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Soil nlicroarthropods (Acari, Coil em bola) fronl beach and dune:
characteristics and ecosystenl context
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.\hstract. S()iI Il1lcru~\nhr()p()ds I:\cari. Colkmho!al \\CIC

:111:tlYICd ;tI()n~ tr~ln,cL'ts froill ,,)1\)('c to hru\\n dunc in t\\'()

":111dy c()a"t:tI "itc"
()j' t!~c ~()nh Sca (JutLl11d. Ul'nll1:11t. ;\nd

S!,iL'~(ro()~, E~ht Fri..,l~\n hl;l11d. ()(nn:I11Y). Plcdatmy nlltc"

(,\l':l1i: Ci:ll11:hin;\) ;md C()lkl11twb \\(IC detcrmincd to SP(

L'iL''', Th( .Jutl:lnd :IIld thc Spid:cl'l1o~ "itcs (:\ch yicldcd 22

C;:l1nasit1a ..,pccics. J() \)\' \\hich :IIC coml11on to h()th arl';h.

C)lklllh\)I:l \\eIC idcntit'ied fruilllhc SpieK(roo~ samples ()n!y

iabo 22 ,species).

Lal~est mill.' ahunuanccs werc found in JUILlI1u in prim:lry

dunes 141lJ tvl. ind.lm=) ~I11J ()n Spic~eru()~ in ()Id hn1\\n

dunl's (.,14 hd. ind./m=). COll1rarcd to the milL'''. CulkmhuLt

~\hund:lnL'es ~\r(' 10\\, '.\ith m:l\im~l nf 77 hd. Ind./m: in JU1Ltnd

I ycllu'.\ dune) ~1I1d\)IlI; 1S lsd. ind./m= ()n S!)id,ern\)~ I()Id

yellm\ dUI1l'J.

The communi tics \)1' predatory mitcs (C~11llasil1~l) ;lI1d

C()lkmhula a!\)(1t! tr:lIhL'Cls from shurc inland to hn1\\11 dune

~11\~quite sp(cific. Hi~h similarities arc found fur the prL'lbtnry

mites hd\\'cl'n the specific dune sites uf thc t\\O ~or\h Sea

areas, particularly for yellow dune.

Additiunally. preliminary data arc presented for the south-

ern Baltic Coast. The findings arc discussed in a broader

context. Arguments focus on conser\ation and biogeni,,' dune

st:1bi! i zat \\)n.

KCY\\()l'ds: Biugcnic s:u1d st:lbilizati()n: C)n,cr\:lti\)I1: G:\-

masina. Culkmbola.

:\'omcnclaturc: Gam:lsin:J. ilfter Karg (! 97]). Collcmbo!a af-

ter Gisin I !970).

Introduction

Coastal Junes ha\'c a \'ery characteristic \'cgetation.
depending on their distance from the sea and on their
age (Elknberg 1986). EspecialJy the \'Cry young fore-

dunes ami ye]IO\\' dunes are highly dynamic areas. From
shore to old bro\\'n dune. the sandy character of the soil
remains pretty much the same, However. pedological.
biotic and abiotic factors change along this transect
from sand with almost no structure and neutral or :dightly
alcaline pH. to podsolic acid brown earth, This \\'ell
det'ine~lb1c sequence is of great interest for ecologist'i in

urdcr to study thc di'itrihution nr plants and animaL-;(e .g.
\an Heerdt & \Iiir/er-Bruyns !960: Heykena ]965:
hermal1n & Cordes 1992: Jungerius Il)l)(): Rnse !9SS:

\Vil!is jl)Sl)). Hu\\e\'er. infmmatinn nil the distributil)n

nr ~l)iI meso- alld micmt'auna a]\)ng this gradient i:-;
limited (Bigot! 061: Bus~au !l)C)():Lu\tnn !l)0():Peterscn

!065: Pl)insot !96(): Willmann !9):1).
In a recent paper (Kuchler et a!. in pres~). the distri-

bution of predatory mit~s (Acari: Gamasina) to ~ites
t'rom tidal linc \0 hrown dune in Jutland (DclImarK) \\'as
compared tn t'indin~s from similar sites un Spiekemo~
(East Frisian hland L Distinct c()!l1munities could he

identified alL)n~ the tran'iects. Panicularly rur ye!!l)\',
dunes. the communities l)r .Jutland and Spieken)L)~ :lre

\erY' similar. Therc is wcak e\'idence for the correlation
of occurrences or Gamasina species with ~n)\\th flmns
nt' plants (Koehler et a!. 1902).

The current paper gi\'cs a synopsis ofthc findings for
Gamasina and presents new data on springtails (Insecta:
Co!kmbn\a) from the Spiekeroog transect. It focusses

on the description of the distribution of thesc soil
microarthropods in dune sites of Spiekeroog. and on a
comparison ot'Gamasina communities from Spiekeroog.
Jutland and the suuthern coast of the Ba!tic Se~l.{n an
integratcd view uf the dunes as an ecosystem. biogenic
sand stabilization is addressed. as \\'e!1 as problems of
conservation and of risk assessmcnt of climatic change
on dunc stability,
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Sites, l\Iaterial and \Icthods

SpicJ.:eroog (TuMe I)

Spickcroog is an i:;]and within the Wadden Sea. off

the coast of LO\ver Sa\ony (Gclman)'). Si\ dune sites.
primary dunc. young and ole! yello\\' dunc. grey dune.
young and old bro\\'n dune \vere sampled in September
1990, To compare the findings \\'ith those from Jutland.

data from young and old yello\\' and bro\\'n dune. rc-
specti vel)'. are combined. A short portrait of the island is
gi\'en by Gerlach (I99(y)' 1-m~ plots with typical vegcta-



Spiekeroo~ J lit I ~lIld

h70
()

70

S.) S.5

grey hi"{1\\ n \\ 11i (c' grl'y bn1\\ n

50 90,~,IO

10') S' I-+~ I :;() 115
(

.'
().-+ 7,~ 16.5

5:-;'; -+S,S -+5.1 -+S,S 511.S
0,1)\ I 2,9

5,l)
"\ 'I

h,3 .',()
""I

.,

7K Koch/('/", II., i\I1I I/d('/"/o!z , f. <.\: Ilo/II/{/I/I/, S.

Tahle I. Site charaL'teristic,s.

l'ast
CI i111;\te

;\\l'ragl: yr. prl:cipitation (111111)

..\ \ l'r;\':'l: yr. 1L'lllperature ('.()

Dlines \\ hite

:;0

I3S

\ge II )

l~lIlk density I~)

\V,IIL'r uJJ1IL'nl I.')

Pore \
()

IlIl11l' 1-+)
()r~anic C (5)

11111hi

-+S,I

,..'

I I) ! e;\r, ;1i'IL'r Sind\1"sky l!lJ7 -').
I~) dry \\l. snil in S/I()()cl11;, ;\\l'rage i',)rO,I~ cll1lk'ptl1.

1.'1 'i,;1t lby OfS;\111pling

1-+) 'i. L'~t\ClIblL'd fnJl11 dry \\eight by the forl11l1!;\of Ilartge 11'J7S).
(5) (';, org;lI1ic c;lrhon wa,~ deterl11ined hy incinl'ratil1n.

161 in CaCI"

B;t\tic
\\cst

500
S

h50

tion from north-facing slop~s ofthc duncs \\crc sclected

(iYluIlC.krloh & Hofmann 1992): primary dune: ;\gro/)\,-

rol/ jlll/CCIIII/: ycllow dunc: Allillw/)!zi/(/ (/I'L'I/(/ri(/,

SOI/e/IIIS ur\'cl/sis, FCSIIICU mhm s.l.: grcy dunc: EIII/)C-

Imlll I/igmlll, FCSIII({/ m/J/'({ s.l.. LOlliS (OmicII/i/lIlS,

G(/lilllll l/1o//llgo: bro\\'n dunc: EIII/)CI/'lI1II I/ig/'lllll,

P u/YfJud i 11111 \'11 /g a rc.

Jlil/alld (T{/hle I)

The research area is situated on the dunes of thc
\\'estcoast of southern Denmark (J utland). near Houstrup.

north of Esbjerg. Six sites were selectee! in Scptember

1988. from tidal line to brown dune. Dune sites faced
\vest to nonh-west. Samples from yellow. grey and

brown dune were taken from l-m2 sample plots with

typical vegetation: tidal line: almost no debris; beach:

unvegetatcd: prim:1ry dune: Agropyro// jI/l/('(J//I//: yel-

low dune: AllllllOphi/(/ (/re/lariCl, E/Ylllus (/r('/li/rills,

So//chus (/r\'e/lsis: grey dune: AllIlllOphi/a are//Clri{{,

C/adu//ia spp., HiemciI/l// IIllIhellCltulII, Cory//cp/lOl'IIs

c(]//{!sce//s: brown dune: EllIpelr/ll// //igr/llll. Cullu//u

\'II/goris, Po/ypodiu/II \'II/gare, Solix repe//s.

Ba/lie COi/SI

Qualitati\'e sampling was performed along the south-

ern Baltic Coa~t, in July 1992: Boi~nsdorfer Werder

(SalzhalT. Germany: ZOSlem debris). dun~s of\Volinski

and Slowinski National Park (Polancl) and August 1993:

along the coast of Latvia (lvlelecis &: Koehler mscr.).

Soil SlIIlI/J/CS

Soil samples werc taken with a soil corer from 0-4.
4-8.8-12 em (surface 25 cm~. \'olume 100 cm'\
Jutland: thrce soil cores each \\ere takcn from tidal line

and heach and eight from each clune site (September
1988).

Spiekeroog: 10 soil cores were tJken randomly from

l-m2 plots from each site (September 1990).

Baltic Coast: no soil corer was used. From each site.

a minimum of 300 cm3 soil \vas filled in plastic bags for

transportation to the field-lab.

E\'!melio// a//d deler/lli//alio// of soi//IIic/'OClrt!zro/J()ds

Dynamic extraction was used (Macfadyen-canister-
type apparatus: Jutland: 5 days: Spiekeroog. Lat\'ian

coast: 10 days). Temperatures were raised every 12 (2.:.\-)
hr to reach 60 cC on upper soil surface, Some samples
from the Baltic Coast \vere extracted with a portable
apparatus \vithin 48 hr.

\Vhen large amounts of sand \\'ere encountered in the
collecting canister. mesobuna \\':1S reco\'ered by re-
peated swivel1ing of the tluid followed by decantation
until no animals were found any more. Subsamples of
sand were finally checked for remaining fauna.

Soil microanhropods \\'ere counted with a binocular
to group level. Garnasina species were determined mi-
croscopical1y mainly after Karg (1971). Col1ernbola
mainly after Gisin (1970).
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Results

.\ I ic)'{ ill i'/ II)'{ if)( iil\

The coloni/ation of the :-;andor the t\\O \mth Sea
sites by soill11icro~lrthropods i:-;considerable and COI11-
pares we!1 to that or other soils (Table 2). Trcnds ot'
abundances \'aricu. howe\er: in Jutland. largest nUI11-

hers of microarthropous wcre extracted from the sand of
primary duncs anu on Spickcroog from old brown dunes.

In primary amI ye1l0w dunes. the majority of soil
microarthropods tends to colonize depths belo\v -I-cm.
\\hereas in grey anu brown dunes the upper layer (0--1-
cm) is preferred,

Colkmbola \\'ere morc abundant in Jutland than on
Spiekeroog: on both sites. however. much inferior to the

mites. which occulTed in comparable quantities. Symphy-
plcona are found in both areas. but only in grey and

bro\\'n dune sites.
Considerable numbers of Protura were extracted

from yellow and grey dune soil (5 - 6 tsd. inds./m2).

Gamasina were abundant in primary. yellO\v ~lt1d
grey dunes of Jutland. On Spiekeroog, highest abun-

dances of these predators were found in the soil of grey
dunes.

Col!elll!J% (Spiekeroog)

The Colkmbola from the Spiekeroog sites belong to

22 species. Eight dominant species (relative abundance

> 10\() ha\e a share of almost 85\0 of
a]] indi\'idu~ds

(Fig. I. Table 3). The highest species number
( ]:; spe-

cies) was encountered in grey dunes. The small euedaphic
species 1'vlcsoplzorllnl /lIoC/'oc!/(/cw dominated the

.1

~I)

.11 I)

;
1:--,

i :-,')

iJ.3 ~

~/2 :

I
()()/t)()

U2
1-"

2':-+
~ , 2:){)nl~'

, \c:lri

2.~()

,I{)

1:)1)

I
()iJ

C;:lll1;1\ill:\

21)

~

10

Collcmbo!a community with the exception of grey dunes.

The OCCUITelll'e o!' other species is more restricted
\() a

speciric dune type.
The Cl)llcmbola community

,)!' prim~lry and yelllm

dune sites is ch~lracterized by Xellyl/u Jllill'iriJlIU. AlIlIrid(/

/I/uririJl/u and Wil/(,/Iliu sC({/lIlilluricu. .-\Iso. some indi-

\iduals or I.\O/OJI/U rlzeJ'll/(}f!lzil(/ were found in primary

dunes only. This species is known from the literature

from beach am! yellow dune (Franz! 975: Petersen

1965: Strcnzke 1955). Being a xerophi]ous species

(Fjellbcrg 1980: Gisin 19-1-3: Joosse & Verhoeff 1987:

Schaller 1951). XClly/lo /lwriri/lw was uominant also in
grey duncs. It is reported from dune sands by se\cral

authors (:-\grell Il)]-L Krogcrus 1932: \lallo\V et a\.

198-1-: Petersen 19(5),

The Collcmbola community of grey and bro\\'n dunes

is dominated by EllroJllOhrya lIi\'(//is.
!SO[()/lW /1oruhilis.

t\VO Symphypleona species (Slllillflzllrides pU/lIi/is.

Nce/us IIlil/i/l/lls) and A/llirido
pygl7l(/ca. £I/[O/l1O/)ry(/

I/ir{//is. a species occulTing in dry habitats (Fjellbcrg

1980). is characteristic particularly of grey and young

brown dunes. Sy'mphypleona and Al/lIl'ido
pygl7loe(/ are

kno\vn from soils rich in organic materi;ll as \\'ell as

from grey and bro\\n dunes (Doppelreiter 1979: Hag\'ar

1982: Petersen] 965: Pozo 1986: Tamm 1986).

CU/lwsi/l(/ (Spickci'Oog. JlIl/Ulld. Eu/rie COClSl)

From the samples collected. a total of -1-3species \\'as

iclentified (Table 3). The Gamasina communities of

Spiekeroog and Jutland comprise 22 species each.
] 0 of

which arc common to both sites.
The highest diversity with 16 species \\'as encoun-

t~red in the grey June of Spiekeroog. follO\vedby yel-
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Fig. 2. Distribution of Gasmasina to
coastal habitats: jutland = Jutland
(Denmark). spiek =Spiekeroog (Gcr-

m~lIlY). baltic = southern Baltic Coast.

Relati \'e abundances in percentage,
only species with more than 50Cabun-

dance are included: for species code
see Table -I-.
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low dune in Jutland and brown dune on Spiekeroog with
12 species each. From the Baltic Coast, 13 species have
been identified up till now: many more arc expected.
since the material examined is still rebtively small.

The delimitation of the Gamasina taxocenoses along
the Spiekeroog transect is still clearer than that of the
Collembob (Fig. 1). There is an increase in diversity
from primary to old yellow dune with typical species.
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~ ~
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~ z a:: 0 Z (j m z J
0 ~ 0 z 0 - 0 uJ m
:f a:: ~ ~ ~ ~ ~ ~ ~

. jutland 0 spiek. ~ baltic

Grey dune is inhabited by a transition community, hav-
ing species in common both with the more coastal

habitats and \',lith brO\vn dune. Brown dune is inhabited
by a taxocenosis dominated by surface dwelling VeigCliCl
species. As may be expected, high simlarities are found
between young and old sites of the same dune type.

The taxocenoses in Jutbnd are weIl defined as welL



Tahle J. Collcll1bola from Spickcroog (ind. in tsd./m2. 0-12 em depth).

Spl:cil:\ Cmlc I'ri 1l1;lry y-whitc o-\\hill: Cin:y y-hrown o-hrown

/\I/uridll /IIuri/i/llu ((Jul'rin-Mcnncville IXV)) AMAR 0.20
/\I///I'()/JItOrl/S \pcc. Anu sp O.O~ 0.12 1.20 O.l2
/\I/uridu pygll/{/('(/ (Bijrncr 190 I) t\PYG om; 0.111 l.O~

!:"I//of/IOIJI'.\'IIl/imli.1 (Linn~ 1758) EN IV (UP O(P l. fJ() 0.96 1'()R
/SO/O//IIII/o/uliili.1 Sch;iiTcr IX96 10101' I.~:-; o.n

IA'/lii/o<'\T/I/.I (\UI/C/IS Tullhcrg 1871 I.CY"\ (um

,\!C.I'U/J/IIJrl/mf/wc.,.{)clwe/{J (Rusck 1976) :\1:\11\( 2.().~ 2.20 II.S0 :\.2 0 2.72 5.lJ2

Xeelu.I f/lil/if//us Willem 1900 NMIN OAR 2.20
S/Ilil//il/Irides /lllII/ilis I Krausbaucr 1SlJX) S PU i\1 2.00 0.12
Willl'lI/iu si'{//u!il/m'iu/ Stach 19~9 WSC\ 012 .UO

Xl'/l\l!u II/uri/if/w Tullhcrg IS69 Xi\IAR O.Y) 2.88 O.O~
/)icvrtlll/III ji/scu (LUC1S 1842) 0.20
Fol.w!J1iu 1/lIw!rio('lt!u/u Tullherg IR71 0.56 012
/:rincu specics O.O~

IID/oll/u /I/(',.,,!o/iltilll (.\\clson IlJOO) 0 OS
!III/Of//({ \irilli.l Bourkt 18.19 O.O~

SI'lIl/lim f/IIiSCO/'ll///(Tcmpleton 18l5) 0.16 0.20 O.~,)

Onltcscl!lI cil/c/u (Linnc 1758) 0.16 O.~~
I'mi.lo/II!J1U .I'uh!J1il/li/{JDenis 1931 0.12 (U~

S!J1il///IlII'lISriridis (Linnc 1758) O.O~ O.OS O.OS
Tullhcrgiu ull/IlI'.I'l3ijrncr \902 O.O~

Wil!l'/I/ia (//w/lh//wl!J1u Borner 190 I 0.20 0.118
undctcrrnincd O.2X O.OS 1.12 0.16 0.76 0.68

Total individuals .1.52 2.:-;0 18.12 15.60 6.4~ 15.32

Code unl)' fmspecics with relativc ahundancc > 5 I;.

~2 Kochler, 1-1., M/ll/derloh, E. & J-/ofillW1Il, S.

which is documented by rather IO\\!indices of similarity
bet\veen consecutive sites along the transect (Koehler et

al. in press).
The distribution of Gamasina species in specific

coastal sites from three geographic areas (Spiekeroog,
Jutland, southern Baltic Coast) is shown in Fig. 2,

leaving out grey and brO\vn dunes. which have their own

peculiarities. The major occurrence of Halol(lel(lps spe-

cies is restricted to tidal zone and beach as that of
Dissolollcha sllperbus to debris. Also, Parasillis I/{z!o-
philus is dominant only in sites close to the sea, but not
in frequently submerged sand. Species from the eu-
ecbphic family Rhodac~ridae, particularly Rlzoc!acarL/s
(Income, dominate the Gamasina fauna in primary, yel-

low and on Spiekeroog also in grey dunes. Leiuseills
bicolor, a drought resistent species (Karg 1971). is
important in yello\\' and grey dune soils. According to
the information given by Karg (1971), most species
were found in their typical habitats, particularly those
living close to the sea.

Discussion

There are some short comings to the data presented.
The investigations are short-term studies with a limited
sample size. Characterization of dunes as primary, ycl-

low, etc. dunes may be an insufficient habitat descrip-
tion to achieve similar settings for a comparison of

different geographic areas. Soil development, exposi-
tion of sites and vegetation must be observed in detail
and should not differ between two sites to be compared,

as it is for the exposition of the respective dunes \vith

slopes facing west in Jutland and north on Spiekeroog.

On the other hand, our data allow the deduction of
hypotheses on the distribution of soil microarthropods

to the dunes for mainly two reasons:
1. The samples yielded a plentiful and diverse micro-
arthropod community from the dune sand.

2. For comparison of sites being geographically far
apart, beach and dune offer a maximum of comparabil-
ity because of relatively high geomorphogenetic, pedo-
logic, mcsoclimatic and floristic similarity.

The communities from the sites along the transects
are speci fic, both for Collembola and Gamasina. There
are more species of Collembola with less restricted
ecological requirements than of Gamasina. This fact is
retlected in the similarities of the communities along the
transects from sea to brO\vn dunes, which are high for
Collembola and low for Gamasina.

The highest species numbers were found both for
Collembola and Gamasina in grey dunes. which may be
explained by its intermediate location betwe~n early
successional. dynamic yellow dune and older, stabilized
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- S()illll/cr()(/rtl1r()/wds (I\C(lri. CO//CI/1/)()/UJ./WII/ f)(,(/CI/ (/1/(/ (lIIIIt' -

Specie\

Tahlc..t. (;;lIl1:L"in;\ rrom Sric\\croog (S). Jutland (.I) and the Baltic Coast (B).

Tidal/heach Pri Il1ary

,\rc/(III'illl 11'lmllll (Sellnid; 11).\0)

,I/lli'II/lnl/'illl /l/1I'-.:/li,IClIlIlIII (\Vei\-Fogh 1(47)

,III1!i1ncills silllilij7nridll/lIiS (I!irschmann 19(i2)

,I. 1I1I/"{'S('('/lS Athias-I knriot I <J()1
, I. /; Im/IIIICllli I Karg 1lJ7!)

,\. nhllllll I Ie. L. Koch I S.V))

. I. nAllili/'-.:I'lIlil (Chant IlJ57)

,\. I/II/hmlin/.I (Chant 19S(J)

/)('I/(/r(l/lle/II{)I' IIrC/lliriliS K;\rg 11J71
l>is\(J/(Il/clru SlIliClhlll IHlIlll()I,'\1

f f\{'(Iulpis II('II/ci/;'r I,Can. 1935)
!l1I/n/uc!II{IS \Iwe.

L/linleilll Ill)\, \[lee.

L'ilil('ill,1 hit'll/ol (Ikrksc 191 S)

L. il/s/'-.:/lis Ilir\ehl11;lnn 1%:1

I.. /l1I'/llil/lIl/1I1 f lir\ehmann 19{)3

/'cn;U/IIU,lliS cnl/II I K;lrg I ()II

f',I('IU/°l'lIr,1lilllI dCl/lUlus (Halbert I ()3())

l'um,lillis 11lI/IJl'lti/1l1 I Sellnic\-. 1'057)

f'. f.:.CIl/lli'ni Olldcl11ans 1l)()2

f'agu/l/ullIs /"I)hllllllS (OlideIl1ans 1l)()2)

H!1I!{/UCUr/lS U/l('o/"(/e KJrg 1971

N. COW/llilltS Bcr\cse 1921
I\. lillI/III/III' I K;\r;: I

()() I)

\'ci<.,:uiu U'/"\'II I Kralller 1lJ76)

V. ni:;ltl/ (l3crksc 1917)

\'. /lCI/IO/'{'lIlis (C.L.Koeh IS3l) I

Zerwl/ III/(Irci IScllniek 1(58)

,.\SCU I/filridioidl'.\ (Linne 17581

:\. hiwmis (Can. ct FrJnz 1887)

/)/Utli.IIJcill.\ lunu/is (Bcrksc 1918)
DC/le/ml. SCfilC/llriol/ulis (Sdlnick 19S5)

[)clle/roseilts rClicli/utlls Shcals 1956

HYfJOUSI!is clI/leifer (:..Iichad 1891)

H. \'UCliU (Michael 1891)

Leioseills lI/illltSCli/ltS Berkse 1905
Perga//lUSliS (fllis(flli/iurum (G.&R.Can. 1882)
P. scplelllriolla/is (Oudemans 1902)

P. \'(/gabllllc!us Karg 1968

Pro:crco/l lrC/gare/hi (Halbert 1923)

Rhoc!ucoreflllS si/esiaclls Willmann 1935

Sejlls Ill'comiger rOudemans 1903)

\'cigaia /.:ochi (Tragardh 1901)
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Code only for species from tidal zone to grey dune with relative abundance> 5C1c.

brown dune. Here. an increase of habitat heterogeneity
and a relative minimum of unfavourabk abiotic condi-
tions (like influence of salt and low habitat stability in
foredunes and high acidity in brown dune) may allow
for a high diversity.

Considering the 10\\' values of pbnt cover, plant
species richness and organic C, it is surprising to find in
young dunes a relatively diverse and abundant soil

microarthropod community. This is indicative of the
existence of a complex soil ecosystem. the interactions
within \vhich are responsible for biogenic sand stabili-

Y clio\\' Grey

l)_)

B.ll)

B

Brm\,n

s

J. S

S
J
J

J
B

S
J. S
1.S

zation. Furthermore, evidence from the literature sup-
ports the following hypotheses on the existence and on
some functions of the (partial) ecosystem of dune sand.

Judged from the low carbon quantities, there is little

food for soil organisms. Airborne foams from surf and
blown sand \vith adhering microorganisms from the
intertidal may provide highly nutritious organic input to
bacteria and plants (Fay & Jeffrey 1992; \Vilson 1959).
Especially in the more humid season, green algae and
blue cyanobacteria grow on the sand surface (Pluis & de
\Vinder 1990). On the one hand. they contribute to sand



mechanical stabilization by plant roots,
root hairs and mycorrhiza
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climate
---------------

~ single sand grains

sand grains woven by hYPV

~
sand grains woven by algae stabilization by hyphae, algae, roots

& their exudates, also from microflora

~ ~.~

tfQ
plant root feeders & vectors of pathogens

(e.g. Nematodes)

fungal grazers
(e.g. springtails, mites)

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

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

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

stabilization by enmeshment and slimes, on the other
hand they are food for surface-living arthropods and
when buried by overblowing sand also for elledaphic

soil mesofallna. This grazing may stimulate algal activ-
ity, which has also been reported for grazing of fungal
hyphae (Coleman 1985; Hart 1985; McGonigle & Fitter



- Soil JIlicrourtllm/wds
(/\c(/ri, Co//L'/J/holo}ji'o/J/ hL'clcl1 oI/(l dill/£'-

0-0)

I();-);-)).E.\u(ble\ ,'rom roots of pioneer plants in primary

dUlh.''' may trig::;er a wl10k scqucnce of reactiolls of soil

;lIlinl:ll" and inter;lctions as has hecn described hy

Cbrho/m (I()X:)) from laboratory exrerimellts: Root

C.\ud~ltes "tiJllul;ltc microhial activity causin::; an in-

lTe;l"e ()I' CO,. This attr;lcts Protozoa and Nematodes.

\cm;ltot!e" ;\re potentially harmful to ..\lIllIlof1llilr/ (van

del' PUllen l.'l ;11. IlJlJ()). !c;lding to its degracbtion. Other

intel'actil)ll" Ill~IY follmv: hacterial and fungal keding

\enl:ltm!c,,, and Cullcmhola are potential prey for prcda-

l'ilJlh Illites (Karg
j (nl ).

Illllutrient deficient yellow dune. mycorrhiza is \ery

IJllpmt~lllt I'm Ilutriellt cycling (Re;uJ 10:-;9). 0.lycorrhiza

~lre a !;\\uurite food 01' Pmtura. \\'hich helollg to the "oil

meSdaUILI. ;llll! arc quite ;Ibundallt in young dUlle ,sui I".

Thus [h'cy ;lre interacting with mycorrhizal dUlle plants.

h;t\ing ~ln indirect efkct un their dune stabilizing ka-

lLIre".
Soilmicrollura spores arc taken up by soilmcsofaulla

\\ith their keding acti\'ities. but they arc not digested.
By dekcation. "oil Jllesofauna is an iJllpurrant \ector o!'

microllora di"rcrsal. \\hich is of rarricular importance
in dyn;lIllic klhitats. "uch as primary ;lIld yellow dune.

The e\i(kncc sketched so far. gives some ideas on

the mk soil biota play in the stabilization 01'dune sands
;llld dUlle formation. \\l1ich are summarized as follo\\s
(Fig. )): Bacterial and algal slimes serve as a glue

betwecn single grains.' Algal. fungal and mycorrhizal
filaments provide mechanical stabilization and plant
WI)tS hold together sand grains both by exudates and

root hairs (Koske & Polson 198-+: Pluis & de Winder
IlJ90: Rose 1988). Grazers of microflora. fungi and
algae like pot\\onns (Enchytraeidae) mites or Collcm-
bola, and predators like G;l!llasina. may intluence and

control this system.
Our findings on abundance and specific specics

compostion of soil mesofauna taxocenoses confirm the

\'~due of dunes as unique habitats. The study is a small
step tOwards an ecosystem understanding. which is not
only re!e\'ant for nature conservation. but also for coastal

consen'ation: \\'ith their sand stabilizing potential. soil
biota contribute to coastal resilience. This has to be
quantified in future research to assess the risk of a

reduction of this stabilizing potential due to pollution or
climatic change.

Our (for some areas preliminary) results sho\\'. that
high abundance and di\ersity is foune! o\'cr an extendeJ
geographic transect. crossing climatic zones. Detailed
analyses of the communities of this transect are under
way (Handclmann & Heldt in prep.) to elaborate the
possibilities of a predicti\l' assessment of effects of
climatic change.
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