to November.

The grass species Festuca rubra clearly took up the largest proportion among

all other food species. A comparison between the availability of F. rubra and

the proportion in the hare diet showed that this was a preferred food plant.

This species had a medium to high quality according to the measured

parameters nitrogen content, digestibility and fibre content (NDF).

Further studies on the diet of hares in grassland areas showed a similar

dominance of grasses throughout the year in the diet of these animals (BrUll

1976; Wolfe et all 996). BrUll's (1976) results also showed that Festuca rubra

took up a large proportion of the diet of hares occurring in the mainland salt

marshes and in agricultural grasslands further inland in Schleswig-Holstein.

However, in this study no comparison was made with the availability of this

species in the area.

The hares were found to have a more diverse diet in July than later in

the year. Monocotyledon seeds were an important food item for hares at this

time of the year. Seeds have a high energy content (Robbins 1993) and can

thus be considered a good food source. Further species taking up between

five and ten percent of the diet were the monocotyledons Juncus gerardi,

Puccinellia maritima and Elymus athericus and the dicotyledon Plantago

maritima.
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Considering their low abundances within the home range area (tab.1,

site A), the relatively high percentage of Puc. mantima and Plant. mantima in

the July diet is consistent with the better nutritional quality of these species.

The sampled J. gerardi leaves had a similar nitrogen content to F.

rubra, Plant. maritima and Puc. maritima, but had a low digestibility and a high

fibre content. As already mentioned, J. gerardi leaves sampled mostly had

brown tips. Younger shoots can be expected to have a better quality. Only few

totally green shoots could be found during my field season. It can not be

stated whether hares also fed on the dying J. gerardi shoots.

E. athencus which was found in the hare diet throughout the year in

percentages of 3 to 5% has a poor quality according to the measured

parametres. However, it is the second most abundant food species in the

area. Considering the similar percentages of the species Puc. maritima, Plant.

mantima and E. athericus in the diet in July and much higher availability of E.

athencus it can be assumed that the hares preferred Puc. maritima and Plant.

mantima over latter.

Tnglochin maritima, the best quality food plant according to the

performed analyses, was not found in the hare diet. Grazed shoots were

found, but seldom. This species is quite rare in the area and is additionally

known to contain cyanogenic glycosides (Beath, Draize & Eppson 1933). Both

can play a role in explaining it's absence in the hare diet.

4.4.2. Seasonal changes in diet composition

The main seasonal change in the hare diet composition over the field

season took place between July/August and September/October. There was a

decrease in proportion of seeds and the species Juncus gerardi, Piantago

mantima and Puccinellia maritima and a consequent increase in percentage

Festuca rubra.

The decreasing importance of Juncus gerardi can be related to

decreasing availability due to senescence as shown by the biomass results

and the vegetation relevees. Also the decrease in proportion of seeds in the

hare diet can be explained by lack of these plant parts later in the year.

Biomass results did not show a clear decrease in Plant. maritima biomass by

September, but this species had died off to a large extent by the time the
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vegetation relevees were taken in October. October represents the end of the

second period (tab. 1). The decline in proportion of Plant. maritima in the

second period is therefore likely to be due to dying off of this plant species.

This is not the case for Puccinellia maritima.

Puc. maritima shows no clear decrease in percentage cover later in the

year (tab. 4). The observation that Puc. maritima was increasingly overgrown

by Salicomia spec. and Sua. maritima offers an explanation. Puc. maritima

always occurred among high densities of Salicomia spec. and Sua. maritima

within the study area. The latter two had their main growth period later in the

summer when they grew tall above the Puc. maritima layer. The performed

experiment showed that removal of Salicornia spec. and Sua. maritima had a

positive effect on feeding patch choice by the hares showing that these

structure species make Puc. maritima less attractive for the hares.

4.4.3. Comparing the summer to autumn diet with the winter and spring

diet based on previous studies

By comparing my results on the diet of Brown hares over the summer

and autumn months with results of previous studies on their winter and spring

diet in the salt marsh a more complete picture arises on choices these

animals make concerning their food plants.

Bestman & Keizer (1997) performed faecal analyses for the period

February to May based on hare droppings found in salt marsh areas to the

east and to the west of my study area and from the dunes bordering my study

site. The larger size of their sampling area doesn't enable an exact

comparison with my results. However, for a general picture the overall

availability of plant species is similar enough between the two areas.

Their results show that also the winter and spring diet of the hares was

dominated by monocotyledon species. Important monocotyledons in the

winter were Festuca rubra, Agrostis stolonifera and Elymus farctus. The

percentage of F. rubra increased from 20 to 50 % from February to May,

reaching a similar value I measured in July. Juncus gerardi covered 10 to 15

% of the diet during May, again similar to my results in July. The increase in F.

rubra and J. gerardi is consistent with the beginning of the growing season in

spring.
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Bestman & Keizer (1997) furthermore showed that the dicotyledon

A triplex portulacoides took up 20 % of the hare diet in February, decreasing

down to very low values in May. Also van der Wal et a! (1 998d) found that the

proportion of this species increased in the hare diet in the Schiermonnikoog

saltmarsh over the winter.

Based on my study both dicotyledons Artemisia maritima and Atriplex

portulacoides played a minor role in the hare summer diet. Leaves of both

species had a lower fibre content than the grasses. This is consistent with

other studies that have shown lower fibre contents in dicotyledons when

compared with monocotyledons (lason & van Wieren 1999). A. portulacoides

also had a relatively high digestibility. However, dicotyledons are generally

known to contain more secondary compounds than monocots. Bryant &

Kuropat's (1980) study on winter diet selection in snowshoe and mountain

hares (Lepus americanus and L. timidus) showed that these animals preferred

feeding on plant species and plant parts with less secondary plant

metabolites. For example, monoterpenoid substances in Artemisia are

assumed to deter herbivores from grazing on this genus (Narjisse et all 997).

Secondary plant compounds these species contain could make them

unattractive for the hares as long as enough alternative food sources are

available.

Consistent with the results of Bestman & Keizer (1997) and van der

Wal eta! (1 998a) the faecal analyses I performed showed that A.

portulacoides tended to be eaten more often in November than over the

summer months. This species is one of the few salt marsh plants that stays

green over the winter. The results of my study also show that Artemisia

maritima stems were clearly grazed more often in autumn than during the

summer. Grazed off A. maritima stems, which are left laying on the ground,

have often been observed in both autumn and early spring (van der Wal et a!

1 998d). Hares have also been observed to chew on the lower end of the

bitten off stem (0. Bos pers. comment). It is assumed that they feed on the

sweeter lower part of the stem where the plant stores it's sugars over the

winter as the leaves die off (R. van der Wal pers. comment).

That hares more frequent graze A. maritima and the trend in eating

more A. portu!acoides during this study can be related to the strong decrease
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in Festuca rubra availability towards the end of the year as shown by the

biomass samples. Both total F. rubra biomass decreased and ratio of standing

dead to alive F. rubra increased. A similar switch from more grasses in the

summer to more woody plants in the winter when grasses are less available is

also known for the mountain hare, Lepus timidus (lason & Waterman 1988).

4.5. What influences where hares choose to feed on Festuca rubra?
The results on hare grazing preference for the three vegetation types

Festuca, Festuca/Artemisia and Artemisia showed that hares clearly preferred

grazing in the Festuca and the Festuca/Artemisia vegetation than in then

Artemisia vegetation in July to October. Hares did not show a preference

between the Festuca and the Festuca/Artemisia vegetation as a food site. In

November the hare grazing pattern changed. Hares did not show any

preference between the three feeding sites anymore. The following questions

concerning these results will be discussed below:

1) Why didn't hares graze more in the Festuca/Artemisia vegetation

compared with the Festuca type over the summer considering the biomass

and the quality of the preferred food plant Festuca rubra in the first was

higher?

2) How can the very low hare grazing pressure in the Artemisia vegetation

type be explained?

3) What caused the change in hare grazing pattern towards the end of the

year in November when no preference was shown anymore between the

three vegetation types?

4.5.1. No difference in hare grazing preference between the Festuca and

the Festuca/Artemisia communities in July to October

Although Festuca rubra nutritional quality in July was worse and the

biomass lower in the Festuca vegetation (lower nitrogen content and

digestibility) than in the Festuca/Artemisia type no significant difference in

hare overall grazing intensity nor in F. rubra grazing intensity was found

between the two types.
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In both July and September Juncus gerardi and Plantago maritima

were frequently grazed, especially in the Festuca vegetation where these two

species had a higher biomass than in the other two types. The total

percentage biomass of eaten species being significantly higher in the Festuca

than in the Festuca/Artemisia community combined with the better quality F.

rubra in the latter could explain why hares did not show a grazing preference

for one of the two.

This does not, however, necessarily explain why hares did not show

differences in F. rubra grazing intensity between the two vegetation types in

July and September. Considering F. rubra leaves in the Festuca vegetation

are still of relatively good quality it may not pay to select for only P. maritima

and J. gerard! amongst the more abundant F. rubra. Arnold (1987) showed

that sheep were less selective when quality differences between species were

smaller. A similar case may be found here. Grazing all three species may

enable an overall higher nutrient and/or energy intake rate than being more

selective.

4.5.2. Low hare grazing pressure in the Artemisia vegetation type in

relation to the Festuca and FestucalArtemisia communities in July to

October

Little can be said on Festuca rubra nutritional quality in the Artemisia

vegetation due to the missing samples in July. However, the samples

analysed for the three vegetation types in September do not indicate that F.

rubra in the Artemisia area had a lower nutritional quality than in the other two

communities. 01ff et a! (1997) showed for spring that the nitrogen content in F.

rubra leaves even increased from high to low salt marsh. This is consistent

with the higher nitrogen content found in F. rubra leaves from the

Festuca/Artemisia vegetation than in the Festuca community, which lies

higher on the salt marsh. It is possible that F. rubra in the Artemisia area has

a higher percentage nitrogen than in the other two communities. Nutritional

quality of F. rubra is not likely to be the reason why hares chose to graze

there so seldom.

The lower Festuca rubra cover in the Artemisia than in the Festuca and

Festuca/Artemisia vegetation types as shown by the vegetation relevees in

44



July and October may indicate a lower availability of this species from a hare

perspective. Hares mainly grazed on the upper part of the leaves i.e. that

biomass may not be a good indication for food availability. The similar F. rubra

biomass in the Festuca/Artemisia and Artemisia vegetation, although F. rubra

cover was clearly lower in the Artemisia type, can be explained by the longer

leaves in the latter community. Van der Wal et a! (1 998a) showed for geese

that short-term food intake was strongly related to percentage cover of the

their food plant F. rubra. In contrast, geese showed lowest intake rates on

high biomass patches (van der Wal et a! I 998a). Measuring intake rates for

hares would be a difficult procedure. Assuming foraging efficiency is an

important parameter when it comes to their choice of a feeding site, hares

may find the long leafy swards of the Artemisia vegetation unattractive for

grazing due to a lower intake rate.

In a similar line of argumentation, the high cover of Artemisia mantima

in the Artemisia community when compared with the Festuca and

Festuca/Artemisia vegetation types may hinder hare foraging efficiency. The

conducted experiment in this study showed that structure plants can have an

effect on feeding patch choice by hares, although the removal of A. maritima

showed no significance. Nevertheless, results showed a clear tendency. The

experiment was performed on patches with lower A. mantima cover than

found in most areas of the Arternisia vegetation. The effect of A. maritima on

hare feeding patch choice may become stronger the higher the percentage

cover of this species. This would be an interesting question for future

research.

A further factor possibly playing a role in where hares choose to feed is

predation risk. Hares may feel hindered in their ability to detect approaching

predators when feeding in high vegetation. On the other hand high vegetation

can also offer protection from predators.

Based on this study three factors are named that may explain why

hares fed so rarely in the Artemisia vegetation over the summer months:

predation risk and the two parameters long leafy swards and structure plants

that may lower accessibility of the food plant F. rubra.

45



4.5.3. No grazing preference between the Festuca, Festuca/Artemisia
and Artemisia communities in November

The changing hare grazing pattern towards the end of the year could

be due to a decrease in the magnitude of differences between the different

feeding sites from a hare's point of view, but also to the overall seasonal

change in food availability. As WallisDe Vries & Daleboudt (1994) pointed out,

selectivity between feeding sites could be more rewarding if the differences

between food patches are larger. It has also been shown that as food gets

scarce herbivores can be less selective in the foods they eat (Sinclair 1975).

This could also go for choices they make concerning where they graze. In this

case, due to decreasing F. rubra availability hares may choose to feed on this

species in areas they found unattractive in times when this food source was

abundant. Murton et a! (1966) showed a similar phenomenon with Wood

pigeons. When the overall clover availability decreased they started feeding in

areas with lower clover cover which they had avoided when clover was
abundant.

Biomass results give few indications for a decreasing difference

between the three vegetation types, which could explain the increasing

grazing preference for the Artemisia vegetation. The December samples show

a strong decrease in Artemisia maritima biomass. However, the vegetation

relevees made in October still showed similar percentage cover of structure

plants within the three types. The Artemisia vegetation still had the highest

percentage cover of structure plants, followed by Festuca/Artemisia and then
Festuca. This vegetation description took place about 12 days before higher

dropping densities were found in the Artemisia area making it unlikely large

changes took place before the turning point in hare grazing preference took
place.

The decreasing A. maritima biomass in December is likely to be caused
by a combination of hare grazing and senescence. By including A. maritima to
the eaten species in December the percentage biomass of eaten species

becomes significantly higher in the Festuca/Artemisia and Artemisia

vegetation than in the Festuca type. It must be kept in mind, however, that F.

rubra can still be expected to be preferred over A. maritima i.e. a higher

percentage biomass of eaten species can not in itself be interpreted as a
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measure for a better feeding site. The herbivore's differing preference for

different plant species must be taken into account.

Nutritional quality analyses of F. rubra leaves do show less differences

between the three vegetation types in October/November than in July. Both

nitrogen content and digestibility no longer differ between the different sites.

However, as stated in section 4.5.2. it is unlikely that F. rubra leaf quality was

worse in the Artemisia vegetation when compared with the other two

vegetation types. Decreasing differences in nutritional quality does not offer

an explanation why hares showed no preference between the three

vegetation types.

Concluding it can be stated that the changes in hare grazing pattern in

November is probably mainly due to the strong decline in F. rubra availability

towards the end of the vegetation growing season. As this important food

became scarce hares started to feed on it in areas they found unattractive

while food was abundant.

4.6. General conclusion
The hare diet composition consisted mainly of medium to high quality

food plants. This result is consistent with the expected high nutritional

requirements of these animals. However, food nutritional quality alone could

not explain the hare diet composition over the summer to autumn. Availability

of the food species appeared to play an important role. Selecting to feed on

high amounts of a very high quality food plant, which is barely present means

longer searching times and herewith probably overall lower nutrient or energy

intake rates. Under the aspect of foraging efficiency Festuca rubra with it's

high abundance and relatively good nutritional quality represents the best

combination of quality and availability in the study area over the summer. This

can explain the large proportion of this species in the hare diet during this

period. A. portulacoides and Artemisia maritima become a more important

food source for the hares when the major summer food source F. rubra

declines in availability in autumn and over the winter. Secondary plant

compounds may affect hare food choices when it comes to these species.

Neither biomass nor nutritional quality of F. rubra leaves alone could

explain where hares chose to feed. According to these two parameters, the
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Festuca/Artemisia and the Artemisia vegetation type offered the best feeding

sites. Biomass was higher in the Festuca/Artemisia and Artemisia vegetation

types when compared with the Festuca type. In July nutritional quality of F.

rubra was clearly better in the Festuca/Artemisia vegetation than in the

Festuca type. Based on the study by 01ff et a! (1997) it could even be

expected that F. rubra quality was the best in the Artemisia vegetation earlier

in the year. Hares, however, rarely grazed in the Artemisia and grazed

frequently in the Festuca and the Festuca/Artemisia communities.

The sward structure in terms of long leaves and presence of structure

plants may have a negative influence on where hares choose to graze by

lowering their foraging efficiency. The occurrence of other good quality food

plants appeared to have a positive effect on hare feeding site choice in the

Festuca vegetation, which again could be interpreted in terms of an overall

higher nutrient and/or energy intake rate.

Based on the results of this study both hare diet selection and where

these small herbivores chose to feed did not depend on food nutritional quality

alone. These two aspects of hare foraging behaviour in the salt marsh were

closely related to the availability of the food. On a larger scale Fesfuca rubra

clearly represented the most available food plant for hares over the summer.

On a smaller scale within the three plant communities investigated in more

detail here, a defintion of F. rubra availability from the perspective of a hare is

more difficult. Biomass appeared not to be a good measure.

Hare feeding site choice was shown to not only depend on the food

availability in the sites themselves, but on the overall food availability within

their home range at the time of the year.
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5. Summary

Diet selection and factors influencing feeding patch choice of the Brown

Hare (Lepus europaeus) were studied in relation to their food quality and

availability in a salt marsh habitat. The study took place from July to

December on the Wadden Sea island Schiermonnikoog (Netherlands). Hare

diet composition and plant nutritional quality in terms of nitrogen content, fibre

content (NDF) and in vitro digestibility were determined for three different

periods within the field season. Diet selection was looked at by comparing

proportion of species in the diet with an estimation of food species availability

within an area based on hare home range size. Hare grazing preference for

three vegetation types with high abundance of the important food plant

Festuca rubra was investigated. These plant communities differed in species

composition, F. rubra biomass and quality. Additionally, an experiment was

set up to test for the effect of less palatable structure plants on feeding patch

choice by hares.

F. rubra was the main hare food plant over the season. When

compared with it's availability this species was also a preferred food source.

Hare diet selection could be explained by a combination of food quality and

availability following the principals of foraging efficiency. In July the hare diet

was more diverse than later in the year. The seasonal decline in proportion of

Plantago mantima, Juncus gerardi and monocotyledon inflourescences could

be related to a decline in their availability. Hares started to graze more

frequently on the less preferred species Artemisia mantima and Atriplex

portulacoides in November/December when their major food plant F. rubra

became less available due to scenescence and a high proportion of standing

dead.

Hare grazing preferences over the three vegetation types with a high

cover of Festuca rubra showed that neither biomass nor nutritional quality

alone could explain hare feeding site choice. The presence of further good

quality food plants among the stands of F. rubra appeared to have a positive

effect on their choice of where to feed. Long leafy swards and the occurrence

of structure plants could have had a negative effect on where the hares chose

to feed. The experiment showed that structure plants can have an effect on

49



hare feeding patch choice. Towards the end of the year when overall F. rubra

was less available the hares changed their grazing preferences. Hares

became less selective of their feeding sites towards the end of the year when

F. rubra became less available. They started grazing on F. rubra in sites they

avoided while this food source more available.
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Appendix I: Abbreviations

A. portulacoides A triplex portulacoides
A. prostrata A triplex prostrata
A. stolonifera Agrostis stolonifera
A. tripolium Aster tripolium
Arm. maritima Armeria maritima
Art. maritima Artemisia maritima
E.athericus Elymus athericus
F. rubra Festuca rubra
G. maritima Glaux maritima
J. gerardi Juncus gerardi
L. vulgare Limonium vulgare
Pla. maritima Plantago maritima
Puc. maritima Puccinelila maritima
Spa. anglica Spartina anglica
Sua maritima Suaeda maritima
Tn. maritimum Tniglochin manitimum
Tn. repens Trifolium repens
St. dead standing dead
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Appendix III: Vegetation relevees performed in October using an estimation
of cover according to Londo-scale
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u
r
e
.

D
i
s
s
o
l
v
e
 
7
.
2

g
 
o
f
 
s
a
l
i
c
y
l
i
c
 
a
c
i
d
 
(
4
)
 
i
n
 
1
0
0
 
.
1
 
o
f

t
h
e

su
lp

hu
ri

c 
ac

id
—

se
le

ni
um

m
i
x
t
u
r
e
 
(
5
)
.
 
T
h
i
s
 
d
i
g
e
s
t
i
o
n
 
m
i
x
t
u
r
e

s
h
o
u
l
d

n
o
t

be
 s

to
re

d 
fo

r 
m

or
e 

th
an

4
8

h.

R
em

ar
ks

:

7.
I
n

th
e 

au
th

or
s'

 r
ou

tin
e 

la
bo

ra
to

ry
, w

he
r,

th
is

d
i
g
e
s
t
i
o
n

is
a
p
p
l
i
e
d

ev
er

y 
da

y,
 th

e 
pl

an
t m

at
er

ia
l i

s
d
r
i
e
d

ag
ai

n
at

 7
0

0C
j
u
s
t

be
fo

re
w

ei
gh

in
g;

 a
t

th
at

 m
om

en
t

its
 m

oi
st

ur
e 

co
nt

en
t i

s
o
n
l
y

1 
—

2
%

, s
o

t
h
a
t
 
c
o
n
c
e
n
t
r
a
t
e
d
 
s
u
l
p
h
u
r
i
c
 
a
c
i
d

m
a
y

b
e

us
ed

fo
r

th
e

d
i
g
e
s
t
i
o
n
.

W
he

n
t
h
e
 
d
r
y
i
n
g

is
n
o
t
 
r
e
p
e
a
t
e
d
,
 
t
h
e
 
p
l
a
n
t

sa
m

pl
e

m
a
y

co
nt

ai
n

u
p
 
t
o

1
0
 
Z
 
m
o
i
s
t
u
r
e
.
 
T
h
e
 
u
s
e
 
o
f
 
c
o
n
c
e
n
t
r
a
t
e
d
s
u
l
p
h
u
r
i
c
 
a
c
i
d
 
t
h
e
n
 
c
a
u
s
e
s

a

C
D x

C
) o C
D

—
—

C
D
-

C
D

U
.

. P
1 C
l
)

C
l
) C C
l
)

C
D -a
'

0 C
D

C
D

C
O C
a

C
D

• 
20

)

•Z
S

m
.

Fi
g.

2
D
i
g
e
s
t
i
o
n

F
i
g
.

1
W
e
i
g
h
i
n
g
 
f
u
n
n
e
l

t
u
b
e

—
i



M
e
a
s
u
r
e
m
e
n
t
 
o
f
 
)
1
.
D
.
V
.

C
D a.

—
—

'
I
, (o C
D

-
—

_
.
l

ho C
D
3 C

)

(
D
P
3 U
)

C
l
) C C
'
,

C
D a
. 0 1 a- C

D

C
D z C
D C

T
h
e
 
s
a
m
p
l
e
 
i
s
 
w
e
i
g
h
e
d
 
a
n
d
 
b
o
i
l
e
d
 
i
n
 
a
 
t
u
b
e
 
w
i
t
h
 
N
.
D
.
R
.

(
N
e
u
t
r
a
l
 
D
e
t
e
r
g
e
n
t
 
R
e
a
g
e
n
t
)
 
s
o
l
u
t
i
o
n
.
 
T
h
e
 
c
o
n
t
e
n
t
s
 
o
f
 
t
h
e
 
c
e
l
l

d
i
s
s
o
l
v
e
s
.

A
f
t
e
r
 
f
i
l
t
r
a
t
i
o
n
 
t
h
e
 
c
e
l
l
 
w
a
l
l
 
f
r
a
c
t
i
o
n
,
 
N
.
D
.
F
 
(
n
e
u
t
r
a
l

d
e
t
e
r
g
e
n
t
 
F
i
b
r
e
)
 
s
t
a
y
s
 
i
n
 
t
h
e
 
c
r
u
c
i
b
l
e
.
 
T
h
i
s
 
f
r
a
c
t
i
o
n
 
i
s

r
i
n
s
e
d
,
 
d
r
i
e
d
 
a
n
d
 
w
e
i
g
h
t
e
d
.

E
q
u
i
p
m
e
n
t
:

-
25

0
m
l
 
b
o
i
l
i
n
g

tu
be

s
—

he
at

in
g

b
l
o
c
k

—
gl

as
sf

ib
re

c
r
u
c
i
b
l
e
s
 
(
D
2
 
o
r
 
P
2
)
 
w
i
t
h
 
o
u
t
l
e
t
s

c
o
n
n
e
c
t
e
d
 
t
o
 
a
n
 
a
s
p
i
r
a
t
o
r
 
(
2
)

—
st

ov
e

a
n
d
 
c
r
u
c
i
b
l
e
 
t
o
n
g
s

—
ba

la
nc

e
(
4
 
d
e
c
i
m
a
l
s
)

-
tu

be
s

w
i
t
h
 
i
c
e
 
(
s
e
e
 
s
a
m
p
l
e
)

—
ac

et
on

e
—

ov
en

(
5
5
0

C
)

—
ex

si
cc

at
or

—
as

pi
ra

to
r

—
bU

ch
ne

r
f
u
n
n
e
l
 
(
3
+
4
)

C
h
e
m
i
c
a
l
s
:

—
di

st
ill

ed
w
a
t
e
r

-
T

itr
ip

le
x

I
I
I
 
(
N
a
2
E
D
T
A
]

—
di

—
so

di
um

t
e
t
r
a
b
o
r
a
t
e
 
d
e
c
a
h
y
d
r
a
t
e
 
(
N
A
2
B
4
0
7
.
l
o
H
2
o
]

-
di

-s
od

iu
m

h
y
d
r
o
g
e
n
 
p
h
o
s
p
h
a
t
e
 
d
i
h
y
d
r
a
t
e
 
(
N
a
2
H
P
O
4
.
2
H
2
0
)

—
do

de
cy

l
s
u
l
f
a
t
e
 
s
o
d
i
u
m
 
s
a
l
t
 
(
C
1
2
H
2
5
N
a
0
4
S
)

—
et

hy
le

ne
g
l
y
c
o
l
 
m
o
n
e
t
h
y
l
 
e
t
h
e
r
 
(
C
4
H
1
0
0
2
)

M
e
t
h
o
d
: -

M
ix

t
h
e
 
s
a
m
p
l
e
 
(
d
r
i
e
d
 
a
n
d
 
p
a
s
s
e
d
 
t
h
r
o
u
g
h
 
a
 
1
m
m
 
s
i
e
v
e
)

a
n
d
 
w
e
i
g
h
 
0
.
9
 
g
r
a
m
s
 
o
n
 
a
 
w
e
i
g
h
t
 
p
a
p
e
r
 
o
r
 
o
p
e
n
 
f
u
n
n
e
l

w
i
t
h
 
a
 
l
o
n
g
 
n
e
c
k
.
 
T
r
a
n
s
f
e
r
 
t
h
e
 
s
a
m
p
l
e
 
i
n
 
a
 
2
5
0
 
m
l

b
o
i
l
i
n
g
 
t
u
b
e
 
w
i
t
h
 
t
h
e
 
h
e
l
p
 
o
f
 
a
 
b
r
u
s
h
.

—
A

dd
1
0
0
 
m
l
 
N
.
D
.
R
.
 
s
o
l
u
t
i
o
n
 
t
o
 
e
a
c
h
 
t
u
b
e
.
 
(
m
e
a
s
u
r
e
d

f
r
o
m
 
a
 
1
0
0
 
m
l
 
m
e
a
s
u
r
i
n
g
 
C
y
l
i
n
d
e
r
)
.
 
S
h
a
k
e
 
t
h
e
 
t
u
b
e
s
.

-
S

w
itc

h
o
n
 
t
h
e
 
h
e
a
t
i
n
g
 
b
l
o
c
k
 
a
t
 
1
7
0

C
 
a
n
d
 
p
u
t
 
f
o
r

e
x
a
m
p
l
e
 
e
v
e
r
y
 
5
 
m
i
n
u
t
e
s
 
a
 
t
u
b
e
 
i
n
 
t
h
e
 
b
l
o
c
k
.
 
H
a
n
g
 
a

t
e
s
t
 
t
u
b
,

w
ith

i
c
e
 
a
b
o
v
e
 
t
h
e
 
b
o
i
l
i
n
g

tu
be

t
o

av
oi

d
ev

ap
or

at
io

n.
—

R
ec

or
d

t
h
e
 
t
i
m
e
 
t
h
a
t
 
i
t
 
s
t
a
r
t
s
 
t
o
 
b
o
i
l
 
f
o
r
 
e
a
c
h
 
t
u
b
e
.

—
R

ep
la

ce
t
h
e
 
t
u
b
e
 
w
i
t
h
 
i
c
e
 
a
f
t
e
r
 
b
o
i
l
i
n
g
 
f
o
r
 
3
0

m
i
n
u
t
e
s
.

—
A

fte
r

b
o
i
l
i
n
g
 
f
o
r
 
t
o
t
a
l
 
6
0
 
m
i
n
u
t
e
s
 
t
h
e
 
s
a
m
p
l
e
 
i
s

f
i
l
t
e
r
e
d
 
o
v
e
r
 
a
 
q
l
a
s
s
f
i
b
r
.
 
c
r
u
c
i
b
l
e
 
p
l
a
c
e
d
 
o
n
 
a

b
U
c
h
n
e
r
 
f
u
n
n
e
l
 
w
h
i
c
h
 
i
s
 
c
o
n
n
e
c
t
e
d
 
t
o
 
a
n
 
a
s
p
i
r
a
t
o
r
.

-
T

ra
ns

fe
r

t
h
e
 
r
e
s
t
 
o
f
 
t
h
e
 
s
a
m
p
l
e
 
w
i
t
h
 
h
o
t
 
d
i
s
t
i
l
l
e
d

w
a
t
e
r
 
i
n
t
o
 
t
h
e
 
c
r
u
c
i
b
l
e
.
 
W
a
s
h
 
t
h
e
 
c
r
u
c
i
b
l
e
 
f
o
u
r
 
t
i
m
e
s

w
i
t
h
 
h
o
t

di
st

ill
ed

w
a
t
e
r
.

—
T

he
re

a
f
t
e
r
 
w
a
s
h
 
t
h
.
 
s
a
m
p
l
e
 
t
w
i
c
e
 
w
i
t
h
 
a
 
l
i
t
t
l
e

a
c
e
t
o
n
e
.
 
F
i
l
l
 
t
h
e
 
c
r
u
c
i
b
l
e
 
h
a
l
f
 
w
i
t
h

ac
et

on
e

a
n
d
 
k
e
e
p

i
t
 
t
h
e
r
e
 
f
o
r

at
l
e
a
s
t
 
o
n
e
 
m
i
n
u
t
e
.

—
D

ry
t
h
e
 
c
r
u
c
i
b
l
e
s
 
i
n
 
a
 
s
t
o
v
e
 
a
t
 
1
0
3

'C
f
o
r
 
e
i
g
h
t

h
o
u
r
s
.

—
W

ei
gh

t
h
e
 
c
r
u
c
i
b
l
e
s
 
o
n
e
 
b
y
 
o
n
e
.

—
P

la
ce

t
h
e
 
c
r
u
c
i
b
l
a
s
 
i
n

an
o
v
e
n
 
f
o
r
 
3
 
h
o
u
r
s
 
a
t
 
5
5
0
 
•
C
.

- 
If

t
h
e
 
s
a
m
p
l
e
s
 
h
a
v
e
 
c
o
o
l
e
d
 
d
o
w
n
 
a
 
b
i
t
,
 
p
u
t
 
t
h
e
m
 
i
n

o
r
d
e
r
 
i
n
 
t
h
e
 
s
t
o
v
e
 
a
t
 
1
0
3
 
'
C
.

—
A

fte
r
o
n
e
 
h
o
u
r
 
t
h
e
 
s
a
m
p
l
e
s
 
a
r
e
 
c
o
o
l
e
d
 
d
o
w
n
 
e
n
o
u
g
h
 
t
o

b
e
 
w
e
i
g
h
e
d
 
(
a
s
h
 
w
e
i
g
h
t
)
.

C
a
l
c
u
l
a
t
i
o
n
:

%
 
c
e
l
l
 
w
a
l
l
 
i
n
 
t
h
e
 
o
r
g
a
n
i
c
 
m
a
t
t
e
r
:

%
 
W
D
F
 
—

dr
y

w
e
i
g
h
t
 
(
w
i
t
h

cr
uc

ib
le

)—
a
s
h

w
ei

gh
t (

w
ith

 c
ru

si
bl

e)
•
 
1
0
0
 
%

s
t
a
r
t
i
n
g
 
w
e
i
g
h
t

•
10

0
*

A
ll

w
e
i
g
h
t
s
 
a
r
e
 
i
n
 
g
r
a
m
s
.

A
l
l
o
w
e
d
 
d
i
f
f
e
r
e
n
c
e
s
 
b
e
t
w
e
e
n
 
d
u
p
l
e
'
s
:

a
m
o
u
n
t

a
c
c
u
r
a
c
y

<
1
0
%

0
.
2
%
 
a
b
s
.

1
0
—
2
0
%

2
%
 
r
d
.

2
0
—
4
0
%

0
.
4
%
 
a
b
s
.

>
4
0
%

1
%
 
r
d
.

S
o
l
u
t
i
o
n
.
:

N
D
R
—
.
o
l
u
t
j
o
n

w
ith

E
D
T
A
.

—
D

is
so

lv
e

b
y
 
h
e
a
t
i
n
g
 
4
6
5
,
2
5
 
g
.
 
N
a
2
E
D
T
A
 
(
t
i
t
r
i
p
l
e
x
 
I
I
I
)
,

d
i
s
t
r
i
b
u
t
e
d
 
o
v
e
r
 
2
 
b
e
a
k
e
r
s
 
(
3

I
.
.
)
 
w
i
t
h
 
e
a
c
h
 
t
w
o

l
i
t
r
e
 
d
i
s
t
i
l
l
e
d
 
w
a
t
e
r
.

—
D

is
so

lv
e

b
y
 
h
e
a
t
i
n
g
 
1
7
0
,
2
5
 
g
.
 
N
a
2
B
4
O
,
.
1
0
H
3
0
 
i
n
 
t
w
o
 
l
i
t
r
e

d
i
s
t
i
l
l
e
d
 
w
a
t
e
r
.

-
D

is
so

lv
e

b
y
 
h
e
a
t
i
n
g
 
1
1
4
,
0
0
 
q
.
 
N
a
2
H
P
O
4
.
2
M
2
0
 
i
n
 
t
w
o
 
l
i
t
r
e

d
i
s
t
i
l
l
e
d
 
w
a
t
e
r
.

—
D

is
so

lv
e

b
y
 
h
e
a
t
i
n
g
 
7
5
0
 
g
.
 
C
2
H
2
5
N
a
O
4
S
 
d
i
s
t
r
i
b
u
t
e
d
 
o
v
e
r

3
 
b
e
a
k
e
r
s
 
(
4
 
L
.
)

i
n
 
h
o
t
 
d
i
s
t
I
l
l
e
d
 
w
a
t
e
r
.

—
T

ra
ns

fe
r
a
l
l
 
s
o
l
u
t
i
o
n
s
 
i
n
t
o
 
a
 
2
5
 
L
.
 
b
a
r
r
e
l
.

-
A

dd
2
5
0
 
m
l
 
C
4
H
0
o
2
 
(
e
t
h
y
l
e
n
g
l
y
c
o
l
 
m
o
n
o
e
t
h
y
l
e
t
h
e
r
)
 
s
t
e
p

b
y
 
s
t
e
p
 
t
o
 
l
I
m
i
t
 
f
o
a
m
.

—
F

ill
u
p
 
t
o
 
2
4
 
L
.
 
w
i
t
h
 
d
i
s
t
i
l
l
e
d
 
w
a
t
e
r
 
a
n
d
 
c
o
o
l
 
d
o
w
n
.

—
F

ill
u
p
 
t
i
l
l
 
2
5
 
L
.
 
a
n
d
 
m
i
x
 
w
e
l
l
.

-
M

ea
su

re
p
H
,

i
t
 
h
a
s
 
t
o
 
b
e
 
b
e
t
w
e
e
n
 
6
.
9
 
a
n
d
 
7
.
1
.

—
If 

ne
ce

ss
ar

y
c
o
r
r
e
c
t
 
w
i
t
h
 
0
.
1
 
N
 
H
2
S
0
4
 
o
r
 
0
.
1
 
N
 
N
a
O
H
.



A
N

A
L

Y
SE

 V
O

O
R

SC
H

R
IF

T

B
e
p
a
l
i
n
g

V
e
r
t
.
o
r
b
a
a
r
h
e
i
d
 
v
a
n
 
d
e
 
o
r
g
a
n
i
e
c
h
e
 
s
t
o
f

i
n
 
v
i
t
r
o

v
o
l
g
e
n
s
 
T
i
l
l
e
y
 
e
n
 
T
e
r
r
y
.

1
.
 
O
n
d
e
r
w
e
r
p
.

D
c
 
b
e
p
a
l
i
n
g
 
v
a
n
 
d
e
 
v
e
r
t
e
r
i
n
g
s
c
o
e
f
f
i
c
i
ë
n
t
 
o
r
g
a
n
i
s
c
h
e
 
s
t
o
f
 
v
a
n

p
l
a
n
t
a
a
r
d
i
g
e
 
p
r
o
d
u
k
t
e
n
 
m
e
t
 
b
e
h
u
i
p
 
v
a
n
 
p
e
n
s
s
a
p
 
a
f
k
o
m
s
t
i
g
 
v
a
n

s
c
h
a
p
e
n
.

2
.
 
T
o
e
p
a
s
s
i
n
g
a
g
e
b
i
e
d
.

H
e
t
 
v
o
o
r
s
c
h
r
i
f
t
 
i
s
 
v
a
n
 
t
o
e
p
a
s
s
i
n
g
 
o
p
 
v
r
i
j
w
e
i
 
a
l
l
e
 
r
u
w
v
o
e
d
e
r
s

e
n
 
a
l
l
e
 
v
o
c
h
t
r
i
j
k
e
 
e
n
 
d
r
o
g
e
 
k
r
a
c
h
t
v
o
e
d
e
r
s
,
 
h
e
t
z
i
j
 
e
n
k
e
l
v
o
u
d
i
g

h
e
t
z
i
j

g
e
m
e
n
g
d
,

b
e
h
a
l
v
e
 
w
a
n
n
e
e
r
 
s
t
o
f
f
e
n
 
z
i
j
n
 
t
o
e
g
e
v
o
e
g
d
 
d
i
e

e
e
n
 
r
e
m
m
e
n
d
e
 
w
e
r
k
i
n
g
 
h
e
b
b
e
n
 
o
p
 
d
e
 
p
e
n
s
f
i
o
r
a
.

3
.
 
B
e
g
i
n
s
e
l
.

H
e
t

v
e
r
t
e
r
i
n
g
s
p
r
o
c
e
s
 
v
a
n
 
d
e
 
h
e
r
k
a
u
w
e
r
 
w
o
r
d
t

i
n
 
v
i
t
r
o
 
n
a
g
e
-

bo
ot

st
d
o
o
r
 
e
e
n
 
i
n
c
u
b
a
t
i
e
 
m
e
t
 
p
e
n
s
v
i
o
e
i
s
t
o
f
,
 
g
e
v
o
l
g
d
 
d
o
o
r
 
e
e
r
t

i
n
c
u
b
a
t
i
e
 
m
e
t
 
e
e
n
 
p
e
p
s
i
n
e
/
z
o
u
t
z
u
u
r
 
o
p
l
o
s
s
i
n
g
.

D
o
o
r
 
s
t
a
n
d
a
a
r
d
m
o
n
s
t
e
r
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p
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p
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b
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.
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p
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p
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d
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t
i
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p
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b
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p
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c
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p
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i
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c
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d
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b
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p
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b
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b
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d
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d
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p
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e
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w
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i
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p
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p
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p
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b
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d
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i
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d
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d
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i
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p
u
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d
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d
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c
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d
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d
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c
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c
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d
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d
i
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d
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b
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b
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d
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p
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d
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.
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p
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b
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d
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d
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b
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p
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p
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p
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b
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d
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d
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Appendix VII: Results of the biomass samples taken in Festuca,
Festuca/Artemisia and Artemisia vegetation types at three
different periods during the field season (in g/m2).
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