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Abstract. This paper is a summary and elaboration of an
earlier publicationin Dutch on the compilation of alandscape-
ecological map, scale 1 : 50 000, of the Dutch coast. It is
argued that such an integrated map is the best basis for the
conservation and management of the coastal dunes and salt
marshes. It may be combined with local more detailed vegeta-
tion maps, some examples of which are mentioned in the
context of management.

The Dutch North Sea coast is aca. 350 km long chain of
sandy beaches and sand dunes, from only 100 m to more than
10 km wide. On sheltered stretches of dune coasts along
estuariesin the Southwest and on the Wadden Seaislands, salt
marshes have devel oped. The small-scale gradient structure of
the beach-dune-salt marsh complex is emphasized.

Since 1955, a classification of landscape types has been
developed for this area, which is mainly based on vegetation,
geomorphology, soil types and history of human use of the
area. Local maps were prepared in the field, based on topo-
graphical maps, scale 1 : 25000, most of which were updated
with the hel p of recent and more detailed maps, based on aerial
photographs, scale 1:2500-1:10000, combined with new
fieldwork. Inthe general report (Doing 1988), the mainresults
arepresented, including amap redrawn on thescale 1 : 50000.

The main principles of the landscape typology and map-
ping were:

1. A ‘landscape’ is defined as an area of land (and water),
which can be recognized as an integrated structure, and distin-
guished from neighbouring units, both in the field and on
aerial photographs. It can be described in terms of vegetation,
geomorphology, soil and land use, where the relative impor-
tance of these aspects for landscape classification may be
different in different regions and zones.

2. In sand dunes and salt marshes, there is usually a fine-
grained, complicated pattern of ecosystems (units of vegeta-
tionwhich arefunctionally related to their environment). Such
patterns can only be mapped on large scales (1 : 2500). There-
fore, a landscape unit must be conceived as a complex of
ecosystems. Consequently, various stages of succession may
be included in one and the same mapping unit, especialy in
old dunes.

3. The repetition of certain patterns of ecosystems, showing
functional and historical coherence, providesthe geographical
basis for the mapping units. Boundaries are usually deter-
mined by geomorphological aspects, which are related to
geological, climatological, vegetation and land use history.
4. The unitsareidentified with the help of aflexible system of
letter and number symbols. There are 15 ‘main landscape
types’ (nine for sand dunes, six for salt marshes) and 16
‘auxiliary types’, some of which occurring in both dunes and

salt marshes. Most units are combinations of these types; they
are indicated by at least two letters, in a sequence adapted to
the local situation. In this way, a ‘landscape language’ was
developed, which needs some effort to understand, but proves
to be an effective tool to describe avery complex situation.
Finally, some examples are given of the use of this land-
scape-ecol ogical approach to problemsand perspectivesof the
conservation and management of coastal landscapes.

Keywords: Coastal dune; Coastal salt marsh; Conservation;
Land use history; Landscape type; Management; Mapping.

Nomenclature: van der Meijden et a. (1983) for most of the
vascular plant species, Margadant & During (1982) for mosses
and liverworts.

Introduction

This study is an English summary and extension of
the monograph ‘ Landschapsoecologie van de Neder-
landse kust’ (Doing 1988). In this study a coloured
landscape map in three sheets on a vegetation-ecol ogi-
cal basiswaspresentedinthescale 1: 50000. In addition
a sheet with alandscape map of the Wadden Islands of
Texel and Schiermonnikoog, scale 1: 25000 was pub-
lished. Thismapwasoriginally prepared for the Wadden
Sea Working Group (Doing & de Graaf 1983). This
study is still available via the Office of EUCC, the
European Union for Coastal Conservation in Leiden,
but isdifficult to understand without an intimate knowl-
edge of the Dutch language.

The contents of the Dutch study are as follows:
. Introduction.
. Legend to the maps.
. Description of the main landscape types.
. Description of the subordinate landscape types.
. Description of the major mapping units.
. Specieslists.
. History of vegetation and landscape.
. Geological history.
. List of local studies used for the compilation of the

map.
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In the present study the emphasis will be on the
characterization of the landscape units and the composi-
tion of the map legend. In addition, some notes on the
applications of the study will be presented.

Earlier general studies of flora and vegetation

Flora and vegetation of the Dutch dunes and salt
marshes have been studied intensively (e.g. Westhoff
1947; Boerboom 1957, 1960; van der Maarel & Westhoff
1964; Doing 1966, 1974; Adriani & van der Maarel
1968; Sloet van Oldruitenborgh 1976; Dijkema& Wolff
1983; Westhoff & van Oosten 1991). A comprehensive
account on the ecosystems of the Dutch dunes was
presented by Dijkemaet al. (1993) for the northern and
van der Meulen & van der Maarel (1993) for the south-
ern dunes.

Many local studies were published in Dutch and
local vegetation maps are often included in student
reports which were reproduced in small numbers and
arenot easily available, nor comparablewith each other.
On the other hand, the following maps are more gener-
aly avalable:

- Vegetation map of the Meijendel dunes near The
Hague, scale 1:10 000 (Boerboom 1958). Broad vegeta-
tion complexes are the main units on this map. It served
as a basis for an integrated plan for dune afforestation
and recreation development while taking the natural
values of the areainto account.

- V egetation map of the dunes of the province of Noord-
Holland north of I Jmuiden (Doing 1964). The context of
this study was identical to the former one.

- Vegetation map of the nature reservein the dunes near
Oostvoorne, near Rotterdam and its harbour, scale 1:
2500 (van der Maarel & Westhoff 1964). The main map
units on this map are formations, i.e. broad structural
types; each of them was subdivided into plant commu-
nity types. This map served as a basis for an overall
management plan of the nature reserve owned by the
foundation Het Zuid-Hollands L andschap.

20 years later, this map was repeated with the same
approach for the same conservancy organisation (van
der Maard et al. 1985). By comparing thetwo mapsand
aseparate study of five air photographs (van Dorp et al.
1985) the natural development of the dunes could be
characterized and the management plan revised in order
to devel op acombined approach of allowing the natural
developmentsto proceed and rejuvenating special parts
of the landscape. One further outcome of this study is
the increase in nitrophilous plant species, which is al-
most certainly due to the deposition of air pollutants,
which is particularly heavy in the area.

- Landscape ecological map of the Meijendel dunes by
van der Meulen et a. (1985). This map (1: 5000) was

based on the ‘landscape-guided method of vegetation
survey’ developed at ITC (Zonneveld 1972, 1995). Map
units show the relationships between geomorphology,
vegetation structure and floristic composition of the
vegetation. These land attributes feature also as diag-
nostic criteriainthearrangement of the map legend. The
map is used for management purposes by the Dune
Water Works of Zuid-Holland

The need for a landscape map

The general need for an integrated description of the
coastal area asawhole, mainly as abasisfor conserva-
tion and management, cannot be satisfied by means of
classical vegetation maps, which arethe usual tool inthe
management and planning of local coastal areas. Tech-
nically, thiswould have been animpossibletask, inview
of the size and variation of the area. Moreover, the
vegetation alone would not be an complete indicator of
the ecological conditions; more information is needed
on soils, geomorphology and the history of coastal zone
management. Therefore, a classification of landscape
units was devel oped, which enabled the mapping of the
coastal areaonthescale 1: 25000 - which scalehad to be
reduced to 1: 50000 in the final publication.

Inventories of coastal lands for planning and man-
agement need to include surveysinwhich all landscape-
ecological aspects are considered which are important
for these purposes. Geomorphological and ecosystem
complexes have proved to provide a basis for mapping
largeareason aconvenient scale. Such ‘ landscape maps
should be supplemented by relatively detailed descrip-
tions, based on field work.

Once established, the legend units of the landscape
map should be recognized as integrated, holistic enti-
ties, inthefield aswell as on aeria photographs. Their
contents are based on vegetation as much as possible,
while their cartographic limits are often determined by
geomorphology.

Although landscape units are basically descriptive,
they are closely connected with geological and land use
history and in thisway dynamic units at the same time.
In coastal sand dunes and salt marshes, they correspond
to definite periods and rates of accretion and erosion of
the coast, and to periods of mobility or stability of the
substrate. Thus, hypotheses on the interrelation of veg-
etation, soil processes and geomorphology can be de-
rived from the results of landscape mapping.

Since 1957, mapping projects have been carried out
along the Dutch coast and after 30 yr the survey was
completed (Doing 1988). Excluding theintensively cul-
tivated areas at the inner side of the dunes, more than
600 km? of dunes, beach plains and salt marshes were
included in the maps.
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Fig. 1. Coastal regions of the Nether-
lands (after van der Maarel 1979).
D = Deltacoast

D1 =Walcheren

D2 = Schouwen

D3 = Goeree

D4 = Voorne

H = Holland coast
H1 = Hook of Holland - The Hague
H2 = The Hague - Katwijk
H3 = Katwijk - IJmuiden
H4 = |Jmuiden - Schoorl

W = Wadden Sea coast
W1 = Schoorl - Den Helder
W2 = Texel
W3 = Vlieland
W4 = Terschelling

W5 =Ameland
W6 = Schiermonnikoog and islets UIHHU]]]]I]
to the east

Outline of the coastal area of the Netherlands

Sand dunes are present almost along the complete
length of the North Sea coast line of the Netherlands:
356 km, asmeasured along thefoot of theforedunes; the
remaining 36 km of coastline are dikes.

As to their width, the coastal dunes vary from a
narrow strip of young foredunes to complexes of young
and old dunes and beach plains up to 11 km wide,
measured perpendicular to the present strand line.

In the southwestern estuarine part of the Nether-
lands, and particularly on the Wadden Sea idands, salt
marshesarebordering on, or aternating with sand dunes.

Fig. 1 presents the three main physiographic coastal
regions in the Netherlands, the ‘ Delta coast’, the ‘Hol-
land coast’ and the ‘ Wadden Seacoast’ . 14 main coastal
regions are distinguished, each with its own features
(van der Maarel 1979). Note that region W1 forms part
of the Holland mainland, but both historically and

Younger Dunes

Dunkirk marine deposits

= Coastal barriers and Older Dunes

phytogeographically it belongs to the Wadden coast.
Fig. 1 also shows the position of old beach ridges and
old dunes.

The major part of the Dutch dunes and salt marshes
aretill inanatural or semi-natural state, although large
parts of the old barrier dune and beach plain systems
from The Hague to Alkmaar (regionsH2 and H3in Fig.
1) no longer bear natural vegetation, but have been
built-up or levelled for intensive horticulture, particu-
larly for growing flower bulbs.

The coastal area of the Netherlands is, like most
coastal regions, very dynamic and varied. It includes
gradientsfrom salt to fresh water situations, fromwater-
logged to arid ecosystems, from basic to acid soils and
from pioneer to climax vegetation. These gradients are
mostly found in small-scale patterns. In addition, there
is considerable climatic variation from north to south
and from the beach to sheltered situations in the inner
dunes.
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Conceptsand Methods

Landscape-ecological principles (Naveh & Lieber-
man 1984) were used as a guideline. The concept of
‘landscape’ was defined as *ageographically, function-
ally and historically interconnected complex of ecosys-
tems'. The ecosystem, asabasic landscape element, can
be recognized in thefield by the homogeneous structure
and composition of its vegetation and homogeneous
morphometric features of the soil profile. More funda-
mentally, itisalso characterized by itsmicroclimateand
by processes which can be described as input, move-
ment, transformation and output of matter and energy.
An important practical difficulty is, that these latter
aspects can only be described with the help of time-
consuming research, not compatiblewith extensive map-
ping projects. For thelatter, the vegetation-soil complex
(*geosystem’) must be used as the visible expression of
the underlying functional systems (Doing 1979). In
summary, thereisaclear distinction between ecosystem
and landscape, the first indicating a homogeneous, the
second a heterogeneous structure.

Theway inwhich landscapesare built up of separate
ecosystems or communities, is similar to the way in
which the latter are characterized by their species (cf.
Westhoff & den Held 1975; Schaminéeet al. 1995). The
complexes can be distinguished from each other on the
basis of dominant, characteristic, differential, accompa-
nying, obligatory and facultative ecosystems (Doing
1963, 1979). In the same way as the species within a
certain community belong to very different taxonomic
groups, there is no a priori requirement to assume a
syntaxonomic, synecologic or even syndynamic rela
tionship between the communities within a landscape;
instead purely geographical affinity is the clue to their
grouping together. In vegetation mapping, the choice
between the representation of single communities and
that of complexesis primarily amatter of scale. In fine-
scale patterned landscapes, such as dunes and salt
marshes, separate communities can usually not be rep-
resented on maps 1:10 000 or smaller.

Apart from recurrent community patterns, geomor-
phology and hydrology are fundamental and universal
aspectsof landscapes. They play animportant roleinthe
delimitation of mapping units. Landscape types, i.e.
legend units of a landscape map, should always be
described in terms of ecosystems as well as their geo-
morphology.

Thus, vegetation zones and mosaics, in connection
with geomorphological and hydrological patterns, are
the primary basis for mapping because of their overall
visibility. The most prominent feature of vegetation on
aerial photographsis structure. During the field survey,
floristic composition has played a major role. Apart

from this, there is no fundamental difference between
our approach and theintegrated surveysaccordingtothe
‘ITC-method’ (Zonneveld 1972, 1995).

The major differences between ‘classical’ vegeta
tion maps and the landscape map presented here are;

1. In natural or semi-natural areas, vegetation isthe
most efficient starting point for mapping, but the other
components of the ecosystem, as far as discernable in
the field, should be weighed against it. Hence a purely
vegetational classification is not sufficient. Each veg-
etation analysis should at least be complemented by a
field description of the corresponding soil profile.

2. In intensively cultivated areas, with disturbed
species-poor vegetation, soil and hydrology are the best
primary features for a landscape classification. Here,
vegetation isto beincluded in adescription of land use
systems.

3. Depending on the amount of detail in the local
environmental pattern, all maps on a scale smaller than
that on which separate homogeneous patches can be
represented, should be conceived as landscape maps,
i.e. maps of ecosystem complexes (zones, mosaics or
other spatial arrangements). The smaller the scale, i.e.
the more simplified the map, the more complicated the
description of the legend should be, to avoid an unac-
ceptable loss of information.

4. Geomorphology and hydrology are characteris-
tics of landscapes, to be included explicitly in the de-
scription of the units.

Classification of coastal landscapes and composi-
tion of the landscape map

For the landscape map presented here, ahierarchical
classification of landscape types has been adopted. The
units are indicated by the following codes:. capitals for
the main types, supplemented by one or morelower case
letters and/or numbers, for the subtypes. For the sake of
easiness, the number of main types has been kept lim-
ited; subtypesare distinguished asmuch asdesirablefor
the necessary detail. In this way, the same code system
can be used for mapping projects on various scales.

Theletters are derived from the names of important
plants, vegetation units or geological or pedological
features (see below). The vegetation units are phyto-
sociological types, most of them being so-called alli-
ancesinthe plant community system according to Braun-
Blanquet. Most of these units are described in Westhoff
& denHeld (1975); additional information can befound
in Doing (1963, 1974).

Thedistinction of the landscapetypesiseasily made
on the basis of geological substrate, geomorphology,
hydrology and soils. Differences in vegetation vary
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from region to region, but are usualy clear-cut. The
groups might be used for very small-scale maps, e.g. as
a first approach to an inventory of European coasts,
necessitating only a limited amount of field reconnais-
sance.

Legend of the map

The map legend is constructed by combining the
symbols for the landscape types and elements in a
flexible way, using at least two letters or numbers, and
adding as many others as desirable in view of the scale
of the map and the required amount of detail, and in an
order of relative importance, based on cover percent-
ages of vegetation types or abundance of species.

The legend, as presented in the original publication
(Doing 1988) as a separate sheet to the map, consists of
the following components.

1. The legend as such, a list of landscape types and
subtypes with a letter combination and colour indica-
tion; the units are indicated, as far as possible, by com-
mon, characteristic names.

2. A list of individual letter symbols with their formal
significance.

3. A list of phytosociological types.

4. A survey in the form of adiagonally structured table
of the characterization of the landscape units by the
phytosociological units.

The main landscape types and the elements for the
subtypes will be briefly described in the text. Complete
list of types and elements will be added to this paper as
Apps. 1 and 2, while the information mentioned under
points 3 and 4 will be added as Apps. 3 and 4.

Description of the main landscape types

For the main types, thefollowing 10 | etters are used:

AHK,R Types of dry, basic, young dunes

CP Types of dry, acid, young dunes

E\V Types of moist or wet, young dunes

W Type of ancient dunes = old barriers
and plains (dry, moist or wet)

M + number  Typesof marine landscapes (recent or

former salt marsh)

A Ammophila (Marram) landscape

This is the landscape of the ‘yellow dunes’, with
much blowing sand, very poor in humus, very perme-
able for water (loose packing of the sand), without or
with open, herbaceous, species-poor vegetation (e.g.
Ammophila, Leymusarenarius, Elymusfarctus, Cakile).
It consists largely of foredunes, dry beaches and beach
plains with heavy salt spray, partly with temporary

inundations, but a so mobiledunesfurther inland, where
previous vegetation has been destroyed. Thislandscape
iswidely distributed throughout Europe and North Af-
rica (van der Maarel 1993), and easily located on agerial
photographs. Some dune areas consist only of thisland-

scape type.

H Hippophae (Sea buckthorn) landscape

This is a shrub-dominated landscape on dry, basic
dunes, rich in pioneer scrub (mainly Hippophae rham-
noides), but in some areas also with higher and denser
scrub (mostly Berberidion) or woodland (with Betula,
Populustremula, belonging tothealliance Alno-Ulmion).
Soils have only a very superficia humus layer, but
decalcification iswell under way.

In landscape succession, it is preceded by A-land-
scapes, i.e. depositional dunes, mainly built up by the
sand accumulating behaviour of Ammophila. Therefore,
it consists of former foredune ridges, or of parabolic or
rejuvenated dunesin the process of re-establishment of
vegetation. In the latter case, the dunes are mostly older
and more distant from the beach than those of the R-
landscapes, and the morphology of the ridges is inter-
mediate between parabolic ‘comb dunes’ (Klijn 1981)
and ‘Wanderdiinen’ (transverse migratory dune ridges,
cf. Cooper 1958). See Olson & van der Maarel (1989)
for atypology and comparison of dune systems.

Like in many pioneer dune scrubs in other parts of
the world, poverty of the soil in plant nutrientsis partly
compensated by symbiosis with nitrogen-fixing micro-
organisms. After further humus-enrichment of the soil,
which involves leaching from the surface downwards,
Hippophae scrub loses vitality (also in connection with
microbiological changes in the root environment) and
succession leads to a more open vegetation, mostly
Koelerion (Doing 1983hb), except inlocalitieswith rela-
tively favourable moisture conditions. The geographic
distribution is mainly from Normandy to the East Fri-
sian islands and the English North Sea coast, with an
optimum in the Netherlands.

K Koelerion (Hair grass) landscape

This landscape is characterized by the predomi-
nance of low vegetation, rich in mosses, lichens, small
annuals, low graminoids and chamaephytes, sometimes
with patchy scrubs or woodlands. It occurs on dry,
moderately calcareous dunes (CaCO; - content mostly
ca. 1-3%). The humus layer is, especialy on north
slopes, well-developed and more or less acid, but not
deep (generally 2- 10 cm, except under woody vegeta
tion). This landscape is found in various situations and
zones, intermediate between H or R on the one hand, C
on the other hand.

The common feature is the origin of its pioneer
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vegetation on bare sand, carrying no, or scarce vegeta-
tion (e.g. scattered Ammophila-tufts) with its pre-exist-
ent root systems, or taking the place of dying vegetation
(see under H). It isfound on former basic mobile dune
ridges, fixed by human interference, as well asin dry
valleys in the R or H-zone, on abandoned cultivated
land, or replacing the R-landscape near old sea-villages
because of former human influence.

Its optimal floristic development is found in south-
western France, e.g. inthe Vendée (Géhu 1993), and its
total area covers all moist-temperate European coasts,
except where only acid dunes are present.

R Rubus caesius (Dewberry) landscape

This is alandscape with predominantly herbaceous
vegetation, rich in mosses, locally with low scrubs or
woodland fragments, found on dry, strongly basic dunes.
In its optimal form this landscape type consists of sys-
tems of young, prominent, steep parabolic dunes‘comb
dunes’, not levelled by water erosion and mostly origi-
nating from the parabolization of former retreating,
highly calcareous foredunes. The characteristic vegeta-
tion (i.a. abundance of Rubus caesius) indicates an
accelerated speed of mineralization of organic matter,
whichinitsturnresultsfromitsmixing with overblowing
calcareous sand. The dune morphology points to an
equilibrium between wind, blowing sand and vegeta-
tion, with maximal vitality of Ammophila in the early
stages of succession - which are now rare in the Nether-
lands because of the protective management. Thisland-
scape type occurs from northern France and southern
Britain to the east Frisian islands, and it is optimally
developed in the Netherlands, especialy between The
Hague and Bergen. The sand is rich in coarse shell
fragments, hasa‘dirty’ colour down to several dm and
under a closed moss cover acidification of the soil
surface proceeds with surprising speed.

C Corynephorus (Grey hairgrass) landscape

This is a landscape with mostly low, open vegeta-
tion, rich in graminoids and lichens on dry, acid dunes.
In some zones, not too close to the sea, oak woodlands
and pine plantations may occur. Vegetation structure,
dune morphology and variation in origin are similar to
thoseintheK -landscape. Because of the absence of free
lime, there is no intensive mineralization of organic
matter and therefore a depressed vitality of sand-bind-
ing species.

Because of this, the dunes are not very resistant to
wind erosion, which is reflected in their morphology.
Moreover, the dune surface tends to be hydrophobic, a
property which isincreasing after a change in fixation
and mobility. Thisintensifies the aridity of the ecosys-
temsand causeswater erosion because of increased run-

off, a so influencing the dune morphology (Jungerius &
van der Meulen 1988). Wherethere are parabolic dunes,
the ridges tend to be lower and | ess steep than in the R-
of H-landscapes, not arranged into comb dunesand with
rather large slacks, sometimes several km long. In other
areas, ‘conic dunes' are found, also called basin dunes
(Doing 1983a), ‘kopjes-dunes’ (Klijn 1981) or rolling
dunes (Olson & van der Maarel 1989).

P Empetrum (Crowberry) landscape

Thislandscape features continuous heath vegetation
on dry or somewhat moist, very acid duneswith, locally
and rather recently, acid woodland (with mostly Betula
and Populustremula, belonging to the alliance Quercion
robori-petraeae, which also occurs in C-landscapes).
Soils have a ‘mor’ humus layer, a leached A>-horizon
but no compact C-horizon. The Empetrum type occurs
inthe more or lessflat, older parts of the north-atlantic,
acid dunes, in dry valleys and along the inner border of
higher dune complexes. It extendsfrom Bergen (Noord-
Holland) to northern Jutland, and is optimally devel-
oped along the Danish North Sea coast (Jensen 1993).

E Hydrocotyle (moist dune slack) landscape

Thisis alandscape of moist or temporarily wet or
inundated, young slacks in basic as well as in acid
dunes. The variation ranges from pioneer situations,
almost bare of vegetation, to continuous herbaceous
vegetation and to low scrub or woodland on mineral
soil. It occurs in primary and secondary valleysin al
European dune regions with sufficient width and his-
tory and sufficient rainfall for the maintenance of fresh-
water conditions. In the Netherlands, the lower limit is
determined by a groundwater level of maximally ca
110 cm below the surface in summer. Local species
dominance by strong competitors, e.g. Calamagrostis
epigejos, may prevent the establishment of phreato-
phytes, in which case the mapping unit should be deter-
mined on the basis of the hydrological conditions.

Because of the very large variation within moist
slacks, amore detailed classification than that occurring
onthemaps(Doing 1988) isproposed. Themain criteria
for the subdivision arethe age of the slack and thepH in
the soil.

E, Moist, bare sand, sometimes inundated in winter.
Vegetation e.g. Littorellion uniflorae.

E, Moist slacks, with open vegetation (e.g. Nano-
cyperion flavescentis) or continuousvegetation contain-
ing pioneer species (e.g. Centaurium spp.).

E, Basic, moist slacks, with continuous vegetation (e.g.
Caricion davallianae).

E; Neutral, moist slacks, with continuous vegetation
without an important share of indicators of basic or acid
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conditions (e.g. Caricion curto-nigrae, Phragmition).
E, Acid dune slacks, with continuous vegetation (e.g.
Pyrolo-Salicetum, Junco-Moalinion).

E; Very acid, moist dune slacks, with continuous veg-
etation with Sohagnumspp., or dwarf shrubs(e.g. Ericion
tetralicis).

V Peat landscape

The Peat landscape (indicated with the letter V from
the Dutch veen = peat), is characteristic of permanently
wet or inundated, young duneslacks. Itincludesaquatic,
shoreor fen vegetation, including high willow scrub and
alder woodland. The soil environment is characterized
by the process of peat formation (lack of aeration), but
in relatively recent situations, time may have been in-
sufficient for building up awell-devel oped peat layer. In
former periods of dune formation this landscape type
was distributed more widely than at present, as peat
layersinthe subsoil witness. These peat or humuslayers
indicate periods of stability inthe history of duneforma-
tion. At present the V-landscape is mainly restricted to
scattered, relatively wide dune areas along the NW-
European and Baltic coasts (e.g. Boorman 1993,
Wojterski 1993). Within the Netherlands, its major oc-
currences are found on theislands of Voorneand Texel.

W Landscape of old barrier dune ridges and former
beach plains

Thistypeincludes asystem of barrier dunes behind,
and partly underneath, the younger dunes, which are
rarely older than ca. 1000 A.D. and are primarily the
product of erosion. This barrier system was formed
from subboreal times to the early Middle Ages during
periods of accretion of the coast. The landscape was
originally covered with forest, later partly with heath (in
connection with sheep grazing, if this continued long
enough to produce podzol profiles). Still later it was
cultivated, reclaimed, excavated or occupied by housing
or industrial developments. The woodlands which are
now found on the remnants of this landscape are all
planted, but nevertheless may carry interesting semi-
natural vegetation. They are mainly developed in the
provinces of Zuid-Holland and Noord-Holland, from
Hoek van Holland to northeast of Alkmaar (H1-H4 in
Fig. 1). Other small areas are found in French and
Belgian Flanders and in Schleswig-Holstein; these are
geologically younger.

M Marine landscapes (salt marshes and mudflats)

These can be arranged into six zones from low to
high, with decreasing height, length and frequency of
inundation by salt water.

MO Mud flats, creeks and other tidal areas, inundated
by the sea (North Seaor Wadden Sea), all, or most of the
time. This main typeis aways found at the lower limit
of theseriesM 1-Mb5. Initshighest parts, vegetation of
algae, seagrassesor some scattered Salicornia, Spartina
or Suaeda may be present.

M1 Low salt marsh, inundated during all high tides
except neap tides, occurring on relatively flat, muddy or
sandy areas with open vegetation of predominantly
Salicornia, Spartina or Suaeda.

M2 Mediumsalt mar sh, inundated at least during spring
tides. Active sedimentation of silt, often on a sandy
subsoil. Consists of apattern of reeks, leveesand basins.
Mostly a continuous vegetation of i.a. Halimione, Puc-
cinellia and Limonium.

M 3 High salt marsh, inundated only during storm surge
tides, on relatively flat, mostly sandy areas with some
wide and deep creeks, bordered by high levee banks.
Vegetation with i.a. Festuca rubra, Juncus gerardii,
Armeria maritima, Artemisia maritima.

M4 Transitional marsh, between high salt marsh (M 3)
and moist dune valley (E or V), inundated only during
exceptionally high tides, or brackish because of former
inundation or recent salt spray. Vegetation with i.a.
Agrostis stolonifera and Potentilla anserina.

M5 Transitional marsh, between high salt marsh (M 3)
and low, dry dunes (mostly K or H). Vegetation with
Elymus athericus or Sagina maritima.

Description of the subtypes

Subtypes of the main types are formed by adding a
specific characteristic to the main description. First of
all, thiscan either beacharacteristicreferring to thetype
itself, when thisoccursin aspecies-poor, ‘ pure’ form, or
to another main landscape type, when this occurs in a
mosaic with the main type. The subtypes are indicated
with alower case referring to the main type.

a With Ammophila (blow-out) elements

In Aa: pure Ammophila-landscape, without impor-
tant other components, species-poor. In Ca: very dry
and acid duneswith open vegetation, richinlichensand
small, non-flowering tufts of Ammophila. This subtype
ispredominatingwithintypeC. In other maintypes, e.g.
Pa: presence of blow-outs, including an accumulation
zone with Ammophila at the leeward side.
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b With scrub elements

Scrub belonging to the order Prunetalia spinosae
can occur in type K: Kb, or C: Cb, in this case often
large colonies of Rosa pimpinellifolia (Burnet-rose) oc-
cur.

¢ Withindicators of dry, acid soils

These are indicators such as Corynephorus and li-
chens. A ‘pure’ Cc-landscape exists, but is only found
on inland dunes.

e With moisture-indicating vegetation patches

Patches with phreatophytes (ground-water bound
plants) or patches on soils with a large water-holding
capacity of soils rich in humus and nitrogen. A typical
combination is Ve, with dominance of Phragmites
australis (reed).

h With Hippophae scrub

The subtype Hh, which can occupy extensive areas,
is characterized by the dominance of Sea buckthorn
scrub, with Calamagrostis epigejos as the most impor-
tant herbaceous species. In Rh, Dewberry and Seabuck-
thorn occur in combination.

k With indicators of dry, calcareous soils

Thisis an element of Phleo-Koelerion low pioneer
vegetation, established on bare sand, which can befound
as undergrowth of open scrub: type Hk.

m With patches of salt marsh

Such patches can be differentiated from very low
open salt marsh to very high, sandy salt marsh (Elymus
athericus or Saginion maritimae), while using the indi-
cations m0 to m5 (see type M).

r Rubus caesius element

With indicators of calcareous sand blowing over
vegetation on astable surface. Occursparticularly inthe
combination Hr; the difference between Rh and Hr is
floristically subtle and is determined mainly by
geomorphology.

In addition, lower case letters are used to indicate
variants which do not refer to a main type. Examples
here are:

d for grassy and/or mossy aspects related to former
grazing or mowing, e.g. Kd, Md;

f for nitrogen indicators on places where large
amounts of nitrogen are rel eased through the decompo-
sition of organic material, e.g. Cf;

g for tall grasses, indicating disturbance such as the
death of woodlandsor thelowering of the phreatic water
level; for instance Calamagr ostis epigejos (Wood small-

reed grass) in Hg, Moalinia caerulea (Purple moor-
grass) in Eg;

i for local Salix (Willow) dominance, notably in Vi;

| for patches of heath in Cl (Calluna) or E1 (Erica)
or with dominant or codominant Calluna in P1;

w for woodland elements, e.g. oak (Quercusrobur),
birch (Betula) and aspen (Populustremula) and planted
trees, notably pine, for instance in Hw.With the excep-
tion of type W, where the natural vegetation is practi-
cally alwaysaforest, forests are not mapped as separate
landscape types, according to the principle that all suc-
cession stages may be present within one main type.

[llustrations of the landscape map and some land-
scape types

Map of Schiermonnikoog

Fig. 2 presents a fragment of the landscape map
including the island of Schiermonnikoog. It isatypell
island in the typology of Doing (1983b; see Dijkema et
al. 1993), a medium-size west-east directed Wadden
island which moves in a northwest-southeast direction.
Theidand movesin the sense that there are interrupted
periodsof heavy erosion at thewestern tip and accretion
at theeastern side. Inthe Middle Agesthe nucleus of the
island was situated 3-5km to the west of the present
western edge of the island and several villages were
found there.

The western part of the island is the oldest one, at
least 400 yr old, and characterized by various C-types.
The seaward dunes are younger and consist of A and R
landscapes. To the west and northwest an extensive
beach is found with an A | landscape.

The eastern part of the island is a vast beach plain
carrying M landscapes with small dune complexeswith
avariety of A landscapes. The oldest part, bordering the
H landscapes is ca. 200 yr old, the easternmost part is
completely bare and starting a vegetation development.
The salt marshes develop at the protected south side of
theisland where silt accumul ates.

Photographs of landscape types

In photos (Fig. 3by S.M. Arens; all othersby H. Doing)
various landscape types will be illustrated on the next

pages.

Fig. 2. Landscape map of the Wadden island of Schier-
monnikoog. See text and Apps. 1 and 2.
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Fig. 3. Accretional coast with Aa -landscape.

Fig. 4. Erosional coast, foredune
ridge with strong human influ-
ence (Aar-landscape); behind
thismicro-parabolic duneswith
human influence (Aar-land-
scape); behind this micro-para-
bolic dunes(Rh-landscape) with
Hippophae rhamnoides (Sea
buckthorn) informer blow-outs.
Calcareous dune area.



Fig. 5. Scrub of Crataegus
monogyna (Hawthorn) andtall
Hippophae rhamnoides (Sea
buckthorn) inadry calcareous
valley: Hb-landscape.

Fig. 6. Formerly mobile dune
ridgesin avery acid dune area.
Foreground: Ca-landscape.
Very high ridge at the horizon:
Ca-landscape, planted with
Pinus nigra.
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Fig. 7. Young, wet, primary
sack inacalcareousdunearea.
Hb-landscape(ridge), E;-land-
scape (slack).

Fig. 8. Young, wet secondary slack
inacalcareousdunearea. Aah-land-
o scape (with much blowing sand), E -
- ' : landscape (slack).




Fig. 9. Old, primary slack with
peat formation in a calcareous
dune area. V- (open water),
Vey- (shores), Vi (Salix scrub)
and Vv- (Alnus wood) land-
scape.

Fig. 10. Old beach barrier with
woodland and village: Ww-
and We-landscape; old beach
plainwith dairy farming: Wvd-
landscape.
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Zonation of landscape types

Asaresult of differencesin geological history, land-
scape succession, management and climate, varioustypes
of zonation occur along the coast. Thisisone of themost
conspicuous aspects of the coastal dune system and
hence it will be discussed in the following paragraphs.

Calcareous mainland dunes between Hoek van
Holland and Schoorl (Fig. 1: H1-H4)

ZonationApmo-Aar -Rr -Hh-Hb-Kb-Kc-W.
In this stretch of coast, thereisavirtually uninterrupted
sandy beach without vegetation (A,m0), bordered by a
high foreduneridge, whichisstable or retreating slowly
after cliffing during storm tides (Aar). Thefront of this
ridge has taken an unnatural straight form as aresult of
management for coastal defence by public authorities,
and carries normally a species-poor Ammophiletum. At
theleeside, vegetationismorevaried and consistsof i.a.
Festuca rubra, Rubus caesius, Hippophae rhamnoides
and Sambucus nigra, and at the inner border a Tortulo-
Phleetum.

Informer times, mainly inthe 18th and 19th century,
many blow-outs occurred, starting from erosion of the
foredunes, which resulted in repeated periods of para
bolization. In most of these areas, thereis now a zone of
fixed comb dunes, mapped as R-landscape, up to 4 km
wide (but mostly 1 - 2km). The youngest parts, exposed
to strong winds and the influences of salt spray, are poor
in scrubs, except those of Ligustrum vulgare (Rr-land-
scape). Further inland, mineralization of organic mate-
rial aswell as decal cification have progressed to a stage
involving the development of Hippophae shrubland,
mainly in the hollows. In the slacks there are locally
small woodlands of Betula or Populus tremula (Rh-
landscape). The sand in the R-zone is characterized by
the abundant presence of coarse shell fragments, and
originates from the recent hollowing out of the North
Sea bottom combined with the retreat of the coast. This
resulted in the mixing of large amounts of semi-fossil
shells with the dune sand.

Mainly around old sea-villages (Scheveningen,
Katwijk, Noordwijk, Zandvoort, 1Jmuiden, Wijk aan
Zee, Egmond), this zone is interrupted by Ks-land-
scapes, with aconfused ‘ blow-out morphology’ (Doing
1986), and species-rich vegetation, connected with
former trampling nutrient enrichment.

In the next main zone, parabolic dune ridges gener-
ally areless steep, moredistant from each other and tend
to be joined in a direction paralel to the coastline,
leaving secondary valleys of relatively great width (H-
landscapes). This pointsto alonger history of mobility.
The ridges and slopes are dominated by Hippophae

scrub, with much Calamagrostis epigejos (Hh), the
slacks, hollows and feet of slopesarerich in denser and
higher scrubs with deeper soils and i.a. Crataegus
monogyna, Euonymus europaeus and Rosa canina, lo-
cally also with Rhamnus catharticus, Berberis vulgaris
and Cornussanguinea. Inthemoist slacks, Betulawood-
lands are found (Hb-landscape). Geomorphologically,
these H-landscapes represent an older stage of para-
bolization than the R-landscape. They are mainly found
in the centre of more than 3 km wide dune areas, which
is a hydrologically favoured position. The sand is cal-
careous, but shell fragmentsare much finer thanthosein
R-landscapes. They correspond with an older phase of
major instability, which occurred mainly in the 15th-
16th centuriesin most areas.

Not only is the distance from the present coastline
relatively great, but also was this line situated further
west at that time. Therefore, the sand of the H-landscape
has undergone a much longer history of decalcification
and lossof organic material. Thisisreflected inthedune
morphology being intermediate between parabolic and
transverse migratory dunes. From historical data it is
known that these central parts of the duneswerefixed at
arelatively late stage, and much bare sand was present
until the 19th or even the beginning of the 20th century.

Theinnermost major zone of the widest areas of the
younger dunes (mainly near Wassenaar and Bloemen-
daal) consists of series of large valleys and high, broad
ridges with gentle windward and steep leeward slopes,
originating fromthemiddleages(Jelgersmaet al. 1970).
The calcium content of the sand is relatively low, and
the vegetation is a varied mosaic of low, partly open
vegetation with many patches of scrubs and woodlands,
the latter often dominant in the slacks (K -landscape).

The sand of these large, up to 55 m high, formerly
mobile dunes is derived from parts of the old barrier
duneridges, whichwere destroyed during acatastrophic
phase of wind erosion around the 10th - 12th centuries,
the cause of which has not been completely clarified.
Theridgeswerethreatening settlementsand agricultural
land during this period. Vegetation succession started
from bare sand after fixation by human efforts, which
was successful in most places around the end of the 12th
century, simultaneously with the protection of large
areas against the sea by dike construction. In the rela-
tively lime-rich and stabl e areas, vegetation on the slopes
is characterized by large populations of Rosa pimpinel-
lifolia (K b-landscape), on other parts of theridges, with
more acid and hydrophobic sand, Corynephorusiscom-
mon (K c-landscape). The difference is probably deter-
mined by the share of leached old dune sand at the
present surface, which had not been in contact with the
seafor avery long time.

The age, origin and vegetation of the system of old
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barrier duneridges and beach plainsisbriefly described
in the section on the main landscape types (W-land-
scape). South of The Hague and north of Alkmaar most
of it hasbeen eroded by the sea, and other large partsare
covered by, or mixed with, the younger dunes. On what
isleft, only for aminor part semi-natural vegetation is
present, mainly planted deciduous woodlands. On the
maps, adivision is madeinto dry, sandy, leached ridges
Ww-landscape, often with Pteridium aquilinum and
Quercus robur, moist, low, sandy ridges and plains
(We-landscape, with Anthriscus sylvestris and Ulmus
minor) and wet, peaty plains (Wv-landscape, with
Filipendula ulmaria and Alnus glutinosa).

TheslacksintheR, H and K -landscape zonesareall
secondary dune valleys, blown out by wind and origi-
nally moist to very wet (E and V-landscapes). Mainly
through extraction of drinking water and afforestation,
they dried out in the first half of this century, and must
now be mapped as belonging to the main types men-
tioned above. However, most of the larger valleyswere
temporarily used for agricultural purposes (grazed or
ploughed), mainly in the 18th and 19th centuries.

Thisdid not only resultinalossof natural vegetation
in large areas, but also in enrichment with organic
material. Thelatter effect, combined with the following
lowering of the phreatic water level, resulted in an
intensive leaching process. Moreover, succession after
abandonment of the cultivated land often started on bare
soil. Because of this, species-poor mossy or grassy types
(Kk, Kd) are now found in such places, evenin the R
and H-zones.

Another local change in the natural landscapes has
been caused by the planting of coniferousforests(mostly
Pinusnigra). These areas have been mapped asmuch as
possible on the basis of geomorphology, substrate and
surrounding vegetation. In some cases, there have been
irreversiblechangesintheoriginal landscape. New plan-
tations are now restricted to very small areas.

Still morerecently, pre-purified water hasbeeninfil-
trated in most areas for the purpose of maintaining the
supply of drinking water, creating artificial ponds and
seepage situations in adjacent slacks. These have only
been mapped in detailed studiesin partial areas (photo-
interpretations on scales 1: 2500 to 1: 5000).

Theposition of theareabetween | Jmuiden and Bergen
isdifferent from that further south, because originaly it
was more accessible to the sea, and therefore was inter-
mediate between the closed coast of the mainland and
theisland coast of the Wadden Sea. The zonation of the
younger dunes is geomorphologically similar, but the
sandisal ‘R-sand’, very rich in coarse shell fragments.
The H-zone islacking, and is replaced by a Rhb-zone,
instead of aK b-zone (see above) thereisazone mapped
as Rkb (without Rosa pimpindllifolia).

The estuarineislands (Fig. 1. D1-D4)

In thisregion, the old barrier dune system was situ-
ated much further west than the present coastline, and
has been virtually completely eroded. The calcium con-
tent of the present dunes varies strongly. There are old
dune areas, cliffed coasts as well as accretiona, very
young dune systems, which are not present on the main-
land, and therefore must be described here.

Zonation of dry dunesin accretional areas, richinlime:
A-H-K

Where various rows of former foredunes are present
because of coastal accretion and absence of large-scale
parabolization, duneridgesremainlow and Ammophila-
vegetation is replaced by Hippophae-scrub as soon as
thefresh supply of sand, being blown from the beach, is
cut off. Very soon, other shrubs, notably Crataegus
monogyna and Rhamnus catharticus, establish (Hb-
landscape). Where minor blow-outs occurred in the
relatively fertile sand - a situation which is common on
theseislands - Ligustrumvulgare, favoured by the mild
“southern’ climate, and Rubus caesius are al so abundant
(Hrb-landscape). On the tops and higher ridges, leach-
ing is unavoidable because of the permeability of the
sand and itspoverty of minerals, the scrubsdie off inthe
long run, and are replaced by lower vegetation, rich in
Rosa pimpinellifolia (Kb-landscape). On the Voorne
dunes, this type of succession has been taking place
from the 17th century to the present time.

Zonation in wet primary slacks: E - V

When abeach plainis cut off from inundationsfrom
the sea, conditions are brackish at first (M4e-land-
scape), but fresh-water conditions soon prevail, in con-
trast to e.g. the slacksin dry mediterranean climates (E-
landscape). Inthemoist primary slacks, succession leads
to high, dense scrubs (Eb); in the flat, sandy polders
behind the dunes, planted woodlands are found, similar
to those described under We (Ew-landscape). In some
of the wet slacks (exclusively on Voorne) natural lakes
and marshes are present (V-landscape).

An early phase of young dune formation, probably
around the 7th century, had led to the formation of
complexesof low andirregular ‘ kopjes’ (rolling) dunes,
now leached and strongly influenced by grazing (Cd-
landscape, after afforestation Cf- or Cw-landscape, af-
ter partial excavation Cz-landscape). Their geographi-
cal situation and morphology point to an origin in a
sheltered situation, probably behind the remnants of an
eroding barrier coast. Since that time, there has been
accretion of theyoung dunesinthenorthern, and erosion
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in the southern part of the region. On each separate
island, the same tendency can be observed on asmaller
scale. Where the older dunes have come into contact
with the younger dunes as a result of mobility of the
latter, transitional landscape types are found (e.g. Ca,
Ck, Ci or Kk). In some places, recent erosion is so
intensive that foredunes (Aa-landscapes) are missing.
Where areas, sheltered by dune ridges, are, or have
recently been accessible to the tides, Salt marsh land-
scapes (M 1-M 5) are well-developed. Those on Voorne
and Goeree are relatively recent developments, result-
ing from coastal accretion; thosein ZeeuwsVlaanderen
are remnants of formerly more extensive areas, espe-
cialy the ‘Zwin' on both sides of the Belgian border.

The area between Bergen and Camperduin

Before the younger duneswereformed, alargeinlet
(‘Zijpe’) existed between the calcareous ‘blond’ dunes,
containing iron oxide and some heavy minerals (Eisma
1968) in the south, and the acid, white dunes in the
north. After the closing of thisgap, the general direction
of the coast of Noord-Holland changed from SSW-NNE
toamore S-N direction (comparethedirection of theold
barrier ridges with the present coast-line). The southern
end of the northern, acid dune system, curving inwards
along the former inlet, is still present at Bergen (Wez-
landscape); NW of the present coastline it was eroded
by the sea. Between Bergen and Camperduin, an up to
4.5 km wide and 56 m high dune lobe has been blown
over sea clay, peat, older dunes and (in the south)
calcareous younger dune areas. The sand is the poorest
in mineral content of all Dutch dune areas, and
pronouncedly mobileduneformsprevail (Ca-landscape).
The eastern part is planted with pines.

The formerly wet dlacks are extensive, have dried
out and carry since ca. 1900 a heath vegetation, with
mainly Empetrum and Calluna (P1-landscape). At the
inner border oak forest is conspicuous (Pw or Cw-
landscape, dry Quercion robori-petraeae). The ecotone
between acid and calcareous dunesis rich and interest-
ing, with i.a. Cr (Corynephorus and Rubus caesius),
Clb and Cb (Corynephorus, Calluna and Rosa pimpi-
nellifolia) and Kc- (Koeleria macrantha and Coryne-
phorus) landscapes.

The Wadden region (Fig. 1. W1-W6)

In general, the dunes in this region are acid, but in
some parts CaCOgs-contents up to 2% occur, whichisan
important variation for vegetation composition and dune
morphology. Asinall regions, afundamental difference
exists between landscape succession in accretional and
in erosional areas.

Zonation of accretional coasts with calcareous sand:
Aj - Aa- Hr - Cb (Rosa pimpinellifolia) - Cld (Cory-
nephorus, Calluna, Festuca ovina).

Onwide beaches, low, ephemerous crescentic dunes
without vegetation are found (Aj), in somewhat more
stable situationsthere are embryonic duneswith Elymus
farctus (Aj, or Aj). In Hr, there are high and dense
scrubs of Hippophae and Sambucus nigra, which die
after one or two generations.

In southern Texel (Doing 1989), the age of the dune
complexesis about the same as on Voorne. The differ-
ence in age between Aa (how present since ca. 25 yr)
and Hr is 40- 80 yr, between Hr and Cb 50-90yr and
between Cb and Cld 100- 150 yr. South of Den Helder
we find a more exposed coast and there is a Cak-zone
between Aa and Cb.

Where calcium content islower, the Cb-landscapeis
absent, and from Hr the zonation is from Hc (open
Hippophae scrub with Corynephorus) to Cah (Coryne-
phorus, Ammophila and some Hippophae). On low
ridges, Empetrum may be abundant in both series (Hp
or Cp).

Zonation of erosional coasts with calcareous sand: Aa
- R (various subtypes) - K (mostly Kc) - Ci - Cd.

The process of parabolization first leads to an R-
landscape (Rubus caesius), but because of loss of lime
and organic material (a reciprocal reaction) thisis fol-
lowed up (here after ca. 100 yr) by amore open vegeta
tion (K) on older ridges.

Further penetration of the dunes, away from the
beach, mostly takes place acrosswet slacks, where Salix
arenaria is ailmost always present, and grows up with
the overblowing sand. Together with further leaching
and humus-mineralization this leads to a Ci-landscape,
with hydrophobic sand. Loss of cohesion of sand and
vegetation finally leads to lower, irregular dunes, suit-
ablefor grazing: Cd-landscapes, upto 400yr old. Tram-
pling by cattle causes mixing of organic material with
the subsoil and water erosion.

Zonation of erosional coasts with acid sand: Aa - Cah
-Cap-Ca

The pH of the sand in the foredunes is still high
because of the supply of sand from the beach and of salt
spray. Behind these, it quickly decreases, even after 5-
10yr, and aC-landscapeisfound, at first with scattered
Hippophae (Cah), at a dlightly later stage replaced by
Empetrum (Cap) and still later lacking both (Ca).

Because of theinsufficient waterhol ding capacity of
the soil, Empetrum dies in dry years. The danger of
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losing vegetation, and formation of high (up to 45 m),
mobile dune ridges is increasing with age. Such ridges
arenow mostly planted with Pinusnigra. Inafew cases,
an individual mobile dune became detached from the
main complex, wandered eastward with increased speed
(van Dieren 1934), and is now found as a Cap or Aa,-
landscapefar away from any foredunes (morethan 5 km
in the direction of the prevailing winds).

Zonation in dune slacks

Corresponding with the ridges, a difference must be
made between primary slacks on relatively undisturbed,
accretional coasts, and secondary ones, caused by blow-
outs at disturbed or erosional coasts.

In the former case, part of abeach plain has become
isolated from tidal influences. Before thisisolation was
completed, this part was in a sheltered position, and
some silt was deposited (M 4a). Thereafter, fresh-water
conditionssoon prevail, and succession leadsfrom E;my
via E; etc. to Es in moist slacks (see description of the
subtypes). The lower the lime content of the sand, the
quicker the succession, but, in contrast to the North
Frisian and Danish coasts, stages with basic conditions
are present. However, with time and widening of the
dunes, there is atendency for the phreatic level to rise,
and succession of slacks leads from E to V-landscapes,
with permanently high watertable and peat formation.
An example of this type of zonation is. E, (Schoenus
nigricans, Parnassia palustris etc.) - Eze (Phragmites,
Hydrocotyle) - Ve (tall Phragmites, Rumex hydro-
lapathum) +V , (openwater) - V,+Vi (Salixcinerea). In
the last stage, there is a dune lake, surrounded by tall
reeds and willow scrub. The latter is only found on
mineral subsoil, mainly along the borders of the slack.
In secondary slacks, thereisno silt layer and, inthe case
of coastal erosion, alowering of the water table occurs.
Addedtothis, thereisalso adanger of overblowingwith
sand from various directions, and therefore of raising of
the soil surface. For these reasons, there is no marine
stage, no tide mark of shells and organic material, and
no succession towards V-landscapes. The most com-
mon succession (= zonation of slacks of increasing age
and distance from the origin of initial disturbance) isE,
- Eai (Mentha aquatica, Salix arenaria) - Esxp (Oxy-
coccus macrocar pos, Myrica gale, Empetrumnigrum) -
E,w (acid birch woodland with Empetrum nigrum).
Thisserieslacksthefull development of E, and showsa
tendency towards heath vegetations. Along the borders
of primary valleys, or where these have become drier,
e.g. by overblowing, similar landscape types are often
found. In the driest situations, Cp-landscapes (Coryne-
phorus and Empetrum) are common.

Zonation in dune areas with low relief

Behind high, one-time mobileduneridges, mainly at
the inner dune border, there are areas which cannot be
classified as ridges, nor as slacks. Because of their
sheltered position, good vegetati on cover and geographi-
cal situation, they have always been suitablefor grazing
or even cultivation (both terminated since about 1900).
They are now covered with heath (P, Cp or Ci-land-
scapes), grassy or mossy vegetation of acid soils(Cd, Ci
or Ce-landscapes), or pine plantations (here Cf, Cfw or
Cfe-landscapes).

Zonations of accretional coasts, with primary ridges
and dlacks, only locally disturbed by blow-outs, are
found around the Zwanenwater (Petten-Cal lantsoog, now
part of the mainland), on Texel (except the northern part
which is the former idand of Eyerland), the western
ends of Vlieland, Terschelling and Ameland and
(fragmentarily) the whole of Rottumerplaat. Smaller
primary systems also occur on the younger parts of
Schiermonnikoog and Ameland. Specia cases are the
artificial sand dikes of eastern Terschelling, Ameland
and Schiermonnikoog, discussed in the following para
graph. All other dune areas are dominated by processes
of secondary dune formation.

Zonations of salt marshes and isolated dunes

These must be discussed in close connection with
human interventions in landscape building processes.
Although human habitation was much older, most of the
present villages on the Dutch Wadden Sea |dlands date
from around the 13th century. Thiswas also the time of
the construction of acoherent system of dikesto protect
major areas of agricultural land. Thisa soincluded sand
dikes and the planting of marram grass, where the natu-
ral dunes did not give sufficient security. The present
island poldersconsist partly of reclaimed salt marsh (M -
landscapes), partly of low lying sandy areas (Ce, E and
V-landscapes, locally with sea clay in the subsoil (van
Oosten 1986). Ecologically, they arenow potentia wood-
lands (w-landscapes) on soils, enriched by manuring (t),
artificialy levelled (z) and carrying a short and dense
grass turf (d). For these reasons, they are indicated on
the maps as Cwedtz, Ewdt, M4ewdtz, etc.

Because of therising sealevel and the sinking land,
the natural foreduneswerenot rectilinear, and they were
interrupted by inletsand overwash areasin many places.

The present closed, straight and high foredunes as
well asformer foreduneridgeshave grownwith thehelp
of man, even where this is not evident at first sight.
Therefore, there is no clear distinction between sand
dikesand natural primary dune complexeson accretional
coasts. Theinner duneridges near the Zwanenwater and
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between Texel and Eyerland originated as sand dikes at
ca. 1630. On high sand flats, situated in the shelter of
stable dune complexes, mainly at the eastern end of
some of the islands, series of circular or crescentic
foredune complexes of various sizes and ages occur
(Doing 19834). They originated as primary dunes, de-
veloping under the influence of sand, blowing from all
directions, but often have been remodelled by subse-
guent erosion.

After the construction of the long sand dikes, men-
tioned before, which mostly took place in the first half
of this century, large parts of the sand flats became
protected against floods from the North Sea. Thisiniti-
ated the development of large areas of salt marsh veg-
etation (Westhoff 1947). Sand movement by wind was
stopped, causing fixation and leaching of the isolated
circular dunes, and the deposition of silt was started
after the establishment of salt marsh vegetation, mainly
Salicornia (M1), and became most intensive in the
medium salt marsh (M 2). In accretional areas, the com-
plete zonation from MO viaM 1 etc. to M4 or M5 (see
description of the main types) is found. In erosional
areas, one or more of the zones (in the first place M 1)
may be missing. Stable, isolated dune complexes are
mostly mapped as Ck or K (K¢, Kk, Ka), mobile parts
asAaor Ca.

Applicationsto conservation and management

Many vegetation and landscape maps of the Dutch
coasts have been published over the past 40yr, but apart
from the much simpler map 1: 100000 by Bakker et al.
(1981) the present landscape-ecological map isthe only
one covering the entire coastline of the Netherlands.
This map is based on an holistic concept of the land-
scape. It includes the combination of broad landscape
units and vegetation types, which rendersit suitable for
applications in coastal management, particularly in the
dunes. Almost al open dune landscape is protected
from major urban-industrial development and is man-
aged for the catchment of drinking water, nature recrea-
tion, and/or the preservation or even devel opment of the
natural biodiversity.

First the map can serve asabasisfor dune afforesta-
tion. This is hardly actual any longer in the Dutch
situation. In retrospect, several less successful affores-
tations could have been avoided if alandscape-ecologi-
cal map would have been available. Now it may be used
to reconstruct plantations.

Second it can be used as abasis for the regulation of
recreation, i.e. the planning of car parks, walking routes,
meadows for sun bathing, natural history paths and the
protection of local sites of ecological interest. This can

be exemplified with the planning of theMeijendel dunes,
which are managed by the Zuid-Holland Drinking Wa-
ter Company (formerly the Water Works of the City of
TheHague). Thiscompany getsadvice from ascientific
committee and produces elaborate management plans,
in order to extract drinking water and at the same time
optimize the recreation capacity of the area, situated at
theoutskirtsof thecity of TheHague. Finally ecosystem
diversity is maintained and enhanced through selected
grazing and thelocal rejuvenation of the dunelandscape
by stimulating the formation of parabolic dunes (Jun-
gerius & van der Meulen 1989)

The third and most important field of applicationis
nature conservation, which can be successfully based on
a landscape-ecological map. The main types of natural
and semi-natural vegetation types and their biotic com-
munities can be understood in their landscape-ecol ogi-
cal context and managed more optimally. The manage-
ment may even include measures to restore the natural
variation in vegetation types. The example of ‘para
bolization’ of the dunes, mentioned above, is an out-
standing one. Another example is the restoration or at
| east re-approximation of theoriginal groundwater level.
Thiscan be doneby changing theregional hydrology. In
the Meijendel dunes this was realized by means of the
infiltration of purified river water (e.g. van der Meulen
1982; van Dijk 1989).

Inthisway, wet duneslackswereformedintheolder
dunes in which part of the original dune slack plants
reappeared. The re-creation of dune slacks and the pre-
diction of subsequent vegetation development in this
areawerestudiedinaspecial project (Noest et al. 1989).

Another example of ecohydrological studiesleading
to the maintenance and extension of species-rich dune
slack vegetation is found in the work by Grootjans
(Grootjans et al. 1991, 1995) in the older, northwestern
part of the dunes of the Wadden island Schiermonnik-
oog (Fig. 2). It concernsthelocal upwelling of base-rich
groundwater resulting from the passage through cal car-
eous subsoils.

The map of Schiermonnikoog (Fig. 2) aso summa-
rizesthe development of salt marsh. Theisland isgrow-
ing eastward and the youngest stages of salt marsh
development are found at the eastern tip (type A,m0);
from there we can follow a series of salt marsh stages
along the southeast coast vialow and medium to high
sat marsh (M1 - M3).

Finally, an example of the use of the landscape-
ecological map for management planning is givenl.
This concerns the dunes near Haarlem, where the Am-
sterdam Water Works extract drinking water. Here, a
detailed landscape-ecological map, scale 1: 5000 was

with the help of A. Ehrenburg, Amsterdam
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made of an area of 3500 ha; this map can be directly
related to the general map discussed in the present
paper, because both maps result from a holistic concept
of the dune landscape. The local map was used to
develop a management plan for the area. The various
|landscape zones were described with a particular inter-
est in the natural processes underlying the dynamics of
the vegetation types.

This means in fact a new type of management,
‘process management’, which allows the natural proc-
essesto take place asfar aspossible (cf. van der Meulen
& Jungerius 1989 and particularly Wanders 1989).

The following aspects of the new management can
be mentioned.

- The outer, mobile dunes are characterized by the R-
landscape (Rubus caesius). Thiszoneoriginated through
theregular drifting of sand. Blow-outswith their associ-
ated pioneer plant communities are maintained or even
stimulated in this zone.

- Grass encroachment occurs in the middle dune zone
with the H-landscape (Hippophae rhamnoides). In sev-
eral such areastheloca management hasincluded graz-
ing by domestic cattle to counteract the advancement of
grassland. However, in a more natural management
approach grass encroachment in this particular land-
scape can be accepted and no measures are necessary.
- In the Kb-landscape pine plantations can be found,
which are not important any longer from a protection of
wood production viewpoint. They can be removed on
the basis of the distribution of natural understorey,
particularly with Rosa pimpinellifolia.

- In the C-landscape (Corynephorus canescens), devel-
oped on former agricultural fields created earlier, de-
tailed sequential mapping of the vegetation hasrevealed
that the dense, tall and ecologically less interesting
grassland which had been formed there, was changed
into a short more species-rich grassland with a moss
layer (from type Cdg to Cd) through mowing. The
change took placein only 8 yr.

Concluding remarks

The present study was summarized more than 10 yr
ago (Doing 1988) and datafor someregionsand islands
are aready 20 yr old. Since then, many changes have
occurred, as may be expected in the extremely dynamic
dune and salt marsh landscape. Foredunes or parts of
sand dikes have disappeared, others have grown. In
someplacesthey areartificially stabilized by deposition
on the beach of sand gathered from the sea offshore.
Succession has progressed in some places, perhaps ac-
celerated by dry deposition. Where maintenance be-
camelessintensive, new blow-outs may have appeared.

Slacks became wetter or drier because of activities of
drinking water companies, climatic conditions or the
blowing of sand. Dune heathland may have changed in
Pl-landscapes through the replacement of Calluna by
Empetrum.

All these changes are asking for an updating of the
map. However, onthelevel of the broad |andscape units
as mapped at the scale 1: 50000, these changes are of
minor importance, except perhaps in the case of large-
scale development of mobile, bare dunes on exposed
beach plains, and large-scale building of houses and
industries (mainly in the region IJmuiden - Wijk aan
Zee). Thus, the landscape-ecological map as described
here does not need avery regular updating, whilst more
detailed maps will be necessary every 10 yr or so.
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App. 1. Landscape types and subtypes with aletter combination and colour indication. The units are indicated as much as possible
by common, characteristic names. The formal significance of the code lettersis listed separately (App. 2).

A,m  Beachlandscape

Aj Beach dune landscape

Aa Landscape of blowing dunes (mostly foredunes)

Aar Landscape of blowing dunes with Alnus scrub

Aas  Landscape of blowing dunes, subtype near old sea-villages
Ac Ammophila landscape with Corynephorus

Ah Ammophila landscape with Hippophae

Ak Ammophila landscape with Sedum acre

Hh Hippophae landscape (pure form)

Hr Hippophae landscape with Sambucus

Hb Dry Crataegus-Betula landscape

Hk Open Hippophae landscape

Hc Hippophae landscape with Corynephorus
Hw Wooded Hippophae landscape

He Moist Hippophae landscape

Rr Rubus caesius landscape (pure form)

Rh Rubus caesius landscape with Sambucus

Rk Open Rubus caesius landscape

Rc Rubus caesius landscape with Corynephorus
Rs Rubus caesius landscape near old sea-villages
Rb Rubus caesius landscape with Euonymus

Rw Wooded Rubus caesius landscape

Re Moist Rubus caesius |landscape

Kk Koeleria landscape with dominant moss vegetation
Ka Koeleria landscape with blow-outs

Kh Koeleria landscape with Hippophae

Kr Koeleria landscape with Rubus caesius

Ks Koeleria landscape near old sea-villages

Kc Koeleria landscape with Corynephorus

Kb Calcareous Rosa pimpinellifolia landscape (cf. Cb)
Kw Wooded Koeleria landscape

Ca Open Corynephorus landscape rich in lichens

Cd Grassy Corynephorus landscape (closed vegetation)
Ch Corynephorus landscape with Hippophae

Cr Corynephorus landscape with Rubus caesius

Ck Corynephorus landscape with Koeleria communities
Cb Acid Rosa pimpinellifolia landscape (cf. Kb)

Ci Corynephorus landscape with Salix repens

CI-Cp Corynephorus landscape with heath

Ce Moist Corynephorus landscape

Cf Corynephorus landscape with Chamerion angustifolium
Cw Wooded Corynephorus landscape

Pp Empetrum nigrum landscape
PI Calluna landscape

Pc-Pa  Open heath landscape

Pe Moist heath landscape

Pw Wooded heath landscape

Ww  Dry old barrier beach-ridge landscape

We Moist old barrier beach-ridge or beach-plain landscape

Wv Peaty old beach-plain landscape

Wi Old barrier beach-landscape with Dryopteris dilatata wood-
land

E, Moist dune-slack landscape with scarce vegetation
Ee Moist dune-slack landscape with Phragmites australis

Ei Moist dune-slack landscape with Salix repens

Eb Moist dune-slack landscape with Hippophae and Betula
Ex Moist dune-slack landscape with Vaccinium macrocarpon
Ep Moist dune-slack landscape with Empetrum

El Moist dune-slack landscape with Erica tetralix

Ev-Ey Very moist dune-slack landscape
Ew Wooded dune-slack landscape
E- Moist dune-slack landscape, slightly brackish

\% Dune-lake with permanent open water

Ve Wet dune-slack with Phragmites australis
Vy Dune-lake with colonizing communities
Vi Wet dune-slack with Salix scrub

Vv Wet dune-slack with Alnus woodland on peat
Vw Wet dune-slack with Alnus woodland on sandy peat

MO Mud-or sandflat or tidal gully without vegetation
MO0.1  Mud-or sandflat with scarce vegetation

M1.0 Low salt marsh with scarce vegetation

M1=1 Sandy low salt marsh

M1t  Muddy low sat marsh

M2.1 Basin of medium sat marsh

M2>2 Leveeof medium salt marsh

M2d  Grazed medium salt marsh

M3<3 Basin of high salt marsh

M3.3 Leveeof high salt marsh

M3d  Grazed basin of high salt marsh

M3>3 High sat marsh with low dunes

M4<4  Brackish flat with salt marsh elements

M4e  Brackish flat with dune slack elements

M4=4  Brackish flat with low dunes

M5<5 Very high, sandy salt marsh

M5h  Low duneswith Hippophae on very high salt marsh
M5a-k Low duneswith open vegetation on very high salt marsh

Main types of salt marsh landscape
MO Mud or sandflat landscape
M1 Salicornia landscape

M2 Puccinellia landscape

M3 Lolium perenne landscape
M4 Agrostis stolonifera landscape
M5 Elymus pycnanthus landscape
Important sub-type in salt marshes:

t tide mark landscape

Special map signatures:

i Combination with Salix scrub or dwarf scrub

d Short and dense grassy vegetation

S Landscapes near old sea-villages

- Border between main landscape types
Border between subtypes

.., Border between the old barrier beach-ridge and plain land-
scape
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a0 o»

- m

MO
M1
M2
M3
M4

M5

0 (zero)
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L andscapes with strongly blowing sand

Rich in scrubs (mainly Crataegus, Euonymus, Rosa
spp.)

Corynephorus landscape (dry, acid, younger dunes)
Rich in dense short grass vegetation (sometimes dense
mossy), mostly induced by (former) grazing or mowing
Moist dune slacks

Withindicatorsof a‘nitrogen-shock’ inan acid environ-
ment

Rich in dense long grass vegetation, mostly caused by a
sudden change in environment (e.g. dying-off of wood-
land or scrub, lowering of water table)

Hippophae |andscape (depositional, cal careous, humus-
poor young dunes)

Rich in Salix scrub (in dry landscape types: formerly
moist, overblown valleys with Salix arenaria)

Beach dunes, bare or with vegetation (mostly with Elymus
farctus)

Koelerialandscape (dry, moderately cal careousyounger
dunes)

With heath vegetation (Calluna, Erica tetralix)

Marine landscapes (salt marshes and mud flats)

Mud flats

Low salt marsh

Medium salt marsh

High salt marsh.

Brackish transition zone between high salt marsh and
moist young dune slack

Transition zone between high salt marsh and dry young
dunes

Not mapped (e.g. parking areas)

No or scarce vegetation

Heath landscape; dry or moaist, acid, densely vegetated
younger dunes in the ‘Wadden District’

Marine communities on stone dikes and rocks

Rubus caesius landscape (overblown, calcareous, very
young dunes)

Landscapes near old villages (dry, calcareous, humus-
poor, very young dunes, floristically and chemically
enriched by long-term outside influences, e.g. former
human activities)

Nitrophilouscommunities, induced by short-term chemi-
cal enrichment by mark deposition or human distur-
bance

With "southern’ species, occurring in the'Delta’ area
Landscape of permanently wet dune slacks

Landscape of old barrier dunes and beach plains

dry old duneridges

Moist old dune ridges or beach plains

Wet old beach plains

Vegetation rich in Vaccinium, Myrica etc. (dune slacks
with superficial peat formation in an acid environment)
Presence of colonizing vegetation in chemically rich
dune lakes (including those caused by artificial infiltra-
tion)

Excavated or levelled areas (incl. formerly cultivated
parcels)

Main types, also occurring as subtypes (a, c etc.)

Only occurring as subtypes

Moist dune slack with pioneer species
Moist dune slack with basic soil
Moist dune slack with neutral soil
Moist dune slack with acid soil

Moist dune slack with very acid soil
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App. 3. Characteristic plant species of the landscape units and combinations thereof.

Aa
Aj
Ajs
At
Aot
Aas
Asu
C

Cd
Cb+Kb
Cs

C+K+
P+Ww

C+P

Eo
E1
E2, Em4

E4
Es

Eb
EetVe

fe
fu

Hb+Kb
+Rb

He
Hh+g

K+R

K+C+R

KS

KSt+Aas
Ksu+Csu
KstRs
Ku+Hu
+Ru

Ammophila arenaria

Elymus farctus

Honkenya peploides

Leymus arenarius, Sonchus arvensis var. maritimus
Cakile maritima

Eryngium maritimum

Calystegia soldanella, Euphorbia paralias

Corynephoruscanescens, Teesdalia nudicaulis, Cladonia
portentosa, Cornicularia aculeata

Aira praecox
Rosa pimpinellifolia
Trifolium arvense, Scleranthus perennis

Polypodiumwvulgare, P. interjectum, Veronicaofficinalis,
Dicranum scoparium, Cladonia arbuscula

Hypnum jutlandicum, Pleurozium schreberi

Hydrocotylevulgaris, Mentha aquatica, Lotusuliginosus,
Juncus articulatus, Cirsium palustre, Carex trinervis

Littorella uniflora, Samolus valerandi, Gnaphalium
|uteo-album, Chara sp.

Juncus bufonius, J. bulbosus, Centaurium spp., Anagallis
tenella, Sagina nodosa, Carex oederi ssp. pulchella

Schoenus nigricans, Parnassia palustris, Epipactis
palustris, Juncus al pino-articulatus

Juncus conglomeratus, Carex nigra, Ranunculus
flammula, Cirsiumdissectum, Moliniacaerulea, Seglingia
decumbens

Sphagnum spp., Polytrichum commune, Dryopteris
carthusiana, D. cristata, Eriophorum angustifolium,
Potentilla palustris

Ajuga reptans, Listera ovata

Phragmites australis, Typha angustifolia

Rubus fruticosus, Chamerion angustifolium, Prunus
serotina, Dryopteris filix-mas

Dryopteris dilatata

Rubus ulmifolius

Hippophae rhamnoides, Asparagus officinalis,
Cynoglossum officinale

Crataegusmonogyna, Euonymuseur opaeus, Rosa canina,
Rhamnus catharticus, Inula conyza, Lithospermum
officinale

Eupatorium cannabinum
Calamagrostis epigegjos
Salix arenaria

Koeleria macrantha, Phleum arenarium, Sedum acre,
Erodium glutinosum, Myosotis ramosissima, Tortula
ruralis, Cladonia foliacea, C. furcata, C. rangiformis

Hypnum cupressiforme var. lacunosum, Cerastium
semidecandrum, Lotus corniculatus, Cardamine hirsuta

Carex arenaria, Festuca ovina, F. rubra ssp. arenaria,
Galium verum, Erophila verna, Hieracium pilosella,

Thymus pulegioides, Viola canina, V. curtisii, Luzula
campestris
Populus canescens, Racomitrium canescens

Sleneconica, S nutans, S. otites, Anacamptispyramidalis,
Rhinanthus spp., Sedum album

Artemisia campestris ssp. maritima, Anthyllis vulneraria
Eryngium campestre, Trifolium scabrum
Orobanchecaryophyllacea, O. picridis, Gentianacruciata
Senecio jacobaea var. jacobaea

MO Zostera marina, Z. noltii

M1 Salicornia dolichostachya

M1t Spartina anglica, Salicomia brachystachya, Suaeda
maritima

M2 Puccinelliamaritima, Halimione portulacoides, Limonium
vulgare, Plantago maritima

M2t Aster tripolium, Spergulariamaritima, Cochleariaanglica

M3 Armeria maritima, Juncus gerardii, Festuca rubra ssp.
litoralis, Artemisia maritima

M3t Juncus maritimus, Triglochin maritima

M4 Scirpus maritimus, Trifolium fragiferum, Oenanthe

lachenalii, Odontites verna

M4+Ed  Agrostis stolonifera, Potentilla anserina, Rumex crispus,
Festuca arundinacea

M4t Glaux maritima, Carex extensa, Puccinellia distans,
Triglochin palustris

M4d+ed Lolium perenne, Prunella vulgaris, Trifolium repens
+vd

M 5k Sagina maritima, Plantago coronopus, Ononis spinosa,
Lotus tenuis

M5u Blackstonia perfoliata

M5g Elymus athericus, E. obtusiusculus

+M3g+Rg

M 5t Atriplex litoralis, A. patula, A. prostrata, Matricaria
maritima

P Empetrum nigrum

PI+Cl Calluna vulgaris, Genista anglica, G. tinctoria
PletEs  Ericatetralix, Potentilla erecta
Px+Ex  Oxycoccus macrocarpos, Myrica gale, Nardus stricta

R Rubus caesius, Ligustrum vulgare, Rosa rubiginosa,
Galium mollugo, Picris hieracioides

Rk Ononisrepens var. mitis, Tortella flavovirens

Rh+Hr  Sambucus nigra, Bryonia cretica, Anthriscus caucalis

\% Alnusglutinosa, Irispseudacorus, Rumex hydrolapathum,

Galium palustre, Caltha palustris
V+Ev+  Filipendula ulmaria, Angelica sylvestris, Lycopus
Eb+Wv europaeus, Scutellaria galericulata, Lysimachiavulgaris,
Lythrumsalicaria, Calamagrostis canescens, Carexacuta

Vi Salix cinerea, S. multinervis
V+E Scirpus lacustris, Alisma plantago-aquatica, Hippuris
vulgaris

Vy+Ey  Typhalatifolia, Carex paniculata, C. pseudocyperus,
Ranunculus lingua

We Ulmus minor, Populus alba, Hedera helix, Anthriscus
sylvestris, Aegopodium podagraria, Sachys sylvatica,
Veronicahederifolia, Ornithogalumumbellatum, Corydalis
solida, Viola odorata

We+Ww Quercus robur, Fagus sylvatica, Ilex aquifolium, Poa
nemoralis, Polygonatum multiflorum, Milium effusum,
Scilla non-scripta

Wet+Wv Fraxinusexcelsior, Prunus padus, Ficaria verna, Festuca
gigantea, Rumex sanguineus, Adoxamoschatellina, Allium

ursinum
Wv Carex remota, Cardamine flexuosa
Ww Pteridium aquilinum, Holcus mollis, Aulacomnium

androgynum, Polytrichum formosum

Ww+Cw Lonicera periclymenum, Convallaria majalis,

+Kc Teucrium scorodonia, Mnium hornum, Leucobryum
glaucum

Ww+C+E Betula pendula, B. pubescens, Populus tremula, Sorbus
+H+K+R aucuparia
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App. 4. Characterization of the landscape units by phytosociological units: A and M-landscapes. Units indicated by a running
number and aname which is either an aliance from the Braun-Blanquet system of plant communities (Westhoff & den Held 1975),

or/and dominant species.

0 =dominant in the relevant landscape type

x = mostly not dominant, but characteristic or at least optimally developed here

+ = present obligatory
| = present facultatively

« = present more or less frequently; but mostly fragmentarily

Saginion maritimae

Atriplicion littoralis
Halo-Scirpion
Puccinellio-Spergularion salinae
Angelicion litoralis

Ruppion maritimae

Armerion mar. + Lolio-Potentillion
Armerion mar., Juncus gerardii dom.
Armerion maritimae

Pucc. mar., Pucc. mar. dom.
Puccinellion maritimae
Spartinion

Thero-Suaedion
Thero-Salicornion

Zosterion

Caricion davallianae
Phragmition + Hydrocotyle
Lolio-Potentillion, brackish
Lolio-Plantaginion

Nanocyperion flavescentis
Spergulo-Corynephorion
Caricion arenariae
Phleo-Koelerion + Rubus caesius
Tortulo-Phleetums. s.
Hippophae-Calam. + Elymus pycn.
Hippophae-Calam. ruderal
Arction

Dauco-Méelilotion

Sisymbrion
Hippophao-Sambucetum
Ammophila ar. + Eryngium marit.
Ammophilion arenariae

Elymion farcti

Salsolo-Honkenyon, Honkenya-soc.

Salsolo-Honkenyon, Cakile-soc.

Aj

Aa

——— 0 X — = — —

Asas
Aar

- — — + 4+

Ac

Ah

Ak

MO

MO0.1
M1.0
M1.1
M1t

M2.1
M2.2
M2d

M3<3
M33
M3d

M3>3

M4<4

M4e

— — +

M4=4
M5<5
M5h

Mbatk o —

100
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App. 4. (cont.) H, R and K -landscapes.

Symbols: see first page of App. 4

Moist Salix arenaria scrub

Caricion davallianae marsh
Caricion curtae-nigrae + Mentha marsh
Phragmition + Hydrocotyle
Lolio-Potentillion, fresh water
Nanocyperion flavescentis
Holco-Quercetum roboris
Arrhenatherion elatioris
Filipendulion

Aegopodion podagrariae
Geo-Alliarion

Violion caninae

Thero-Airion
Spergulo-Corynephorion

Epilobion angustifolii

Caricion arenariae
Dicrano-Cladinion + Rosa pimpin.
Dicrano-Cladinion + Salix repens
Dicrano-Cladinion
Polypodio-Salicetum
Anthyllideto-Slenetum
Pilosello-Festucion + Salix repens
Pilosello-Festucion + Rubus caesius
Pilosello-Festucion, dense turf
Thero-Trifolion

Phleo-Koelerion + Rosa pimp.
Phleo-Koelerion + Rubus caesius
Phleo-Koelerion + Slene
Tortulo-Phlegtums.s.
Anthrisco-Fraxinetum + Violo-Ulmetum
Anthrisco-Fraxinetum: Quercus dom.
Fraxino-Ulmetum: Betula dom.
Berberidion: Ligustrum-Rosa rubiginosa
Berberidion: Crataegus-Euonymus
Hippophae-Calam. + Elymus pycn.
Hippophae-Calam..-ruderal

Arction

Caucalidion lappulae

Onopordion acanthii
Dauco-Méelilotion
Polygono-Coronopion

Ssymbrion

Polygono-Chenopodion
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+ —

+ — —

+ + — —

X — — —

b —_ — —

+

+ —

72
71
70
65

60
55
51
50
49
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Chenopodion muralis
Hippophao-Sambucetum .

Ammophilion arenariae . [ B +

Hh
Hr
Hb
Hk
Hc
Hw
He
Rr
Rh
Rk
Rs
Rc
Rb
Re
Rw
Kk
Kd
Ka
Kh

Kc
Kr
Ks
Kb
Kw
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App. 4. (cont.) : C and P-landscapes.

Symbols: seefirst page of App. 4

Ericion tetralicis + Oxyc. + Myrica | 74
Ericion tetralicis | |1+ 73
Moist Salix repens scrub . (. | 70
Caricion c.-n. + Oxycoccus+ Pote. pal. | 69
Caricion curto-nigrae + Pote. erecta | | 68
Molinio-Quercetum | | . | 57
Holco-Quercetum + Dryopt. dilat. o . | 56
Holco-Quercetum . | + 55
Dicrano-Quercetum + Mel.-Quercion . | 54
Calluno-Genistion pilosae + Empetrum | Ol 1 1 1 47
Calluno-Genistion pilosae + | | | O + + | 46
Violion caninae [ T O O (R S R | [ | 45
Thero-Airion + Trifolium arvense || 44
Thero-Airion [ I O e 1] 4
Spergulo-Corynephorion O+ 00+ O+ + + | | . + 42
Rubus frut.-Prunus serotina scrub | | 41
Rubion subatlanticum: Crataegus monog. + | 40
Cytisus scoparius scrub | % | | 39
Epilobion angustifolii . + | 38
Caricion arenariae + 1 | | | 37
Dicrano-Cladinion + Rosa pimp. O 36
Dicrano-Cladinion + Salix repens I Y R (R B 1 1 | 35
Dicrano-Cladinion + o+ + + o+ o+ o+ |+ ]| 0+ 34
Pyrolo-Salicetum (. . | 33
Polypodio-Empetretum | + ]| e 32
Polypodio-Salicetum LI + ] |+ . 31
Pilosello-Festucion + Salix repens L N O I R B 1 1 | 29
Pilosello-Festucion + Rubus caesius + 28
Pilosello-Festucion, dense turf L I | 27
Phleo-Koelerion + Rosa pimp. | 25
Phleo-Koelerion + Rubus caesius + 24
Tortulo-Phlegtum s.s. | + . 22
Fraxino-Ulmetum: Quercus dom. . | 20
Fraxino-Ulmetum: Betula dom. | | 19
Hippophae-Calam. ruderal + . o e 15
Arction | | . 14
Onopordion acanthii o e o e 12
Dauco-Melilotion LI o . 11
Polygono-Coronopion o e o e . 10
Ssymbrion o e o e o e
Polygono-Chenopodion . .
Ammophilion arenariae +

8356603880606 8 gaxéde &
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App. 4. (cont.) : E, V and W landscapes.

Symbols: see first page of App. 4

Halo-Scirpion

Angelicion litoralis

Ruppion maritimae

Salicion cinereae

Calthion palustris
Magnocaricion
Glycerio-Sparganion

Potamion graminei
Callitricho-Batrachion
Hydrocharition + Lemnion
Parvopotamion

Nymphaeion

Magnopotamion

Charetalia

Ericion tetralicis + Oxyc.+ Myrica
Ericion tetralicis

Moist Salix repens scrub
Caricion davallianae

Caricion curto-nigrae + Mentha
Caricion c.-n.+ Oxyc. + Pote. pal.
Caricion curto-nigrae + Pote. er.
Junco-Molinion

Phragmition + Iris

Phragmition + Hydrocotyle
Lolio-Potentillion, fresh water
Lolio-Potentillion, brackish
Lolio-Plantaginion

Bidention

Nanocyperion flavescentis
Littorellion uniflorae
Circaeo-Alnion
Molinio-Quercetum
Holco-Quercetum + Dryopt. dilat.
Holco-Quercetum
Dicrano-Quercetum + Mel .-Quercion
Luzulo-Fagion

Alnion glutinosae
Arrhenatherion elatioris
Filipendulion

Aegopodion podagrariae
Geo-Alliarion

Calluno-Genistion pil. + Empetrum
Calluno-Genistion pilosae
Violion caninae

Thero-Airion
Spergulo-Corynephorion

Rubus frut.- Prunus serotina scrub
Rubion subatl.: Crataegus dom.
Cytisus scoparius scrub

Epilobion angustifolii
Dicrano-Cladinion
Pyrolo-Salicetum
Polypodio-Empetretum
Pilosello-Festucion, dense turf
Anthrisco-Fraxinetum + Violo-UIm.
Fraxino-Ulmetum: Quercus dom.
Fraxino-Ulmetum: Betula dom.
Arction
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71
70
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59
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S&EE&ES

41

39
38

33
32
27
21
20
19
14



