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Abstract


In the course of research it has been clearly proved that during the last century a 90 meters wide and 40 kilometers long mainland sea – shore swath found itself beneath the water of the Baltic Sea. The coastal dune whose main task is to protect the plain beyond dune from sweeping sands and seas waves that prevailing westerly directions winds dash against the shore is catastrophically waning and at some places it has evened with the surface of the seas beach.


Due to wrong exploitation of the seas beach and the coastal protective dune, tens of hectares of plain recreational forests that growing beyond the dune have been buried by dry drifting sands, which is necessary for the support of the beach and the coastal protective dune.


The matter of analysis of the article is the changes of morphometric parameters of sea – shore of the Lithuanian mainland at last century.
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Introduction


The sea – shore of the Lithuanian mainland at the beginning of the 17th century were almost entirely covered with conifers and deciduous forests. Due to this reason the caring over of sand could not clearly take place. During the Thirty years (1618 – 1648) and Seven years (1756 – 1763) wars the forests of the mainland sea – shore suffered from intensive hewing. This event triggered a fast appearance of ancient coastal dunes and their drifting to the East direction in middle 18th century. In the environs of Nemirseta village and some other places formed huge areas of open sands. The wind – blown sand of ten reached cultivated fields and covered them with a thick layer as far as 7 – 9 km. away from the Baltic Sea.


Coastal protective dune formation and they forestation works were begun on the mainland sea – shore strip at 1834 – 1839. The maritime willow (Salix daphnoides Vill), marram glass (Ammophila arenaria L.) lime grass (Leymus arenarus (L.,) Hochst) were planted on the coastal dune. That helps a great deal to shield the sea – shore plains from drifting sand and seas water [Bezzenberger, 1889; Gudelis, 1998].


At the beginning of the 20th century the beach of the mainland sea – shore was nearly 85m wide and the top of the coastal protective dune was about 50m wide [Daujotas, 1958; Michaluskaitė, 1967]. The purpose of this work is to review changes of morphometric parameters of sea – shore of the mainland at last century.


The survey of the study object


The sea – shore of the Lithuanian mainland situated in front of the south – eastern part of the Baltic Sea. The coast – line of the Lithuanian mainland makes near 40km. [Zilinskas, 1997]. The sea – shore inclination eastward direction makes 1 – 2 degrees [Daujotas, 1958] (Fig.1). 
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Fig 1. Map of the Lithuania. Area of study - mainland sea-shore 

The Lithuanian sea – shore consists of two parts: the southern – of the Curonian spit, the northern or mainland. The mainland part starts at the Lithuanian – Latvian state border and stretches up to the northern mole of the waterway of the Curonian lagoon. As to the geographical division of the Baltic sea the mainland part belongs to the south – eastern sector of the middle Baltic. On the coastal protective dune of the mainland sea – shore several floral zones shaped: those of fore dune, western (windward) slope, dune top, eastern (leeward) slope and plain beyond dune [Olšauskas et al. 2004].


In these zones only vegetation characteristic duebto sea – shore of the mainland has been formed. At the foot of dune (fore – dune) small groups of the Cakile baltica Jord ex Pobed., a weel as the colonies of Honckenya poploides (L.) Ehrh. grow there. On the western slope there was a thin growth of Leymus arenarus (L.,) Hochst and Ammophila arenaria L., as well as Salix daphnoides Vill on the dune top. On the eastern slope were thin growth of Jasione montana L., Artemisia campestrins L., Carex arenaria L., as well as Salix repens ssp. Arenaria (L.,) Hittonen.

The methods of study


Study of dynamics of changes of the beaches, coastal protective dune, dimensions and plants communities’ status stationary research were employed. All the sea – shore was various – crossed with the purpose of a thorough research (the seas beach, coastal protective dune). Across the seas beach and coastal protective dune 53 profiles were marked whose length varied from 80 to 250 metres. The distance from transverse profiles varied from 500 to 1000m plus, minus 2 metres. The study was carried out at the end of May up to middle June, when the water level is about zero as the level of the Baltic Sea is defined at “Klaipeda Sea investigation station” rough which conforms to the Baltic sea level system (BES) – Baltic Elevation system). The research was performed in accordance with the recommendations for execution of measuring of elevation and distances [Skeivalas, 2001].


Study of mainland sea – shore of Lithuanian sector of the Baltic sea the fixed profiles were chosen but for the definition of exact point of the study object in the mainland part of the sea – shore the DGPS Garmin receiver was used (with a possibility of WAAS). On the mainland seashore the measuring were carried out from the Latvian – Lithuanian state border up to the northern mole of Klaipeda seaport. The seas beach width was determinate from coast – line up to western (windward) foot of a coastal protective dune by a 50m measuring tape in meters. The inclination of the beach surface was measures by a protractor at three points: 4 metres from coastline, in the middle of the beach and at 4 metres distance at the foot of the coastal protective dune. The seas beach surface inclination was gouged at a 0,5 degree precision.


The natural and artificial formation of the fore dune, its wash – away rate in the stormy weather, registration of plant species and the change of projection cover of plants were carried out during the research work. Also in the measuring process the width of the slopes – western (windward) and eastern (leeward) of the coastal protective dune, its inclination angle and the width of top of the dune were recorded (Fig.2).
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Fig 2. Ideal transerse profile of foredune and protective dune of the mainland seashore


 The composition of plant species and their projection cover was defined in circular record plots of an area 12,56 m2 in all transverse profiles of the mentioned relief elements of coastal protective dune. (These record plots are created by drawing a circle with a land – surveyor’s two – meter diameter). The projection cover of grassy and woody plants is evaluated by gradations (0, 10, 20…100% of the studied area). The abundance of plants species is estimated by the Braun – Blanquet scale in record plots [Braun – Blanquet, 1964]. 


The results of the study


The different articles and historical documents shows that at the middle of the 19th century the coastal protective dune of mainland sea – shore was farmed at a distance of 90 metres from the coastal – line. The average width of top of the coastal protective dune reached about 50 metres, but at the foot were about 80 metres (Fig.3).
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Fig 3. Sea-shore relief elements width in meters at 1900 of mainland.


The period between 1901 and 1966 was not quit as hurricane and strong storms winds ravaged the Lithuanian sea – shore in 1914, 1931, 1964. For this reason the width of seas beach of the mainland narrowed by 10 – 15 metres. The top of the coastal protective dune decreased in average 10 meters (Fig.4).

[image: image4.jpg]2 nd half of 20 th century
(1968)

Yellow Gitey dune
Dune

| Beach ! Ehmo— Helicliryso — Tasionctum Pne monoceltue

570w Ammopliletun 25-30

1012w

Fig 2





Fig 4. Sea-shore relief elements width in meters at 1968 (June).

The last third of the 20th century was even stormier as the strong’s storms and hurricanes of different force raged in 1967, 1969, 1975, 1981, 1983, 1993, 1999 when the wind speed was more than 30 m/s. Especially worth of mentioning were the years of 1967 and 1999 when the wind speed exceeded 40 m/s. By hurricane winds of westerly directions on the eastern sea – shore of the Baltic plainly evident sea lifts come into being. In this event the beach surface was submerged under 1,5 – 2 metres thick layer of the sea water while the western (windward) slope of the coastal protective dune comes into contact with the seas waves [Urboniene et.al., 2005]. Because of this at the end of May 1999 the average width of the coastal protective dune top of the mainland sea – shore reached till 20 metres. At that time the seas beach of the mainland sea – shore was about 60 metres wide (Fig.5).
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Fig 5. Sea-shore relief elements width in meters at 1999 (May).

The last hurricane of the 20th century – “Anatoly” raged at the 4th and 5th December 1999. The wind speed reached 40 m/s but at places in quests – more. Hurricane “Anatoly” was slightly weaker than the hurricane that took place at the 17th and 18th October 1967. The hurricane “Anatoly” left on Lithuanian mainland sea – shore marked imprints. The seas beach of the mainland sea – shore narrowed from 60 meters to 50 meters while the surface inclination diminished from 2,5 to 1,3 degrees (Fig.6).
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Fig 6. Sea-shore relief elements width in meters at 1999 (December).

The influence of waves raised by the hurricane “Anatoly” were so intensive, that during on round the clock, the mainland coastal protective dune narrowed up from 1 till 10 meters but in other places, that an approach to a promenade of the Palanga health – resort rather more. On the mainland sea – shore were the height of protective dune is 2-3 meters, the Baltic sea waves raised by hurricane over flowed into the plain beyond the dune. Duo to this action, hundred meters of chain of the protective dune were swept off the surface of the mainland sea – shore. The western slopes as well as the top of the protective dune were washed off by the waves and the sand was floated into the sea, and an only element of the relief element to remain was the eastern slope

The study proved that before hurricane “Anatoly” on the Lithuanian mainland sea – shore the average of the width of the western slope was 11,5 meters. After the hurricane, the width of the mainland western slope was 5,7 meters. Before the hurricane the average of the inclination angle of the western slope on the mainland protective dune was 22 degrees. After the hurricane the inclination angle of the western slope of the mainland sea – shore was on average 65 degrees. Before the hurricane “Anatoly” the width of the top of the coastal protective dune on the mainland sea – shore was on average 18,7 metres. After the hurricane the width of the top of the coastal protective dune on the mainland sea – shore was on average 13,8 metres.


On the eastern (leeward) slope of the protective dune of the mainland sea – shore at time of the hurricane was suffered less loses. Results of the study proved, that the slope width and inclination angle in past decades alive almost same.


Projection covers of plants on the western slope of the coastal protective dune of the mainland sea – shore before the hurricane “Anatoly” was on average 20 percents. After hurricane the projection cover of plants on the western slope on the mainland sea – shore was on average 2 percent. Projection covers of plants on the top of the protective dune of the mainland sea – shore before hurricane “Anatoly” was on average 50 percents. After the hurricane the projection cover of plants on the dune top of the mainland sea – shore was on average 33 percents.


Projection cover of plants on the western slope, of the protective dune before hurricane “Anatoly” and after hurricane survived stable.

The eastern slope of the coastal protective dunes was not impacted by seas and only slightly by western winds and averagely by the visitors at latter century. What before hundred – year – old also at present arboreal and herbal plants species growing on the eastern slope of the coastal protective dune – Salix daphnoides Vill., Frangula alnus Mill., Padus avium Mill., Carex arenaria L., Jasione montana L., Artemisia campestris L., etc.  

On the top of the protective dune the arboreal and herbal plants species, what Salix daphnoides Vill., Rosa rugosa Thunb., Lathyrus maritimus(L.) Bigelou, Fectusa arenaria Osbeck., Hieracium umbellatum L., Linaria loeselli Schweigg, Tragopogon heterospermus Scweigg, Viola littoralis Spreng, and Gypsophila paniculata L. Latter plant species was introduced on the coastal dunes about 1930.            

The western (windward) slope of the protective dune of the mainland seashore is suffered from strong storms and hurricanes from dune formation and forestation works outset. Herbal species as Leymus arenarius (L.) Hochst., and Ammophila arenaria (L.) Links were planted at the middle of the 19 th century. Those species what dune forming plants are specially adapted to accommodate on sea – shore of the mainland.


From the beginning of 2000 to June 2005 the sea beach of the mainland narrowed averagely from 50 m to 44 meters. Seas beach artificially nourishment by sand was carry out at the 2006 and 2008. Beach width has broadened from few to some meters, in segment of one kilometer to the south from promenade of the Palanga. Nourishment by sand not was effective measures. Nourishment by sand results has vanished after strong storms in time of late autumn, and winter, when hundred thousands cubic meters of sand were washed off of seas waves. The beach surface inclination in the period from 2000 to 2009 but preserved the level of the beginning of the year 2000. In mentioned period the width of western slope of the protective dune of the mainland sea – shore broadened averagely from 6m to 9 meters and the slope angle decreased averagely from 65 to 23 degrees. The projection cover of plants of the western slope of the dune increased from 2% to 12%. The width of dune top narrowed approximately from 14m to 10 meters at the mentioned time but the projection cover of plants survived stable.


Discussion

The latter century was not favorable to the mainland sea – shore of Lithuania since the beaches as well as the protective dune narrowed significantly. The beach of the Lithuanian mainland narrowed averagely by 40% while the width of the dune top narrowed about 80%. The seashore of the mainland narrowed averagely by 80 meters, which makes an area of 320ha. The sea beach of mainland the expended at the beginning of the 20th century now is beneath the water of the Baltic seas. The sea beach at today is situated in the place, where was formed coastal protective dune. According during the 20th century the waves of the Baltic washed away from of the mainland seashore about 15 million cubic meters of sand.


Ten years have passed since the hurricane “Anatoly”. During this period the sea beach of the mainland narrowed during some time by 3,5m and a top of the coastal protective dune by 4 meters.

Conclusion

1. Sea – shore of mainland of the Lithuania continually was and is an influence of the hurricanes and strong storms heavily western winds and anthropogenic activities.

2. Sea – shore of mainland connect beach and coastal protective dune. Both the beach and the protective dune are noticeably becoming devoid of the natural nourishment received by sand from the coast line.

3. The stability of beach and the protective dune evidently depends on the width of beach and its inclination angle the presence of a fore dune at the foot of the western slope of the coastal protective dune, the inclination angle of the western slope, the projection cover of plants and its species composition.
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