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Abstract: The paper presents the results of geobotanical studies on the distribution and resources of Aster tripolium L. and 
Plantago maritima L, two rare halophytes in Poland. The research was conducted in northern Poland, along the Baltic coast 
in 2013. The present distribution of the two species was compared with historical data and general trends of and threats to 
these two species were examined. In total, 33 sites of A. tripolium and 18 of P. maritima were found in the research area. The 
resources of both species have been perceptibly depleting during last 150 years, which is mostly due to human agencies (e.g. 
habitat devastation caused by growing urban areas and the change in management and/or habitat condition). In order to preserve 
both species, it may be necessary to start an ex situ conservation program.
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1. Introduction 

	 Biological diversity, defined as the variety of life 
on Earth including diversity within species, between 
species and of ecosystems has a value which should not 
be underestimated. The importance of the protection 
and preservation of biological diversity is the subject 
of the Convention of Biological Diversity, which has 
the approval of almost 200 parties. The decline in bio
diversity is most evident in tropical regions, but this 
does not necessarily mean that it is not declining in 
Europe as well.	
	 Halophyte plant species, due to their great ecologi-
cal and physiological peculiarity, have been of special 
interest to the scientific world for many years. A great 
deal of research about their salt tolerance and survival 
strategies has been conducted and more is to come. 
One of the important reasons for their significance 
as objects of scientific study is their potential role in 
the rehabilitation of salt-rich wastelands (Wilkoń-
Michalska 1986). Some halophytes may be used in the 
future as crop plants for human consumption and as 

fodder plants for livestock in areas where desertifica-
tion and salt-rich waste lands prevail (Ramani et al. 
2006).
	 In some regions of Poland, halophytes are one of the 
most threatened groups of plants. This is especially true 
for obligatory halophytes. The majority of their sites 
occurs along the Baltic coast, less has inland locations. 
Unfortunately, along the Polish coast, halophytes do 
not have optimal conditions to grow, which is due to 
the exceptionally low salinity of the Baltic Sea, and the 
geomorphological character of the Baltic coast (domi-
nance of the contraposted shoreline in opposition to the 
low-plain peat-covered coast supplied by sea water). 
Because halophilous flora is a component of plant com-
munities along the Polish coast which are seminatural, 
the appropriate land use is required for their preservation 
(Herbich 2004; Błaszkowska et al. 2008). In addition 
to the aforementioned problems, one can also add hu-
man agencies as a threat to the existence of halophytes, 
namely: exchanging salt-marsh for agricultural lands 
and suburban gardens, expansion of urbanized areas 
into drained salt-flats (influence of the touristic lobby is 
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very high in this region), reduction of substrate humidity 
and an increase in the desalting effect of precipitation 
as a consequence of constructing embankments around 
rivermouths and along the sea coast. Finally, the greatest 
threat of this time is posed by abandoning of grazing 
and mowing, which leads to expansion of glycophyte 
species on salt-marshes (Andersen et al. 1990). All of 
the aforementioned processes result in a decrease in the 
number of sites of halophilous flora, shrinking of their 
population sizes and impoverishment of their genetic 
reserves.
	 The phenomenon described above was broadly 
studied in 1970s and 1980s by Piotrowska (1976, 1980), 
who discovered a retreat of 10 halophilous species 
which had been components of Polish flora in the earlier 
half of the 20th century. Because of the intensity and 
range of changes currently caused by the cessation of 
mowing and grazing of salt-flats, Piotrowska’s work is 
no longer valid, although it is still valuable as compara-
tive data.
	 The main aim of the studies was to examine changes 
in the distribution and resources of halophytes in Po-
land. For this purpose, two species were chosen: Aster 
tripolium L. (sea aster) and Plantago maritima L. (sea 
plantain). The authors of this paper tried to define the 
nature, range and causes of the identified changes and 
to predict future of halophytes in the area of the Polish 
coast.

2. Study species 

	 Two obligatory halophitous species which are rare in 
Polish flora were chosen for the study: Aster tripolium 
L. and Plantago maritima L.
	 A. tripolium (Asteraceae) in Poland is represented 
by the subspecies typicum. It is a biennial commonly 
found on European seashores, rarely in inland sites. It 
is entomophilous, although autogamy can also occur 
(Koutstaal et al. 1987). A. tripolium easily spreads by 
producing wind-dispersed seeds in large quantities. It 
is photophilous, grows in mineral and organic soils and 
has been recorded in both natural and anthropogenic 
habitats.
	 P. maritima (Plantaginaceae) is represented in Po-
land by the subspecies maritima. It is a photophilous, 
wind-pollinated, rosette herb of great phenotypic 
plasticity (Kuiper & Bos 1991). Each plant produces 
from one to many inflorescences. The fruit is a capsule 
that contains one to four seeds (Nilsson & Gren 2006). 
It prefers organic, moist but never long-term flooded 
soils. P. maritima does not demonstrate a predisposi-
tion towards expansion in Poland, and it rarely occurs 
in anthropogenic habitats.
	 Both species can be found quite abundantly along the 
European coast, except for most of Portugal, Spain and 

the Balkan Peninsula. They also grow on inland sites, 
although not in great numbers (Hultén & Fries 1986). 
In Poland, they occur mostly along the Baltic coast; 
whereas only A. tripolium can be found inland (Zając 
& Zając 2001; Nienartowicz & Piernik 2004; Piernik 
2012).
	 A. tripolium and P. maritima are strictly protected 
by law in Poland (Regulation 2014) and are found in 
the Polish red list of plant species (Zarzycki & Szeląg 
2006) within the endangered (A. tripolium) and vulner-
able (P. maritima) category. P. maritima also occurs in 
the Polish red book of plant species within vulnerable 
category (Kaźmierczakowa et al. 2014). 
	 A. tripolium and P. maritima are mainly components 
of rush and meadow communities, especially Juncetum 
gerardii (Matuszkiewicz 2005). 

3. Material and methods 

3.1. Study area

	 The area covered by the studies consisted of the 
whole Baltic coast of Poland (Fig. 1) which is some 440 
km in length and up to 25 km in width. Although the 
area is considerable, coastal populations of A. triploium 
and P. maritima are naturally restricted to a few regions 
with suitable habitat conditions for halophytes which is 
a result of the geographical and ecological specificity 
of the Polish coast. It should be clarified that not all the 
sites with halophilous flora along the Baltic coast are 
supplied with salt by sea waters. A few sites, deprived 
of connection to sea water, are supplied by salt springs 
and are, therefore, similar to inland sites.
	 The most abundant flora of halophytes on the Polish 
coast is concentrated in a few places (Fig. 1): 1. Around 
the mouth of the Oder river and the Wolin and Uznam 
islands; 2. In the surrounding area of Kołobrzeg city 
and the Rega river mouth; 3. Along the Bay of Puck; 4. 
Around the mouth of the Visula river; 5. Along edges 
of the Vistula Lagoon.

3.2. Field studies

	 The data concerning the distribution of both 
A.  tripolium and P. maritima was obtained mainly 
from all the historical and recent publications the au-
thors could find covering the period 1860-2012 (Lucas 
1860; Abromeit et al. 1898-1940; Müller 1904; Preuss 
1911/1912; Herweg 1914; Kulesza 1924; Abromeit et 
al. 1926; Czubiński 1950; Piotrowska 1957a, 1957b, 
1961, 1966, 1974, 1976, 1980, 1988, 2001; Jasnowski 
1962; Schwarz 1967; Ćwikliński 1977; Markowski & 
Stasiak 1980; Sągin & Machnikowski 1997; Ziarnek 
1997; Grinn-Gofroń & Ciaciura 1999; Bacieczko & 
Wołejko 2000; Bosiacka & Stępień 2001; Afranowicz 
& Markowski 2004; Kalisińska et al. 2004; Lenarto
wicz 2005; Żółkoś et al. 2006; Bosiacka & Stachowiak 
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Fig. 1. Location of the study area
Explanations: 1-5 – places with the most abundant flora of halophytes on the Polish coast, 1 – the mouth of the Oder river and the Wolin and Uznam islands, 
2 – surrounding area of Kołobrzeg city and the Rega river mouth, 3 – the edges of the Bay of Puck, 4 – the mouth of the Visula river, 5 – the edges of the 
Vistula Lagoon

Biodiv. Res. Conserv. 41: 51-60, 2016

2007;Wszałek-Rożek & Markowski 2010; Bosiacka 
2012). In addition, unpublished data from different 
scientific centres was acquired as well as from Gdańsk 
University and Pomeranian University in Słupsk, two 
Regional Directorates for Environmental Protection (in 
Gdańsk and in Szczecin), from the Woliński National 
Park, the Słowiński National Park, the Nadmorski 
Landscape Park and from the Polish Society for the 
Protection of Birds, the organization that manages two 
nature reserves with abundant halophilous flora. Ad-
ditionally, data from UGDA herbarium was included. 
All the historical locations, as well as new potentially 
suitable sites for halophytes which were chosen on 
the basis of topographical maps and satellite images 
(Główny Urząd Geodezji i Kartografii 2012), were 
inserted into a GIS database and their geographical 
coordinates were inserted into the Garmin eTrex 30 
GPS device.
	 The contemporary data was obtained from new 
field studies conducted in 2013. All of the previously 
known and potential localities of sea aster and sea 
plantain were visited. On each site, different data were 
obtained, namely: presence of A. tripolium or P. mari-
tima, number of specimens (approximate number in the 

case of abundant populations), area of the populations, 
condition of specimens (number of young specimens 
in relation to mature ones, presence of damaged and 
dying specimens), type of plant communities they grew 
in (for this purpose, relevés were sampled according to 
the Zurich-Montpellier approach, Dzwonko 2007) and 
existing and potential threats for the population.

3.3. Distribution data and data analyses

	 All the contemporary data was inserted into the 
GIS database, together with the historical data. To 
determine if significant changes in the distribution and 
resources of A. tripolium and P. maritima took place, 
the comparative cartographic method was used. All the 
historical and contemporary sites were displayed on 
a map according to the cartogram method and using 
ArcGis software, version 10.0 (ESRI). The cartogram 
was based on the World Geodetic System ‘84 with 6 x 
6 minute grid squares (of which 104 cover the Baltic 
coast) divided into four smaller quadrates 3 x 3 minutes 
(Figs. 2-3). The borders of countries were based on the 
Corine Land Cover (European Environment Agency 
2012). The nomenclature of vascular plants followed 
Mirek et al. (2002), whereas the nomenclature of plant 
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communities was based on the work of Matuszkiewicz 
(2005).
	 Only synthetic data was presented in this paper. 
Relevés, in addition to the list of present-date sites 
with their geographic coordinations will be published 
in a separate paper.

4. Results 

4.1. Distribution and resources of halophytes

	 A. tripolium was a rare species along the Baltic coast 
in Poland. In total, 55 localities of this taxa were found 
there in 26 mapping quadrates between 1860 and 2013 
(Fig. 2). The authors of this paper confirmed only 33 
of them (2013). Although the presence of the species 
was not confirmed in 22 localities, only in 14 of them 
was it certain that the absence of data was due to the 
actual withdrawal of the species, as a consequence of 
drastic changes in management and/or habitat condi-
tions or as a result of mechanical destruction of the 
site. The aforementioned factors led to the extinction 
of A. tripolium in several localities around the cities of 
Gdańsk (quadrate no. 47J), Świnoujście (N3), Nowe 
Warpno (4P), and between Trzebusz and Mrzeżyn (13L) 
as well as in Kołobrzeg (16L), where halophytes used 
to be protected in the Wyspa Solna nature reserve, but 
due to poor management (mainly strict protection), 
they later disappeared (Piotrowska 1976). In the other 
localities, the populations of A. tripolium were very 
limited, and the possibility of the species disappearing 
were very high. One can use the Beka nature reserve, 

located along the Bay of Puck (45G) as an example. A 
few specimens of aster had been found there in the past 
(Lenartowicz 1996) but it no longer was growing at this 
location. It is possible that the species may still exist 
in some of the other unconfirmed localities, although 
it may have been overlooked (despite an intensive 
search) due to a particularly small number of speci-
mens (e.g. Mechelińskie Łąki nature reserve, 45G) or 
inaccessibility to certain sites caused, for instance, by 
extensive areas occupied by reed rush (Drożkowe Łąki 
in Woliński National Park, 5O; the Mielin Peninsula on 
Uznam island, 3O). Furthermore, some historical sites 
were almost impossible to find due to vague descrip-
tions of their locations (sites in Klincz, Wicko, 5O, and 
Międzyzdroje, 5N).
	 From among all the confirmed or newly-found locali-
ties, the most abundant resources of A. tripolium were 
located near the Polish western border: in the Odra river 
mouth, especially on four islands surrounded by the 
Stara Świna river in the Woliński National Park (4O), 
and between Karsibór village and the Karsiborska Kępa 
nature reserve (4O), where more than one thousand 
specimens were growing. Similarly, numerous popula-
tions could be found along the Bay of Puck (44F, 45F, 
47G, 48G) and in the Vistula river mouth, particularly 
along the Dead Vistula river (47J, 48J, 49J, 50J, 50K). 
Less numerous sites were located in Ognica (3O, 4O) 
near the town of Świnoujście and in Tolkmicko (56J) 
near the eastern border of Poland, where only a few 
specimens were found.
	 Like A. tripolium, P. maritima is also a rare species 
along the Baltic coast in Poland with a total of 50 sites 

Fig. 2. Changes in the distribution of Aster tripolium along the Baltic coast in Poland
Explanations: 1 – historical localities (1980-2012), 2 – recently confirmed localities, 3 – new localities (2013)
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Fig. 3. Changes in the distribution of Plantago maritima along the Baltic coast in Poland
Explanations: 1 – historical localities (1980-2012), 2 – recently confirmed localities

in 30 mapping quadrates (Fig. 3) found there between 
1860 and 2013. Of all of the known localities, only 
18 were confirmed in 2013. Although as many as 32 
localities were not confirmed, one can be certain that 
only in 17 of them was the disappearance of P. mari-
tima due to the same factors as previously discussed 
with regard to sea aster. Sites in Gdańsk and its vicin-
ity (quadrates no. 47I and 47J) were destroyed by 
the expanding city. Sites located in the western part 
of the coast: in Wyspa Solna (16L) (which used to 
be a nature reserve) and Nowe Warpno (3P), as well 
as in Karwia (43E) located on the eastern part of the 
coast disappeared as a consequence of a substantial 
change in management and/or habitat conditions. For 
several historical sites, no detailed data of their loca-
tion could be found in the publications, and despite 
intensive search, they were almost impossible to find. 
This refers to the sites in cities and smaller villages 
such as Dziwnów (8M), Ognica (3O), Międzyzdroje 
(5N) and Dalimierz. Others, because of a particularly 
small number of specimens (the population in the 
Liwia Łuża nature reserve 11M, 12M and near Łeba 
in the Słowiński National Park 36F) could have been 
overlooked during the research. Finally, a few locali-
ties were inaccessible due to extensive reed rush and/
or thick shrubs (the Mielin Peninsula, 3O).
	 The richest resources of P. maritima along the Baltic 
coast in Poland were located in the Odra river mouth 
(western coast), specifically in the Woliński National 
Park (4O) and in the Karsiborska Kępa nature reserve 
(4O), where the species grew in vast numbers of 
specimens. Also, numerous populations were located 

in Budzistowo near the town of Kołobrzeg (16L). In 
the eastern part of the Polish coast, the most abundant 
sites were found in three nature reserves located along 
the Bay of Puck: Słone Łąki (45F), Beka (45G) and 
Mechelińskie Łąki (45G). A small population of P. 
maritima appeared in the Melinek Peninsula of Uznam 
island (3O) as well as in Dzwirzyno (14L), Jastarnia 
(47G), Puck (44F) and Rewa (46G) villages, where 
only a few specimens were found.

4.2. Habitat and phytocenotic preferences

	 A. tripolium along the Baltic coast of Poland 
occurred in both natural and anthropogenic habitats, 
always on soils supplied by salt waters. It could be 
found mainly as a component of seminatural plant 
communities on muddy river banks where backwater 
phenomenon occurred or on peaty soils of marine banks. 
It also occurred on sandy soils which were periodically 
flooded with sea waters and profusely enriched with 
dead matter. In localities supplied by salt springs, aster 
grew on muddy soils. In all the sites, A. tripolium was 
found in the moistest parts such as periodically flooded 
lowerings. As far as the anthropogenic habitats were 
concerned, aster colonized marine and river bank stony 
reinforcements, where it could grow in cracks where 
dead matter was deposited by expelled water. It also 
occurred on weirs and along ditches as long as they 
remained in contact with salt waters.
	 A. tripolium was a component of different plant com-
munities, mainly: Juncetum gerardii and Puccinelio-
Spergularietum. It occurred less frequently in Salicorni-
etum patulae, Sciretum maritimi, Eleocharitetum palus-

Biodiv. Res. Conserv. 41: 51-60, 2016
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tris, Phragmitetum australis and communities from the 
Agropyron-Rumicion crispi alliance. With regard to 
the Phragmitetum australis community, A.  tripolium 
occurred on the borders of the phytocoenoses, in parts 
with a lower density of reed or, alternatively, where rush 
was mowed. On stony embankments, A. tripolium was 
found growing in phytocoenoses with random combina-
tions of ruderal and rush species.
	 A. tripolium grew both in regularly mown and/or 
pastured salt-marshes, as well as in the areas where land 
usage was abandoned but glycophytes did not dominate 
them. It preferred permanently, periodically flooded or 
at least wet places, furrowed by animals (in most cases, 
by wild boars). 
	 Unlike sea aster, P. maritima occurred mostly in 
natural habitats, on soils supplied by salt waters. It 
was growing on muddy river banks and on peaty soils 
along marine banks. P. maritima could also be found 
on peaty-mineral soils in depressions behind dunes. In 
localities supplied with salt springs, P. maritima, like 
A. tripolium, grew on muddy soils. It readily colonized 
open places (e.g. furrowed by animals). As far as anthro-
pogenic habitats were concerned, only a few specimens 
of P. maritima were found on marine embankments (in 
Jastarnia and Puck). 
	 P. maritima was a component of limited plant 
communities, mainly Juncetum gerardii, Puccinelio-
Spergularietum and Salicornietum patulae, as well 
as communities of Agropyro-Rumicion crispi alliance 
dominated by Potentilla anserina/Agrostis stolonifera, 
or overdried salt-marshes dominated by Carex arenaria 
or Festuca arundinacea. Mowing and/or pasturing was 
crucial for the survival of the species. Equally essential 
was animal activity which disturbed the surface of the 
ground and, therefore, eliminated P. maritima competi-
tors.

5. Discussion 

5.1. Some remarks about the method used 
in the research

	 It can be noticed that the method used in this paper 
created some difficulties in data analysis. Frequently, 
the disappearance or appearance of a locality was not 
necessarily an effect of a retreating or spreading of the 
species. It could have been a result of more precise 
field research (the increase of sites) or have been due 
to a very vague description of the historical locations 
of the species which were, as a result, very difficult or 
even almost impossible to find (the decrease of sites). 
A further problem was caused by a different approach 
of the researchers to the definition of the site itself. 
The authors of this paper interpreted a single site as a 
place where specimens of a species were present and 

the population was isolated from others by significant 
differences in habitat conditions. However, as far as 
numerous and highly dispersed populations were con-
cerned (e.g. along the Hel peninsula or Dead Vistula 
river), they were divided into a few sites according to 
the villages and cities they appeared in or nearby. As 
a result, some of the historical sites were merged into 
one.
	 Finally, the results presented in this paper illustrate 
the population dynamics of the chosen species rather 
poorly. This is due to the assumed principle to treat 
all data about the appearance of the species gathered 
between 1860 and 2012 as historical. Therefore, 
all the conclusions from the research based on the 
comparison of the current state of the resources and 
distribution of A. tripolium and P. maritima with the 
historical state should be treated with great care. How-
ever, the detailed analysis of chosen species population 
dynamics was not the aim of the research presented 
in this paper. The authors focused more on general 
trends and threats for those two species that occurred 
in the area of research.

5.2. The threat level of the species in northern 
Poland

	 As the results of the research show, the number of A. 
tripolium localities was, in general, decreasing during the 
last 150 years. The greatest changes in the resources of 
the species took place in the city of Gdańsk (quadrates 
no. 47I and 47J), where city growth claimed almost all 
aster sites which had been present there in the past; the 
natural habitats were devastated and replaced with urban 
constructions. Also, significant changes had be found 
in A. tripolium distribution taking place in the Odra 
river mouth, where many sites disappeared (Drożkowe 
Łąki in the Woliński National Park, 5O; Dziwnów, 8M; 
Nowe Warpno, 4P; Świnoujście, 3N). It appears that the 
greatest threat to this species was mostly connected with 
habitat devastation. The fact that A. tripolium was found 
growing in places where the participation of glycophyte 
species was high and colonized anthropogenic habitats 
confirmed the postulated thesis. Although only 4 of the 
33 current stations with abundant populations of the 
species were protected in national parks or as nature 
reserves (four islands in the Świna river delta in the 
Woliński National Park 4O, Karsiborska Kępa 4O, Słone 
Łąki 45F, Ptasi Raj 48 J), equally numerous populations 
of A. tripolium occurred in non-protected areas. One can 
give the banks of Dead Vistula river (quadrates no. 48J, 
49J, 50J, 50K) as an example, where due to the disap-
pearance of the river current and backwater phenomenon 
occurring there, salinity of its water was significantly 
high (Jasińska 2002). Similarly, numerous specimens of 
A. tripolium grew along the Bay of Puck, outside nature 
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reserves (quadrates no. 44F, 45F, 46F, 467F, 47G, 48G), 
where some new sites were even discovered in 2013. 
Currently, there is no vital threat to the aforementioned 
populations and their chances of survival are high. One 
should mention that, in addition to the existing nature 
reserves with A. tripolium as an element of their flora, 
at least two were due to be added: Bagna Rozwarowskie 
(quadrate no. 8N) (Ciaciura & Stępień 1998) and Budzis-
towo (16L). 
	 In the case of P. maritima, as with A. tripolium, a 
significant decrease in the number of localities between 
1860 and 2013 may be observed. Great changes in the 
species resources affected the whole Polish coast. 
Some of the sites disappeared as a result of destruc-
tion caused by growing urban areas. Sites within 
cities such as Gdynia (H46) and Gdańsk (I47, J47) 
can be used as examples here. Unfortunately, because 
sea plantain were growing only in the best-preserved 
salt-meadows, the greatest threat to the species was 
the disappearance of its habitat. Different causes over-
lapped here: salt-meadows were rare along the Baltic 
coast in Poland (see Introduction) and as a seminatural 
type of vegetation, they required appropriate land use 
for their preservation (Herbich 2004). Many sites of 
P. maritima disappeared due to changes in manage-
ment and/or habitat conditions (lack of mowing and/
or grazing, meadow draining, cutting off the contact 
with salt water). Sites in Kołobrzeg (quadrate no. 16L), 
Nowe Warpno (3N), Karwia (E43) and Bielawskie 
Błoto (E42) can be given as examples here. Some were 
in a process of disappearing due to the factors listed 
above. This was true about the site in the Mielinek 
peninsula of Uznam island (3O) where specimens of 
P. maritima growing in relatively small numbers were 
found along the remains of a road surrounded by reed 
rush, or in small rifts made by wild boars where there 
was enough light for them to grow. What is more, the 
site in Dźwirzyno (14L) was also under threat: the few 
specimens of P. maritima found there may disappear 
because of the growing rush. 
	 Regrettably, the problem of the cessation of mow-
ing/grazing affected not only non-protected areas 
but even some nature reserves. Only 5 out of the 18 
currently known sites of the species were located in 
protected areas: on four islands in the Świna river 
delta in the Woliński National Park (quadrate no. 4O) 
and in nature reserves: Karsiborska Kępa (4O), Słone 
Łąki (45F), Beka (45G) and Mechelińskie Łąki (45G). 
Numerous specimens of P. maritima could be found 
there. Unfortunately, current conservation actions took 
place only in three of those areas. In the Mechelińskie 
Łąki nature reserve, extensive usage of meadows was 
abandoned more than ten years ago (Żółkoś et al. 
2006) and, as a consequence of this, the expansion of 
glycophytes was triggered off, which was a serious 

threat to the P. maritima population growing there. In 
2013, only a small proportion of young specimens was 
observed in the nature reserve where the population 
was generally ageing. The same problem occurred in 
the Słone Łąki nature reserve. Unfortunately, despite 
the fact that a  renewed implementation of extensive 
land usage was crucial to the existence of halophytes 
in both reserves, strong opposition from local land 
owners made it problematic. The land owners found it 
more profitable to sell the land for touristic purposes 
(hotels, marines) than to maintain it in the form of 
salt-meadows. In Mechelińskie Łąki, in addition to the 
problems with land usage, the decrease in the ground 
water level further threatened the P. maritima popula-
tion (Żółkoś et al. 2006). 
	 As far as non-protected areas are concerned, there 
were only a few sites with fairly abundant specimens 
of P. maritima. This refers to the sites in: Karsibór vil-
lage (4O), on Chrząszczewska island (8N), in Włodarka 
(13M) and Budzistowo (16L). 
	 The interesting fact was that P. maritima in the coast-
al part of Poland, unlike in other European countries 
(Scott & Davison 1985), did not colonize anthropogenic 
habitats such as roadsides that were supplied with salt 
during winter to prevent icing. 

6. Conclusions 

	 The loss in resources of both A. tripolium and 
P. maritima along the Polish coast was undeniable, 
and was caused, in the most part, by human agen-
cies. The salt-meadows which they had been the 
components of were considered to be one of the most 
threatened plant communities in Poland (Herbich 
2004). It should be noted that some of the salt-marsh 
communities are listed as protected habitats in the Na-
ture 2000 program. Because salt-flats are regarded as 
economic wastelands and because maintaining them 
as meadows or pastures is less and less profitable for 
land owners, it is possible that many sites outside 
nature reserves and national parks will disappear in 
the near future. In the case of A. tripolium, the threat 
of the species retreating was very low. This was due 
to the fact that the species colonized both natural and 
anthropogenic habitats and, although the number of 
A. tripolium sites was relatively small, in most cases 
it occurred in large numbers of specimens. Unfortu-
nately, the future of P. maritima is not as certain. It is 
very likely that the species will remain only in a few 
refuges: the nature reserves and national parks where 
extensive land usage will continue. But even this is 
not certain, as far as Mechelińskie Łąki and Słone 
Łąki nature reserves are concerned (see Discussion). 
Although restoration of salt marshes after cessation of 
grazing and cutting is possible (Bakker 2012), it can 
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take a long time and may not result in obtaining an 
ecosystem with the same plant species composition 
as it had before.
	 Nevertheless, the species preservation in the form 
of selected populations may not be enough. The loss 
of sites and specimens causes a significant reduction 
in genetic diversity within and among populations, 
and is not desirable as far as long-term conservation 
is concerned. We postulate that both species should be 
examined on a genetic level. Studies of the conservation 
genetics of endangered plant species are necessary to 
establish management plans which can then reduce the 
loss of biological diversity. It may also be necessary to 
start an ex situ conservation program.
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