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1. Introduction

On the side of the North Sea the peninsula consists of dunes with

beaches. These dunes form the southern continuation of the chains

along the west coast of Jutland. Behind the dunes a sandy and hilly

landscape is found, for the greater part situated at an altitude fairly

high above MHW-level. The more clayey salt marshes are found

further on to the cast along the Waddcn Sea, largely overgrown with

a closed vegetation which is flooded by spring-tides and storm floods.

It was not possible to study the whole salt marshes in the few days
available. Therefore a rather small region was chosen, which, appar-

ently, never had been grazen by cattle. This region forms a strip

going from the Wadden Sea to the west overlapping both clayey and

sandy soils (Fig. 1).

2. Environment and geomorphologigaldevelopment

The foundation on which the marshes have been formed is a sand

flat of higher level than normal tidal flats (Jakobsen, 1952/53).

Through several gaps in the dunes the sea deposited a great deal of

sand behind the coastline. In the beginning of this century, however,
the gaps were closed by dams and since the salt marshes and their

vegetation have developed. The first marshes were formed as small

islands along the Wadden Sea. About 1931-1934, when Iversen

(1936) investigated the vegetation of Skallingen, the area was divided

From 1-7 July 1956 an excursion was organized through Schleswig
and Jutland by the International Society for Plant Geography and

Ecology. The objects were salt marshes and dunes along the coasts of

the Waddcn Sea and the North Sea. During this excursion Dr. J.
Iversen invited the author kindly to stay some days (5-8 July) at

Skalling-Laboratory, situated in the northern part of the Danish

peninsula Skallingen near the village Ho. The author is greatly in-

debted to Dr. Iversen for his kind invitation, which enabled himto carry
out the present work.

The Skalling Peninsula — about 3 X 10 km large —- forms the

northern barrier of the Danish Wadden Sea, which ends in the Ho

Bugt. The narrow but deep channel Graadyb separates it from the

isle of Fano. Skallingen is one of the most northern regions with salt

marshes on the west coast of Denmark and therefore it is of major

importance for the study of the Westeuropean halophytic biocenoses.
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into so-called “outer salt marshes” situated on the Wadden Sea coast,
and “inner salt marshes” near the dunes, which were separated by
“a large sandplain nearly barren except for scattered Salicornia, often

submerged by salt water for considerable periods” (Iversen, 1952/53).
Nowadays the sandplain is silted up entirely and the outer and inner
marshes overlap. This phenomenon of sedimentation of silt after

closing gaps in the range of dunes is not restricted to Skallingen. It is

observed, too, on theDutch isles ofTexel and Terschelling (Westhoff,
1947 manuscript).

On Skallingens salt marshes sedimentation from the Wadden Sea

did not take place over the whole area. The inner marshes have only
occasionly been silted up on a few localities, as a result of the fairly
high elevation above MHW-level. This circumstance combined with

the effect of a small number of tidal creeks and of the large distance

to the sea results in inundations by storm floods only. In those circum-

stances the possibilities for sedimentation of silt are limited. For this

reason the greater part of the area will have obtained its present

condition, during the period that
gaps in the dune ranges still existed.

The outer marshes are younger and have been silted up recently.
Locally, some sandhills emerge out of the clayey soil. They are

probably high parts of the underlying sand flat. The formation of

many tidal creeks with their banks and basins between them results

in a landscape characteristic for such salt marshes. It may be called

a bank-and-basin-landscape (Fig. 2). The tidal creeks are not so deep
as those in the southwestern part of the Netherlands. Doubtless this

phenomenon is related to the difference in tide-level (near Skallingen
average about 1.35 m, in the S.W.-Netherlands 3.— till 4.50 m).

Except for the mud flats along the Wadden Sea the outer marshes

are silted up to a height exceeding average high tide level. The rate

of sedimentation was about 3,6 mm p.a. in the years 1931-1933 as

stated by Nielsen (1935), but according to Jakobsen (1952/53) the

real accretion was only some 2 mm due to settling in young deposits.
However, the above mentioned authors have made no distinction

Fig. 2. Cross-section of the bank-and-basin-landscape with vegetation zones.

1 = Halimionetum portulacoidis; 3 =Puccinellietum maritimae; 2 =

4 = Creeks with individuals of
Artemisietum mari-

timae; on the walls along the
inside of the banks.

Halimione portulacoides
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between the difference of accretion in basins and that on banks a

result of the difference in distance from the water-supplying creeks,
for according to Verhoeven (1954) accretion on the banks is generally
larger than in the basins, and, moreover, deposits were found to settle

on banks to a lower degree.
On account of the sandy character of the inner marshes and their

less frequent floods the soil moisture and its salt content are on an

average lower compared with the outer marshes. The floristic composi-
tion and structure of the vegetation presents evident consequences of

these differences in soil and water conditions.

The lime content of the soil is very low. According to Sanders and

Verhoeven (1956) it decreases regularly on the salt marshes from

Bretagne till Denmark. The soil of Skallingen still contains some lime,
in contrast to some soils along the coast near Skaerbaek and Ribe

which contain practically no lime (Verhoeven, verbal communica-

tion). According to Verhoeven, in 8 samples the content varies from

0,36 till 1,46 % CaC0
3
with a variation from 0 till 32,5 % silt < 16 /u.

Probably this difference between Skallingen and theabove mentioned

Danish salt marshes is due to a complex of factors of which the following
may be important: (1) the origin and age of sedimentation materials;
(2) a difference in sedimentation velocity which may be directly

proportional to the lime content; (3) locally, mixing of seawater with

the acid, or at least less calcareous, water of small rivers (see also the

view of De Smet, 1954) or (4) perhaps difference in withdrawal of

CaC0
3

from the sediments as an additional effect ofoxydation of iron

sulphide (Van der Spek, 1952) and of oxydation and hydrolization
of iron compounds (Riviere, 1942). It is uncertain which factor

prevails, the first two being generally perhaps the most common as a

cause of local differences. On Skallingen the rather high sedimentation

rate might be the primary cause of the relative high lime content.

Spartina townsendii promoting sedimentation along the European
coasts, lias not acted such a part here. In 1931 and 1932 the species
was planted a.o. on three places along the Ho Bugt (Jorgensen, 1934).
According to Iversen (verbal communication) in 1940 it has been

disseminated on Skallingen too, but up to now it has not much

superseded the original vegetation. Probably the sandy character of

the mud flats and the rather cold climate in comparison with S.-

England, France and the Netherlands does not promote its extension.

3. The vegetation

Describing the vegetation of the ungrazed strip a distinction has been

madebetween the former outer and inner marshes. Transitions between

those habitats are left out of consideration. The floristic composition
and sti ucturc of the vegetation has been analysed with the method of

Braun-Blanquet (1951). The sample plot analyses (Becking, 1957)
—- Fr.: releves, Ge.; Aufnahmen — have been assembled in the

Tables I and II. In order to ensure as objective a survey as possible
most analyses have been taken in transects perpendicular to the contour
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lines in the landscape. From low to high the transects consist of the

following sample plot analyses:

Outer marshes Inner marshes

56022-56023-56024-56025 56057-56058-56059-56060-56061

56027-56028-56029 56063-56064-56065-56066-56067-56068

56030-56031-56032-56033 56069-56070-56071-56072-56073

56034-56035 56075-56076-56078-56079-56080

56037-56038-56039 56082-56081

56045- 56084-56085

56046- 56086-56087

56055-56054

3.1 The outer salt marshes

On the mud flats along the Wadden Sea postern nana grows locally
(Zosteretum nanae Harmsen 1936). The mud flats are mostly bare, but

Spartina townsendiiestablishes itself gradually. Near the closed vegetation
of the higher marshes the flats are overgrown with a vegetation almost

entirely consisting of Salicornia europaea scattered with clumps of

Spartina townsendii (Salicornietum europaeae (Warming 1906) Hogquette

1927, see Table I). The abundanceof the iSa&ora'a-individuals was not

large, but it increased on the higher parts being the largest in the

transition to the next association, Puccinellietum maritima (Warming

1890) Braun-Blanquet et De Leeuw 1936. However, vitality
decreased in this association.

As a result of the sod-forming properties of Puccinellia maritima the

transition from Salicornietum europaeae to Puccinellietum maritimae is rather

distinct. The latter association appears at first in an initial phase,
which may be distinguished from the optimal one by a more open

turf (cover 20-40 % in contrast with 40-80 % in the optimal phase)
and the lower frequency of individuals of Halimione portulacoides

.... ,

with

reduced vitality. Moreover, Spartina townsendii occurs only in the initial

phase up to now. The initial phase is found mainly along the mud

flats, the optimal one in the basins between the banks of the tidal

creeks. Although the abundance ofSalicornia europaea in this association

is rather large, vitality is evidently reduced. According to the analyses
Aster tripolium is strictly confined to the Puccinellietum maritimae (compare
also Table II). Therefore it might be considered as a local faithful

species of the association.

The next association, Halimionetum portulacoidis (Chapman 1934)
Des Abbayes et Corillion 1949, finds its habitat on the slopes of the

banks, in the highly silted basins and, fragmentary, along the insides

of the banks on the creek walls. It often includes Limonium vulgare in

large quantities and, when it is not highly developed, Plantago maritima

var. dentata Bl. et Fing. In the upper part Artemisia maritima appears

locally, sometimes in large quantities (analyse 56051), perhaps due

to favourable circumstances influencing the competition between

Artemisia maritima on the one side and Halimioneportulacoides and Festuca

rubra on the other side. Other species such as Aster tripolium, Triglochin
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Salicornietum europaeae

Sample plot analyse nr 56027 56026 56019 56030 56028 56018 56062 56020

Surface in m 2 4x5 8x 10 Bxso 25x30 5x 15 15x30 4 8x 15

Cover in % 20 1 1 1 1 1 1 1

Faithful taxa of the associations and socialion

Salicornia europaea +.l 1.1 1.1 1.1 1.1 1.1 2.1 1-2.1

Puccinellja maritima

Aster tripolium

Halimione portulacoides

Artemisia maritima

Agropyron litorale

Faithful taxa of the Puccinellion maritimae

Spartina townsendii 2.5 +.l +.2-3 1.2-3 +.l-2 1.1-3

Suaeda maritima

Spergularia marginata

Faithful taxa ofthe.Puccinellionmaritimae .' and

Armerion maritimae together

Triglochin maritimum

Limonium vulgare

Plantago maritima typicum and

var. dentata

Festuca rubra f. litoralis

TABLE I

Vegetation of the outer

Salicornietum europaeae

Sample plot analyse nr 56027 56026 56019 56030 56028 56018 56062 56020

Surface in m
2 4x5 8x10 8x50 25x30 5x 15 15x30 4 8x 15

Cover in % 20 1 1 1 1 1 I 1

Faithful taxa of the associations and socialion

Salicornia europaea + .1 1.1 1.1 1.1 1.1 1.1 2.1 1-2.1

Puccinellia maritima
—

— — — — — + .1 + .1-3

Aster tripolium — — — — —
— —

—

Halimione portulacoides —
— — — — — — —

Artemisia maritima — — — — —
— —

—

Agropyron litorale — — — _ _ — — —

Faithful taxa of the Puccinellionmaritimae

Spartina townsendii 2.5 + .1 +.2-3 1.2-3 +.1-2 1.1-3 — +.1—3

Suaeda maritima — — — — — +.1 — —

Spergularia marginata —
— — — — — — —

Faithful taxa ofthe Puccinellionmaritimae and

Armerion maritimae together

Triglochin maritimum — — — — —
— —

—

Limonium vulgare — — — — — — — —

Plantago maritima typicum and

var. dentata — — —
—

— —

Festuca rubra f. litoralis — — — — — — — —
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Puccinelhetum mantimae

Transition ; ; :-

initial phase optimal phase

56029 56031 56034 56022 56021 56023 56032 56036 56024 56033 56025 56037 56035

6x25 Bx2o 3x 12 5x 10 5x 12 6x20 5x 10 8x 10 5x 10 5x 15 10x20 12x20 4x 12

3 3 20 25 25 25 40 25 40 65 60 70 80

2.5 2.5 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 1.1 2.1

1.1-2 1.1-2 2.4 2-3.5 2-3.5 2-3.5 3.5 2.5 3.5 3.4 4.5 4.5 3.3

+.l +.l 1.1-2 1.1-2 1.1-2 +.l 1.1-2 +.l-2 1.1-2 1.1-2 1.1-2

+ .1° +.l° +.l° +.l +.l° +.l-2 1.1-2 2.1-3 2.1-3 2.2-3 2-3.2-3

+ .1-3
_ !p.i-2 1.1-2 1.2-3 +.l-2 1.2 +.2 +.2

+.l +.l 2.1 1.1 1.1 1-2.1 2.1 1.1 1.1 1-2.1 1.1 2.1 1.1

+.1-2 +.2

Salt Marshes of Skallingen

Transition
Puccinellietum maritimae

initial phase optimal phase

56029 56031 56034 56022 56021 56023 56032 56036 56024 56033 56025 56037 56035

6x25 8x20 3x 12 5x 10 5x12 6x20 5x 10 8x10 5x10 5x15 10x20 12x20 4x 12

3 3 20 25 25 25 40 25 40 65 60 70 80

2.5 2.5 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 1.1 2.1

1.1-2 1.1-2 2.4 2-3.5 2-3.5 2-3.5 3.5 2.5 3.5 3.4 4.5 4.5 3.3

— — +.1 +.1 1.1-2 1.1-2 1.1-2 + .1 1.1-2 +.1-2 1.1-2 1.1-2 1.1-2

—

—

+.1° +.1° +.1° +.1 + .1° +.1-2 1.1-2 2.1-3 2.1-3 2.2-3 2-3.2-3

+ .1-3 V.l-2 1.1-2 1.2-3 +.1-2 1.2 + .2 + .2

+ .1 + .1 2.1 1.1 1.1 1-2.1 2.1 1.1 1.1 1-2.1 1.1 2.1 1.1

— — +.1
— — — — — + .1

+.2 1.2-3 1-2.2 1-2.2 +.1-3 +.2 +.1-2 +.2 1.2

+ .1-2 +.2 —
— +•1 +.2 1.2 1-2.2 +.1-2 + .2 + .1-2 + .2 1-2.2-3

—

—
'

— —
— —

— —

— . —
—

— +.2

— — — — — — — —

— — — — —
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TABLE I

x

Vegetation of the outer

Halimionetum

Transition
optimal phase

Sample plot analyse nr.. ■ 56053 56055 56045 56038 56050 56044

Surface in m 2 4x15 4x6 5x6 3x20 3x7 6x 15

Cover in % 90 90 80 85 85 80

Faithful taxa of the associations and socialion

Salicornia europaea +.l° +.l° +.l° +.l° +.l° +.l°

Puccinellia maritima 2.1-2 2.2 2.2 +.2 +.l-2 1.2

Aster tripolium +.l +.l

Halimione portulacoides 2-3.2-3 3.2-3 4.3 5.5 4.3 4.3

Artemisia maritima

Agropyron litorale

Faithful taxa of the Puccinellion maritimae

Spartina townsendii

Suaeda maritima 1.1 +.l +.l +.l° +.l

Spergularia marginata +.l -

Faithful taxa of the Puccinellion maritimae and

Armerion maritimae together

Triglochin maritimum +.2 +.2 +.2

Limonium vulgare 3.2-3 3.3 3.2-3 +.2 3.2 3.2-3

Plantago maritima typicum and var. dentata
. . . 2-3.2 2-3.2 1.2 1.2 2.2 1.2

Festuca rubra f. litoralis

Transition

Halimionetum

optimal phase

Sample plot analyse nr.. ■ 56053 56055 56045 56038 56050 56044

Surface in m
2 4x 15 4x6 5x6 3x20 3x7 6x 15

Cover in % 90 90 80 85 85 80

Faithful taxa of the associations and socialion

Salicornia europaea +.1° + .1° +.1° + .1° + .1° +.1°

Puccinellia maritima 2.1-2 2.2 2.2 +.2 +.1-2 1.2

Aster tripolium +.1 + .1 — +.1-2 — —

Halimioneportulacoides 2-3.2-3 3.2-3 4.3 5.5 4.3 4.3

Artemisia maritima
— —

— — +.1 + .1

Agropyron litorale — — —
—

— —

Faithful taxa of the Puccinellion maritimae •

Spartina townsendii — —
— —

— —

Suaeda maritima 1.1 + .1 + •1 — +.1° + .1

Spergularia marginata — + •1 —
— —

—

Faithful taxa of the Puccinellion maritimae and

Armerion maritimae together

Triglochin maritimum + .2 — +.2 + .2 — —

Limonium vulgare 3.2-3 3.3 3.2-3 + .2 3.2 3.2-3

Plantago maritima typicum and var. dentata . . .
2-3.2 2-3.2 1.2 1.2 2.2 1.2

Festuca rubra f. litoralis —
—

— — — +.2-3
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(continued)

Salt Marshes of Skallingen

portulacoidis Artemisietummaritimae Sociation

, with
terminal phase wit

initial phase optimal phase Agropyron
Artemisia v 1

litorale

56052 56051 56049 56054 56046 56039 56047 56042 56040 56043 56048 56041

4x 10 3x5 5x6 3x 10 5x 15 8x 12 6x20 6x30 3xß 3x5 8x 15 4x6

>95 100 90 100 >95 100 100 100 100 100 100 100

+ .1° +.l°

H—l. 2 +.l-2i 1.2 1.2-3

4.3 4.4 5.5 3.3 3-4.2-S 1-2.2-3 1.1-3 +.l-3 +.l-2 +.2 +.l°

2.1 3.5 1-2.1 2.1-2 1-2.1 2.1 1.1 1.1-2+-1.1 3.5 1.1 +.l

3.1-2 1-2.2 2.2 2.1-2 2.2-3 1.1-2 2.1-2 1-2.2 +-1.1-2 2.4 2.1-2

2.2 1.2 4— 1.2 +.2 1.2 +.l +.2 +.2 +.2 +.l

+.2

portulacoidis Artemisietummaritimae Sociation

terminalphase with

Artemisia
initial phase optimal phase

with

Agropyron
litorale

56052 56051 56049 56054 56046 56039 56047 56042 56040 56043 56048 56041

4x 10 3x5 5x6 3x10 5x15 8x 12 6x20 6x30 3x8 3x5 8x 15 4x6

>95 100 90 100 >95 100 100 100 100 100 100 100

+ .1° +.1° —
— +.1° +.1°

4—1.2 +.1-2. 1.2 1.2-3 — — — — — — —

— — — — —

4.3 4.4 5.5 3.3 3-4.2-3 1-2.2-3 1.1-3 +.1-3 +.1-2 + .2 +.1° —

2.1 3.5 1-2.1 2.1-2 1-2.1 2.1 1.1 1.1-2 +-1.1 3.5 1.1 + .1

— — — — — — ■ — — — — — 5.5

+ .1° — —

—

—

— — — —

—

+ .1
— + .2

3.1-2 1-2.2 2.2 2.1-2 2.2-3 1.1-2 2.1-2 1-2.2 4—1-1-2 2.4 2.1-2 —

2.2 1.2 4—1.2 + .2 1.2 + .1 + .2 + .2 +.2 + .1 —

+.2 — 1.2 4.4 4.4 5.5 5.5 5.5 5.5 4.5 5.5 + .2
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Salicornietum

europaeae phase

Sample plot analyse nr
56062 56063 56056 56057

Surface inm 2 4 5x15 2x3 4x6

Cover in % 1 < 1 35 30

Faithful taxa of the associations

Salicornia europaea
2.1 1.1 2.1 2.1

Puccinellia maritima +■! +•* 3.5 3.5

Aster tripolium +•!

Juncus gerardi

Sagina maritima

Plantage maritima var. leptophylla —

Faithful taxa of the Puccinellion maritimae

Halimione portulacoides
Artemisia maritima

Suaeda maritima

Spergularia marginata

' "t"*! +-1°
“

~
~

+•* I-* !•}
+•!

Faithful taxa of the Armerion maritimae

Armeria maritima

Parapholis strigosa
Glaux maritima

Carex extensa

Euphrasia litoralis

Faithful taxa of the.Puccinellion maritimae• and.Armerion maritimae together

Triglochin maritimum +-J
Limonium vulgare +•! +•!

Plantage maritima typicum and var. dentata —

Festuca rubra f. litoralis

Other taxa

Agrostis stolonifera var. stricta

Phragmites communis

Bryum
Dianthus deltoides

Juncus anceps

Lyngbya digueti Gom

Elymus arenarlus

Poa annua

Poa pratensis
Plantago coronopus

—

Sagina procumbens
Sedum acre

Empetrum nigrum
Sonchus arvensis

Leontodon autumnalis —~

TABLE II

Vegetation of the inner

Salicornietum

europaeae phase

Sample plot analyse nr

Surface in m
2

56062

4

56063

5x 15

56056

2x3

56057

4x6

Cover in %
1 <1 35 30

Faithful taxa of the associations

2.1 1.1 2.1 2.1Salicornia europaea

Puccinellia maritima +.1 + .1 3.5 3.5

Aster tripolium
— + .1 + .1

—
— —

—

Plantago maritima var. leptophylla ~

Faithful taxa of the Puccinellion maritimae
+ .1°

Halimione portulacoides — — + .1°

Artemisia maritima —
—

—

Suaeda maritima
— + ■1 1.1 1.1

Spergularia marginata + ■1

Faithful taxa of the Armerion maritimae

Armeria maritima
—

Parapholis strigosa —
— —

—

Glaux maritima

Carex extensa
— — — —

Euphrasia litoralis — ~

Faithful taxa of the Puccinellion maritimaeand Armerion maritimae together
+ .1

Triglochin maritimum — —

+.1Limonium vulgare —
— +.1

Plantago maritima typicum and var. dentata —
— — —

Festuca rubra f. litoralis —

Other taxa

Agrostis stolonifera var. stricta — — — —

Phragmites communis —

— — —

Dianthus deltoides — — — —

Juncus anceps
— — — —

Lyngbya digueti Com
— —

Elymus arenarlus — —

— — — —

Poa pratensis —
—

—
—

Plantago coronopus
— — — —

Sagina procumbens — — — —

Sedum acre
— — — —

Empetrum nigrum — — — —

Sonchus arvensis — — — —

Leontodon autumnalis
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Puccinellietum maritimae

rich in therophytes phase with Limonium vulgare and Plantago maritima

56064 56075 56069 56058 56083 56076 56065 56070 56077 56066 56059 56060

4x 10 4x6 3x5 10x20 2x4 3x5 3xß 3x5 2xß 5x 10 8x 10 6x 12

60 70 60 55 90 70 60 75 40 70 25 65

2.1 1.1 2.1 2.1° +.l 1.1 2.1 1.1 2.1 +.l 2.1° +.l°

4.5 4.5 4.5 4.5 5.5 3.5 3-4.5 3.5 2.2-3 3.5 2.2-3 2.2

+.l +.l +.l 1.1 2.1-2 1-2.1 1.1 2.1-2 1.1 2.1 1.1 1.1

+ .1° +.l° +.l° +.l° +.l +-1.1 I.l° 1-2.1 +.l° 1.1 +.l 1.1-2

+.l 2.1 2.1 +.l° +.l +.l +.l +.l +.l +.l + !l°
+-1.1 +.l 1.1 1.1 +.l 1.1 +.l +.l 1.l U

+.2 +.2 +.2 4—1.1-2 4—l-1 4—1.2 4--2 2.2 4-.2 4-.2 +A
4-.1

4--2

Salt Marshes of Skallingen

Puccinellietum maritimae

rich in therophytes phase with Limonium vulgare and Plantago maritima

56064 56075 56069 56058 56083

4x 10 4x6 3x5 10x20 2x4

60 70 60 55 90

2.1 1.1 2.1 2.1° +.1

56076 56065 56070 56077 56066 56059 56060

3x5 3x8 3x5 2x8 5x 10 8x 10 6x 12

70 60 75 40 70 25 65

1.1 2.1 1.1 2.1 4-.1 2.1° 4-.l°

4.5 4.5 4.5 4.5 5.5 3.5 3-4.5 3.5 2.2-3 3.5 2.2-3 2.2

+ .1 +.1 +.1 1.1 2.1-2 1-2.1 1.1 2.1-2 1.1 2.1 1.1 1.1

III

-
O

in

5o

II
i

;o

I

II

-
o

Ml

5 4—1.1 1.1° 1-2.1 4-.l° 1.1 4-.1 1.1-2
— — — — — _|_ #

1

+ .1 2.1 2.1 +.1° +.1 4-.1 4-.1 4--1 4-.1 — 4-.1 4-.10

+-1.1
_ +.1 1.1 1.1 4-.1 1.1 4-.1 — 4-.1 1.1 1.1

—
— — — — — 4-.1 — 4-.1

— +.2 +.2 4-.2 4—1.1-2 4—1.1 4—1.2 4--2 2.2 4-.2 4-.2 4-.1

4-.1 — 4-.1-2 1.1-2 4-.1 2-3.2 2.1-2 2-3.2 1-2.2 2-3.2 2.2 2-3.2

4-.2 - 4—1.2 4-. 1-2 4-. 1-2 2.1-2 1-2.1-2 2.1-2 2.2 3.2

—
— — —

—

- — — — 4-.2 4-.2

— — — —
—



460 W. G. BEEFTINK

TABLE n

Vegetation of the inner

Juncetum

Sample plot analyse nr 56061 56071 56078 56067 56072

Surface in m 2 3xß 2xlo 3xß 2xlo 2xlo

Cover in % 100 100 100 100 >95

Faithful laxa of the associations

Salicornia europaea
-

Puccinellia maritime -

Aster tripolium

Juncus gerardi +.l-2 +.l-2 1.2 1.1—2 1-2.1-2

Sagina maritima

Plantago maritima var. leptophylla

Faithful taxa of the Puccinellion maritimae

Halimioneportulacoides +.l +.l° +.l° +.l°

Artemisia maritima +.l

Suaeda maritima

Spergularia marginata

Faithful taxa of the Armerion maritimae

Armeria maritima +.l-2 +.l +.l +.l-2 +.l

Parapholis strigosa
Glaux maritima

Carex extensa +.l +■! +.l

Euphrasia litoralis

Faithful taxa of the Puccinellion maritimae and

Armerion maritimae together

Triglochin maritimum + .1 +.1 -\—1.1-2 +.1

Limonium vulgare 2.1-2 1-2.1-2 H—1.1 1.1 +.1

Plantago maritima typicum and var. dentata -|—1.1 —2 1.1-2 +.1 H—1.1 +• 1.1

Festuca rubra f. litoralis 5.5 5.5 5.5 5.5 5.5

Other laxa

Agrostis stolonifera var. stricta

Phragmites communis

Bryum sp

Dianthus deltoides

Juncus anceps

Lyngbya digueti Com

Elymus arenarius

Poa annua

Poa pratensis
Plantago coronopus

Sagina procumbens
Sedum acre -

Empetrum nigrum -

Sonchus arvensis

Leontodonautumnalis -

Juncetum

Sample plot analyse nr 56061 56071 56078 56067 56072

Surface in m
2 3x8 2x10 3x8 2 x 1( 2x 10

Cover in % 100 100 100 100 >95

Faithful taxa of the associations

Salicornia europaea
—

— —

Puccinellia maritima —
— —

Aster tripolium + .1
— —

Juncus gerardi + .1-2 +.1-2 1.2 1.1-2 1-2.1-2

Sagina maritima — — —

Plantago maritima var. leptophylla — — —

Faithful taxa of the Puccinellionmaritimae

Halimioneportulacoides + .1 +.1° — +.1° +.1°

Artemisia maritima + .1 — — + .1°

Suaeda maritima — — —

Spergularia marginata —
— —

Faithful taxa of the Armerion maritimae

Armeria maritima +.1-2 +.1 + ■1 +.1-2 +.1

Parapholis strigosa —
— —

Glaux maritima — — —

Carex extensa + .1 + .1 +.1 —

Euphrasia litoralis —
— —

Faithful taxa of the Puccinellion maritimae and

Armerion maritimae together

Triglochin maritimum + .1 +.1 d—1.1-2 +.1
Limonium vulgare 2.1-2 1-2.1-2 +-1.1 1.1 + •1

Plantago maritima typicum and var. dentata H—1.1-2 1.1-2 + .1 +-1.1 +-1.1
Festuca rubra f. litoralis 5.5 5.5 5.5 5.5 5.5

Other taxa

Agrostis stolonifera var. stricta
—

— — + .1 + .1

Phragmites communis — — — — —

Bryum sp
— — — — —

Dianthus deltoides — — — —
—

Juncus anceps
— — — — —

Lyngbya digueti Com —
—

— — ]
Elymus arenarius

—
—

— — —

Poa annua — — — — I

Poa pratensis — — — — —

Plantago coronopus — — — — —

Sagina procumbens — — — — —

Sedum acre — — — — —

Empetrum nigrum — —
— — —

Sonchus arvensis — — — — —

Leontodonautumnalis — — — —

-i



461SOME NOTES ON SKALLINGENS SALT MARSH VEGETATION AND ITS HABITAT

[continued)
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maritimum, Suaeda maritima and Spergularia marginata are very sparse or

entirely lacking.
On the banks a Festuca rubra sward is found with scattered individuals

of Artemisia maritima, Halimione portulacoides, Limonium vulgare and

Plantago maritima. Of the latter both the var. dentata and the typical
form occur. This vegetation belongs to the Artemisietum maritimae

(Hocquette 1927) Braun-Blanquet et De Leeuw 1936 em. Weevers

1940.

The synsystematics of the Artemisietum maritimae offer interesting
problems. Christiansen (1927) has described the association without

giving it a name; Van Langendonck (1931, 1933) distinguished the

“association a Artemisia maritima et Statice Limonium Braun-Blanquet
and De Leeuw (1936) and afterwards Tüxen (1937) the

“

Artemisia

maritima-Obione portulacoides Assoziation ( Artemisietum maritimae)” with

Artemisia maritima, Obione portulacoides, Parapholis strigosa and Limonium

vulgare as supposed faithful species; Vlieger and Adriani (1938),
Adriani (1945) and Westhoff (1947) reduced the faithful species
to three, viz. Artemisia, Halimione and Limonium. The first who broke

with this view was Weevers (1940), considering Halimione and

Limonium faithful species of the Puccinellietum maritimae. Afterwards,
Tuxen (1957) goes in this direction, however considering Halimione

a species characteristic for the order Juncetalia maritimi. The author

sides with Weevers taking only Artemisia as faithful species of the

association.

Essentially the cause of this misunderstanding may be the poor

development of the Artemisietum maritimae in the Wadden Sea area.

This poor development is due (I) to the chiefly very sandy character

of the soil and (2) on those localities where more fine material was

deposited, to the absence of tidal creeks with banks, usually offering
well-aerated soil conditions and a slightly clayish character of the soil.

If the association occurs it has often a floristic composition related to

the Armerion maritimae (Christiansen, 1927; Braun-Blanquet and

De Leeuw, 1936; Tüxen, 1937; Westhoff, 1947; Tüxen, 1957).

However, Skallingen shows that in the Wadden Sea area the associa-

tion can develop completely under favourablesedimentation conditions

and along well-evolved tidal creeks. On that marsh it resembles the

corresponding phytocenoses in the S.W.-Netherlands to a high degree:
it lacks elements of the Armerion maritimae and therefore it belongs to

the alliance Puccinellion maritimae.

Table I shows the ecological amplitudes of the three above mentioned

species in the series of the outer salt marshes. Limonium vulgare has its

optimum in the transition of Puccinellietum maritimae to Halimionetum

portulacidis and in the lower parts of the latter. The character of its

amplitude the height and range of a constructed bell-shaped curve

along the environmental gradients accounts for its position of

faithful species of the alliance Puccinellion maritimae. (Compare also

table II). Under well-aerated soil conditions mainly involved in the

development of banks along tidal creeks Halimione portulacoides forms

a zone above the Puccinellietum maritimae and below the Festuca rubra-
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sward. According to its high optimum in comparison with the range
of its amplitude it seems better to segregate the Halimionetum portula-
coidis like English and French authors do (Chapman, 1934; Tansley,
1939, 1949; Des Abbayes and Gorillon, 1949; Corillon, 1953).
According to these references and the present data of Skallingen the

Halimionetum has a wide distribution occurring from Denmark south-

wards perhaps to the coast of Spain and, fragmentary (?), to Portugal

(Fontes, 1945). Finally, the optimum of Artemisia maritima is found in

the Festuca raira-sward on the banks along the tidal creeks and,

locally, in the upper part of the Halimionetum portulacoidis. The range

of its amplitude is very small. Therefore it seems better to consider

only that species as faithful to the Artemisietum maritimae following the

above discussed view of Weevers (1940). Local occurrence of Artemisia

maritima in the upper part of the Halimionetum may then lead to

distinction of a terminal phase with Artemisia in this association. Like-

wise in the Artemisietum maritimae an initial phase with co-dominance

of Halimione may be distinguished.
Besides the Artemisietum maritimae a vegetation with Agropyron litorale

(Host.) Dum. 1823 (= Agropyron pycnanthum (Godr.) Gren. et Godr.

1855/56 = Elytrigia liloralis (Dum.) Hyl. 1945) as dominant species

may be found on the banks (leg. W. G. Beeftink, Herb. Hydrobiol.
Inst. aid. Dclta-onderzoek nr 244). According to Hansen (1945, 1958),
discussing its systematics and distribution along the German North

Sea coast, the most northern record was from the isle of Fano. During
the present investigation of Skallingen one well-developed phytocenose
has been found in which this species is dominant (analyse 56041,
Table I). On another bank a few individuals of the species have been

discovered occurring in the Artemisietum maritimae. This phytocenose,
which here may be considered provisionally as a sociation with

Agropyron litorale of the alliance Puccinellion maritimae occurring south-

wards to the west coast ofFrance, is also an important indicator of the

abiotic environmental processes at work on the peninsula. In section

4 the interpretation of this phenomenon will be discussed.

Concerning the classification of the associations into higher floristic-

ally defined vegetation units the author agrees with the view ofTuxen

(1937, 1952) who separates the Salicornia-associations from the proper
salt marsh vegetations. Therefore the distinction of the alliances Thero-

Salicornion Braun-Blanquet 1930 and Puccinellion maritimae (Chris-
tiansen 1927 p.p.) Tuxen 1937 is preferred to the Puccinellio-Salicornion

Braun-Blanquet et De Leeuw 1936. However, the assertion ofBRAUN-

Blanquet and Tuxen (1952, p. 273) that these alliances can be sepa-
rated completely according to ecological factors except the salt factor,

cannot be accepted. Typical differences in floristic composition should

be considered here and other criteria than the fidelity of species ought
to be involved.

3.2. The inner salt marshes

The lower places of the innermarshes do either not bear any vegeta-
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tion of Phanerogams or they are covered with scattered individuals of

Salicornia europaea, perhaps presenting another form than those of the

outer marshes (compare König, 1939 and Christiansen, 1955). The

adjacent Puccinellietum maritimae, here too, may be divided into two

phases (Table II): the lower one linking with the Salicornietum europeae
and rich in the therophytes Suaeda maritima and Salicornia europaea, the

higher phase with optimal development of Limonium vulgare and

Plantago maritima (the typical form and the var. dentata 81. et Fing.).
Therefore the character of the phytocenoses differs from that of the

Puccinellietum maritimae of the outer marshes. Moreover, Spergularia

marginata has a greater presence and Aster tripolium a greater cover in

the first mentioned habitat. On the other hand Halimione portulacoides
occurs with a smaller cover and, generally, it has a rather more reduced

vitality. Finally, physiognomically the association of the inner marshes

stands out owing to the reddish colour of Puccinellia maritima. All those

differences and also the occurrence of Festuca rubra and Glaux maritima

in the high parts of the inner salt marsh association are connected with

diversities in soil conditions, particularly the granular composition
related to water and salt properties.

The Puccinellietum maritimae extends up to the foot of the sandhills.

The frequently steep slopes of these hills are covered with a dense

turf of Festuca rubra sometimes preceeded by a zone —up to about

25 cm where Juncus gerardi is dominant or co-dominant. This

narrow Juncus- strip• ofwhich no analyses has been made, is only found

where stagnating water can occur in the Salicornia and Puccinellia

vegetation. The rainspell combined with a storm flood of the preceding

days showed this relation very clearly.
In the Festuca vegetation Armeria maritima is found very sparsely

and in the upper zone only. In the whole country of Denmark the

species has been observed on higher localities, mostly in and above

the storm flood zone. Moreover, in the interior of Jutland it grows
rather frequently in habitats, such as sandy areas with heath vegetation

(Iversen, 1936). This phenomenon is one of the arguments why the

name of Armerieto-Festucetum Braun-Blanquet et De Leeuw 1936 does

not suit this most important association of the spring-tide zone.

Westhoff also pointed to the necessity of re-interpretation of the

alliance Armerion maritimae (Westhoff and Van Leeuwen, 1958).
Therefore it seems preferable to use the older name of Juncetum gerardi
(Warming 1906), Tuxen 1957. On Skallingen the association shows

an affinity to the Junceto-Caricetum extensae Braun-Blanquet et

De Leeuw 1936because of the presence of Carex extensa.

In the above mentionedFestuca vegetation, in the following Saginetum
maritimae and in the Artemisietum maritimae of the outer marshes Festuca

rubra (leg. W. G. Beeftink, Flerb. Hydrobiol. Inst. afd. Delta-onderzock

nr 226) conforms to the description of f. litoralis given by Hackel

(1882, p. 139) and Weber (1892, p. 212). Although concise the

description of Hackel 1) is clear, consequently the author’s name of

x) Hackel (1882, p. 139): forma litoralis humilis, valde rcpens, panicula brevi

(2-4 cm Ig.) compacta.
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C. A. Weber given by Westhoff (1947, manuscript) and Tuxen

(1957), ought to be replaced by Hackel. According to Ir R. Duyven-

dak (verbal communication) who studied the systematics of Festuca

species, Festuca rubra f. litoralis Hack. 1882 clearly differs from var.

genuina Hack, subvar. vulgaris (Gaud.) Hack, and subvar. arenaria (Osb.)
Hack. Therefore it is justified to maintain the distinction which has

been drawn by Hackel and Weber.

Finally the open vegetation at the top of the sandhills belongs to the

Saginetum maritimae Westhoff 1947. From the three faithful species,

Sagina maritima, Plantago maritima var. leptophylla M. et K. and Pottia

heimii, only the first two were observed. However, according to

Romose (1938), Pottia heimii does occur in this association on Skallingen.

Probably its occurrence in the analysed vegetations was prevented

by high winds blowing away the sand. In the Saginetum maritimae a

very outstanding form of Agrostis stolonifera was observed (leg. W. G.

Beeftink, Herb. Hydrobiol. Inst. afd. Delta-onderzoek nr 245). Its

stiff shoots and leaves are erect. The plants form little tufts of charac-

teristic withered appearence. The most striking feature however, is

the missing of rhizomes and stolons. It is not sure whether the form has

a genetic status. Perhaps the, above mentioned, high winds, blowing
away the dry sand, may have been instrumental in creating this

modification. Probably this form is not found in the Netherlands up

to now. Iversen (1936) has described it under the name A. stolonifera
var. stricta. It is doubtful whether this name can be maintained for it

was often used previously in the systematic literature on Agrostis

stolonifera.

4. Dynamics of the vegetation in connectionwithenvironmental

development

The thorough investigation of Skallingens salt marsh vegetation by
Iversen (1936) in 1931-’34, his comparison of the vegetation at this

time with that of 20 years later (Iversen, 1952/53), together with the

author’s investigations, offer a good base for some conclusions about

its dynamics in relation to environmental changes in this century and

for a prognosis about its future development. However, it is necessary

to make restrictions: The investigations of Iversen refer to the vegeta-
tion of the whole peninsula and those of the present author only to a

part of it. Moreover, the investigation methods of Iversen and the

present author are different. Therefore it seems indicated to simplify
the data so that a rough classification into three groups of combined

cover degree-abundance (Becking, 1957) — Fr.: dominance-abun-

dance, Gc.; Dominanz-Abundanz —

may be made. The author’s

classification is as follows:

(1) combined cover degree-abundance + and 1, the latter only when

presence
is evidently smaller than 100 % (dotted lines in Table ra);

(2) combined cover degree-abundance 1 and 2 (drawn lines) and

(3) combined cover degree-abundance 3, 4 and 5 (cross-striped lines).
Likewise the data of Iversen (1936, 1952/53) from the years 1931-’34

are fitted in these groups by estimation as best as possible.
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TABLE IJ

The halophytic vegetrtion ofSkallingen i>

The outer salt marshes

Associations in 1931-’34
Salicornietum

europaeae

Puccinellietum mari

initial phase

timac variant with Ha

phase with Suacda

and Aster

limione pedunculata

phase with Limo-

nium and Plantago

Associations in 1956

Salicornietum

europaeae

Puccinellietu

initial phase

n maritimae

optimal phase

Halimionetum

portulacoidis

Salicornia europaea —+++++++++++++++++

+++++++++

+ ++ —

Puccinellia maritima — —+++++++++++++++++

+++++++++

++++++++—

Halimione pedunculata

Halimione portulacoides +++++++++

Artemisia maritima

— + +

Agropyron litorale

+++++++++

Suacda maritima +++ ++++++++++ +

—

Triglochin maritimum

+

Plantago maritima ——++++++++

Fcstuca rubra \

1

Glaux maritima

Juncus gcrardi

Armeria maritima
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l931-’34 (the upper lines) 1956 (the lover lines).

The inner salt marshes

Artemisietum

maritimae

Salicornietum

europaeae

'

Puccinellietu

phase rich in

therophytes

m maritimae

phase with Aster

and Plantago

Juncetum

gerardi

Saginetum

maritimae

Artemisietum

maritimae

Salicornietum

europaeae

Puccinellietu

phase rich in

therophytes

m maritimae

phase with Limo-

nium and Plantago

Juncetum

gerardi

Saginetum

maritimae

+++++++++ + + + — —

-
"—

+ ++ + + ++ +++++++++

+++++++++

_l | I

—
—

+++++++—

— +++++++++ +++++++—

+ + +

——
— -

—

—

~
— —

— +++

—

—

—
—

—

+ ++++++++
-

+++++++++

++ +++++++
++ + -f ++ + + +

+++++++++

++ + + ++ H

++ + ++ + H

"

—

— ++

+ +

—
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The changes in the abiotic environment discussed in the second

section induce the vegetation to react: (1) with extension or shrinking
of the potential ecological amplitudes of taxa directly consequent on

changes of abiotic habitat factors in favourable resp. unfavourable

sense; (2) with disturbing the equilibrium in the mutual influences

of individual organisms and taxa due to changes in competition power

in
consequence of (1) and resulting in shifting the actual ecological

amplitudes. Without experiments these two aspects cannot be dis-

tinguished in vegetational changes and therefore we are now only
able to make some suppositions.

In Table III the most important halophytes have been assembled

with their actual ecological amplitudes and optima in 1931-34 (the

upper lines) and in 1956 (the lower lines). The most striking feature

is the invasion of Halimioneportulacoides. According to Gabrielsen and

Iversen (1933) in 1909, when Raunkiaer studied the vegetation of

Skallingen, this species was not observed. In 1931 a few specimens
were discovered and in the following years the number greatly
increased (Gabrielsen and Iversen, 1933). Nowadays Halimione is

very abundant, especially in a zone between Puccinellia maritima and

Festuca rubra. According to Hulten (1950) it reaches its northern limit

on Skallingen and consequently it might be supposed that its area had

extended in the last decennia as a consequence of climatic factors.

Yet the author is inclined to attribute its extension on the outer

marshes mainly to favourable conditions of sedimentation. The study
of salt marsh vegetation in the S.W.-Netherlands indicated that H.

portulacoides prefers well-aerated silty banks along tidal creeks. In the

Wadden Sea from the Netherlands till Denmark these banks are

generally rare and so the species is but sparsely presented there. Once

established it is able to endure accumulation ofsand very well (Chap-

man, 1934 and the author’s experience). Its extension in the inner

marshes might be connected with sedimentation also, but probably
the actual presence of an important centre of diaspores in the outer

marshes preponderates here while sedimentation ofsilt is insignificant.
Halimione pedunculata — another “halophyte pur sang” — has its

optimal development in the salt steppes of Central Europe, especially
those of Germany (Westhoff, 1947 manuscript; Wendelberger,

1950). The western and northern limit of its geographical area is

reached on the Atlantic and Baltic coasts. On Skallingen it had its

optimum in the.Puccinellietum maritimae, while it also regularly occurred

in the Artemisietum maritimae, Juncetum gerardi, Junceto-Caricetum extensae

and Saginetum maritimae but with very little frequency (Iversen, 1936

p. 187-193). Its coastal occurrence depends on thepresence ofan open

vegetation which is often connected with a sandy substratum. It is

not sure which factor preponderates but according to Westhoff

(1947, manuscript) it may be the first one. Sedimentation of silt

promotes a dense growth of Puccinellia maritima, especially when there

is no intensive grazing. This phenomenon combined with the increased

competition power of H. portulacoides may have caused the disappear-
ance of H. pedunculata in the investigated strip.
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Next to H. portulacoides Limonium vulgare has spread very much. Its

favourable reaction on sedimentation of silt seems evident on the outer

marshes but does not give a sufficient explanation of the extension on

the inner marshes. The creation of a centre of diaspores on the first

ones may be a factor but its effect is perhaps not as marked as in the

case of H. portulacoides owing to the fact that the initial population of

1931-’34 was only slightly smaller than the present one. The competi-
tion power ofLimonium vulgare is large, for it was able to extend having
an optimum which strongly coincides with that of H. portulacoides.

However, the analyses 56053 and 56055 ought to be considered as

transitions in time and not geographically, starting from a terminal

phase with Limonium and Plantago of the Puccinelietum maritimae to the

Halimionetum portulacoidis. The third species which prefers silty soils is

Artemisia maritima but only to a certain extend as will be pointed out

further on.

The extension of Halimione portulacoides and Limonium vulgare may

result in a shrinking of the ecological amplitude of Puccinellia maritima
,

Aster tripolium, Suaeda maritima, Spergularia marginata and Plantago
maritima on the outer marshes and ofAster tripolium, Spergularia marginata
and Triglochin maritimum on the inner marshes. Except for Plantago
maritima probably the changed soil texture conditions are not im-

portant,
for these species seem to be fairly indifferent in this respect

(for Aster compare Clapham, Pearsall and Richards, 1942). The

large frequency of Triglochin maritimum in 1931—’34 on the inner

marshes compared with that on the outer marshes points to local

stagnant water in the first mentioned marshes, a phenomenon already
indicated in section 3.2 in connection with Juncus gerardi. Therefore

it is possible that the ecological amplitude of Triglochin on the inner

marshes was more influenced by those soil water conditions than by
the increased competition power of Halimione and Limonium. Likewise

the extension of Triglochin on the outer marshes may be explained by
the larger water content of the soil, a result of the more clayey charac-

ter. Compared with the situation in 1931-’34 Salicornia europaea has

extended on somewhat higher levels. This phenomenon, too, may be

connected with progressive sedimentation during the last decennia,
the result of this proces being a changed granular composition of the

upper soil layers promoting a slightly higher salt content of the soil-

liquid, owing to reduced leeching of salts in the, now heavier, soils.

In 1931—’34 the Artemisietum maritimae showed a floristic composition
related to the Armerion maritimae on account of the occurrence of Glaux

maritima, Juncus gerardi and Armeria maritima, which last three species
are absent today in the investigated part of the outer marshes. At

present, on isolated localities, Agropyron litorale is superseding the

Artemisietum maritimae. In the S.W.-Netherlands the authorencountered

Agropyron litorale ousting the Artemisietum maritimae on localities, where

the banks were silted up with much fine material. These floristic

changes may therefore be regarded as results of the heavier character

of the soils along the banks of the tidal creeks, as described earlier.

On the outer marshes the following synecological trends may be



470 W. O. BEEFTINK

considered as a reaction on environmental development: (1) A tran-

sition of the final phase of the Puccinellietum maritimae with Limonium

and Plantago as co-dominants into the Halimionetum portulacoidis. (2) A

more optimal development of the Artemisietum maritimae on account of

the disappearance of elements of the Armerion maritimae. (3) At a few

localities the establishing of a sociation with Agropyron litorale from the

Artemisietum maritimae.

On the outer marshes sedimentation of silt has already made great

progress. Owing to the relatively high position of the marshes related

to MHW-level only high floods mostly combined with storms are able

to cover the marshes. The feature of these floods is a mostly very
turbulent condition of the water. Therefore the proportion between

sand and silt of the material deposited will shift in favour of the sand

fraction the higher the marshes have been built up, for silt is only able

to settle in relatively calm water. For this reason it is to be expected
that on the outer marshes of Skallingen in the future the material

deposited will increase its sandier character once more in some degree.
The expansion of Agropyron litorale, depending to a great extend on a

relatively high silt content of the banks, will therefore probably remain

confined to a few banks unless the existence of centres of diaspores
enables the species to conquer the banks in spite of the Artemisietum

maritimae. The latter progress, however, depends on the granular

composition of the bank soils which was not studied. Finally, we may

expect the Halimionetum portulacoidis to develop still further especially
at the cost of the Puccinellietum maritimae. at present in the basins

growing in its optimal phase.
On the inner marshes the modification of the floristic composition

of the associations is less spectacular than on the outer marshes.

Possibly only the increase ofLimonium vulgare and the decrease of Aster

tripolium will necessitate a change in the denominationof the highest
situated phase of the Puccinellietum maritimae. Owing to the limited

extend of these changes it is not to be expected that the vegetation
of the inner marshes will change much in the future.

SUMMARY

During the excursion of the International Society for Plant Geography and Ecol-

ogy in 1956 the author was in a position to stay some days at Skalling-Laboratory
to study the salt marsh vegetation of the Peninsula (Fig. 1). In the past 25 years silt

has been deposited mainly on a strip along the WaddenSea coast, the so-called outer

marshes. These sedimentationconditions have created a bank-and-basin-landscape
(Fig. 2). The inner marshes have been modificated only slightly in this respect.

The vegetation ofan ungrazed strip overlapping both outer and innersalt marshes

is described in detail. On the outer marshes the following communities are dis-

tinguished: Zosteretum nanae (fragmentary), Salicornietum europaeae, Puccinellietum

maritimae divided into an initial and an optimal phase, Halimionetumporlulacoidis,
Artemisietum maritimae and very scarcely, a sociation with Agropyron litorale, a species
which is new for Skallingen. The different views about synsystematic limitation of

the Artemisietum maritimae are discussed in detail; the author agrees with the view
of Weevers (1940). From the inner marshes are described: Salicornietum europaeae,

Puccinellietum maritimae divided into a phase rich in therophytes and a phase with

Limonium vulgare and Plantago maritima, Juncetum gerardi and Saginetum maritimae.

The taxonomy of the forms ofFestuca rubra and Agrostis stolonifera occurring on these
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marshes is discussed briefly. Arguments for a change of the association’s name from

Armerieto-Festucetum to the older name of Juncetum gerardi are tentatively proposed.
A separation of the Puccinellio-Salicornion into the alliances Thero-Salicornion and

Puccinellion maritimae is preferred and discussed briefly.
The vegetation was found to react to changes in the environment with the

establishment and extension of Halimioneportulacoides and the extension ofLimonium

vulgare and Artemisia maritima. Halimione pedunculata disappeared as well as Glaux

maritima, Juncus gerardi and Armeria maritima in the Artemisietum maritimae. On the

outer marshes species decreasing their ecologie amplitude and partly their cover

are Puccinellia maritima, Aster tripolium, Suaeda maritima, Spergularia marginata and

Plantago maritima. Contrary to the above mentioned species Salicornia europaea and

Triglochin maritimum have extended on the outer marshes in consequence of progres-

sive sedimentationresp. changed soil water conditions.

Finally synecological trends have been discussed. The most important ones are

the development ofthe Halimionetumportulacoidis and the establishmentof a sociation

with Agropyron litorale on the outer salt marshes. It is expected that these trends will

proceed on a limited scale in the future.

ACKNOWLEDGMENTS

The author wishes to express his sincere gratitude to the directionof the Skalling-
Laboratory for its hospitality. His further indebtedness goes to Dr J. Iversen

(Charlottenlund) for much information on the history of Skallingens vegetation
and landscape; to Dr Ir B. Verhoeven (Kampen) for placing at his disposal some

data about soil-properties; to Ir R. Duyvendak (Wageningen) for assistance in

taxonomic problems of Agrostis stolonifera and Festuca rubra; to Mr A. Hansen

(Copenhagen) lor the identification of Agropyron litorale; to Miss Dr J. Th. Koster

(Leiden) for the identification of Lyngbya digueti; to Dr V. Westhoff (Bilthoven)
for the loan of the manuscript of his thesis; and to Dr K. F. Vaas (Yerseke) who

kindly corrected the English text.

REFERENCES

Adriani, M. J. 1945. Sur la phytosociologie, la synecologic et le bilan d’eau de

halophytes. S.I.G.M.A. Comm. 88: 1-217.

Becking, R. W. 1957. The Ziirich-Montpellier school of phytosociology. Bot.

Review 23: 411 —488.

Braun-Blanquet, J. 1951. Pflanzensoziologie. Grundziige der Vegetationskunde.
Wien, Springer, 631 pp.
and W. C. de Leeuw. 1936. Vegetationsskizze von Ameland. Ned.

Kruidk. Arch. 46; 359-393.

and R. Tuxen. 1952. Irische Pflanzengesellschaften. Veroff. Geobot.

Inst. Rtibel, Zurich. 25: 224-421.

Chapman, V. J. 1934. In J. A. Steers (ed.): Scolt Head Island, 77-145.

Christiansen, W. 1927. Die Auszendeichsvegetation von Schleswig-Holstein mit

besonderer Bcriicksichtigung von Fohr. Fohrer Heimatbiichern 16:

1-29.

■ 1955. Salicornietum. Mitteil. Flor.-soziol. Arbeitsgem. 5: 64-65.

Clapham, A. R., W. H. Pearsall and P. W. Richards. 1942. Aster tripolium.

Jour. Ecol. 30: 385-395.

Corillion, R. 1953. Les I lalipcdes du Nord de la Bretagne. Rev. Gen. Bot. 60;

609-658 and 707-775.

Des Abbayes, H. and R. Corillon. 1949. L’Obionetum des halipedcs du Nord

de la Bretagne (Finistcrc a Ille-et-Vilaine). C. R. Stances Acad. Sci. 228:

935-937.

De Smet, L. A. H. 1954. Enkele opmcrkingcn over kalkarme zeeklei-afzettingen.
Boor en Spade 7: 169-173.

De Vries, D. M. 1935. Plantengezelschappen als kenteeken van het keukenzout-

gehalte van de bodem. Ned. Kruidk. Arch. 45: 97-121.

Fontes, F. C. 1945. Algumas caracteristicas fitosociologicas dos “salgados” de

Sacavem. Bob Soc. Brot. 19: 791-813.

Gabrielsen, E. K. and J. Iversen. 1933. Die Vegetation der Halbinsel Skallingen.
I. Die Flora von Skallingen. Dansk Bot. Tidsskr. 42; 355-383.



472 W. G. BEEFTINK

Hacked, E. 1882. Monographia Festucarum europaearum. Kassel and Berlin,
Th. Fischer, 216 pp.

FIansen, A. 1955. Elytrigia (Agropyron) litoralis (Dum.) Hyl. und ihr Vorkommen

an der deutschen Nordseekiiste. Mitteil. Arbeitsgem. Schleswig-Holstein
und Hamburg 5; 60-66.

—. 1958. Noter om danske planter II. Bot. Tidsskr. 54: 170-175.

HultIsn, E. 1950: Atlas of the distribution of vascular plants in the N.W.-Europe,
Stockholm, Generalstadens Litografiska Anstalts Forlag, 512 pp.

Iversen, J. 1936: Biologische Pflanzentypen als Hilfsmittel in der Vegetations-

forschung. Medd. Skalling-Lab. 4: 1-224.

. 1952/53. The zonation of the salt marsh vegetation of Skallingen in

1931-34 and in 1952. Geogr. Tidsskr. 52: 113-118.

Jakobsen, B. 1952/53. Landskabsudviklingen i Skallingmarsken. Geogr. Tidsskr. 52:

147-158.

Jorgensen, C. A. 1934. Plantningsforsog med Spartina Townsendii i den danske

Vester havsmarsk. Bot. Tidsskr. 42: 420-440.

Konig, D. 1939. Die Chromosomenverhaltnisse der deutschen Salicornien. Planta

29: 361-375.

Nielsen, N. 1935. Eine Methode zur exakten Sedimentationsmessung; Studien

liber die Marschbildung auf der Halbinsel Skalling. Medd. Skalling-
Lab. 1: 1-98.

Riviere, A. 1942. Donnies experimentales sur les conditions physico-chimiques de

la sedimentation ferrugineuse en milieu marin. C. R. Somm. Seances
Soc. Gcol. France: 200-201.

Romose, V. 1938. Undersogelser over Skallingens Mosflora. Bot. Tidsskr. 44:

439-458.

Sanders, P. and B. Verhoeven. 1956. Verslag over een reis ter bestudering van de

landaanwinning in West-Duitsland en Jutland. Report Werkgroep
Commissie LandaanwinningT.N.O., 69 pp.

Tansley, A. G. 1939 and 1949. The British Islands and their vegetation, 2 tomes.

Cambridge, Univ. Press, first ed. 968 pp, second ed. 930 pp.

Tuxen, R. 1937. Die Pflanzengesellsrhaften Nordwestdeutschlands. Mitteil. Flor.-

soziol. Arbeitsgem. Niedersachsen 3: 3-170.

.
1957. Die Pflanzengesellschaften des Auszendeichslandes von Neuwerk.

Mitteil. Flor.-soziol. Arbeitsgem. 6/7 : 205-234.

Van der Spek, J. 1952. Over het verdwijnen van koolzure kalk uit zeekleiafzettingen
tengevolge van de oxydatie van hierin aanwezige sulfiden. Landbouwk.

Tijdschr. 64: 473-478.

Van Langendonck, H. J. 1931. Inleiding tot de phytosociologische studie der
schorren. Natuurwet. Tijdschr. 13: 203-229.

.
1933. La sociologie vegetale des schorres du Zwyn et dePhilippine. Bull.

Soc. Roy. Bot. Belgique 65; 112-136.

Verhoeven, B. 1954. Enkele opmerkingen over de groei van de schorren in de

Brakman. In: A. J. Zuur, ed.: Langs gewonnen velden. Facetten van

Smedings werk, Wageningen, Vcenman en Zn., 88-95.

Vlieger, J. and M. J. Adriani. 1938. Plantensociologische aanteekeningen in

oostelijk Zeeuwsch-Vlaanderen. Ned. Kruidk. Arch. 48; 35-43.

Weber, C. 1892. Uber die Zusammensetzung des natiirlichen Graslandes in West-

holstein, Dithmarschen und Eiderstedt. Schr. natiirwiss. Ver. Schleswig-
Holstein 9: 179-217.

Weevers, Th. 1940. De flora van Goeree en Overflakkee dynamisch beschouwd.

Ned. Kruidk. Arch. 50: 285-354.

Wendelberger, G. 1950. Zur Soziolqgie der kontinentalen Halophytenvegetation
Mitteleuropas. Denkschr. Osterr. Akad. Wissensch. 108 (5): 1-180.

Westhoff, V. 1947, manuscript. The vegetation of dunes and salt marshes on the

dutch islandsof Terschelling, Vlieland and Texel.

.
1947. The vegetation of dunes and salt marshes on the dutch islands of

Terschelling, Vlieland and Texel, ’s Gravenhage, Van der Horst, 131 pp.

and Chr. G. van Leeuwen. 1958. Verslag van een studiereis naar

Duitsland. Report State Inst, for Nature Conservation Research

(R.I.V.O.N.), Bilthoven, the Netherlands, 12 pp.



ERRATUM

SOME NOTES ON SKALLINGENS SALT MARSH
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(Laboratory for Plant Taxonomy and Geography, Wageningen, the Netherlands)

Rectification of the publication in the Acta Botanica Neerlandica

8 (4), 1959:449-472.

Owing to an oversight Table HI of the above article, on p. 466-467,
was wrongly composed, and does not correspond with the text of Sec-

tion 4 of the article.

It was decided to reprint the table and the reader is requested to

ignore p. 466 and 467 of the original text.
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The halophytic vegetation of Skallingen in

The outer salt marshes

Associations in 1931-’34
Salicornietum

europaeae

I’uccinellietum mariti

initial phase

mae variant with Ha

phase with Suaeda

and Aster

imionc pedunculata

phase with Limo-

nium and Plantago

Associations in 1956
Salicornietum

europaeae

Puccinellietu

initialphase

m maritimae

optimal phase

Halimionetum

portulacoidis

Salicornia europaea

Puccinellia maritima

Halimione pedunculata

Halimione portulacoides

Artemisia maritima

Agropyron litorale • .

Spartina townsendii • .

—+++++++++++++++++

+++++++++

—++++++++

+++

+++++++++

+++++++++

++++++++—

+++++++++

— + +

-j.+++++++++

Spergularia marginata • .

Triglochin maritimum .

Limonium vulgare • .

+

Festuca rubra • .

Glaux maritima • .

Juncus gerardi •

Armeria maritima
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TABLE III

1931-’34 (the upper lines) and in 1956 (the lower lines).

The inner salt marshes

Artcmisietum

maritimae

j Salicornietum

europaeae

Puccinellieti

phase rich in

therophytes

im maritimae

phase with Aster

and Plantago

Juncetum

gerardi

Saginetum

maritimae

Artcmisietum

maritimae

Salicornietum

europaeae

Puccinellieti

phase rich in

therophytes

xm maritimae

phase with Limo-

nium and Plantago

Juncetum

gerardi

Saginetum

maritimae

+++++++++
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+ + H
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