502.566:379.85:578.33:591.52(492.718)

MEDEDELINGEN LANDBOUWHOGESCHOOL
WAGENINGEN o NEDERLAND e 81-14 (1981)

THE IMPACT OF TOURISM UPON
SOME BREEDING WADER SPECIES
ON THE ISLE OF VLIELAND IN THE
NETHERLANDS® WADDEN SEA

(with a summary in Dutch)

GERLOF TH. DE ROOS

Nature Conservation Department, Agricultural University,
Wageningen, The Netherlands

(Received 7-1V-1981)

H.VEENMAN & ZONEN B.V.-WAGENINGEN - 1981




Mededelingen Landbouwhogeschoal
Wageningen 81-14 (1981)
(Communications Agricultural University)
is also published as a thesis
and as a Communication Nature Conservation department nr. 218



CONTENTS

SCOPE OF THIS INVESTIGATION . . . . . . . . . .. . . .. ... ... |
1.1. Introduction and summary . . . . . . . . . . . . . .. ... ... 1
111, Introduction . . . . . . . . . . ... L o000 1
LL2. Summary . . . . . . .. . . o e e e e e 2
1.2. Manandbirds . . . . . . . .. . L. 3
1.2.1.  Significance of birds to mankind . . . . . . . . .. ..o 0L 3
1.2.2.  Direct influence of man upon bird populations . . . . . . . . . . . .. 3
1.2.3.  Indirect influence of man upon bird populations . . . . . . . . . . . .. 4
1.24,  Protectionof wild birds . . . . . . . . .. L. oL 5
1.3. Habitat and birds (literature review) . . . . . . . . . . . . ... 6
1.3.1.  Landscape/vegetationandbirds . . . . . . . . . . . . . .. .. ... 6
1.3.2.  Altitude/hydrologyand birds . . . . . . . . L. oL Lo oL 0L 8
1.33, Tourismandbirds . . . . . . . . . . . ... 9
1.4. Habitat and birds (field investigations on Vlieland) . . . . . . . . . . . . 11
1.41.  Theisle of Vlieland as a suitable researcharea . . . . . . ., . . ., . . . . 1
1.4.2.  Physical geography of Vhieland . . . . . . . . . . . . . .. ... .. 12
1.4.3.  Selectionofthestudyplots . . . . . . . . . . .. ... ... ... 12
FIELD DATA COLLECTION . . . . . . . . . . . . . v v v . 15
21, Introduction and summary . . . . . . . . . . ... 15
2.2, Landscape/vegetation . . . . . . . . . . . . . . .. ... ... 15
2.2.1.  Relations between landscape and vegetation .- . . . . . . . . . . . .. 15
2.2.2.  Methods for landscape/vegetation data collection . . . . . . . . . . .. 16
2.2.3.  LandscapedataforstudyplotsSand6 . . . . . . . . . . .. . . ... 18
2.24.  Vegeuwation data for study plots 1 to 4inclusive . . . . . . . . . . . .. 21
2.3 Altitude/hydrology . . . . . . L L L L L Lo 24
2,31, The hydrological situation at Vlieland . . . . . . . . . . . . . ... 24
232 Methods . . . . ... 24
233 Results . . . . . . . . . . . . oL 24
2.4 Tourism data collection . . . . . . . . . . . . . ... ... 27
24.1. Developmentoftourism . . . . . . . . .. .. ... ... ... 27
242,  Methods for data collection . . . . . . . . . . .. .00 27
243, Results . . . . . . oL e e e 28
2.5, Breedingbirds . . . . . . . . . . ... ... 32
2.5.1.  Concept and function of territory . . . . . . . . . . . . .. L L. 32
2.5.2. Methodsformapping . .. . . . . . . .. ... 33
253 Mappingresults . . . . . . .. L. L. Lo 35
STATISTICAL EVALUATION OF THE EFFECTS OF SEPARATE FACTORS FOR

THE NON-EXPERIMENTAL STUDY-PLOTS . . . . . . . . . ... .. .. 55
1L Introductionand summary . . . . . . . . . . . . . .. ... .. 55
3.2 The comparison of two Poisson distributions . . . . . . . . . . . . .. 56
3.2.1.  The formulation of the statistical problem . . . . . . . . . . . . . .. 56
322, Constructionofthetest . . . . . . . . . . . . .. . . ... .. 56
3.2.3.  Combination for the different years . . . . . . . . . . . . . . .. .. 57
33 Effects of landscape and vegetation . . . . . . . . . .. ... ... 58
33.1. Qystercatcher . . . . . . . . . ..o 58
332 Curlew . . . . . L e e e e e e e 58
333 Redshank . . . . . . .. ... 59
3.4. Effects of altitude . . . . . . . . . . . ... .00 59



340, Oystercatcher . . . . . . . . L L. L Lo 60
342 Curlew . . . . Lo e e 60
3.4.3, Redshank . . . . . . . . . . .. .. 60
3.5. Effectsof tourism . . . . . . . . . . . . . ... 61
351, Oystercatcher . . . . . . . . L L0 L Lo o e o1
352 Curlew . . . . Lo 61
353 Redshank . . . . . . ..o oL 62
. THE INTERACTION BETWEEN LANDSCAPE/;VEGETATION AND ALTITUDE
IN RELATION TO DENSITIES OF BREEDING WADERS . . . ., ., . . .. 63
4.1. Introduction and summary . . . . . . . . . . .. ..o 63
4.2. The statistical techniquetobeused . . . . . . . . . . . . ... 64
421,  Formulation of the statistical problem . . . . . . . . . . . . .. . .. 64
422, Constructionofthetest . . . . . . . . .. . ... oo 65
4.3. Oystercatcher . . . . . . . . . .. L. 69
4.3.1, Does the vegetation have an effect if the altitude is taken into account? . . . 69
4.3.2.  Does the altitude have an effect if the vegetation is taken into account? . . . 70
4.4. Curlew . . . . . . . e e e e e 73
4.4.1.  Does the landscape have an effect if the altitude is taken into account? . . . 73
4.4.2.  Does the altitude have an effect if the landscape is taken into account? . . . 74
4.5, Redshank . . . . . . . . . .. ..o 74
4.5.1.  Does the landscape have an effect if the altitude is taken into account? . . . 74
4.5.2.  Does the altitude have an effect if the landscape is taken into account . . . . 74
. THE INTERACTION BETWEEN LANDSCAPE/VEGETATION AND TQURISM
IN RELATION TO DENSITIES OF BREEDING WADERS . . . . . . . . .. 78
5.1 Introduction and summary . . . . . . . . .. L. 78
5.2. The statistical .. oL oo 79
5.2.1. Formulation of the statistical problem . . . . . . . . . . . . ... .. 79
5.2.2, Constructionofthetest . . . . . . . . . .. ..o oL 80
5.3 Oystercatcher . . . . . . . . . ... o e 82
5.3.1.  Does tourism have an effect if the vegetation is taken into account? . . . . . 82
5.3.2.  Docs the vegetation have an effect if tourism is taken inlo account? . . . . . 83
5.4, Curlew . . . . . . . L s e e e 35
54.1.  Dwoes tourism have an effect if the landscape is taken into account? . . . . . 85
542,  Does the landscape have an effect if tourism is taken into account? . . . . ., 87
5.5. Redshank . . . . . . . . . . . Lo e 90
5.5.1.  Does tourism have an effect if the landscape is taken into account? . . . . . 90
5.5.2.  Does the landscape have an effect if tourism is taken into account? . . . . . 92
. THE INTERACTION BETWEEN ALTITUDE AND TOURISM IN RELATION TO
DENSITIES OF BREEDINGWADERS . . . . . . . . . . . .. ... ... 95
6.1, Introduction and summary . . . . . . . . . . ... oL 95
6.2. The statistical technique tobeused . . . . . . . . . . . .. .. ... 96
6.3. Oystercatcher . . . . . . . . ... oL L0 oL 96
6.3.1.  Does tourism have an effect if the altitude is taken into account? . . . . , | 96
6.3.2.  Does the altitude have an effect if tourism is taken into account? . . . . . . 98
6.4. Curlew . . . . . . .. e e e 100
6.4.1.  Does tourism have an effect if the altitude is taken into account? . . . . . . 100
6.4.2.  Does the altitude have an effect if tourism is taken into account? . . . . . . 103
6.5. Redshank . . . . . . . . . . .. ..o s 104
6.5.1.  Does tourism have an effect if the altitude is taken into account? . . . . . . 104
6.5.2.  Does the altitude have an effect if tourism is taken into account? . . . . . . 106



7. STATISTICAL EVALUATION OF THE OYSTERCATCHER DATA FOR THE EX-

PERIMENTAL PLOTS AND OF SOME KENTISH PLOVER DATA . . . . . . . 109
7.1. - Introduction and summary . . . . . . . . . . ... oL .. e 109
7.2 Oystercatcher . . . . . . . . . . ... e 110
7.2.1.  Formulation of the statistical preblem . . . . . . . . . . . . .. . .. 110
7.22. Theconstructionof thetest . . . . . . . . . . . . .. ... ... 112
7.2.3.  Application to the data of tables 8 and90 . . . . . . . . .. ... L. 113
7.2.4.  Oystercatcher results in the study plots | and 2 for 1978, 1979 and 1980 . . . 115
7.3. Kentish Plover . . . . . . . . . . . . . ... 115
7.3.1.  Does the year have an effect upon the number of Kentish Plover nests? . . . 13

7.3.2.  Does tourism have an effect if the distance to high tide level is taken into account? 116
7.3.3.  Doesthedistance to high tide level have an effect if tourism is taken into account? 117

SUMMARY AND CONCLUDING REMARKS . . . . . . . . .. .. ... .. 118
ACKNOWLEDGEMENTS . . . . . . . . . . . .. ... ... .. .. 121
SAMENVYATTING EN SLOTOPMERKINGEN . . . . . . . . ., . .. . ... 122

REFERENCES . . . . . . . . . . . . . .. . . e 126



1. SCOPE OF THISINVESTIGATION

1.1. INTRODUCTION AND SUMMARY

1.1.1. Introduction

The Netherlands is small and densely populated, but is still one of the areas in
western Europe which is very rich in waterfowl (Anseriformes, Charadriiformes),
about 20 per cent of the total surface being water, marshland or wetland habitat
and therefore for waterfowl research and conservation a very interesting area.

In autumn and spring hundreds of thousands- and probably more than a
million duck of all kind of species, millions of waders, hundreds of thousands of
geese and thousands of swans stay in the Netherlands for short or long periods.
When winters are not severe, which is often the case due to the maritime climate
(mean temperature in January 1°C), large numbers of duck, geese and swans
winter in Holland. The Netherlands is world-famous because of its characteristic
meadow bird community. Within this community the Black tailed Godwit
(Limosa limosa) represents 80 per cent of the W. European breeding bird popu-
lation (120000 pairs), while the Lapwing (Varellus vanellus) (some hundreds of
thousands) and the Redshank (Tringa totanus) are also important species.

Tt is not surprising therefore that a great many ornithologists, sportsmen and
biologists in the Netherlands are interested in waterfow] and their ways.

Industry, trade, agriculture and fisheries are among the most important sour-
ces of income. They and the increasing urbanisation affect in many ways the areas
of importance for waterfowl. Incréased leisure, longer week-ends, and the grea-
ter mobility (cars, mopeds) of city dwellers have brought a great expansion of
recreational activities in recent years. These activities may threaten certain bird
species and their habitats.

Moreover many bird watchers want to have a permanent opportunity to
observe birds in their prefered habitats and this also can give rise directly to
conflict situations.

Therefore adequate nature management is necessary and requires research.
Several institutes in the Netherlands are dealing with waterfow] research and
much is done for the conservaiion of important breeding areas, roosting-sites
and feeding-grounds in the wintering areas.

The Dutch part of the Wadden Sea is a very important area for migrating and
wintering waders, gulls, duck and geese. On each of the Wadden islands, sur-
rounded as they are by the North Sea and the Wadden Sea, different habitats
have developed comparatively undisturbed in the course of the centuries. These
include beaches, dunes, polders, saltmarshes and mudflats with all sorts of
transitions, none of which are found in other coastal areas.

Though mammals are scarce, birds are exceedingly abundant on the islands,
both in numbers and species. This is due to the ‘islands’ location between the
North Sea and the Wadden Sea, the large and rich feeding areas and relative little
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disturbance on these islands.

In the migration season the large numbers of migratory, birds, congregating
on the Wadden islands, include both ‘land’ birds (e.g. song-birds) and ‘water’
bitds {duck species, geese, wadérs, gulls and terns) and many of these use the
islands especially as a refuge during high tide.

The most important bird species nesting on the islands are gulls, terns, duck
and waders.

The Wadden islands also attract many tourists. Eight to ten per cent of all
summer holidays, spent in the Netherlands, are spent on the Dutch Wadden
islands. For example about sixty thousand tourists visit the isle of Vlieland each
year.

This study was carried out in order to collect relevant data for adequate
management of certain breeding-bird populations.

The scope of this investigation has been summarized in subsection 1.1.2.

1.1.2. Summary

Birds are of importance to mankind. Various reasons are outlined in sub-
section 1.2.1. Man affects populations of wild birds directly, e.g. by killing and
capturing (subsection 1.2} or indirectly, e.g. by destroying habitats, furnishing
extra food via refuse or by other means (subsection 1.2.3),

Many bird populations and their characteristic habitats are threatened (sub-
sections 1.2.2. and 1.2.3), Protection, e.g. by creating nature reserves which have
to be managed effectively, is necessary to prevent depletion or even extinction of
populations and, in the long run, of species. Research, focussed on management
problems, is essential for adequate nature management.

Such investigations are intended to provide adequate guidelines and to collect
relevant data necessary for better protection. They are also carried out to provide
material in order to convince people that special preservation measures should
be taken. Solid knowledge should be available of the effects and interactions of
various factors affecting bird populations. Though the original motivation was
to study the effects of tourism upon numbers of nest sites or territories, effects of
the factors landscape/vegetation and altitude/hydrology are investigated in the
same way (see the survey of literature in section 1.3).

The Wadden island Vlieland was chosen as the research area because it
contains many different habitats, attracting large numbers of birds, in particular
wader species (subsection 1.4.1), while it also attracts tens of thousands of
tourists, who start to visit the island already by the beginning of the breeding
sedson.

Therefore the study was carried out at Vlieland (subsection 1.4.3) where
suitable study plots, especially in the dunes, could be selected for the investi-
gations.

2 Meded. Landbouwhogeschool Wageningen 81-14 (1981)



1.2. MAN AND BIRDS

1.2.1. Significance of birds to mankind

Birds, more than mammals, reptiles, amphibians or fishes, seem capable of
generating public interest and concern for conservation. Their plumage, be-
haviour and songs are conspicuous and attractive. They can often be seen on and
near their nests, as well as caring for their young and gathering food. Their
migration, although only partially understood, is a source of great fascination,
Many species can easily be observed in gardens and parks, but many people are
willing to travel considerable distances to observe interesting birds outside urban
sites in natural areas such as forests and marshes in the countryside, at weekends
or during holidays.

In a great many countries some species are of direct economic importance as a
source of food, (e.g. waterfowl ( Anatidae, Charadriidae etc.) and seabirds), or for
their feathers, (¢.g. down of the Commeon Eider (Somateria mollissima)) or as
cage birds (so-called pets).

For this reason many bird species are ‘game’ species and many individuals are
shot or caught each year. Hunting, catching and collecting became a real threat
in too many cases, resulting in severe depletion of populations, During the last
decades bird-preservationists, organizations of hunters and governmental agen-
cies have become increasingly aware of these threats, and measures are taken to
improve the situation. Due to these activities the situation has improved con-
siderably in this period.

In western Europe and especially in the Netherlands the resuit has been that
bird trapping and shooting are more strictly controlled now than ever before.

Birds have many more functions for mankind. They are considered to be
useful allies of man in his struggle against insect pests. They are also valuable as
indicator species for several kinds of environmenial contaminants, Well known
examples are the high content of organochlorine residues of pesticides in Sand-
wich Terns (Sterna sandvicensis) breeding on the isle of *Griend’ in the Nether-
lands’ Wadden Sea (Koeman, et al., 1967) (in 1964 and 1965 numbers of breeding
pairs dropped markedly as a result of this pollution)), or in Peregrine Falcons
(Falco peregrinus) in England (PRESTT, 1977).

Furthermore a great deal of fundamental ecological and ethological research,
as well as applied research, has been done and is still going on.

Birdsalso play animportant partin biology teaching and in education. In these
contexts, the need for conservation and wise management of bird populations is
self-evident.

1.2.2. Direct influence of man upon bird populations

Every organism, plant or animal, including every bird is able to establish and
maintain itself in a certain area if it finds there all the conditions necessary for its
survival and reproduction. The most important condition for life is that of
sufficient attainable food, but nesting-opportunities, roosting site availability
and safety are almost equally important.
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Bird populations may be threatened directly for instance by hunting, catching,
use of pesticides (against avian target species), disturbance as a consequence of
activities of tourists, etc. These influences exist nearly everywhere and some also
play a part on Vlieland.

Some examples of direct effects on Viieland. The Kentish Plover (Charadrius
alexandrinus) 1s still diminishing in numbers and now only occurs as breeding-
bird on military training-grounds, where only a few tourists come. Since the end
of 1950 the Little Tern (Sterna albifrons) disappeared from a much {requented
beach area on Vlieland, probably in consequence of the increased activities of
tourists (Spaans and SWENNEN, 1968). A new colony became established on the
nearby sand-bank the ‘Richel’ where only a few tourists try to land. It is worth
pointing out that the last Little Terns on Vlieland bred on military training-
grounds (DE Roos, in press).

The conditions of life for some interesting breeding-birds also deteriorated as
a result of egg-collecting, bird watching, photography and filming of nests etc.
This applies to the Hen-Hazrrier (Circus cyaneus) and the Short-eared Owl (Asio
flammeus).

Note that even picnicing amongst or near colonies of Common Tern (Sterna
hirundo) has been observed on the Wadden island Schiermonnikoog.

1.2.3 Indirect influence of man upon bird populations

Bird species are threatened in their existence in a great number of areas by loss

of habitats, use of pesticides against non-avian target spectics, ctc. Loss of
habitat may occur through re-allotment, drainage, urbanisation, mining acti-
vities, the development of facilities for tourists (e.g. parking areas, camping-
sites}, etc.
Indirect effects on Viieland. In the recent past, several facilities for tourists
(bungalow-developments, camping-sites, hotels, a swimming-pool, a football
ground, marinas, golf-links, more roads and paths, picnic sites, etc.) have been
created on this island with an area of about 3258 ha. Some breeding bird
populations (e.g. Curlew) have certainly declined as a result of these develop-
ments, although precise information on the extent of this decline is lacking.

A few species, however, such as the Collared Turtle Dove (Strepropelia de-
caocto), Starling (Sturnus vulgaris), Carrion-Crow { Corvus corone) and the Mag-
pie (Pica pica) have increased in number. Species like House Martin (Defichon
urbica), Swallow (Hirundo rustica) and the White Wagtail (Motacilla alba) have
increased in number because they have benefitted from the new nesting opportu-
nities afforded by more buildings.

The construction of dikes of drift-sand by the Board of Works
{‘Rijkswaterstaat’) has created new habitats on the “Vliehors’ for Yellow Wagtail
(Motacilla flava), Common Gull (Larus canus) and Common Eider (Somateria
mollissima). New nest sites have arisen for Wren (Troglodytes troglodytes),
Blackbird (Turdus merula), Pheasant (Phasianus colchicus), etc. by the develop-
ment of more undergrowth and the branches of Pinus nigra, left in the Forestry
Service plantations after thinning.
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1.2.4. Protection of wild birds

Far a great many people, helping to prevent the decline or even the extinction
of bird-populations, has a direct emotional appeal. This ethical side plays a large
part in all activities related to bird-protection. However, efficient protection and
conservation is only possible if we know a good deal about the ecology of any
particular species to be preserved. This includes details of its breeding, mi-
gration, moulting and wintering areas.

In the Netherlands attention was first paid to these problems many years ago.
According to historical information about the Hague Forest in Holland, as far
back as the 16th century measures for bird-protection existed. This is evident
from a proclamation of April 2nd 1529, forbidding anyone from robbing the
nests of any bird, small or large, or removing eggs or young. If children were
convicted then their parents were made to pay the fine. This is probably one of
the first forms of bird-protection in Europe.

In the beginning of the twenticth century, the struglle for bird-protection was
directed particularly against the direct killing of birds (for instance in order to
obtain their plumage or over shooting for domestic consumption), as well as
against egg-robbing by collectors, which was fashionable for many years.

The first legal measures against persecution of birds in the Netherlands date
back to 1880 (ToLsMa, 1936). In 1899 the Netherlands® Society for the Protection
of Birds (developed from the Alliance for the Fight against Bird-persecution)
was founded, while in 1901 the Ornithological Society (the present Nether-
lands’ Ornithological Union (N.Q.U.)) was established.

In 1912 the first Bird Protection Act (amended in 1936 and improved in 1954)
was passed. By this, legal protection was given in principle to all wild birds in the
couniry, with the exception of those species, mentioned in the Game Act of 1954,
This Game Act acknowledged the hunting and agricultural interests as well as
those of the protection of nature.

As early as about 1920 the need for an international approach to bird pre-
servation has been recognized, particularly in the USA, the Netherlands, the
United Kingdom and Switzerland. The I.C.B.P. (International Council for Bird-
Preservation) was already founded in 1922 and proposed the text of a new bird
preservation treaty during a European Conference in 1937. This formed the basis
of the international treaty for the protection of birds in 1950, known as the
Convention of Paris of 1950. For the first time it was acknowledged inter-
nationally that birds are of value in their own right and therefore merit pre-
servation.

More recently the internationally organized protection of birds against illegal
killing, catching and egg collecting has been followed by regulations which also
afford protection of bird habitats. In many cases this has been done by the
1.C.B.P. itself and especially for waterfowl by the International Waterfowl
Research Bureau (1. W.R.B.) (a daughter of the I.C.B.P. and founded in 1948).
Especially for waterfowl the TW.R.B. has been the main force behind the
Convention on wet lands of international importance, signed in Ramsar in Iran
in 1971. In addition to the I.C.B.P. and the . W.R.B., the ‘Conseil International
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de la Chasse’ (C.I.C.) and last but not least, the International Union for Con-
servation of Nature and natural resources (I.U.C.N.) have been leading organi-
zations in the establishment of conventions for better protection of species and
their habitats,

In addition to the non-governmental organizations the international govern-
mental organizations such as the F.A.O. (Food and Agriculture Qrganization),
UNESCO (United Nations Educational, Scientific and Cultural Organization)
and UNEP (United Nations Environmental Program), the Council of Europe
and the European Economic Communities have paid special attention to species
and habitat conservation since the sixties. For instance in September 1979 the
Convention on the conservation of European wildlife and natural habitats of the
Council of Europe was signed in Bern and in April 1979 the Bird Directive of the
E.E.C. was instituted in Brussels. Apart from the protection of species, this
directive also deals with habitat preservation, in particular.

In conclusion, progress has been made in the field of bird preservation in a
great many countries, and not only on a national level; non-governmental and
governmental international orgamzations paved the way for international
understanding and co-operation which has been shown by the above-mentioned
developments (CURRY LiNDAHL, 1979; MATTHEWS, 1979; MORZER BRUYNS,
1979b).

1.3, HABITAT AND BIRDS (LITERATURE REVIEW)

1.3.1. Landscape/vegetation and birds

In this chapter literature relevant to the investigation on Vlieland will be
discussed in relation to three major factors: (1) landscape/vegetation, (2) altitude
(topography)/hydrology (water-table) and (3) tourism.

Birds actively select habitats in which they live and reproduce. Food-
abundance, nesting-opportunities, roosting site availability and safety are im-
portant factors in the selection. These factors are related to the observable
factors landscape/vegetation, altitude/hydrology and tourism. The first observ-
able factor, in particular the structure of the vegetation, is probably the most
important one.

Nearly all ornithologists studying bird habitats made observations on the
preference of bird species for special habitats, characterized by a special vege-
tation type (for instance Yoous, 1960; 1971). Only few investigators go further in
detail.

In the Netherlands the publications of TINRERGEN (1947) and OVER (1957)
indicate this. They found that the structure of the vegetation is critical in de-
termining the composition of the breeding-bird community and its density in
woods. Similar results have been found for woodlands in France (BLONDEL,
1973) and earlier in Finland (PALMGREN, 1941).

In his study in Holland on the Lapwing (Varellus vanellus) and the Black-
tailed Godwit (Limosa limosa), KLOMP (1954) pointed out a clear relationship
between gait and vegetation structure, this leading to distinct habitat selection.
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Even plant communities can be important for the distribution of a number of
bird species. BEECHER (1941) was one of the first authors to describe how the
distribution of a number of breeding-bird species in Canada is closely bound up
with that of plant communities. He also drew the attention to the importance of
gradients of transition areas. From his investigations it had already become
evident since 1941 that a number of species prefer to breed along the edges of
plant communities.

TINBERGEN (1947) recognized the importance of the floristic composition in
this connection, but was of the opinion that the siructure of the vegetation is
more important. A correlation sometimes exists between the occurrence of cer-
tain plant species or combinations of species and the distribution of bird species.
{TINBERGEN, 1947 1967).

In Holland, further studies of the vegetation of breeding biotopes have been
made by KLuyver et al. (1940) on the Wren (Troglodytes troglodytes), By DE
RuUITER (1941) on the Redstart ( Phoenicurus phoenicurus), by KLuyver (1951) on
the Great Tit ( Parus major) and by KLUYVER (1955} on the Great Reedwarbler
(Acrocephalus arundinaceus). A few years ago MORZER BRUYNS (1979a) sum-
marized the field studies in the Netherlands. It is clear that distinct relationships
exist between breeding-bird populations and vegetation. The investigation of
these relationships at Vlieland was restricted to the wader species: Oystercatcher,
Curlew, Redshank and Kentish Plover. Some data (literature} about these spe-
cies are given now.

Ovystercatcher. GLUTZ vON BLOTZHEIM et al. (1975) mentions that this species
breeds in large numbers along the North Sea coast preferring the Cakileralia
plant-communities of the tidal marks, the Elymo-Agropyretum and Elymeo-
Ammophiletum of the beach and primary dunes and the tidal-flat meadows
(low-growing Puccinellietum and Armerietumn). The species rarely breeds in grey
dunes (‘Graudiinen’).

In Holland Oystercatchers are breeding birds of dunes, beaches, meadows and
arable land (Voous, 1960). They are regular and common breeders in the tidal
marshes (Amerion maritimae and Puccinellion maritimae) along the coast (VAN
Duk, 1980). DE Roos (1981) mentions breeding of Oystercatchers in the Agropy-
retum boreo-atlanticum and Cakiletum maritimae on the sand bank the ‘Richel’
near Vlieland. Studies of inland breeding Oystercatchers in Scotland (Hep-
PLESTON, 1971) and Holland (HuLscHER, 1972) showed that the birds prefer
nesting in cultivated land and that grass fields were avoided as a nesting substrate.

Curlew. GLUTZ VON BLOTZHEIM et al. (1977) stated that in coastal areas, the
Curlew prefers grey dunes (‘ Graudiinen’) with Corynephorus canescens, Koeleria
glauca, Salix repens, solitary shrubs of Hippophde rhamncides, mosses and li-
chens or, at lower altitude, brown dunes (‘Braundiinen’) with Calluna vulgaris
and Empetrum nigrum, so that the plant species themselves may be important in
the selection of the breeding-ground. This is in agreement with voN Friscu (1956,
1965), who studied the Curlew in Germany. The situation in the Netherlands is
similar (BRAAKSMA, 1960; Voous, 1960).

Redshank. GLUuTZ voN BLoTZHEIM et al. {1977) stated that the Redshank prefersa

Meded. Landbouwhogeschoo! Wageningen 81-14 (1981 7



nest site in vegetation consisting for the greater part of grasses and similar plants,
whilst the height of the vegetation must be such that the nest site is invisible from
above, vet not so dense that the breeding adults field of view is restricted.
{GROSSKOPF (1959, 1963) mentions that Redshanks, among other species in
Germany, breed in the vicinity of the coast in the Corynephoretum of the grey
dunes (*Graudiinen’) and also in the Agropyretum juncei-dunes if these are in the
neighbourhoed of tidal zones with an adequate food supply available. In Hol-
land, Redshank nest sites commonly occur in meadows, alongside dikes and
ditches and in heaths (Voous, 1960; TExera, 1979). They are regular and
common breeders in the tidal marshes {(Armerion maritimae) along the coast
(van Duk, 1980).

Kentish Plover. According to GLUTZ vON BLOTZHEIM et al. (1975) the Kentish
Plovers may nest directly in the coastal area among tidal litter on non-vegetated
beaches. This is in agreement with the investigations of RirriNGHAUS (1956,
1961) in Germany and of WALTERS (1954, 1960} in the Netherlands. The Ringed
Plover replaces it in better vegetated areas.

Moredetailed information concerning the occurrenceinthe Wadden area ofthe
four species mentioned has been published in vAN ORDEN (1963), Tanis (1963),
Spaans and SWENNEN (1968), MosgRr (1973), VALK (1976) and DUKSEN (1977).

1.3.2. Altitude/hydrology and birds

Various authors attach importance to the influence of the unevenness, i.e. the
variation in elevation in the terrain, on the different life-activities of certain bird
species. Because of these differences in altitude above the groundwater table,
differences in the proportions of dry, humid and wet areas also arise. This factor
plays an important part in dune habitats and therefore a short summary of the
influence of the unevenness in these habitats is described briefly.

Unevenness leads to increased diversity and also may determine if, e.g., a
breeding Curlew or Qystercatcher has a good view of a path or road used by
tourists (SWENNEN and pe Bruyn, 1981). Under favourable conditions more
breeding pairs of a certain species may occur in uneven terrain as compared with
a level area (e.g. more rabbit holes in hilly than in flat terrain may give more
potential breeding-places for Shelduck (Tadorna taderna) and Whealear (Qenan-
the oenanthe). The importance of unevenness also applies to meadow-birds. For
example the Black-tailed Godwit looks for higher and drier places within the
damp environment to nest (KLomp, 1954; MULDER, 1972).

Certain meadow-bird species prefer breeding grounds with relatively high
water tables and are very sensitive to drainage or reclamation of their habitats
Meadow areas, with a complete or nearly complete combination of meadow-
bird species are becoming increasingly scarce in the Netherlands, particularly as
a result of systematic agricultural improvement by drainage schemes. Inside the
total grassland area, species such as Ruff ( Philomachus pugnax) and Common
snipe (Gallinago gallinago) are most selective in the choice of their habitat in this
respect and for that reason most affected by drainage (EvGENRAAM, 1969;
BEINTEMA, 1975).
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GLurz voN BrotzHemM (1977) also mentions that the Redshank prefers oc-
casionally flooded feeding areas in the vicinity of the nest site. However in the
vicinity of the tidal zone, where food is available, the Redshank will nest in drier
areas.

The Curlew prefers heath land with both wet and dry areas and frequently
nests in the vicinity of water (Voous, 1960; GLUTZ vON BLOTZHFEIM et al., 1977).
It prefers wet peat-moors with Erica tefralix, Calluna vulgaris, ctc. but nests
occasionally in dry areas with solitary bushes and clumps of trees.

At present swampy grasslands in the Netherlands are protected and, if pos-
sible, bought systematically as bird-sanctuaries with the aim of preserving repre-
sentative populations of those species which are most sensitive to drainage. This
is also done for damp to wet dune-valleys.

For that reason the water management in such areas is of utmost importance
for the local preservation of breeding-bird species, which prefer those habitats.
Damp, swampy and wet areas in the dune areas are very valuable, not only for
birds, but also because of their floristical composition, vegetation and geomor-
phology (BAKKER et al., 1979).

1.3.3. Tourism and birds

The absclute number of tourists visiting breeding areas during critical periods
in the reproductive season (from the establishment of territories to the fledging
of the young, probably has a significant influence on the breeding succes in
species such as Curlew and Lapwing ( Fanellus vanellus) etc. This was evident in
the National Park ‘De Hoge Veluwe’ in Holland for the Black-tailed Godwit
during days with peaks in the number of visitors (GENDEBIEN and MORZER
BruYNs, 1970). Other investigators, such as SPRIGHT (1973), state that the fre-
quency of intrusion is more critical than total numbers of people involved.

Now some information (literature), concerning the effects of tourism upon
birds of dunes and beaches, water- and marsh-birds and birds of prey is given.

(1) Disturbance of breeding-birds in dunes and beaches is mentioned by Tanis
(1963), CanTERS (1973), VALK (1976), DukseN (1977) for the Dutch Wadden
islands Terschelling, Ameland and Texel, respectively.

SwWENNEN and DE BRUYN (1980) studied the distribution of breeding territories
of the (European) Oystercatcher on the eastern half of the isle of Vlicland in
1977. They found that in a strip of 75 m width on both sides of metalled roads and
cycle paths, densities were relatively low, viz. 1.8 pairs/10 ha as compared to 8.8
pairs/10 ha in the next strip of the same width. Near forestry plantations, open to
the public, the density was relatively low too. They state that the last-mentioned,
lower density is probably caused by human activities as such differences were
absent around woods where the public had no access. The density of Oystercat-
cher territories was also relatively low in areas with Herring Gull colonies.

SuMmERs and CooPER (1977} mention for South-Africa that on the mainland
coast, Black Oystercatchers (Haematopus moquini) are readily disturbed by
visitors because of their habit of breeding on sandy beaches during the summer
tourist season. Remote beaches are threatened by the recent proliferation of off-
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road vehicles. There are a number of apparently suitable habitats which now
contain few or no Black Oystercatchers, probably due to human presence on
beaches.

BraaksMa (1960), RODERKERK {1961), DE GoovER (1975) and vAN DER ZANDE
(1980) mention that the Curlew has disappeared as a breeding-bird species from
disturbed dunes and heathlands in the mainland of the Netherlands.

CANTERS (1973) concludes for the isle of Ameland in Holland that the Ringed
Plover (Charadrius hiaticula) is threatened by activities of tourists. The same was
observed for this species in England and Ireland (NorMAN, 1967 ; OweNs, 1973 ;
PRATER, 1973; WILKINSON, 1973).

The last-mentioned authors concluded that the same applies to the Little Tern
(Sterna albifrons), a colonial breeder. SpaaNs and SWENNEN (1968) mention that
the Little Tern colony at the eastern point of Vhieland probably disappeared as a
result of increased tourism. Similar examples with regard to the Little Tern are
mentioned for other Dutch Wadden islands such as Terschelling and Texel by
Tants (1963) and DuKSEN (1977), respectively.

Note that in the wardened nature-reserves of these and other Wadden islands
an increase in the density of certain breeding-bird species, such as Common
Eider and Herring Gull, was observed.

(2) Water-and marsh-birds also appear to be sensitive to frequent disturbances
but publications with exact information are scanty. Open water species like e.g,
the Great crested Grebe (Podiceps cristatus) in the Netherlands, turn out to be
particularly sensitive to motorboats and waterskiing (LEYS, 1966; DE ZEEUW,
1968; LEYS et al,, 1971; VAN DEN BERG, 1974; DE ZEEUW, 1976).

The same phenomenon is mentioned by REicHHOLF (1974) along the ‘Inn’ in
southern Germany. He also describes how the prohibition of motorboats in the
Bight of the ‘Heitzing Eglsee’ resulted in a doubling or tripling of the number of
Mallard females with offspring.

In Canada, Canada-Geese (Branta canadensis) desert their nests when distur-
bed by tourists before or during the breeding season (HANsON, 1971).

HansEN et al. (1971) noted a significant difference in the mortality of young
Trumpeter-swans { Qlor buccinator) in Alaska in areas with different recreation-
pressures. The mortality was highest in the areas with highest recreation-
pressure.

In the Netherlands it has been observed that breeding Little Bitterns (Jxob-
rychus minutus) are very sensitive to boats and visitors in the vicinity of their nest
sites. (BRAAKSMA, 1968 ; DE ZEEUW, 1968, 1976). Purple Herons (Ardea purpurea)
also turned out to be sensitive to increasing recreation pressure in their breeding-
grounds (pers. comm. A. TIMMERMAN, 1970). Moreover, some populations dis-
appeared from areas with increased disturbance by tourists.

(3) Tourism is also a disturbing factor of importance for large birds of prey.
This is especially the case if they themselves become a tourist attraction and
insufficient precautions are taken to prevent disturbance (BIJLEVELD, 1974).
WAARDENBURG (1974) investigated the effect of tourism upon the distribution of
nests of the Buzzard (Bureo buteo) and this species showed a significant pre-
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ference for nest sites outside the disturbed zone (about 75 m from a road or a
path).

Sanctuaries affect the density and distribution of species of birds of prey. For
example in the Netherlands the number of breeding-pairs of Goshawks (Acci-
piter gentilis) was about 20 or even more in an arca of 10000 ha at the ‘Kroon-
domein Het Loo’ near Apeldoorn. In 1979, nearly all nests were located in bird
sanctuaries, while only 5 pairs were nesting in the National Park ‘De Hoge
Veluwe’ (6000ha) in the same year, Note that ‘De¢ Hoge Veluwe’ has more
visitors and less sanctuaries. Saris (1976) also mentions the concentration of
different breeding-bird of prey species located in sanctuaries of ‘De Duivelsberg’
in the Netherlands.

Increased predation due to disturbance. Different anthors state that clutches are
lost indirectly as a result of predation following disturbance by man.

In the Netherlands wardens, game-keepers and many field ornithologists are
acquainted with the phenomenon that Carrion-Crows and Magpies often sys-
tematically follow birdwatchers and people involved in research (for instance
mapping of bird nests), and take the eggs of these species on their route. Other
examples in the Netherlands are the predation on chicks of the Common Eider
and the Shelduck by the Herring Gull (Larus argentatus) at Vlieland (HOOGER-
HEIDE, 1946; DE Roos, 1972). Clutches of these and other species like Redshank
are also predated by Carrion-Crows and Magpies.

Similar date have been published in other countries. On the isle of Skokholm
in Wales, the predation of eggs and chicks of the European Oystercatcher by
Lesser Black-backed Gulls (Larus fuscus graellsii} is the main factor influencing
egg and chick loss and is related to disturbance by visitors (Harris, 1962).

NewtoN (1970) found that only 17 per cent of the clutches of Tufted Duck
(Aythya fuligula) and Mallards in Scotland were predated by Jackdaws (Corvus
monedulayin a secluded and undisturbed area, whereas 41 per cent were predated
in an area, which was regularly visited by investigators.

1.4. HABITAT AND BIRDS (FIELD INVESTIGATIONS ON VLIELAND)

1.4.1. The isle of Viieland as a suitable research areq

For a number of reasons Vlieland is suitable for investigations dealing with the
impact of tourism upon bird-life. Owing to the large diversity in habitats, which is
determined for the greater part by a wide variety of environmental gradients, the
island is utilised by a large number of breeding, migrating, moulting and winter-
ing bird-species (particularly ‘waders’) during a large part of the year.

As a result of its restricted size and isolated situation, it was possible to draw
up a complete inventory of the total breeding-bird populations of the four
investigated species. In addition there is a wide variety of tourist activitics whose
effects can be studied.

Finally, the author has an intimate knowledge of this area, stretching back
over several years and has already investigated the effects of tourism upon
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breeding and migrating waders and duck species in the bird-sanctuary ‘De
Kroonspolders’ at Vlieland (pE Roos, 1972).
For these reasons Vlieland has been chosen as a research area.

1.4.2. Physical geography of Vlieland

Vlieland is the smallest and most western Frisian island. It has a north-eastern
orientation with a bend to the east in the north-eastern part. The area above low-
water-mark, including the ‘Vliehors’, comprises 3560 ha. The length of the island
is 18.5 km and the width varies from .9-3 km (see fig. 1).

The southwestern tip of the istand, called ‘the Vliehors’, consists of an exten-
sive coastal sand-plain with actively formed low primary dunes, vegetated by
Elytrigia juncea, Cakile maritima and Honkenya peploides (see fig. 1). At the
beginning of this century, the Board of Works (‘Rijkswaterstaat’) reclaimed a
part of the “Vliehors’ on the Wadden Sea side by means of dikes of drift-sand and
obtained an agricultural polder area for dairy-cattle (DE VRIES, 1961). This failed
because the adjacent dune area was too narrow and thus the freshwater supply,
seeping from the adjacent dunes into the polder area, was too small to enable
a good growth of grasses. The development of biological interesting brackish to
salt polders (‘Kroonspolders”) with dikes of driftsand was the result (DE Roos,
1981). These polders are very important for wintering, roosting and feeding
waders and duck and also for many breeding-bird species (e.g. duck). Forareview
of the historical geography of the western tip of Vlieland see DE VRIES (1946) and
for the geomorphology see BRIELSMAN (1972).

East of ‘De Kroonspolders’ there is a small salt-marsh area (‘Posthuis’ salt-
marsh)}, which is an important high-tide roost for migrating waders.

The north-eastern part of the island consists of a dune area with high dunes
(maximum height of 45 m (above Amsterdam ordnance datum, comparable with
A.M.S. L. (above mean sea level), further indicated as: + NAP).

About 300 ha of the dune-area is covered with Pinus nigra var. austriaca
woodland.

Along the North Sea coast, dune formation is artificially promoted by means
of screens of reeds or branches or both. The outer dunes are protected by means
of a number of basalt piers, constructed during the second half of the 19th
century. These are important feeding-grounds for Turnstone ( Arenaria interpres)
and Purple Sandpiper (Calidris maritima) (DE Roos, 1981),

Vlieland has a little over 1000 inhabitants. The most important source of
employment is tourism. The village of ‘Oost-Vlieland’ is situated in the north-
eastern part of the island (see fig. 1).

1.4.3. Selection of the study-plots

Different habitats such as dry dunes, damp to wet dune slacks, beaches and
shell-banks were investigated.

The study-plots were selected on such a way that gradients in path and road
densities (tourism zones) could bedistinguished. The selected study-plots were:
(1) Experimental study-plots 1 and 2.
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NORTH SEA

Vliehors

Fi1G. 1. Situation of the isle of Vlieland and
its study-plots

1 = Study-plot 1

2 = Study-plot 2

3 = Study-plot 3

4 = Study-plot 4

Study-plot 5 = Area between the ‘Pad van

30° and ‘Schelpepad Qost’

Study-plot 6 = Area between the ‘Pad van

20"and the ‘Pad van 30°
A = ‘Pad van &’
B = ‘Pad van 20’

C = “Pad van 30’

D = ‘Schelpepad Oost’
E = ‘Postweg’

F = ‘Lange Paal’

G = Low tide line
a = Counting site for tourists (‘Kooisplek”)

b = Counting site for tourists (‘Nieuwe Kooi’)

Tidal mudflats
Woods
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{2) Non-experimentai study-plots 3, 4, 5 and 6 with unlimited access to tourists.
In addition, accessible beach areas and an inaccessible (military) sand-plain (‘the
Vliehors”) were selected. For species with alow nesting density (e.g. Redshank)or
large territory size (e.g. Curlew) larger study-areas were required. For that
reason, study-plots 5(250.6 ha) and 6 (219.3 ha) were selected for the Curlew and
the Redshank. For the Oystercatcher study-plots 1 (10 ha), 2 (10 ha), 3 (25.9 ha)
and 4 (14.2 ha) were chosen.

The location of the study-plots can be found in fig. 1. Most of the accomo-
dation for tourists is situated on the eastern part of the island near the village of
‘Oosi-Vlieland’. More detailed information about this can be found in section
24,
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2. FIELD DATA COLLECTION

2.1. INTRODUCTION AND SUMMARY

On the basis of the literature review outlined in section 1.3, data were collected
with regard to (1) landscape/vegetation, (2) altitude/hydrology, (3) tourism and
(4) breeding-birds.

In section 2.2 variations of landscape/vegetation are discussed. In order to
characterize landscape- and vegetation t{ypes, relevant for this study, methods
are described. The landscape map of Doing for Vlieland was used to obtain the
landscape units recognized in the study-plots 5 and 6, while the vegetation in the
study-plots 1, 2, 3 and 4 has been mapped and characterized according to the
standard Braun-Blanquet relevé method.

The factor altitude/hydrology was mainly studied by means of available
altitude maps (scale 1:2000), delineated by the Board of Works (‘Rijkswa-
(erstaat’) in 1968 (section 2.3). However, with respect to altitude class I (< 5m)
special hydrological data are presented.

The factor tourism is characterized by tourism zones. Though tourist counts
were made, the three tourism zones, distinguished in this study, were based on
aerial photograph interpretation instead of on these counts (section 2.4).

Using different survey methods, breeding-bird maps were prepared per study-
plot, per year and per breeding-bird species. They give the precise distribution of
nest sites or territory centres. Numerical data in various tables has been obtained
from these maps (section 2.5).

2.2. LANDSCAPE/VEGETATION

2.2.1. Relations between landscape and vegetation

Different dune landscapes develop by succession, degradation and human
influences as is described by several authors (vaN DIEREN, 1934; WESTHOFF,
1947). Sand may accumulate above tidal litter if the wind direction is not too
variable. Where there is sufficient stability and nutrition, Elytrigia juncea may
establish itself in elevated situations in the tidal litter zone and then acts as a sand
collector.

The primary Ammophila dune-landscape {A) develops if a primary dune is no
longer flooded by the sea. It is exposed to high wind-velocities and much drifting
sand. It has a changing, but relatively high, lime-content and a low humus-
content of the soil. Ammophila arenaria establishes itself as soon as a fresh-water
supply is available in the dunes, and eventually stabilises the dunes by its higher
ramified, deep growing rootsystem and its sand accreting properties. The outer
dunes thus consist of a single row of Ammophila arenaria-dunes.

The landward side landscapes develop from the Ammophila arenaria-
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landscape following a succession, which is characterized by a decreasing lime-
content of the soil and decreasing wind velocities.

Hippophaé rhamnoides is able to establish itself in relatively, lime rich soil and
in a more sheltered environment behind the foredune ridge. The Hippophaé-
landscape (H) on Vlieland occurs only in a narrow zone along the outer dunes. If
the dune-sand decalcifies rapidly this species is present only for one generation,
because germination is poor in lime-deficient substrates (DE VRigs, 1961). If
however sand accretion continues the Hippophaé-landscape (H) may be main-
tained for a long time, which is usually the case on landward side of the foredune
ridge. Hippophaé disappears if the nutrient and humus content of the soil in-
creases and the lime content decreases.

If the lime content remains relatively high either because of sand accretion or
other factors (e.g. the presence of colonies of Herring-Gull, as in the "“Oude Koo’
and the ‘Meeuweduinen’ at Vlieland) a Xoeleria landscape is formed, although
this was not observed in the study-plots.

In the remaining areas the Hippophaé-landscape is directly succeeded by the
Corynephorus-landscape (C) and consists of lime-deficient dune pastures.

The major landscape of central Vlieland have been described by Doine and
are listed in detail in subsection 2.2.3. He distinguishes the following major
landscape units: A, H, C, P and E. The A, H and C landscapes have been
mentioned before. The landscape of the temporarily wet and humid dune slacks
with Oxycoccus macrocarpos and Salic arenaria (E-landscape) and the landscape
of the humid to dry valleys with Empetrum nigrum (P-landscape) occur between
the above-mentioned landscape types at lower altitudes where the increased
humidity suppresses the characteristics of the other tandscape types. However
large differences in zonation may develop where coastal accretion varies locally
(e.g. at the ‘Lange Paal’ at Vlieland, where rapid accretion is occurring), where
coastal erosion occurs {e.g. on the eastern tip of Vlieland), where the older parts
of the island differ in age (e.g. on the eastern half of the island) and where radical
influences (e.g. intensive trampling on the eastern part of the island) occur.

2.2.2. Methods for landscape/vegetation data collection

Because of the large areas of the study-plots 5 (250.6 ha) and 6 (219.3 ha) the
landscape units of DoiNG (1974) have been used as a starting-point. The land-
scape map of Vlieland (scale 1:10:000), made by vaN LibTh DE JEUDE (1971) (a
student who assisted DOING in his dune research program), has also been used.
This author carried out a landscape-study of the dune areas of Vlieland based on
vegetation differences.

Vegetation maps of the study-plots 1 to 4 inclusive were made on a plant-
community level (sec for instance fig. 2 to 4 inclusieve) with the available altitude
maps, (scale 1:2000) as a base. The four study-areas selected covered 10, 10,25.9
and 14.2 ha, respectively. Their location is shown in figure 1. Homogeneous
vegetation units were delineated (using the contour maps (scaie 1:2000), made
by the Board of Works (*Rijkswaterstaat’) in 1968), as a base. Within these units
the vegetation was described according to the standard Braun-Blanquet relevé
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FIG. 2. Vegetation map of study-plot 1.
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FIG. 3. Vegetation map of study-plot 2.
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method. The size of the relevés was 10 m? and in each delineated, relatively
homogeneous, unit at least one and usually two or more relevés were recorded
(see e.g. 2 to 4 inclusive). A total of 44 relevés was recorded and these could be
grouped conveniently into five of the associations distinguished by WESTHOFF
and pEN HELD (1975).

2.2.3. Landscape data for study-plots 5 and 6

In these plots the following major landscapes are distinguished: Corynephorus:
landscape (C), Empetrum-landscape (P}, Oxycoccus macrocarpos] Salix arenatia-
landscape (E) and Hippophaé-landscape (H).

(1) The Corynephorus canescens-landscape (C) is formed on the oldest part of
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FiG. 4. Vegetation map of study-plot 4.
Empetro-Ericetum Festuco-Galietum maritimi with
E Polypodio-Empetretum
Polypodio-Sali
- olypodio-Salicetum Elymo-Ammaophiletum with
Hippophao-Ligustretum Polypodio-Salicetum

Elymo-Ammophiletum in blow outs

the dry dunes which is deficient in lime. The soil is extremely decalcified and is
whitish in color or grey (owing to humus). This makes it less adhesive than the
lime rich sand, enabling it to drift more easily. The nutrition level is higher than in
the dunes of mobile sand and because of a rapid turn-over of organic matter,
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there is little humus formation and no erosion. The Corynephorus-landscape is
subdivided in Ca (so called ‘grey dunes’), Ci and Ch.

(1a) The Corynephorus-Ammophila-landscape (Ca} occurs in high, extensive,
steep sided dune massifs. The vegetation is characteristic of extremely, dry, poor
conditions and is open and low growing. It consists principally of grasses,
mosses, lichens and winter-annuals, with much bare sand. The colour changes
from grey to green (lichens), from white to yellow (sand) and even to purplish
(Corynephorus canescens). The development of a secondary Armmophiletum in
large blow outs with mobile sand has been observed in study-plots 5 and 6.

(1by The Corynephorus-Salix arenaria-landscape (Ci) may arise from a
Schoenerwm which follows the closing of a wet valley by outer dunes. This
Schoenetum is found in eutrophic valleys which are rather low in lime content
and have fluctuating water-tables. Following the Schoenetum the valley may be
covered with relatively lime rich sand and then a dry, eutrophic lime rich environ-
ment develops in which for example Hippophaé-shrubs or Salix arenaria-shrubs
may occur. These last-mentioned shrub-formations belong to the Ci-landscape,
which occurs on these formerly wet valleys. These valleys have been covered with
sand later on and contain, low, dry dunes. The vegetation is dominated by Salix
arenaria and is floristically very poor. The soil has a more compact structure than
that of the Ca landscape; the sand is greyer and occurs in the central part of
study-plot 5 as well as in the northern part of study-plot 6.

(1¢) The Corynephorus-Hippophaé-landscape (Ch) is the transition between
the Corynephorus-landscape (C) and Hippophaé-landscape (H) and occurs in
very small patches in the study-plots 5 and 6, particularly in damp-wet valleys or
on other places where the lime content remains relatively high,

(2) The Empetrum nigrum-landscape (P) occurs if the soil is more humid than
in the Ca, Ciand H-landscapes. This vegetation is to be found in extensive valleys
and in small depressions in the above-mentioned landscapes. There is a con-
spicuous difference in vegetation structure and colour between the more humid
and dryer vegetation. A thick layer of fine humus is usually present in the
Empetrum nigrum landscape.

(3) The Oxycoccus macrocarpos{Salix repens- landscape (E) is restricted to the
dune slacks and includes vegetations dominated by Salix repens in the damp to
wet valleys as well as vegetations dominated by Oxycoccus macrocarpos. The
dwarf-shrub vegetation is locally suppressed by regular mowing, as e.g. behind
the ‘Oude Kooi’ ornorth of the *Nieuwe Kooi’. The Salix and Oxycoccusenviron-
ments may differ in factors other than humidity-regime (DE Roos, 1980). The
development of a primary slack begins with a beach plain being cut off from the
sea by newly developing fore dunes. A freshwater slack may develop following
gradual desalination. One successional development in the slacks may follow
flooding (i.e. the groundwater-tabel may rise during the accretion of the coast).
Then dune lakes and associations of e.g. Carex trinervis and Carex nigra may
develop, as e.g. in the northern part of the study-plots 5 and 6.

From a Schoenetum a humid heath with Empetrum nigrum, Erica tetralix,
Carex nigra, etc. may develop if the water-table is not too high and does not
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fluctuate too much, as e.g. in the northern part of study-plot 2. If the table is
permanently high, peai-formation occurs and a wet shrub-vegetation arises with
Alnus glutinosa and Salix arenaria (e.g. in the northwestern part of study-plot 5).

(4) The Hippophaé-landscape (H) arises from the Ammophila-landscape (A)
and mostly occurs behind the outer dunes. The lime content is lower than in the
foredunes and there is an initial formation of humus. At a later stage the nutrient
level is relatively high because of the fact that Hippophaé has the capacity
to fix nitrogen from the air. The landscape is rather hilly and is influenced
by wind- and water-erosion. In the dryer parts shrubs occur with mainly Hippo-
phaé and sometimes Sambucus nigra, as in the western part of study-plot 5.
Most of the Hippophaé-shrubs are low (< 1 m) and grow on uncompacted
sand. Hippophaé may grow more than 1 m tall under sheltered and nutrient rich
conditions, as e.g. at the eastern tip of Vlieland. This may happen in dry valleys,
where humus accumulates.

2.2.4. Vegetation data for study-plots 1 to 4 inclusive

The results are shown in the synoptical table 1. In this table the first figure
indicates the average value of the Braun-Blanquet cover-abundance scale in the
relevés of the community; the second and third (between brackets) the lowest
and highest value, respectively. Detailed information about the preference of
each association for a particular altitude range is clearly demonstrated in DE
Roos (1980).

The six associations occuring in the four study-areas are: the Violo-Coryne-
phoretum, Polypodio- Empetretum, Festuco-Galietum maritimi, Polypodio-Salice-
tum, Empetro-Ericetum and the Hippophao-Ligustretum. The last-mentioned
association is not present in table 1, because no relevés have been made in this
vegetation type. This is due to the small areas of this type,

(1) The Violo-Corynephoretum generally develops from the Elymo- Ammo-
philetum or the Tortuleto- Phieétum arenarii and forms a climax vegetation
of the xeroseries in dunes with a low lime content (WESTHOFF and DEN HELD,
1975). It is an open to a more or less closed, rather stable association in the dry
dune area. All the characteristic lichen species appear in the initial stage of the
association and the higher plants persist to the final stage. Cornicularia aculeata
and Cladonia species dominate, but wherever on the southern slopes the phane-
rogams disappear, strong winds may destroy the vegetation and a phase with
Carex arenaria follows, intermingled with Ammophila arenaria. The Violo-
Corynephoretum mostly occurs in the area of altitude-class 10 m (above Amster-
dam Ordnance datum, further indicated as: + NAP) on the dune tops and gentle
southern slopes, which are very much exposed.

(2) The Polypodio- Empetrum is found on steep slopes (N.W., N. and N.E))
where it may develop particularly on isolated dunes. The steeper the slope, the
more complete the association. The association develops from a stage of Hip-
pophaé rhamnoides with Polypodium vulgare and is a climax vegetation type. The
topsoil layer never dries out totally and the air-humidity is high owing to the
aspect, inclination and the production of humus. The soil hasan A— C profile. The
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