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Abstract

A table is presented of the most important species of the fore-dune complex in various parts of the world,
representing all continents. The complex is divided into six zones or habitat types, which have proved to be
widely applicable for this purpose. The zones are briefly described in terms of floristics, geomorphology,
ecology (sand movement, salinity, organic matter) and climate. A major division is indicated between tropical
(including subtropical) and temperate (including cold) regions. The former are subdivided into those with
humid and those with arid climates, the latter into those with cool to warm-temperate and those with boreal
to subarctic climates. The highest, most extensive and most complicated dune areas occur in those regions
where the effects of disturbance by wind and fixation by plant growth are about equally strong. A number of
species show the ‘retraction phenomenon’: a shift from a certain zone towards a more sheltered zone in an
area with more harsh conditions (e.g. a shorter vegetation period). The filling of empty niches by introduced
species (e.g. in connection with the scarcity of native tidemark species in temperate Australia) is also quite

common. Most communities are rich in (sub)cosmopolitan species.

Introduction

Coastal plant communities in various parts of the
world often have obvious similarities, partly due to
specific environmental factors. In a previous paper
(Doing, 1981a), a division of sand dune landscapes
into a number of zones or habitat types has been
proposed, with the aim of creating a frame of refer-
ence for more detailed studies of the relationship
between geomorphology, plant communities, cli-
mate, etc., and for the understanding of the behav-
iour and ecology of species. It may be applied for
the comparison of species niches in similar ecosys-
tems in areas belonging to different phytogeogra-
phical and climatological regions. Although no
studies in population dynamics and ecophysiology
have been carried out, many problems relevant to

* Nomenclature: see various regional references.
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these fields arise from it. Examples of this may be
found in the abundance of nitrophilous species in
various areas and their distribution throughout
coastal zones (e.g. their tolerance to sedimentation
and their degree of dependence on the presence of
organic tidemark material). Since experimental or
detailed studies are mostly limited to small areas,
their range of applicability should be judged with
the help of such a frame of reference. By means of
regional comparisons, it is possible to take account
of climatic variation, which is difficult to cope with
by means of experiments.

To limit the scope of this paper, the ‘fore-dune
complex’ has been chosen for a further elaboration
of the original scheme (Doing, l.c.), and is presented
in the form of a table with explanations (Table 1).

If the term ‘fore-dune’ is used in the sense of
‘frontal dune’ (as seen from the beach; cf. Bird,
1964), its position in the complete scheme of land-



66

scape zonation varies according to the climatic area
as well as to the local history of the coastline, which
makes it unsuitable for our purpose. Therefore, the
term ‘fore-dune complex’ has been used to indicate
the complete range of zones which may be present
as a direct effect of recent, active transportation of
sand and organic material perpendicular to the
shoreline. In many areas, two dune ridges are pre-
sent, varying in relative and absolute height (cf. the
discussion on p. 9), and carrying at least two dif-
ferent plant communities. Because of the interde-
pendence and interaction of the zones (numbered
1-6 in the table), the ecology of the communities
and species growing in this situation can only be
properly understood if they are treated as a whole,
As an example, the situation in northern France
(English Channel coast) is presented in Figure 1.

Explanation of the table

The fore-dune complex, which may be regarded
as one geographical, geomorphological and func-
tional unit (landsystem), is being divided into six
zones, with distinctive plant communities. Major
plant species are arranged according to their order
of appearance in these zones in each area, starting
from the beach. In the case of accretion, periods
may occur when succession is possible, e.g. from
tide mark ecosystems to embryonic dunes, and
from low to higher dunes. Where erosion takes
place, developments are possible in an inverse di-
rection, or other zones arise, which are not being
discussed here. In the former case, zones are often

1 2

3

well developed, with clear boundaries between
them. In the latter case, zones are more or less
mixed with each other, and richer in species. As a
general rule, however, the complete range of zones
can only be constructed by studying a whole area,
and in most places the zonation does not coincide
with a succession. The meaning of the term ‘rocky’
in the first column is: relatively small sand dune
areas in the vicinity of rocky coasts.

The taxonomic nomenclature is according to the
majority of the referred publications, which ap-
peared around 1970. Most of the species which
occur only locally, have been omitted. In a full
description of all zones (cf. Doing, 1981a, b), some
of the species would be placed into a zone which
does not occur in the table. On the other hand, a
number of species are left out, which clearly have
their optimum in those zones, or not in sand dunes
at all.

It is very common, that species, which are major
constituents of a more exposed zone, also occur (in
lower numbers but with high frequencies, or in high
number but with lower fertility or vitality) in one or
more of the more sheltered zones. To avoid confus-
ing repetitions, species are, as a rule, only mention-
ed in the first zone in which they are well developed.
Exceptions are made for those species which are
dominant or tend to form monospecific communi-
ties in two zones. These are mentioned in both
zones. In each list, dominant species are mentioned
first. The names of introduced species are placed
between brackets.

Table 1 is far from complete. From the literature
(e.g. phytosociological tables) it is often difficult to

4 5

Fig. 1. Zonation in northern France (English Channel coast) along a stable coast.

Zones:

1. = Cakile maritima (only in favourable situations);

2 = Honkenya peploides (only in favourable situations);

3 = Agropyron junceiforme (minor part of sand fixed by vegetation);
4 = Ammophila arenaria (major part of sand fixed by vegetation);

5 = Festuca rubra arenaria (accretion up to few dm of sand per year);
6 = Tortula ruralis (accretion only few cm of sand per year).
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derive the correct position of species in the zona-
tion.

Vegetation structure is extremely variable, even
within the same community, and in many publica-
tions it is not well described. For these reasons, it is
not mentioned in Table 1.

General conclusions

1. The division of the fore-dune complex into the
6 zones, distinguished in Table 1, has a worldwide
applicability, and is used in a similar way by many
authors, although in many cases the complete range
has to be constructed from various examples or
papers(e.g. Gimingham, 1964; Heykena, 1965; Oh-
ba et al., 1973; Thannheiser, 1981b; Wojterski,
1964). However, the clearness of a certain zone,
morphology and height of the dunes, sharpness of
boundaries and structure of the vegetation may
vary considerably with geographical situation and
general climate.

2. The main distinction is into areas with a tropi-
cal (including subtropical) and those with temper-
ate (including cold and most of the Mediterranean)
climates. In both cases, there are a number of sub-

cosmopolitan or widespread species, particularly

among the dominants of plant communities. Some
of these are neophytes in part of their present area,
e.g. Ammophila arenaria in North America and
Australia (from Europe), Xanthium sp. in S Europe
(from America), Cakile maritima (from Europe),
C. edentula (from N America) and Arctotheca po-
pulifolia (from S Africa) in Australia, Arremisia
stellerianain N America (from E Asia) and Ambro-
sia chamissonis in S America (from N America).

3. Both major areas can be divided into two parts,
in the following way:

a. The tropical sand dunes in humid regions are
generally low, with mainly low grasses (Sporobo-
lus!) in the front ridge, and woody species (Scaevo-
la!) in the second ridge and further inwards. Some
of the major species (Sesuvium!) also occur in salt-
marsh landscapes. Physiognomically, most tem-
perate Australian dunes (Spinifex, Acacia) belong
to this category. In arid regions, dune species are
either halophytes (from taxa like Suaeda, Tamarix,
Frankenia, etc.) or grass taxa which also occur in
desert dunes away from the coast (e.g. Aristida). In
the inner zones, dunes are high, with scarce or no

vegetation.

b. In the northern hemisphere, the temperate
region is rich in extensive dune areas, with Ammo-
phila as by far the most prominent dune-building
taxon, mostly supported by Agropyron in the front
ridge. A complete range of environments (Doing,
1981a) occurs more frequently here than in the
other regions. In cold (boreal and subarctic) re-
gions, dunes are mostly low, and Elymus is the main
dune-building genus. There is a range of interme-
diate forms between various types of tidemark and
dune ecosystems. Slow mineralization of organic
matter is probably a reason for this.

4. There are many examples of geographically
vicarious species within a genus, or vicarious genera
within a family, occupying similar niches. The most
important genera are: Cakile, Festuca, Vulpia,
Ammophila, Carex, Silene, Linaria, Casuarina,
Canavalia, Glehnia, Oenothera, Helichrysum,
Xanthium, Artemisia and Scaevola. Vicarious gen-
era belong e.g. to the families Gramineae, Cypera-
ceae, Aizoaceae, Caryophyllaceae, Convolvula-
ceae, Papilionaceae, Umbelliferae, and Composi-
tae. A large majority of the species, mentioned in
Table 1, and many others, belong to these taxa.

5. Some of the taxa are very consistent in their
preference for a certain zone, e.g. Cakile maritima
(zone 1), Honkenya peploides (zone 2) and Festuca
rubra(zone5). Others, equally occurring in various
areas, tend to shift from one zone to another. Fairly
common is a kind of behaviour, which might be
called ‘retraction phenomenon’: a species (or group
of species) retreats into a more sheltered zone away
from its climatic optimum, where conditions are
more extreme in one or more respects. Examples
can be derived from Table | by comparing the
columns in which these species (e.g. Eryngium mar-
itimum, Calystegia soldanella) are mentioned for
different areas. Salt tolerance and the force of blow-
ing sand - especially during the main season for
vegetative growth — are factors likely to explain
this. The ability of a number of species which do not
belong to the standard list of sand binders, to act as
initiators for dune formation in areas sheltered by
rocks, fore-dunes or artificial screens (e.g. Cakile
maritima, Salix arenaria, Spartina sp., Empetrum
nigrum) may be explained in the same way.



Relationships between geomorphology, plant ecol-
ogy and climate

The ‘standard zonation’ is optimally developed in
warm-temperate, humid climates and on shores,
exposed to ocean tides and winds. Even here, it is
often only found in the most favourable situations.
The development of tidemark zones is favoured by
the vicinity of rocky shores with abundant plant
and animal life. Calcareous sand is favourable for
species richness, especially among woody species.

Towards the colder as well as the tropical re-
gions, dune formation becomes less pronounced. In
the former case, the sand-binding capacity of plants
decreases, probably because of the shorter duration
of the growing season. In Europe and North
America, Ammophila disappears towards the
north, and is gradually replaced by Elymus as the
major sand-binding species (Thannheiser, 1981b, c;
Tiixen, 1966, 1970). Dunes are lower, even where
wide dune areas occur. In formerly glaciated re-
gions, raised shorelines are common, and here less
time has been available for the formation of contin-
uous dune areas. In the coldest regions, ice, snow
and frozen soils severely limit the period during
which sand may be blown. At the same time, there is
a decreasing degree of salinity within comparable
zones.

In humid tropical areas, sand transport by wind
is limited (Bird, 1964). In climates where wind ve-
locities are generally low, this may be a sufficient
explanation for the scarcity of high or wide dune
areas. Moreover there is a difference between the
height of summer and winter spring tides which is
often much less than in the ‘forties’ and ‘fifties’
(northern and southern latitude), where many as-
pects of the zonation of dune and salt-marsh land-
scapes can be explained, starting from this. A very
long growing season is favourable for the develop-
ment of relatively dense, woody, salt-tolerant vege-
tation zones close to the shoreline. This can be
observed in dunes, on rocky coasts as well as in
mangroves and salt marshes. It is clear, that this
must hamper dune formation and erosion. Even in
an equatorial climate, high sand dunes may occur,
if there is an arid season, e.g. in northeastern
Kenya.

We may conclude, that the most impressive fore-
dunes and parabolic dunes, directly derived from
them, occur where the struggle between wind and
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vegetation is undecisive during longer periods.

Apart from being more susceptible to local fac-
tors, tidemarks develop along different lines, often
resulting in tendencies opposite to those of sand
dunes.

There is some confusion in the literature about
the independence of ephemeral tidemark communi-
ties, consisting of annual species (e.g. Oberdorfer,
1952). Partly this is due to the vulnerability of these
communities and to the local history of coastlines.
Because of rising sea levels, a retreating coast, not
permitting the development of these communities
as a well-separated zone, is the most common situa-
tion. Even where conditions are more favourable,
they often occur only in some years, or each year in
different places. This means, that authors working
in the same region but in different years, may come
to different conclusions. However, there are appar-
ently two cases in which they are missing for clima-
tological reasons: very cold areas (generally unfa-
vourable for the maintenance of annuals) and areas
with hot, dry summers, which create extremely
harsh conditions on the beach. Species like Cakile
maritima still occur in such climates, but they are
found further inwards, profiting from the protec-
tion of perennial grasses (e.g. Elymus). This is an
example of the ‘retraction phenomenon’, menti-
oned before.

Where tides are more or less concentrated on the
same level, which is the case where storm surges are
either quite frequent or very rare, various tidemarks
tend to overlap with each other or even with the
zone of embryonic dunes. In connection with this,
permanent tidemark communities are missing as a
separate zone along parts of the Baltic Sea, the
Mediterranean Sea and in Chile. In temperate Aus-
tralia, native tidemark species are scarce and do not
form plant communities, leaving an empty niche
which is filled by European, North American and
South African species. The most varied tidemark
complex described is that of eastern Canada
(Thannheiser, 1981a).

The relationship between embryonic dunes and
the central fore-dune ridge is also variable. Wide,
high beaches carry a zone of small crescentic dunes
without vegetation, situated between zones 1 and 2
or 2 and 3. Where sufficient sand is available, there
may be two parallel ridges with vegetation (e.g. in
W France (Fig. 1)). Normally the inner ridge is the
highest and best vegetated one, but the opposite is
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also possible (e.g. on Iceland). In each area and
each zone, there is mostly only one grass or Carex
species, building the majority of the dunes. Most of
the other species may be interpreted as indicators of
temporary chemical enrichment, originating from
tidemark material or salt spray, and missing in
many or even in most places. On this basis, it is
possible to make a distinction between monospecif-
ic and ‘enriched’ communities, which has largely
been neglected in phytosociological literature (Do-
ing, 1981a). This concerns mainly the species Agro-
pyron junceiforme, Spinifex hirsutus, Sporobolus
virginicus, Carex kobomugi, C. macrocephala, Un-
iola paniculata, Ammophila arenaria, A. breviligu-
lata, Scaevola plumieri and Acacia sophorae.

On barrier islands along flat coasts, especially
where hurricanes occur frequently (e.g. the ‘Outer
Banks’ of North Carolina), fore-dunes remain low
because of the phenomenon of ‘overwash’, creating
another special type of habitat (e.g. with Spartina
patens), described by Godfrey & Godfrey (1976).

In some areas, the main species in zones 3 and 4 is
the same. In tropical and subtropical areas and in
temperate Australia (with very mild winters, also
indicated by the presence of mangroves), the major
fore-dune ridge is colonized by woody species.

Zones S or6 mayremain without plant communi-
ties in hot, arid regions (Senegal (Adam, 1975),
N Chile (Kohler, 1970)) or carry communities
which are not specific for sand dunes (N Norway
(Thannheiser, 1974)). The sheltered zone (5) is often
very different from the other zones and its com-
munities are quite distinct, with several characteris-
tic species, e.g. with local endemics in SW France
(e.g. Astragalus bayonensis, Linaria thymifolia,
Vanden Berghen, 1964-65). This is somewhat un-
derestimated by some authors.

In many dune areas, the fore-dune complex re-
presents only a minor part of their total surface.
There are many other differences between such
areas than could be discussed here. However, the
occurrence of the other zones is more limited to
certain climatic or geographic areas, and the
number of publications in which they are described,
is limited.
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