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Especially for the Russian part of the Curonian Spit detailed descriptions of dune-soils are lack-
ing. The present work focuses on an ecological soil characterisation carried out across a well-dated
sand-dune chronosequence. The soil development is characterised by a fast decalcification combined
with a rapid decrease of soil pH and an increase of organic matter and cation exchange capacity with
increasing soil age and vegetation cover. Following the international WRB classification (FAO, 2006),
the examined soils can be classified as Calcaric Arenosol, Dystric Arenosol, Hyperdystric Arenosol,
Protic Arenesol, Dystric Gleysol and Haplic Podzol. It is possible to distinguish three different soil
development stages associated with respective stages of plant succession: Initial (Calcaric, Protic and
Dystric Arenosol), intermediate (Hyperdystric Arenosol) and mature (Haplic Podzol) soils.
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INTRODUCTION

Since the Middle Ages, soils of the Curonian Spit have been influ-
enced by man: Overgrazing, large game populations and inten-
sive deforestation of the native woods in the 16™ century caused
degradation of vegetation, thereby exposing the underlying
sand to wind erosion. Podzols were eroded or overlain by sand.
Today fossil Podzols can be found in the windward slopes of the
Migrating Dunes north-west of Morskoye, south-west of Preila
and in the south of Nida (Fig. 1). The surfaces of the Podzols in-
dicate the shape and size of the ancient dunes before deforesta-
tion. Only the area south of Lesnoye and the area of Juodkranté
(Fig. 1) have never been influenced by Migrating Dunes. In these
areas, undisturbed soil development was possible beneath pine
forests over a period of 4000 years (Paul, 1953).

Except Pleistocene depositions near Rybachy (Fig. 1), alluvi-
al sands from abrasion processes of the Sambian Peninsula rep-
resent the parent material for soil development in the Curonian
Spit. Whereas detailed studies of topography and vegetation are
present (e. g. Paul, 1944 and 1953; Dolnik, 2003), pedologic stud-
ies of dune soils are rare. The research carried out before Word
War II was restricted to fossil Podzols (Paul 1953) or chemical
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soil examination (Tomuschat, Ziegenspeck, 1930; Rittel, 1931).
The geomorphology, aeolian processes and palacographic de-
velopment of the Curonian Spit were described by von Wichdorft
(1919), Dagfinn et al. (2005), Kharin, Kharin (2005), Dundulis et
al. (2006) and Povilanskas et al. (2006). Gaigalas et al. (1991) and
Gudelis (1996) documented burried forest soils and their age.

The aim of this study was to reveal changes occurring in
young soils formed from dune sands during a period of about 60
years. Also, the development stages of these soils based on their
morphological and chemical properties were examined. Finally,
a classification following the international soil classification of
the WRB (FAO, 2006) was carried out.

MATERIALS AND METHODS, STUDY AREA

The investigation was carried out on the Curonian Spit, a sandy
peninsula 97 km long, situated at the southeast Baltic Coast
(Fig. 1). The climate of the Curonian Spit is maritime — sub-con-
tinental. The mean annual temperature in February is 4.1 °C and
in August 17.3 °C (HELCOM, 1996). Westerly and southerly winds
are prevailing on the spit, their mean velocity being 5.5 m/s.

Nine representative soil profiles located at two different sites
were examined. Table 1 shows the designation of the soil horizon.
Profiles 1-8 were situated in site I (Figs. 1 and 2). They represent soils
of increasing age along a transect of 1.9 km across the Curonian Spit,
5 km south of Rybachy. The western part of this site has been refor-
ested with Pinus sylvestris since 1945. The eastern part, bordered
by the Curonian Lagoon, is characterized by a huge Migrating Dune
area with bare sands. The dunes are reaching heights of 35 m and
are still actively drifting at a rate of 1.5 m per year (Peyrat, 2007).

Profiles 1 and 2 were located on the beach: profile 1 below,
profile 2 above middle high water. Both tidally influenced profiles
showed no visible horizon (C) and were classified as Calcaric
Arenosols according to the WRB classification (FAO, 2006).
The other two profiles were located on the windward (3) and
leeward (4) slopes of the fore dune ridge dominated by plants
of the Ammophila arenaria community. These soils, showing
an initial humus horizon (Ai / C), were Calcaric Arenosols. The
soil of profile 5 showed a more developed organic horizon and
was classified as Dystric Arenosol (Ah/C1/Ai/C2) following the
WRB (FAO, 2006). It was located beneath a grassland (Koelerion
glaucae) 50 m behind the fore dune ridge. The influence of
sand erosion and accumulation can be seen in a buried (fossil)

organic horizon. The dominating plants are Corynephorus ca-
nescens, Jasione montana, Rumex acetosella, Festuca rubra,
Thymus serpyllum, etc.

Profiles 6 and 7 formed in an area planted with Pinus syl-
vestris about 60 years ago. Profile 6, situated on the top of a
fixed dune, showed an initial but already distinctive podzoliza-
tion and was classified as Hyperdystric Arenosol (Oh/Ah/AE/
C1/C2). Profile 7 was examined at a distance of 30 m from the
previous one in a slack between two fixed dunes. The profile of
this Dystric Gleysol (Oh/Ah/C1/C2) developed beneath Betula
pendula and Pinus sylvestris and was influenced by a high
groundwater level.

The last profile of the transect, profile 8, was situated on the
western slope of the Migrating Dune. The area was character-
ized by bare sand and very few plants like Corispermum inter-
medium and Cakile maritime ssp. baltica, which were able
to colonize this extreme habitat. This profile showed no soil de-
velopment and was classified as Protic Arenosol (C).

Profile 9 was situated in site IT (Fig. 1), 30 km south of site I,
near the Lesnoye village. During the last 4000 years this area,
dominated by a 150-year-old pine forest, has never been influ-
enced by Migrating Dunes (Paul, 1953). The examined profile
showed a well developed Haplic Podzol (01/Of/Oh/Ah/EA/Bh/
Bs/C), with a huge 30 cm thick organic layer of mor type humus
and a clear eluvial and illuvial horizon with ferric and alumini-
um properties.

METHODS

Samples were collected from each visually distinctive horizon
and analysed in the laboratory. The methods of soil examination
follow Schlichting et al. (2005). The classification of the soils is
based on the international WRB soil classification (FAO, 2006).

RESULTS

The soils of the profiles consisted of medium-grained sand
(85%) dominated by quartz (87 %), feldspar (3%) and heavy
minerals (7%).

The pH-values (in CaCl,) of the first 10 cm of the mineral
horizon (A) were decreasing with advancing age and soil de-
velopment from 6.3 (profile 1) to 3.4 (profile 7). The lowest pH
value of 2.6 was found in the mineral horizon of profile 9.
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Fig. 2. Abiotic factors of the study site | with location of profiles 1-8
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Calcium carbonate was only measured in the Calcaric
Arenosols of the beach and the fore dune ridge: profiles 1 and
2 showed contents of calcium carbonate (20.7 and 12.4 g kg™')
in the first 1-2 cm, whereas profiles 3 and 4 showed higher con-
tents (26.0-26.6 g kg™).

An increase of organic matter is visible and measurable with
increasing vegetation cover (Table). The youngest soils, Calcaric
Arenosols (1-4), showed contents of 0.1- 1.9 g kg™ in the min-
eral soil. Profiles 5-7 showed an increase of organic matter from
19.4 to 364.9 g kg™ A slightly increasing content of organic mat-
ter was visible in the decrease of chromium in the upper soil ho-
rizon. The increase of organic matter is combined with a rising
nitrogen content (0-2.7 gkg™) and C / N-ratio (7-40).

The soils were extremely poor in nutrients (Ca, K, Mg, Na).
The only measurable nutrient was calcium, which increased
from 0.1 cmol kg™ (profile 1) to 1.1 cmol kg™ (profile 7).
0.7 cmol kg calcium was measured in the Haplic Podzol (9).
The potential cation exchange capacity also increased with ad-
vancing soil age from 0.2 cmol_kg™' (profile 1) to 14.7 cmol_kg™!
(profile 7). On the other hand, the base-saturation decreased
from 169% to 9%.

DISCUSSION

Distance to the beach, decreasing sand incursions from the Baltic
Sea, weathering and precipitation result in rapid leaching losses of
calcium during the dune succession. Decalcification is combined
with acidification which reaches the lowest pH value (pH 2.6) un-
der the pine plantation (profile 6). This tendency is also described
by Eis (1990), Giani and Buhmann (2004) for a sand dune chrono-
sequence on the German Wadden Sea Island of Spiekeroog and by
Isermann (1997) for dunes at the German Baltic coast.

Soils from the Migrating Dunes show unexpectedly high
values of pH and calcium.

These high values are possibly due to periodic fresh sand
supply from the Baltic Sea (Salisbury, 1952).

The development of the vegetation cover is correlated to
organics accumulation in the first centimetres of the mineral
soil, which allows profile distinction (Eis, 1990; Isermann, 1997;
Giani, Buhmann, 2004). The low contents of organic matter in
Calcaric Arenosols (1-4) occur only at sites with low or miss-
ing vegetation cover. Fast decomposition of vegetation, strong
winds, sand burial and blowouts prevent the accumulation of
plant or organic remains in this area. These conditions amelio-
rate with increasing dune age as wind velocity and soil move-
ment diminish with the distance from the sea. Organic matter
is the most important source for cation exchange in dune soils
which are poor in clay minerals.

SOIL DEVELOPMENT

The soil profiles 1-8 represent soil development on the Curonian
Spit since the extensive reforestations of the 18" and 19" centu-
ries. The first signs of a bleaching horizon are visible at profile 6
(Dystric Arenosol) beneath a 60-year-old pine plantation. The
short period for soil formation led to the development of a weak
O/Ah/AE/C-profile. Time can be regarded as the limiting factor
of podzolization (Eis, 1990; Miicher, 1990). Piotrowska (1988)

also points out that the main factor of soil development in coast-
al dunes is podzolization, but that mature soils are rare.

The climax of the soil development by Haplic Podzol (pro-
file 9) beneath a pine plantation from the 1850s is reached. In this
area, which had never been influenced by Migrating Dunes, an un-
disturbed soil development was possible during the last 4000 years.
Podzols on the Curonian Spit were described by several German
scientists (von Wichdorff, 1919; Paul, 1944 and 1953). These pod-
zols showed a splendid white bleached sand layer followed by a very
solid, dark to nearly black organic and ferric accumulation layer
(“Ortstein”) (Paul, 1953). Nowadays mature podzols can be found
beneath undisturbed forests of the southern and middle parts of the
Curonian Spit and in the windward slopes of the Migrating Dunes;
they indicate the presence of this soil type before the disastrous de-
forestation of the Middle Ages.

The development of mature podzol profiles (profile 9) on
the Curonian Spit takes up to 1100-1600 years (Paul, 1953).
Moderate podzolised soils require 600 to 800 years for their for-
mation; the initial podzol stage is reached after about 100 years
(Paul, 1953). Sevink (1991) indicates a period of 1000 years for
the distinction of podzol characteristics.

Associated with plant succession, three stages of soil develop-
ment can be classified. The first stage, the initial stage is repre-

.1 C OIS,
Si2082,
120027,
102027,

(Ll CZ
b i
3 5 6 9
d Calcaric Dystric : Hyperdystric : Haplic
Arenosol Arenosol I Arenosol I Podzol
e INITIAL 1 INTER- | MATURE
1 MEDIATE 1

Fig. 3. Soil development in correlation to plant succession: a — plant succession, b — soil
profiles (see table 1), c— profile number, d — soil name in FAQ (2006), e — development
stages

3 pav. Dirvozemio raidos rySys su augaly asociacijomis: a —augalijos asociacijos,
b — dirvozemio profiliai, c — profiliy numeriai, d — dirvozemio pavadinimai pagal FAO
(2006) klasifikacija
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sented by Calcaric, Dystric and Protic Arenosols (profile 1-5).
These soils develop in poorly vegetated areas exposed to strong
winds, sand burial and erosion. They are characterized by prima-
ry - often invisible - humus accumulation, alkaline pH values
and high calcium carbonate contents. The distance to the beach
and the diminishing influence of erosion initialize the intermedi-
ate stage of soil development. The vegetation cover gets denser, the
first shrubs and trees appear. The accumulation of organic mat-
ter becomes apparent, and translocation of mineral compounds
to deeper parts of the soil lead to the formation of an eluvial ho-
rizon (profile 6, Hyperdystric Arenosol). This 60-year-old profile
showed no visible and measurable illuvial horizon.

The last, mature stage is represented by Haplic Podzol (pro-
file 9). Transformation of mineral and organic compounds, their
vertical transport and relocation to deeper horizons are clearly
visible. The acid, mor type humus increases with the plant cover
and is the cause for the further transformation of the mineral
soil. The products of organic matter decomposition (mainly
fulvic acids) play an important role in weathering of minerals
and in mobilizing free elements combined into organic mineral
complexes.

According to Gianiand Buhmann (2004), Arenosols can
represent the climax of soil development when no tree cover is
present. They refer to treeless dunes on the German Island of
Spiekeroog, where the lack of a nutrient pump, extremely nutri-
ent-poor parent material and the very short nutrient cycle pre-
vent the development of Podzols.

CONCLUSIONS

Erosion and burial processes of the mobile dune landscape of
the Curonian Spit, which appeared under anthropogenic impact
in the Middle Ages, hampered soil formation in many places.
Reforestation and fixation of Migrating Dunes in the 18" and
19" centuries initialized soil development.

The following conclusions can be drawn:

1. Soil formation is characterized by a fast decalcification
combined with a rapid decrease of soil pH and accumulation of
organic matter with advancing the soil age and increasing the
vegetation cover.

2. Podzolization effects appear in 60-year-old soils with the
formation of an eluvial horizon, but accumulation of organic or
ferritic compounds in deeper horizons is not measurable.

3. Podzolization is the main trend in the evolution of the
study soils. This process is modified by the character of the nu-
trient-poor parent material, plant cover and climatic conditions.

4. The study soils can be classified into three soil develop-
ment stages depending on vegetation succession: initial, inter-
mediate and mature.

5. The climax of soil formation is reached in the podzol stage
which appears beneath a 160-year-old pine forest in an area that has
not been influenced by Migrating Dunes for the last 4000 years.

ACKNOWEDGEMENTS

The present work was supported financially by the “Deutsche
Akademischer Austauschdienst” in 2005. Ithank Maike
Isermann (University of Bremen) and Julia Stahl (University of

Oldenburg) for critical discussion and valuable advice on the
earlier drafts.

References

1. Dagfinn M., Savukyniené N, Stancikaité M. 2005. A new
“C (AMS) date from former heathland soil horizons at
Kursiu Nerija, Lithuania. Baltica. 18(1).23-28.

2. Dolnik C. 2003. Artenzahl-Areal-Beziechungen von
Wald- und Offenlandgesellschaften. Ein Beitrag zur
Erfassung der botanischen Artenvielfalt unter beson-
derer Beriicksichtigung der Flechten und Moose am
Beispiel des Nationalparks Kurische Nehrung (Russland).
Mitteilungen der Arbeitsgemeinschaft Geobotanik in
Schleswig-Holstein und Hamburg. 62. 1-183.

3. Dundulis K., Gadeikis S., Gadeikyté S., Rackauskas V.
2006. Sand soils of Lithuanian coastal area and their geo-
technical properties. Geologija. 53. 47-51.

4. Eis D.1990.Bodenentwicklung in einer Diinensukzession.
MSc thesis. University of Oldenburg, Germany.

5. FAO 2006. World Reference Base for Soil Resources
2006 - A framework for
World Soil Resources Reports. 103. Rome.

6. Gaigalas, A., Banys J., Gulbinskas S., Savukyniené, N.

international classification.

1991: The radiocarbonic age of the buried soils in the
dunes of the KurSiy Nerija spit. In Gaigalas, A. (Ed.).
Geochronological and isotopic-geochemical investiga-
tions in the Quaternary geology and archaeology. Vilnius:
Vilnius University Press. 8-13 (in Russian with English
summary)

7. Gudelis, V., Kllimaviciene, V., Savukyniené, N. 1993. Old
buried forest soils in the Kursiy Nerija spit and their paly-
nological pattern. In gudelis, v. (Ed.) baltijos jaros kranty
dinamikos ir paleogeografijos klausimai, 2. 64-93

8. HELCOM 1996. Integrated Coastal Zone Management
Plan for the Curonian Lagoon. HELCOM PITF MLW
Curonian Lagoon Area Task Team, Lithuanian Ministry
of Environmental Protection, Kaliningrad Regional
Committee for Environment and Protection of Natural
Resources. 234 p.

9. Giani L., Buhmann, S. 2004. Entwicklung, Eigenschaften
und Klassifikation von Diinenbéden der Ostfriesischen
Inseln — am Beispiel Spiekeroogs. Plant Nutrition & Soil
Science. 167. 645-648.

10. Isermann M. 1997. Vegetations- und standortkundliche
Untersuchungen in Kiistendiinen Vorpommerns. Ph. D.
thesis, University of Greifswald. Germany.

11. Jankowski M., Benarek R. 2002. Secondary development
stages of soil formed on inland dunes under pine wood-
lands. Conference, Bangkok, Thailand.

12. Kharin G. S., Kharin S. G. 2005. Geological Structure and
Composition of the Curonian Spit (Baltic Sea). Lithology
and Mineral Resources. 41. 317-323.

13. Miicher H. J. 1990. Micromorphology of dune sands and
soils. In: Bakker W.,, Jungerius P. D., Klijn J. A. Dunes of
the European coasts — Geomorphology, Hydrology, Soils.
Cremlingen-Destedt: Catena-Verlag. 163-167.



64

Jann Peyrat

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Munsell Color. 1992. Munsell soil color charts. Rev. Ed.
Baltimore, Md. P. 10.
Niedersdchsisches Landesamt fiir
(NLfB). 1997. Boden
Schweizerbart’sche Verlagsbuchhandlung. 127 p.

Paul K. H. 1944. Morphologie und Vegetation der
Kurischen Nehrung I - Gestaltung der Bodenformen in

Bodenforschung
in Niedersachsen. Hannover:

ihrer Abhdngigkeit von der Pflanzendecke. Nova Acta
Leopoldina N. F. 13. 217-378.

Paul K. H. 1953. Morphologie und Vegetation der
Kurischen Nehrung II - Entwicklung der Pflanzendecke
von der Besiedlung des Flugsandes bis zum Wald. Nova
Acta Leopoldina N. F. 16. 261-378.

Peyrat J. 2007. Landschaftsveranderungen im russischen
Nationalpark Kurische Nehrung. Abhandlungen des
Naturwissenschaftlichen Vereins zu Bremen. 46(2).
Piotrowska H. 1988. The dynamics of the dune vegetation
on the Polish Baltic coast. Vegetatio. 77. 167-175.
Povilanskas R., Satkainas J., Taminskas J. 2006. Results of
cartometric investigations of dune morphodynamics on
the Curonian Spit. Geologija. 53. 22-27.

Rexin S. 1990. Die Entwicklung der Phosphor-Vorrite
in einer Diinensukzession auf Spiekeroog. MSc thesis.
University of Oldenburg, Germany.

Rittel D. 1931. Beitrdge zur Bodenkunde und Vegetation
der Nehrungen. Heimatkundliche Arbeiten, Hrsg.
PreufSischer Botanischer Verein, Konigsberg i. Pr. 64(IL, 6).
1-64.

Salisbury E. J. 1952. Downs and Dunes. Their Plant Life
and Environment. London: Bell Publishers. 328 p.
Schlichting E., Blume H.-P,, Stahr K. 1995. Bodenkundliches
Praktikum. Berlin: Blackwell Wissenschafts-Verlag. 295 p.
Sevenik J. 1991. Soil development in the coastal dunes and
its relation to climate. Landscape Ecology. 6(1/2). 49-56.
Tomuschat E., Ziegenspeck H. 1930. Beitrdge zur Kenntnis
der ostpreuflischen Diinen. Schriften der Konigsberger
Gelehrten Gesellschaft - Naturwissenschaftliche Klasse. 6.
101-216.

Von Wichdorff H. H. 1919. Geologie der Kurischen
Nehrung. Abhandlungen der PreufSischen Geologischen
Landesmannschaft N. E. 77. 1-179.

Jann Peyrat

KURSIU NERIJOS NACIONALINIO PARKO (RUSIJOS
DALIS) KOPU DIRVOZEMIU RAIDA, SAVYBES IR
KLASIFIKAVIMAS

Santrauka
Straipsnyje atkreiptas démesys j kopy smélyje paplitusiy dirvozemiy
ekologine charakteristikq. Dirvozemiy kopy smélyje raida pasizymi de-
kalcizacija, pH mazéjimu, taip pat padidéjusiais organinés medziagos ir
katjony mainais dél amziaus ir augalijos. Autorius suklasifikavo pagal
tarptautinj standartg (FAO 2006) tirtus dirvozemius ir i§skyré tris su
augalijos raida susijusias stadijas: pradine, viduring ir brandos.
Dirvozemiy raidg lemia jaurinio sluoksnio formavimasis dél orga-
niniy komponenciy neturtingos pirminés medziagos, augalijos dangos
ypatumo ir klimato. Sis procesas ryskus 60 mety senumo dirvozemiuose
su eliuvio horizontu ir vos pastebimu organinés medziagos ir feritiniy
junginiy kaupimusi. DirvoZemis pradéjo formuotis, kai iSaugo miskas
ir stabilizavosi kopy judéjimas. Raidos maksimuma pasieke dirvoze-
miai atitinka jauring stadija. Jie randami 160 mety brandumo pusyny
plotuose, nepaliestuose kopy migracijos per pastaruosius 4000 mety.

SAun Heitpat

PA3BUTUE, CBOVMICTBA U KJIACCUOUKAIIVA
IIOHHBIX ITOYB POCCUICKON YACTU
HAIIMMOHAJIBHOTO ITAPKA KYPIIICKOJ KOCBI

Peswme
B crarbe o6paiaeTcsi BHMMaHME Ha 9KOMOTMYECKYI0 XapaKTepPUCTUKY
I0YB, PACIPOCTPAHEHHBIX B JIOHHBIX Ieckax Ha Kypuickoit koce mo
PpOCCHiicKoit cTopoHe. XpOHOIOIMYeCcKas MOCIe0BaTebHOCTb Pa3Bl-
THA T0YB B JIOHHBIX I1€CKAX CONMPOBOXK/AETCA JieKaNblUTU3AIMEN CO
CHIDKeHMeM pH, yBenudeHneM opraHyky 1 Macitaba fioHHOro 06Me-
Ha T1I07] BIMAHMEM PaCTUTENbHOCTY M BO3PACTa. ABTOPOM BBIIIONTHEHA
KIaccuuKaIys U3y4eHHBIX TOYB 110 MEXIYHAPOZHOMY CTaHAPTY
(FAO 2006) ¥ BbIjIe/eHbI TPY CTAJUM UX PA3BUTHSL, CBSI3AHHBIX C BIVS-
HJEM PaCTUTENTbHOCT: Haya/lbHas, CPEHAA U 3penas.
dopMupoBaHIe TIOYB COMPOBOXKALTCA 06pasoBaHueM IMOf307Ia
u3-3a OEHOCTM IEPBUYHOrO MaTepyaja OpraHMYecKUMI BelleCcTBa-
MU, crieiiuKM pacTUTENBHOTO TOKPOBa U KIMMaTa. ITOT IpoLece
MpPOAB/IAETCA B paspese MOYBBI BO3pacToM 60 7eT, B KOTOPOM Habio-
JaeTCs HMIOBUATIBHDI TOPU3OHT, HEOOTATbIT OPTAaHMKOIL U C efBa 3a-
METHOI aKKyMY/ALMeil >KeNe3sucTbiXx coefuHenuit. dopmmupopanme
II0YB HAYaj0Ch I10C/IE 3aKPEI/IEHNs MOJBIDKHBIX IIECKOB IIOf, IECOM.
PasBuTHe OYBbI COOTBETCTBYET NMOJ30/MMCTON cTajyyt. OHu Habmofa-
I0TCS Ha JIIOHHBIX IIeCKaX B y4acTKaX COCHOBOTO /leca BospacToM 160
7IeT, KOTOpbIe He oABepramich Murpanun B redenne 4000 net.



