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The Curonian Spit is one of the larg est Ho lo cene sand ac cu mu la tion forms, stretch ing along the Bal tic Sea coast and be long -
ing to the Bal tic sand belt. This ar ti cle deals with the dy nam ics of the Curonian Spit dunes in the con text of global cli mate
change. In ves ti ga tions were car ried out in the en vi rons of two high dunes (Parnidis Dune and Naglis Dune) over a pe riod of
10 years (2003–2014). Lev el ling of cross-sec tions was per formed us ing mod ern geo de sic de vices. Wind ve loc i ties and di -
rec tions were mea sured at me te o ro log i cal sta tions of KlaipÅda and Nida. The wind re gime (num ber of days with winds
>15 m/s) was al most at the multiannual av er age dur ing the study pe riod. Sand mois ture was mea sured in both dunes stud -
ied, and ground wa ter level was mea sured in the en vi rons of the Naglis Dune by us ing ground pen e trat ing ra dar (GPR). The
Naglis Dune ex pe ri enced a more sig nif i cant low er ing (by 4–6 m) com pared with the Parnidis Dune over the study pe riod,
while sand def i cit was greater in the Parnidis Dune (~10,000 m3). Com pared with other Eu ro pean sand dune sys tems, the
Curonian Spit dunes have un der gone strong deg ra da tion. The ar ti cle high lights pos si ble deg ra da tion rea sons and in di cates
the ne ces sity of ad di tional in ves ti ga tions. Only long-term in ves ti ga tions can con trib ute to dis clos ing the main pro cesses both 
as nat u ral back ground and due to anthropogenic ac tiv i ties, and the de vis ing of pro tec tion mea sures.
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INTRODUCTION

Dune sys tems are es pe cially im por tant where they pro tect
high-den sity res i den tial or in dus trial de vel op ments, high-grade
ag ri cul tural land or hab i tats of in ter na tional con ser va tion im por -
tance. Com pared with many other forms of de fence, dunes are
less vi su ally in tru sive, have greater value for wild life and rec re -
ation, and are able to re spond more readily to changes in en vi -
ron men tal forc ing fac tors (e.g., cli mate and sea level changes,
sed i ment sup ply con di tions; Tsoar and MÝller, 1986;
Battiau-Queney et al., 2001; Pye et al., 2007; Battiau-Queney,
2015). Their dy nam ics are un der stood in other works as oc cur -
ring “within” and “be tween” hab i tats (Vermaat and Gilbert,
2006). The is sue of dune dy nam ics in the Bal tic re gion has re -
ceived less at ten tion than dune mor phol ogy, hab i tats and man -
age ment (Miszalski, 1973; £abuz, 2004; Olšauskas, 2009;

Wojtanowicz, 2009; £abuz et al., 2013). Ac cord ing to ex ten sive
lit er a ture (Gudelis and Kazakevièius, 1988a, b; Kazakevièius,
1988; Jarmalavièius and ¦ilinskas., 1996; Gudelis, 1998;
Povilanskas et al., 2011), the Curonian Spit has no in flow of
new sand; there fore, ap pro pri ate se lec tion of ef fec tive mea -
sures for long-term dune pro tec tion is very im por tant.

In ves ti ga tions of Main Dune Ridge dy nam ics go back to the
19th cen tury when ef forts were made to sta bi lise sand move -
ment to wards the Curonian La goon (Berendt, 1869). De tailed
palaeogeographic re con struc tions of the for ma tion of the
Curonian Spit were shown by KabailienÅ (1967, 2006). Ac cord -
ing to these re con struc tions, a num ber of is lands with a foun da -
tion of till de pos its ap peared in the place of the cur rent Curonian 
Spit, and only later they geomorphologically merged as a sin gle
spit (GelumbauskaitÅ and �eèkus, 2005; GelumbauskaitÅ,
2010). Sub se quent at tempts to de ter mine the spa tial di ver sity
of mod ern geomorphological pro cesses on Dune Ridge
(Povilanskas, 2009a, b) and the mi gra tion of a few dunes
(SkilvytÅ and Apvalus Medis) in 1910–1955–1984
(Kazakevièius, 1988) were based on cartometric meth ods. The
dy nam ics of the Nida dunes was also de ter mined based on the -
odo lite mea sure ments (MardosienÅ, 1988). Ac cord ing to bore -
holes drilled into the cur rent Curonian Spit, the tills lo cally oc cur
close to the ground sur face, which dif fers from e.g. the Vistula
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Spit where the Pleis to cene sur face is lo cated at 14–16 m be low
sea level (Mojski, 1988). Mi grat ing dunes in the blown sand
land scape were mon i tored for change, in clud ing the rates of
over grow ing with veg e ta tion (MorkñnaitÅ et al., 2016).

The Curonian Spit is the larg est Ho lo cene coastal sandy ac -
cu mu la tion form de vel oped along the Bal tic Sea coast (Gudelis
and Kazakevièius, 1988b). It is dis tin guished by ex cep tion ally
high dunes com pared with postglacial dunes of other spits (e.g.
Vistula Spit). Gudelis (1998), hav ing con sid ered the wide dis tri -
bu tion of the so-called “la goon marl” (i.e. or ganic-rich la goon
mud) be neath a sig nif i cant part of the cur rent Curonian Spit,
made a pre dic tion that at the very be gin ning of spit for ma tion this
sandy bar rier was ly ing at a lower hypsometric level and more
east ward than it is now (Sergeev et al., 2016). Ho lo cene drift
sands as an im por tant com po nent of the Eu ro pean Sand Belt,
which stretches from Brit ain to the Ural moun tain range, have
been ex ten sively de scribed. The ae rial ex tent of drift-sand fields
in NW Eu rope is es ti mated to be 3000 to 4000 km (Koster, 2009;
Jungierius and Riksen, 2010; Ratas et al., 2012, 2015). Ac cord -
ing to Peyrat (2011): “The only larger open mi grat ing dune sys -
tems left to day are three sep a rate dune fields on the Curonian
Spit and a vast area in the mid dle of the Leba Bar. There mi grat -
ing dunes, both sta bi lised and unstabilised, reach a height of be -
tween 40 m (Leba Bar) and 60 m (Curonian Spit) ridges are
among the most big gest and most ac tive in Eu rope”.

The dunes of the Curonian Spit ex tend over the ter ri to ries of 
two coun tries; there fore, it is rec om mended to ob serve more
uni form prin ci ples for na ture man age ment.

The flow of vis i tors to the Curonian Spit, in creas ing since
the 1970s, has strongly af fected the Main Dune Ridge. The
Nagliai Re serve (es tab lished 1994) con trib uted to vis i tor flow
con trol, yet did not fully re solve the prob lem of in creas ing
anthropogenic loads on the en vi ron ment.

The aim of the pres ent study is to dem on strate 10-year
(2004–2015) changes at the  sur face near the Parnidis
(0.9 km2) and Naglis (0.8 km2) dunes, based on the char ac ter of 
cli ma tic fac tors (wind ve loc ity and di rec tion) and ground wa ter
dis tri bu tion in a large part of the Curonian Spit. A com par i son of
the re sults of our long-term ob ser va tions with multiannual in -
ves ti ga tions of coastal dunes in north ern France (Battiau-
 Queney, 2015) has re vealed gen eral ten den cies of nat u ral
changes, the dom i nant in flu ence of the nat u ral back ground
(abra sion, ac cu mu la tive and ae olian pro cesses on the coast)
on the sen si tiv ity of coastal ar eas and dunes, and the ne ces sity
to dif fer en ti ate be tween dif fer ent dune pro tec tive mea sures. We 
know that it is only by multiannual in ves ti ga tions that the al most
full re cov ery of the pro tec tive dune struc ture af ter storms was
dem on strated (Jarmalavièius et al., 2016). In this work, the pos -
si ble ef fect of ground wa ter level dif fer ences at the se lected ob -
jects was ex am ined. The study is novel as it is the first time
anal y sis of the 10-year dy nam ics of the Main Dune Ridge of the
Curonian Spit based on lev el ling of the same cross-sec tions
with pre cise geo detic de vices. Thus, the pres ent mon i tor ing of
dune dy nam ics, i.e. lev el ling along the same cross-sec tions,
yielded im por tant re sults show ing that the changes oc cur ring
are re lated to cli mate change, anthropogenic im pacts and
ground wa ter fluc tu a tions. The re search pro vides de tailed quan -
ti ta tive pa ram e ters (blown-off and blown-up sand amounts,
dune height fluc tu a tions, etc.) of changes in ae olian re lief forms. 
This kind of in for ma tion is im por tant for ac cu mu la tion seg ments 
of the Bal tic Sea coast and Curonian La goon coast, trans -
formed by ae olian pro cesses.

STUDY AREA AND GEOLOGICAL SETTING

The Curonian Bar rier Spit is the lon gest in the south-east
part of the Bal tic Sea coast (98 km long and up to 4 km wide).
It stretches in a gen tle curve south to the cliffed coast of the
Sambian Pen in sula (Fig. 1).

Most of the front dune ridges on the sea coast are ar ti fi cial.
The al most en tire Curonian Spit has a foredune ridge ~10–12 m 
in height and 70–120 m in width (Minkevièius et al., 1996). The
de fla tion area called a “palve” (a sand–blow ing flat or rough sur -
face), which is cov ered by spe cies-rich dry grass lands,
stretches be hind this dune ridge. Of its 1200 m wide strip in the
year 1938, only 50 m sur vived over 60 years. The main dune
area is over grown with trees or has been af for ested
(StankevièiñtÅ, 2000). The Curonian Spit is well known for its
large-scale shift ing sand dunes. As has been pointed out by ex -
pe ri enced re search ers of ae olian pro cesses (Living stone and
War ren, 1996), coastal dune for ma tion is con sid er ably com pli -
cated in most cases by geo log i cally very re cent and quite rapid
changes in the con di tions un der which they form. These come
from two di rec tions – first, con nected with cli ma tic and sea level
changes and, sec ond, con nected with in ter fer ence by peo ple.

With the help of mod ern geo phys i cal and geo chron ol ogi cal
tech niques; ground pen e trat ing ra dar (GPR) sur veys, LIDAR
data, and ra dio car bon (14C dat ing), de tailed in ves ti ga tions of
paleosols were car ried out in the Dead (Grey) Dunes mas sif lo -
cated be tween the Juodkrante and Pervalka set tle ments on the 
Lith u a nian part of the Curonian Spit. Sev eral soil-form ing gen -

Fig. 1. Geographical location of the study area (the inset
indicates the position in the East Baltic region)
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er a tions (phases) dur ing 5800–4500, 3900–3100, 2600–2400,
and from 1900 cal en dar years BP un til the pres ent have been
dis tin guished (Dobrotin et al., 2013). Ac cord ing to the
cross-sec tion made by Bitinas et al. (2000) near the study area,
gran u lar sand of ma rine sed i ments (5–10 m thick),
glaciolacustrine sands and silts (10 m thick) lie be low mo bile
dunes of the first and sec ond gen er a tion (the thick ness – or
height – of which reaches <20 m), with gla cial de pos its ly ing at a 
depth of 30 m and deeper (Fig. 2). The Bal tic lake sapropel is
of ten only pres ent near the Curonian La goon.

The most im por tant and well-known site in the Curonian
Spit Na tional Park lies within the Nagliai Strict Re serve
(Motiekaityte, 2000). It is cov ered by dif fer ent successional
stages of open sparsely dis trib uted dry grass lands. The Nagliai
Na ture Re serve stretches for 9 km be tween the JuodkrantÅ and 
Pervalka set tle ments. It has been es tab lished for the pres er va -
tion of nat u ral land scapes with sec tors of the Main Ridge of grey 
dunes, with the blown-out rem nant area and Agila and
Lydumas capes, a for ested hummocky palve, a foredune of the
sea coast, and sand tracts. It was also de signed for the pro tec -
tion of the hab i tats of flora and fauna in cluded in the Red Data
Book of Lith u a nia and of hab i tats of Eu ro pean im por tance. In
1675–1854, four Nagliai vil lages were bur ied un der the sand. At 
that time, the shift ing ve loc ity of dunes was 0.5 to 15 m per year.

METHODS

In 2003–2004, dune al ti tudes, in cli na tions, and dis tances
were mea sured by a Zeiss Elta R55 elec tronic the odo lite. The
tar get po si tion of mea sured points was iden ti fied in the co or di -
nate sys tem in Lith u a nia, and al ti tudes were iden ti fied in the
Bal tic Height Sys tem. Mea sure ments were made at an ac cu -
racy of ±5 cm. In 2014, mea sure ments were taken by Trimble
GPS equip ment. Mea sure ments were made in the LKS94 co or -
di nate sys tem: X, Y ±0.070 m; Z ±0.050 m. A to tal of 2150 char -
ac ter is tic re lief points were mea sured. Il lus tra tive ma te rial of in -

stru men tal in ves ti ga tions was com piled us ing the AutoCAD
programme.

Me te o ro log i cal data (wind di rec tions and ve loc i ties for the
pe riod of 2003–2014) and pre cip i ta tion data were ob tained from 
the ar chives of the Lith u a nian Hydro meteoro logi cal Ser vice.
The data from me te o ro log i cal sta tions at Nida and KlaipÅda
were com pared. The il lus tra tive ma te rial (wind roses) were
com piled us ing a programme de vel oped by A. BautrÅnas. Sand 
hu mid ity (mois ture) near the Parnidis and Nagliai dunes was
mea sured by the method of weigh ing dishes. An Ex cel
programme was used to cal cu late sand sur face mois ture and
mois ture at a depth of 0.15 cm ac cord ing to the soil mois ture
for mula. Sand mois ture was in dic a tively com pared on the wind -
ward and down wind slopes of the dunes by in di cat ing sand
moistures ad e quate to start drift ing lo cally and sub stan tially.

To de ter mine the un der ly ing fac tors of dune dy nam ics, we
used re cords of ground wa ter in ves ti ga tions. In ves ti ga tions by
ground-pen e trat ing ra dar were car ried out by a con trac tor, UAB
GeoBaltic, which holds a per mit (No. 139, 29.04.2009) is sued
by the Lith u a nian Geo log i cal Sur vey to in ves ti gate land
subsurface and per form geo phys i cal sur veys. The GPR is a
syn thetic ap er ture ra dar (SAR) in tended for subsurface re flec -
tion sur veys: a short elec tro mag netic im pulse is ra di ated into
the study en vi ron ment, and when the im pulse reaches a layer
or an ob ject the rel a tive di elec tric permittivity of which dif fers
from the en vi ron ment, part of the im pulse is re flected and goes
back. When con duct ing sur veys by a GPR it is im por tant to
know the speed of prop a ga tion of elec tro mag netic waves in the
study ob ject. Thus, the main pa ram e ters of the most wide -
spread rocks, sed i ments and other phys i cal me dia, i.e. rel a tive
di elec tric permittivity, spe cific elec tric con duc tiv ity, speed of
prop a ga tion of elec tro mag netic waves and suf fo ca tion co ef fi -
cient, are pre sented. The GPR was used to mea sure ground -
wa ter depth near the Nagliai Dune (along side, the GPR was
used to de ter mine the Main Dune Ridge ground wa ter oc cur -
rence iso bars) and from bore holes (No. 26246) near the
Parnidis Dune, as taken from DamuëytÅ (2011).

Fig. 2. Geological structure of the study area (the place of cross-section with this geological
structure is described in Fig. 8)
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DISTRIBUTION OF WIND AND MOISTURE 
INDICES AND GROUNDWATER

Winds were re corded (on a case-by-case ba sis) through out
the warm pe riod of 2003–2014 ac cord ing to data from me te o ro -
log i cal sta tions in KlaipÅda and Nida. Only winds ³6m/s of
March–Oc to ber were ana lysed. WSW winds pre vailed (16.8%),
fol lowed by W winds (14%), E winds (2.7%), and S winds (3.7%)
(Fig. 3). Such cases con sti tuted 13.7% of all winds. As per data
from the me te o ro log i cal sta tion at KlaipÅda, the num ber of days
with winds stron ger than 15 m/s to talled 55 (16 per sea son). The
re cent de cade was found to be “milder” as re gards wind strength
than the pe ri ods of 1993–2002 (63 days) or 1981–1990 (75
days). Ac cord ing to pub lished data (Cli mate At las…, 2013), the
Lith u a nian coastal area had 30–35 days with winds stron ger than 
15 m/s, whereas mid dle and east Lith u a nia had only 5–9 such
days. The num ber of days with winds stron ger than 15 m/s av er -
aged 73 in KlaipÅda, 60 in Nida, and 43 in �ilutÅ.

Dune sand mois ture was mea sured by the method of
weigh ing dishes in dif fer ent dune pro file ar eas, and com par i son
was made be tween sand mois ture in the Parnidis Dune en vi -
rons on 27 June 2015 (no pre cip i ta tion) and in the Nagliai Dune
en vi rons on 23 June of the same year (amount of pre cip i ta tion
was 3.8 mm on 23 June and 8.2 mm on 22 June). In the west ern 
part of the Nagliai Dune, sand mois ture reached 1.91–2.74% at
the sur face, and 1.83–2.39% at a depth of 10 cm. On the na ture 
trail, sand mois ture was 0.22% at the sur face, and 0.065% at a
depth of 10 cm. Such an in verse dis tri bu tion may be due to hu -
man tram pling. In May 2014, no mois ture dis tri bu tion in ver sion
was de tected at the sand sur face nor in deeper lay ers: on 12
May (the amount of pre cip i ta tion was 0.0 mm on 11 May and
2.8 mm on 10 May) near the na ture trail up the Nagliai Dune
(where there are fewer vis i tors) sand mois ture reached 3.41%
at the sur face, and 5.04% at a depth of 15 cm. The sand mois -
ture mea sure ment data ob tained near the Parnidis Dune on 27
June 2015 (no pre cip i ta tion) were more con sis tent, be cause in
the west ern part of the slope there was a tus sock area where
sand con tained more mois ture (by 1–2%) than the sand near
the Sun Clock.

The GPR scan ning data from the Nagliai Dune en vi rons
showed that the ground wa ter ho ri zon was at a depth of 1–2 m
closer to the top of the Nagliai Dune from the side of the sea,

and at a depth of 20–30 m at the toe of the dune. As we can see
in Fig ure 4, the ground wa ter level un der the Nagliai Dune dis -
ap pears (the de vice does not de tect it). Ac cord ing to the  bore -
hole at Nida, the ground wa ter ho ri zon near the Parnidis Dune
was at a depth of 0.5 m, and its pres ence un der the Parnidis
Dune was not iden ti fied (Bendoraitis and Saulis, 1997).

RESULTS

DYNAMICS OF THE PARNIDIS DUNE

The mea sured data ob tained in the spring–au tumn of
2003–2004 showed that in creas ing flows of vis i tors to the
Parnidis Dune (Fig. 5A) and to the na ture trail in the Nagliai Na -
ture Re serve con trib ute to the strength en ing of the nat u ral de -
fla tion pro cesses. The pres ent ar ti cle out lines the sea sonal pat -
terns of ae olian de fla tion–ac cu mu la tion pro cesses and pres -
ents a quan ti ta tive eval u a tion of the scale of aeolodynamics.
The sand bal ance is sim i lar to that in the en tire south ern and
south east ern coastal area of the Bal tic Sea (Furmañczyk,
1995; Aagaard et al., 1998, 2004; Christiansen et al., 2002;
Christiansen and Davidson-Ar nott, 2004; Grunewald, 2006;
Hoffmann and Lampe, 2007; £abuz, 2013; Rotnicka, 2011a, b).

A com par i son of the data from mea sure ments ob tained in
2003–2004 and ~10 years be fore showed that the east ern part
of the Parnidis Dune top did not un dergo changes dur ing the
sum mer time. Some what more pro nounced changes took
place in the lon ger east ern part of the slope fall ing away to -
wards the first (main) dune edge. The shape of this slope trans -
formed from al most straight to con vex-con cave. Drifts and
blow outs reached from 0.2 to 0.8 m (Èesnulevièius et al., 2006;
Izmai³ow, 2006, 2009; MorkñnaitÅ et al., 2017).

The most dra matic changes oc curred on the east ern part of
the lower slope. In the sum mer of 2003, winds eroded this part
of the slope. Its al ti tude de creased by ~0.4–0.6 m. Dur ing the
win ter time, a ter race ac cu mu lated. In the sum mer of 2014, the
up per part of the ter race was eroded. The thick ness of the
eroded layer was 0.4–0.8 m. The edge of the lower part of the
ter race moved 1 m to wards the la goon be cause of sand ac cu -
mu la tion. The southeast ern winds could have blown sand up
the dune. The anthropogenic tram pling in 2004 was re duced by
build ing a fence around part of the slope.

Fig. 3. Distribution of strong wind cases in warm seasons (March–October) during 2003–2014

The wind speed equals or is ³6 m/s
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A com par i son of the data in Fig ure 6 dem on strates that the
up per part of the east ern slope low ered by 2–2.5 m due to tram -
pling. Now, the slope is con vex-con cave. A small 2–2.5 m high
ter race de vel oped in its mid dle part. This oc curred in the fig ured 
pro file (Fig. 6) dur ing the win ter, sug gest ing that a de tailed in -
ves ti ga tion of slope ero sion dur ing win ter is nec es sary in the

early spring. In ves ti ga tions of snow cover im pacts should be
per formed in re la tion to global cli mate change, be cause it is
clear that snow amount on the dunes has de creased.

Ac cord ing to the data from a lon ger in ves ti ga tion pe riod
(2003–2014) on the lower part of the slope, hummocky sand
slides up to 0.7 m in height and up to 9.87 m in length could be

Fig. 4. Distribution of groundwater in study areas

A – part of study areas near the Nagliai Dune; it is the place of cross-section in the Naglis Dune and the depth of
groundwater level: I – 1–3 m, II – 3–7 m, III – 7–11 m, IV – 11–15 m; B – borehole near Parnidis; C – scanning profile 

by GPR in the Naglis Dune in which the level of groundwater is seen



ob served (Fig. 7A and B). The sand slides were pre sum ably
gen er ated by paths at the slope bot tom. The loss of sand
reached ~10,000 m3 (Fig 7C), which was due to anthropogenic
load in the west ern part of the dune (“Sun Clock” stone mon u -
ment on Parnidis Dune top, as phalt paths), be cause sand flow
tran sit de creased.

Ac cord ing to the GPS mea sur ing data ob tained in 2008, the
tram pled ar eas amounted to 25.7 ha (11.2% of the to tal area of
the Parnidis Re serve; MorkñnaitÅ et al., 2012). It was de ter mined 
that due to deg ra da tion of the shift ing dunes in the sec ond half of
the 20th cen tury, the Parnidis Dune and the Parnidis Cape lost
an area of 89.1 ha (24.39%). From 1955 to 2000, the Parnidis
Dune was low ered from 55 to 43 m (Povilanskas et al., 2009).
Just be hind the Sun Clock, the ob served low er ing con sti tuted
ap prox i mately 2.05–3 m. This ob ser va tion is in agree ment with
the find ings of other re search ers (Povilanskas et al., 2009) and
shows the ten dency of an even de crease of dune height.
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Fig. 5A – scenery from the Parnidis Dune towards the lagoon; B – path to the Naglis Dune

Fig. 6. Changes that occurred in the eastern slope of the
Parnidis Dune in 2003–2004

Fig. 7. Comparative dynamics of the Parnidis Dune in cross-section (B) and 3D model
of surface in 2015 (A) and the balance of aeolian outwash (C) in 2003–2013
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DYNAMICS OF THE NAGLIAI DUNE

A com par i son of the Nagliai Dune (Fig. 8B) lev el ling data
from 2003 and 2014 showed that in 2014 the sur faces in its
west ern part were lower by 1.5–2 m at the toe of the pro file, by
4–6 m in its mid dle (with the “trun cated” dome-shaped ter race),
and by 3–5–6 m in its up per part, where thee is a rep e ti tion of a
step-like sur face. The top was vis i bly lower by 5 m, whereas the
ad vance of the east ern slope fac ing the la goon was 4–6 m. The
dif fer ences in the al ti tudes of sur faces were very pro nounced
and not only re vealed a trend of dra matic low er ing (from 57.9 to
52.9 m at the top) but also dis closed vari able wind ero sion pat -
terns on the lower, mid dle and up per parts of the slope. For ex -
am ple, the toe is a place where slope an gle, shear stress and
sand dis charge all change abruptly. Most ob ser va tions and
mod els show that ve loc ity de creases at the toe (Jensen and
Zeman, 1985; Living stone, 1986). The ory sug gests that this is
be cause the flow is backed up against the slope. The main
slope is a zone which, as Bagnold (1954) showed, must be the
zone of the great est ero sion if the shape of the dune is to be
pre served as it ad vances (Living stone and War ren, 1996).

Our in ves ti ga tions into the dy nam ics of the Nagliai Dune re -
vealed that ~6000 m3 of sand in the bal ance of ae olian outwash
was lost (Fig. 8C), which might be due to a long east ern track of
dune sand trans fer (~400 m). Other fac tors are also pos si ble.

As gen er al ized by known spe cial ists in ae olian pro cesses
(Pye and Tsoar, 1990; Pye et al., 2007; Peyrat, 2007), ero sional 
pro cesses are of sev eral types and in clude de fla tion of loose
sed i ments due to di rect wind drag, en train ment of loose sed i -
ments by im pact ing grains in the wind stream, and abra sion of
hard sur faces by par ti cles en trained in the flow. Nordstrom et al. 
(1986) also dis cussed dune deg ra da tion. The in flu ence of veg -
e ta tion cover on Curonian Spit dune de vel op ment was ob -
served by Lith u a nian for est ers and land man ag ers
(Povilanskas et al., 2011).

It is in ter est ing that the Nagliai Dune (Fig. 8B) is an old dune 
first men tioned in 1735 (Betgen, 1735). Its ac tive ero sion ap -
pears to be con trolled by tram pling.

The ve loc ity of dune move ment in the north ern part of Sylts
(Listland), com pared with the £eba or Curonian Spit dunes, is
3–15 m per year (Mader, 1995). At the be gin ning of the 21th
cen tury, the yearly ad vance of open sand dunes amounted to
10 m (from April to Sep tem ber). Borówka (1980) ob served in
the £eba dunes and Gudelis and Kazakevièius (1988b) in the
Curonian Spit not only the fall ing height of open sand dunes, but 
also the de creas ing sur face an gles.

Our sug ges tion is that blow-out pro cesses are more ac tive
in the lower part of the west ern slope of the Naglis Dune,
whereas in its up per part they are ac com pa nied by ac cu mu la -
tion that causes the for ma tion of a step-like or ter raced sur face.
Wind is the main driv ing force. Other fac tors, such as the char -
ac ter of the soil of the eroded sur face (wet or dry), tran si tional
sur face, height above the ground, and po si tion in the wind ward
slope are pas sive, yet they con sid er ably af fect the amount of
drifted sand (Minkevièius, 1969).

DISCUSSION

We com pared the scale of blow out in Nagliai and Parnidis
dunes and de ter mined the fol low ing dif fer ences: the Nagliai
Dune be came lower by ~5 m dur ing 10 years, and the Parnidis
Dune, be ing be hind the Sun Clock, by 2–2.5 m dur ing 10 years.
Both dunes serve as rec re ational ar eas for peo ple; there fore,
they are ex posed not only to nat u ral fac tors, such as wind, rain,
ground wa ter, ae olian sand prop er ties, but also to hu man tram -
pling. The ground wa ter dis tri bu tion data show that near the
Parnidis Dune the ground wa ter is closer to the sur face and the
aer a tion zone is nar rower, there fore more pre cip i ta tion per me -
ates through it. Though both dunes are ex posed to tram pling,
such ex pla na tions about blow out dif fer ences re flect ing pre cip i -
ta tion soak ing more eas ily into the ground wa ter near Parnidis
are log i cal. A very im por tant in dex of re sis tance of the ae olian
sur face is the granulometric com po si tion to be in ves ti gated in
the fu ture. To date, the granulometric com po si tion of ae olian
sand has been in ves ti gated in some places only (Èesnulevièius

Fig. 8. Comparative dynamics of the Nagliai Dune in 3D model (A) in 2016 
and cross-section of its surface (B) and the balance of aeolian outwash (C)

 in 2003–2014



and MorkñnaitÅ, 1998), be cause there are not many lon gi tu di -
nal pro files to de ter mine the pa ram e ters of granulometric com -
po si tion through the Great Dune Ridge. Some data are avail -
able on the granulometric com po si tion of coastal beaches (e.g., 
Jarmalavièius and ¦ilinskas, 1996; ¦ilinskas et al., 2001). Some 
gen eral de scrip tions say that fur ther to the south, from
Juodkrantë to Nida, the beach is mainly com posed of me -
dium-grained sand (in the range of 0.25–0.35 mm; ¦ilinskas et
al., 2001).

As our work mainly fo cused on the es ti ma tion of dune deg -
ra da tion trends rather than on cau sal ity, the granulometric com -
po si tion of ae olian sand was not ana lysed. From ear lier works
we know that in the Great Dune Ridge, the pa ram e ters of
granulometric com po si tion are within the range of de pos its of
the Mid dle Lith u a nian, North Lith u a nian, and Ho lo cene gla ci -
ation phases. It was de ter mined that 0.1–0.25 mm par ti cles pre -
vailed (60.79%) in the dunes of the Mid dle Lith u a nian phase,
fol lowed by 53.26% and 45.20% in the dunes of the North Lith u -
a nian and Ho lo cene gla ci ation phases, re spec tively. A large
part of the sand frac tion (30–40%) is com posed of 0.25–0.5 mm 
par ti cles, which is typ i cal of the Curonian La goon coastal
dunes. There is a third ten dency that the amount of coarser par -
ti cles in creases mov ing from east to west (Èesnulevièius and
MorkñnaitÅ, 1997, 1998). Such ten den cies are con di tioned not
only by de fla tion and ac cu mu la tion pro cesses, but also by the
granulometric com po si tion of the sur face layer of dune sand.
There fore, it is pre sumed that dif fer ences in the blow out of
Parnidis and Nagliai dunes are also pos si ble be cause of dif fer -
ences in the granulometric com po si tion of sand; how ever, a
more de tailed lithological anal y sis is nec es sary to test this idea.
It is known from the hy poth e ses about the for ma tion of the
Curonian La goon that in the pe riod be fore the Ho lo cene there
were chains of is lands which later merged. We can ini tially pre -
sume that the ex ist ing chan nels had dif fer ent sed i men ta tion
modes which might af fect the granulometric com po si tion of
dunes (Žilinskas et al., 2016). The ground wa ter dis tri bu tion
schemes show that ground wa ter is closer to the sur face in the
en vi rons of Nida and near Parnidis and by 0.5–1.5 m deeper
near the Nagliai Dune; there fore, their im pact is un ques tion -
able. It is clear that sim i lar in ves ti ga tions of dune dy nam ics
show ten den cies of rapid east ward move ment of sand, and
such a sit u a tion changes the po si tion of the Main Dune Ridge
and the ba sin of the Curonian La goon. The re con struc tion of the 
Curonian Spit (Dobrotin et al., 2013) re vealed the for mer po si -
tion of the Curonian La goon in the pe riod of soil for ma tion – it
was in the place of the cur rent west ern slope of the Main Dune
Ridge.

More de tailed microclimatic in ves ti ga tions of dune sur face
and snow cover eval u a tions are nec es sary, which would fa cil i -
tate the cre ation of a dune de vel op ment and deg ra da tion model 
and help iden tify the main fac tors re lated to deg ra da tion. Deg ra -
da tion dif fer ences of the Nagliai and Parnidis dunes show that
though the dunes are not very far from each other (~20 km),
their de vel op ment was con di tioned by the dom i nance of dif fer -
ent fac tors. Parnidis’ slopes are af fected by anthropogenic load, 
while Nagliai Dunes are in flu enced by re lief in cli na tions, a
greater dis tance from the for est (700 m), and ground wa ter be -
neath (~1.5 m). A com par i son with At lan tic coastal dunes (north 
France; Battiau-Queney et al., 2001), to which sed i ments are
brought from the sea and via spits (Listland, Vistula), shows that 
in the our stud ied dunes the de gree of blow-off was dif fer ent yet

ex ceeded me dium haz ard lev els; there fore losses should be
reg u lated us ing dif fer ent mea sures (the dis tance be tween the
Nagliai and Parnidis dunes is ~20 km). Multiannual sta tion ary
ob ser va tions con firm in large part the par tic u lar fea tures of the
nat u ral back ground.

Such re sults sup port the pre vi ous re sults of
palaeoreconstruction of the Curonian Spit, ac cord ing to which
3,000 years ago the Curonian La goon was sit u ated near the
west ern slope of the Great Dune Ridge. The area of the la goon
is grad u ally de creas ing due to a short age of sand in flow from
the Sambian Pen in sula.

CONCLUSIONS

The dunes in the Lith u a nian part of the Curonian La goon
are known as mo bile large-am pli tude dunes; there fore, in ves ti -
ga tions of the dy nam ics of the ac tive Nagliai (Nagliai Strict Re -
serve) and Parnidis (Parnidis Land scape Re serve) dunes dur -
ing 2003–2014 are rel e vant in view of global cli mate change,
be cause change to these sen si tive dunes can be re garded as
an in di ca tor of cli mate change.

In the pe riod of 2003–2014, wind in di ces (days with winds
stron ger than 15 m/s) were be low the av er age (55 days ac cord -
ing to the data of the me te o ro log i cal sta tion at KlaipÅda against
the av er age multiannual value of 60 days); how ever, de fla tion
and ac cu mu la tion pro cesses in the dunes were more in tense.
In ves ti ga tion of snow cover and snow melt rate ef fects are rec -
om mended, as well as microclimatic ob ser va tions, and these
should con trib ute to a more thor ough in ves ti ga tion of po ten tial
haz ard ous im pacts in each part of the Great Done Ridge.

Changes in ground wa ter dis tri bu tion mean there is a nar -
rower aer a tion zone near the Parnidis Dune and a greater pre -
cip i ta tion im pact on mois ture re ten tion at the sur face of the ae -
olian sand and deeper. The Nagliai Dune is thought to un dergo
more marked deg ra da tion (the sed i ment de fi ciency is about
twice the de fi ciency in the Parnidis Dune ) not only be cause of
hu man tram pling, but also be cause of a low ground wa ter level,
some 1.5–2 m lower than near the Parnidis Dune.

In ves ti ga tions of dune dy nam ics in 2003–2014 re vealed a
con sid er able ten dency of dune low er ing. The Nagliai Dune be -
came lower by 5 m at its top and moved by 4–6 m in its east ern
part. The Parnidis Dune be came lower by 2–2.5 m be hind the
Sun Clock and moved by 9.87 m in its east ern part. Dur ing
2003–2004, the form of the Parnidis Dune’s east ern slope
changed from lin ear to incurved or outcurved. The low er ing of
the Nagliai Dune was greater by 5 m than the low er ing of the
Parnidis Dune, which can be ex plained by the Sun Clock and
anthropogenic load in the west ern slope of the Parnidis Dune, a
lon ger wind tran sit and lon ger an nual in ves ti ga tion pe riod.

A com par i son with an other coastal dunes shows that in the
dunes of this study the de gree of blow-off was dif fer ent yet ex -
ceeded me dium haz ard lev els while losses should be reg u lated 
by tak ing dif fer en ti ated mea sures. Our sta tion ary ob ser va tions
sup port for the ma jor part the par tic u lar fea tures of the nat u ral
back ground.

Ac knowl edge ments. We are grate ful to the programme
“GEOSYSTEMS” fi nanced by the Lith u a nian Min is try of Ed u ca -
tion and Sci ences. Spe cial thanks are ad dressed to the Geo -
log i cal Quar terly re view ers and to the trans la tor, V. ¦alÅnienÅ.

Changes in quantitative parameters of active wind dunes on the south-east Baltic Sea coast during the last decade... 45



REFERENCES

Aagaard, T., Niel sen, J., Davidson-Ar nott, R., Green wood, B.,
1998. Coastal morphodynamics at Skallingen, SW Den mark:
high en ergy con di tions. Dan ish Jour nal of Ge og ra phy, 98:
20–30.

Aagaard, T., Davidson-Ar nott, R., Green wood, B., Niel sen, J.,
2004. Sed i ment sup ply from shoreface to dunes: link ing sed i -
ment trans port mea sure ments and long term mor pho log i cal
evo lu tion. Geo mor phol ogy, 60: 205–224.

Bagnold, R.A., 1954. The Phys ics of Blown Sand and Desert
Dunes. Mehuen, Lon don.

Battiau-Queney, Y., 2015. The dunes of Merlimont (North of
France): a nat u ral mu seum of ae olian land forms. Dynamiques
Environnementales, 33: 51–64.

Battiau-Queney, Y., Fauchois, J., Deboudt, P., Lanoy-Ratel, P.,
2001. Beach-dune sys tems in a macrotidal en vi ron ment along
the north ern French coast (Eng lish Chan nel and South ern North 
Sea). Jour nal of Coastal Re search, Spe cial Is sue, 34: 580–592.

Bendoraitis, A, Saulis, K., 1997. Curonian Spit: drink ing wa ter re -
sources and qual ity. Geo log i cal Ho ri zons, 2: 26–32.

Berendt, G., 1869. Geologie des Kurischen Haffes und seiner
Umgebung. Königsberg.

Betgen, J.F., 1735. Lithuaniam Borussicam in qua loca. Map. Type -
script.

Boràwka, R.K., 1980. Pres ent day dune pro cesses and dune mor -
phol ogy on the Leba Bar rier, Pol ish coast of the Bal tic.
Geografiska Annaler: Se ries A, Phys i cal Ge og ra phy (A), 62:
75–82.

Bitinas, A., DamuëytÅ, A., Hutt, G., 2000. Strati graphic cor re la tion
of Late Weischelian and Ho lo cene de pos its in the Lith u a nian
Coastal Re gion. Pro ceed ings of the Es to nia Acad emy of Sci -
ence. Ge ol ogy, 49: 200–217.

Christiansen, M.B., Davidson-Ar nott, R., 2004. Rates of land ward 
sand trans port over the foredune at Skallingen, Den mark and
the role of dune ramps. Dan ish Jour nal of Ge og ra phy, 104:
31–43.

Christiansen, M.B., Edelvang, K., Emeis, K., Graf, G., Jahmlich,
S., Kozuch, J., Laima, M., Leipe, T., Loff ler, A., Lund-Hansen, 
L.C., Miltner, A., Pazdro, K., Pempkowiak, J., Shimmield, G.,
Shimmield, T., Smith, J., Voss, M., Witt, G., 2002. Ma te rial
trans port from the nearshore to the basinal en vi ron ment in the
south ern Bal tic Sea I. Pro cesses and mass es ti mates. Jour nal
of Ma rine Sys tems, 35: 133–150.

Cli mate At las of Lith u a nia, 2013. Lith u a nian Hydro meteoro logi cal
Ser vice, Vilnius.

Èesnulevièius, A., MorkñnaitÅ, R., 1997. Morphometrical,
lithological and min er al og i cal traits of ae olian for ma tions in the
Lith u a nian coastal zone of the Bal tic Sea. Baltica, 10: 53–58.

Èesnulevièius, A., MorkñnaitÅ, R., 1998. Some as pects of com -
par a tive char ac ter is tics of old and new gen er a tions of the
Curonian Spit dunes. The Geo graph ical Year book, 31:
200–210.

Èesnulevièius, A., Izmai³ow, B., MorkñnaitÅ, R., 2006. Defliacini÷
daub÷ dynamika Kurëi÷ nerijos Didûiajame kopagubryje (in Lith -
u a nian). Geografija, 42: 21–28.

DamuëytÅ, A., 2011. Post-gla cial geo log i cal his tory of the Lith u a -
nian coastal area. Ph.D. the sis, Vilnius.

Dobrotin, N., Bitinas, A., Michelevièius, D., DamuëytÅ, A.,
Maûeika, J., 2013. Re con struc tion of the Dead (Grey) Dune
evo lu tion along the Curonian Spit, South east ern Bal tic. Bul le tin
of the Geo log i cal So ci ety of Fin land, 85: 53–64.

Furmañczyk, K., 1995. Coast changes of the Hel Spit over the last
40 years. Jour nal of Coastal Re search, Spe cial Is sue, 22:
193–196.

GelumbauskaitÅ, L.¦., 2010. Paleo-Nemunas delta his tory dur ing
the Ho lo cene time. Baltica, 23: 109–116.

GelumbauskaitÅ, L.¦., ¢eèkus, J., 2005. Late Gla cial-Ho lo cene
his tory in Curonian La goon (Lith u a nian sec tor). Baltica, 18:
77–82.

Grunewald, R., 2006. As sess ment of dam ages from rec re ational
ac tiv i ties on coastal dunes of the south ern Bal tic Sea. Jour nal of
Coastal Re search, 22: 1145–1157.

Gudelis, V., 1998. The Lith u a nian off shore and coast of the Bal tic
sea. Ac a de mia, Vilnius.

Gudelis, V., Kazakevièius, S., 1988a. Some data on the struc ture
and de vel op ment of sand drift ing in Curonian Spit (lit er a ture
over view). Pro ceed ings of Oceanology In sti tute of Acad emy of
Sci ences USSR, 10: 62–69.

Gudelis, V., Kazakevicius, S., 1988b. Some reg u lar i ties in de vel -
op ment of the Kurši÷ nerija spit dunes and the bay coast ac cord -
ing to cartometrical data (in Rus sian). Lituvos TSR Moksl÷
Akademijos darbai, Serija B, 165: 136–144. 

Hoffmann, G., Lampe, R., 2007. Sed i ment bud get cal cu la tion to es -
ti mate Ho lo cene coastal changes on the south west Bal tic Sea
(Ger many). Ma rine Ge ol ogy, 243: 143–156.

Izmai³ow, B., 2006. Rola wiatru w rozwoju Mierzei Kuroñskiej (in
Pol ish). In: Klimatyczne aspekty œrodowiska geograficznego
(ed. Z. Olecki): 303–310. Instytut Geografii i Gospodarki
Przestrzennej UJ, Kraków.

Izmai³ow, B., 2009. Warunki i skutki dzia³alnoœci cz³owieka na
wydmach Mierzei Kuroñskiej (in Pol ish). In: Ekosystemy
piaszczyste i cz³owiek (eds. R.Dulias, J. Pe³ka-Goœciniak and O. 
Rahmonov): 96–102. Wydzia³ Nauk o Ziemi UŒ, Sosnowiec.

Jarmalavièius, D., Žilinskas, G., 1996. Dis tri bu tion pe cu liar i ties of
granulometrical com po si tion of sur face sed i ments on the Lith u a -
nian Bal tic coast. Ge og ra phy, 32: 77–84.

Jarmalavièius, D., Žilinskas, G., Pupienis, D., 2016. Kurëi÷
nerijos prieëkopi÷ vystymasis ir kaita skirtingose laiko skalÅse
(in Lith u a nian). In: Kurëi÷ nerijos kraëtovaizdûio pokyèiai (eds.
A. Feser, R. Pakalnis, G. Rašèius, L. Žarnauskas and L.
MotuzienÅ): 39–49. Neringa.

Jensen, N.O., Zeman, O., 1985. Per tur ba tion in mean wind and tur -
bu lence in flow over top o graphic forms. Pro ceed ings of In ter na -
tional Work shop on the Phys ics of Blown Sand. Uni ver sity of
Aarhus, Mem oir, 8: 351–368.

Jungerius, P.D., Riksen, M.J.P.M., 2010. Con tri bu tion of la ser
altimetry im ages to the geo mor phol ogy of the Late Ho lo cene in -
land drift sands of the Eu ro pean Sand Belt. Baltica, 23: 59–70.

KabailienÅ, M., 1967. The de vel op ment of the Spit of the Kurši÷
Nerija and the Kurši÷ Marios Bay (in Rus sian with Eng lish sum -
mary). Trans ac tion of In sti tute of Ge ol ogy, 5: 181–207.

KabailienÅ, M. 2006. GamtinÅs aplinkos raida Lietuvoje per 14000
met÷ (in Lith u a nian). Vilnius Uni ver sity Press, Vilnius. 

Kazakevièius, S., 1988. Dy nam ics of shore de vel op ment on the 
Kurëi÷ Nerija spit (cartometrical anal y sis). The Geo graph ical
Year book, 25–26: 46–56.

Koster, E.A., 2009. The “Eu ro pean Ae olian Sand Belt”: Geo -
conservation of drift sand land scapes. Geoheritage, 1: 93–110.

Living stone, I., 1986. Geomorphological sig nif i cance of wind flow
pat terns over a Namib lin ear dune. In: Ae olian Geo mor phol ogy 
(ed. W.G. Nickling): 97–112. Allen and Unwin, Boston.

Living stone, I., War ren, A., 1996. Ae olian Geo mor phol ogy: an in -
tro duc tion. Longman, Harlow.

£abuz, T.A., 2004. Wydmowy krajobraz wybranych miejscowoœci
nadmorskich zachodniego i œrodkowego wybrze¿a Polski (in
Pol ish). In: Stan œrodowiska spo³ecznego podstawowym
warunkiem zdrowotnoœci spo³eczeñstwa: 291–303. Uniwersytet 
Szczeciñski, Optimex.

£abuz, T.A., 2013. Pol ish coastal dunes – af fect ing fac tors and mor -
phol ogy. Landform Anal y sis, 22: 33–59.

£abuz, T.A., Wochna-Bartnik, S., Osóch, P., S³awiñska, J., 2013.
The FoMoBi re search pro ject and its im por tance in the di ag no -
sis of the con tem po rary dy nam ics and biodiversity of the
foredunes on Pol ish coast (in Pol ish with Eng lish sum mary).
Geologia i Geomorfologia, 10: 81–98.

Mader, D., 1995. Ae olian and ad he sion morphodynamics and
phytoecology in re sent coastal and in land sand and snow flats

46 Regina MorkñnaitÅ et al.



and Dunes from mainly North Sea and Bal tic Sea to Mars and
Ve nus. North Sea and Bal tic Sea, 1. Frank furt/Main.

MardosienÅ, D., 1988. Dy nam ics of mo bile dunes of Kurëi÷ Nerija
spit. The Geo graph ical Year book, 25–26: 18–45.

Minkevièius, V., 1969. The de pend ency of the quan tity of sand
trans port from the me te o ro log i cal con di tions in the mi grat ing
dunes of the Kursiu nerija. The Geo graph ical Year book, 10:
187–195.

Minkevièius, V., Žilinskas, G., Jarmalavièius, D., 1996.
Morphodynamic eval u a tion of pro tect ing dune of Curonian Spit.
The Geo graph ical Year book, 29: 63–74.

Miszalski, J., 1973. Wspó³czesne procesy eoliczne na Pobrze¿u
S³owiñskim. Studium fotointerpretacyjne. PAN, Instytut
Geografii, Warszawa.

Mojski, J.E., 1988. De vel op ment of the Vistula River Delta and evo -
lu tion of the Bal tic Sea, an at tempt to chro no log i cal cor re la tion.
Geo log i cal Sur vey of Fin land, Spe cial Pa per, 6: 39–45.

MorkñnaitÅ, R., Karmaza, B., Bauûa, D., 2012. De ter min ing the
dam age in flicted by tour ists to the Na tional Park of Curonian
Spit and pre ven tive mea sures for dunes. Ekologia (Bratislava),
31: 341–353.

MorkñnaitÅ, R., RadûñnienÅ, J., Navickas, K., GudynienÅ, V.,
BautrÅnas, A., 2016. As sess ment of deg ra da tion of white and
grey dune hab i tats in the Curonian Spit: a case study of Parnidis
Dune (Nida en vi rons, Lith u a nia). Zeitschrift für Geomorpho -
logie, 60: 75–87.

MorkñnaitÅ, R., BautrÅnas, A., Èesnulevièius, A., 2017. The re -
cent in ves ti ga tions and provi dences about ac tive Ae olian forms
in Curonian Split (Lith u a nia). Acta Geographica Silesiana, 25:
23–29.

MorkñnaitÅ, V., 2000. Changes sand dune plain com mu ni ties of the
Lith u a nian coastal zona in the 20th cen tury. Ekologija (Vilnius).
1: 7–15.

Nordstrom, K.F., McCluskey, J.M., Rosen, P.S., 1986. Ae olian
pro cesses and dune charasteristics of a de vel oped shore line:
Westhampton Beach, New York. In: Ae olian Geo mor phol ogy
(ed. W.G. Nickling): 131–147. Allen and Unwin, Boston.

Olšauskas, A.M., 2009. The Eu rope Shores. KlaipÅda Uni ver sity
Press, KlaipÅda.

Peyrat, J., 2007. De vel op ment, prop er ties and clas si fi ca tion of
dune soils in the Curonian Spit Na tional Park, Rus sian part.
Geologija, 59: 59–64.

Peyrat, J., 2011. Land scape and veg e ta tion of south ern Bal tic dune
sys tems: di ver sity, landuse changes and threats. Dis ser ta tion.
Uni ver sity of Kiel.

Povilanskas, R., 2009a. Land scape man age ment on the Curonian
spit. A cross-bor der per spec tive. EUCC – The Coastal Un ion.
Leiden-KlaipÅda-Bar ce lona.

Povilanskas, R., 2009b. Spa tial di ver sity of mod ern
geomorphological pro cesses on a Ho lo cene Dune Ridge on the
Curonian Spit in the South-East Bal tic. Baltica, 22: 77–88.

Povilanskas, R., Baghdasarian, H., Arakelyan, S., Satkñnas, J.,
Taminskas, J., 2009. Sec u lar morphodynamics trends of the
Ho lo cene dune ridge on the Curonian Spit (Lith u a nia/Rus sia).
Jour nal of Coastal Re search, 25: 209–215.

Povilanskas, R., Riepšas, E., ArmaitienÅ, A., Duèinskas, K.,
Taminskas, J., 2011. Shift ing dune type of tha Curonian Spit
and fac tors of their de vel op ment. Bal tic For estry, 17: 215–226.

Pye, K., Tsoar, H., 1990. Ae olian Sand and Sand Dunes. Unwin
Hyman Lim ited, Lon don.

Pye, K., Saye, S., Blott, S., 2007. Sand dune pro cesses and man -
age ment for flood and coastal de fence. Part 3: The
geomorphological and man age ment sta tus of coastal dunes in
Eng land and Wales. R&D Tech ni cal Re port FD1302/TR. En vi -
ron men tal Agency (DEFRA), Lon don.

Ratas, U., Raukas, A., Rivis, R., Tavast, E., Vilumaa, K., An der -
son, A., 2012. For ma tion of ae olian land scapes in Es to nia. In:
Es to nia. Geo graph ical stud ies (eds. A. Raukas, K. Kukk and T.
Vaaasma). Es to nian Acad emy Pub lish ers, Tallinn.

Ratas, U., Raukas, A., Rivis, R., Tavast, E., 2015. Ae olian ac tiv ity
on the north ern coast of Lake Peipsi, North-East ern Es to nia.
Jour nal of Coastal Re search, 31: 25–35.

Rotnicka, J., 2011a. Fac tors con trol ling the de vel op ment of
foredunes along the £eba Bar rier on the south Bal tic coast of
Po land. Jour nal of Coastal Re search, Spe cial Is sue, 64:
308–313.

Rotnicka, J., 2011b. Im pact of beach sur face type on the rate of
sand trans port by wind. Jour nal of Coastal Re search, Spe cial Is -
sue, 64: 2058–2062.

Sergeev, A.Y., Zhamoida, V.A., Ryabchuk, D.V., Buynevich, I.V.,
Sivkov, V.V., Dorokhov, D.V., Bitinas, A., Pupienis, D., 2016.
Gen e sis, dis tri bu tion and dy nam ics of la goon marl ex tru sions
along the Curonian Spit, south east Bal tic Coast. Boreas, 46:
69–82.

StankevièiñtÅ, J., 2006. The suc ces sion of sand veg e ta tion of Lith -
u a nian sea coast. Botanica Lithuanica, 12: 139–156.

Tsoar, H., MÝller, J.T., 1986. The role of veg e ta tion in the for ma tion
of lin ear dune. In: Ae olian Geo mor phol ogy (ed. W.G. Nickling):
75–95. Allen and Unwin, Boston.

Vermaat, J., Gilbert, A., 2006. Hab i tat dy nam ics at the catch -
ment-coast in ter face: con tri bu tion from ELOISE. En vi ron men tal
Sci ences, 3: 15–37.

Wojtanowicz, J., 2009. Con tem po rary ae olian pro cesses in Eu rope 
(in Pol ish with Eng lish sum mary). Prace i Studia Geograficzne,
41: 235–244. 

Žilinskas, G., Jarmalavièius, D.D., Minkevièius, V., 2001. Eolian
pro cesses on the ma rine coast (in Lith u a nian). In sti tute of Ge og -
ra phy, Vilnius.

Žilinskas, G., Jarmalavièius, D., DamuëytÅ, A., Pupienis, D.,
2016. Where did ex ist JuodkrantÅ strait dur ing post-Litorina. In -
ter na tional Bal tic Earth Sec re tar iat Pub li ca tion, 9: 235–239.

Changes in quantitative parameters of active wind dunes on the south-east Baltic Sea coast during the last decade... 47


