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Curonian Spit

Introduction

The Curonian Spit has no analogues among other objects of the Baltic
Region and Northern Europe because of its unique orographic parameters,
geomorphological characteristics and geological composition as well as cli-
matic peculiarity of the territory, mosaic of landscapes and concentration of
numerous species of fauna and flora on its fairly small grounds.

The Curonian Spit is a 98 km long peninsula, extending in a long narrow
strip from north to south. It separates the Curonian Lagoon from the Baltic
Sea. Klaipéda strait is the northern boundary. Meanwhile, the southern part
borders with the continent, the territory of Zelenogradsk city, Kaliningrad
Oblast, Russia.

The widest place of the Spit (3.8 km) is the cape of Bulvikis Horn (Bulvikio
Ragas), just four km northeast of Nida. Meanwhile, the narrowest place of
370 metres can be found in Lesnoy (Lithuanian: Sarkuva) settlement.

In Lithuanian part of the peninsula, five settlements are situated: Nida,
Preila, Pervalka, Juodkranté, Smiltyné, with approximately 4000 inhabitants.
Curonian Spit National Park is visited by more than one million visitors every
year. This is one of the most popular tourism destinations in Lithuania. That is

why the biggest part of local inhabitants are working in tourism business.
Curonian Spit National Park was established in 1991. In 1961, the Cu-




ronian Spit Landscape Reserve was founded, and in 1976, the peninsula
was declared as National Forest Park. The Curonian Spit was included into
the World Heritage List in 2000, as an outstanding example of landscape of
sand dunes that is under constant threat of natural forces (wind and tide).
After disastrous human interventions that menaced its survival, the Spit was
reclaimed by massive protection and stabilization works in the 19th century
and which are still continued to the present day (criterion v).

On the territory of the Republic of Lithuania, the biggest part of the Curo-
nian Spit has been appointed as Natura 2000 territory. Coastal waters of the
Baltic Sea are part of the HELCOM system of protected territories.

Geology and geomorphology

Development of the present Curonian Spit started to the north of the Sambia
(Lithuanian: Semba) Peninsula. Moving dunes covered the morainic ground
and the swamp. Sand started to accumulate at Sarkuva and Rasyté islands,
which were a natural barrier. Soon they joined the continent. Further growth
of the spit went to the North and to the South. This process developed rather
quickly and 4.500 or 4000 years ago the Curonian Spit reached the place,
where Juodkranté is presently located. Sand excess and prevailing west winds



formed the cross relief of the Curonian Spit. Sand hillocks at the seacoast were
growing and the wind turned them into dunes, which were moving across the
peninsula, making it wider. At the same time the peninsula moved eastward.

Nowadays, the Curonian Spit is the largest accumulative terrain formation
in the Baltic region, formed by water and wind, with some of the highest sand-
dunes in Europe. Over the centuries still moving sand-dunes and human activity
trying to stop the dunes shaped especially vivid and attractive landscape com-
plexes and objects, which creates the identity of the Curonian Spit: the Great
Dune Ridge and its fragments (extend about 72 km, width from 250 m to 1.2
km, height 35-60 m), seaside horns and bays, the sea coast (beach and protec-
tive dune complex of the beach), the remaining virgin forests and newly planted
mountain pines in the dunes.

Currently, natural processes of landscape formation in the Curonian Spit
have still been going on, but are influenced by human activities. The relatively
“young” age of the Curonian Spit determines its originality and high scientific
value due to incomplete and still continuing process of formation.

The cross-section of the Curonian Spit
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Climate

The climate of the Curonian Spit is a transitional one between marine and
continental. Its specific feature is frequent and powerful changes in weather.
One of the characteristic features of the climate is relatively mild winters and
moderately warm summers: the annual temperature averages 7.0°C, the ab-
solute minimum being -26°C (January) and the absolute maximum amount-
ing to 31°C (June). The average precipitation is 660 mm, most of which falls
in October and February. The formation of the snow blanket is highly varied:
sometimes the snow blanket is non-existent, while at other times it reaches
30-60 cm.

The Curonian Spit has up to 40 stormy days per year on average when
the wind force exceeds 15 m/s, leaving negative effects on the shores, forests
and settlements. The Curonian Spit was devastated by an extremely strong
storm of 1993, the hurricane Anatol in 1999 and the hurricane Erwin in
2005. Strong storms have become more frequent due to a more intensive
cyclone action as a result of climate change, and periods of calm weather
have grown shorter.



Landscape history

The history of Curonian Spit is dramatic: 5.000 years ago a narrow penin-
sular, the Great Dune Ridge, separating the Baltic Sea from the Curonian La-
goon, was formed on moraine islands from the sand transported by currents
and later covered by forest. Deforestation, intensive animal grazing, resin
mining, tapping and bushfires were going on since the 16th century. Defor-
estation was lasting for almost 200 years. The percentage of the forest cov-
ered area in the Curonian Spit decreased from 75% (1605) to 10% (1834).
The dunes began moving towards the Curonian Lagoon burying the oldest
settlements, so that at the turn of the 18th to the 19th century it became evi-
dent that human habitation was no longer possible here if no deliberate ac-
tion was taken. At that time the dune stabilization works began, which have
been continued for 200 years till today. By the end of the 19th century, a
protective dune ridge was formed along the seashore, which prevented sand
migration inland and the Great Dune Ridge was reinforced using brushwood
hedge and by planting trees — mostly mountain pine (Pinus mugo). The first
samplings of this pine were transported from Denmark, later — grown in the
Spit.

Formation of the coastal foredune ridge (beginning of the 20th century)



Currently, forests and sands dominate in the Curonian Spit. Forests make
up 74% of the total territory; urbanised areas (eight small settlements) cover
just about 3%.

Culture

The human history of the Curonian Spit is closely related to the fishing
and fishermen. Poor soil restricted the ability of local people engaged in
livestock and crop production, that is why the fishing and all attributes of
that formed tangible and intangible culture of the Curonian Spit and till now
can be observed in all settlements. The 19th-20th century was the period
of a fishing villages’ transition into a resort. At first, the changes came to
Juodkranté, later — to Nida. This period brought trendy fashion, entertain-
ment, and above all a new architectural style and resort infrastructure in the
Curonian Spit. The Curonian Spit as a unique place was discovered by prof.
Adalbert Bezzenberger, neurologist Sigmund Freud, geographer Alexander
Von Humboldt, writer Thomas Mann, novelist Jean-Paul Sartre, painters Lo-
vis Corinth, Max Pechstein and many others.

Ethnic composition of the inhabitants of the Curonian Spit varied from the
old times. The records of the 14th—16th centuries mention the Curonians and
Germans residing there. Lithuanians (so called Lietuvininkai) were also men-



tioned along with them in the 16th-20th centuries. In the 19th —20th centuries,
a kind of trilingual culture appeared in the Curonian Spit: German was used
for daily communication at state authorities, Curonian — while fishing, Lithua-
nian — in church services. The Second World War essentially changed ethnic
composition of the Curonian Spit residents. Majority did not return back after
the autumn evacuation in 1944, a significant amount of population moved
to Germany in 1958, and their place was filled by newcomers from the other
regions of Lithuania or even from the Soviet Union.

The Kurenkahn (Kurénas) — a traditional flat-bottomed boat
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Gravestone monuments — krikstai — at Nida ethnographic cemetery

Biodiversity

A distinguishing feature of the Curonian Spit is an extraordinary diversity
of nature and communities contrasts that exist side by side: the beaches,
marshes, brackish and freshwater bodies, meadows, pine forests, deciduous
forests (alder, birch) and sand dunes. This creates a specific diversity of ani-
mals and plants in a relatively small and limited area.

In the Curonian Spit, eight habitats of European importance are identi-
fied: 2110 Embryonic shifting dunes, 2120 Shifting dunes along the shore-
line with Ammophila arenaria (,,white dunes”), 2130 * Fixed coastal dunes
with herbaceous vegetation (,grey dunes”), 2140 * Decalcified fixed dunes
with Empetrum nigrum, 2170 Dunes with Salix repens ssp. argentea (Sali-
cion arenariae), 2180 Wooded dunes of the Atlantic, Continental and Bo-
real region, 2190 Humid dune slacks, 2320 Dry sand heaths with Calluna
and Empetrum nigrum. Curonian Spit is the area of European importance
for breeding White-tailed sea-eagle (Haliaeetus albicilla), Woodlarks (Lullula
arborea), Tawny pipit (Anthus campestris). Curonian Lagoon and the Baltic
Sea waters at the coast of the Curonian Spit are important place for migratory
Little gulls (Larus minutus) and Common terns (Sterna hirundo), wintering
Velvet scoters (Melanitta fusca) and razorbills (Alca torda).
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Excursion sites

Great cormorant colony

The Grey heron and Great cormorant colony by Juodkranté is one of the
biggest colonies of grey herons and grand cormorants in Lithuania. People
have been observing this colony since the end of the 19th century. Currently,
there are more than 2900 grand cormorant nests and about 270 grey heron
nests. The first cormorants in the Curonian Spit appear in early February and
soon after grey herons follow them as well. The colony revives in late March.
The birds share out and put in order their old nests, build new ones. Soon pairs
start sitting. In May, every nest has from three to five young birds. In autumn,
everything calms down and the colony stays silent till the next season.

12



Due to a rapid growth of the population and degradation of old forest since
2007 the growth of colony has been regulated. The regulation measures are
implemented in the spring time during hatching period through cooling off
the eggs.

13



Nagliai

The Nagliai Strict Nature Reserve covers an area of 1669 ha, where coast-
al grassland from Ammophiletea and Koelerio-Corynephoretea of white and
grey dunes dominate.

See detailed vegetation characteristic in the material presented below
(Stankeviciaté, 2006).

This Reserve is a sanctuary for a number of species, which are included
in the Red List: plants — Baltic toadflax (Linaria loeselii) — endemic species
of the southeastern coast of the Baltic Sea, species of the Habitats Direc-
tive (Annex 2), — Seaside centaury (Centaurium litorale), Sea-holly (Eryngium
maritimum), Lesser twayblade (Listera cordata), Shining crane’s-bill (Gera-
nium lucidum); fungus — Pycnoporus cinnabarinus and Peziza ammophila;
insects — Striped earwig (Labidura riparia), Pine chafer (Polyphylla fullo) and
Coastal tiger-beetle (Cicindela maritima); birds — Tawny pipit (Anthus camp-

14



estris), Ringed plover (Charadrius hiaticula) and Common shelduck (Tadorna
tadorna). The White-tailed sea-eagle (Haliaétus albicilla) is frequent visitor
there, too.

Any human activity, including recreation, is prohibited in the Reserve.
Nature is preserved for scientific purposes to study natural processes in dune
ecosystems.
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Linaria loeselii Tragopogon heterospermus
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THE SUCCESSION OF SAND VEGETATION AT THE LITHUANIAN SEACOAST
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Ahstract

Stankevidifiee 1., 2006: The succession of sand vegetation of Lithuanian seacoust [ Lietuvos pajiinio
smiélymy augalijos sukeesija), — Botanica Lithuanica, 12030 139156,

The paper aims 1o define the sutogenic succession of sund vegetation of the Baltic Sea coust of
Lithuanin. The succession sequence of plant communities situated in Lithuanian seacoast, located
in the direction from West to East, was created, The regulirities of sand communitics succession were
revealed. Only species (Ammopiila arenaria, Honckenve peplovdes, Levns arencariis, Calosr-
ferenstis epipejox) adopied 1o the growth on dry sand form shon-lived thickets on the seashore, The
communities situited in different places of foredunes perform different functions: species-poor Le-
wmo-Ammmaphiletum subas. tepicim and Levao-Ammophiletiom subas. petasitetosim communities
located on the western slope consist of psammophytes that Tasten the drifting sand; the two layer
grassland of Leveno-Ammophiletnm subas. festieetosiom sabilosae located on the top of the foredunes
decreases the fluctuations of temperature and humidity; in the two-layer (herb and moss layers) Le-
vimo-Anmophiletiom subas. artemisictesunt stretching on the eastern slope humus begins (o accu-
mulate, In palve the drfted sund is stopped by the abundantly growing Carey arenearia, Corvrephoris
caneseens, Festica sabulosa, Festuica polesica, solitary, thick groves of Empetrum nigrunt, and the
continuous cover of moss and lichens. In palve strength of winds and imeciprocal stream is reduced
and dispersed by abundantly growing shrubs of Salix rosmarinifidia, Solix daphanoides, and low
Pirus sylvestris and Betula pendula trees. In the primary forest communities Pinis sylvestris is
abundant in tree layer. In further succession stages Pimes sylvestris gets thinner. In herb layer the
dominant plants with wide ecologic range are replaced by plants charscteristic w forest communities
{ Deselampsia fexuosa, Melampyrim nemorosim, Luzula moltifora, Trienfafis europea, Majon-
thenmm bifodine, bryophytes get thicker, leaf-litter forms, the amount of humus increases, It was
revealed thit the edaphic climax of sand vegetation in Lithuanion seacoast corresponds 1o Levino-
Aminephifetim arenariae, while climatic climax — to @uerco-Piceetn communities,

Keywords: succession, endoccogenesis, syngenesis, vegetation, foredune, palve, Curonian Spit.
Baltic Sea coast, Luhuania.

INTRODUCTION nities forms under the affects of the sea and the edaphic
gradient influences the succession sequence.
Lithuanian sescobst is o dynamic zone where diffe- Sand dune systems offer an ideal opportunity to stu-

rent componenls comprise a natural environment.  Jdy vegetation succession, Vegetation succession is one
Eventually, high diversity of ecotopes and plant commid-— of the fundamental ecological concepts that underpin
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our understanding of the habital development and their
management (Ourr et al, 1993), The obvious sign of
succession is a change in the plant community. but the
prisess of soil development, occurring during the succe-
ssjon, is also of great importance (Bakkes & Diooees,
20046). The sand dune transects offer an opponunity 1o
observe the paralle] processes of vegetation succession
and soil development. Dune systems sre particularly
suitable for observation of community succession, as
the new dunes are being formed by geamorphological
processes on the seaward side, while on the landward side
dunes that have formed centuries before are stabilized
and colenized by plants, thus representing the process
of community suceession (O et al., 1993}, The geo-
morphological and ecological processes are ot ope-
rating independently, but are closely related and depen-
dant upon one another.

Changes of seacoast sand vegetation in different
regions of the Baltic Sea are widely investigated (Puin-
riwskA, 1965 Fiscime, |996; Worrakssr, 1993; Doisik.,
2003), However, due 1o peculiarities of the Lithuankan oo,
it is impossible 1w secept directly the peculiarities of
vegettion change observed in other regions: therefore,
the investigations of vegetation changes in Lithuanian
seacoast are relevant theoretically and practically,

Since December 2000 the Kursiy Nenija National Park
has been included into UNESCO World Heritage List as
valuable cultural landscape. Large area of continental par
of the Lithuanian scacoast belongs o the Pajiins Regional
Park. It is a governmentally protected territory of the
Lithuanian seaside from Klaipéda to Palanga. Pajiris
Regional Park was established on September 24, 1992 in
order to protect beautiful landscapes of the seaside,
naturs! and cultural values, biological diversity of the
Baltic Sea, re-establish destroved or broken natural and
cultieral values, smd af the same lime provide conditions
for cognitive lourism and lounge development.

MATERIAL AND METHODS

The investigations were carried out on the Lithuanian
seacoast during 1995-2001. Phytocenotic and floristic
material was collected in the Curonian spit and on the
sencoast from K loipéda to Sventoji (Fig. 1), In the Curo-
nian Spit the geobotanical relevés were described in the
entire cross-section from the sea to the lagoon, at the
imterval of | kin from each other, leaving out the sertle-
mieats anid zones of recreation. In the continental part of
the seacoast, the transect lines were also directed from
the West towards the East, stanting at the beach and en-
ding anywhere by anthropogenised ecotops. The de-
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Fig. 1. Areas of investigation at Lithuanian seacoast

scribed communities are situated on different geomor-
phological forms, naturally oecuring in the coastal area.

Ecological parameters of eeolopes were investiga-
ted. Soil type, pH. amount of humus and nutrients were
evaluated. Soil analysis was performed at the Laboratory
of Chemical Analysis of the Instiute of Botany, The
following agrochemical properties of soil were analy-
sed: pHyo— by potentiometry, P20, - by photoclectrocn-
lorimetry (using ammonium molybdate), K0 — by
flame photometry, Mew - by photoclectrocolorimetry
(using sulphur acid and hydrogen peroxided, CaC(, -



by titration, humus — by photoelectrocolonmetry (oxidi-
zing with potassium dichromate in acid medium).

The differentiation of geomorphological structures
of the Lithuanian seacoast by Guoeps | 1998 b and charac-
terization of seolian processes in seacoast by Zil ks
(2001 ) were used in this work.

As one of parameters, Koch index of binlogical dis-
persion (K (STasKEVICIOTE. 1995), also known as koch
coefficient (Mmkix & Rosesnenc 19830, was used for
asecertaining the dynamics, succession and transitional
stages of plant communities.

__T-8
(n=1)8
5 — number of species in a community;

T= 2 5.

= number of relevés in atable.

The value obtained was multiplied by 100 %, The
communities with K higher than 30 % were chosen as
successton stiges, and those with K value lower than
30 % — transitional stages.

Mhymscenotic relevés were made sceording 1o the
principles of Bravs-Brasouer (1964), Relevé area of
sand communities was 10 x 10 m. of forest communi-
ties = 10 x 20 m,

While describing forest communitics, three levels
were distinguished in the tree layer:

A 1 - trees higher than 6 m;

A 2 — trees up to 6 m height:

A 3 = undergrowth, the laver of trees and bushes of
about | m height.

Small shrubs were attributed to the herb layer. Moss
and lichen layers wene evaluited separately.

Syntaxonoamical position of communines Wwas ascer-
tatned using the classification schemes of Basprmss
(1977, Kokseck (1978), Marvsekimwicz (1984 1996;
0000, Porr £ 1992, Diwisessead | 19506, Srasevicnrm (20005,

Noames of taxa of vascular plamts, mosses and lichens
are used secording to Gurevren (1993), JaskeviciEse
(19981, Guozisskas (1999), Moneosare (1999),
Jukosaise (2003}

ALUTHOGENIC SUCCESSION OF SAND
VEGETATION IN LITHUANIAN SEACOAST

Plit comimunities are influenced by many biotic and
edaphic factors, though the combination and balance
of these factors influence the structure of communities.
Amogenic succession is divided into endoecogenesis and
syngenesis according to the charcter of factors sti-

mulating and lmitng change of plant communitics
Mgk & Rosesuerc, 1978). The sea vicinity and related
climutic and orographic conditions influence coastal ve-
petanon {Pomrowsia, 1965 0w etal., 1993; Baske &
D ex, HHG),

SUCCESSHN OF THE SAND VEGETATION 0% THE
FOREDUNE

In Luhuaman seacoast, the beach is an initial poant
of the sequence of plant communities change. Here the
diversity of species composing plant communities to-
tally depends on such edaphic factors as wind. shifting
sand, wave impact, Muctuations of temperature and
humadity. The vegetition sucoession starts with the pro-
cess of endoccogenesis. Plants adapted to the growth on
dry sand, e.g. Honckenyva peploides, Cakife maritime, r-
rely Anmphili arenario, Colamagrostis epigejos, form
short-livesd (surviving only one vegetation period) mono-
dominadt thickets, A lot of limiting edaphic factors and
shiont-lived thickets formed by 4-5 plant species are the
conditions at the mittal point of aulogenic succession.

Neat ecological zone, moving lindward, is a foredu-
ne (Fig. 23, Here relief forms change, and the number of
plant species and the projection coverage increase. ve-
getution layers start differentiating. On the western slope
of foredunes shifting sand dominates (Zipaskas, 2001 ),
Therefore, the communities of the Levuno-Ammmepi-
Tetm subas. rypicum and Leveno-Ammaphiletim subos.
petasiretosim are sinpated on the western slope of fore-
dunes, They consist of a fiew species and hold up the
shifting sand. The edificitors of these communitics ane
tall grasses Ammophila arencrio, Calamagrosiis epige-
Jeus, Leymus arenarius, which are adapied 1o grow in per-
manenily shifting powdery sand, poor in nubrienis. The
sand moving landward through the beach accumulates
near fussocks, and thick aboveground pans of planis
dissipute sand fow. Petaxites sparins and Monekenyao
peploides. growing abundantly in these communities
and making thick mssocks among il grasses, are im-
portant for stabilization of shilting sand. The lack of hu-
midity on the top of foredunes is the main community-
limiting factor { £imskas, 3001 ). Ammophila arenaria,
Levmus arengring, Festuve arearia do not form nss-
ocks, These plants grow abundantly and form a dense
tall herb laver. In the low herb layer Festea siluilmss,
Tragopogon heterosperns, Limaria foeselil grow abun-
dantly. The grasstund of two levels of the Levoa-Amnimno-
phiilerm subas, festecetosmn sebufosee communitics,
simented on the top of foredunes, reduces the Muctuations
of temperature and humidity.
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Fig. 2. Distribution of the sand vegatation in cross-section, in the Curonian Spit near Juodkrané (55/56; 57 forest

blocks), |

single Cakile maritima, Sulsola kalif, Honckenya peploides tissocks: 2 — Levmo-Ammo-.

philetion subas. ryplcum and Levmo-Ammophiletum subas, petasitetosum; 3 = Levmeo-Ammophiletum
subus, festucetosum sifuilosae; 4 — Levino-Asrmophilesn subas, artemisictosam: % — Carex aremaria shige
communities; & - Helichryso-tasioneton; T = Empernm nigrum stage communities; 8 — Betila pendula
stage communities; 9 — Alnies glutitosa stige communities: 10 - Empetrion nigri-Pinetum subas, opicunr;
11 - Emipetro migri-Pinetm subas. clodonierosum; 12 = Empetro migri-Pinenon subas, pyroletocum: 13 —
Py muge thickets: 14 — Vielo-Corvmephoretum canescentis

On the eastern slope of foredunes edaphic con-
ditions are different. Because of bee, sand i less suhjec-
ted 1o shifting. Humidity chunges gradually due 10 gent-
ly slosping and high groundwater level (Znmsias, 2001,
Here are two layers iherb ind bryophyte) of the Leviro-
Anerereipehifesom subcis, artemisielosin communitics. Ar-
temiat compestris, Latfrus maritimes, Gypsophila pani-
viilata, Thveus serpyifum, Tragopogon heterosperniis,
Carex arenaria, Galium verum, Ammophila arenaria,
Calmnagrostis epigejos dominate in the herb layer, Den-
se moss layer consists of Cevatodon purpurens, Raco-
mitrigm canescens, Polvirichum piliferum, Srachy-
thecinm afticans. In communities situated on the eas-
tern slope of the foredune, humis starts to accumulate,
Nevertheless, the structure and diversity of specics in
the communities eccuring in separate paris of the fore-
dunes change. and the group of plants, dominating and
forming communitics in the first stage of shifting sand
overgrowth, remains unchanged (Table 1). It consists of
Ammoprhife arenaria, Leymus arenarius, Festuea are-
maria, Honckenya peploides, Lathyrus maririmus, Tra-
popogon heterosperinis.

CHANGES OF PLANT COMMUNITIES OF PALVE
In the ecological zone of palve (Fig. 2) the inversion
of the impact of edaphic lactors on vegetation is evident.

They do ot limit but sustain the stimulating role of the
chunge of vegetstion, High{0.7-1 m) groundwater level
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(Guoevs, 1998), e (the foredunes up o 12 m high), cven
distribution of outwashed nutrients and precipitation
amount (Zuaosias, 2000) form a combination of edi-
phic factors highly favourable for the vegetation. Accor-
ding to the reliel and humidity conditions, palve is divi-
ded into the grassland palve, flooded palve, and hillocky
palve (GuoeLis, 1998), The plant communities located
in palve are different sccording to their age and stroctune
{Tuble 2).

Grassland palve starts just after the foredunes. De-
flation focuses form in small areas, because of mecha-
nical damiige of the foredunes, sand slump, uncarthing
of wild boars, intensive recreation and economic acti-
vithes. Dominating whiring winds do not iransfer large
amount of sand but continsously move surfice sand
Lyer { £ asias, 2001 ). The main role in the stabilisation
of sand movement and stopping further deflation pro-
cesses fall to the Carex aremaria comminities. The cdi-
ficator of these communities Carex arenaria as well os
Aminophila arenaria have long rhizomes and casily
develop new vegetative shoots. As weak whirling wafis
prevail, Carex arenaria does not form thick over-
growths. Most frequently Carex arenaria vegetative
planies grow distantly from each other forming concentric
overlapping circles thus making a possibility for other
plant species to settle betwieen them. Carer aremaria,
Festuca sabulosa, Jasione montana muke a group of
ecolonic species, associating communities of the fore-
dunes and palve. In palve the Carex aremario commu-



Table 1.

The dominating communities in the first moving sand overgrowth stage in the foredunes ecological zone. Syn
| = Leymo-Ammophiletum subas, typictm: 2 — Levmo-Ammophifetum subas, patasitetosum: 3 - Levino-Ad
phifesum subas, festucetonm sabulosae; 4 - Leymmer-Amunephiletum subas, arfemisietosm

Syniaxa I 2 3 4
Number of relevés 17 15 15 10
Total number of specics 2 2 2 35
Average number of species 11 13 16
Coverage (%)
tree laver
shirub layer : : 4 .
hert layer 52 47 77 a
bryophyie layer . )
lichen layer * = . :

I 2 3 4 5
Calamagrostis epigefos TR L m v
Hieracium wmibellatum Iv* v* Tk L i
|Gypsapiifa panicifata n* v N o
Ammophila arenaria il LT A Ve v+
Levimiis arenarins i v* v v*
Lathyrus maritimus v ) v+ o )
Honckenva peploides e " v+ v
Festnea arenaria v+ e 1] il i+
Tragopogon heferospermms n- m* - v+
Linaria loeselii n- v: [ B .
Salix daphnoides It i i [
Rosa rugosa un- L i+ I
Petasites spuiritm v
x Calammophila baltica 1]
Sarlverder karfi m*
crothera bignis m*
Cakile baltica mn* . ¥
Carex arenaria u' 1T i
Festuca sabulosa n-: b Bl v
asione montana . v n
Calium verum 1 1" m™
Brachythecium albicans lng n' i
Polytrichim piliferum i i '
Ceratodon purpirens  fo m+?
Corvaephorus canescens n*! In
Rurnex acetosella E*
Vieda littoralis L g | i
Seddim acre 1* mn-
Cetraria aonleata I* n+
Crafiaem altm | n-
Cladamia miris Z 1" I
Artemisia campestris m* s
Vieda tricolor m-
Raromiteium conescens 1
Astratgalis arendaring m+'




Table | (continued).

I 2 i 4 5
Anthvllis vilneraria m*
Epipactis atrorubens : n*
Ervaginnm soritiiming B
Pollia mitins 1" 1t
DXcranun sooparinm [ ;
Prendascleropodim purmm n
Canvai camadensis 1*

nities neighbour upon the Helichryso-Jasionenm com-
miumities, which occupy the larpest part of grassland palve.
Plant communities of palve are considered as the second
stage of the succession of sand vegetation. The group of
plants, dominating and forming communities at this sta-
pe, consists of Helichrvswm arenariim, Cardaninogsis
darenosir, Thymus serpylfiom, Koeleria glawca, Emper-
rum migrnm, Safix rosmarinifolic, Pins slvesiris A3, In
Carex arenaria stage communities, the species characie-
ristic to white dunes strongly decrease or disappear. The
Helichrhyvso-Jasionetmm communities are charactens-
tic only to palve and comespond to the optimal climatic
comditions, They distinguish by a high number of mosses
and lichens (Brachyviheciom albicans, Ceratodon pur-
purens, Polvirichum grocile, Rocomitrium conescens,
Cladonta mitts, Cladonia cormua, Cladonia rangi-
Serina, Cetraria acnleata, Peltigera canina ). Initial fo-
rest communities start o form, single small (up to 0.5 m
heighth Py svivesiris trees and Salic rosmmarimifolia
shrubs stun 10 grow in herb layer.

Plane Nooded palve occurs only in the southern pan
of the Spat, in the area between Preila and Nida. This pan
of palve is Mooded by water for a long period or even
permanently during more humid years.

This eenlogical zone is characterised by vanious suc-
cession stages of the Alnus glistinoss communities where
tree layer is formed by Alnus glutinosa, Betwla pen-
dula, and occasional, non-typical Pinus sylvestris, ry-
apleriy carthiisiang, Moehringia trinervia, Urtica dio-
iva, Steflaria medio, Kubus fdoens, Deschampsia fle-
xworsa, Scutellaria galericulata, Galivm boreale, My-
cefix muiralis, Trientaliy enropaea comprise the herb layer.
The occurrence of other herbs in the community de-
pends upon the water level, Melampyrim nemorosum,
Antheoxanthuon odoratons, Rumes aoetosellia, Gerandaon
robertignuny, Meianthemon bifolium prefer drier eco-
topes, while Calamagrmstis camescens, Lysimachia thyr-
siflowa, dmpatiens moli-fangere ocour in wetler sites. The
variety of herb layer species chunges due to water accu-
mulation a1 the soil surface, The change of Afeus gl
sors communities structure should be more precisely
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citlled seasonal fluctumions but ool succession. Mosses
are almost absent in these commbnities.

Sand communitics prevail on the seacoast, thus Afnus
glutinosg communities, reliant on the excess of humus
and humidity, are the reflexion of local changes in
cidaphic conditions,

Hillocky palve {eastem pan of the grassland palve),
Ermprerram nigream and Bela perdula communities
sirefch in this ecological rone.

The Empetrim nigram communities are the last sta-
ge of herboommumities changing o forest, Theses commu-
nities cover a narmow wone of 10-20 m just beside the
grassland palve and occur on sccumulative hummocks
of sand. Empetrum migram forms dense overgrowths of
4xd mor 5 x5 min these communities. Sediv rosouring-
folta grows abundantly here as well as small, opto 1 m
height, Pinis sylvestris and Hetula perdida trees. These
communities occupy an ecotonic arca regarding the
siruchures of the variety of planis and relief. Ceriain
plants, characteristic 1o herb laver of palve, dominate here
(Carex aremaria, Jasione momtane, Corvnephoris ceo-
nescens, Vieda tricodor, Frageria vesea), and plants of
neighbouring forest communities (Deschinmprsia fexn-
sit, Metampyrum nemorosum, Trienialis enropaei)
appear, The cover of mosses is dense due o Plenrozivn
schreberi, Peendoscleropodigm param, IDicranuny po-
Tvserom, charscteristic of forest commumnities, and Bro-
chytheciwm albicans, Ceratodon parpurens, Potvirs-
chun piliferiem, charactenstic of sand communitics,

Comparison of species combinations forming the
communities of seacoast foredunes and palve as well as
their functions reveals the continuity of plant ecological
significance;

1. Instesd of Ammopfula arenaria, Calamagrostix
eppigefos, Levmus arenoris, Festieca aremaria growing
on the seacoast foredunes, in palve the main holders of
sanid are Carex aremaric, Corvineplon coanesceny, Fes-
fucar savhulosa, Festuea polesica,

2. The two-level herb layer consisting of Armmaphils
arenaria, Calamagrostis epigefos, Carex aremaria,
Festwea sabidlosa, Homckenva peploddes, which insunes



Table 2.

The dominating commumities in the second overgrowth stage in the ecological zone of palve. Syntaxa: | - Carex
arengria communitics; 2 — Violo-Corvmephoretiom canescentin 3 — Helichrvso-dasionetun; 4 — Empetrum nigrim
communities

[Syntaxa 1 2 E] 4
Mumber of relevés {1} a7 33 15
Total number of species 43 54 g2 89
Average number of species pt 14 28 17
Coverage (%)

tree lover fy 21
shrub layer . . 5 10
herb laver 62 il 55 48
bryophyie layver 12 20 B i3
lichen lover 16 400 23 8
I 2 3 4 5
Calamiagrostis epigejos v 1T v* n*
Hiercium wnbelanm v L L '
Covpsophilon poaricnlata | B 1 v*? | iy
Carex drenaria ) W N -
Festuca sabufosi L by o v 3 |1 B
\faasionme momiani g 2 ! ! " e
Ammmophila arenaria i+ S :

Levnens areniaris - I n*

Laathyras maritims v+ iy |

Humokenvi peploides n* ; n*

Featuca arenaria n- 1" n*

Treagaparpin felerospermis - 1 b

Limaria foeselii | I 1 |
Salix daplinoides 1 | I

|Coerdinan verum I 1 m' 1
Brochyihecium albicans n' (T m*! !
Foldvirichum piliferum 1 v 1 n
Cevatodin purpurens : m- m* n*
Corvnephors canescons n'* v m" n'
Chachmnir mitis n' b 3 11 m+
Raacomitrinm conesceny A m*? I]:= ‘
Helichresum arenarinm n? 1 i - (11 g
Cardaminapsis arenosa nm- | m* mn'
Thymites serpyliem i ' v n*
Festuca polesica i v m*' 1
Koeleria glawea : ] v |
Piloselia offfcinarum . m* n*? n*
Rumex acetosello 1n? mw m* n*
Vioda liroralis | ” m- || i
Seduri aore I r m* a
Cetraria acileala | ; n- |
Cralism albwm n: i+ n' '
Artenisia campesiris | I nm- 1
Viola tricelor n* n n* n:
| Astragalus arenaring [ i
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Table 2 (continued),

I 2 3 4 5
Antlvllis vilneraria I H s
Pinms svlvestris A3 m+: T+ v v
Berula pendulu A3 : ‘ n- n:
Salix rosmarinifolia fi? I+ ; mt
Empetrum nigeunt : . i =
\Fragaria vesea I . n: n*
Taraxacum officinale I 1 [ 1
Trifolium arvense 1 I I
Plantage lancealat I u . |
Cardamine pratensis | i I*
Serbus amcuparia |
Cieranimm robertianim | : .
Sreflaria graminea I I m* m*
Porentilla erecta I | n n*
Potemtilla argentea 7 | g i
Veronica ohamaedrs | ; i |
Alvssum gmelinii : . || G I
Hypericum perforatum : ; m* ) gy
|Cerassinm arvense y I* nm- mn-
Ackillea millefolinm : n n: 1
Pseudoseleropodium purum ; . nt m'
Deschampsta flexieosa . 1 b =
Melamprvriim nemerasim : ! Byl n*
\Luzila pilosa . : 3 n*
Poxa pratensis : i iy 1
Veromica officimalis : . | I
Viicia cracea . ’ [ I
Erigeron acrix . . n- n:
Cladonia cornua ‘ ] 1* I
Peltigera canina ! . oy 1
Medicage falcara * 1 1* I
Polvirichum gracile Y : 1° |
Semecio jacobaea . nr I* |
Scleranthus perennis . | . .
Silene ttarica . ; 1 i
|Cladonia rangifering . n n*
Dianthues delioidex z ¥ o ;
Plearozinm schreberi 2 . . m*
Dicranum polvietm b
Poyprulus tremula A3 . 3 .
Cladvnia chlorophaea . v . I
Cladoria arbiscula A 1
Tadonia furcans n n
lacdonia phyllophora . " : .
ladomia foliacea i n 3 |
Cluconia fmbriata ’ n
Cladonia flovrkeana . m . .
Claclesnmia ramclosa = i i I
Cladenia subrangiformis . n
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Table 2 (continued ).

] h.)

Cladonia scabriescila
Cladonio crispata
Cladonia porteniosa
Cladomia reid

erraria islandicn

vioceminm splendens
Lzl muliiflora
Tanacetum valgare
Vacefnium myrtillus

"
In-

the necessary regime of humidity and temperature in the
seacoust foredunes, cormesponds 1o luxuriant, continu-
ours cover of bryophytes and lichens as well as thick gro-
ves of Empetrin nigriom in palve,

3. In palve the strengih of wind is reduced and imeci-
procal stream is dispersed by abundantly growing Safi
rosmarinifofia, Saliv daphneides shrubs, and low Pias
swlvextris and Henda pendula trees.

SUCCESSION OF THE SEAUOAST FOREST COMMUNITIES

I whee Linhasinian seacoust, the Betmba penciola comm-
nithes are the first stage of forest communities formation
(Table 3). They thrive in a 15-30 m wide zone in eastern
pan of hillocky palve and troaghs, This ecological zone
is discontinoois. [t stans @ the Avinas hill dune and
stnetchies to Nida in thr Curonian Spit. This ecological zone
incontinental part is also present in termtories with undis-
turbed patursl succession of communities. Comparing
with other forest communities, the highest species diver-
sity 15 characteristic to these communities, Here plants
cormmeon fo forest and grass sand communities grow the
Sune as in stage Empetrum nigrum communitics. In stage
Rerula pendufa communities plants, characteristic to all
coastal forest communities {Deschampsia fexuosag, Me-
Tampyrim nemorosim, Enperrane migroem, Lizila mul-
fiflara, Peendoscleropesdinon prorim, Plearosiam schrebe-
ri, DNcranum padyvsetun) are abundant and constant,
while Calamagrosiis epigeios, Stellaria graminea, Vero-
niecet oyfffcinedis, Sasfone monrana, Clim offnom, Rumex
acefosellu, common to palve, occur rrely.

In continentil pan of the seacoast, the natural, re-
gular succession of plant communities ends with this
ecabogical sone because the major pant of the territory is
occupied by reson places, camps, and villoges with ara-
ble fields and meadows,

There is no such anthropogenic barmier in the Curo-
niamn Spit, therefore natural succession of vegetation goes
further and there are more ecological zones,

In later stages of the succession of plant commu-
nities the processes of syngenesis prevail. Forest commu-
nitbes of different stages of succession thrive in ecolo-
gical zone of hillocky palve which includes large areas
and parabolic dunes (Fig. 2k The youngest parabolic
dunes and derivatives of reliel associsted with its forma-
tiom {backs, troughs, hollows ) miske 31 =15 km wide zone
i thie cast of hillocky palve. Presently ull parabolic duncs
are overgrown with forest of the Empeteoe migri-Piactin
Wajt. 1964 associstion, In Lithuania, these communities
thrive only in o narrow zone of the Baltic seacoust. Ne-
verthebess, they differ in age and stage of succession, The
Emipetio migri-Plactim sibas, fiplcwnm commiunilies
settle in the youngest and lowest parabolic dunes and
dune-shacks. This is the imitiol stage of formation of sea-
coast pinewood and next stage of sand succession (o-
wards a sonal type of vegetution. The Emjwerire nigri-
Pinetum subas. cladonietosen communities thrive on
top of higher parabolic dunes, These communities tole-
rate dryer conditions and distinguish by o large variety
of lichens. Jasione montana, Festiiea sabilosa, Cory-
nephoris canescens, Thymus serpyifen, charscteristic
o grey dunes, are common in them as well as plants
characteristic to fisrest communitics, The Empetro nigri-
Pinenm subas, pyraletosun communities grow on the
oldest and highest parabalic dines, which are most dis-
tant from the sen. They are the last stuge of forest suc-
cession towards the climax in Lithuanion scacoust. They
have denser undergrowth and undershrub comparing
with other succession fonest communitics. Sorfes aucy-
puaria. Frengula alnns, Juniperus conmmunis are abun-
dant in undershrub, and Finus svivestris, Picea abies,
Betula pendula, Populus tremula, Quercus robur,
Betula pendula form dense undergrowth,
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Tuble 3.

The dominating forest communities in ecological zone of the hillocky palve, purabolic dunes, and palvie near ligoon,
Syntaxa: | ~ Betula pesdila communities: 2 — Alnus glurinose communities;: 3 - Emperro nigri-Pinensm subas, ry-
picum; 4 — Empetro nigei-Pinetom subas, cladonetesim; 5 — Empetre oigri-Pinetim subas, pyeeleresum; 6 -
Qrerco-Pieeetum: T - Bendfu pendila communities: 8 = Afaus glafiross communities

Ecological #one Hillocky palve Parabolic duncs Palve near lagoon
Syntnxs 1 2 ] 4 5 f 7 8
Mumber of relevés 15 i2 il 10 30 10 13 ]
Totul number of species 66 59 57 45 58 29 56 59
Average number of species 19 15 17 12 17 14 18 12

overage ()
tree layer 50 71 58 T2 taly 3l 40 fud
shrub layer 9 40 4 | 7 | g £
hert layer 65 5% 4 449 62 a2 82 51
bryophyie layer i | g1 59 TN T6 38 1o
lichen laver . ) . 12 , ) . i

1 2 3 4 5 3] T B 9
Al
Pinus sylvestrix ' 1 ] [l | B el [ - I
|Alries glutinosa . e s 3 . . . v
Retulfa pendnla : m-! g : ;i ] : gy
Picea abies . . . . n* ’ 1
A2
Betla pendula il (R 7 il B 1l M« ] I a6 1 il I
Pinites sylvestris - ; : ; i T B .
Picea abies I ¥ I i | BE 1
Aliies glntinosa I o+ . . . . y I
Retula pubescers |y ; . i . Z | B
(uerciis robir . i . i . g ; ;
Sorbux aucuparia z ; : : . e+ . I
Frangula alnws . i ; " 1 i :
Ad
UripeEis comminis 11 B 1 | 1 i ol 2 11 Bl B |
Pimus sylvestris n* ; 1 1 1 =1 1™
Hetula pendula 4" e 1 , . . m* | w*
Saliv roxmarinifodia v ; m* ? I - !
|Quercus rodur | ] 1 1 1 ol I 1 1 ;
Sty ancugaria i e n+ | m - h fad n+* n'
Frangula almis . m* s \ | 3 |
Alenius glutfmosa 1 n* ; - g g | n*'
Picea alves 7 f i | 1 n* i n*
Populus tremula I . i+ . 1 + I .
Hetula pubescens . ; 1 ; 1 . p
Safin cnrita I ; 3 s 4 s |
Sarnbiiciy Facemosda - ) . . . . B I
Deschampsia flexuosa ol N ] e Zll B el BB el ol O i m*
Melampruny nemorosing N | el MLl I R ) T R | B
Plenrozium schreberi vy i el s 11 ll W M S P2 n+?
Carex arenaria ¢ caalll M el B el Rl I 1 et "
Dicramun polysetn 11 B 1 o Sl ol O el M. n [
Psendoseleropodinm param | 101 ; AR L | | g | e I
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Table 3 (continued ),

Entpeiram migrum
Luznla multiflora

Viacc it myvreilfus
Hivlowomiun splenders
Triemtalis enropied
Drvepteris cartfisiana
Luznla pilosa
Vacciminm vitis-wdaea
Mfuxfeanredveseniern Beifil vy
Poa pratensis

| Agrostis fenis

| Anthoxarthiony oderatm
Hieracium wnbellatum
Seellaria graminea
Veronica officimalis
Carlcmagrostis epigefos
Jeixiisse g
Caafiem aibim

Rimex avetosella

F gt vesca
Vieramica chimaedris
Hypericum perforatum
Actuiflea millefolinm
Maoneses wniflora

Stellcric media

vy migri
Climercinm demdrnides
[icranum scopariim
Cranlisnn verinn
(reranium robwertianmm
Holeus faniius

Ltiemrcnis balsicus

iy effiusiin
Piloxella officinaram
Pyroila restindifolic
Podvirichun comrnne
Urtica dioica

Vi crovea

Viala canina

Callna viilgaris
Fodvgonatim multifforum
Pyrofa chlorantha
Lisiciedt Borealis

Cverlis acetosella
Lyvcapondisem annotinsm
Cralivenm albuem
Mowhringia frinervia
Festuce sabuilosi
Taravacm officinade
Cladoenia mviis

|Calamgrostis aramdingora

w-' '
m*
n:
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Tuhle 3 (continued),

Cerraria islandica
Cladonia crisara
Cladmnia ciloraphaen
Cladonia ariwescula

Thyrus serpyilium
Chammaerion angsstifolizm
lefoaeus

Plagiothecium whellatum
Poventilla erecta
Plaanthera bifolfa
Neomia nidus-avis
Astragalins aremaring
{rvopterts fillc-mas
Rivvtidlisndelphus teiguetris
|Racontitrinm canescens
Lencobrvan glaucim
S PPN A uarr o
Ddrvioprteris inmeari
Prilium erista-caxtrensix
eridinm aguilinum
Ol tinm dendroides
Pirlesm pratense
Mirlinia caernlea
Stellarin holestea
Plragmites ansiralis
Catlamagrosiis canescens
Myvcelis nmuralis
Lysimtcivia vilgaris
Scntellaria galericubara
Crepis pelidosi
IJrh,s'ﬂ'wu filiv-feming
Ceewmn rivale
Impatiens moli-tangere
Equisetum arvense
Stellaria alsine
Maurmbargia thvrsiflora
Circaea istermedia
Epileivinems Rirssitne
Latmitum purpnrenm
“helickewizemn mrajis
Iris paewdacoris
thriscus svivestriy
gopoadinm podagrarta

=]

e
m-

e
e
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n
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Moving from the West 1o the East, in forest communi-
ties the following structural succession occurs (Table 3

L. In the layvers of tree stand of primory forest commu-
mnes Al and A2 Pinuy sylvestriy is abundant. There is
no underwood. In later succession stages in Al laver
Pinus svivestris becomes thinner, and in A2 Picea abiex,
Bemla pendula stan 1o grow; Sorbus aecuparia, Fron-
gitle ealvinis start formibng the underwood.

2. Inherb layer. plants of wide ecological range that
have boen dominant in primary stuges are replaced by spe-
cles charactenistic (o forest communitics (D seheanspsia
Mexnosa, Melmnpyrim nemorosum, Lzl nnltiflora,
Trientalis caropea, Majanthenmum bifolinm).

X, Bryophyte luyver thickens { Plenrozium schreberi,
Psendoscleropodinm purim, Hyloconmium splendens,
Priliwm crista-castrensis, Dicranum polvsetum), beal-
litter forms, the amount of humus incresses.

The oldest sepcoast forests. which have reached cli-
max stage, thrive on the oldest parabolic dunes near Juod-
kranté. These communities are the result of a change of
naturally forming scacoast vegetation, Tree Laver is com-
posed of high (over 30 m) and old Pinus svlvestris as
‘well s lower (up 1o 1 5=20 m) Pricec abies. Quercns robur
i often present, Befla pendula — occasionally. Under-
growih is very dense. Sorbus ancoparie, Frangnla al-
nus, Suniperus comaunis are quite abundant, There are
a lot of small (up 1w 1 m height) Geercus robur, Pioea

abies, Pinus svlvestris trees in the undergrowth. Trees
of different layers overlap and their coverage s up to 90 %,
The number of species in the herb laver is not high
comparing with tther forest communities, nevertheless
they grow in large overlapping thickets. Herb layer as
well as tree layer is continuous. A distinctly separate
layer of mosses is formed under the herb layer. Itoon-
sty of Psewdoscleropodiven puirsim, Plesroziom sohre-
bert, Hyfocominm splendens, Dicransm polvsetun,
Sphagnum squarrosun,

SUCCESSION OF THE SAND VEGETATION ON THE GREAT
DUNE RITMGE

In the Curanian Spit on the grest dune ridge vege-
tation successions are induced and supported by abiotic
facrors, therefore, here, like on the seaconst fonedunes,
the process of endoecogencesis occurs. As the influence
of the lagoon upon the land vegetation is considerably
slighter than that of the sea, on the great dune ridge
(Fig. 3) not the initial psammophylic communities but
already xerophytic Vielo-Corymephoretun canescentis
(Bicher 1941 ) Westhofl et al. 1946 communities of sta-
bilised sand form. The main difference is that in foredu-
nes ihe coverage of communities, speches number, siabi-
lisation of sand. the amount of humuos vary according
to prevailing western winds, while in great dune ridge

“r
m
s 3
=t
R
B [y I i : |
k) s il ! ! H ! !
- B i t + * * L T T T T
123 4.5 6 T8 9 o [} o 12 # 13 2
Fig. 3. Distribution of the sand vegetation in cross-section, in the Curonian Spit near Arkliai hom (97; 98; 99; 100,

BOVES O2A103; 1042 105: 106; 107; 108 forest blocks ), | = single Cakile maritima, Salsola kalfi, Honckenya

peploides tussocks: 2 = Levmo-Ammophiletiom subas. sypicem and Levoro-Anmophiletum subas. peta-
sitetosnm; 3 = Levio-Ammuophiletim subas, festucetosum sabifoyxae; 4 — Levoo-Anmophiletum subas,
artemizietosiom; 5 — Carex arenaria stage communities; 6 — Helichrvso-Josionetinn; 7 — Empetrum nigriom
stage communitics; § = fetolo pemdila stage communities; 9 = Afaus glutinasa stage communities; 10 -
Emperenorn niger-Pinenin subas, typicann: 11 = Empetro nigri-Pinetienn subas, cladonictosam; 12 - Empetro
rifgri-Pisietun subas, pyeoletosiens 13 = Volo-Corvnephoretim canescerntis
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Zzone these choaracteristics change from East 1o West,
The influence of the Lagoon on land vegetation is weaker
than of the sea, thus in the zone of moving dunes of the
great dune ridge Viedo-Corvaephoretum camescentiy
commumnities af stabilised sand, rather than initial commu-
nities of white dunes, form. They are characterised by
the inherence to xerophytic ecotopes. but the structure
and species variety correspond to conditions of perma-
nent humidity deficit. The edificators of the commu-
nities (Convmeplarns canescens, Fextuoa polesica, Fes-
fwca sarhutosa) are typical xerophyies. Abundanly gro-
wing mosses and lichens are very important stabilising
components. They cover almost all the sandy area. keep
water vaporizing from the surface, store precipitathon
and disiribuie it evenly. Thus favourable microclimate
for estublishment of weak competitors lacking special
adaptation forms.

In the upper part of western slope of the great dune
ridge there are many sand hummocks with Ammophilio
arenaria, Calanagrosis epigejos, and Festuca aremaria
s weell as plant-free deflation sand hollows, On the top of
the great dune ndge dominating western wind is com-
plemented by eastem one {Gones, 1998); therefore, free
sund, not strengthened by plants, is carried in all direc-
tions. Plant communities of severil succession stages
are situated in this part of the great dune ridge. Levimo-
Ammophilenm subas. rypicum, Vielo-Corynephoretum
canescentis, and Emperran wigram, Betila pendile sta-
ges are located mosaically in small overlapping areas,

In wwone of moving dunes, the eastern, very steep
slope of the great dune ridge descends right inlo the
lagoon. Rising of water level in the Curonian Lagoon
washes out the sand, and a lot of sand landslips occur,

At present twio-thinds of the greal dune ridge are oocu-
picd by the Pines smugo communities (Fig. 3). They are
muade artificially, in onder to stop the moving sand. Pimis
g s an intnoduced species in the Lithuanian sescoast
(DamoTas, 1958), Plunting of the great dune ridge was
carried out between 1811 and 1904 (Bucas, 1998), At
present the number of speches m the P mgo commii-
nities located on the great dune ridge is not high; P
rrivego chominaues. The trecs are of 2-3 m height, branching
almost from the ground, their matted branches form
dense impassable thickets which totally stop the wind,
Their flat and widely spread roots help 1o keep and accu-
mulate the necessary amount of waler in sand. Mosses
{(Plewrosinm schreberi, Prewdoscleropodium purnm, D5
erartm seoperiim, Polvirichum pififeram) and lichens
(Cladomia mitis, Cladowio glawca, Cladonia gracilis,
Cetrarin acwleara, Cetrarig islamdica) grow between
Pinns muge. There are almost no gramineous plants,
Solitary tilts of Deschanpyia flevaose are dispersed,
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and in some places Mefampyernm nemorosunt, Josione
rricstaartid, Carex aremario grow,

Palve near the lagoon does not make a continuous
pome { Fig. 33, I is bocted beyond the part of the great dune
ridge with Pinies minge thickets and best developed at
the Girobitas, Bulvikis, and Zirgai homs. A succession
of plant commumities in palve near the lagoon is quite
simalar to the one next o the sea, only the dircction of
change differs. The Helichrvso-faxionetnm commu-
nities near the sea from West 1o Easit are replaced by the
Empetran pigeen and Sedale peadula communities.
Mear the lagoon the #one of Betnla pendile and Alnis
glntinpsn communities thrive just beside the eastern
part of the great dune ridge with Pl sge thickets.
Further, the associtions of Helfchrvso-Jasionem com-
ity with Esgpetranen nigran and intervening fragments
of Vieslo-Corynephore fum canescentis grow.

The beach of the Ligoon is discontinuous, Usually
there are 3-6 m wide sand benches only a1 homs of the
Spit and in bays between them. The Levno-Anmopliile-
fur subas, rvpicoen and Levier- Amrnephifensm subas.
prtasitetasin commuties thrve here, while in damp,
permanently fooded pants, dense monodominan Plrag-
mites australis overgrowihs are abundant. Seasonal
waiter level Muctuations in the Ligoon as well as spring
crushing of trsh-ice mechanically destroy the existing
communities, hence the laner always survive in initial
stage of establishment,

WHICH COMMUNITIES FINISH THE
SEACOAST SANDY PLANT SUCCESSION

Investigations of the aulngenic sucoession of sea-
coast plant communities from the spatial paint of view
revealed that this process stans (rom monodominan
groves of Anentopbile aresirie, Calinmagrosts epigejos,
Levmus arenarius, and Honckemva peploides. They
form sccumulational sand moulds in the western pan
of seacoast besch, However, the defermination and na-
ming of final stage (climax) communitics nemain proble-
matic. Species compoasition and structure is an obyvious
reflexion of edaphic conditions due 10 pecabiarities of
relief. Studying rensons of the development of present
communitics as well as predicting trends of their subse-
quent change, it is necessary to analyse the compaosition
and features of soil, geomorphologic structures and their
impact o plant communities. Individual morphologic
and physiological distinctions of certain community-
forming species are very important as well as ability to
compele, o inhabit free ccological niches, and 1o sur-
vive,



Acoln sand s the main and prevailing type of soil
o the whole seacoast of Lithusma, 10 is very poor (0,00 -
(004 %5 ) i mibrients avadlable for plints (8., PO KA,
thereby produces no impact for the succession of plant
community. [t is worthwhile 1o analyze thoroughly pH
of the sonl, amount of humus, regulanties of plant species
number change and homogeneity of communitics as well
as comelation between them.

The pH of beach amd white dune sand is close o
neutral (6.4-6.8), It decreases to pH 4.6-5.2 genting
Turther from the sea — in the palve (except far Empetriom
migram stage communities, where pH remains 6.2}, in
the hillocky palve pH 4.0, and in forest communities
acid soil dominates (pH 4.0-4.2) (Fig. 4)

Increase of the amount of humus cormelates with the
acidification of the soil (Fig. 5). Humus is almost absent
o foredunes of the seaside (0,01 0003 5 ). The amount
of humus vares between (L.34-0.64 % in all berb commu-
nities and highly increases in forest communities located

pH .

Communitics

Fig.4.  Soil pH values of investigated plant communi-
ties i the Curcaian Spit

Communities: | — Levaro-Ammaophiletium arenarioed
subas, fvpicimr; 2 — Leviso- Ao phileiam arenariced
subas, patasifefosuny; 3 = Levono-Amemopeilefim anen
Fhiwi suibas, fextucetosion sabiiloue; 4 — Levenio- Amimio-
philetn arenaricea subas. artemisietosam; 5 - Carex
aremdria stage communities; 6 — Helichrivso-Jayio-
ety T — Empetvien migra stage commanities; 8
Bemla pendila stage communities in the seacoast palve;
9 — Empetro nigri-Pinetum subas, typicus; 10 - Empetro
mwigri-Pinetum subas. cladonietosum; 11 - Empetro
migri-Pinetin subas., pyraletosim; |2 = Betwla perdilc
sage communities of the lagoon coastal zone palve; 13-
Cuerco-Piceetiom; 14 = Afnus glutinosa stage commu-
mities of the scacoast palve; 15 — Alrs gluninosa stage
comumunities of the lagoon comstal 2one palve

after Berla peadili communities | 1.20=4.84 % ). The
hnghest (5.4 % ) humues amount was reveabed in the Afms
edutimosa commumnities of waterlogged palve and palve
by the lagoon.

The acidity of soil and the amount of humus vary
gradually shifting (rom one ccological zone 1o another.
while the number of species composing communitics
changes sharply (Bicos, 1989) (Fig. 61 Inthe first suc-
cession stages of Leviwo-Amomopduiletum subs, fopicum,
Levmer-Ammophiletom subas, petasitetosum, Levio-
Amonophiletum subas. festncetosum sabulosae, Leymio-
Ammoghiilecsom subas, artewnisietosim the number of
species compaosimg the commumities gradually increases,
and mew species setile after the negative influence off

1 23 4 %67 89101011213 141%

Comnumunilies

Fig. 5. Amount of humus in the soil of plant commu-
mites in the Curonian Spat. Numbers of commau-
nifies as in Fig. 4
MNumber of
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Fig. i,  Number of species in plant communitics in the

Curomian Spit. Numbers of communities as in
Fig.4
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abiotic factors, In the next succession stage, in the eco-
logical zone of palve, in communities of the Helichriso-
Jersiome e association and stuge Corex arenario Commi-
nities, the number of species increases 1wice because
plants charcteristic to grey dunes grow together with
psammophytes of white dunes. The highest number of
species is in the Empetrum migrum sge communilies
Spatially and temporarily they ocoupy ecotonic position
between two different tyvpes of vepetation — sand and
forest communities. Comparing the stage Enperrim
migrwm community and the primary Betula pendula
forest community, significant decrease of species num-
ber is evident; while in further succession of forest commu-
nities Muctuations of species number are insignificant
Second evident decrease of the species number is in the
old-forest communities by Juodkranté. For a long time
ecologists from different countries {Hors, 1981; Kow-
saorerry, 1992 My, 1973; O, 1986; Wirraces, 198100 as
well as geobotanists (NATKEVICAITE-Ivaxauskiess, 1983;
Worresski, 1993; Fisoniw, 1998; Piotrowska, 1965)
discuss whether the abundance of species number in
communitics shiw they have reached the climax stage
There s also an opinion (Hwox, 1989) that this is an
initial stage or adaptation 1o variety of edaphic con-
ditions. In order to solve this problem as well as validate
it, the degree of homogeneity — one of the charcteristic
parameters of community — was analyred (Fig. 7). This
paramecter s caleulated employing statistical methods
und is expressed by the Koch coefficient.

In the succession series of scacoast vegetation the
homogeneity of communities is inversely proportional
iy the number of species (Fig. 8. In other succession siz-
ges the homogeneity decreases in inverse proportion o

mKoch koehcient (%) g,
W MNumbaer of s pacies ap
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I % N & 8 R TN WML BX NN j4 g8
Commumnifics
Fig. 7. The homogeneity (Koch coelficient) of plant

communities in the Curonian Spit. Mumbers of
communities as in Fig. 4

the incredse of species number, The homogeneity is mi-
il i Uhe stage Enpedrnm pigrun communities that
arce distinguished by the highest number of plimt species.
Ini forest communities, stretching behind them, the ho-
mogeneily increases again and reaches maximum in old-
frrest communities of Juodkranté. In the succession se-
guence of the Lithuanian seacoast vegetation, from the
point of view of comimunity homogeneity, iwo maxi-
mumes occur: in the communities of the first and the last
succession stuges. While considering these communities
singly, as the objects of separite scientific interest, it
becomes evident that they are not similar, Only the age
of these communities is similar, however, there is no a
single common plant species, and they belong 10
different vegetation 1ypes.

10 11 12 13 14 15
Communities

Fig.8. Cormrelation between the number of species and the homogeneity of the investigated communities in the
Curonian Spit. Numbers of communitics as in Fig. 4
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Thie Levenee- Amnsnopdile tiam arenarioe communities,
formed on the protective dunes of the Lithuanian sea-
coast, with or without human help, are the result of the
sea impact an the continental vegetation. Therefore, due
to the strongest impact of factors related to the sea, commu-
nities nearest (o the sea are the maost homogencous, and
the combination as well us number of the composing
species are optimal. According o the polyclimax theory
developed by Wirraken | 1980), these communities ref-
lewt the eduphic climax.

The direct influence of the sea on the coastal vege-
tation decrenses landward as well as the number of paam-
mophyiic species in communities, while the number of
serophyies and mesophyies related to the sonal tvpe of
vegetation (mixed forest) increases. In eastern part of
palve. whene the Empetrion migriem stige communities ane
located, essential changes oceurs the character of the
influence of shiotic fuctors alter, species groups charac-
teristic o two types of vegetation mix, Therefore, spe-
cies number in this zone is the highest, but the degree
of homogeneity is the lowest. Further succession in
forest commumities turms fowards the formation of mived
forest —a ponal type of vegetation. The second maximum
of homogeneily is the old-forest community near Juod-
kramté, which, according to Kirsess { 1930) monoclimax
theory, corresponds 1o the type of vegetation of our
climatic zone.
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LIETUVOS PAJURIO SMELYNL AUGALIJOS SUKCESLIA

Jolanta StaxkevicieTe

Santrauka

Lictuvos pajiiryje smilyny augalijos sukcesija viks-
v awgzady benadnipy specializncijos isnaudot it keisti esamas
edafines sylygns linkme, Hgainiui besikeitiondios ben-
urijos jeouna stabiliy struktiir, kuri nepriklauso nuo pr-
dinio varianto. Siame darbe nagringjama Lictuvos pajii-
ryie esanéiy. Esidéstinsiy vakang-ryvig kevptimn augaly
bendrijy sukcesija i smélyny augalijos kitimo désningu-
i,

Jiiros paplidimyje trumpalaikis sqkalynus sudaro
tik prisitaikg augti biriame smélyje augalai: Ammephife
aremaria, Howekenva peploides, Levmus arenarius, Ca-
famagrostis epigejos. Tolstant nuo jiiros, keiiantis rel-
Jefio formoms, sukeesija palaikandios jégos persiskirsto:
sustlpnéia visy abiotiniy veiksniy jlaka arba jos visiikai
nelicka, dél to padaugdia augaly ridty, diferencijuojasi
augalijos ardai ir padidéja projekeinis padengimas.

Skirtingose pajiirio apsavginio kopagibrio dalyse
issidkestiusios bendrijos atlickn skirtingas funkeijas: va-
kariniame &aite csandias makarites Levimo-Ammmophi-
detum subas. bopicum i Levmo-Ammophiletum subas.
petasitetoxiin bendrijas sudaro psamofital, kuriy funk-
cija — sulaikyti judny smélj, ant pajiirio apsauginio kopa-
gibrio virtaus esanéiy Levmo-Ammopliletem subas,
Sfestucetosum sabufosae bendrijy i8 dviejy lvgmeny
sudarytas Jolynas sumakina lemperatfiros ir drégmés
svyravimus, o nvtiniame slaite plytindiose dviardise ( o=
lig ir samuny ardai) Leveno-Ammophilenm subas, arte-
riisietosim pracdeda formuotis humosas,

Palvéje nefamy smél) sulaiko gausial sugantys Corex
arenaria, Corvephorns canescens, Festica sabilosa,
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Festuca polesiee, pavieniai, tnkiis Empeirum nigrum
guotai, istising samany ir kerpiy danga. Véjo stipnimg
ir vienakrypt] srauty &ia nuslopina ir iSsklaido gausis
Saliv rosmavinifolio, Salix dophnoides kritmai bei femi
Pisy sylveseris iv Benla peadifa mediab,

Mitko bendnjose i vakary | rytus vyksta tokios me-
dyno strukifiros kuitos, Pirminése mitko bendrijose Al
ir A2 medyno arduose gausiai auga Py sylvesiris.
Tolinu vykstant sukcesijai Al arde Pinus sylveserix re-
tij, 0 A2 dar pradeda sugti Picea abies, Beala penduld,
formuojasi traikas i3 Sorbus auvcigraria, Frangela ainis,
Zoliy arde vyravusius pladios ekologinés amplitdés
augalus keidia biding midko bendripoms { Deschampsia
Mexnoser, Mebamprum nemorosn, Luzala mudtifore,
Trientalis eurapaea, Mejanthenun bifolfun), tankéja
samanos, formuojisi mitko pakloté, didéja humoso kie-
ks,

Nustatyts, kad Lictuvos pajiiryje smilymy augalijos
edafing klimaksa atitinka Levmo-Ammephileimm re-
nariae Br.-Bl. et De Leeuw 1936, o klimating klimaksg -
Cuierce-Piceetum Mat. et Pol. 1955 hendrijos. NMustaty-
tos pagrindinius sukcesijos etapus sudarandios bengri-
jos: Levisio-Aminophiletim arenarioe Br-Bl. i De
Lecuw 1936, Violo-Corvmephoretum canescentis (Bo-
cher 1941 WesthofT et al. 1946, Helichrvso-Jusionerim
Libbert 1940, Empetre nigri-Pinetum Wojt. 1964 bei
pereinamosios Carex aremario, Betula pendilia, Alns
lutimosa stadijos.



NEMUNAS LOWER REACHES

Introduction

The Nemunas Delta is the region 48 km to the East above the Nemunas
mouth, where the river branches off to Rusné and Gilija and wide floodplain
turns gradually into flat lowland in the West. A unique landscape of the delta
includes many of distributaries (Atmata, Pakalné, Skatulé, Skirvyté, Vyting,
Vorusné) of the Nemunas River, Kroky Lanka Lake, Rusné Island, Curonian
Lagoon avandelta, mire complexes, waste areas of polders with fertile flood-
ed meadows, etc.

During the last 6 000 years, the Nemunas Delta has been slowly formed
of the silt (sand and sludge) brought by the Nemunas, Minija and other rivers.
Due to the constant accumulation of alluvial silt, the delta had slowly risen up
by expanding towards the Curonian Lagoon. Over time the silt filled-up some
river branches, forming small lakes, also known as oxbow lakes. The only la-
goon lake in Lithuania — Kroky Lanka was also formed in a similar manner.

The Nemunas Delta is one of the few places in Europe where rather severe
flooding takes place each year. As snow begins to melt at the end of winter, water
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levels rise and large areas up to 400 km? get flooded. Most often flooding starts at
the end of March, and continues for 2-3 weeks and sometimes even longer.

This region is famous worldwide for its unique and rich nature. In 1993,
the Nemunas Delta was included in the list of wetlands of international im-
portance and is protected under Ramsar Convention. Since 1998, it has been
a Baltic Sea Protected Area designated by Helsinki Commission (HELCOM),
and since 2004 — a part of the network of protected areas of European im-
portance (Natura 2000).

Geographical location

According to V. Gudelis (1987), the starting area point for the continen-
tal Nemunas Delta is the place, where the mouth divides into two main
branches: the right one — Rusné and the left one — Gilija. The Gilija flows
through the Kaliningrad region (Russia) to the Curonian Lagoon. The second
branch of the Rusné River, after its embranchment, turns to the north-west
and is named the Atmata. The Atmata River flows around Rusné Island and
near Uostadvaris it joins the Minija River and 3 km further downstream it
flows into the Curonian Lagoon. The Atmata since the 19th century has been
maintained for shipping purposes, the banks have been reinforced and its
mouth regularly dredged (Pupienis et al., 2012).
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Location of the Nemunas River Delta and its boundary after V. Gudelis (1987).
(From Pupienis et al., 2012).

Geology and geomorphology

The Nemunas Delta has been deposited during different stages of the Bal-
tic Sea: the Baltic Ice Lake, Ancylus Lake, Litorina and Post-Litorina Sea (Bi-
tinas et al., 2002). The Nemunas River has formed a complex and distinctive
geomorphological body at its mouth. In the same bay a smaller delta, of the
Minija River, has developed. At present, these two deltas have practically
merged into a common delta named the Nemunas Delta. The flat surface of
the plain, from 1.5 m above sea level at its oldest part (at Rusné), consistently
drops westwards and at the shore of the Curonian Lagoon rises only some
dozens of centimetres above water level.

Formation of the delta has been and still is of cyclic character: firstly,
on the bottom of the basin, sub-aqueous deposition formed a fore-delta.
This delta, with further deposition, formed a shallow shoal — the delta front,
which emerged above water level and formed the subaerial delta separating
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Geological-geomorphological structure of the Nemunas Delta (Bitinas et al., 2002)

isolated water bodies — lagoons from the basin. This cycle was subsequently
repeated: river channels branched off, flowed across the emergent part of the
delta and again formed fore-deltas, and so on. At the mouths of the rivers and
rivulets the depositional forms — river-mouth islands — appeared and in the
course of time joined the main land. Individual rivulet channels turned into
the bog-creeks, river meanders became oxbow lakes, and delta plain sur-
faces became channelled intermittent floods. Growing delta fans divided the
lagoon into smaller closed or semi-closed basins, in which lagoon deposi-
tion continued. Later some basins, by then entirely enclosed, began to trans-
form into bogs. The uppermost parts of the alluvial deposits were later locally
modified by aeolian processes. Thus, five facies have been recognised and
mapped across the recent Nemunas Delta: delta front alluvium, flood allu-
vium, lagoon sediments, bog deposits and aeolian deposits.
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Deposition on the Nemunas Delta was rapid and the accumulation rate
increased in the Middle Ages. This was associated with intensifying agricul-
ture and associated soil erosion, and hence by increased input of sediment
into the rivers. In less than a century, the coastline in some places has shifted
towards the Curonian Lagoon by more than 1 km. Hence, such a rate of
deposition is high enough for the present Nemunas Delta to have formed
during the last 1 000-1 100 years.

Climate

The climate of Nemunas Delta region is temperate maritime and belongs
to the Seaside lowlands climatic sub-district with relatively mild winters (av-
erage air temperature in January -2.5°C) and moderately warm summers (in
July 17.1°C). The phenoclimatic summer season with the average air tem-
perature above 5°C lasts for 156 days. The annual temperature average is
7.2°C. The average annual rainfall is from 750 to 800 mm/year.

39



Landscape history

The anthropogenic transformation of the Nemunas Delta began in the 13
century, when the Teutonic Order, having settled down in the region, started
building reinforced castles and roads. The Nemunas Delta had featured no
settlements at least until 1386, and its landscape was predominated by forest
and wetlands, with rivers winding in them. People, so-called Lietuvninkai (or
Prussian Lithuanians originally Lithuanian language speakers, who inhabited
a territory in East Prussia called Lithuania Minor) started to settle down the
higher places by the rivers at the end of the 17t century. The economic trans-
formation of the region took place not merely for the sake of waterways; it
covered a much wider circle of interest: riverbeds were straightened, canals
were excavated, and dykes were built along the rivers and around the settle-
ments to protect them from floods. Simultaneously, the network of land roads
was formed. In the 18™ century, hydraulic engineering already acquired the
features of the landscape adaptation to agriculture. The plague of 1709-1711
changes the ethnic composition of delta population. The deserted home-
steads of the former residents were offered to colonist from Germany, Austria
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and other countries. New colonists brought more modern farming culture
and new growing plants (potatoes, tobacco).

In this region, powerful annual floods and ice-drifts shape the landscape.
The floods are changing the landscape, fertilizing meadows, revitalizing na-
ture after winters and sometimes even carry timber. Such natural conditions
determined distinctive lifestyle, customs, trades, and farming traditions in the
Nemunas Delta. This region has been home for unique, rather closed com-
munities of fishermen, gardeners, grassland and wetland farmers. Fishermen
lived near the water, while wetland farmers stayed around mires, and those
making a living of forests lived in local woods. Coastal inhabitants harvested
reed that was used for roof covering. Floods have always obstructed tradi-
tional farming practices in this region. Powerful water washed out the land
or covered it with silt, making farming possible only in higher fertile areas
protected from floods — this was where farmers growing vegetables and po-
tatoes had settled.

It was obvious that fertile soil was simply meant for grassy vegetation to
flourish; therefore floodplain meadows tempted cattle breeders — grassland
farmers. Their homesteads or entire villages (Rupkalviai, Pietiniai Girininkai,
etc.) were established on elevated areas keeping them away from floods.
M. Purvinas (2007) wrote that “during times of cavalry wars vast grassland
areas bore importance similar to modern oil business enterprises”. They pro-
vided livestock with fresh grass and hay, which was supplied to the military
and rail horses. Hay was particularly important for goods and passenger traf-
fic, post and household operations. Natural conditions also required adjust-
ment of hay preparation methods. Dried hay used to be stacked on wooden
platforms lifted by 0.5-1.0 m above ground to protect it from autumn floods.
The harvest was usually removed by sledge in winter, when wet meadows
were frozen. Some stacks were transported down the rivers and channels in
summer by using large boats. Hay stock was stored in special raised domes-
tic shelters. The rest of it was transported to neighbouring Konigsberg and
other cities by boats.

Meadows were fully mown, for the forage was of great value in winter.
Such meadow-use traditions persisted until the World War Il. The war had a
significant impact on grassland farmers’ lives: polders were abandoned and
water pumping stations were destroyed, while some Prussians and farmers
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of German descent retired to Germany or were deported to Siberia. Large
meadows remained unmanaged or managed poorly, grass was barely har-
vested and some hay was left rotting in the fields.

A special meadow drainage and management scheme was created in
1953 and installation of new polders began. Two types of polder systems
(summer and winter polders) were constructed in the Nemunas Delta. The
dikes of the length of 326 km protected the total area of 42 000 ha. The
winter polders were employed to protect settlements and cultivated areas
from flooding. The summer polders were usually overflowed during the time
of spring floods. During the soviet period, the summer polders provided the
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development of intensive industrial production of grass flour. Establishment
of an automated grass forage production depot was initiated in 1959 and 17
production plants were constructed. Grass forage was produced by 12 sin-
gle-purpose farms, mowing around 10 000 hectares of meadows some 3—4
times per season. Each year, 30 000-40 000 tons of forage was produced.
At the end of the 20th century, a new agricultural reform started. Polder
meadows were distributed among smaller owners, leaseholders and enter-
prises with varied abilities and needs for farming. Due to rising energy prices
and decreasing demand for the grass flour forage, its production stopped.
Water level adjustment needs also changed, meadows were only used for
grass harvesting, use of fertilizers stopped and mowing was performed only
once per season (Dainiuviene, 2001), while other areas were abandoned and
remained unmanaged. Changes in farming had a positive impact on biologi-
cal diversity — number of plants, insects and bird species started to increase.
Typical meadow species such as sedge (Carex spp.), reed canary-grass (Pha-
laris arundinacea) and meadow foxtail (Alopecurus pratensis) returned to
cultivated areas, even though less accessible wet meadows remained aban-

doned and eventually were overgrown with common reed (Phragmites aus-
tralis) and shrubs.
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Culture

For long centuries, the Nemunas Delta region was officially a part of

the north-eastern section of Ger-
man Prussia. Since the 16th cen-
tury, German writers and historians
had called this area “Kleinlittaw”
(Lithuania Minor). It is a histori-
cal ethnographic region of Prussia,
where Lithuanian-speaking popula-
tion Lietuvininkai lived. The area
belonged to Prussia until 1945.
Lithuania Minor became very
important to Lithuanian culture in
the second half of the 19th century.
Russian Empire controlled Lithua-
nia at the time. From 1864 to 1904,
all publications printed in the Latin
alphabet were banned. Most of the
Latin-alphabet Lithuanian-language
books and periodicals published at

A. Kretchmer. Lithograph ,Women
of Lithuania Minor dressed in their
native costumes”, 19th century
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the time were printed in Lithuania Minor (Tilsit, Ragnit, Memel, and Konigs-
berg) and then smuggled into Lithuania by “book carriers” (Lith.: knygnesiai).
During the final years of the ban, an estimated 30 000 to 40 000 books were
smuggled in annually. When caught, the book smugglers were punished by
fines, banishment, and exile, including deportation to Siberia. Some were
simply shot in the head while crossing the border or executed on the spot.

The first Lithuanian language periodicals appeared during that period in
Lithuania Minor, such as Auszra edited by Jonas Basanavicius, Varpas — by
Vincas Kudirka. They had contributed greatly to the Lithuanian national re-
vival of the 19th century.

Nowadays, the Nemunas Delta is impressive structure reflecting the rela-
tionship between the population of the region and water, such as Uostadvaris
and Venté lighthouses, the engineering complex of the old water lift station
and the old polder engineering equipment. There is a unique architectural
ensemble of the Skirvytélé village. The Mingé village is called Venice of
Lithuania, as the River Minija has become its main street. The residues of a
unique Zalgiriai (Bismarck) ,mire villagers'“ colony are remaining.

Biodiversity

More than 600 flowering plant species are found in Nemunas Delta Region-
al Park and more than 20 of these are listed in the Lithuanian Red Data Book:
Spear-leaved skullcap (Scutellaria hastifolia), Fringed water-lily (Nymphoides
peltata), Sand leek (Allium scorodoprasum), Early marsh-orchid (Dactylorhiza
incarnata), Crossleaved heath (Erica tetralix), Deer-grass (Trichophorum cespi-
tosum), White water-lily (Nymphaea alba), etc. Twenty habitat types of Annex
1 of Habitat Directive were identified in the territory. The largest areas are oc-
cupied by 3150 Natural eutrophic lakes with Magnopotamion or Hydrochari-
tion — type vegetation, 6120 Semi-natural dry grassland and scrubland facies
on calcareous substrates (Festuco-Brometalia), 6270 *Fennoscandian lowland
species-rich dry to mesic grasslands, 6430 Hydrophilous tall herb fringe com-
munities of plains and of the montane to alpine levels, 6450 Northern boreal
alluvial meadow, 6510 Lowland hay meadows (Alopecurus pratensis, San-
guisorba officinalis), 7110 *Active raised bogs, 7120 Degraded raised bogs
still capable of natural regeneration, 9080 *Fennoscandian deciduous swamp
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woods, 9190 Old acidophilous oak woods with Quercus robur on sandy
plains, 91DO0 *Bog woodlands, 91EQ *Alluvial forests with Alnus glutinosa and
Fraxinus excelsior (Alno-Padion, Alno incanae, Salicion albae)

Vast areas of floodplain meadows as well as raised bogs (Medzioklés,
Aukstumala, Bersty, Lietgiriy bogs) found in this region are unique in Lithua-
nia. One of these, Aukstumala raised bog is considered locus classicus by
wetland researchers as it marks the beginning of wetland science worldwide.
A monograph by Carl Albert Weber (Weber, 1902), a German botanist who
studied vegetation and ecology of Aukstumala raised bog, is the first scien-
tific study on wetland ecosystems in the world.

The Nemunas Delta is the most important bird area in Lithuania. A total
of 294 bird species (90% of ornithological fauna of Lithuania) are found in
the territory of the Regional Park. Many species are breeding here or use the
area as a resting and feeding place during their migration. Several species are
considered internationally endangered, e.g. Barnacle goose (Branta leucopsis),
Common crane (Grus grus), Dunlin (Calidris alpina) and Aquatic warbler (Ac-
rocephalus paludicola). For migratory birds, the Nemunas Delta is one of the
most important stop-over areas in the northern part of the Western-Palaearctic
migration route. Large numbers of waterbirds congregate at the site on pas-
sage (autumn and spring) and during the moulting season, including Tundra
swan (Cygnus columbianus), Bean goose (Anser fabalis), Greater white-fronted
goose (A. albifrons), Greylag goose (A. anser), Tufted duck (Aythya fuligula) and
Smew (Mergus albellus) (BirdLife International, 2017). Annually, 170 bird spe-
cies are breeding in the Nemunas Delta, and 33 of these are very rare: Aquatic
warbler, Corn crake (Crex crex), Great snipe (Gallinago media), Northern pin-
tail (Anas acuta), White-tailed sea-eagle (Haliaeetus albicilla), etc.

The Nemunas Delta and the Curonian Lagoon have been long known as
the region of fishers. Up to 20 species of fish spawn in polders’ canals, Com-
mon bream (Abramis brama), Northern pike (Esox lucius), Crucian carp (Car-
assius carassius) being among the most valued. The polders of the Delta are
one of few places in Lithuania, where protected fish Weatherfish (Misgurnus
fossilis) is found.

Some 50 mammal species are found in the Nemunas Delta, 14 of these
are protected species such as Northern birch mouse (Sicista betulina), Er-
mine (Mustela erminea), European otter (Lutra lutra), and eight bat species
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considered rare in Europe, amongst these — Pond and Brandt’s bats (Myo-
tis dasycneme, M. brandltii), Lesser noctule and Common noctule (Nyctalus
leisleri, N. noctula) (Svazas, 2009).
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Excursion sites

Uostadvaris

Uostadvaris Water Pumping Station

Uostadvaris is a small village situated 5 kilometres of Rusné, on the left
riverbank of the Atmata River, in the island of Rusné. There near Dumblys
Lake you can find the lowest point in Lithuania — it reaches 0.27 metres be-
low sea level.

In 1907, a water pumping station was built on the Vilkiné River in Uostad-
varis. The station had a steam turbine, which absorbed the water excess from
grasslands and poured it to the Nemunas River. Even though in 1970, next to
the old pumping station, the modern one, driven by electricity, was installed,
old Uostadvaris Water Pumping Station is a valuable example of technique,
which has become a historical and architectural monument.

Uostadvaris Lighthouse was built on the Atmata River shore in 1873, near
to the old water pumping station. It is a square cylindrical red-brick building
attached by a passage to the lighthouse keeper’s building. Lighthouse is no
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longer used for navigation, but now it is the best place to view the panorama
of Uostadvaris.
Now there is a lighthouse and a polder museum.

Uostadvaris alluvial meadows

Hydrological conditions in this summer polder vary within wide range —
from long time flooded sites with high water table during growing season to
the areas with short flood and moderate conditions. Most wet sites are occu-
pied by Caricetum gracilis. The species composition of these communities is
different and has been influenced by hydrological changes in the polder over
the last decade. Near the lagoon, where the water table is the highest, plant
communities are not rich in species and consist of helophytes with admix-
ture of several hygrophytes. More rich in species communities occupy more
distant from the lagoon higher places. These Caricetum gracilis communities
have evolved from Phalaridetum arundinaceae over the last decade. They
include more hygrophyte species.

Caricetum distichae has developed from the part of Phalaridetum arundi-
naceae as well. Such communities include fragments of Phalaroides arundi-

nacea stands. Remaining Phalaridetum arundinaceae communities are very
fragmented and variable depending on hydrological conditions of the site.




Calthion palustris communities have developed under moderate condi-
tions. Due to changes in water table, these former mesophyte and hygro-
phyte communities in lower places include several helophytes as well. In
such communities, Scutellaria hastifolia occurs. In spite of small area occu-

pied by Scutellaria hastifolia in this polder, the age structure of this popula-
tion is the best compared to other populations in Lithuania.
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Girininkai fluvioglacial dunes

A small stretch of sand dunes reminds of a very interesting and compli-
cated history of the current delta relief formation. The sands of glacial lake,
later — estuarine shore sands occur on the surface in many places of the Del-
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ta. Sandy plains are more usual, re-drifted low dune streaks are very rare.

Here you can find small fragments of Koelerio-Corynephoretea commu-
nities. They are not rich in species, but in a relatively small area you can
observe different mosaic of open and overgrowing grassland.

Ragainés vingis floodplain

This is the oldest part of the Nemunas Delta, which is characterized by
typical river valley with a broad floodplain. Longitudinal sections of flood-
plain can be clearly distinguished: riverside, central and pre-mainland.

Different duration of the flood and amount as well as fraction of the de-
posits, depending on the relief peculiarities, determine the diversity of flood-
plain vegetation. The lowest sites covered with fine grained silt deposits —
peripheral part of the valley and depressions in the central floodplain (former
oxbow lakes) — are occupied by tall helophyte communities such as Carice-
tum gracilis and Phalaridetum arundinaceae. In the higher places of periph-
eral part, Alopecuretum pratensis communities with inserts of small patches
of Caricetum cespitosae in the small depressions occur.

53



Nearly all central part of the floodplain, where the duration of the flood
is shorter and alluvium deposits are medium-sized, mesophyte communities
prevail. Arrhenatheretum elatioris occurs in the large area. These communi-
ties vary in species composition depending on hydrological conditions: in
the vicinity of the riverbed, they are eumesophytic, while in more distant
sites include hygrophilous plants. Festucetum pratensis communities occupy
small areas, however, are variable as well. More wet places with poorly aer-
ated soils both in central and in peripheral parts of floodplain are occupied
by Deschampsietum cespitosae communities.

The ridge of sand deposits that stretches along the river bed is occupied by
communities with predominant Petasites spurius and Saponaria officinalis.

In the hygrophyte and mesophyte communities, Scutellaria hastifolia, an

endangered species in Lithuania and in many European countries, occurs.

/

Scutellaria hastifolia
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