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SUMMARY

According to classical exploitation theory, the increase in primary productivity found over the
successional gradient of the salt marsh of Schiermonnikoog should result in an increased
grazing pressure. However field data obtained from the salt marsh showed the highest Brent
geese grazing pressure at salt marsh areas with low primary productivity. The grazing
pressure was relatively low in the more productive parts later in succession. We hypothesised
that this could be due to plant species replacement along the successional gradient, with, in
the course of succession, abundance of by the geese less preferred species.

Therefore this study examined the relations between Brent geese and their food stock
along the successional gradient with two major questions in mind. First, is there a correlation
between observed grazing pressure distribution and abundance of by Brent geese preferred
food plants? Second, can we explain Brent geese preference for plant species by means of a
qualitative analysis of plant material?

In order to answer the first question we investigated the diet of Brent geese at three
different successional stages and their preference for plant species at these areas.

We determined the availability of preferred and disfavoured plant species at the successional |
stages of different age and compared this with the observed grazing pressure distribution. |

Our data show that grazing pressure and abundance of preferred species are
correlated. The relative abundance of preferred species is highest in the youngest areas.
Brents are, in the course of succession, faced with vegetation composed of an increasing
amount of disfavoured plant species. Diets however, changed only marginally, incorporating
only 15% disfavoured species in the oldest successional stage.

An answer to the second question was sought by determining energy intake, soluble
carbohydrates, crude protein, fibre, ash and /n vitro digestibility of most plant species present
at the salt marsh and comparing these with the observed preference.

Three clearly defined plant species clusters were found. One cluster was formed by
the monocots, Festuca rubra, Puccinellia maritima, Juncus gerardi and Elymus sp which were
all high in soluble carbohydrates and fibres. 7rigiochin maritima, in which the concentration
protein was highest, formed a second cluster, and a third was composed of the dicots
Flantago maritima, Spergularia maritima and Aster tripoljurn, highest in ash content.

The percentages of carbohydrates of neutral preferred species was significantly higher than the
carbohydrate content of disfavoured species. There was also a tendency that preferred plants
were more easy to digest.

We can conclude that the observed grazing pressure distribution correlates positively
with the relative abundance of preferred forage. Data, however, indicate that it is difficult to
link the observed food preference to one of the analysed food quality aspects. Future studies
will have to provide more insight in the feeding strategies of Brent geese.
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| INTRODUCTION

Brent geese (Branta bernicla bernicla) are migratory herbivores. The salt marshes in the Wadden Sea
area are their major feeding areas, both during fall and spring migration. During their spring staging
period, Brent geese encounter favourable feeding conditions due to the onset of plant growth and
increasing day length. Feeding and the search for food are then their predominant activities. Foraging
around |4 hours a day -almost the entire daily light period- increases their total body weight by on
average one third (Ebbinge et al, 1975). This accumulation of large amounts of body reserves prior to
migration to their Arctic breeding areas is crucial for reproductive success. Reserves are needed to
bridge the time of egg laying, gosling care and moult in the Arctic, during which the geese have little
possibility to feed. The condition of the birds at the moment of departure from the Wadden Sea area,
correlates with their reproductive success (Ebbinge & Spaans, 1982). Geese that are heaviest after
spring fattening, are most likely to return with young in the subsequent autumn (Ebbinge & Spaans,
| 995).

) Schiermonnikoog, one of the Wadden Sea islands, is one of the locations were this spring
fattening takes place. On this island a gradient of primary succession can be found on the salt marsh
since the island is gradually extending eastwards (Bakker, 1989; OIff, 1992). Most recently developed
plant communities are found on the eastern part of the island. Going westwards, over a distance of
about 6 kilometres, older communities are found up to plant communities of 200 years of age on the
mos: western part of the salt marsh. The oldest parts of the salt marsh have always been cattle grazed,
but *he island has unexploited salt marsh parts ranging from a few years to about 50 years of age, on
which this paper will focus on.

The present study, executed in spring 1995, fits in the framework of long standing plant and
anirral research at Schiermonnikoog carried out by the Rijksuniversiteit Groningen. During the late 70’s
mos. Brent geese could be counted at the nowadays 35-40 years old salt marsh area, in that time
about 20 years of age. Some years later the prime foraging area for the geese was found at the present
25 )ears old salt marsh part and according to figure |, the area with the highest grazing pressure
mo\ad to the east again. Apparently salt marsh ageing leads to less intensive use by Brent geese, since
the zeese are now occupying young salt marsh areas a few kilometres eastwards from the areas
exploited some years ago (Bakker et al,1997; van der Wal, unpublished).

Previous studies at Schiermonnikoog have shown that above-ground living biomass increases
withsalt marsh age (van de Koppel ef al, 1996). Theoretically, above a certain level of available plant
biomass, the herbivore population is expected to increase with primary production (Oksanen et al,
1981, McNaugton et af, 1989). At high levels of primary production, the herbivore density may level
off die to predator control of herbivores (Oksanen et a/, 1981, Hairston et al, 1960). Brent geese
do ro suffer from predation on the island. They are fully protected by the Dutch hunting legislation
since 1950 and no natural enemies of the geese are present.

However, at Schiermonnikoog we observe highest grazing pressure at salt marshes early in
successional stage, so at areas with low primary productivity. This in contrast with the low grazing
presure at the oldest study areas, where primary productivity is high. This doesn't seem compatible
with the previous described "top-down” control predictions along a succession gradient. The
quesion therefore is "why do we find the highest grazing pressure of Brent geese at salt marsh areas
earlyin succession and low in productivity?”

On possible explanation might be food preference of Brent geese (OIff er al.,1997). By
vegeation succession the occurrence and dominance of plant species are altered. Brent geese may
prefe- certain plant species that do not occur or less frequently occur at the older salt marsh paits.
Ther:fore we compared the diet of the geese flocks at three salt marsh parts with different stages of
deveopment. Previous studies investigated the diet of the Brent geese on the salt marsh area of
internediate age (Prop & Deerenberg, [991), but comparative studies have not been performed.
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Assumning that geese prefer plant species that appear with a greater frequency in their diet than in the
environment, we examined whether or not the geese diet represented the vegetation composition at
the three areas. In case geese were eating plant species in other proportions than present in the
vegetation we aimed to find out if this selection for certain plant species was similar at the different
successional stages. If so, we wanted to know at which successional stage of the salt marsh the
preferred plant species were mainly present.

Because geese retain their food for only a short period in the alimentary tract, there is fittle
time for digestive processes more complex than the absorption of cell contents to occur. To meet
their nutritional requirements geese are supposed to harvest large quantities of relatively high quality
forage every day. This has important consequences for their foraging strategy, The observed highest
grazing intensity on areas with low biomass suggests that, based on the animal’s perception of cost-
benefit constraints, foraging at vegetation types early in succession is more profitable than in older
areas. Trying to understand the underlying basis for plant selection, by analysing the nutritional value of
food plants, was the second goal in this study.

There is no general agreement on which measurements define food quality best. High quality
forage can be expressed by a high energy content. However, several studies indicate that simple
considerations -of energy maximisation can not account for food preference alone and show that
nutrient constraints may have been important in food choice in these cases (Tinbergen, 1981). Others
consider the absence of negative factors, like digestibility-reducing substances, a better indicator of high
food guality (Bryant & Kuropat, 1980) .

In this study we have chosen for a combination of previous mentioned food quality
measurements. We compared qualitative aspects of twelve saft marsh species by calculating their
profitability on basis of energy intake per bite. We determined protein, soluble carbohydrates, ash and
fibre content, of which the latter two are both undesirable gutfiling components, To enable a
pahtability ranking of the plant species under investigation, we analysed /n vitro digestibility. Measuring
inn vitro digestibility gave us also the opportunity to find out whether values obtained by the /n vitro
digestibility method, approach vivo digestibility values of Brent geese. Already the qualitative aspects of
four salt marsh species on Schiermonnikoog were known from the work of Prop & Deerenberg
(1991) were, but a comparison of more species had not yet been performed.

To get a good impression of the quality of the plant material and detect a possible change in
the qualitative aspects of the food plants during the Brent geese staging period, we analysed plant
material originating from March to June, but focused on the geese staging period from mid April till the

end of May.
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Figure | Brent geese grazing pressure at three successional stages



2 METHODS

2.l Study area
This study was conducted in spring 1995 at Schiermonnikoog, one of the Frisian Wadden Sea

islands in the Netherlands. The research was carried out at three locations along the
successional gradient of the island: at a very young area of 10 years old, a 25 and a 35 years

old salt marsh (Fig.2).

Fig. 2 The location of Schiermonnikoog in the Dutch Wadden Sea and the three study areas at the island: a 10
25 and a 35 years old salt marsh. I

Resides the succession gradient from east to west, also three major vegetational zones on
elevation from south to north, can be distinguished. One zone, the higher marsh, is
dcminated mainly by festuca rubra and inundated by sea water only during extreme high
tides. A second zone is formed by the lower parts of the salt marsh covered with Limorium
vulgare and FPuccinella maritima. The third is a transitional zone, where slight height
diferences cause a mosaic pattern of small islands, separated by little gullies were many
species can be found. These three vegetational zones are persistent along the successional
gradient. The research presented here focuses on the transitional “island-zone" of the 10, 25

and 35 years old salt marsh parts.

Transitional
“island-zone”

Wadden Sea
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Fig 3 Location of the transitional "island- zone" at the salt marsh of Schiermonnikoog




From the second week of April onwards, spring staging Brent geese grazed the salt marsh at
the eastern part of the island. Approximately 3500 Brent geese spent this spring on the salt
marshes of the island. By the 26th of May almost all Brent geese left the island for migration to
their Arctic breeding grounds. During their spring staging period at Schiermonnikoog, foraging
geese groups were frequently observed from dawn to dusk at the three successional stages.
During these observations from towers the total number of geese, and their distribution over
the study area was recorded every 30 minutes.

2.2 Statistical analysis
Overall differences among the three successional areas under investigation (Fig. 5,7,8) and

data of the mean values of the chernical analysis with respect to neutral, negative and positive
selected for plant species (Table 2) were analysed with Kruskal-Wallis tests and if necessary
followed by Mann-Whitney tests. A Kruskal-Wallis test was also used to analyse the
distribution of preferred and disfavoured plant species in K]/bite and K]/gram (Table 5,6).
ANOVA with Tukey-contrasts was used to analyse for differences between percentages crude
protein, soluble carbohydrates, NDF and /n vitro digestibility of the salt marsh species under
investigation (Fig. 10,1'1,12,13). Percentages were arc sine-transformed before testing.,

2.3 Diet composition
Since geese have a relatively inefficient digestion, many of the cell wall structures of digested
plants will stay intact. Specific characteristics of the epidermis like size, form and position of the
cells and stomata, the structure of the edge of the leaf and the presence of hairs, if any, will
therefore remain recognisable and enable us to describe the diet by examining droppings.
Since analysing diet is very time consuming, we were forced to restrict ourselves to
material of one zone: the transitional "island-zone” of the 10, 25 and 35 years old salt marsh.
Droppings used for the rmicroscopical faecal analysis were collected (if possible) after each
daily observation period during the season (Table |). Observants sampled mixed samples of
fresh droppings, taking care that only droppings originating from the transitional "island-zone”
were collected. Geese retain their food for only a short period in the alimentary tract.
Therefore droppings originating from the ‘"island-zone” could be identified by using
continuous recordings of the distribution of the geese from the observation tower and by
allowing a throughput time of about |2 hours. The droppings were oven-dried at 70° C for
about 48 hours, before microscopical examination took place.

Table |. Sampling days material diet analysis

10 years 01-07-09-16-20-23-25 {7

25 years 10-11-18-19-20-24 6
| 35years | 08-11-15. . 3




Analysis of the diet based on the surface area of epidermal fragments rather than on the
frequency of plant fragments is recommended, as it gives a better impression of the
quantitative intake of the various plant species (Stewart, 1967). In this study the line intersect
method was used which accounts for differences in fragmentation size between species
(Seber & Pemberton, 1979). The line intersect method consists of measuring the lengths of all
cuticles that intercept the line of the ocular-micrometer, irrespective of the shape and the
orientation of the cuticles. Summation of the lengths of a particular species and dividing it by
the total length of all species in the sample gives the proportion of that species in the diet, We
did not adjust for differences in the ratio of mass versus leaf area.

From a homogenised sample of ten droppings, all of the same date and location, a
randomly taken subsample was put on a microscopic slide. The material was as uniformly
distributed as possible, to prevent particles to overlap each other. One hundred fragments,
present on several examined vertical and horizontal lines, were identified on each microscopic
slide. After about eighty identifications per sample, the proportion of a species stabilised (Fig.
4). A hundred identifications per sample were executed for analysis,

Drawings and photographs of most food species, as well as a reference collection with
plant material of all plant species present in the study area, were available. Observants trained
each other in recognising epidermal structures using object-glasses of the reference collection
on which plant names were covered, An identification key was made to standardise the
examination of the faecal samples (Appendix 2).
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In general a magnification of 100x was used to examine fragments. Particles with less than five
cells were considered to have insufficient characteristics for determination and were not used
for quantitative assessment of plant species in the diet. Besides this there was a non-
identifiable epidermal structure which had characteristics of both Festuca rubra and Puccinellia
marrtima. Photographs of the so called Festuca?epidermal structure have been made in order
to enable future determination (Appendix 5).

To quantify the amount of food available for geese at the three areas, plant species
abundance was estimated, just after the geese had left the island. On each study area, twenty
randomly selected patches of one | m? were recorded, estimating plant cover in
percentages.

In this report we assumed that neutral feeding occurs when foods were found in the
sarme proportion in droppings as they were encountered in the field. Preference is shown for
species that appear in the diet with a greater frequency than in the environment. Species
appearing less frequently in the diet than in the set of available foods are said to be disfavoured
(Crawley, 1983).

An often used definition of "preference ratio” is the proportion of food in the diet
divided by the proportion of the food in the habitat. The difficulty with this ratio lies in the
accurate estimation of the availability of food items but also in a good estimate of the
availability of all other potential food (Crawley, 1983). An example of this can be found in
Appendix 8. This problem, mainly caused by working with percentages, occurs especially
when non food-species are abundant, which was the case on the 35 years old salt marsh.
Therefore we decided to distinguish three groups of species. If plants were above the line 9%
in diet=% cover (See Fig. 6) and twice the standard deviation did not overlap this line a plant
species was said to be positively selected for. The same arguments were used to label plants
beneath the line as disfavoured species. The remaining plants were classified neutral.

2.4 Food quality
From early March until mid April plant material was collected every two weeks. During the

Brent geese staging period at Schiermonnikoog, from mid April until the end of May, samples
were collected every five days. A schedule with location and date of collection, can be found
in Appendix 6. Nearly all material originated from the "island-zone" at the 25 years old salt
marsh. Food plants samples were collected by hand, taking care to sample only those parts
that would have been selected by the geese. The material collected was washed thoroughly
and oven-dried at 70° C for 24 hours, grounded by a | mm sieve and stored in jars of glass.
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Chemical qualitative analyses included in wiro digestibility, crude protein, soluble
carbohydrates, ash and cell wall components. The twelve species being analysed were: Aster
tripolium- Atriplex portulacoides- Elymus sp- Enteromorpha sp- Festuca rubra - Juncus
gerard-  Limonium  vulgare-  Pantago  maritima-  Puccinellia  maritima-Spartina  anglica-
Spergularia maritima- Triglochin maritima.

Potential digestibility of plant material was determined by an /n vitro procedure (Tilley
and Terry, 1963) where samples were incubated in rumen fluid from a fistelated cow for 6
hours. This incubation period of 6 instead of 48 hours appeared most appropriate to simulate
the intention of degradation of plant cell walls by geese /n vivo (Soldaat & Slager, 1985; Prop
& Wullink, 1992). Dietary crude protein was determined by the Kjeldahl procedure (Kjeldahl-
nitrogen times 6.25). For the procedures followed to determine /n vitro digestibility, cell wall
components (Neutral Detergent Fibre) and soluble carbohydrates is referred to Appendix |0
and 12. In Appendix || adjustments to the normal Tilly & Terry in vitro method are
elucidated.

The bite sizes, necessary for the energy calculations per bite, of Festuca rubra,
Puccinellia rmaritima and Pantago maritima, were taken from literature (Prop & Deerenberg,
1991). Bite sizes of Elymus spand Juncus gerardi were assumed to be same as the bite size of
Fesuca rubra.

Field experiments and a feeding trial have been carried out, in order to define bite
sizes of the other plant species compared at the qualitative analysis. In order to define the bite
size of Spergularia maritima, captive Barnacle geese in an exclosure at the field station on
Scharmonnikoog were allowed to graze on salt marsh sods with inconspicuously marked
plarts. The bill of Barnacle and Brent geese are of a similar size. A few marked Spergularia
plarts at the youngest study area were, supplementary to the feeding trail, examined to
record the length of each leaf, before and after the visit of a Brent geese flock. Field
experiments on 7riglochin maritima at the same study areas carried out by M. Egas (1995),
revealed the bite sizes of Brent geese on this species. Limonium vujgare, Aster tripolium and
Atriplex portulacoides at the salt marsh showed grazing marks by which the bite size could be
reconstructed, using the outline of the leave. In order to estimate £nteromorpha bite size, a
Brent goose scull was used to take bites of the same size as the Brent geese did, after some
practice on Limonium vulgare and Aster tripoliurm leaves.




3 RESULTS

Diet

3.1. 1 Diet composition

The main components of the Brent geese diet were Puccnellia maritima, Festuca rubra,
7riglochin maritima, Atriplex portulacoides and Festuca? Diet composition of geese differed
among salt marshes of increasing age (Fig.5). Significant differences between the three
marshes were found for the percentage of Puccinellia maritima, Festuca rubra, Triglochin
rmarstima, Atriplex portulacoiges and  Arternisia maritima (Kruskal-Wallis, Mann-Whitney,
p<0.05, p<0.01). In every sample on average 5.5% (SE=0.61) of the total measured length of
encountered particles could not be recognised.

% in diet

oco)

plant species

l:} 10 years

25 years 35 years

Fig. 5 Comparison of the diet composition of Brent geese for the 10, 25 and 35 years old salt marsh areas. Bars
are mean + S.E. Levels of sgnificance are indicated with:* (p<0.05) and *#¥ (p<0.01). For the used
abbreviations of plant names see Appendix 7.

In the following three graphs the percentage of plant species found in the diet is plotted against
the percentage cover. A plant species on the diagonal line (y=x) would indicated that this
plant is eaten as much as it is encountered by the geese. Preference is shown for plant species
above and disfavourance for those below the line, when twice the standard deviation does
not intersect the diagonal line (indicated by plant name abbreviation in graphs).
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line y=xIs shown as a guide for preference determination. Vertical and horizontal bars show standard
error. See appendix 7 for the used abbreviations of plant names.

In each of the three study areas Fucanelia maritima and Festuca rubra were found in high
percentages in the diet despite the fact that they covered only a small percentage of the area.
Lirmonium vuigare, on the contrary, was less common in the diet than expected on basis of its
abundance in the field. At the 10 years old salt marsh there was virtually no 7rglochin
martima available, but at the 25 years old salt marsh were this plant species is more
abundant, it was preferred by Brent geese. Atriplex portulacoides and Artermisia maritima,
increasing in abundance at the 25 and 35 year old successional area, were mainly excluded
from the geese diet.

On basis of these data, three groups of plant species were distinguished and grouped
according to preference by the geese.

positive neutral negative
Festuca rubra Armeria maritima Artermisia maritima
Puccinellia maritima Aster tripolium Atriplex portulacoides
Triglochin rmaritirma Elymus sp Limonium vulgare
Enteromorpha
Glaux maritima
Juncus gerard/

Flantago maritima
Salicornia sp
Spergularia maritima
Spartina anglica
Suaeaa maritima
10



Total abundance in percentage of the three previously labelled “positive, neutral and
negative” geese plant clusters, plotted for the 10, 25 and 35 years old salt marsh is shown in
figure 7. By comparing the three areas one can see that the relative abundance of preferred
plant species is the highest in the youngest areas and significantly lower at the 35 years old salt
marsh. In the oldest area, the vegetation is virtually entirely composed of species disfavoured
by the geese. With increasing age of the salt marsh, the cover of plant species disfavoured by
the Brent geese is changing significantly from an average cover of | 6% to 82% (Kruskal-Wallis,
Mann-Whitney, p<0.01).

Since no dead material or bare soil are presented in the graph it is obvious that the
percentage of total plant cover is increasing with increasing age of the salt marsh. At the
youngest successional stage less than 50% of the area is covered by plants. At the 25 and 35
years old salt marsh this amounts to 59% and 86%, respectively.
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Fg. 7 Cover of plant species that Brent geese selected for positively, neutrally or negatively at the 10, 25 and
35 years old salt marsh. Bars with different letters differ with among areas (p<0.01).




The percentage of preferred plant species in the geese diet did not differ significantly among
the three salt marsh areas compared. A large proportion of the diet of geese foraging at the
35 years old salt marsh area consist of preferred plant species despite the low cover estimates
of preferred plant species recorded in the field. The proportion of disfavoured plants in the
diet was nonetheless the highest in the oldest area (Kruskal-Wallis, Mann-Whitney, p<0.05).

100

80

60

% in diet

20 [

25 YEARS 35 YEARS

age of successional stage

preferred :] no preference - not preferred

Fig. 8 Plant species, separated in three groups, found in the diet of Brent geese at the 10, 25 and 35 years old
salt marsh. Bars with different letters differ among areas (p <0.05).
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3.1.2 Discussion

We can conclude that over the course of succession, Brent geese are faced with vegetation
composed of an increasing amount of disfavoured plant species. Diets however, changed only
marginally, incorporating only 15 9% disfavoured species in the oldest successional stage. It
seems logical that maintenance of a diet composed of favourite food plants in areas with a
low availability of these favourites is costly, but one could also argue that considering the low
grazing pressure in these areas, geese are less vulnerable to depletion of their preferred
forage and spent less energy in interactions with other geese. The interplay between
disfavoured food on offer and possibly less competition for food, remains to be quantified.
The number of Brent in the oldest area however, is significantly lower, indicating low
preference for later successional marsh stages.

The ranking of plant species according to preference, with Puccinellia maritima,
Festuca rubra and Triglochin mantima being preferred and Limonium vulgare, Atriplex
portulacoides and Artermisia maritima being disfavoured forage is also reported from other
studies. Brent geese foraging at the Norfolk coast during spring, selected for Puccinellia
mariima and  Triglochin maritima, together with Aster tripolium and avoided Limonium
vulgare (Summers, 1993). Fuccinelia was found to be the staple food of Brent in
Terschellinger marshes (Ebbinge, 1980) and Danish marshes (Madsen, 1989). In the diet
composition of Brent at Schiermonnikoog established by Prop en Deerenberg (1991)
Pucanellia maritima was the principal food species together with Festuca rubra, Triglochin and
Flantago maritima. The latter two were less commonly consumed.

From field experiences and literature data (Prop & Deerenberg, 1991; Summers,
1993) Aster tripolium, Fantago maritima and Spergularia maritima were also expected to
belong to the 'positively selected” group, but there was not enough evidence to conclude this
from our own results. Probably the percentage of their presence in the diet was too low to
classify them in one of our three classes. We consider it unlikely that this is due to differential
digestion of plant species, considering the outcome of the experiment of Summers (1993). He
gave, in order to test for differential digestion, a mixture of 7rglochin maritima and Loliun
perenne, 1o a captive Brent. The same percentage of remains in the droppings as the
percentages fed to the goose were found after adjusting for differences in the ratio of mass
versus leaf area.

In general, true feeding preferences can only be determined under the strictest
controlled experimental conditions, when all differences in availability between the different
foods are eliminated. These so called “cafeteria trails” offer nonetheless various interpretation
problems. The comparative examination of geese diet and food preference at three different
successional stages of salt marsh development is hard to study in an experimental set-up. We
therefore studied free ranging geese. Consequently the interpretations of the results are
hampered by the inextricably intertwined effects of availability and preference.
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As a measure of food availability we quantified the percentage cover per plant species
immediately after the departure of the geese. The results might be improved by the
estimation of the biomass of available food items instead of percentage cover of the species.
Measuring biomass at various times intervals during the spring staging period and not
afterwards, would be more accurate too. Both improvements involve several practical
difficulties which were not possible to overcome in the time budget of this research.

The diet analysis performed to determine the food preference of geese flocks
imposed two restrictions. The geese observations at the 35 years old salt marsh were
hampered by the dense vegetation present. This resulted in low sample size for the dropping
analyses at this area since little material was available. Secondly, by a very time consuming
diet-analyses, we were forced to choose between the replication of the analysis with material
of few data points or analyse material originating from several time intervals during the geese
staging period without replication. The latter was considered to be best, since more variation
in diet composition was found between succession stadia then within material of different
dates originating from one of the successional areas.

Notwithstanding the items discussed above, this study has demonstrated that grazing
pressure and the abundance of preferred plant species are correlated. The relative abundance
of preferred plant species is highest in the youngest areas. In the oldest area, the vegetation is
virtually only composed of species that hardly occurred in the diet of the geese.

14




Food quality

3.2.1 Qualitative analysis

Ash

Remarkable variation was found analysing ash content of various salt marsh species (Fig. 9).
This was an important reason to present the results of the qualitative analysis as percentage of
dry weight and not as percentages of ash free dry weight (see discussion).

In general, most dicotyledonous species contained a high percentage of ash whereas
monocots did not. In some plant species like Flantago maritima almost a quarter, or in
Spergularia maritima and Atriplex portulaciodes even a greater percentage, consisted of ash
only. The high percentage of ash in algae could be due to the fact that cleaning them from
sand particles was very difficult, but that will hold for the geese as well.

40

30

9% ash

20 |

Jun Fes Ely Puc Spa Lim Tn Ast Pla Spe Atr Ent

Fig. 9 Ash content in 96 of the dry matter. All were based on duplo samples of 19/06/95. Species ranked
according to increase In ash percentage.

Soluble carbohydrates

Large differences in soluble carbohydrate content were found (Fig 10). The plants with the
significantly highest content in their leaf tips were grasses and grass-like species (Tukey,
F=15.73, p<0.001). Low in soluble carbohydrate content were dicotyledonous species. The
Enteromorpha soluble carbohydrate content lies in between those two groups.




30

% sol. carbohydrates

Fig. 10 Soluble carbohydrate content in 9% of the dry matter. Means (+ SE) were based on 5 replicates except
those indicated with an astensk™ which had only 3 or 4, Sgnificant differences are indicated with diferent

capitals (p<0.001).

Cell wall components

Spartina anglica together with the other grasses and grass-like species were significantly higher
in fibre content than the dicots and Enteromorpha (Tukey, F=33.38, p<0.0001). The lowest
percentage of cell wall components, 13 %, was found for T7riglochin maritima, whereas

Spartina anglica consisted for 63 % of cell wall components on dry weight basis (Fig. | 1).

100

% NDF

A Ent Spe 4 Ast Lim Pla Puc o Fes Ely Jun Spa

Fig. 11 Cell wall components (INDF) in % of the dry matter. Means were based on 3 replicates except those
with an asteriks * which had | or 2. Vertical bars show mean with S.E. Significant differences are

indicated with capitals (p<0.0001).
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Crude protein
Protein concentrations on dry matter basis differed considerably, with the highest

concentration being 3 times higher than the lowest concentration (Fig.12). 7riglochin maritima
had the highest protein content of all salt marsh species under investigation and Enteromorpha

the lowest (Tukey, F=70.44, p<0.0001)

40

% protein

Fig. 12 Protein content in % of the dry matter. Means (+ SE) were based on 5 replcates except those
indicated with an asteriks® which had onjy 3- /. Sgnificant difference are indicated with capitals

(p<0.0001)

/n vitro digestibility

There are no large differences in the /in vitro digestibility percentages between the plant
species under investigation. Of Juncus gerard, Spartina anglica and Limonium vulgare no
more than 43, 39 and 35% respectively, was digested (Tukey, F=18.95, p<0.001).

80

% digested

Tn Fes Ast Spe Pla Puc Ent Ely « Jun Spa Lim

Fig. 13 In vitro dgestibility in % of the dry matter. Means were based on 3 replicates, except those indicated
with an asteriks ™ which had 1-2. Sgnificant difference are indicated with capital. (p<0.00/)
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Combined features

In figure 14 the previously presented date are summarised. Each "kite” represents one of the
compared food species of the Brent geese. The percentage fibre, crude protein, ash and
soluble carbohydrates are plotted on the top, right, bottom and left side respectively. Four
clusters can be distinguished. At first the grasses (except Spartind) and grass-like species have a
characteristic form recognisable at a high percentage fibre and about equal percentages
protein and soluble carbohydrates. The only plant species with more than 30% protein is
Triglochin maritima, being group number two. The third corresponding features are those of
Flantago maritima, Spergularia maritima and Aster tripoliurm with a higher percentage ash and
a lower percentage fibre than the first group mentioned and, besides this, a higher level of
protein than soluble carbohydrates. Limonium vuigare has a lower ash percentage and is
included in rest group number four, together with Spartina anglica, Enteromopha and Atriplex
portulacoides. Unfortunately the NDF content of the latter was not measured.
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Fig. 19 Summary of the qualitative analysis. .
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The plant material analysed here originated from the geese staging period (April to May). A
summary of the qualitative analyses per plant species from March to June can be found in

Appendix 9.

Comparison with preference

Analysis of the mean chemical values of neutral, positively and negatively selected plant species
showed a significant difference between the water soluble carbohydrate content of the neutral
and negatively selected plant species (Table 2). An indication of difference was observed
between the /n vitro digestibility values of the neutral and preferred plant species.

Table 2 Mean values chemical analysis of ‘negatively, neutral of posttively selected for” plant species tested.
For the plant species division into three groups see pag /0. The ‘negatively selected for’ group here,
exist of Limonium vulgare and Atriplex portulacoides (2) or Limonium vulgare(/) alone if other data
were not available., Symbol * indicates a sggnificant difference (p< 0.05 ).

Plant species selection | Ash (n) | NDF (n) | WSC (n) | Protein (n) | /nvitro

by Brent digestibility
Negative 203 % (2) | 230 % ()| 479 %*}W(Z) 347 % (2) [349 % ()
Neutral 181 % (7)) [342 % (7)) | 106% (7) | 307 % (7) | 48.8 % (7)
Positive 110% (3) 327 % (3)|168% (3) |410% (3) {546 % (3)
p value 0.41 0.85 0.04 0.24 0.06

There was no correlation between the water soluble carbohydrates content and the i vitro digestibility.

3.2.2 Energy

Besides quality aspects, the amount of material gained per foraging action is an important part
of the 'benefits' animals can obtain. In table 3 the average mass per length of eleven plant leaf
tips are summarised, ranked from high to low. (See Appendix |8 for data from March to June)

Table 3. Average dry wejght per length of the different plant species in May. In 10 -'* mg / mm, except for
those with a shaded background: [0-"*mg /mm?

Plant | Spa Pla Spe | Tr Ely Jun Fes Puc [l A At
Mean | 229 | 185 [173 |1.14 |08 [072 [040 |040 | 1.17 |084 |060
SE 0.19 {007 050 [003 [002 [003 |00 [003 |03 0.02 | 0.05

In the next table the average bite weight of the Brent geese per plant species for the period of
May is summarised.

Table 4 Average bite wejght for the period of May in mg/bite.

species Lim Ent Atr Pla Ast Spa Spe Tri Ely Jun Fes Puc
b.weight | 104 | 7.51 338 322 233 |206 1.80 .60 .16 1.0l 0.58 |0.36
source I | | 3 | | | 2 | | 3 3
Source mm/bite 1. This study 2. Egas, 1995 3. Prop & Deerenberg, 1991
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When combining the information of the qualitative analysis with the previous data one can
calculate the energy gain per bite after digestion. See Appendix |3 for information of the used

method,

Table 5 Energy gain per bite

Plant species Kjoule /bite | preference
Limonium vulgare 49,78 disfavoured
Enteromorpha 31.25

Plantago maritima 14.25

Spartina anglica I'1.66

Atriplex portulacoides 10.87 disfavoured
Aster tripolium 10.61

Triglochin maritima 9.12 preferred
Elymus sp 8.88

Spergularia maritima 7.74
Juncus gerardi 7.01

Festuca rubra 4.15 preferred
Fuccinellia maritima 2.57 preferred

There was no significant difference between the spreading of preferred and disfavoured plant
species.

In table 6 the percentages fibre, sugars, protein, fat and ash of each food plant are listed. The
contribution of each cell component, based on | gram plant material, is given. Of each
component the digestion by Brent and the energy gain through this digestion is calculated. Of
each food species the total energy gain by digesting | gram plant material is marked in bold. In
the last column the contributions of cell wall, soluble carbohydrates, crude protein and fat to
the total energy digested by the geese from their plant food, can be found. See Appendix |4
for more information about the calculation method followed.

The plant species are ranked from high to low energy content per gram plant
material, with at the start Festuca rubra, Puccinella maritima and 7Triglochin maritima, plant
species preferred by the Brent geese. Yet no significant difference between the place of
preferred and disfavoured plant species was found.

Remarkable is that the cell components, fibre, sugars, protein, fat and ash, of the
grasses and glasslike species sum up to approximately 1009, while for the dicotyledons and
other plant species on the contrary, a component seems underestimated or missing.
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Table 6 Contributions of cell wall, sol, carbohydrates, protein and fat to the total energy djgested by the geese
from ther plant food,

Species Perc gram Digested KJoule Perc
(gram)
Festuca NDF 43,6 0,44 0,13 1,67 23,03
WSC 22,7 0,23 0,16 2,74 37,76
Protein 20,5 0,21 0,13 2,28 31,46
Lipid 5 0,05 0,01 0,56 7,75
Ash 7 0,07
Total 98,8 0,99 7,25 100
Pucccinelia NDF 41 0,41 0,12 |,57 22,03
WSC 18,8 0,19 0,13 2,27 31,82
Protein 245 0,25 0,15 2,73 38,26
Lipid 5 0,05 0,01 0,56 7.89
Ash 8.9 0.09
Total 98,2 0,98 7,12 100
Elymus NDF 47, 0,47 0,14 1,80 25,68
WSC 18,5 0,19 0,13 2,23 31,77
Protein 21,8 0,22 0,14 2,43 34,54
Lipid 5 0,05 0,01 0,56 8,00
Ash 71 0,07
Total 99,5 [,00 7,02 100
Junger NDF 47,5 0,48 0,14 1,82 26,27
WSC 19,5 0,20 0,13 2,35 33,96
Protein 19,7 0,20 0,12 2,19 31,66
Lipid 5 0,05 0,01 0,56 8,12
Ash 6.3 0.06
Total 98 0,98 6,92 100
Triglochin NDF 13,5 0,14 0,04 0,52 9,07
WSC 89 0,09 0,06 1,07 18,82
Protein 31,9 0,32 0,20 3,55 62,25
Lipid 5 0,05 0,01 0,56 9,86
Ash 17,4 0.17
Total 76,7 0,77 5,70 100
Spartina NDF 63,9 0,64 0,19 2,45 43,15
WSC 5 0,05 0,03 0,60 10,63
Protein 18,5 0,19 0,12 2,06 36,30
Lipid 5 0,05 0,01 0,56 991
Ash 10 0.1
Total 102,4 1,02 5,67 100
Limonium NDF 23 0,23 0,07 0,88 18,37
WSC 49 0,05 0,03 0,59 12,33
Protein 24,8 0,25 0,16 2,76 57.57
Lipid 5 0,05 0,01 0,56 11,73
Ash 15 0,12
Total 69,2 0,69 4,79 100
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Aster NDF 20,5 0,21 0,06 0,78 17,23

WSC 5,1 005 0,03 0,61 13,50
Protein 23,3 023 0,15 2,59 56,92
Lipid 5 005 00l 056 1234
Ash 19,1 0,19
Total 73 0,73 4,55 100
Plantago NDF 237 024 007 091 20,54
WSC 6 006 004 072 16,37
Protein 20 020  0,i3 2,23 50,37
Lipid 5 005 00l 056 1272
Ash 24,7 025
Total 794 0,79 4,42 100
Spergulara  NDF 186 0,19 005 0,71 16,56
WSC 6 006 004 0.72 16,82
Proten 207 0721 0,13 2,30 53,55
Lipid 5 005 00l 056 13,07
Ash 26,6 0,27
Total 76,9 0,77 430 100
Atriplex NDF
WSC 47 005 003 0,57
Protein 187 0,19 0,12 2,08
Lipid 5 005 00l 0,56
Ash 29,1 0,29
Total 57,5 0,58
Enteromor  NDF 18,1 0,18 005 0,69 16,71
WSC 14,2 0,14 0,0 1,71 4129
Protein 10,6 0,11 0,07 1,18 28,44
Lipid 5 005 00l 056 13,55
Ash 33,4 0,33
Total 813 0,81 4,15 100

- no lipid analysis was carried out and a constant value of 59 for all plant species was assumed
- Schmidt-Nielsen, 1975 lipid 39,5 Ki/g , protein 17,8 Kijg , sol. carbohydrates 17,6 Kijg

- Hungate® 1966: NDF 13,2 Kl/g (* taken from J.Prop & T. Vulnk, /992)

- R.Buchsbaum, 1986. AD lipid 28,5%, protein 62,5%, sol.carbohydrates 68,5%, NDF 29%



3.2.3 Discussion

The analysis of soluble carbohydrates, NDF, protein and ash content of the plant species
under investigation showed four clusters. The monocotyledonous  Festuca rubra, Puccinellia
maritima, Juncus gerardiand Elyrmus sp were all high in sugars and fibres. 7riglochin maritima,
in which the concentration protein was highest. A third cluster with dicotyledonous Fantago
maritima, Spergularia maritima and Aster tripoliurn, highest in ash content and a forth, rest
cluster, formed by Limonium vulgare, Spartina anglica, Enteromorpha and Atriplex
portulacoides with several characteristic features.

Cell components individually
Ash
The ash percentage of the species analysed varied highly. This was an important reason to
present the results of the qualitative analysis as percentage of dry weight and not as
percentages of ash free dry weight, Correcting for ash, which is often found in literature,
would not only overlook an undesirable gutfiling component (sometimes a quarter or even
more of the plant material) but also give a wrong quality impression. This is because
percentages of other plant components like protein and carbohydrates change for the better
when a correction for ash is carried out (see also Appendix |9).

The measurements of the ash content fit well with other studies in the same season.
In general most dicotyledonous species contained a higher ash percentage whereas monocots
did not. Normally an increase in ash percentage is expected when plant material is growing
older, so in autumn, which could explain some deviating percentages found in other studies
(see Appendix | 5).

Soluble carbohydrate

The leaf tips of grasses and grasslike species had significantly higher soluble carbohydrate
content than those of the dicots. Our results are in good agreement with those of Briens &
Larher (1982), who demonstrated a low content of inorganic ions and a high content of sugars
in the leaves of monocotyledons contradictory to dicotyledons species that had a high content
of inorganic ions and a low content of sugars in their leaves. In our study Spartina anglica
formed an exception on this. It might be that Spartina and also the dicots, allocate soluble
carbohydrates to their below ground storage organs.

The measurements of the soluble carbohydrate content seem to be somewhat low
compared to other studies. This could be due to a not corresponding analysing period
(summer versus autumn) but might also be caused by the anthrone method (Allen 1989) used
in this research. The anthrone method should measure all carbohydrates including starch but
might not be sound in measuring the latter (Bakker, 1997).

Crude protein
Crude protein concentration was highest for 7riglochin maritima. Compared with ash and

soluble carbohydrate analyses less variation was found in protein content among the species
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under investigation. The measurements of the crude protein content fit well with other studies
in the same season (see Appendix 17).

Digestibility

Juncus gerard), Spartina anglica and Limonium vulgare were found difficult to digest in
comparison to the other salt marsh species. Only around 40 % of these species could be
digested compared with & 55% digestibility of the other species.

As stated in the introduction we analysed digestibility with two questions in mind, We
wanted to know in what proportion the plant species under investigation related to each
other. Secondly is we could, using the /n vitro method, approach the vivo digestibility values of
the salt marsh species of which some are know from literature. With an incubation period of 6
hours (for arguments see appendix | 1) we expected to be able to answer both questions.
Unfortunately this incubation time did not gave us the expected variation in digestibility values.
To detect larger differences a shorter incubation period would be advisable, which might also
help to approach the true /i vivo values which are lower than the values we found,

NDF
The concentration NDF was the highest for Spartina anglica and other grasses and grass-like
species. The dicots were significantly lower in NDF.,

When the proportion of cell wall in plant tissues increases, during maturation for
example, the digestibility will be reduced. Expecting this inverse correlation and noting the
strong variation among the plant species NDF content, strengthened our opinion that, to
approach in vivo values, the in vitro incubation time should be reduced.

Energy per bite or gram

To get an impression of attainable energy intake we calculated the energy gain per bite. Field
observations on wild Brent geese indicate that it is possible to incorporate more than one

leaf in a single bite (Prop & Deerenberg, 1991; Van der Wal, pers com). Besides this there is
also variation in geese bite rate per plant species. In assessing which species is more profitable
for the geese to forage on, attainable energy intake rate will prove to be important (see
general discussion). Future studies will have to provide more information on this subject. In
this report we focused on plant interior quality, therefore the energy gain per gram digested
plant material is given.

Festuca rubra, Puccinellia maritimaand Triglochin maritima, plant species preferred by
the Brent geese had a high energy content per gram material. Yet no significant difference
between the place of preferred and disfavoured food species was found.

Besides this, the calculated energy per gram plant material showed us that the cell
components, fibre, sugars, protein, fat and ash of the grasses and grasslike species sum up to
approximately 100%, while for the dicots and other species a component seems
underestimated or missing.
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4 GENERAL DISCUSSION

On the eastern part of Schiermonnikoog a gradient of primary succession can be found on the
salt marsh since the island is gradually extending eastwards (Bakker, 1989; Olff, 1992).
According to classical exploitation theory, the increase in primary productivity found over the
successional gradient (van de Koppel et al., 1996), should result in an increased grazing
pressure. On Schiermonnikoog, however, we observed that recently developed plant
communities are intensively used by Brent geese. The grazing pressure was relatively low in
more productive parts later in succession.

This study has demonstrated that grazing pressure and the abundance of preferred
plant species are correlated. The relative abundance of preferred plant species is highest in
the youngest areas. In the oldest area, the vegetation is virtually only composed of species that
hardly occurred in the diet of the geese. Diets however, changed only marginally,
incorporating only 15 9% disfavoured species in the oldest successional stage.

The ranking of plant species according to preference, with Puccinellia maritima,
Festuca rubra and Triglochin maritima being preferred and Limonium vulgare, Atriplex
portulacoides and Arternisia maritima being disfavoured forage is also reported from other
studies. Brent geese foraging at the Norfolk coast during spring, selected for Puccinelia
maritima and 7riglochin maritima, together with Aster tripoliurm and avoided Limonium
wulgare (Summers, 1993). Puccinellia was found to be the staple food of Brent in
Terschellinger marshes (Ebbinge, [980) and Danish marshes (Madsen, 1989). In the diet
composition of Brent at Schiermonnikoog established by Prop en Deerenberg (1991)
Puccinellia maritima was the principal food species together with Festuca rubra, Triglochin and
Flantago maritima. The latter two were less commonly consumed.

In the introduction we mentioned three possible considerations to unravel the cause
of observed food preference. These are energy maximisation, nutrient constraints and the
absence of negative factors, like digestibility-reducing substances.

The accumulation of sufficient body reserves prior to their flight to the high-Arctic
breeding grounds is highly important for Brent. Not only for migration to the high-Arctic itself,
but also for survival and reproduction in an environment still inhospitable at the time of arrival.
Maximising energy intake to build up body reserves can be approached on two scales.

One is the efficiency by with forage can be ingested. This is determined by distribution
and appearance of the species in the field. Handling time and bite rate, together with mass
and volume per bite, are aspects necessary to evaluate here. The energy intake rate will level
off, when the accessibility of leaf tips is hindered, for example, by the presence of dead
material and amount of structural components of a plant species (van der Wal et al., in press).

The second level to evaluate energy maximisation concerns the plant interior quality,
on which we focused in this report. We found that the percentage carbohydrates of
disfavoured plant species was significantly lower than the carbohydrate content of neutral
preferred species. Secondly, a trend was visible indicating that preference was shown for
highly digestible plant species. This corresponds with data of Boudewijn (1984) that showed
that Brent switched from feeding on Poa protensis and Lolium perenne to Puccinellia rmaritima
when the digestibility of Puccinellia was higher than that of the pasture grasses.
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Our data suggest that in terms of energy maximisation, foraging on disfavoured plant species is
less profitable. The observed differences, however, did not came to significant expression in
calculated digestible energy per gram of a plant species.

A combination of attainable intake rate together with interior plant quality is probably
very important in assessing which species is more profitable for a geese to forage on.
Puccinellia maritima for example can be preferred because of its high soluble carbohydrates
content and also because Brent geese can easily feed uninterruptedly on the closed sward of
the grass.

Several studies indicate that considerations of energy intake can not account for food
preference alone and stress the importance of nutrient constraints in food choices.

Mattson (1980) argued that protein is in limiting supply for non-rumant herbivores due to its
relative shortage in plants. The crude protein content of the, in this report compared salt
marsh species, varied little. Except for the by the Brent preferred 7riglochin maritima, which
had a much higher crude protein concentration.

Other studies suggest that herbivores base their feeding preference on minimising the
concentrations of toxins, repellents and digestibility reducing substances in their diets. All the
animals in the study of Bryand and Kuropat (1980) for example ranked their foods on neither
energy or nutrient content. Instead their food preference was strongly negatively correlated
with terpenes and phenolic resins. In this report we compared ash and fibre, two undesirable
gut filling components. In relation to the food preference of the geese there was no significant
difference between preferred and disfavoured plants.

We have to conclude that it is difficult to tie down the observed food preferences to
one of the analysed factors. This might not be surprising since the animal will receive stimuli
from the various attributes of a plant and make a comparison of its favourable and
unfavourable characteristics with that of an other species. It can, for example, be the high
percentage of crude protein which makes foraging on 7riglochin maritirma attractive even
though its ash percentage is high. We compared characteristics of the preferred species with
disfavoured species. It also counts that the reasons for a high preference ranking of one
species may be quite different from those for another species.

We can conclude that the observed grazing pressure distribution correlates positively
with the relative abundance of preferred forage. Data, however, indicate that it is difficult to
link the observed food preference to one of the analysed food quality aspects. Future studies
will have to provide more insight in the feeding strategies of Brent geese.
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N AW —

10,
I
12.
13,
14,

15,
16.
17.
18.
19.

Brent geese grazing pressure at three successional stages: calculation figure |
Identification key epidermal structures

Photographs, drawings and notes epidermal structures

Diet composition

Photographs Festuca?

Schedule plant material sampling and chemical analyses

Abbreviations plant species names

Example Crawley

Summary gualitative analyses per plant species from March to June

Methods chemical analysis dry weight / Ash / NDF / in vitro digestibility / WSC
Calculating in vitro digestibility

Plant species cover at the 10, 25 and 35 years old salt marsh

Caleulating K Joule per bite for each plant species

Calculating contributions of NDF, WSC, nitrogen and fat to the total energy digested per
gram per food species

Comparing ash values

Comparing WSC values

Comparing protein values

Leaf tips from March to June

Dry weight versus ash-free dry weight
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Appendix |

Brent geese grazing pressure at three successional stages
Calculating figure | page 2:

Average goose hours per day
(day of 14 hours)

|0 years = 66623 SD= 41278 n=13
25 years = 84358 SD = 1107.83 n=28
35 years = 1000.45 SD = 1038.53 n=11|

surface area of transitional “island -zone” on map

10 years = 252 squares =3.9375 *[0-2 km?
25 years = 486 squares =7.59375%|0-2 km?
35 years = | 108 squares =1.7312 *]0-" km?
4cm =500 m

Il em =125m

I em? = 15625 m2

| square =156.25m?

=156.25# 10-6 km?

Average goose hours per day/ km?

|0 years = 16920.12 SD = 10483.3 SE = 2907.5

25 years = 11108.87 SD = 14588.7 SE = 275701
35 years = 5778.772 SD = 5998.9 SE = 1808.74




Appendix 2

O

10

DE SLEUTEL

- Huidmondjes 2
- Geen huidmondjes |9

- Haltervormig 3
- Boontjes 8

- Celstructuur rechthoekig, vaak geribbelde cellen 4
- Celstructuur opgeblazen, cellen glad 7

- Tussencellen vierkant = Fuccinellia mantima (0z)
Verdere kenmerken: randcellen bol, dakpansgewijs gerangschikt. Humo's geconcentreerd per
rij van cellen. Haltervormige huidmondies (zonder ellips?) NB. Tussencellen hoeven niet
vierkant te zijn, maar er zjn altjd vierkante aanwezig

- Tussencellen nooit vierkant 5

- Huidmondjes in rijen, ononderbroken door cellen. Ellips om haltertjes = Ejymus athericus (0z)
- Niet in ononderbroken lijnen 6

- Onderscheid bedenken tussen Spartinaen de bovenkant van Elymus athericus. Elymus
atherrcus dakpancellen als Festuca, maar dan spits

- Tussencellen aanwezig, haren uit tussencellen. Huidmondjes smal en lang = Festuca rubra (bz)
- Tussencellen niet aanwezig, geen haren maar wel korte stekels(?), huidmondjes

verspreid= Puccinellia mantima (bz)
-Huidmondjes haftervormig Ribbels in nerf (zie foto) = Agrostis =0

- Dubbele boontjes 9
- Geen dubbele boontjes 10

- Regelmaat, huidmondjes in rijen, gescheiden door rijen met lange smalle cellen, Cellen tussen

huidmondjes
vierkantig. Boontjes soms bruin gekleurd. Evenwijdige nerven overeenkomstig met rijen smalle

cellen = Triglochin maritima
- Minder regelmaat; geen duidelijke indeling in rijlen, cellen tussen de huidmondies niet duidelijk

vierkantig =Armena mantima

- Huidmondjes op scheiding van twee cellen. Lijken in een grote cel te liggen omdat de scheiding

van de twee cellen moeilijk zichtbaar is = Fantago maritima. 20 —>
@ en \\1_2," 20 -

Verder: veel huidmondjes regelmatig verspreid
- Niet 11
- Steeltjes aanwezig of cellen op steelties (Atriplex + Glaux)

(&)

[nieuwe- Steeltjes, verder kunnen cellen gegolfd zijn, dikkere celwanden = Glaux maritima <<

10]

- Steeltjes of met een cel erop, verder cellen hoekig. Geen dikke celwanden onregelmatige
structuur =Atnplex portulacoides

rd

map Y ctk

Y,



I - Celwanden geribbeld als de grassen, maar alleen aan de rand smalle rechthoekige cellen soort
van dubbele
boontjes= Juncus gerardi
- Niet 12

12 - Cellen gegolfd 13
- Cellen hoekig, tot afgerond 15

13 - Cellen licht gegolfd =Arterrisia mantima
- Cellen sterk gegolfd 14

14 - Huidmondjes groot en dik en in ander viak itt Sperguiaria maritima. Cellen met dikke dubbele
celwanden. Steeltjes! = Glaux maritima
- Huidmondies klein, cellen op rijen (7) Ook steelties (?) = Spergularia mantima

15 - Cellen rond huidmondies kleiner. Rommelige structuur, cellen variabel, cellen geconcentreerd
rond huidmondjes = Limoniurn vulgare
- Niet 16
16 - Huidmondjes een beetje kleiner dan de omliggende cellen = Aster fripoliurm. Huidmondjes

enigzins bovenop? bijna bolrond, veel huidmondjes
- Huidmondijes duidelijk een stuk kleiner dan de omliggende cellen 17

17 - Cellen op steelties =Atriplex portulacoides
- Niet 18
18 - Huidmondies onregelmatig van groctte. Veel huidmondjes, langwerpige boontjes ingeklermnd.

Grote hoekige cellen = Sueda maritima
- Huidmondjes regelmatig van grootte, cellen minder hoekig, veel huidmondies = Salicornia

europaea
19 - Celstructuur lange rechthoekige cellen, geribbeld, met smalle korte tussencellen = Festuca
rubra (0z)
- Niet 20
20 - Weefsel bestaand uit heel veel kleine celleties = £Enterormorpha
- Niet? Tja, ..
Definities:
humo's =huidmondjes .
dubbele boontjes= &
bz= bovenzide

oz=onderzijde
dakpancellen als Festucamaar danspits= L0~

steeftjes= o) 8



Appendix 3

Tekeningen, foto’s en beschrijvingen van epidermale structuur van:

Armmophia arenaria
Arrveria maritima
Artemisia maritima
Aster tripolium
Atriplex portulacoides
Elyrmus farctus
Entromopha sp
Festuca rubra
Fucus sp

Glaux martima
Juncus gerardi

Met dank aan

Charlotte Deerenberg
Martjjn Egas

Dijkstra & Dijksta- De Viieger

Summers et al., 1993

Limonium vulgare
Monostroma sp
Plantago maritima
Puccinellia maritinna
Salicornia oliostachya
Spartina townsendii
Spergularia maritima
Suaeda maritima
Triglochin maritinna
Ulva lactuca
Zostera sp
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Armeria maritima
200x o
. (9) Armeria marilima

Armeria maritima (Plate I1g)

Stomata surrou.nded by two curved cells as for Triglochin maritima but cells not arranged in
regular rows. Circular non-stomatal structure present as for Limonium vulgare

Ar‘temisia ma riﬁma '(d) Artemisia maritima
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Festuca rubra ,

Abaxial surface—cells bigger than for Puccinellia maritima—380-400 x 15-20 pum. Thickening of .
walls present but more finely folded than P. maritima. Silica bodies present, often in twos or threes.
Mostly shorter (in direction of leaf axis) than for P. maritima. No stomata. Celis on leaf edge more
flattened, giving a smoother edge. :

Adaxial surface—cells without lumps, but whole cell bulges outwards and sidew
narrow end walls adjoining the silica bodics. Cells arranged so that in adjacent rows the narrow -
ends of the cells are partly obscured by the bulgine of the cells on either side. Short hairs grow from

ays from the g
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(a) Puccinella maritima (abaxual sudace) Puccinella maritima (adaxial sudacé')

Adaxial and abaxml surfaces differ. Morphology varies according to growth state.

Abaxial surface—old leaves: cell walls thickened and folded, silica bodies present between cells
Stomata present but not very dense. Cells on leaf margins rounded giving corrugated edge. Cell
sizes 60-220 x 10-15 um. Young leaves: cell walls thin, not folded. Silica bodies few or absent. If
present they occur near leaf margins. Stomata present.

Adaxial surface—many cells with circular lumps. Cell walls often thickened and folded, but not
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Spartina anglica

Only the abaxial surface is characteristic. Cells covered in evenly spaced silica nodules appearing
as small bright spots. Otherwnse cells very like P, maritima. Cell size 80-250 jum long.
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(d) Spergularia media

Spergularia spec.

Spergularia media & Artemisia maritima (Plate 11d)

Cells have jigsaw piece appearance duc to wavy edges, more so in Spergularia.
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, Triglochin maritima

Triglochin maritima (Plate IIf)

Stomata and elongated cells arranged in regular rows. Two curved subsidiary cells surround the
stomata, lying paralle] to the guard cells. A single row of cells stretches between stomata.
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Enteromorpha sp. filamentous

Some cells arranged in rows. Cells slightly more rounded than Zostera noltii. Filaments narrow.
Cell size 5-15 ym. . . .
H Cells often in rows and most square or rectangular. Lamina broad. Cells sometimes arranged
radially around a central cell. Size 8-20 pm.

)
O
7[3/\J<"J\w (¢ Ulva lactuca
Chory o
2552
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Ceramium rubrum
400x

b Ulva lacluca | (
Cells not arranged in rows and no stomata. Cells irregularly shaped 10-20 pm. a%@é

7 D@ggg Monostroma spec. | |
@ - 400x

7 vy
: jO 400X f1lg>)((uosa Alder

(b) Zostera noltii

ol

Zostera angustifolia

Cells square or often rectangular, long axis mostly perpendicular to leaf axis. Cells arranged in
rows. Cells of inner tissues much larger. Cell size 10-25 um. No stomata.

Zostera noltii (Plate TIb)

—_ e b Tersmmmseswndimem and arranosd in rawe Cell size 10-20 um. No stomata.
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Appendix 4

Diet analysis

Hundred identifications of a dropping sample take from the 10 years old salt marsh

25-05-95 (10 years)

100 A3

% vd totale lengte

Fes= == Pu ——~ Sp """~ Ely— = Su —— $p
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Appendix 7

Abbreviations of plant names:

Arm
Art
Ast
Atr
Ely
Ent
Fes
Fes?
Gla
Jun
Lim
Pla
Puc
Sal
Spa
Spe
Sua
Tri

Armeria maritima
Artemnisia maritima
Aster tripolium
Atriplex portulacoides
Elymus sp
Enteromorpha
Festuca rubra
Festuca? (see methods)
Glaux maritima
Juncus gerardi
Limonium vulgare
Plantago maritima
Puccinelia maritima
Salicornia sp

Spartina anglica
Spergularia maritima
Suaeda maritima
Triglochin maritima



Appendix 8

Possible difficulties when using "preference ratio” :

Species A B C
percentage habitat | 9 920
percentage diet 5 95 trace

When species C is included as available food, then A and B are both strongly preferred. Ratio
5.0 and 10.6 However when C is omitted from the analysis, the habitat contains 10%
species A and 90% B; B is still slightly preferred, but A is quite strongly avoided. Ratios of .1
and 0.5 respectively.

Crawley, 1983
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Appendix | O

Oplosbare Koolhydraten / Water Soluble Carbohydrates

VOORBEREIDINGEN: v

*De glucose-basis oplossing kan lof meer dagen voor de bepalingsdag aangemaakt worden. Het plantenmateriaal moet
goed vermalen zijn tot 0.5 mm en moet worden voor gedroogd op 70° C. Zorg ervoor dat dit maalsel goed gemengd is !
*Gemalen plantenmateriaal ? uur in stoof: 4 uur in exicator

*In het waterbad kunnen 24 monsters staan. Dus | | monsters in duplo+ blanco in duplo.

Maak een glucose-basisoplossing: (Iml = 0.25 mg glucose)
*droog de benodigde D-glucose bij 70° C
*los 0.250 gram (gedoogde) D-glucose op in | liter gedest. water.
*Deze glucose oplossing blijft enkele weken goed.

Maak Anthrone reagent:
*Nodig oa bril, handschoenen, zuurstofkast, bak met ijs en magnetische roerplaat.
*Voeg voorzichtig 760 ml geconsentreedrd Hz504 toe aan 330 ml gedest water in een "kookfles” en
hou dit mengsel koel tijdens het mengen.
*oeg | gram Anthrone en | gram Thioura toe. Gebruik hiervoor een magnetische roerplaat.
* Breng dit mengsel over in een donkere fles en laat deze oplossing twee uur staan bij 1° C alvorens het te
gebruiken, (Mengsel kan na bepaling enige tijd in koelkast bewaard worden)
*Het Anthrone reagents moet stro-kleurig of lichtgeel zijn. Als het donkerder wordt, met een groene tint, heeft
oxidatie plaatsgevonden en moet de oplossing weggegooid worden

Maak een reeks glucose-standaardoplossing:
*pipetteer 0, 10, 20, 30 & 40 ml glucose-basisoplossing in (5 verschillende) 100 ml
maatkolven. Vul deze aan met gedest, water.
*Maak deze ijkvloeistoffen dagelijks aan!

EXTRACTIE

*Weeg |00 mg gedroogd plantenmateriaal nauwkeurig af en breng het in een 100 ml maatkolf.

*Voeg 60 ml gedest water toe,

*Plaats deze maatkolf in een waterbad met trechter en knikker en laat deze zachtjes koken gedurende 2 uur. Beweeg afen
toe deze oplossing voorzichtg.

*Vul de inhoud van de maatkolf aan met gedest water tot 60 ml.

*Laat de vioeistof enigzins afkoelen en fiter de vioeistof door een filtreerpapier (Whattman 44) in een 100 ml maatkolf.
*Spoel het filtreerpapier met lauw water en vul de maatkolf aan met demi -water tot 100 mi.

*Laat een water blanco dezelfde behandeling ondergaan

*Dit extract kan niet over de nacht bewaard worden en moet bereid worden viak voor de kleurontwikkelings bepaling!

KLEURONTWIKKELING:
*Pipetteer 2 mi van elke standaardoplossing in reageerbuizen.
*Pipetteer 2 ml van elk extract of water blanco in reageerbuizen.

Vanaf dit punt moeten standaardoplossingen en monsteroplossingen geljk behandeld worden.

*Voeg snel 10 ml Anthrone reagents toe en mix zeer goed (vortex) terwijl de buis wordt gekoeld door stromend water (of
in een waterbad).

*Plaats de reageerbuizen in een beker kokend water, in een verduisterde zuurstof kast (of verduister de beker met
aluminiumfolie) en laat de oplossing 10 minuten koken.

*Plaats de buizen in koud water en laat ze afkoelen, liefst in het donker. (Kan in spoelbak met deksel)

*Meet lichtabsorptie op 625 nm met gedestileerd water als referentie.

BEREKENING:
Maak ijkcurve mbv de standaard oplossingen en gebruik deze om de hoeveelheid glucose te bepalen. Trek de gemiddelde
waarden van de blancos ervan af (mits noodzakelijk)
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Appendix | |

Berekening in vitro waarden:

Tijdens de in vitro bepaling volgens Tilly & Terry wordt plantmateriaal 2 ¥24 uur geincubeerd.
Na aanleiding van de gegevens verzameld door W. van Marken Lichtenbelt (1981) kozen we
voor 6 uur incubatie. Zie ook figuur 1. De *-jes in de figuur zijn gevonden vivo
verteringswaarden, Verwacht werd dat de op deze wijze verkregen data, de vertering van
ket plantenmateriaal door de rotganzen, het beste zou benaderen. Verder werd ook
verwacht dat de verschillen tussen de verteerbaarheid van de onderzochte plantensoorten
beter zichtbaar zouden zijn bij 6 uur ipv 48 uur incubatie.

w1 ON

O O N
N

5,

—®— Festuca

(@]

-~ Poa /Lolium

digested in vitro
N W A M
N

@® O
e

1

0 2 4 6 8 10 12 14

(@]

incubation period (hours)

Figuur | In vitro verteringwaarden van Festuca en Poa /Lolium bj verschillende incubatie tjden. *-yjes geven
gevonden_vivo verteringswaarden weer. (Marken Lichtenbelt, 1981)

Omdat bij de in vitro bepaling volgens Tilly & Terry gebruik gemaakt wordt van penssap van
levende runderen, corrigeert men de aan het eind gevonden data voor verschillen in penssap.
Verschillen in penssap agv verschillende individuen; hooi of gras gevoed etc  Dit gebeurt mbv
ijkmateriaal waarvan de vitro-verteringswaarden bekend zijn en die mee genomen worden
tidens de bepaling; Wilgentakken [63809], vers gras [1475], beheershooi [| 593] en Engels
raai gras [1611]. Om de correctie voor verschillen in penssap ook bij 6 uur incubatie toe te
kunnen passen is de volgende berekening uitgevoerd:



LUW file:

6 uurincubatietid nr 15 t/m 88
24 uur incubatie tjd  nr 89 t/m 102
30 uur incubatie tjd ~ nr 103 t/m 116
48 uur incubatie tjd  nr 117 /m 130
48+ uur incubatie tjd nr 131 t/m 144

Vitro 6 uur - Vitro 48 uur
Beide bekend, tegen elkaar uitgezet.
Regressie lijn:  Y=0.85X-7.18 [Re=0.88, N=6, Y=vitro 6, X=vitro 48]

Aangenomen dat verhouding tussen Vitro 6 uur - Vitro 48 uur
gelijk is aan verhouding tussen Vivo 6 uur - Vivo 48 uur
daarom nieuwe ijklijn; na berekening Vivo 6 (0.85*E152-7.18) en verder
van  x=vitro 6

y=invivo 6

Y=0.83x +0.82 [R®=0.87, N=6]

Met behulp van deze vergelijking kunnen de gevonden waarden van Festuca, Puccinellia ed bij
6 uur incubatie gecorrigeerd worden voor verschillen in penssap ten opzichte van andere in
vitro bepalingen.

VIVO 48 UUR | VITRO 48 UUR | VITRO 6 UUR | VIVO 6 UUR
Wilgentakken [63809] | 3| .9 35,6 25.64 19.94
Vers gras [ 1475] 75.3 80.3 56.76 56.82
Beheershooi [1593] | 48, | 66.1 39,07 33.71
Engels raai gras [1611] | 80.9 86.6 71.45 61.59
Hazebrokken 64.3 81.8 66.56 47.47
Luzermebrokken 549 59.6 47,08 39,49




Appendix 12

TIElPuc [Xcovers| SE N | Date WHIO |Xcover % SE N| Date FO9 X cover % SE N Date
Lirrvul 1,2 2,21 | 20 |05-06-95| |Limwul 13,55 5,60 | 10| 06-05-95 | | Lirvul 5,75 1,89 20 [B/15-06-9
Glamar 2,25 0,94 | 20 [05-06-95| |Glamar 0,65 0,28 | 10| 06-05-95 | | Glamar 2,82 222 20 [8/15-06-9
Asttri 0,35 0,10 | 20 [05-06-95| |Astiri 0,75 0,17 | 10| 06-05-95 | | Astiri 0,22 0,10 20 B/15-06-9
Artrnar 4,25 2,94 | 20 |05-06-95| |Artmar 7,65 3,90 | 10| 06-05-95 | |Artrmar 8,47 42| 20 B/15-06-9
Fesrub 1,17 0,77 | 20 |05-06-95| |Fesrub 21,2 7,19 | 10| 06-05-95 | |Fesrub 46,92 7,28 20 PB/15-06-9
Suemar 1,45 0,48 | 20 |05-06-95| |Suermar 0,5 0 |0 | 06-05-95 | | Suemar 0,17 0,05 20 [8/15-06-9
Junger 0 0 20 |05-06-95| |Junger 0.7 0,29 | 10| 06-0595| |Junger 7,95 4,81 20 8/15-06-9
Pucmar 13,97 3,24 | 20 |05-06-95| |Pucmar 0,5 0,19 | 10| 06-05-95 | |Pucmar 0,32 0,15 20 [B/15-06-9
Placor 0 0 20 |05-06-95] | Placor 0 0 [0 | 06-05-95 | |Placor 0,75 0,29 20 B/15-06-9
Plamar 0,62 0,14 |20 |05-06-95( |Plamar 6,8 2,38 | 10| 06-05-95| |Plamar 6.4 0,99 20 B/15-06-9
Spaang 0,15 0,06 | 20 |05-06-95| |Spaang 0,05 0,05 | I0|06-05-95 | |Spaang 0 0 20 8/15-06-9
Atrpor 0,45 0,19 | 20 |05-06-95| |Atrpor 5.4 3,27 | 10| 06-0595 | | Atrpor 0,1 0,04 20 8/15-06-9
Atrpro 0 0 20 |05-06-95| | Atrpro 0 0 |0 | 06-05-95 | | Atrpro 0,15 0,06 20 [8/15-06-9
dood mat. 1,02 0,26 | 20 [05-06-95| |dood mat. 6,55 3,11 10 | 06-05-95 | | dood mat. 4,65 0,79 20 [B/15-06-9
onbedekt 52,95 5,55 | 20 |05-06-95| [onbedekt 33,3 9,01 |0 | 06-05-95 | | onbedekt 3,35 0,63 20 [B/15-06-9
Agrsto 0 0 20 |05-06-95| |Agrsto 0,1 0,1 |0 | 06-05-95 | | Agrsto 18,42 5,07 20 [8/15-06-9
Armmar 0,02 0,02 | 20 |05-06-95| |Armmar 0,05 0,05 | 10]06-0595| |Armmar 1,25 0,23 20 [8/15-06-9
Elyfar 0 0 20 |05-06-95| |Elyfar 0,05 0,05 | 10| 06-05-95 | |Elyfar 0,57 0,49 20 [B/15-06-9
Elyath 0 0 20 |05-06-95| |Elyath 0 0 |0 | 06-05-95 | | Elyath 0,8 0,48 20 [B/15-06-9
Spemar 6,1 2,51 | 20 |05-06-95| |Spemar 2,5 1,06 | 10]06-05-95 | |Spemar 0,5 0,15 20 18/15-06-9
Trimar 0 0 20 |05-06-95| | Trirmar 0 0 |0 | 06-05-95 | | Trimar 0 0 20 [8/15-06-9
Salmar 0,77 0,16 | 20 |05-06-95| |Salmar 22 1,43 | 10| 06-05-95 | | Salmar 0,05 0,03 20 /15069
Sagrmar 0 0 20 |05-06-95| |Sagmar 0 0 |0 | 06-05-95 | | Sagmar 0,1 0,05 20 [B/15-06-9
Entero 2,7 1,28 | 20 |05-06-95| |Entero 0,75 0,40 [ 10| 06-05-95 | |Entero 0 0 20 [B/15-06-9
Trirep 0 0 20 |05-06-95| |Trirep 0 0 [0 | 06-05-95 | | Trirep 0 0 20 [B/15-06-9
Lot ) ) 20 [05-04-95] |[locnt 0 0 10 | 06-05-95 | |leort 0 0 20 B/15-069




T2 laag X cover #%|SE N |Date T2Ei X cover % |SE N |[Date T2F78 X cover % | SE Date
Limwul 6.77 2,38 | 20 [4/13-6-95| |Limwul 10,9 3,33 | 10| 02-05-95 | |Limwul 8,34 2,90 19 [7/12-06-9
Glamar 0,02 0,02 | 20 |4/13-6-95| |Glamar 1,3 0,40 | 10 |02-05-95 | |Glamar 0,89 0,25 19 [7/12-069
Astiri 0 0 20 W/13-695| | Astiri 0,5 0,18 |10 |02-05-95 | |Asttri 0,39 0,11 19 [7/12-06-9
Artrmar 0 0 20 |4/13-6-95| | Artrnar 30,55 897 | 10 (02-0595| |Artmar 0,97 0,36 19 [7/12-06-9
Fesrub 0 0 20 W/13-6-95| |Fesrub 7 440 | 10| 02-0595| [Fesrub 59,47 6,80 19 [7/12-069
Suemnar 0,27 0,05 | 20 |4/13-6-95| |Suemar 0,5 0 |0 | 02-05-95 | | Suemar 0,36 0,11 19 [7/12-069
Junger 0 0 20 4/13-6-95| (Junger 1,2 0,98 [ 10[02-05-95 | [Junger 23,31 4,25 19 [7/12-06-9
Pucmar 9,17 3,75 | 20 |4/13-6-95| | Pucmar 0.8 0,2 10 | 02-05-95 | | Pucrmar 0,18 0,10 19 [7/12-06-9
Placor 0 0 20 4/13-6-95| |Placor 0 0 [0 | 02-05-95 | | Placor 0 0 19 [7/12-06-9
Plarmar 0 0 20 |4/13-6-95| | Plarnar 2 0,93 |10 [02-0595 | |Plamar 8,94 2,94 19 [7/12-06-9
Spaang [ 0,53 | 20 K/13-6-95| |Spaang 0,15 0,07 |10 |02-05-95| [Spaang 0 0 19 [7/12-06-9
Atrpor 0,02 0,02 | 20 |4/13-6-95| | Atrpor 0,15 0,07 |10 |02-05-95 | |Atrpor 0,07 0,04 19 [7/12-06-9
Atrpro 0 0 20 [/13-6-95 |Atrpro 0 0 10 | 02-05-95 | |Atrpro 0,05 0,03 19 [7/12-06-9
dood mat. 1,15 0,27 | 20 |4/13-6-95( |dood mat. 2,4 1,41 10 | 02-05-95 | | dood mat. 15,57 392 19 [7/12-06-9
onbedekt 81,45 4,76 | 20 K/13-6-95| |onbedek: 38,9 129 | 10| 02-05-95 | | onbedek: 3,39 0,85 19 [7/12-06-9
Agrsto 0 0 20 |4/13-6-95| |Agrsto 0 0 10 | 02-05-95 | | Agrsto 4,44 1,87 19 [7/12-06-9
Armmar 0 0 20 [/13-6-95( | Armmar 0 0 10 | 02-05-95 | | Armmar 0,44 0,10 19 [7/12-069
Elyfar 0 0 20 |4/13-6-95| |Elyfar 0 0 10 | 02-05-95 | | Elyfar 0,02 0,02 19 [7/12-06-9
Elyath 0 0 20 W/13-6-95| |Elyath 0 0 10 | 02-05-95 | | Elyath 0,10 0,04 19 [7/12-06-9
Sperar 0,55 0,12 | 20 |4/13-6-95| |Spemar 0,45 0,05 | 10|02-05-95| |Spemar 0 0 9 [7/12-06-9
Trimar 0, 0,04 | 20 WK/13-6-95| | Trimar 2,5 1,28 | 10| 02-05-95 | | Trimar 0,02 0,02 19 [7/12-06-9
Salmar 0,7 0,12 | 20 |4/13-6-95| |Salmar 0.5 0 10 | 02-05-95 | [Salmar 0,42 0,04 19 [7/12-069
Sagmar 0 0 20 K/13-6-95| | Sagmar 0 0 |0 | 02-05-95 | | Sagmar 0 0 19 [7/12-06-9
Entero 1,45 0,51 | 20 |4/13-6-95| | Entero 0,25 0,08 | 10 [02-05-95 | |Entero 0 0 19 [7/12-06-9
Trirep 0 0 20 [4/13-6-95| | Trirep 0 0 10 | 02-05-95 | | Trirep 0,36 031 19 [7/12-06-9
leont 0 0 20 |4/13-6-95| |leont 0 0 10| 02-05-95 | |leont 0 0 19 [7/12-06-9
(Camig (Carnig 0.05 0.04

(Carare Carare 0.03 0.03

(Carext (Carext 0.05 0.04




T3 p45 X cover % | SE N [Date T3 Eilhoog [X cover % |SE N [Date T3 Fest X cover % |SE N Date

Lirmvul 6,55 2,86 | 20 |09-06-95| |Lirmwvul 22,22 7,15 | 10]21-06-95 | |Lirmwul 19,05 2,99 20 |I5221-6-9
Glarmar 0 0 20 |09-06-95| | Glamar 0,22 0,12 | 10]21-0695| | Glamar 1,60 0,34 20 [I15721-69
Astiri 0 0 20 [09-06-95| | Asttri 0 0 10| 21-06-95 | |Astiri 0,07 0,04 20 [1521-69
Artmar 0 0 20 |09-06-95| |Artmar 12,33 6,11 10| 21-06-95 | |Artmar 12,76 4,43 20 [15/21-6-9
Fesrub 0 0 20 109-06-95]| |Fesrub 0 0 10| 21-06-95]| |Fesrub 30,55 7.07 20 [I15721-6-9
Suemar 3,05 1,30 | 20 |09-06-95| |Suemar 1,55 0,22 | 10|21-0695| |Suemar 0,36 0,06 20 |15/21-6-9
Junger 0 0 20 |09-06-95( [Junger 0 0 10| 21-06-95 | (Junger 20,92 4,20 20 |I5/21-6-9
Pucmar 0,75 0,14 | 20 |09-06-95| |Pucrmar 0,33 0,08 |10]21-06-95( |Pucmar 0,23 0,06 20 (15/21-6-9
Placor 0 0 20 109-06-95| | Placor 0 0 [0 |21-0695 ] |Placor 0 0 20 |15/21-6-9
Plarmar 0 0 20 |09-06-95| | Plamar 0 0 10 | 21-06-95 | |Plamar 1,47 0,49 20 115721-6-9
Spaang 1,42 0,74 | 20 |09-06-95]| |Spaang 0 0 |0 | 21-06-95 | | Spaang 0 0 20 (I5/21-6-9
Atrpor 1,05 0,46 | 20 |09-06-95| |Atrpor 47,55 835 [ 10(21-06-95| |Atrpor _ 0,52 20 [1521-69
Atrpro 0 0 20 |09-06-95| | Atpro 0 0 10| 21-06-95 | |Atrpro 0,05 0,03 20 [I1521-69
dood mat. 1,85 0,49 | 20 |09-06-95| |dood mat. 6,22 2,52 | 10]21-06-95 | | dood mat. 19,71 4,23 20 [1521-69
onbedekt 84,7 3,40 | 20 |09-06-95| |onbedekt 20,66 6,87 [ 10|21-06-95| |onbedekt 1,60 0.33 20 |I521-6-9
Agrsto 0 0 20 |09-06-95| |Agrsto 0 0 10| 21-06-95 | |Agrsto 2 1,78 20 |15221-6-9
Armmar 0 0 20 |09-06-95| | Armmar 0 0 10| 21-06-95 | | Armmar 0,26 0,10 20 [1521-69
Elyfar 0 0 20 |09-06-95| |Elyfar 0 0 10| 21-0695| [Elyfar 0 0 20 [1521-6-9
Elyath 0 0 20 |09-06-95| |Elyath 0 0 10| 21-06-95 | | Elyath 0,13 0,05 20 [1521-69
Spemar 0,07 0,03 | 20 |09-06-95| |Spemar 0,05 0,05 |10]21-06-95| |Spemar 0,07 0.04 20 |I521-6-9
Trimar 0,02 0,02 | 20 |09-06-95| | Trimar 1,05 0,42 | 10| 21-06-95| | Trimar 0,05 0,03 20 [1521-6-9
Salmar 1,5 0,19 | 20 |09-06-95| | Salmar 0,61 0,18 | 10]21-06-95 | |Salmar 0,26 0,05 20 [15221-6-9
Sagmar 0 0 20 |09-06-95]| |Sagmar 0 0 10| 21-06-95 | [Sagmar 0 0 20 [I1521-69
Entero 0,45 0,12 | 20 |09-06-95| |Entero 0 0 0| 21-06-95 | |Entero 0 0 20 |I5721-6-9
Trirep 0 0 20 [09-06-95] Trirep 0 0 [0 | 21-06-95 | |Trirep 0,02 0,02 20 |1521-6-9
leont 0 0 20 |09-06-95| |leont 0 0 [0 |21-06-95 | |[leont 0 0 20 |i521-6-9




Appendix |13

Energy gain per bite

Table | Average bite size for the period of May in mmybite (orin mm?/bite indicated with *)

species Lim* | Ent Ar* [Pl Ast* | Spa Spe Tri Ely Jun Fes Puc

bitesize | 89.47 | - 40.3 1738 | 386 |9 10.4 14 14 14 14.48 | 8.93
source | I I 3 I | ] 2 ] I 3 3

I. This study 2. Egas, 1995 3. Prop & Deerenberg, 1991

Festuca rubra as example of the calculation by with values of table 5 are obtained:
Dry weight per lenght = 0,40 * |0 mg/mm
Bite size = 14.48 mm
Bite weight = 0.58 mg/bite

The percentage NDF, WSC, Protein and Ash of this plant species found were found with the chemical
analyses, No lipid analysis was carried out and a constant value of 5% for all plant species was
assumed.

Ore bite so 0.58 mg Festuca rubra consist of
) 0.58/100*43.6 =0.253 mg NDF
0.58/100%22,7 =0.132 mg WSC
0.58/100%20.5 =0.119 mg Protein
0.58/100*5  =0.029 mg Lipid
0.58/100*7 =0.041 mg Ash

Since geese retain their food for only a short period in the alimentary track, not all material can be
digested. The Apparent Digestability (AD) of NDF is assumed to be 29%, WSC 8.5%, Nitrogen
62.5% and Lipid 28.6% (Buchsbaum, 1986). See also table|. The values chosen () are derived
from one experiment and take a middle position between other values found in literature.

after digestion:
0.253/100* 29 = 0.07 mg NDF
0.132/100* 68.5 = 0.09 mgWSC
0.119/100*% 62,5 = 0,07 mg Protein
0.029/100* 28.6 = 0.01 mg Lipid
0.041/100* 0 = can't be digested

Energy obtained from the plant material digested:
NDF 3.2 KJ/g (Buchsbaum, 1986). WSC 17.6 KJ/g, Protein 17.8 KJ/g and Lipid 39.3 KJ/g (Schmidt-
Nielsen, 1975)
0.07 * 13.2= 0.924 Kjoule obtained from NDF
0.09 * 17.6= 1.584 Kjoule obtained from WSC
0.07 * 17.8= 1.246 Kjoule obtained from Protein
0.01 *39.5= 0.395 Kjoule obtained from Lipid
Total energy obtained after digestion of | bite Festuca =
0.924 + 1.584 + 1.246 + 0.395=4.15 Kjoule



Appendix 14

Contributions of cell wall, soluble carbohydrates, protein and lipid to the total energy obtained
of | gram of their plant food.
An example of the calulation by with values of table 6 page 21 are obtained:

Species Perc gram | Digested | KJoule | Perc
(gram)
Fesrub NDF 43,6 0,44 0,13 167 23,03
WsC 22,7 0,23 0,16 2,74 37,76
Protein 20,5 0,21 0,13 2,28 | 31,46
Lipid 5 0,05 0,01 0,56 7,75
Ash 7 0,07
Total 98,8 0,99 7,25 100
Perc = percentage NDF, WSC, Protein and Ash of this plant species found
with the chemical analyses. No lipid analysis was carried out and a
constant value of 5% for all plant species was assumed.
gram= | gram Festuca rubra consist of
1/100%43.6 =0.44 gram NDF
1/100%22.7 =0.23 gram WSC
1/100¥20.5 =0.21 gram Protein
I/100*5 =0.05 gram Lipid
1/100*7 =0.07 gram Ash
Digested (gram) =  Since geese retain their food for only a short period in the alimentary

track, not all material can be digested. The Apparent Digestability (AD)
of NDF is assumed to be 299%, WSC 68.5%, Nitrogen 62.5% and
Lipid 28.6% (Buchsbaum, 1986). See also table | . The values chosen
(=) are derived from one experiment and take a middle position
between other values found in literature.
Based on | gram Festuca rubra the following mass will be available for
a Brent after digestion:

0.44/100* 29 = 0.13 gram NDF

0.23/100* 68.5 =0.16 gram WSC

0.21/100* 62.5 = 0.13 gram Protein

0.05/i00* 28.6 = 0.0 gram Lipid

0.07/100%# 0 = can't be digested



Kioule =

Energy obtained from the plant material digested:
NDF 13.2 KJ/g (Buchsbaum, 1986). WSC 17.6 K)/g, Protein 17.8 K)/g
and Lipid 39.3 KJ/g (Schmidt-Nielsen, 1975),
0.13 *13.2= 1,67 Kjoule obtained from NDF
0.16 *17.6= 2,74 Kjoule obtained from WSC
0.13 * 17.8= 2.28 Kjoule obtained from Protein
0.01 *39.5= 0.56 Kjoule obtained from Lipid
Total energy obtained after digestion of | gram Festua =

1.67 +2.74 + 2.28 + 0.56=7.25 Kjoule

Perc =

Of the total energy obtained after digestion of | gram of Festuca rubra

1.67%100/7.25= 23.03 % derived from NDF
2.74*%100/7.25= 37.76 9% derived from WSC
2.28*100/7.25= 31.46 % derived from Protein
0.56*100/7.25= 7.75 % derived from Lipid

Table |: Apperent Digestability of cellcornponents by Brent geese

Component Percentage Source
Protein 70.5 % 1984, Deerenberg
61.55 % 1985, Deerenberg
7523 % 1986 WD, Deerenberg
87.60 9% 1986 Texel, Deerenberg
795 %+ 26 Buchsbaum, 1986
1625 % +50 Buchsbaum, 1986
80 % Bruns, 1988
NDF 2291 % 1984, Deerenberg
28,44 % 1985, Deerenberg
29.95 % 1986 WD, Deerenberg
41.63 % 1986 Texel, Deerenberg
180 % £10.3 Buchsbaum, 1986
21290 % + 56 Buchsbaum, 1986
Lipid 5114 % 60 Buchsbaum, 1986
= | 28.6 % *10.4 Buchsbaum, 1986
27.3 % Prop & Vullink, 1991
Sol arbohydrates (WSC) 797 % £1 .2 Buchsbaum, 1986
| 68.5% + 3.5 Buchsbaum, 1986
0 % Bruns, 1988
50 % Bruns, 1988

Note: Deerenberg used values from Weijand (1976), Van Marken Lichtenbelt (1981) and Buchsbaum (1986).




Appendix 15

Conparing ash values:

Juncus gerardi 6.3 550 ° Cfor 3h April-May This study

Juncus gerardi 103 £1.5 500 ° Cfor 3h April-May Buchsbaum et al., 1986

_Festua rubra 7 550 ° Cfor 3h April-May This study
Elymis sp 7.1 550 ° Cfor 3h April-May This study
Puccinellia maritima 89 550 ° Cfor 3h April-May This study
Puccinellia maritima 79 0.5 MAFF, 1986 Sept-Okt Summers etal., 1993
Spartina anglica 10 550 ° C for 3h April-May This study
Spartina alterniflora 10.8 500° Cfor3h April-May Buchsbaum et al., 1986
Limonium vulgare 1.5 550 ° Cfor 3h April-May This study
Lirmonium vulgare 142 + 14 MAFF, 1986 Sept-Okt Summers et al., 1993
Triglochin maritima 17.4 550 ° C for 3h April-May This study
Triglochin maritima 228 £0.7 MAFF, 1986 Sept-Okt Summers et al., 1993
Aster tripolium 19.1 550 ° Cfor 3h April-May This study
Aster tripolium 222 +52 MAFF, [986 Sept-Okt Summers etal., 1993
Plantago maritima 24,7 550 ° C for 3h April-May This study
Plantago maritima 339 £24 MAFF, 1986 Sept-Okt Summers et al., 1993
Spergularia martima | 26.6 550 ° Cfor 3h April-May This study
Atriplex portulacoides § 29.1 550 ° Cfor 3h April-May This study
Atriplex portulacoides | 36.5 +|.4 MAFF, [986 Sept-Okt - i Summers et al., 1993
Enteromorpha 334 550 ° C for 3h April-May This study
Enteromorpha 248 £42 MAFF, 1986 Sept-Okt Summers et al., 1993




Appendix |6

Comparing soluble carbohydrates values:

Festuca rubra 228 %122 Anthrone April-May This study
Festuca rubra 18 % Anthrone fall E.S.Bakker, 1997
28 % ? Amat, 1991
Juncus geradi 195%+ 2.2 Anthrone April-May This study
Juncus geradi 93 %+0.2 Chromatography April-May Buchsbaum et al., [986
Puccinellia maritima 188%% 24 Anthrone April-May This study
Puccinellia maritima 203% 0.7 WSC, MAFF [986 Sept-Okt Summers et al., 1993
Elymus sp 18.6% +2.6 Anthrone April-May This study
Enteromorpha 14.3% + 1.9 Anthrone April-May This study
Enteromorpha 3.2 %+09 WSC, MAFF 1986 Sept-Okt Summers et al., 1993
Triglochin maritima 8.9 %+ 0.5 Anthrone April-May This study
Triglochin maritima 58 %£1.6 WSC, MAFF 1986 Sept-Okt Summers et al., 1993
Spergularia maritima  { 6.1 %% 1.7 Anthrone April-May This study
Plantago maritima 60 9%+0.5 Anthrone April-May This study
Plantago maritima 3.5 9%+0.3 WSC, MAFF [986 Sept-Okt Summers et al., 1993
Aster tripolium 51%+ 0.7 Anthrone April-May This study
Aster tripolium 282 %10 WSC, MAFF 1986 Sept-Okt Summers et al., 1993
Spartina anglica 50%+ 1.2 Anthrone April-May This study
Spartina anglica 22 % ? Lytle & Hull, 1980
Spartina alterniflora 22 % Chromatography Briens & Lahrer, 82
7% Anthrone fall E.S.Bakker, 1997
1%+ 0.2 Chromatography April-May Buchsbaum et al., [986
Limonium vulgare 49 %103 Anthrone April-May This study
Limonium vulgare 6.5 %128 WSC, MAFF 1986 Sept-Okt Summers et al., 1993
Atriplex portulacoides | 4.7 %+ 1.8 Anthrone April-May This study
Atriplex portulacoides { 5.4 % +0.9 WSC, MAFF 1986 Sept-Okt Summers et al., 1993




Appendix |7

Comparing protein values:

Triglochin maritima 31.9%+0.5 Kjeldahl April-May This study

Triglochin maritima 40.1 %* Kjeldahl May C. Deerenberg , 1985
Triglochin maritima 238 %+ 10 Kje'dahl Sept-Okt Summers et al., 1993
Limonium vulgare 248 %+ |97 Kjeldahl April-May This study

Limonium vulgare 184 %+ 1.8 Kjeldahl Sept-Okt Summers et al., 1993
Puccinellia maritima 245% £ 1.6 Kjeldahl April-May This study

Puccinellia maritima 235 %+ 4.1* Kjeldahl May C. Deerenberg, 1985
Puccinellia maritima 15.0 9% +0.9 Kjeldahl Sept-Okt Summers et al., 1993
Aster tripolium 233% +1.8 Kjeldahl April-May This study

Aster tripolium 259 %* Kjeldahl May C.Deerenberg, 1985
Aster tripolium 17.8 % £3.1 Kjeldahl Sept-Okt Summers et al., 1993
Elymus sp 21.8% £3.2 Kjeldahl April-May This study

Spergularia maritima | 20.7% +1.5 Kjeldahl April-May This study

Festuca rubra 205% +2.3 Kjeldahl April-May This study

Festuca rubra 258%+ 0.7 Kjeldahl March-April Faber, 1985

Festuca rubra Kjeldahl Koppel, 1996
Plantago maritima 20 %+12 Kjeldahl April-May This study

Plantago maritima 25.7 %* Kjeldahl May C. Deerenberg, 1985
Plantago maritima 7.1 %+0.6 Kjeldahl Sept-Okt Summers et al., 1993
Atriplex portulacoides | 18,71 Kjeldahl April-May This study

Atriplex portulacoides | 84 % +0.5 Kjeldahl Sept-Okt Summers et al,, 1993
Juncus gerardi 19.7% +0.7 Kjeldahl April-May This study

Juncus gerardi 139 % £0.3* Marks, 1985 April-May Buchsbaum et al,, 1986
Spartina anglica 18.5% Kjeldahl April-May This study

Spartina alterniflora 94 %+07* Marks, 1985 April-May Buchsbaum et al., 1986
Enteromorpha 10.6% +2.1 Kjeldahl April-May This study
Enteromorpha 293 % 3.2 Kjeldahl Sept-Okt Summers et al,, 1993

*based on ash free dry weight




Appendix 18

gram* 10-4/mm

gram* | 0-A\mm

1.50

0.00

1.50

1.20 |

0.90

0.60 [

030 [

0.00

JUNCUS GERARDI

-60

-37

-14 9

days from | May

ELYMUS SP

32

55

-60

-37

-4 9

days from | May

32

55



gram* | 0-4\mm

gram* | 0-4/mm

FESTUCA RUBRA

1.50
120 |
090 |
0.60 [
; T~
030 |
0.00 : —
-60 -37 -14 9 32 55
days from | May
PUCCINELLIA MARITIMA
.50
120 |
0.90 [
0.60 [
030 [ w
0.00 . : : :
60 37 -14 9 32 55

days from | May




gram* | 0-4/mm

gram*®[0-4\mm

1.50

TRIGLOCHIN MARITIMA

1.20

0.90

0.00
-60

1.50

days from | May

- SPERGULARIA MARITIMA

55

1.20 [

0.00
-60

-14 9

days from | May

55



gram™®|0-4/mm

Note change in X and Y axis !

gram*[0-A\mm2

2,20

1.96 I

~
~

&
®

124 T

1.00

PLANTAGO MARITIMA

-60

120 |

090 [

0.60 [

030 [

-37

-14 9

days from | May

ASTER TRIPOLIUM

55

0.00

days from | May

55




gram® | 0-A\mm?2

gram* | 0-A\mm2

1.50

120 |

0.90 [

0.60 |

030

0.00

1.50

1.20 T

0.90

0.00

ATRIPLEX PROSTRATA

— N —

1l 22 33 44 55

days from | May

LIMONIUM VULGARE

1 22 33 44 55

days from | May



Appendix 19

250 250
200 200
-~ Fesluca £ £
G 150 G- 150
-- Triglochin E z
oy N r
— Plantago 1.00 _ - N = 0
L T S - 050
-
0.00 - - 0.00 2 1 =
40 a7 14 9 2 55 & a7 14 9 n
A days of May 4 days of May
. B

Dry weight (A) versus ash free dry weight (B) for Plantago maritima, Triglochin maritima and Festuca rubra

VY
// ',/"' /’/

/ 50% ash e . ’ 50 % WSC
/// /'/
////.-/,

25 % WSC

a’ W K
LR

1. 25 9% protein |

Effect on the percentges protein and WSC of plant species X after a correction for ash



