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Soil microarthropods (Acari, Collembola) from beach and dune: 
characteristics and ecosystem context
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A bstract. Soil  microarth ropods (Acar i.  Co l lem bo la)  wore 

analyzed alona tran-octs tVom shore to brown dune in two 
sandy coasta! sites o í  the North  Sea (Jutland. Denmark, and 
Spiekeroog. I -last la is ian island, Germany).  Predatory mites 

( A ca r i :  Damasina) and Co l lem bo la  were determined to spe­

cies. The Jut land and the Spiekeroog sites each y ie lded 22 

Damasina species. 10 o f  which are com m on to both areas. 
C o l le m b o la  were identi fied from the Spiekeroog samples on ly  
i also 22 species).

Largest mite abundances were found in Jutland in p r im ary 
dunes (419 tsd. ind . /m-)  and on Spiekeroog in old brown 

dunes (314 tsd. ind . /m : ). Compared to the mites. Co l lem bo la  
abundances are low. w i th  max im a o f  77 tsd. in d . /m : in Jutland 
(ye l low  dune) and o n b  IS tsd. i n d . /n r  on Spiekeroog lo ld  
\ e l l o w  dune).

The com m un it ies  o f  predator} ' mites (Damasina) and 
C o l lem bo la  along transects from shore inland to brown dune 

are qu ite specific. H igh s im ilar it ies are found fo r the predator}' 
mites between the specif ic  dune sites o f  the two N orth  Sea 

areas, pa r t icu la r ly  for yel low' dune.
A d d i t io n a l ly ,  pre l im inary  data are presented fo r  the sou th­

ern Bal t ic  Coast. The find ings are discussed in a broader 
context.  A rguments  focus on conservat ion and biogenic dune 
stab i liza tion.

K eyw ords: Biogenic sand stabilization: Conservation: D a ­
masina. Co l lembola.

N o m en cla tu re : Damasina after Karg ( 1971 ), Co l lem bo la  a f ­

ter C is in  ( 1970).

order to study the distribu tion o f plants and animals (e.g. 
van Heerdt A; M ör/.er-Bruyns I960: Heykena I960;
i.sermann A: Cordes 1992: Jungerius 1990; Rose 1988; 
W ill is  1989). However, in form ation on the d is tribu tion 
o f soil meso- and m icrofauna along this gradient is 
lim ited ( B igot 1961:Bussau l9 9 0 ;L u \to n  1990: Petersen 
1965; Poinsot 1966: W illm ann 1953).

In a recent paper ( Koehler et al. in press), the d is tr i­
bution o f predatory mites (A cari: Gamasina) to sites 
from  tida l line to brown dune in Jutland (Denm ark) was 
compared to findings from s im ila r sites on Spiekeroog 
(Hast Frisian Island). D istinct com m unities could be 
iden tified  along the transects. Particu larly for ye llow  
dunes, the com m unities o f Jutland and Spiekeroog are 
verv s im ila r. There is weak evidence for the corre lation 
o f occurrences o f Gamasina species w ith  grow th forms 
o f plants (K oeh ler et al. 1992).

The current paper gives a synopsis o f  the findings fo r 
Gamasina and presents new data on springtails (Insecta: 
C o llem bo la ) from  the Spiekeroog transect. It focusses 
on the descrip tion o f the d is tribu tion  o f these soil 
m icroarthropods in dune sites o f Spiekeroog, and on a 
comparison o f  Gamasina com m unities from Spiekeroog. 
Jutland and the southern coast o f the Baltic  Sea. In an 
integrated v iew  o f the dunes as an ecosystem, biogenic 
sand stab iliza tion is addressed, as w e ll as problems o f 
conservation and o f risk assessment o f c lim atic  change 
on dune s tab ility .

Introduction

Coastal dunes have a very characteristic vegetation, 
depending on the ir distance from  the sea and on their 
age (E llenberg 1986). Especia lly the very young fore­
dunes and ye llow  dunes are h igh ly  dynam ic areas. From 
shore to o ld  brown dune, the sandy character o f the soil 
remains pretty much the same. However, pedological. 
b io tic  and ab io tic factors change along this transect 
from  sand w ith  almost no structure and neutral or s ligh tly  
a lcaline pH. to podsolic acid brown earth. This w e ll 
defineable sequence is o f great interest fo r ecologists in

Sites, M aterial and Methods

Spi eker oog (Table  /  )

Spiekeroog is an island w ith in  the Wadden Sea, o f f  
the coast o f  Low er Saxony (Germany). S ix dune sites, 
p rim ary  dune, young and old ye llow  dune, grey dune, 
young and old brown dune were sampled in September 
1990. T o  compare the find ings w ith  those from  Jutland, 
data from  young and old ye llow  and brown dune, re­
spectively. are combined. A  short portra it o f  the island is 
g iven by Gerlach ( 1990). 1 -m 2 plots w ith  typica l vegeta­
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T a b le  1. Site characteristics.

S p i e k e r o o g  J u t l a n d  B a l t i c

 ________________________________________________________________________    w e s t _eas t

C l i m a t e

A v e r a g e  y r .  p r e c i p i t a t i o n  ( m m )  6 7 0  6 7 0  5 0 0  6 5 0

A \ e r a g e  y r .  t e m p e r a t u r e  ( C ) S . 5 S . 5 S 7

O n n e s w h i t e g r e y b r o w n w h i t e g rev b r o w  n

A g e  11 ) 3 0 3 0 9 0 - 2 4 0

B u l k  d e n s i t y  I 2 ) 13 S 1 0 9 S3 1 4 2 1 3 6 1 15

W a t e r  c o n t e n t  ( 3 ) 6 . 4 7 . 2 1 6 . 5

P o r e  V o l u n i e  ( 4 ) 4 S . I 3 S . 7 4 S . S 4 5 . 1 4 S . S 5 6 .  S’

O r g a n i c  C  ( 5 ) 0 . 0 3 1 2 . 9

p H  ( 6 ) 7 t 5 . 9 3 . 3 6 . 3 3 . 6 3 . 3

( I ) s e a r s  a f t e r  S n u l o w s k y  1 1 9 7 3 ) .  

i 2 )  d r y  \s i. s o i l  in  g / 1 0 0  c m  a s e r a g e  t o r  0 - 1  2 c m  d e p t h .

13 ) r ! . at d a s  o f  s a m p l i n g .

( 4 )  . c a l c u l a t e d  f r o m  d r y  w e i g h t  b y  t h e  f o r m u l a  o f  M a r l e e  i I 9 7 S ) .

( 3 )  r t . o r g a n i c  c a r b o n  w a s  d e t e r m i n e d  b y  i n c i n e r a t i o n .

( 6 )  in  C a C k .

tion from  north-facing slopes o f the dunes were selected 
(M underloh  &  Hofm ann 1992): prim ary dune: A gropy­
ron ju nce um :  y e llo w  dune: A m m oph i la  a rena r ia ,  
Sonchus arvensis. Festuca rubra  s.l.; grey dune: Empe- 
trum nigrum, Festuca rubra  s.l.. Lotus corniculatus, 
G alium  m o l lugo :  brow n dune: Empetrum n igrum.  
Polypodium vulgare.

Jut land (Fable 1 )

The research area is situated on the dunes o f the 
westcoast o f southern Denmark (Jutland), near Houstrup. 
north o f  Esbjerg. Six sites were selected in September 
1988. from  tida l line to brown dune. Dune sites faced 
west to north-west. Samples from  ye llow , grey and 
brow n dune were taken from  1-m2 sample plots w ith  
typ ica l vegetation: tidal line: almost no debris; beach: 
unvegetated: p rim ary dune: Agropyron junceum:  ye l­
low  dune: Am m ophi la  arenaria , Elymus arenarius, 
Sonchus arvensis: grey dune: Ammophila  arenaria ,  
Cladonia  spp., Hieracium umbellatum. Corynophorus  
canescens: brow n dune: Empetrum nigrum. Call ima  
vulgaris, Polypodium vulgare. Salix repens.

Balt ic  Coast

Q ualita tive sampling was performed along the south­
ern B a ltic  Coast, in July 1992: Boiensdorfer W erder 
(Salzhaff, G erm any; Zostera debris), dunes o f  W o linsk i 
and S low insk i National Park (Poland) and August 1993: 
along the coast o f La tv ia (M elecis &  Koehler msec).

Soil samples

Soil samples were taken w ith  a soil corer from  0-4. 
4-8. 8-12 cm (surface 25 cm 2, volume 100 cm 3). 
Jutland: three soil cores each were taken from tidal line 
and beach and eight from  each dune site (September 
1988).

Spiekeroog: 10 soil cores were taken random ly from  
l- m : plots from  each site (September 1990).

B a ltic  Coast: no soil corer was used. From each site, 
a m in im um  o f  300 cm 3 soil was fille d  in plastic bags fo r 
transportation to the fie ld -lab .

Extraction and determination o f  soil m icroarthropods

D ynam ic extraction was used (M acfadyen-canister- 
type apparatus: Jutland: 5 days: Spiekeroog. Latv ian 
coast: 10 days). Temperatures were raised every 12(24) 
hr to reach 60 CC on upper soil surface. Some samples 
from  the B a ltic  Coast were extracted w ith  a portable 
apparatus w ith in  48 hr.

W hen large amounts o f sand were encountered in the 
co llec ting  canister, mesofauna was recovered by re­
peated sw ive llin g  o f the flu id  fo llow ed  by décantation 
u n til no animals were found any more. Subsamples o f 
sand were f in a lly  checked fo r rem aining fauna.

Soil m icroarthropods were counted w ith  a b inocu la r 
to group level. Gamasina species were determined m i­
croscop ica lly  m a in ly  after Karg (1971). C o llem bola 
m ain ly  after G is in  (1970).



- Soil n i ic roar ih ropods (Acari, Collembola) f r o m  beach and dune 79

T a b le  2. Soil  m i iTo i t r l l i ropo i is  from the soil o f  coastal and dime sites (Jutland Ju t, Spiekeroog Spick) and other grasslands.
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Results

M ic ro a r th ro ¡ > o i ls

The co lon iza tion  o f the sand o f the two North Sea 
sites by soil m icm arthropods is considerable and com ­
pares w e ll to that o f  other soils (Table 2). Trends o f 
abundances varied, however: in Jutland, largest num ­
bers o f m icroarthropods were extracted from  the sand o f 
p rim ary dunes and on Spiekeroog from  old brown dunes.

In p rim ary and ye llow  dunes, the m a jo rity  o f soil 
m icroarthropods tends to colonize depths below  4 cm. 
whereas in grey and brown dunes the upper layer (0-4 
cm ) is preferred.

C o llem bo la  were more abundant in Jutland than on 
Spiekeroog: on both sites, however, much in fe rio r to the 
mites, which occurred in comparable quantities. Symphy- 
pleona are found in both areas, but on ly  in grey and 
brown dune sites.

Considerable numbers o f Protura were extracted 
from  ye llo w  and grey dune soil (5 - 6 tsd. inds./m 2).

Gamasina were abundant in prim ary, ye llow  and 
grey dunes o f  Jutland. On Spiekeroog, highest abun­
dances o f  these predators were found in the soil o f  grey 
dunes.

Collembola (Spiekeroog)

The C o llem bo la  from  the Spiekeroog sites belong to 
22 species. E igh t dom inant species (re lative abundance 
> 1077) have a share o f almost 8577 o f all ind iv idua ls  
(F ig. 1. Table 3). The highest species number (13 spe­
cies) was encountered in grey dunes. The small euedaphic 
species M esaphoru ra  m acrochaeta  dom inated the

Collem bola com m unity w ith  the exception o f grey dunes. 
The occurrence o f  other species is more restricted to a 

specific dune type.
The C o llem bo la com m unity  o f prim ary and yellow 

dune sites is characterized by Xenylla maritima. Anurida  
m ari t im a  and Willemia scandinavica.  A lso, some in d i­
viduals o f  Isotoma thermophila  were found in prim ary 
dunes only . This species is known from  the literature 
from  beach and ye llow  dune (Franz 1975; Petersen 
1965; S trcnzke 1955). Being a xerophilous species 
(F je llbe rg  1980: G isin 1943; Joosse &  V e rh oe fi 1987; 
Schalier 195 1 ), Xenylla m arit ima  was dom inant also in 
grey dunes. It is reported from  dune sands by several 
authors (Atzrell 1934: Krogerus 1932; M a llow  et al. 

1984: Petersen 1965).
The Collem bola com m unity o f grey and brown dunes 

is dom inated by Entomobrya nivalis. Isotoma notabilis. 
tw o S vm phyp leona species (Smin thurides pum il is ,  
Xcelus m in imus) and A nurida  pygmaea. Entomobrya  
nivalis,  a species occurring in dry habitats (F je llbe rg  
1980), is characteristic pa rticu la rly  o f grey and young 
brow n dunes. Svm phypleona and Anurida pygmaea are 
known from  soils rich in organic material as w e ll as 
from  grey' and brown dunes (D oppelre iter 1979: Hagvar 
1982; Petersen 1965; Pozo 19S6; Tamm 1986).

Gamasina (Spiekeroog, Jutland, Balt ic  Coast)

From  the samples collected, a total o f 43 species was 
id en tified  (Table 3). The Gamasina com m unities o f  
Spiekeroog and Jutland comprise 22 species each. 10 o f 
w h ich  are com m on to both sites.

The highest d ive rs ity  w ith  16 species was encoun­
tered in the grey dune o f Spiekeroog, fo llow ed by yel-
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Fii». 1. Rchit ivc  abundances (percentage. 0-12 cm depth: on ly  species w i th  more than 3 cc abundance are inc luded) o f  C o l le m b o la  and 
Gamasina species from six dune sites along a transect f rom pr im ary  to brown dune, Spiekeroog. For species code see Tables 3 and 4.
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low  dune in  Jutland and brown dune on Spiekeroog w ith  
12 species each. From  the B a ltic  Coast. 13 species have 
been iden tified  up t i l l  now; many more are expected, 
since the m aterial examined is s t ill re la tive ly  sm all.

The de lim ita tion  o f the Gamasina taxocenoses along 
the Spiekeroog transect is s till c learer than that o f  the 
C o llem bo la  (F ig. 1). There is an increase in d ive rs ity  
from  prim ary  to o ld  ye llow  dune w ith  typ ica l species.

Grey dune is inhabited by a transition com m unity , hav­
ing species in  com m on both w ith  the more coastal 
habitats and w ith  brown dune. B row n dune is inhabited 
by a taxocenosis dom inated by surface d w e llin g  Veigaia 
species. As may be expected, h igh s im larities are found 
between young and o ld  sites o f the same dune type.

The taxocenoses in  Jutland are w e ll defined as w e ll,
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T u  ble 3. C o l lem bo la  from Spiekeroog (ind. in (sd./m2. 0-12 cm depth).

.S p e c ie s C o d e P r i m a r y y - w b i l e o - w h i l e G r e y y - b r o w n o - b r o w i

A n u r i d a  m a r i t i m a  ( G u e r i n - M e n n e v i l l c  1 8 3 6 ) A M A R 0 . 2 0

A n u r a p h o r u s  s p e c . A n n  sp 0 . 0 4 0 . 1 2 1 . 2 0 0 . 3 2

A n u r i d a  p y g m a e a  ( B ö r n e r  1 9 0 1 ) A P Y C Ï 0 . 0 8 0 . 1 6 3 . 0 4

E n t o m o b r y a  n i v a l i s  ( L i n n é  1 7 5 8 ) L N I V 0 . 0 4 0 . 0 4 3 . 6 0 0 . 9 6 1 . 6 8

I s o t o m a  n o t a b i l i s  S c l u f f e r  1 8 9 6 1 N O T 1 . 4 8 0 . 7 2

L c p i d o c v r t u s  c y a n e u s  T u l l b e r g  187 1 L C Y A 0 . 8 0

M e s a p h o r u r a  m a c r o c h a e t a  ( R u s e k  1 9 7 6 ) M  M  A C 2 . 6 4 2 . 2 0 1 1 . 8 0 3 . 2 0 2 . 7 2 5 . 9 2

S e c t u s  m i n i m u s  W i l l e m  1 9 0 0 N M I N 0 . 4 8 2 . 2 0

S m i n i h u r i d e s  p u m i l i s  ( K r a u s b a u e r  1 8 9 8 ) S P U M 2 . 0 0 0 . 1 2

W i l l c m i a  s c a n d i n a v i c a  S t a c h  1 9 4 9 W S C A 0 . 1 2 3 . 4 0

X e n y l l a  m a r i t i m a  T u l l b e r g  1 8 6 9 X M A R 0 . 3 6 2 . 8 8 0 . 0 4

D i c y r i o m a  f u s c a  ( L u c a s  1 8 4 2 ) 0 . 2 0

h ' o l s o m i a  q u a d r i o c u l a t a  T u l l b e r g  1 8 7 1 0 . 5 6 0 . 1 2

F r i e s e a  s p e c i e s 0 . 0 4

I s o t o m a  t h e r m o p h i l a  ( A x e l s o n  1 9 0 0 ) 0 . 0 8

I s o t o m a  v i r i d i s  B o u r l e l  1 8 3 9 0 . 0 4

i X e a n u r a  m u s c o r u m  ( T e m p l e t o n  1 8 3 5 ) 0 . 1 6 0 . 2 0 0 . 4 8

O r c h e s e l l a  c i n c t a  ( L i n n é  1 7 5 8 ) 0 . 1 6 0 . 4 4

P r o i s o t o m a  s u b m i n u t a  D e n i s  1 9 3 1 0 . 1 2 0 . 4 4

S m i n t h u r u s  v i r i d i s  ( L i n n é  1 7 5 8 ) 0 . 0 4 0 . 0 8 0 . 0 8

T u l l b e r y i a  a f f i n i s  B ö r n e r  1 9 0 2 0 . 0 4

W i l l e m i a  a n o p h t h a l m a  B ö r n e r  1 9 0 1 0 . 2 0 0 . 6 8

u n d e t e r m i n e d 0 . 2 8 0 . 0 8 1 . 1 2 0 . 1 6 0 . 7 6 0 . 6 8

T o t a l  i n d i v i d u a l s 3 . 5 2 2 . 8 0 1 8 . 1 2 1 5 . 6 0 6 . 4 4 1 5 . 3 2

C o d e  o n l y  f o r  s p e c i e s  w i t h  r e l a t i v e  a b u n d a n c e  >  5 G .

w hich is documented by rather low  indices o f  s im ila rity  
between consecutive sites along the transect (K oeh ler et 
al. in press).

The d is tribu tion  o f  Gamasina species in specific 
coastal sites from  three geographic areas (Spiekeroog, 

Jutland, southern B altic  Coast) is shown in Fig. 2, 

leaving out grey and brown dunes, w h ich  have the ir own 
peculiarities. The m ajor occurrence o f  Halolae laps  spe­

cies is restricted to tida l zone and beach as that o f 
Dissolonchci superbus to debris. A lso , Parasitus ha lo ­
ph ilus  is dom inant on ly in sites close to the sea, but not 
in  frequently submerged sand. Species from  the eu- 
edaphic fam ily  Rhodacaridae, pa rticu la rly  Rhodacarus  
ancorae , dom inate the Gamasina fauna in prim ary, y e l­
lo w  and on Spiekeroog also in grey dunes. Leioseius  
b ic o lo r , a drought resistent species (K arg  1971). is 
im portant in ye llow  and grey dune soils. A ccord ing  to 
the in fo rm ation  given by K arg (1971), most species 
were found in the ir typ ica l habitats, pa rticu la rly  those 
liv in g  close to the sea.

Discussion

There are some short com ings to the data presented. 
The investigations are short-term  studies w ith  a lim ited  
sample size. Characterization o f dunes as prim ary, y e l­

low , etc. dunes may be an insu ffic ien t habitat descrip­
tion  to achieve s im ila r settings fo r a comparison o f 
d iffe ren t geographic areas. Soil development, exposi­
tion  o f  sites and vegetation must be observed in detail 
and should not d iffe r between tw o sites to be compared, 
as it is fo r the exposition o f the respective dunes w ith  
slopes facing west in Jutland and north on Spiekeroog.

On the other hand, our data a llow  the deduction o f 
hypotheses on the d is tribu tion  o f soil m icroarthropods 
to the dunes fo r m ain ly  tw o reasons:
1. The samples yie lded a p len tifu l and diverse m ic ro ­
arthropod com m unity  from  the dune sand.
2. For com parison o f sites being geographica lly fa r 
apart, beach and dune o ffe r a m axim um  o f com parabil­
ity  because o f re la tive ly  h igh geomorphogenetic, pédo­
logie, m esoclim atic and flo ris tic  s im ila rity .

The com m unities from  the sites along the transects 
are specific, both fo r C o llem bo la and Gamasina. There 
are more species o f C o llem bo la w ith  less restricted 
eco logica l requirements than o f Gamasina. This fact is 
reflected in the s im ila rities  o f the com m unities along the 
transects from  sea to brown dunes, w h ich  are h igh fo r 
C o llem bo la  and low- fo r Gamasina.

The highest species numbers were found both fo r 
C o llem bo la  and Gamasina in grey dunes, w h ich  may be 
expla ined by its intermediate location between early 
successional. dynam ic ye llow  dune and older, stabilized
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T a b le  4. ( iam as ina  from Spiekeroog (S). Jutland (J) and die Balt ic  Coast (B).

S p e c i e s C o d e T i d a l / b e a c h P r i m a r y Y e l l o w G r e y B r o w  n

. A r c t o s e i u s  c e t r a t u s  Í Sei 1 nick 1940) A C F T B .  (J )

A n t e n n o s e i u s  m a g n i s c u t u m  ( W e i s - F o g h  1 9 4 7 ) A  M  A C J J

A m b l y s e i u s  s i m d i j l o r i d a n u s  ( H i r s c h m a n n  1 9 9 2 ) A M B L J

A .  a u r e s c e n s  A t h i a s - I  l e n r i o t  1 96 1 A M B L J

A .  ¡ A r i m i n e n s i s  K a r u  1 9 7 0 A M B L

A . o b t u s u s  ( C . L K o c h  1 8 3 9 ) A M B L S

. 1. okt  u m  " o u  s i  s ( C h a m  1 9 5 7 ) A M B L B

A .  u m b r a t i c u s  ( C h a n t  1 9 5 6 ) A M B L B

D e n d r o l a e l a p s  a r e n a r i u s  K a r u  19 71 D A R F J. S J.S

D i s s o l o n c h a  s u p e r b u s  ( H u l l  19IS) D S L B B

H y p o a s p i s  a c u l e i f e r  I C a n .  1 9 3 S ) 1I A C U J. S J . S S

H a l o l a e l a p s  s p e c . H A L O J. B B

L a s i o s e i u s  n n v .  s p e c . L A S I B

L e i o s e i u s  b i c o l o r  ( B e r l e s e  19 1 S) L B  1C J J. S J, S . B

L. i n s i g n i s  H i r s c h m a n n  1 9 6 3 L I N S B

I ., n u m i a m i l u s  H i r s c h m a n n  1 9 6 3 l . M O N B

P e r g a m a s u s  c o n u s  K a r u  197 1 P C O N J J. S . B J. S

P s e u d o p a r a s i t u s  d e n t a t u s  ( H a l b e r t  1 9 3 0 ) P D F N J

P a r a s i t u s  h a l o p h i l u s  ( S e l l n i c h  1 9 5 7 ) F I L M . J J J. S

/ ’ . L e m p e r s i  O u d e m a n s  1 9 0 2 P K F . M B

P e r g a m a s u s  r o b u s t u s  ( O u d e m a n s  1 9 0 2 ) P R O B S S

R h o d a c a r u s  a n c o r a e  K a r u  1 9 7 1 R A N C J J. S S J

Is. c o r o n a t u s  B e r l e s e  1 9 2 1 R C O R J J J

Is. m i n i m u s  ( K a r u  1 9 6 1  ) R M I N S.  B

\ ’e i g a i a  c e r v a  ( K r a m e r  1 9 7 6 ) V F I G S S

1'. e x i g u a  ( B e r l e s e  1 9 1 7 ) V F 1 G S J. S

C. n e m o r e n s i s  ( C . L . K o c h  1 8 3 9 ) V F I G S J. S

Z c r c o n  a n d r e i  ( S e l l n i c k  1 9 5 8 ) Z A N D J

A s c u  e l p h i d i o i d e s  ( L i n n é  1 7 5 S ) S

A .  b i c o r n i s  ( C a n .  et  F r a n z  I 8 S 7 ) s
B la t t i . s o c iu .s  t a r s a l i s  ( B e r l e s e  1 9 1 8 ) J

D e n d r o l .  s e p t e n t r i o n a l i s  ( S e l l n i c k  1 9 5 8 ) J

D e n d r o s e i u s  r e t i c u l a t u s  S h e a l s  1 9 5 6 S

H y p o a s p i s  c u n e i f e r  ( M i c h a e l  1 8 9 1  ) S

H .  v a c u a  ( M i c h a e l  1 8 9 1  ) J. S . B S

L e i o s e i u s  m i n u s c u l u s  B e r l e s e  1 9 0 5 J

P e r g a m a s u s  q u i s q u i l i a r u m  ( G . & R . C a n .  1 8 8 2 ) J

P.  s e p t e n t r i o n a l i s  ( O u d e m a n s  1 9 0 2 ) S S

P .  v a g a b u n d u s  K a r g  1 9 6 8 s
P r o z e r c o n  t r c i g a r d h i  ( H a l b e r t  1 9 2 3 ) J J . S J

R h o d a c a r e l l u s  s i l e s i a c u s  W i l l m a n n  1 9 3 5 s
S e j i t s  n e c o r n i g e r  ( O u d e m a n s  1 9 0 3 ) J

V e i g a i a  k o c h i  ( T r ä g a r d h  1 9 0 1 ) s

C o d e  o n l y  f o r  s p e c i e s  f r o m  t i d a l  z o n e  t o  g r e y  d u n e w i t h  r e l a t i v e  a b u n d a n c e  >  5 ac.

brow n dune. Here, an increase o f habitat heterogeneity 
and a re la tive m in im um  o f unfavourable ab iotic cond i­
tions ( like  influence o f salt and lo w  habitat s tab ility  in 
foredunes and high acid ity in brow n dune) may a llow  
fo r a h igh d iversity.

C onsidering the low  values o f  plant cover, plant 
species richness and organic C, it is surpris ing to find  in 
young dunes a re la tive ly diverse and abundant soil 
m icroarthropod com m unity. Th is  is ind ica tive  o f the 
existence o f a complex soil ecosystem, the interactions 
w ith in  w h ich  are responsible fo r b iogenic sand s ta b ili­

zation. Furtherm ore, evidence from  the literature sup­
ports the fo llo w in g  hypotheses on the existence and on 
some functions o f the (partia l) ecosystem o f dune sand.

Judged from  the low  carbon quantities, there is litt le  
food fo r so il organisms. A irborne foams from  surf and 
b low n sand w ith  adhering m icroorganism s from  the 
in te rtida l may provide h igh ly  nu tritious organic inpu t to 
bacteria and plants (Fay &  Jeffrey 1992; W ilson  1959). 
E specia lly in the more hum id season, green algae and 
blue cyanobacteria grow  on the sand surface (P lu is &  de 
W inder 1990). On the one hand, they contribute to sand
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climate

single sand grains mechanical stabilization by plant roots,
root hairs and mycorrhiza

sand grains woven by hyphae a

sand grains woven by algae stabilization by hyphae, algae, roots
& their exudates, also from microflora

fungal grazers 
(e.g. springtails, mites)

plant root feeders & vectors of pathogens 
(e.g. Nematodes)

grazers of microflora 
(e.g. mites, springtails, potworms)

predators as controlling agent 
(e.g. predatory mites)

Fig . 3. Ecological interactions, leading to biogenic sand stabilization in coastal dunes.

stab iliza tion by enmeshment and slimes, on the other so il mesofauna. T h is  grazing may stim ulate algal activ-
hand they are food fo r  su rface -liv ing  arthropods and ity , w h ich  has also been reported fo r grazing o f  fungal
when buried by ove rb low ing  sand also fo r euedaphic hyphae (Colem an 1985; H art 1985; M cG on ig le  &  F itte r
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1988). Exudates from roots o f  pioneer plants in prim ary 
(lanes may (neaera  whole sequence o f  reactions o f  soil 
anim als and interactions as has been described by 
C larho lm  (1985) from laboratory experiments: Root 
exudates stim ulate m icrob ia l ac tiv ity  causing an in ­
crease ol C O ,. I'his attracts Protozoa and Nematodes. 
Nematodes are potentia lly  harm fu l to Ammophila  (van 
der Putten et al. 1990), leading to its degradation. Other 
interactions may fo llow : bacterial and fungal feeding 
Nematodes and Collem bola are potential prey fo r preda­
cious mites ( Karg 19 7 1 ).

In nutrient deficient ye llow  dune, m ycorrh iza is very 
im portant fo r nutrient c \c lin g  (Read 1989). M ycorrh iza  
are a favourite food o f Protera, w hich belong to the soil 
mesolaiina. and are quite abundant in young dune soils. 
Thus they are interacting w ith  m ycorrh iza l dune plants, 
har ing an indirect effect on the ir dune stab iliz ing  fea­
tures.

Soil m icropora spores are taken up by soil mesofauna 
w ith  the ir feeding activ ities, b lit they are not digested. 
By defecation, soil mesofauna is an im portant r ector o f 
m icropora  dispersal, which is o f particu lar importance 
m dynam ic habitats, such as p rim ary and ye llow  dune.

The evidence sketched so far. gives some ideas on 
the role soil biota play in the stab iliza tion o f  dune sands 
and dune form ation, which are summarized as fo llow s 
(F ig. 3): Bacterial and algal slimes serve as a glue 
between single g ra in s .'A lg a l, fungal and m ycorrh iza! 
filam ents provide mechanical stab iliza tion  and plant 
roots hold together sand grains both by exudates and 
root hairs (Koske &  Poison 1984; Pluis &  de W inder 
1990: Rose J9S8). Grazers o f m icropora , fungi and 
algae like  potworm s (Enchytraeidae) mites or C o llem ­
bola. and predators like Gamasina. may influence and 

contro l this system.
O ur find ings on abundance and specific species 

com postion o f soil mesofauna taxocenoses con firm  the 
value o f dunes as unique habitats. The study is a small 
step towards an ecosystem understanding, w hich is not 
on ly relevant fo r nature conservation, but also fo r coastal 
conservation: w ith  the ir sand s tab iliz ing  potential, soil 
biota contribute to coastal resilience. This has to be 
quantified in future research to assess the risk o f  a 
reduction o f this s tab iliz ing  potentia l due to po llu tion  or 
c lim atic  change.

O ur (fo r some areas p re lim ina ry ) results show, that 
high abundance and d ive rs ity  is found over an extended 
geographic transect, crossing c lim a tic  zones. Detailed 
analyses o f the com m unities o f this transect are under 
wax’ (Handelmann &  H eldt in prep.) to elaborate the 
possib ilities o f a pred ictive assessment o f effects of 
c lim atic  chance.
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