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1. CHARACTERISTICS 
OF THE HABITAT TYPE

Lesław Wołejko, Robert Stańko, Paweł Pawlaczyk

The subject of this publication is an attempt to summarize the current knowl-
edge about alkaline peatlands present in Poland compared to their situation in 
Europe, with particular reference to the area of the European Union. This is due 
to the fact that this unique, valuable and rapidly disappearing wetland ecosystem 
is the subject of protection under EU law (implemented in the Polish legal sys-
tem). It is the so-called natural habitat “mountain and lowland alkaline fens in 
the group of flush fens, sedge- and sedge - moss fens”, marked in the EU Habitats 
Directive with code 7230. 

1.1. Definition of natural habitat 7230

Mountain and lowland alkaline fens in the group of flush fens, sedge- and 
segde – moss fens, i.e., in the intention of the authors of the Habitat Directive: al-
kaline fens, are identified (Moss and Davies 2002, European Commission 2013) by 
unit 54.2 in the Palearctic classification of natural habitats (Devilliers and Devil-
liers-Terschuren 1996), currently identical with unit D4.1 in the so-called EUNIS 
classification (Davies et al. 2004, European Environmental Agency 2017), match-
ing the term “rich fens” which is known in paludology, yet difficult to translate into 
Polish. This unit is described as follows: “Wetlands and spring-mires, seasonally or 
permanently waterlogged, with a soligenous or topogenous base-rich, often calcar-
eous water supply. Peat formation, when it occurs, depends on a permanently high 
watertable. Rich fens may be dominated by small or larger graminoids (Carex spp., 
Eleocharis spp., Juncus spp., Molinia caerulea, Phragmites australis, Schoenus spp., 
Sesleria spp.) or tall herbs (e.g. Eupatorium cannabinum). Where the water is base-
rich but nutrient-poor, small sedges usually dominate the mire vegetation, together 
with a “brown moss” carpet. Hard-water spring mires often contain tufa cones and 
other tufa deposits. Excluded is the water body of hard-water springs; calcareous 
flushes of the alpine zone are a separate category.” The main features identifying this 
type of ecosystem are: peatland character, groundwater supply (shallow or deep 
origin) and alkalinity of supplying waters.

The central, most typical form of alkaline fens, in which its specific features 
are best visible, are the so-called moss fens – that is, alkaline fen with vegetation 
dominated by brown mosses and low sedges. The description of habitat 7230 in 



8

the EU handbook – Interpretation Manual of European Union Habitats (Europe-
an Commission 2013) refers to this most typical habitat form: “ Wetlands mostly 
or largely occupied by peat- or tufa-producing small sedge and brown moss commu-
nities developed on soils permanently waterlogged, with a soligenous or topogenous 
baserich, often calcareous water supply, and with the water table at, or slightly above 
or below, the substratum. Peat formation, when it occurs, is infra-aquatic. Calciphile 
small sedges and other Cyperaceae usually dominate the mire communities, which 
belong to the Caricion davallianae, characterised by a usually prominent “brown 
moss” carpet formed by Campylium stellatum, Drepanocladus intermedius, D. revol-
vens, Cratoneuron commutatum, Acrocladium cuspidatum, Ctenidium molluscum, 
Fissidensa dianthoides, Bryum pseudotriquetrum and others, a grasslike growth of 
Schoenus nigricans, S. ferrugineus, Eriophorum latifolium, Carex davalliana, C. fla-
va, C. lepidocarpa, C. hostiana, C. panicea, Juncus subnodulosus, Scirpus cespitosus, 
Eleocharis quinqueflora, and a very rich herbaceous flora including Tofieldia calycu-
lata, Dactylorhiza incarnata, D. traunsteineri, D. traunsteinerioides, D. russowii, D. 
majalis ssp.brevifolia, D. cruenta, Liparis loeselii, Herminium monorchis, Epipactis 
palustris, Pinguicula vulgaris, -carolinum, Primula farinosa, Swertia perennis. Wet 
grasslands (Molinietalia caerulaea, e.g. Juncetum subnodulosi & Cirsietum rivu-
laris), tall sedge beds (Magnocaricion), reed formations (Phragmition), fen sedge 
beds (Cladietum mariscae), may form part of the fen system, with communities re-
lated to transition mires and amphibious or aquatic vegetation or spring commu-
nities developing in depressions. In Polish literature, a description of the natural 
habitat “mountain and low alkaline fens in the group of flush fens, sedge and moss 
fens (7230)” according to the “Handbook on Natura 2000 site and species identi-
fication1” (in Polish: Poradnik rozpoznawania siedlisk i gatunków Natura 2000), 
ed. J. Herbich (Herbichowa & Wołejko 2004) also focuses on the typical character: 
“meso- and meso-oligotrophic, poorly acidic, neutral and alkaline flush fens, spring-
fed and percolating fens, supplied by groundwaters, abundant or very abundant in 
alkalia, covered by diverse, geographically diversified, peat producing moss and low 
sedge communities (moss fens), in part with an outstanding proportion of calcicole 
species,including those growing outside or near the edges of continuous geographical 
ranges.” However, moss fens are not the only possible form of alkaline fens and 
7230 natural habitat.

A broader discussion on the differences in habitat coverage in the different 
European classification systems of habitats and ecosystems classified as alkaline 
fens is included in the “Guidebook on good practices of alkaline fen conserva-
tion” (in Polish: Podręcznik dobrych praktyk w ochronie torfowisk alkalicznych) 
(Stańko et al. (eds) 2018). In general, in addition to typical moss fens, the 7230 
habitat range includes flush fens and spring mires as well as degenerative forms of 

1 In modern botanical nomenclature, also used in the rest of this book, in the case of  Dre-
panocladus intermedius there is a name Limprichtia cossoni, in the case of Cratoneuron com-
mutatum  – the name  Palustriella commutata, in the case of  Acrocladium cuspidatum  – the 
name Calliergonella cuspidata.
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alkaline mires, e.g., peatland meadows. The natural habitat shall usually identify 
the entire peatland with a specific ecology and not just a patch of characteristic 
vegetation on its surface. Earlier studies also discussed the most important criteria 
distinguishing alkaline fens from Natura 2000 habitats, e.g., calcareous fens (code 
7210), petrifying springs (7220), transition mires (7140) and Molinia meadows 
(6410), in the context of the identification of these ecosystems for practical pur-
poses – mainly their effective conservation (Wolejko et al. 2012, Stańko and Wołe-
jko (eds) 2018a, Stańko et al. (eds) 2018). 

The criterion distinguishing alkaline fens from other fens supplied with sur-
face water (EUNIS D.5, mostly not included in the Habitats Directive Annex) is 
underground water supply. The criterion to distinguish between alkaline and acid 
mires (EUNIS D.2, partly not included in the Habitats Directive Annex, and part-
ly constituting a habitat code 7140), is the feedwater pH. 

1.2. General characteristics of habitat 7230

Alkaline peatlands are scattered all over Europe (Šefferova-Stanova et al. 2008, 
Jimenez-Alfaro et al. 2014, Joosten et al. 2017, European Environmental Agency 
2018), although in different biogeographical regions they may take slightly differ-
ent forms and floral composition. The Alpine region is considered to be the area 
where they have the most typical and “textbook” form, bringing together numer-
ous plant species from the Caricion davallianae association (Jimenez-Alfaro et al. 
2014, Peterka et al. 2017), which is not always the case in other regions.

As mentioned above, the specificity of alkaline fens is most fully expressed in 
the typical form of this ecosystem type, the so-called moss fens – i.e., alkaline fens 
with vegetation dominated by brown mosses and low sedges. The prerequisite for 
the development of such a form of ecosystem is the alkalinity of feed water with 
its low fertility, i.e., with low availability of plant nutrients (which usually results 
from the limitation of this availability as a result of specific biogeochemical pro-
cesses, see Chapter 2.6). 

Habitat 7230 occurs throughout the entire Poland. On the uplands and in 
the mountains, there are numerous, although usually small, sites. The areas of 
their concentration include e.g., the areas of Polesie and Lubelszczyzna rich in 
limestones (Dobrowolski et al. 2016), Niecka Nidziańska (Przemyski and Wołejko 
2011), the Western Carpathian ranges (including Hájek 1999, Koczur and Nicia 
2013), including those developed in more detail within the activities of the Natu-
ralists’ Club: Czarna Orawa catchment (Kiaszewicz & Stańko 2010), Gorce (Stańko 
&Horabik 2015) and other Carpathian ranges (Stańko & Wołejko (eds) 2018b) 
and ranges of the Sudetes (Kwiatkowski et al. 2007). A more detailed description 
of the most important areas of alkaline peatlands presence, which are crucial for 
their survival in our country, is presented in Chapter 7 of this publication. 
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The comparability in relation to mountain and submontane alkaline peatlands 
of Poland is offered by well-studied – in terms of nature – alkaline and spring area 
peatlands located on the Slovakian and Czech side of the Tatra Mountains (e.g., 
Šefferova-Stanova et al. 2008, Hájek & Hájková 2002, Hájek et al. 2002, Hájková et 
al. 2012, 2015, Grootjans et al. 2005, 2012, Peterka et al. 2014). The core of many 
of these peatlands is formed by calcareous sinters, deposited alternately with me-
sotrophic layers of moss peats. On their surface, in small water reservoirs, there is 
a process of petrification in which stoneworts and bryophytes actively participate 
(de Mars et al. 2016).

The smallest number of alkaline fens have survived in the central regions of 
the country, which further increases their value as sites requiring effective con-
servation. In terms of the occupied area, the largest resources of habitat 7230 are 
found in the northern part of the country, especially in north-eastern Poland. 
These regions contain the best-developed and preserved alkaline fens, not only 
in Poland but also in Europe. Review descriptions of the alkaline fens presence in 
individual regions of the country contain studies (Wołejko et al. 2012, Stańko & 
Wołejko (eds) 2018a, b, Stańko et al. (eds) 2018) which are mainly a summary of 
projects implemented by the Naturalists’ Club in 2008 – 2018. They are comple-
mented by Chapter 7 of this study, concerning the most valuable alkaline fens of 
the country, also based on other sources. 

The identifier of natural habitats – with numerous objections, though, as pre-
sented in more detail in a separate publication (Stańko et al. (eds) 2018) – is the 
vegetation and plant indicator species, with phytosociological approach. 

The flora of alkaline fens as a habitat type is very rich, which distinguishes 
these ecosystems from other types of mires, e.g., moss mires – bogs or most of the 
transitional ones. Floral richness and the presence of floral peculiarities is often a 
feature of individual patches, although it does not always have to be so. However, 
in the case of alkaline fens it is difficult to indicate accurate phytosociological 
identifiers (see Chapter 3, see Stańko et al. (eds) 2018). Because of the foregoing 
reasons, typical moss fens plant communities may be treated as important indica-
tors of habitat presence but not as an entire patch of the habitat 7230. The range 
of a natural habitat patch should be interpreted more broadly than the range of a 
plant patch. Other factors such as stratigraphic structure, hydrological regime, hy-
drochemical parameters and the position of the peatland in the landscape, should 
also be taken into account when identifying it. Such an approach is important 
for planning and implementation of protection, ensuring that the integrity of the 
ecosystem – particularly of its stages transformed and disturbed by humans – is 
preserved. 
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2. STRUCTURE AND DEVELOPMENT OF 
ALKALINE FENS IN POLAND

Lesław Wołejko, Robert Stańko

2.1. Ecohydrological type

Whether or not an ecosystem qualifies for the Natura 2000 habitat type al-
kaline fens is only determined by it present form and this  disregards the origin 
and further  development of the ecosystem. In order to understand the  operat-
ing principles of the ecosystem,  its successional  trends, and prospectsforresto-
ration, a proper assessment of environmental conditions of the ecosystem within 
the context of the surrounding  is crucial. This is important for understanding 
the current  ecosystem changes over time.Knowledge about these changes can be 
drived from stratigraphical analyses  of wetlands supporting  alkaline fens . An 
overview of classical methods for studying wetland ecosystems includes “Prze-
wodnik do oznaczania torfów i osadów jeziornych” (Guide to the determination 
of peats and lake sediments) (Tobolski 2000). Simplified analyzes, focused pri-
marily on supporting the practical protection of alkaline fens, are summarized in 
the “Podręcznik dobrych praktyk w ochronie torfowisk alkalicznych” (Guidebook 
on good practices of alkaline fen conservation) (Stańko et al. 2018).

Tobolski (2000) also discussed the most commonly used peatland classifica-
tion systems. In terms of Succow’s (1988) ecological and phytocenotic typology 
of peatlands, which includes five units, alkaline fens are mostly found within two 
units: “Alkaline transitional mires (meso- and oligotrophic-subneutral mires) 
(Caricetalia diandrae order)” and “Transitional (meso- and  oligotrophic-calcar-
eous mires) (Tofieldietalia order)”. A different hydrogeological and genetic typol-
ogy (Succow and Jeschke 1986, Succow 1988) includes 8 main types of peatlands. 
Among them, habitat 7230 ecosystems are mainly associated with: terrestrializing 
fens, percolating fens,  spring mires and hanging mires. This classification system, 
with some terminological modifications (Tobolski 2000), has also been used for 
years to describe peatlands in Poland, including sites covering the natural habitat 
7230. 

Features taken into account in the identification of peatlands and other wet-
lands include the intensity of water outflow, position in the landscape and the 
type of accumulated deposits (cf., Żurek and Tomaszewicz 1989, Pawlaczyk et al. 
2002, Stańko et al. 2018). With reference to this system, Herbichowa and Wołejko 
(2004) proposed three regional subtypes of the 7230 habitat type  for Poland:
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Photo 1: Habitat 7230-1 mountain flush fens - in the Gorczański National Park
 (photo by E. Gutowska).

Photo 2: Habitat 7230-2 alkaline fens of southern Poland (with the exception of the 
mountains) –cupola fen near Śniatycze (photo by E. Gutowska).
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Photo 3:  Habitat 7230-3 spring-fed and percolating fens of northern Poland 
– the Morgi fen (photo by E. Gutowska).

Photo 4:  Habitat 7230-3 spring-fed and percolating fens of northern Poland 
– the mire in the upper Biebrza basin (photo by E. Gutowska).
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–  7230-1 mountain flush fens,
–  7230-2 calcarous fens of southern Poland (excluding mountains) and central 

Poland,
–  7230-3 spring-fed and percolationg fens of northern Poland. 

This division indicates the dominant role of a specific type of peatland in the 
geographical region which, however, does not exclude the presence in a given area 
of alkaline fens representing other hydrogeological and genetic features.

The flush fen is the most common variety of peatlands in mountainous areas, 
and with the high alkalinity of the water supplying it– the typical form of alka-
line fen for the mountains. However, the occurrence of flush fens is not limited 
to mountains: they also develop in  the lowlands, especially in the young glacial 
landscapes. They are usually small wetlands with characteristics  between hanging 
mires and open springs, characterized by a superficial, unconcentrated outflow of 
ground water. Because they are mostly located on slopes, there are no good con-
ditions for the formation of larger peat deposits – only shallow  peaty gley soils or 
rather shallow peats have been formed in such areas. 

Photo 5: Mountain flush fen in a small depressionwith 
a large share of brown mosses in Gorce (photo by R. Stańko).



15

Photo 6: A flush fen along a small stream in the Sudetes (photo by R. Stańko).

Photo 7: A flush fens complex passing into the spring-fed fen with a large share of 
broad-leaved cottongrass (Eriophorum latifolium) (Gorce) (photo by R. Stańko).
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Typical spring-fed fens occur in different topographical situations ensuring 
a long-lasting, even supply of groundwater, often under hydrostatic pressure. Cu-
pola spring-fed fenshave the form of cupolas or hills formed as a result of the 
accumulation of peat, or as a result of alternating or simultaneous deposition of 
peat and calcareous tufalayers. The tufa consist not only of precipitated  calci-
um carbonate, but also of magnesium and iron compounds. This  precipitation of 
mineral compounds from waters is called petrification and occurs around springs 
with a strong discharge of groundwater, which  in terms of spatial coverage are 
quite rare in the landscape. 

Alkaline hanging spring-fed fens are similar in terms of physiognomy and 
position in the landscape to mountain flush fens. They usually occur as dispersed 
wetlands  on a slope below the outflow of groundwater, and can accumulate signif-
icant deposits of calcareous sinters and peat. A characteristic feature of well-pre-
served mountain flush fenswith active  petrification, are extremely stable and high 
water levels, which generally appears to be a hydrological anomaly (mountain 
areas are commonly known as regions with very large fluctuations in water levels, 

Fig. 1.The stratigraphic section with the direction 
of the groundwater flow within the flush fen and spring fed mire complex 

in the vicinity of the Bembeński stream (Orawa).



17

especially surface waters). Several years of groundwater level monitoring  in the 
petrifying mires in the Orava and the Low Beskids areas show that the long-term 
amplitude of changes in the water table level rarely exceeds  20 cm and and in 
most cases is even less than a few or several centimeters. In this respect, these 
conditions appear to be more stable than in lowland areas. 

Photo 8: The cupola of a spring-fed fen with calcareous tufa 
in the Magura National Park (photo by D. Horabik).

Fig. 2. Fluctuations in the water level in a mire located along the Bembeński stream 
(Orawa).
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Fig. 3. Fluctuations in the water level in the mire in the Magura National Park 
(Beskid Niski).

Fig. 4. Fluctuations in the water level in the mire at Hala Długa 
in the Gorce National Park (Gorce).

In certain geological  formations, so-called hydrological windows occur, 
which consists of very permeable spots within less permeable geological stra-
ta. Such almost impervious strata may, for instance, consist of compact gyttjas 
formed earlier in open water bodies. Springs and mire ecosystems are developing 
intensively on the slopes of mineral hills “piercing” hydrogenic sediments.  Be-
cause the resistence to groundwater flow increases in the water basins surround-
ing these mineral islands, the flow of groundwater is increasingly concentrated in 
the sandy hill. This process may be intensified by the dessication  of the wetland 
complex. Well-documented examples come from, for example, the Drawieński 
National Park area (Wołejko and Grootjans 2004), Gogolewko mire in the Słupia 
valley (Fig. 5) and from the Ilanka-, Korytnica- and Płonia river valleys.
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Fig. 5. The mineral island on the middle of the  “Gogolewko” 
mire functions as a “hydrological window”.

Fig. 6. Mineral island within  the “Gogolewko” mire. The position of the transect shown 
in the figure is highlighted in yellow in Fig. 5 (photo by R. Stańko).

Cupola spring-fed fens are relatively frequent, also in the lowlandsof Poland, 
but nowadays almost always in more or less degraded form. “Spurgle”– the deep-
est known peatland of this type in north-eastern Poland– reaches a thickness 
of about 16 m of sediments, dominated by calcareous tufa (Łachacz 2000). In 
north-western Poland, a series of spring sediments with a thickness of approx. 8 
m was recorded in the Chociel Valley peatland (Wołejko 2001, Pidek et al. 2012, 
Osadowski et al. 2018).

The succession towards eutrophic vegetation types (such as reeds or alder 
woods) entering the spring domes is usually the result of erosion and associated 
eutrophication of the habitat. Due to the shape and associated ease of drainage, 
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only a few objects of this type have survived intact until today. One of  the best-
known examples (Bitner 1961, Dembek 2000, Pawlikowski 2011) is the mire in 
the Makowlanka River Valley (Fig. 7), also known as “Sidra” (studied in detail also 
as part of landscape ecology courses by students of Dutch universities in Utrecht 
and Groningen). It’s core consists of alternating layers of travertine and peat. The 
surface layer is formed of a thin layer of peat, on which a concentric sequence of 
plant communities has developed (Fig. 7). At present, as a result of artificial drain-
age, typical sedge-moss fen vegetation (with species such as the Carex rostrata and 
Tomentypnum nitens) are present here only in the form of a narrow strip around 
the base of the dome (zone II in Fig. 7).

Fig. 7. The “Sidra” spring-fed fen in the Makowlanka River Valley (supply of the Biebrza 
River) (photo by P. Pawlikowski). After partial dehydration, the vegetation of the 

alkaline sedge-moss fen has survived only at the base of the dome; Stratigraphy of the 
“Sidra” dome  (Fig.– Grootjans in Pawlikowski 2011).
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Well-preserved spring-fed fens with vegetation typical of alkaline fens are cur-
rently rare. Often the only trace of the earlier existence of accumulative spring 
domes are subfossil deposits, partly eroded away or existing at present as blocks of 
exposed calcareous tufa. In many regions of northern Poland, changed water con-
ditions currently prevent the active accumulation of calcareous tufa (Grootjans 
et al. 2015). Similar changes have been observed in numerous spring mires of the 
Masurian Lake District (Łachacz 2006). 

Fig. 8.Physiognomy and scheme of stratigraphic structure of a degraded spring-fed 
fen on the slope of the Ilanka Valley.

Photo 9: Fossil travertines in the Płonia 
Valley (photo by R. Stańko).

The point outflow of a significant 
amount of calcareous  groundwater is 
often related to tectonic faults, as in the 
Lublin region (Dobrowolski 1994) or 
in central Poland (Dobrowolski et al. 
2017). The shifting of tectonic layers 
blocks the water flow within the aqui-
fers, forcing the groundwater to dis-
charge at  the surface. Such conditions 
are relatively common near the south-
ern borders of Poland, in Slovakia, e.g., 
in the Western Carpathians (Mociar 
Reserve), in the Spiš region (“Siva Bra-
da”) or in the mires in the Poprad Basin 
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(Grootjans et al. 2005, Hajkova et al. 2012, Grootjans et al. 2012). Such phenom-
ena probably also have a significant impact on the supply of some of the alkaline 
wetlands in the Polish Carpathians (cf., Gruszczyński & Mastella 1986).

Percolating mires are formed when groundwater from rather large aquifers 
discharges in a very dispersed way. It may occur at the margins of the river valleys,  
or within lake basins. Percolating alkaline fens develop best in areas with much 
relief, especially in young glacial landscape. Unlike flush fens or spring-fed fens, 
percolating fens are usually characterized by rather  thick peat deposits, often as-
sociated with lake sediments – gyttjas. Typically, the vegetation that forms such a 
mire consists of  small sedges and brown mosses. In mires with active peat accu-
mulation, the water is slowly flowing  slightly below  the peat surface. The ground-
water enters the valley  at  the mineral edge and leaves the mire via watercourses 
or lakes.The surface of the peatland is usually sloping, sometimes very clearly. In 
the early stages of peat development, the sedge-moss vegetation may form a float-
ing-mat, oscillating with the water level fluctuations  in  adjacent rivers or lakes. 
In such a case, one would use the name “emersive vegetation”.

In wide river valleys in the old glacial areas, the sloping  of the peatland sur-
face may be very modest.  This may lead to an increased share of rainwater in the 
hydrological balance of the peatland. This initiates the succession of peat-forming 
vegetation towards sphagnum communities and may cause difficulties with the 
proper identification of the ecological character of the peatland and the type of 
natural habitat. The patches classified as habitat 7230 form a mosaic with phyto-
coenoses of other types of vegetation. Their current location can be reliably docu-
mented using remote-sensing techniques (Kopeć et al. 2016). 

The peatlands located in the upper basin of the Biebrza Valley are among the 
best studied mires in Poland, in terms of ecohydrological flow (Fig. 9). Also the 
Rospuda Valley is also well-studied (e.g. Jabłońska et al. 2011, 2014), and consi 
dered one of the best preserved percolating mires in Central Europe.

Fig. 9. The ecohydrological model of the soligenic mire in the upper basin 
of the Biebrza Valley (according to Wassen et al. 1996).
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Photo 10: Mires in the upper basin of the Biebrza Valley (photo by R. Stańko).

Photo 11: One of the most valuable and the most extensive percolating fens in 
the Rospuda Valley. Clearly visible on the photo,  is the difference between rush 

communities (gray - adjacent to the river) and the yellowish-green sedge-moss fen 
communities at the mineral edges  with forest  vegetation (photo by R. Stańko).
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Fig. 10. Stratigraphy of alkaline fens in the Kulawa Valley Reserve 
(Stańko & Wołejko 2018a).

In northern Poland, the most typical stratigraphic systems with a significant 
share of alkaline fens are those of lake origin, which over time, at least partial-
ly, transformed into percolating fens. They develop in lake basins, usually on 
thick layers of gyttja. In many cases, this process is also actively taking place in 
recent  times, hence the “young” alkaline fens, growing on e.g., calcareous  lakes 
are among the best preserved in the country. Such sites may harbor  some of the 
rarest mire plant species in Poland such as, for example, yellow marsh saxifrage 
Saxifraga hirculus, fleshy starwort Stellaria crassifolia and others (Pawlikowski& 
Jarzombkowski 2012a, b). It can be argued that the presence of these species of 
“special care” can be a simple indicator of a good and stable mire ecosystem.

The relatively flat surface of the mire contributes  to the accumulation of rain-
water. For this reason, it is relatively easy to initiate the development of transition-
al mires with a significant proportion of ombrophilous Sphagna. This process can 
acceleratedby human interference in the hydrological system of the lake itself, as 
well as within its surface or underground drainage basin. 

Examples of well-known lake alkaline fens are, among others, fens located 
in the Pomeranian nature reserves Torfowisko Radość, Bagno Stawek, Dolina 
Kulawy and Mechowiska Sulęczyńskie. In western Poland, well-preserved (but 
small) alkaline fens of this type occur, for instance  in the Bukowskie Bagno and 
Jezioro Ratno Reserves. In the reserves of Chłopiny, Młodno and many other are-
as the fens are in a much worse condition, and require  active protection. 
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Photo 12: Sulęczyno fen (photo by R. Stańko).

Observations carried out in recent years by the Naturalists’ Club as a part of 
alkaline fens conservation projects, indicate quite significant hydrological differ-
ences within particular sites classified as percolating fens. The observed fluctua-
tions in the level of groundwater table were in the range of 15 to 50 cm. The largest 
fluctuations were recorded in the mires in the late development phases (where 
the terrestrialization process ended relatively long ago), while the smallest was 
in mires in the early stages of peat development (shallow peat deposits on gyttja)  
(Stańko & Wołejko 2018a, b). 

Startigraphical research in northern Poland showed that most soligenous al-
kaline fens originated from lakes. This is true for  the fens in the Rospuda Valley, 
for  the fens in the Kulawa (Fig. 10), Słupia valleys in Northern Pomerania, for  the 

Fig. 11. Variability of the level and temperature of groundwater 
in the Bagno Stawek fen – site in its early stage of development.
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Fig. 12.Variability of groundwater level and temperature in the Kosobudki fen (Pliszka 
Valley) – site in its last  stage of development.

valleys of Debrzynka, Rurzyca, Drawa and Płonia in Western Pomerania, and for 
the fens in the Ilanka, Pliszka valleys  in the Lubusz area. What these systems have 
in common is that peat formation started with the filling up of a series of elongat-
ed lakes situated in  post-glacial valleys. The terrestrializing mires then  developed 
in shallow water on top of gyttja sediments. In time these mires stabilized and 
gradually changed into groundwater-fed mires with  water supply from higher 
grounds. It is worth mentioning that a real river bed in the valley developed in 
this stage of mire development and not before. This is indicated by the presence of  
gyttjas located under the more recent bottom sediments of the river. 

Such sites – in addition to peat deposits underlain by lake sediments - are 
characterized by sloping groundwater fed mires. Unfortunately, such sloping fens 
are susceptable to  desiccation after drainage operations, hence many of these val-
ley mires have been  preserved fragmentarily, or only in the form of degenerating 
deposits of peat and gyttja. Good examples  of that kindof mires are located on the 
slopes of the West Pomeranian river valleys of Chociel (Osadowski et al. 2018), 
Płonia (Wołejko 2000) and Ina (Fig. 13) (Wołejko & Malinowski 2017).
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Fig. 13. Geological cross-section of the marginal zone of the Ina Valley. 
1 – decomposed peat, 2 – sedge peat, 3 – reed peat, 4 – aquatic and spring carbonate 

sediments, 5 – sedge-moss peat with carbonate precipitates, 6 – sand,  
7 –  content of organic matter (source: Wołejko & Malinowski 2017).

2.2. Genesis and age of alkaline fens

In the Western Carpathians, in the light of paleoecological analyzes, the ma-
jority of alkaline fens are relatively young; they started to grow during the last 
2,500 years. Some of them developed from  forested springs with species like 
Carex remota, Carex sylvatica and Glyceria nemoralis. After deforestation, the de-
velopment of mires with vegetation belonging to the Caricion davallianae alliance 
started to grow in these places (Hájková et al. 2015). However, other pathways 
in the history of peatlands have also been documented, e.g., in an extreme case 
a Sphagnum fuscum dominated bog shifted into a calcareous fen after large scale 
wood felling in the Middle ages (Grootjans et al. 2005, Hájková et al. 2012, Ma-
daras et al. 2012).

Similar results on the age of alkaline flush fens (3,500 years) were reported by 
Obidowicz (1996) for the  Tatra National Park. Nevertheless, few older peatlands 
have survived until the present times. They started  as open (non-forest) alkaline 
fens at  the turn of the late Glacial and early Holocene periods. During the middle 
Holocene period, most of these alkaline fens  were overgrown  by tree vegetation 
(mainly alder, birch and spruce), which (temporary) eliminated  heliophilic mire 
species – both plants and snails (Hájková et al. 2015).
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Palaeoecological studies illustrating the stages of development of fens cur-
rently representing habitat 7230 on the lowlands have shown their developmental 
temporal and spatial relationships with other habitats, including hard-water lakes 
(Wołejko & Piotrowska 2011) and lakeside calcareous mires (Waloch 2012, see 
also description of calcareous fens in the Lublin Region, presented in Chapter 7). 
Sometimes the development of alkaline fens occurs in wet interdunal depressions 
(Gałka et al. 2016, Wołejko et al. 2019). 

Peat stratigraphy studies revealed peat deposits with elements allowing to 
recognize the alkaline fen stage dated to the entire Holocene period, as well as 
analogous peat fossils from the Pleistocene period (Jasnowski 1959). A repetitive 
scheme is also the history of the formation of the spring cupolas with calcareous 
tufa, and then the development of sedge-moss and even a bog, as illustrated in the 
example shown in Fig. 14 (Mazurek et al. 2014). 

In many areas e.g., in the Tuchola Forest and in the Drawa Forest, sedge-moss 
mires with brown mosses, similar to today’s alkaline fens, consituted early devel-
opment stage of many wetlands, that by now have reached the stage of transitional 
mires (Lamentowicz 2005, Kujawa-Pawlaczyk & Pawlaczyk 2014, 2015, 2017). On 
the other hand, based on the example of other well studied objects, such as the 
Stążka Valley in the Tuchola Forest (Lamentowicz et al. 2013), or the mires in the 
Biebrza Valley, the vegetation of alkaline fens can persist  for several thousand  
years.Many modern alkaline fens with well-developed sedge-moss vegetation are 
relatively young sites, with thin peat layers accumulated duringin the last 0.5–2 
thousand years, usually on top of thick layers of gyttja or lake marl. 

The current distribution of the richs fens may, therefore, only be a shadow of 
their spread a few thousand years ago, when the hydrological and climatic con-
ditions were slightly different. Spring mires with greater thickness may have had 
a sedge-moss mire phase in their history, and probably were bordered by sedge-
moss fens.

There are known examples of flush fens with the vegetation typical of alka-
line fens that have developed in young, anthropogenic sites, such as  former sand 
quaries in Silesia. Some of them  are floristically very valuable (Molenda et al. 
2012, 2013, Hałabowski et al. 2016a; see also chapters 7 and 8). 



29

Fig. 14. Model of spring-fed fen evolution in Western Pomerania. 1–varigrained sand, 2–silty 
sand, 3– sedge peat, 4– moss-sedge peat, 5– calcareous tufa, 6–Sphagnum peat, 7– direction 

of overland and subsurface and/or groundwater flow (source: Mazurek et al. 2014).
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2.3. Stratigraphic components of alkaline fens

Taking into account the diversity of sedimentary and sedentary environments 
in which alkaline fens develop, it is necessary to consider substrates of different 
origin. These are underwater sediments (gyttjas), peats (mainly of fen and tran-
sitional types) and spring water precipitates. A separate issue – presented in the 
next subsection – is the classification of soils formed from these substrates as a 
result of their spontaneous or human-induced transformations.

The most frequently used classification of gyttja is based primarily on the 
analysis of the percentage of the main components such as calcium carbonate, 
organic matter and clay parts (Markowski 1980). In addition to this approach, To-
bolski (2000) also discusses other ways of identification and description of aquatic 
sediments, in particular the Troels-Smith method. It provides, among others, a 
description of the tested soils in accordance with the international code system.

The so-called genetic classification of peat (Tołpa et al. 1967) has been used 
for more than 50 years. Details of this classification system are presented in text-
books on peat science (e.g., Tobolski 2000, Ilnicki 2002). An extensive range of 
different types and kinds of peat has been identified in the profiles of alkaline 
fens. However, from the point of view of the relationship of these formations with 
peat-forming plant communities of typical alkaline fens, the most important are 
sedge-moss, (brown) moss, and (tall) sedge peats. This does not exclude the oc-
currence of other peat types and kinds in peat profiles, which reflects the diverse 
origins and multiple paths of development of the current alkaline fens. Table 1 
presents a part of the classification system (Tołpa et al. 1967) covering the types 
and species of peat most often recognized in the profiles of alkaline fens. 

Moss peats, which reflect the early, mesotrophic stages of fens development, 
deserve  special attention. They were characterized in Poland as a result of M.  
Jasnowski’s pioneer work (1959). The distinction of moss peat by definition 
means that it contains more than 60% of the remnants of a specific brown moss 
species (Bryales). Moss peat mainly consist of moss species that are considered 
glacial relics (Szafran 1948, Czubiński 1950). Based on their dominance in the 
peat, Jasnowski (1959) distinguished 7 kinds of moss peat named after the moss 
species forming them: Drepanocladus sendtneri, Calliergon giganteum, Calliergon  
trifarium ( =Pseudocalliergon trifarium), Scorpidium scorpioides, Camptothecium 
nitens (=Tomentypnum nitens), Meesea (=Meesia) and Paludella squarrosa. These 
peats are very often used as traces of the initial developmental stages of mires 
of lake origin, especially those situated in landscapes with a higher abundance 
of calcium compounds. These are usually not very thick layers; they are rather 
quickly replaced by other types of peat, and reflect subsequent succession stag-
es within the terrestrializing process in mesotrophic and eutrophic water bodies  
(cf., Kowalewski 2014).
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Photo 13: Moss peat with a low degree of decomposition (about 30%) and a 
characteristic light brown color  – Bagno Stawek Nature Reserve 

(photo by K. Barańska).

Photo 14: Very poorly decomposed moss peat (about 20–30%) with macroscopically 
identifiable bryophytes of the genera Drepanocladus and Pseudocalliergon– Jezioro 

Ciche Nature Reserve (photo by R. Stańko).
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Table 1. Genetic relationship between peat-forming plant communities and peat 
units most commonly found in the profiles of alkaline fens. The original naming 
of syntaxa  has been preserved. Based on Tołpa et al. (1967) according to Tobolski 
(2000), modified.

Peats Peat-forming communities

Type Kind Association and order
Association, sub-association, variant, facies

Magnocaricioni -sedge
Cariceti - sedge

Cladieti - sawgrass

Magnocaricion
Caricetum rostrato-vesicariae
Caricetum hudsoni
Caricetum paniculatae
Caricetum gracilis caricosum acutiformis
Cladietum marisci

Bryalo-Parvocaricioni 
-moss-sedge
Bryaleti - mossy

Carici-Bryaleti - sedge-moss

Gramino-Cariceti -
grassy-sedge

Caricetalia fuscae et davallianae
Caricetum diandrae camptotheciosum
Caricetum diandrae paludellosum
Caricetum rostratae calliergonosum
Scorpidium scorpioides Com.
Caricetum diandrae typicum
Caricetum canescentis-Agrostidetum caninae
Caricetum lasiocarpae
Caricetum fuscae
Caricetum flavae
Calamagrostidetum neglectae
Caricetum paniceae

Since the introduction of the genetic classification of peat both in the range of 
identified peat types and in the systematics of peat-forming plant communities, 
numerous significant modifications  have been introduced. Also, various propos-
als for additions and changes have been submitted (see: Tobolski 2000, Drzymul-
ska 2018). Nevertheless, the genetic classification and the Polish Standard PN-
85/G-02500 developed based on it, constitute the only coherent and widely used 
system of identification and naming of peat components of alkaline fens. 

In addition to well characterised peat types alkaline fens may contain peats, 
that can not be part of the genetic classification system. This is a case of amor-
phous peat often found in surface layer of fens Such material has been described  
inconsistently in peat profiles, for instance  as a “humopeat”, a mineralized super-
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Fig. 15. Selected elements of alkaline fen stratigraphy (photo by D. Horabik). 

Bukowskie Bagno Reserve. A: moss sedge peat B: moss – sedge peat  
Fen near Mielęcin (Drawa Forest).  A: sedge-moss peat with a small amount of alder 
wood, passing into a sedge peat B: sedge peat with alder wood and Menyanthes seeds,  
C: sedge  peat (Magnocaricion) with a small amount of willow wood – strongly hydrated; 
Fen near Mielęcin (Drawa Forest). A: fine-grain organic gyttja with a small amount of 
sedge. 
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Photo 15: Vertical exposure of the calcareous peat, Slitere, Latvia
(photo by A. Szafnagel-Wołejko).

ficial layer (Polish “wierzchnica”) or as strongly decomposed peat. We prefer the 
term strongly decomposed peat.

In the neighboring countries, peat deposits with a high calcium carbonate 
content are also distinguished, for example, in Germany as “Kalktorf ”- Calcare-
ous  peat – (Succow & Jeschke 1986). 

Photo 16: Calcareous tufa formed on the surface of the spring mire in the Magurski 
National Park (photo by D. Horabik).
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Photo 17: Calcareous tufa precipitation around Equisetum variegatum. 
Mociar Reserve in Slovakia (photo by A. Szafnagel-Wołejko).

Dobrowolski (2011) attempted to sort the nomenclature related to carbonate 
spring deposits. According to this author, calcareous tufa is a general concept re-
ferring to various (= all) autogenous calcareous  sediments precipitated from flow-
ing fresh water. These include calcareous tufa (light, highly porous carbonate sedi-
ments, undiagenized or poorly diagenized, formed in the vicinity of springs supplied 
with groundwater with CO2 originating from percolating rain water (meteogene), 
travertines (hard, highly diagenized, carbonate deposits building large calcareous 
terraces and/or barriers in streams with high flow dynamics), sinters (hard, concise 
and non-porous calcite coatings precipitated mainly in thermogenic conditions). 

Alternating peat layers and mineral precipitations are called peat-sinter rhyth-
mites (Dobrowolski 2011). Full stratigraphic profiles of peatlands with rhyth-
mites, other types of sinters, peats, gyttjas and mineral sediments are an inter-
esting subject of numerous paleoecological studies in Poland (Dobrowolski et al. 
2002, Lamentowicz et al. 2013, Apolinarska & Gałka 2017, Osadowski et al. 2018, 
Pietruczuk et al. 2018) as well as neighboring countries (Hajkova et al. 2012, Jam-
richova et al. 2018, Šolcová et al. 2018). These studies, in addition to reconstructing 
the history of ecosystem development, relate to the transformations of vegetation, 
changes in ecological and climatic conditions, and the history of human influence. 
Studies on the chemism of peatland formations allow for the reconstruction of the 
history of landscape development (Borówka et al. 2015).
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Photo 18: Layered rhythmite from the “Wierzchołek” alkaline fen, near Złotów
 (photo by R. Stańko).

Fig. 16. Calcareous sediments – drilling in a mountain flush fen in the Magurski 
National Park. A: sedge peat, decomposition 4, B: amorphous calcareous tufa

 (photo by D. Horabik).
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2.4. Soils of alkaline fens

The surface layer of alkaline fens is shaped during peat-forming and soil-form-
ing processes. In areas with a much relief, the role of slope denudation and ero-
sive processes may play a significant role, resulting both from the functioning of 
natural geomorphological conditions and those generated by human activity. In 
northern Poland, the surface layer of actively growing  alkaline fens may form 
various layers of fen peat and transitional peat. Such soil types  are traditional-
ly classified on the basis peat characteristics described  in accordance with the 
current soil system of Polish soils (Systematyka gleb Polski 2011). Drainage in 
peatlands  initiates degradation processes of the peat substrate, eventually leading 
to the disappearance of that peat deposit. The consequences of these changes, to 
habitat 7230, are discussed in the chapter 5.2.

Another type of soil may develop in  the contact zone of alkaline fens with other 
ecosystems. When, for instance, carbonate deposits have been formed downslope 
of the alkaline fens,  spring pararendzinas can occur (Wanic 2010, Wołejko & Ma-
linowski 2017). These soils require further pedological research  enabling future 
determination of their relationship with the functioning of alkaline fens.

In south Poland, studies  on the so-called “eutrophic” mountain flush fens 
were carried out  in the Pieniny National Park, the Babia Góra National Park and 
the Orawa-Nowy Targ Basin (Nicia & Miechówka 2004, Nicia 2009, Koczur & 
Nicia 2013). In most cases, the investigated fens were small and the peat layer 
was thin. Thicker peat layer had been formed on relatively flat slopes, but peat 
thickness did not exceed  2 m. Often the peat is highly decomposed  or it is absent. 
The average thickness of the organic layer of 18 alkaline fens of the Gorczański 
National Park studied by Stańko and Horabik (2015) was 32.5 cm.

In the study on the soils of the Pieniny National Park (Niemyska-Łukaszuk et 
al. 2002) soils  of alkaline fens were classified as semihydrogenic soils (including 
various types of gley soils) and hydrogenic soils (mud and peat soils). 

Semihydrogenic soils are moist along  the entire profile, and periodically 
even waterlogged or muddy. Hydrophilic vegetation develops on such sites, but 
no peat is actually formed. In hydrological conditions of mountainous areas, the 
water from  the upper rock horizons play a decisive role in directing the soil-form-
ing process in these soils. 

Hydrogenic soils occur in the Pieniny National Park, but they are very rare. 
Soils that are classified as hydrogenic soils here consist of mud and peat soils. 
Peaty  soils are characterized by  the accumulation of both peat and mud. Fen peat 
soils include soils in which peat layers  are present, with a thickness of more  than 
30 cm.

From the perspective of the current Systematics of Polish soils (2011), alkaline 
fen soils can assigned to  the following soil units:
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Order 8. Gley soils
Type 8.1. Gley soils

Subtype 8.1.1. Proper gley soils
Subtype 8.1.2. Peat-like gley soils
Subtype 8.1.3. Peaty-gley soils
Subtype 8.1.4. Mud-gley soils
Subtype 8.1.5. Muck-gley soils

Order 10. Organic soils
Type 10.1. Fibric peat soils

Subtype 10.1.1. Proper fibric peat soils
Subtype 10.1.2. Hemic-fibric peat soils

Type 10.2. Hemic peat soils
Subtype 10.2.1. Proper hemic peat soils
Subtype 10.2.2. Sapric-hemic peat soils
Subtype 10.2.3. Fibric-hemic peat soils
Subtype 10.2.5. Muddy hemic peat soils
Subtype 10.2.6. Shallow hemic peat soils

Type 10.3. Sapric peat soils
Subtype 10.3.1. Proper sapric peat soils
Subtype 10.3.2. Fibric-sapric peat soils
Subtype 10.3.3. Hemic-sapric peat soils
Subtype 10.3.5. Muddy sapric peat soils
Subtype 10.3.6. Shallow sapric peat soils

The stratigraphic structure and soil profile structure within the most impor-
tant types of vegetation have been presented in the studies of the best-preserved 
and rather large  alkaline fens in Slovakia. They are  located in the region of the 
Belianske Tatras and the Poprad Basin neighboring Poland (Grootjans et al. 2005, 
Madaras et al. 2012). Figs. 17–19 present the physiognomy of several characteris-
tic  fragments of these peatlands in connection with the associated soil profiles. In 
small, cascading water bodies (pools) forming natural reservoirs on the peatland 
dome (Fig. 17), active precipitation of travertine/tufa occurs.  The vegetation of 
the pools consists of pioneer communities (including Eleocharitetum pauciflorae), 
as well as brown moss and moss-sedge communities. Fig. 18 illustrates the situa-
tion within the peat forming moss-sedge vegetation, while Fig. 19 – within a patch 
of meadow vegetation with organic and mineral soil. 

The phenomena and processes observed during these studies require further 
in-depth analyzes, also in the area of alkaline fens in Poland.
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Fig. 17. Soil profile and physiognomy of pool systems at the top of the Štrba mire’s dome 
(Slovakia). On the right side, calcium carbonate deposition and precipitation of ferrous 

hydroxide are visible (source: Grootjans et al. 2005, photo by M. Madaras).

Fig. 18. Soil profile within the moss-sedge vegetation from the Caricion davallianae 
alliance on the Štrba peatland (Slovakia). The surface layer of the profile consists of 
slightly decomposed  moss peat. The dark-colored peat at the bottom of the profile 

consists of decomposed peat with  significant amounts of iron sulphide (FeS) (source: 
Grootjans et al. 2005, photo by B. Van Delft).
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Fig. 19. Soil profile within the vegetation of wet meadows from the Calthion alliance in 
the alkaline fen complex Belianske Luky (Slovakia). The surface part of the soil profile is 

a strongly decomposed peat, underlain by organic-rich mineral layers on  clay 
(source: Grootjans et al. 2005, photo by B. Van Delft).

2.5. Alkaline fens in the system of ecological gradients

Ecological gradients have been used for many decades to classify and describe 
peatlands, especially in Northern and Western Europe. The two most important 
ecological gradients relevant for understanding the functioning of peat ecosys-
tems are the trophic gradient and the pH gradient. In the scientific literature and 
practice, there is a Polish term “torfowisko alkaliczne” (alkaline fen), which relates 
to the variations in pH. The Polish term is usually translated into English as “rich 
fen”. However, the variety in ecosystems within the habitat type 7230 is much wid-
er and includes both  peatland and meadow ecosystems (Hajek et al. 2006).  The 
term “rich fens” – (in dissolved minerals, mainly carbonates) also includes moss 
and sedge-moss fens, with considerable participation of Sphagnum (vegetation 
of Sphagno warnstorfiani-Tomentypnion alliance). For the habitat type 7230 the 
central position of the gradient is occupied by “extremely rich fens”, for which 
we propose the Polish name “wybitnie zasobne w węglany” (“extremely rich in 
carbonates”). The spectrum of alkaline fens also includes “calcareous fens” – the 
proposed Polish name is “torfowiska petryfikujące” (“petrifying mires”).

The diagram presented on Fig. 20 shows the position of typical alkaline fen 
ecosystems against the background of related ecosystems, such as moss and 
sedge-moss fens and related wet meadows (Hájek et al. 2006). Presented here 



41

Fig. 20. Relationship between typological diversity of low peatlands with a gradient of 
pH and fertility, syntaxonomic position and main functional and structural boundaries 

(according to Hájek et al. 2006).

are the ranges of occurrence: hydroecological processes (precipitation of car-
bonates), and characteristic biotic components: vegetation (in the rank of associ-
ations), calciphilous flora and snails. Attention is drawn to the thresholds for the  
characteristic components of these ecosystems: occurrence of snails, calciphilous 
plants, Sphagnum species and the precipitation of calcium carbonate. 

2.6. Physicochemical factors decisive for diversity of vegetation 
in alkaline fens

Paweł Pawlikowski, Łukasz Kozub

Fens as ecosystems particularly dependent on a wide spectrum 
of habitat conditions
Mire ecosystems are dependent on many interlinked and interacting envi-

ronmental factors (hydrological, geochemical, climatic, biological and others) 
(Wheeler, Proctor 2000). The origin of feeding waters, determining their chem-
ical composition, and the water table dinamics are decisive factors for differ-
entiating between alkaline fens and other types of mires, such as acidic Sphag-
num-dominated mires and fertile eutrophic tall-sedge and reed mires (Grootjans 



42

et al. 2006). Waters supplying the fens are influenced by biochemical process-
es governed by living organisms, particularrly microorganisms (bacteria), and 
physical factors (Lamers et al. 2012, Rydin et al. 2006). It should be emphasized 
that the habitat conditions within fens are very variable: saturation with water, 
temperature, evaporation, origin of water and microorganisms communities 
composition change in annual (Hájek et al. 2005) and even diurnal cycles. These 
cycles affect the chemical composition of fen waters, oxygen availability in the 
surface layers of peat and interspecific competition determining species compo-
sition of fen communities. 

pH 
Alkaline fens, despite their name, are not always characterized by alkaline pH. 

Their pH depends predominantly on the amount of dissolved minerals, mostly 
calcium carbonates. In typical alkaline fens, fed by highly mineralized ground-
water, calcium is abundant (usually over 50 mg/l; Sjörs, Gunnarsson 2002). In 
uplands and some mountain ranges of southern Poland, where peatlands devel-
op on substratum built of carbonate rocks or ones that very rich in calcium and 
magnesium, indeed the pH value within alkaline fens is usually slightly basic 
(Koczur, Nicia 2013, Schenková et al. 2014). In lowland Poland, calcium con-
centrations most often range from 20 to 90 mg/l (Wołejko 2002, Pawlikowski 
2010, Pawlikowski et al. 2010, 2013), while pH values are often a little lower than 
7 (Wołejko 2002, Pawlikowski 2006, 2010, Pawlikowski et al. 2010, Jabłońska et 
al. 2011).

However, what was already proven by studies by the famous Swedish peat-
land ecologist H. Sjörs (1950) – fundamental for the development of knowledge 
on peatland ecosystems – vegetation typical of alkaline fens with a dominance 
of brown mosses, i.e. sedge-brown-moss fen vegetation, can develop at pH val-
ues lower than 7 but almost always higher than 6, while the pH value of raised 
bogs dominated by Sphagnum mosses and without “calciphilous” species is al-
most always lower than 5. It is because pH values between 5 and 6 are very rarely 
encountered in natural ecosystems since solutions of pH above 6 are buffered 
by dissolved minerals, mostly carbonates, while those below pH 5 – by organic 
acids, especially humic acids (Gorham et al. 1984, Vitt 2000, Wheeler & Proc-
tor 2000). This clearcut difference resulting from chemical properties of solu-
tions provides a simple way to distinguish alkaline fens from acidic mires (acidic  
minerotrophic Spaghnum-mires and raised bogs). 

Nonetheless, alkaline fens in which, for different reasons, the pH values of the 
surface waters are relatively low (around a borderline value of pH 6) and which, 
instead of brown mosses, are dominated by specific species of Sphagnum moss-
es, especially by those, which tolerate higher calcium concentrations (which are 
toxic to a majority of Sphagna, Vicherová et al. 2015), e.g., Sphagnum teres and 
Sphagnum warnstorfii (Hájková, Hájek 2004, Pawlikowski 2010, Pawlikowski et 
al. 2010, Vicherová et al. 2017), exist. Such fens are often included into the Sphag-
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no-Tomentypnion alliance (Peterka et al. 2017) and they can show similarities 
in terms of species composition and chemical characteristics to acidic minero-
trophic fens (often called transition mires, habitat type 7140) in which they can 
develop if acidification processes will continiue. 

Despite all of the above, according to the methodology of the State Environ-
mental Monitoring, if the conservation status of alkaline fens (habitat 7230) is as-
sesed, the index “pH” (treated as “cardinal” so decisive for the whole parameter) 
can be assessed as favorable (FV) only when the pH value is equal or higher than 
7; any value below pH 7 requires lower index assessment. As a consequence, even 
highlely valuable and natural but insufficiently mineral-rich alkaline fens can 
be assessed as being in unfavorable-inadequate (U1) conservation status, which 
seems unjustified and in contradiction with the knowledge about the diversity 
and ecology of these ecosystems. This problem will be addressed further (see 
chapter 11.1.3).

Electrolytic conductivity (EC) 
Apart from high pH value, groundwater supplying alkaline fens is usually 

characterized by relatively high mineral content. It is because waters circulating 
for months or years in bedrock dissolve its components and, in the processes of 
chemical weathering, they are concomitantly enriched in substances leached in-
ward to the soil profile. The main cations dissolved in fen-feeding waters include 
(in decreasing order from the most to the least abundant): calcium, magnesium, 
iron, potassium, sodium, manganese and aluminum, while carbonates dominate 
among anions. The presence of other anions (most often sulfates and chlorides) 
can be an indicator of groundwater pollution by human activity or can result 
from natural circumstances such as specific geological structure (presence of  
halite or gypsum) or climatic conditions (very dry climate or proximity of an 
ocean). The mineralization of waters supplying alkaline fens, expressed with the 
most commonly used measure, i.e., electrolytic conductivity (EC) of solution, 
usually amounts to several hundred µS/cm (Wołejko 2002, Hájek et al. 2005, 
Pawlikowski 2010, Pawlikowski et al. 2010). In alkaline fens, EC usually rang-
es from 200 to 800 µS/cm (Wołejko 2002, Pawlikowski 2010, Pawlikowski et al. 
2010, 2013). However, there are alkaline fens characterized by relatively soft wa-
ters (electrolytic conductivity even slightly lower than 100 µS/cm) with a pH val-
ue being slightly acidic or close to neutral. In Poland, such situations are unique, 
but those oligotrophic sites are refuges for rare species, relics of colder periods 
and those associated with oligotrophic habitats, e.g., Pseudocalliergon trifarium 
and Scorpidium scorpioides. Such fens are preserved almost exclusively in the 
young-glacial landscape of northern Poland (mostly in the Suwałki area) though 
there are known from the Carpathians, where they are regardes as relict. Such 
fens were recently classified into Stygio-Caricion limosae alliance (Peterka et al. 
2017, 2018).
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On the other hand, if mineral content of water supplying the fen will be 
particularly high (electrolytic conductivity above 1000 µS/cm), which is possi-
ble when besides carbonates, which have low solubility and cannot cause too 
high solution mineralization, sulfates and chlorides appear, then species, such 
as Triglochin maritima or Glaux maritima (which was observed in the Slovak 
Carpathians, Háberová, Hájek 2001), typical for saline habitats can develop witin 
alkaline fens. Such sites are at the same time characterised by reduced moss cov-
er. Sufficiently high mineralization or fast water flow is also a condition for calcite 
precipitation and tufa deposition. This process is connected with a reduction of 
carbonate solubility due to: 1) an increase in the temperature of the water flowing 
out to the surface (for this reason it is very rare in the boreal zone), 2) the “escape” 
of carbonates from the water in form of CO2 and the resulting increase in pH 
value (physical phenomenon in carbonate-rich waters), and 3) a pH rise due to 
the intake of carbohydrates from the water by the moss layer during photosyn-
thesis (Boyer & Wheeler 1989, de Mars et al. 2016). The latter process appears 
to be the most significant cause of calcite precipitation in relatively cold climatic 
conditions, i.e., in our climate zone, especially in northern Poland (Grootjans et 
al. 2015, de Mars et al. 2016).

Nutrients
Undistorted, natural, peat-forming alkaline fens are mezotrophic or even ol-

igotrophic but never eutrophic ecosystems. It is because under eutrophic con-
ditions competitive species of vascular plants, like reed or tall sedges eliminate 
short-growing highly specialized fen vascular plants (small and medium sedges 
and related species, herbs, orchids, carnivorous plants, etc.) and, most impor-
tantly, often hamper possibilitis of moss layer development, which is a key com-
ponent of low-productive, mossy mires, including alkaline fens. Groundwater 
supplying fens is usually naturally poor in nutrients (if not polluted from an-
thropogenic sources). In addition, peat formation leads to a natural reduction of 
available nutrients. 

In mires, contrary to other terrestrial ecosystems, a fraction of biomass pro-
duced every year is not fully decomposed but is accumulated in peat. That frac-
tion is estimated to be up to a few percent per year (Moore 1989). Thus, some 
nutrients are naturally withdrawn from the cycling and the fertility of the fens 
is limited. Nevertheless, the persistence of this withdrawal and its effectiveness 
are strongly dependent on water conditions. Only a stable water supply, with a 
water level close to the fen surface throughout the year, ensures the prevalence 
of anaerobic conditions already several centimeters below the soil surface, which 
strongly suppresses the decomposition of organic matter.

Fluctuations of the water level, natural or often resulting from human ac-
tivity, first of all limit the amout of nutrients that can be stored in a particular 
year and, what is more, they can lead do peat mineralization, i.e., the release of 
nutrients (in the form of ammonium and phosphate ions) accumulated in previ-
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ous years and to an abrupt increase of fertility which is a threat to the survival of 
species typical of alkaline fens (Cusell et al. 2013, Mettrop et al. 2015). A greater 
availability of nutrients in fens often leads to moss layer becoming dominated 
by the ubiquitous species – Calliergonella cuspidata. The increased availability of 
phosphorus (Kooijman, Paulissen 2006) or potassium (Vicherová et al. 2015) can 
also facilitate the expansion of Sphagnum-mosses.

Nutrient limitation
Primary productivity in ecosystems on Earth can be limited by the deficit 

of any from the major nutrients, including phosphorus, nitrogen and potassi-
um. According to the Liebig’s law of the minimum, (Liebig & Playfair 1847), the 
deficit of any nutrient (e.g. phosphorus), even if other nutrients (nitrogen, potas-
sium are abundant, restricts ecosystem productivity and conserves it in the mes-
otrophic or oligotrophic state, which are typical for alkaline fens. In alkaline fens 
it is phosphorus and nitrogen, which can limit primary production. The former 
one is mostly present in a form of phosphates. Their solubility, i.e., availability for 
plants, depends on redox potential and on the presence of cations, with which 
they can form insoluble compounds (i. e. calcium, iron). Nitrogen is available, 
in reduced fen environment, in the form of ammonium ions, and even though 
it is stored at large amounts in peat, it is not released under stable water supply, 
thus remaining unavailable to producers (Koerselman et al. 1990). The third, po-
tentially most important nutrient, i.e., potassium, as we already mentioned, is 
relatively abundant in groundwater, so it rarely limits primary productivity in 
undisturbed fens but often in meadows resulting from their deep drainage (de 
Mars et al. 1996).

Until recently, it was believed that phosphorus aviliability was the main pro-
ductivity-limiting factor in alkaline fens, as in other calcium-rich ecosystems. It 
was related to the formation of insoluble compounds of calcium with phosphates 
resulting in phosphorus deficit and reduced fertility and productivity (Boyer, 
Wheeler 1989, Wassen et al. 2005). Indeed, under such conditions typical alka-
line fen vegetation of the Caricion davallianae alliance develops (Peterka et al. 
2017). However, the results of studies in Poland demonstrated that some types 
of fen vegetation, with dominating slender green feather moss Hamatocaulis 
vernicosus (Olde Venterlink & Vittoz 2008, Peterka et al. 2017), and also other 
continental, initial, species rich sedge-moss fens of the Saxifrago-Tomentypnion 
alliance (Olde Venterlink & Vittoz 2008, Peterka et al. 2017) could have primary 
productivity controlled by limited availability of nitrogen. It seems that the grad-
ient of relative phosphorus and nitrogen availability is one of the most important 
drivers of species composition within alkaline fens having a comparable level of 
fertility, pH and cation availability (Pawlikowski et al. 2013, Cusell et al. 2014, 
Schenkova et al. 2014 and Øien et al. 2018).
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Photo 19: An example of a phosphorus-limited alkaline fen (photo by Ł. Kozub).

Photo 20: An example of a nitrogen-limited alkaline fen (photo by I. Dembicz).
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Distinct groups of species can be associated with alkaline fens, primary pro-
duction of which is limited either by phosphorus or nitrogen deficit. The first 
group comprises of species considered to be calcicole, occurying also within litter 
meadows of Molinion alliance, such as Carex lepidocarpa, Carex flava, Eleocharis 
quiqueflora, Eriophorum latifolium, Limprichtia cossoni or Campyllium stellatum 
(Photo 19 – a sedge-moss fen with species indicating phosphorus limitation). 
The second group, apart from the already mentioned yellow marsh saxifrage 
Saxifraga hirculus and slender green feather moss Hamatocaulis vernicosus, also 
comprises species occurying, apart from fens, also within wet meadows of the 
Calthion alliance, such as Rumex acetosa, Lychnis flos-cuculi or Poa pratensis, and 
of mosses, a fen form of Marchantia polymorpha (Photo 20 – a sedge-moss fen 
with species indicating nitrogen limitation) (Pawlikowski et al. 2013, Schenkova 
et al. 2014, Øien et al. 2018).

Calcium and iron ions can additionally influence the availability of phos-
phorus and nitrogen and thus determine which of these elements will become 
a factor limiting primary productivity. Mettrop et al. (2018) found correlations 
between a high content of calcium and limitation by phosphorus deficit and be-
tween a high iron content and limitation by nitrogen deficit (see also below).

The role of iron
As it was already mentioned, it seems that iron is an element the abundance 

of which can strongly modify species composition or ecological processes within 
alkaline fens. Since this element can occur in two oxidation states, dependent 
upon redox potential, and ferric and ferrous salts differ in solubility, iron strong-
ly influences the above-described factors determining phosphorus and nitrogen 
availability (Mettrop et al. 2018) and thus the fertility of alkaline fens, especially 
under conditions of unstable water supply. First of all, oxidized iron exposed to 
even a short drought episode can be a source of electrons for aerobic microorgan-
isms even after water level rise and can accelerate the decomposition of organic 
matter (including peat). It leads to the release of both phosphate and ammonium 
ions, which increases the general fertility of iron-rich locations and slows down 
peat-forming processes there (Aggenbach et al. 2013, Emsens et al. 2016, 2017).

Moreover, iron forms complexes with phosphates, the solubility of which is 
very sensitive to fluctuations of redox potential. Thus, it functions as a phospho-
rus trap during drought, causing phosprorous accumulation in the fen (preventing 
for example its leaching into surface waters) to release it in large amounts during 
flooding (Aggenbach et al. 2013, Emsens et al. 2016, 2017, Zak et al. 2004). For this 
reason, contrary to previously prevailing views, primary production in iron-rich 
fens is usually limited by nitrogen, which makes them more vurnerable and prone 
to degradation as a result of, e.g., airborne nitrogen deposition (Olde Venterlink & 
Vittoz 2008) or hydrological disturbances (leading to peat mineralization) (Emsens 
et al. 2017). Apart from the above, it should be emphasized that high iron concen-
trations can influence fen vegetation by the iron’s direct toxicity, to which some 
plant and moss species are less sensitive (e.g., Menyanthes trifoliata, Carex rostra-
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Photo 21: Ferruginuous seepage in an alkaline fen (photo by Ł. Kozub).

ta, Equisetum fluviatile) (Snowden & Wheeler 1993, Wheeler et al. 1985, Hájek 
et al. 2005). Slightly disturbed iron-rich fens are also more difficult to restore 
because implementation of restorative measures aimed at rewetting and stabi-
lisation of high water levels (e.g., by damming or removal of drainage network) 
increases their fertility via the above-described mechanism of phosphorus re-
lease from unstable compounds with iron, which can lead to the retreat of typical 
alkaline fen vegetation in favour of tall-sedge communities (Stańko et al. 2018, 
Aggenbach et al. 2013, Emsens et al. 2017).
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3. PLANT COVER
Lesław Wołejko, Robert Stańko

3.1. Plant communities specific for alkaline fens

The vegetation cover of alkaline fens can be built by very different plant com-
munities (see wider discussion of the possible vegetation of this type of habitat in 
Stańko et al. 2018). However, several plant associations are specific to this ecosys-
tem. These associations were included by most  authors in two orders: Caricetalia 
davallianae and Scheuchzerietalia palustris. The first order includes the Caricion 
davallianae alliance, as well as the recently distinguished Sphagno warnstor-
fiani-Tomenthypnion alliance (Hájek et al. 2006, Šefferová-Stanová et al. 2008). 
Plant associations from these orders are key components of the vegetation of some 
alkaline wetlands, and some of them exhibit a close (or sometimes even exclusive) 
relationship with these ecosystems. Related carbonate ecosystems are petrifying -, 
calcarous - and alkaline fen types. 

The vegetation belonging to  the Caricetalia davallianae order has been the 
subject of many publications. In the mountain and upland areas vegatation of 
alkaline fens consists  of the following plant associations: Valeriano-Carice-
tum flavae, Caricetum davallianae, Ctenidio molluscae-Seslerietum uliginosae,  
Lipario-Schoenetum ferruginei and Sphagno warnstorfiani-Eriophoretum latifolii 
(e.g., Fijałkowski 1959, Pawłowski et al. 1960, Kornaś & Medwecka-Kornaś 1967, 
Stuchlikowa 1967, Hereźniak 1972, Grodzińska 1975, Jargiełło 1976, Głazek 1984, 
1992, Fijałkowski & Chojnacka-Fijałkowska 1990, Pisarek 1996, Hájek 1999, 
Jutrzenka-Trzebiatowski & Szarejko 2001, Towpasz & Stachurska-Swakoń 2009 
and Koczur & Nicia 2013). A more complete review of the literature sources, in-
cluding unpublished materials, can be found in the monograph of Vončina (2017). 

From the fens found in the lowland situated in the  northern and north-west-
ern part of Poland, the following associations have been reported: Eleocharitetum 
quinqueflorae (=Eleocharitetum pauciflorae), Campylio-Caricetum dioicae, Carice-
tum paniceo-lepidocarpae, Juncetum subnodulosi, Orchido-Schoenetum nigricantis, 
Campylio- community, Carex buxbaumii community, Schoenus ferrugineus com-
munity and many others (Steffen 1931, Kaczmarek 1960, 1962, Jasnowski 1962, 
Pałczyński 1975, Głowacki & Wilczyńska 1979, Jasnowska & Jasnowski 1983, 
Herbich & Herbichowa 1984, Sokołowski 1986-1987, 1988, 1996, Tyszkowski 
1993, Kucharski 1998, Kwiatkowski 1999, Wołejko 2000b, Wojterska et al. 2001 
and Pawlikowski 2000). 
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Photo 22: Menyantho-Sphagnetum teretis (photo by R. Stańko).

Photo 23: Eleocharitetum quinqueflorae (=Eleocharitetum pauciflorae) 
(photo by R. Stańko).
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The order Scheuchzerietalia palustris essentially consists  of plant associations 
typical of other peatland habitats (such as sub-neutral and transitional mires). 
However, for  northern Poland in particular, two additional associations have been 
included in this order, i.e., Menyantho-Sphagnetum teretis and Scorpidio-Cari-
cetum diandrae (= Caricetum diandrae), constituting the dominant element of 
undrained  alkaline fens, classified as habitat type 7230, as defined in Chapter 1. 
Within these phytocoenoses, peatland species with a wider ecological amplitude 
are supplemented by less numerous species characteristic of the Caricion davalli-
anae alliance.

Figures 22-28 show  the most recent distribution of the most important indi-
cator associations for alkaline fens in Poland. The  source of this  information is 
the updated database on alkaline fens, available at the webpage of the Naturalists 
Club. The dissemination image was supplemented with verified phytosociological 
data from scientific publications. The nomenclature of the associations follows 
Ratyńska et al. (2010). 

In the light of new knowledge (Peterka et al. 2017), the inclusion of some of 
these associations in higher syntaxonomic units (especially in the rank of alli-
ance) needs revision. This applies mostly to associations previously included in 
the Caricion lasiocarpae alliance. As a result of the recent analysis of abundant 
phytosociological records  from Europe, vegetation of fen and transitional mires 
has been regrouped  into 13 units in the rank of alliance (Peterka et al. 2017). In 
view of this new classification, the vegetation of the best preserved Polish alkaline 
fens contains floristic elements representing mainly 4 vegetation alliances: Cari-
cion davallianae Klika 1934, Stygio-Caricion limosae Nordhagen 1943, Sphagno 
warnstorfii-Tomentypnion nitentis Dahl 1956 and Saxifrago-Tomentypnion Lap-
shina 2010, which partly have different geographical ranges  (Fig. 21).

Fig. 21. Distribution of four natural alkaline fen communities (in the rank of alliance) 
in Europe (Peterka et al. 2017).

Caricion davallianae Sphagno-Tomentypnion Stygio-Caricion limosae Saxiftrago-Tomentypnion
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The Caricion davallianae alliance includes the vegetation of petrifying spring 
and alkaline fens supplied with calcareous groundwater. The dominating species 
in the herbaceous layer are mainly calcitrophic sedge plants (including Carex dav-
alliana, Carex hostiana, Eleocharis quinqueflora, Eriophorum latifolium, Schoenus 
ferrugineus) and herbs, such as Parnassia palustris, Pinguicula vulgaris, Primula 
farinosa and Tofieldia calyculata. In the layer of bryophytes, there is Campylium 
stellatum s.l., Limprichtia cossonii, Palustriella commutata s.l. and Philonotis cal-
carea. Caricion davallianae phytocoenoses  are widespread in  Europe, but the 

Fig. 22. Distribution of the 
Valeriano-Caricetum flavae.

Fig. 23. Distribution of the
 Caricetum davallianae.

Photo 24: Caricetum davallianae (photo by R. Stańko).
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Photo 25: Valeriano-Caricetum flavae (photo by D.Horabik).

centers of their occurrence are situated in the Alps and the Carpathians. In Po-
land some of these species are currently extremely rare. An examples is Primula 
farinosa with only one site. In Poland, associations belonging to  the Caricion 
davallianae alliance are best developed within the alkaline flush fens. The Valeri-
ano-Caricetum flavae association Pawłowski 1949 ex 1960 is present almost exclu-
sively (but frequently) in the mountains and foothills. The second of the frequent 
associations – Caricetum davallianae Dutoit 1924–has a wider range and can be 
found throughout southern Poland. 

Two other associations belonging to the Caricion davallianae alliance are 
the Ctenidio mollusci-Seslerietum uliginosae Klika 1943 em. Głazek 1984 and the 
Schoenetum ferruginei Du Rietz 1925, which are both very rare in Poland (Fig. 
24 and Fig. 25).  The Ctenidio mollusci-Seslerietum uliginosae has a very lim-
ited distribution and is almost exclusively found in the Nida Basin and in the 
Świętokrzyskie Mountains. The occurrence of Schoenetum ferruginei is mainly 
limited to south-eastern Poland, where it is a component of alkaline fen developed 
in the complex of specific calcareous mires, that have been formed on top of the 
ancient calcareous rocks (Buczek & Buczek 1993). 
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Fig. 24. Distribution of the 
Schoenetum ferruginei

Fig. 25. Distribution of the Ctenidio 
mollusci- Seslerietum uliginosae.

Photo 26: Schoenetum ferruginei on the dome of a spring fen with travertine deposits 
(Śniatycze-Komarów near Zamość) with a large share of Swertia perennis and Molinia 

caerulea. In the background, the Cladietum marisci association covering the top 
of the cupola (photo by D. Horabik).

The association Caricetum paniceo-lepidocarpae (Steffen 1931) W. Braun 1968 
occurs all over the country, but is the most frequent Caricion davallianae associ-
ation of the north-eastern Poland. The rarer, pioneer community Eleocharitetum 
pauciflorae Lüdi 1921 also has a wide distribution pattern in Poland. 

The Juncetum subnodulosi (Allorge 1922) W. Koch 1926 association is restrict-
ed to north-western Poland, which is probably related to  the sub-Atlantic charac-
ter of Juncus subnodulosus (Markowski & Stasiak 1988).



55

Photo 27: Caricetum paniceo-lepidocarpae (photo by R. Stańko).

Photo 28: Juncetum subnodulosi (photo by R. Stańko).
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Fig. 27.Distribution of 
Eleocharitetum pauciflorae.

Fig. 26. Distribution of the 
Caricetum paniceo-lepidocarpae.

Fig. 28. Distribution of the Juncetum subnodulosi.

The alliance of Sphagno warnstorfii-Tomentypnion nitentis is characterized by 
the presence of calcium-tolerant Sphagnum mosses (such as Sphagnum contor-
tum, Sphagnum subnitens, Sphagnum teres and Sphagnum warnstorfii) and also by 
brown mosses occupying higher positions in microtopography (e.g., Aulacomni-
um palustre, Paludella squarrosa and Tomentypnum nitens). Typical species of al-
kaline fens are also numerous here: Campylium stellatum s.l., Limprichtia revolvens 
agg., Carex davalliana, Eleocharis quinqueflora, Eriophorum latifolium, Parnassia 
palustris etc. Acidophilous plants with shallow roots (e.g., Drosera rotundifolia) 
can be found on elevated hummocks formed by bryophytes, constituting favora-
ble conditions. The large diversity of micro-habitats causes the mire vegetation 
of this alliance to be one of the richest in floristic terms. It is spread throughout 
Europe, but more often found in mountainous and upland areas. Also in Poland, 
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the generally rare  localities of the communities belonging to the alliance have 
been mainly found in mountainous and sub-mountainous areas: in the Carpathi-
ans (Hajek 1999), the Sudety Mountains (e.g., Orlicke Mountains: Smoczyk &  
Karakula 2016), and even within the limits of Kraków municipality– as a Sphagno 
warnstorfii-Eriophoretum latifolii association, Rybníček 1974 (Koczur 2014). 

Proposals to include some phytocenoses of  alkaline fens of northern Poland 
in the Sphagno warnstorfii-Tomentypnion alliance, require a critical analysis. In 
the light of available phytosociological records, the floristic affinities of the pre-
viously recognized communities from the Sphagno warnstorfii-Tomentypnion al-
liance with the flush fen associations Valeriano-Caricetum flavae and Caricetum 
davallianae are visible.

 

Fig. 29.Distribution of the Sphagno warnstorfii-Tomentypnion nitentis.

Phytocoenoses belonging to  the Stygio-Caricion limosae alliance are  often 
found in undrained strongly hydrated peatlands with a topogenic water supply 
type. The vegetation consists of small  sedges (e.g., Carex chordorrhiza, Carex la-
siocarpa, Carex limosa) and brown mosses forming loose turfs (e.g., Pseudocalli-
ergon trifarium, Scorpidium scorpioides) and a few Sphagnum mosses (e.g., Sphag-
num contortum and Sphagnum platyphyllum). The communities  of this alliance 
are  widespread in northern Europe, reaching southward to the British Isles and 
Ireland and north-eastward to the Baltic Republics. It is also found in the Alps 
and, less often, in the Carpathians and the Balkans. Many of the foregoing species 
are floristic peculiarities in Poland, found mainly on the best-preserved alkaline 
and subneutrial fens of northern Poland. To date, no specific plant associations 
have been assigned to this alliance. Initial vegetation analysis carried out for the 
purpose of this study suggests that it should include the most-common Polish 
sedge-moss associations, especially those occurring in the north of the country: 
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Menyantho-Sphagnetum teretis Warén 1926 and Scorpidio-Caricetum diandrae 
Osvald 1926 nom. inverse. et nom. mut. Until now, these associations were most 
often included in the alliance Caricion lasiocarpae Vanden Berghen in Lebrun 
et al. 1949 or Caricion nigrae, however the legitimacy of distinguishing this first 
alliance is currently being questioned (Peterka et al. 2017).

                  

Fig. 30.Distribution of the 
Menyantho-Sphagnetum teretis. 

Fig. 31.Distribution of the 
Scorpidio-Caricetum diandrae.

The Saxifrago-Tomentypnion alliance includes fens rich in calcium (but no 
accumulation of calcareous tufas). In addition to species typical of the alkaline 
fen plants described above, there are bryophyte species with higher trophic re-
quirements. These are wetland species with a wider ecological spectrum (such 
as Brachythecium mildeanum, Drepanocladus aduncus agg., Marchantia polymor-
pha) or specialized brown mosses with a higher demand for phosphorus (such 
as Hamatocaulis vernicosus; c.f., Hajek et al. 2014). A characteristic feature of 
the herbaceous layer is the coexistence of marsh and water plants (Cicuta virosa, 
Ranunculus lingua, Thelypteris palustris), meadow species (such as Poa praten-
sis agg., Rumex acetosa s.l.), and sometimes rare species of nutrient-poor  poor 
boreo-continental habitats (Saxifraga hirculus, Stellaria crassifolia, Triglochin 
maritima). The alliance, originally described from western Siberia, occurs in the 
north-eastern part of the European Lowlands and in isolated positions of the Ro-
manian Carpathians. It was also found at several positions in Germany (Peterka 
et al. 2017). Within Poland, most  of the sites with the vegetation of this alliance is 
probably related to the presence of specific subneutral mires, which are frequent 
in the Suwałki Lake District (Pawlikowski et al. 2013). 
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It is worth noting that all plant associations specific for alkaline fens are rare 
or very rare in Poland, and their threat condition is defined as “directly threatened 
with extinction” or “exposed” (Ratyńska et al. 2010).

3.2. Indicative plant species

The flora of alkaline fens is very rich, which distinguishes these ecosystems 
from other types of peatlands, e.g., moss mires – bogs or most of the transitional 
mires. Over 400 species of vascular plants and about 80 species of mosses (Her-
bichowa & Wołejko 2004) occur on alkaline fens. Most species that are consid-
ered typical (representative) for this habitat are protected species in Poland. Some 
of them are species with a narrow ecological amplitude and  almost absent out-
side of this type of habitat. Particularly noteworthy species include: many species 
of brown mosses, orchids and species from Annex II of the Habitats Directive 
(Wołejko et al. 2012). Alkaline fens belong to the richest habitats in rare, protected 
and endangered plant species in the Polish landscape (Krajewski et al. 2017). 

According to previous studies (Wołejko et al. 2012, Stańko et al. 2018) species 
that are characteristic of the alliance Caricion davallianae should be considered 
as species typical for alkaline fens. These include, for example: Carex buxbaumii, 
Carex davalliana, Carex flava, Carex lepidocarpa, Carex panicea, Gentianella ulig-
inosa, Polygala amarella, Eriophorum latifolium, Valeriana simplicifolia, Juncus 
subnodulosus, Schoenus ferrugineus, Eleocharis quinqueflora, Equisetum variega-
tum and Juncus alpino-articulatus (= J. alpinus). The characteristic species of the 
alliance, occurring (at least theoretically) in a larger number of associations, in-
clude: Bryum pseudotriquetrum, Campylium stellatum, sedges: Carex flacca, Carex 
hostiana and Carex pulicaris,Dactylorhiza incarnata, Dactylorhiza majalis, Epipac-
tis palustris, Fissidens adianthoides, Limprichtia cossonii, Liparis loeselii, Parnassia 
palustris, Pinguicula vulgaris, Primula farinosa, Scorpidium scorpioides, Sesleria 
caerulea (=S. uliginosa), Swertia perennis, Tofieldia calyculata and Valeriana dioi-
ca. The presence of these species usually indicates a good condition of ecosystems 
belonging to specific alkaline fens (Stańko et al. 2018). Due to the rich and wide-
ly available literature (identification keys, atlases, including electronic ones), we 
present only photographs of selected plant species here, partly presented in the 
Guidebook on alkaline fens conservation (“Podręcznik dobrych praktyk w ochro-
nie torfowisk alkalicznych”– Stańko et al. 2018).
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Typical species, yet obviously non-exclusive for alkaline fens, also include spe-
cies that are characteristic of higher syntaxa like the class Scheuchzerio-Caricetea 
fuscae, e.g.: Baeothryon alpinum, Calliergon giganteum, Carex dioica, Carex chord-
orrhiza, Carex diandra, Carex lasiocarpa, Carex limosa, Cinclidium stygium, Erio-
phorum gracile, Hamatocaulis vernicosus, Helodium blandowii, Limprichtia revol-

Photo 29: Tofieldia 
calyculata 

(photo by R. Stańko).

Photo 30: Carex Davalliana 
(with Dactylorhiza majalis 

in the background)
 (photo by R. Stańko).

Photo 31: Carex lepidocarpa 
(photo by K. Kiaszewicz).

Photo 32: Carex panicea 
(photo by K. Kiaszewicz).

Photo 33: Carex pulicaris 
(photo by R. Stańko).

Photo 34: Primula farinosa 
(photo by R. Stańko).
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Photo 35: Schoenus 
ferrugineus (photo by E. 

Gutowska).

Photo 36: Flowering fen 
orchid Liparis loeselii on a 
sedge moss fen dominated 

by Paludella squarrosa 
(photo by R. Stańko).

Photo 37: Saxifraga hirculus 
(photo by R. Stańko).

Photo 38: Eleocharis 
quinqueflora

 (photo by R. Stańko).

Photo 39: Juncus 
subnodulosus

 (photo by R. Stańko).

Photo 40: Eriophorum 
latifolium 

(photo by R. Stańko).

vens, Meesia triquetra, Menyanthes trifoliata, Paludella squarrosa, Pseudocalliergon 
trifarium, Saxifraga hirculus, Sphagnum teres, Sphagnum warnstorfii, Sphagnum 
contortum, Stellaria crassifolia, Tomentypnum nitens, Pedicularis palustris, Pedicu-
laris sceptrum-carolinum, Triglochin palustre and Warnstorfia exannulata.



62

Photo 41: Swertia perennis 
(photo by R. Stańko).

Photo 42: Pedicularis 
palustris (with Dactylorhiza 
majalis in the background) 

on one of the flush fens 
upstream of the Bembeński 

stream (Czarna Orawa) 
(photo by R. Stańko).

Photo 43: Flowering 
Triglichin palustris

 (photo by R. Stańko).

Photo 44: Equisetum 
variegatum 

(photo by R. Stańko).

Photo 45: Postglacial relict - 
Betula humilis

 (photo by E. Gutowska).

Photo 46: Postglacial relict 
–Baeothryon alpinum

(photo by E. Gutowska).

Typical species for mountain flush fens include Carex flava, Carex panicea, 
Eriophorum latifolium, Epipactis palustris, Tofieldia calyculata, Carex davalliana, 
Carex dioica and Valeriana simplicifolia, and the physiognomy of the fen is also 
determined by Equisetopsida, tuft-like sedges and Crepis paludosa.
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Photo 47: Salix lapponum 
(photo by E. Gutowska).

Photo 48: Meesia triquetra 
(photo by E. Gutowska).

In general, however, it is impossible to provide good, specific floristic or phy-
tosociological identifiers for alkaline spring fens, including flush fens. Their veg-
etation is usually built from species with broad ecological amplitudes, and spe-
cies with Caricion davallianae are not always  present. In these cases, to identify 
the natural habitat of 7230, the ecology of the ecosystem must be crucial, not its  
vegetation or flora alone.

It is worth mentioning that in the practice of nature conservation monitoring 
there are four lists of species of plants associated with the 7230 habitat, differing 
slightly in detail:
–  list of species considered characteristic of habitat 7230 in GIOS monitoring 

(state environmental monitoring);
–  list of species considered characteristic of habitat 7230 in ITP monitoring 

(monitoring of the agri-environmental program);
–  list of index species – qualifying agri-environmental plots  to use the “Mecho-

wisko” (“Sedge - Moss Fen”) variant as part of the agri-environmental pro-
gram from PROW 2007–2013;

–  list of index species – qualifying agri-environmental plots for the use of the 
“Torfowiska” (“Peatland”) variant as part of the agri-environmental and cli-
matic program of the PROW 2014–2020 (except for species associated with 
the natural habitat 7230 containing species associated with other types of 
peatlands).
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These lists are further provided in Chapter 11 on monitoring.
Lists of species typical of alkaline fens also exist in other EU countries (e.g., 

Chytry et al. 2001, Beutler & Beutler 2002, Verbücheln et al. 2004, Polak & Saxa 
2005, Aunina 2013 and Bundesamt für Naturschutz 2017), often also constitut-
ing an element in the methodology of monitoring and assessment of the state of 
this natural habitat. They are similar, but may differ in detail due to the diversity 
of flora, sometimes different habitat preferences of species in different parts of 
their range, but also due to the regional history of use and transformation of al-
kaline fens as well because of  differences in interpretation of this type habitat in  
individual countries.

Photo 49: Flowering Carex dioica 
(photo by R. Stańko).

Photo 50: Sphagnum teres 
(photo by R. Stańko).

Photo 51: Cinclidium stygium
 (oval leaves) with some Paludella 
squarrosa (photo by R. Stańko).

Photo 52: Pseudocalliergon trifarium 
– a species associated with the most 

hydrated fragments of fens and reservoirs 
within them (photo by R. Stańko).
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Photo 55: Carex 
chordorrhiza 

(photo by R. Stańko).

Photo 56: Carex diandra 
(photo by R. Stańko).

Photo 57: Valeriana dioica 
(photo by R. Stańko).

Photo 58: Parnassia 
palustris 

(photo by R. Stańko).

Photo 53: Blooming 
Dactylorhiza majalis and 

blooming Menyanthes 
trifoliata (on the right)  
(photo by R. Stańko).

Photo 54: Blooming 
Pinguicula  vulgaris 

surrounded by Limprichtia 
cossonii 

(photo by R. Stańko).
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Photo 59: Paludella 
squarrosa with 

Helodium blandowii and 
Aulacomnium palustre 
(photo by R. Stańko).

Photo 60: Hamatocaulis 
vernicosus 

(photo by R. Stańko).

Photo 61:Tomentypnum 
nitens (photo by R. Stańko).

Photo 62: Helodium blandowii 
(photo by R. Stańko).

Photo 63: Scorpidium scorpioides 
(photo by R. Stańko).
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4. THE FAUNA OF ALKALINE FENS 

4.1. General aspects

Andrzej Jermaczek, Paweł Pawlaczyk, Rafał Ruta

Most animals are capable of movement; utilizing different components of the 
environment they are able to actively move between them in search of food, a 
mate or a refuge to safely survive under disadvantageous conditions. The home 
territorial ranges of larger species often comprise several sometimes very different 
types of habitats. Alkaline fens occur in the landscape to – with just few exep-
tions in Poland - as features usually of a small, more rarely, medium-size, forming 
complexes or even a mosaic with other wetland, aquatic, or forest habitats. Thus, 
it is difficult to describe fauna specific for such a type of habitat as alkaline fens, 
i.e., habitat 7230 in a narrow sense, with the exemption of animals of a small size, 
relatively less mobile. They inhabit microbiotopes of an area of several or a dozen 
or so square kilometers, and usually are highly specialized, e.g., some snails, of 
which alkaline fens-specific fauna is described later on in a separate section of this 
chapter. 

Typical well-developed alkaline fens account only for a small fraction of one 
percent of the land area in Poland. The largest and the only truly vast complex of 
alkaline fens in our country encompasses the Biebrza Marshes. Over significant 
areas, these fens are the dominating habitat type in the landscape, and this is why 
they play an unquestionable role as the main refuge for many species in Poland. 
Thus, fauna typical of alkaline fens can be identified exactly in this area along with 
several other locations in northeastern Poland. 

The elk Alces alces is undoubtedly the largest animal belonging to the speci-
ficity of landscapes dominated by alkaline fens. Although it lives in a mosaic of 
environments comprised mostly of complexes of alder swamp forests and shrubs, 
and also large forest-wetland complexes (with seasonally changing fluctuations of 
occurrence sites). At least in some parts of the year it prefers to feed in open or 
semi-open fen areas. It is commonly stated that by foraging on suckers of trees and 
shrubs’ sprouts it undoubtedly contributes to the preservation of an open charac-
ter of the habitat and succession retardation. This mechanism may be important, 
for example, in the preservation of alkaline fens in the Biebrza Valley (Bokdam et 
al., 2002, Middleton et al., 2006). In the documentation of Conservation Measures 
Plan prepared for the Biebrza Valley (Weigle 2014) it was even proposed to recog-
nize the elk as a key species for the 7230 habitat. It was noted there that loose wil-
low thickets, arising on the Biebrza alkaline fens as a result of secondary succes-
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sion, only in case of elk presence, may represent a stable form of vegetation in the 
natural habitat 7230, still supporting the diversity of plant species (although not 
birds) typical of open mires. However, this issue is not unequivocal: other studies 
from the Biebrza (Devriendt 2012) suggest, however, that gnawing shoots and the 
flow of nutrients generated by elks can even accelerate the expansion of willows. 

The beaver Castor fiber is the second mammal influencing the condition of 
alkaline fens, especially in complexes of habitats transformed by humans. The im-
pact of the beaver on the peatland includes the biting and cutting trees and shrubs, 
but above all changing the water conditions by building dams there. In many cas-
es, such damming is beneficial for peatlands. The authors of the documentation 
for the Conservation Measures Plan for this Natura 2000 site (Weigle 2014) point 
to the positive role of beavers in maintaining the proper hydration of alkaline 
fens in the Biebrza valley. From the Bieszczady National Park, cases of improving 
flush fens hydrology were described as a result of beaver activity (J. Korzeniak 
in IOP PAS 2018). Positive effects of beaver dams on hydration of spring mires 
were recorded on the Żytkiejmska Struga in Puszcza Notecka (Pawlikowski and 
Jarzombkowski 2010), as well as in the Ilanka valley in Lubusz (central-western 
part of Poland), where beavers additionally built up on wooden partitions (built 
for mire conservation purposes)  and in the Lubowo peatland in Radwia valley, 
where thanks to the beavers the construction of artificial dams on ditches was 
unnecessary at all. A similar impact of beavers blocking ditches was recorded on 
the Głógno peatland in Ostoja Piska, on Zocie peatland, in the “Jeziorko koło 

Photo 64: The elk Alces alces in the fen landscape on the Biebrza River 
(photo by Ł. Łukasik).
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Drozdowa” (Lake near Drozdowo) nature reserve and on several peatlands in the 
Augustowska Primeval Forest (Stańko & Wołejko 2018a). Beaver dams on Luciąża 
(river) favor the protection of the Bęczkowice peatland near Łódź, and dams on 
ditches stabilize the water conditions of the Śniatycze peatland in the Lublin re-
gion (Stańko & Wołejko 2018b).

On the other hand, some alkaline fens as a result of blocking the outflow 
through the beaver dam may be flooded, which may transform the vegetation 
- usually by disappearance of valuable phytocoenoses and moss fen’s species in fa-
vor of common rushes. The total flooding and destruction of the moss fen, on the 
place of which an open water table was created, was described in the Ilanka val-
ley. Flooding causing the transformation of the vegetation (expansion of rushes, 
including reed beds), was described in the Pliszka valley and Młodno nature re-
serve. In the Bagno Parchacz  (Parchacz swamp) in the upper Rospuda valley after 
flooding by beavers, the depletion of the moss layer was noted (Stańko & Wołejko 
2018a). Alkaline fens, from which - as a result of spring water feed - short streams 
with relatively large flows often outflow, are above-average impacted, because the 
same topographical conditions favor the location of beaver dams there.

The reaction of the mire to water accumulation caused by beavers can, how-
ever, be varied. Kujawa-Pawlaczyk and Pawlaczyk (2014) described in the Puszcza 
Drawska an example of an alkaline fen, Storczykowe Mechowisko (Orchid Moss 
Fen), which was flooded by beavers, but the characteristic vegetation survived as 
a result of the fen surface raising, a few months after the flooding. Such emersive 
reactions of alkaline fens to the beaver damming may be more frequent. On one 
of the mires in the Szeszupa valley, beavers’ damming caused the fen to rise, not 
flood, although other patches in similar conditions were flooded and degraded, 
and reed communities developed in their place.

The varied reactions of the moss fens on the water raising by beavers were re-
corded in the Czarna Hańcza valley: on some sites, the moss fen was degraded and 
replaced by reeds’ rush, but on other sites the highly hydrated moss fens (Stańko 
& Wołejko 2018a) remained. It seems that the condition of the site plays a crucial 
role: well-preserved have a much greater ability to respond to raising the water 
level with vertical movements of their surface – the flooding of the surface is then 
less probable. It is also important what kind of water is being raised. Submerging 
and flooding alkaline fens with eutrophic river water usually results in significant 
changes in vegetation and loss of fen specific species. On the other hand, when the 
blocked ditch or the river supports the mesotrophic soligenous waters that filter 
through the fen, the functioning of the alkaline fen ecosystem can be preserved.

The flooding by beavers was indicated as a threat to 7230 natural habitat in 
established conservation measures plans for Natura 2000 sites: Ostoja Lidzbarska 
PLH280012 and Dolina Kakaju PLH280036. As part of the protection of alkaline 
fens, the installation of overflow devices (so called Clemson’s device) limiting the 
beavers damming was necessary, for example, in the Pliszka and Ilanka valleys 
in Lubuskie, by the lake Wierzchołek in Wielkopolska, in the Dłużnica valley in 
Bory Tucholskie Forest, in the Bukowskie Bagno in the Drawska Forest (Stańko 
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and Wołejko 2018a). The installation of pipes regulating the water level on the 
beaver dams was included as a conservation measure for habitat 7230 in the 
conservation measures plan for the Natura 2000 sites: Dolina Górnej Rospudy 
PLH200022, Dolina Pliszki PLH080011, and in the already mentioned Ostoja 
Lidzbarska PLH280012 and Dolina Kakaju PLH280036. For Natura 2000 sites: 
Pojezierze Sejneńskie PLH200007 and Dolina Szeszupy PLH200016 such solu-
tion was proposed. Further such examples from nature reserves are quoted in 
Chapter 8.

The impact of beavers on alkaline fens is generally more complex and is only 
an element of the broader issue of the impact of this species on the functioning of 
entire catchments and landscapes (see, for example, Biały & Załuski 1994, Collen 
& Gibson 2001, Kobojek 2005, Janiszewski et al. 2014, Campbell-Palmer et al. 
2016, Putock et al 2017). For alkaline fens, the following phenomena may be par-
ticularly important:
1.  inhibiting and slowing down the drainage of fen, as a result of modification 

of fluvial processes and rising the water table in watercourses in the vicinity, 
constituting the hydrological basis of such drainage;

2.  groundwater supply from wetlands and beaver flooding (pools), which in the 
long term may stabilize underground water outflows at the catchment scale, 
crucial for alkaline fens;

3.  the impact of beaver feeding on tree and herbal vegetation of fens.In particu-
lar, it seems that in strongly transformed landscapes where mires are present, 
the activity of beavers can be an important factor in the restoration of the 
landscape together with the mechanisms of its functioning, improving at the 
same time also the conditions for the functioning of peatlands of all types, 
including alkaline fens. However, knowledge about such consequences of bea-
vers’ activities is so far poor, and the possibilities of accurate prediction of 
such effects - very limited. It seems, however, that across a wider spatial and 
time scale, beavers have played a positive role in the shaping and restoration 
of conditions promoting the development of alkaline fens. 
Birds typical of wetland complexes comprising alkaline fens are represented 

by at least a dozen or so species, mostly rare and endangered. Among them, the 
common snipe Gallinago gallinago belongs to the most widely distributed all over 
the country and relatively least demanding, nesting even in small several-hec-
tare forest or mid-field fen complexes. However, the structure of the vegetation 
is important for this bird to occur, namely it has to provide shelter for the birds 
and their nests but should not restrict their movements and feeding. Such small 
patches are often feeding grounds for the green sandpiper Tringa ochropus which, 
however, nests on the fringes, most often in abandoned thrushes’ nests. 

On the other hand, the second of the snipe species nesting in Poland, the great 
snipe Gallinago media, requires large fen complexes. For this reason, only 400 – 
500 displaying males have been reported to exist in our country (Chodkiewicz 



71

et al. 2015). The most abundant breeding areas can be found only in Podlasie, 
most of all in the Biebrza Marshes, where 16 active tooting grounds1 were record-
ed in 2017 (Chief Inspectorate of Environmental Protection data). Both tooting 
grounds and breeding places are concentrated most often on sedge-moss fens rep-
resenting the natural habitat presented herein (Korniluk & Piec 2017).

Fens bordering open areas (croplands, meadows, pastures) are inhabited by 
the northern lapwing Vanellus vanellus, still encountered all over the country and 
populations of other plover birds, several decades ago present throughout Poland: 
the common redshank Tringa totanus, black-tailed godwit Limosa limosa and the 
Eurasian curlew Numenius arquata occur already only in a few, larger fen com-
plexes and floodplains comprising extensively used grasslands, mostly pastures. 
The numbers of black-tailed godwit (common redshank?) in Poland have been es-
timated at only 1,500 – 2,000 pairs, black-tailed godwit at 1,000 – 1,500 pairs, and 
Eurasian curlew at 250 – 300 pairs (Chodkiewicz et al. 2015). Vast areas encom-
passing alkaline fens in north-eastern Poland, most of all in the Biebrza Marshes, 
are an optimal biotope for these birds and one of their last refuges. 

1 A lek is a gathering of males for the purpose of competitive mating displays that occur within 
a chosen communal territory called a “tooting ground.” 

Photo 65: Common snipe Gallinago gallinago (photo by M. Sarat).

do wyjasnienia
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Photo 66: Great snipe Gallinago media (photo by Ł. Łukasik).

Photo 67: Black-tailed godwit Limosa limosa (photo by M. Sarat).
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Two factors occurring in combination are important for the whole above-de-
scribed group of species, namely low vegetation during early spring and constant 
and stable flooding of habitats throughout the nesting season that protects them 
from predators and humans. For these reasons, large areas well supplied with wa-
ter, incorporating alkaline fens, belong to their preferred biotopes. Due to com-
mon defense of nesting sites from predators, optimal habitats are those in which a 
dozen or so pairs of plovers – the northern lapwings, common redshanks, black-
tailed godwits, Eurasian curlew – can nest next to each other. Such a group of 
birds creates a kind of “protective umbrella”, discouraging predators from plun-
dering broods. Only then is the production of young high enough to allow then 
to function in a long-term perspective. As the quality of birds’ habitat and density 
deteriorates, the disintegration of this protective mechanism causes that preda-
tion destroying breeding becomes a decisive factor of shrinking populations. For 
many species, especially plovers, alkaline fens are an important stopover site dur-
ing migration. For instance, big flocks of ruffs Philomachus pugnax stop, feed and 
toot on elevations in the midst of open sedge fens. 

Also, a large group of small bird species belonging to passerines Passerofor-
mes is associated with fens, of which the aquatic warbler Acrocephalus paludicola, 
no other species of bird is so strongly associated with sedges typical of alkaline 
fens (Tannenberg & Kubacka 2018). Its population in Poland, estimated at 3,200 
– 3,250 of singing males (Chodkiewicz et al. 2015), constituting ca. 20% of the 
entire global population and 95-98% of EU population, is concentrated most of all 
in north-eastern Poland, in the Biebrza River and Narew River Valleys. Over 80% 

Photo 68: Ruff Philomachus pugnax (photo by Ł. Łukasik).
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of the Poland population nests in the Biebrza National Park, exactly in complexes 
dominated by alkaline fens. 

Natural, stable, mesotrophic alkaline fens, with low and loose sedge-moss 
vegetation, are the only permanent habitats for Aquatic Warblers with no need 
for human intervention. In all other habitats, this species can survive only on con-
dition of mowing, with the need for active conservation measures the higher the 
more eutrophic - and therefore the less alkaline – is the fen covered with rushes 
(Lachman 2013, Tannenberg & Kubacka 2018). 

 Habitat complexes, including alkaline fens, also harbor many other bird spe-
cies. Even small patches with high sedges and willow trees scattered here and there 
are inhabited by the sedge warbler Acrocephalus schoenobaenus, reed bunting Em-
beriza schoeniclus, common grasshopper-warbler Locustella naevia, and meadow 
pipit Anthus pratensis. Larger complexes of sedge fens are biotopes of the corncrake 
Crex crex, spotted crake Porzana porzana, garganey Anas querquedula, northern 
showeler Anas clypeata, white-winged tern Chlidonias leucopterus, and many oth-
ers. Mires, especially those in forests, are often breeding biotopes for crane Grus 
grus None of the aforementioned species is closely tied to alkaline fens, they also 
colonize flooded areas, valleys of large rivers, some can be found on transition 
mires, calcareous mires and other more or less open wetlands; however, for many 
of them complexes involving alkaline fens are close to optimal habitats and key to 
their population survival. In many cases, especially in western and central Poland, 
a lot of these complexes have vanished due to ill-conceived artificial drainage or 
abandoning of agricultural land use which contributed to the preservation of the 
open character of these habitats.

The needs of birds can be a significant factor in the protection of alkaline fens, 
especially when it comes to shaping the structure of their vegetation. In the ma-
jority of cases, the optimal condition of the mire means also the optimal habitat 
condition for the most valuable species of birds, and the threats to mires and their 
birds are similar (see eg Wojtak & Kitowski 2001). Sometimes, however, there are 
some differences in the needs of conservation objectives, but rather no conflicts 
between them. If, for example, the presence of loose willow thickets often does not 
significantly affect the alkaline fen flora (species typical for habitat may sometimes 
survive even in loose bushes), but for birds are a very important factor because 
some peatland’s species do not tolerate trees and shrubs in their habitat and for 
others such a mosaic is even preffered.

Fauna of alkaline fens’ invertebrates abounds in rare, endangered and pro-
tected species, and may result from the wetland nature of these habitats, and not 
necessarily from the specifity of alkaline fen itself. In the case of most invertebrate 
groups, we do not know whether their populations on alkaline fens have their 
specificity corresponding to the specific features of this type of habitat, or are these 
bands typical of all sedge wetlands. This is due to the small number of faunistic 
studies so far, in which alkaline fens were separated as a separately studied habi-
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Photo 69: Sedge warbler Acrocephalus schoenobaenus (photo by Ł. Łukasik).

Photo 70: Reed bunting Emberiza schoeniclus (photo by Ł. Łukasik).
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tat, distinguishing them from other, similarly physiognomic wetlands. More data 
comes from Chełm calcarous fens - specific alkaline topogenic fens formed on a 
substrate rich in calcium carbonate.

In the complexes with alkaline fens, you can meet most of the national species 
of dragonflies, but none of them are characteristif for this habitat. The diversi-
ty of mire odonatofauna is usually positively influenced by the presence of open 
waters - on the mire itself or in its vicinity, eg lakes, streams, or larger rivers, and 
even ditches. In the alkaline fen, due to, usually occurring, underground water 
supply, such micro-habitats are quite frequent what result in numerous dragonfly 
fauna. For example, on a small mire in Prosna river valley, Pawlak and Wilżak 
(2012) found 20 species of dragonflies, Gutowska et al. (2016) in the Rospuda val-
ley - similarly 20 species, Rekowska et al. (2014) on the Pomeranian Mechowisko 
Radość - 14 species, Wołejko et al. (2015) on Bukowskie Bagno in the Drawska 
Forest - 18 species, and Bociąg et al. (2014) in the Kruszynek moss fen in Bory 
Tucholskie - as many as 23 species. Relatively often, the Large white-faced dart-
er Leucorrhinia pectoralis (species included in Annex II of the Habitats Direc-
tive) was found on the alkaline fens, although on the calcareous fen near Chełm 
Buczyński (2008) pointed out the small population of this species there. The oc-
currence of species such as the yellow-spotted emeral Somatochlora flavomacu-
lata and the northern emerald Somatochlora arctica is also repeatable. Among 
the valuable components of odonatofauna recurring on alkaline fens are also: 
moorland hawker Aeshna juncea and subarctic darner Aeshna subarctica, dark 

Photo 71: Corncrake Crex crex (photo by Ł. Łukasik).
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whiteface Leucorrhinia albifrons, lilypad whiteface Leucorrhinia caudalis, banded 
darter  Sympetrum pedemontanum and black meadowhawk Sympetrum danae. 
In the Mechowiska Sulęczyńskie nature reserve, the observation (Bociąg et al., 
2015) of pygmy damselfly Nehalennia speciosa - a rare, protected species consid-
ered more related to dystrophic lakes surrounded by a moss fens and a collar of 
narrow-leaved sedges - was a surprise. For example, on alkaline fens in the Rospu-
da river valley, the strictly protected Norfolk damselfly Coenagrion armatum was 
noted. The presence of Ornate Bluet Coenagrion ornatum (Bernard & Michalczuk 
2012) can be connected with the moss fens and small, spring-like watercourses 
within them, although it is extremely rare in Poland.

Among insect species, butterflies are a relatively well-studied group. Among 
butterfly taxons linked with mires, more species are typical of transitory mires 
foraging on species occurring therein – cranberry and bog bilberry. One of the 
species of this group - cranberry blue Plebejus optilete - is often also found in 
moss fens, which sometimes adjoin with pine forests and birch bogs. The especial-
ly large copper Lycaena dispar can be considered as a species preferring alkaline 
fens and related wetland environments. It has a wide distribution spectrum, but 
fringes of alkaline fens with vegetation including large rumex species (Rumex hy-
drolapatum, Rumex crispus) are undoubtedly their optimal habitat. Meadow and 
fen edges and dried mown alkaline fens with abundant bistort Polygonum bistorta 
growth are an optimal biotope for the violet copper Lycaena helle. Both species are 
protected by Polish and European law (Habitat Directive Annex II and IV).

Photo 72: Yellow spotted Leucorhinia pectoralis (photo by Ł. Łukasik).
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Alkaline fens are also a typical biotope of another butterfly species from An-
nexes II and IV of the Directive - false ringlet (Coenonympha oedippus), currently 
occurring in these habitats in the Narew National Park, in the Biebrza Valley, on 
the Chełm marshes and in the Zamość region (Sielezniew 2012).

On alkaline fens, the protected common ringlet Coenonympha tullia, whose 
caterpillars feed on cotton wool and sedges, are relatively common. On several 
moss fens, both in eastern and western Poland, there was a rare, peatland butterfly 
species - false heath fritillary Melitaea diamina. A species typical for sedges is the 
large chequered skipper Heteropterus morpheus. Of the more interesting species 
also recorded in the moss fens were: scarce heat Cohenonympha hero, Pallas’ fri-
tillary Argynnis laodice and cranberry fritillary Boloria aquilonaris. For butterflies 
occurring, among others on the calcareous fens near Chełm belongs a represent-
ative of the owlet moths - Diachrysa zosimi  and Chariaspilates formosaria. Both 
species, threatened with extinction, are noted in the Polish Red Book of Animals 
(Głowaciński & Nowacki 2004).

On the Pomeranian moss fens (Rekowska et al. 2014, Bociąg et al. 2014, Bo-
ciąg et al., 2015), ants - European fire ant Myrmica rubra and Myrmica scabrinodis, 
as well as narrow-headed ant Formica exsecta and found in boreal and mountain 
regions, oligotermic and hygrophilous Formica picea  - are noted regularly.

Among the beetle species on the mires, some are species with a broad ecolog-
ical spectrum, preferring various types of wetlands. Many species, however, show 
distinct, though often poorly identified, preferences towards specific types of 
mires, including alkaline fens. Studies of beetles from Carabidae in the New York 

Photo 73: Large copper Lycaena dispar (photo Ł. Łukasik).
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area (Liebherr & Song 2002) indicated their distinctive selectivity - the groups 
on acid peat bogs and alkaline fens were diametrically different from each other.
These dependencies probably concern other geographical areas and other groups 
of beetles, which can be deduced from partial data available from the Polish mires. 
Among Staphylinidae the species regularly observed on alkaline fens is Acylopho-
rus glaberrimus, known among others from Bukowskie Bagno in the Drawska 
Forest (Wołejko et al., 2015). The related Acylophorus wagenschieberi species is an 
indicator of the good conservation status of the transitional mires (Ruta 2009), 
but sometimes - for example in the Mechowiska Sulęczyńskie in Pomerania (Bo-
ciąg et al., 2015) - it also occurs on alkaline fens. Other Staphylinidae associat-
ed with the discussed habitat are the common Pselaphus heisei, known among 
others from Mechowiska Sulęczyńskie and Atanygnathus terminalis, Erichsonius 
cinerascens, Euconnus rutilipennis, Eusphalerum minutum, Stenus boops, Stenus 
crassus, Tetartopeus sphagnetorum, known from the Bukowskie Bagno. With the 
mentioned Staphylinidae coexist higrophilous Carabidae, eg Oodes helopioides. 
Spercheus emarginatus and Bagous lutulentus was observed on a small mire in 
the Drawska Forest. In detritus on the border of the moss fen and the water table, 
for example in the Bukowskie Bagno and Kuźnik Olsowy lake, there is Sphaerius 
acaroides, less than a millimeter long - the only representative of the suborder 
Myxophaga in the national coleopterofauna. Not much is known about water bee-
tles accompanying alkaline fens. Data from Chełm calcareous mires (Buczynski & 
Przewoźny 2010) indicate a higher number of species, such as, for example, Hy-
droporus angustatus, H. notatus, H. tristis, H. umbrosus, Enochrus ochropterus and 
Limnebius parvulus, within mires, than in neighboring water basins. Some beetles 
are associated with microhabitats that form within alkaline fens. Observations of 
the Laccornis oblongus from the United Kingdom indicate that it is tied to small, 
shallow, moss-covered depressions in mires (Foster 2010). The small Bladderwort 
flea beetle, Longitarsus nigerrimus, develops on common bladderwort growing in 
water-filled mire’s depressions. A strong population of this species occurs in the 
Bukowskie Bagno nature reserve. Also, habitats associated with alkaline fens, such 
as the outflow of calcium-rich waters, are naturally valuable for beetles, eg Eubria 
palustris - the only European representative of the Psephenidae family, widespread 
in the tropics (Ruta et al., 2011). This beetle is regularly found on mountain flush 
fens, much less frequent on the lowlands.

From the Orthoptera order, on the alkaline fens, the following are regularly 
found: large marsh grasshopper Stethophyma grossum and the Conocephalus dor-
salis. In Germany, (Beutler & Beutler 2002) Pseudochorthippus montanus, Chrys-
ochraon dispar, Euthystira brachyptera and Metrioptera brachyptera were also con-
sidered to be species associated with the discussed peatlands.

Other groups of insects associated with alkaline fens are poorly recognized in 
Poland. In Germany, species associated with the described habitats are considered 
to be, among others, flies from the hoverflies family (Syrphidae) - Parthelophilus 
frutetorum and Tropida scita (Beutler & Beutler 2002).
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Only a few alkaline fens have been studied in terms of arachnofauna, though 
it can also be interesting. For example, in the Mechowiska Sulęczyńskie nature 
reserve in Pomerania, (Bociąg et al., 2015) 39 rare, on the national and European 
scale, species of spiders were found, of which as many as 14 are bioindicators 
and even tyrfobionts. Silometopoides sphagnicola is a species relatively recently 
scientifically described from the Taimyr peninsula in northern Siberia, and its 
position in the reserve turned out to be the first in Europe. Thermidion hemer-
obium is a new species in the fauna of Poland. Until now, Satilatlas britteni was 
known only from the Świętokrzyskie Mountains and from the Biebrza river val-
ley, this is the third stand of this spider in Poland. Likewise,  known earlier only 

Fig. 32. Beetles of alkaline fens: A – Spercheus emarginatus (body length: 5,5 mm), 
B – Acylophorus glaberrimus (8 mm), C – Euconnus rutilipennis (1,8 mm), 

D – Pselaphus heisei (1,7 mm), E – Eubria palustris (3 mm), 
F – Longitarsus nigerrimus (2 mm).
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from the Biebrza Valley. Very rare and endangered species in the country include 
Trichopterna thorelli and Gnaphosa nigerrima, as well as Scotina palliardi, Rober-
tus ungulatus and Silometopus elegans. In turn, Sitticus caricis, Pirata tenuitarsis, 
Notioscopus sarcinatus, Hypselistes jacksoni and Agyneta cauta are hydrophilous 
species found almost exclusively on mires.Many groups of animals linked with 
watercourses and water bodies (e.g., dragonflies, caddis-flies, mayflies) live in a 
mosaic of environments, however at different stages of the life cycle, utilizing 
also the surrounding or neighboring fen complexes. Patches of permanently 
waterlogged land, such as peat bogs, beaver backwaters or overgrowing oxbow 
lakes, support the occurrence of many groups of organisms within fens, especial-
ly amphibians, mollusks and many groups of insects (caddis-flies, dragonflies, 
mayflies, water beetles, and others). In this context, most often fauna of fens with 
more diverse structure are richer, also in endangered species despite that, para-
doxically, the heterogeneity of habitats has often been caused by anthropogenic 
factors, i.e., different forms of former use. In a similar way, beavers contribute 
to increased species diversity and the occurrence of many rare and endangered 
species, while eliminating others and sometimes worsening the condition of the 
plant communities typical of this habitat, by transforming environment to satisfy 
their needs. 

4.2. Terrestrial snails of alkaline fens 

Zofia Książkiewicz-Parulska

The high constant humidity and basic pH of alkaline fens make them a fa-
vorable environment for terrestrial snails. They are inhabited, for instance, by 3 
species of protected snails of the genus Vertigo (Vertiginidae family): Desmoulin’s 
whorl snail Vertigo moulinsiana (Dupuy, 1849) (Fig. 33A), the narrow-mouthed 
whorl snail Vertigo angustior Jeffreys, 1830 (Fig. 33B), and Geyer’s whorl snail 
Vertigo geyeri Lindholm, 1925 (Fig. 33C). They have been included in the Habitat 
Directive Annex II (EEC 1992) and also in the IUCN Red List of Threatened Spe-
cies (IUCN 2014). Moreover, Desmoulin’s whorl snail and the narrow-mouthed 
whorl snail are under strict species protection in Poland (The Act of April 16, 
2004 on the Nature Conservation (Journal of Laws of 2004, No 92, item 880). 
According to the IUCN Red List, of the above-mentioned three snail species, 
only Geyer’s whorl snail shows a stable population trend in Europe (Killeen et 
al. 2011), while a declining number of localities was evidenced for Desmoulin’s 
whorl snail and the narrow-mouthed whorl snail (Killeen et al. 2012, Moorkens 
et al. 2012) in Irland, Germant, France, Belgium and The Netherlands. It is be-
lieved that such situation is caused, for instance, by changes in habitat’s hydrology 
(mostly drop of water level), fragmentation, transformation of habitats due to 
succession and improper active protection (e.g., cessation of extensive land use) 
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or incorrect land use (e.g., intensive grazing) (Killeen et al. 2012, Moorkens et 
al. 2012). On the other hand, in some countries (also in Poland) the number of 
known stands of these species is higher than few years ago. It is, however, a result 
of better recognition of the species’ distribution rather than an actual increase of 
the species’ localities.  

The small size of the terrestrial  snails (their shell does not exceed 3 mm in 
height) and the type of their habitats (usually wetlands which are difficult to ex-
plore by humans) have contributed to insufficient knowledge of the distribution 
of these snails in Poland. For instance, in 2004 Geyer’s whorl snail was not found 
in Poland, though it was suspected to occur in the area of Białowieża (Pokryszko 
1990). In addition, only 3 localities for Desmoulin’s whorl snail and ca. 30 local-
ities for the narrow-mouthed whorl snail have been known (Pokryszko 2004a, 
b). Poland’s accession to the European Union in 2004 involved a countrywide 
inventory of natural resources within the Natura 2000 network. The field inven-
tory in the areas of State Forests was conducted in 2007, later, the surveys were 
carried out also on other areas. These studies contributed to the description of 
new localities of vertiginid snails (e.g., Książkiewicz 2010). Currently, the litera-
ture contains description of ca. 30 localities for Geyer’s whorl snail (e.g., Horsák 
& Hájek 2005, Schenková et al. 2012, Zając et al. 2012, Książkiewicz et al. 2015, 
Pokryszko et al. 2016, Gawroński et al. 2016), over 50 localities for Desmoulin’s 
whorl snail (e.g., Myzyk 2005, Książkiewicz 2010, Lipińska et al. 2012, Sulikows-
ka-Drozd 2014, 2015, Książkiewicz et al. 2015, Szlauer-Łukaszewska et al. 2015, 
Przybylska 2016), and more than 100 localities for the narrow-mouthed whorl 
snail (e.g., Książkiewicz 2010, Książkiewicz et al. 2012, Książkiewicz et al. 2015, 
Szlauer-Łukaszewska et al. 2015) in Poland. In recent years, knowledge of the 
biology and ecology of the whorl snails and their microhabitat requirements has 
increased (e.g., Kuczyńska & Moorkens 2010, Myzyk 2011, Hettenbergerová et al. 
2013, Książkiewicz-Parulska et al. 2018). 

Wet alkaline habitats also host other representatives of the Vertigo genus, 
e.g., the marsh whorl snail Vertigo antivertigo (Fig. 33D) and striated whorl snail 
Vertigo substriata (Fig. 33E). Both these species can be found on lowland alka-
line fens and montane spring fens (e.g., Książkiewicz 2010, Książkiewicz – un-
published data). On the other hand, Vertigo pygmaea can be found in habitats 
characterized by different levels of humidity (from dry to wet) Pokryszko 1990). 
In addition, a whorl snail of the Columella genus, Columella edentula, may also 
occur in alkaline fens (Książkiewicz 2010).

The above-described whorl snails are sometimes accompanied by Pupil-
la pratensis (Fig. 33F), a representative of the Pupilidae family. The shell of this 
species is barrel-shaped and its height reaches ca. 4.5 mm (von Proschwitz et 
al. 2009). Not much is known about the occurrence of this species in Poland; it 
is probably due to incorrect description/recognition of this species – wrongly 
described as Pupilla muscorum - a similar to P. pratensis and very common in 
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Poland Pupilla species. Currently, six localities for P. pratensis are known in the 
country. One of them, in Upper Silesia, was described in 1883 (Goldfuss 1883), 
but modern data on the occurrence of P. pratensis in this area are lacking. Other 
localities have been reported in the Lubusz region, Great Poland (Książkiewicz 
& Gołdyn 2013) and the Podlaskie Province (Horsák et al. 2012, Książkiew-
icz-Parulska et al. 2015). In Norvay von Proschwitz (2010) discribed this species 
on wet alkaline habitats. 

The other species that occur in alkaline fens is Vallonia enniensis (Fig. 33G). 
Its shell is flattened, while the spire is slightly elevated, and the shell width reach-
es 2.5 mm (Wiktor 2004). It is thought that V. enniensis is endangered with ex-
tinction, although its distribution within its range is poorly recognized (Wiktor 
2004). The species has been included in the IUCN Red List of Threatened Species 
with DD category (data deficient – status difficult to assess due to the lack of data, 
Mollusk Specialist Group, 1996) and in the Red List of Threatened Animals in 
Poland (category NT, Wiktor & Riedel 2002). In Poland, it is known from a few 
localities in the Lubisz region, Greater Poland, Mazovia, Podlasie, Lublin Upland 
and Lesser Poland (Wiktor 2004, Książkiewicz-Parulska & Pawlak 2016). Two 
other representatives of the grass snail family (Valloniidae) that can also be found 
in habitat 7230, are the ribbed grass snail Vallonia costata (O. F. Müller 1774) and 
smooth grass snail Vallonia pulchella; however the first mentioned species may 
also be foud in a drier environments (e.g., Wiktor 2004, Welter-Schultes 2012).

Two representatives of the Ellobiidae family may be found in alkaline fens 
in Polnd: the herald thorn Carychium minimum and dentate thorn Carychium 
tridentatum. Both species are very common in the country and frequently coexist 
in the same habitat. Carychium minimum, however, is found more often in wetter 
microhabitats than C. tridentatum (e.g., Książkiewicz-Parulska & Ablett 2017) 
Both species have a similar Carychium tridentatumwhitish, tower-shaped shell 
reaching 2.2 mm in height (Wiktor 2004). These species are often found with the 
dwarf snail Punctum pygmaeum, a member of the Endodontid family (Endodon-
tidae) having a flattened shell with a slightly elevated spire; its shell width reaches 
1.6 mm and height 0.8 mm which makes them the smallest terrestrial snails in 
Poland (Wiktor 2004). This tiny snail is often found on the acid base of beech 
forests, although larger populations form on alkaline habitats (Welter-Schultes 
2012).

Habitat 7230 also hosts other common snail species, e.g., the crystal snail 
Vitrea crystallina, pellucid glass snail Vitrina pellucida, rayed glass snail Neso-
vitrea hammonis, black gloss snail Zonitoides nitidus, glossy pillar snail Cochl-
icopa lubrica and brown slug Deroceras laeve. You can also find there species 
of snails tolerating acidic substrate, e.g. pellucid glass snail Vitrina pellucida or 
rayed glass snail Nesovitrea hammonis (Welter-Schultes 2012). Also, some less 
common species may be found in Polish fens, such as the robust pillar snail Coch-
licopa nitens or the shiny hive Euconulus alderi as well as the Roman snail Helix 
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pomatia, which is (although common but commercially harvested) under partial 
protection in Poland.

Characteristics of whorl snails species occurring in Poland, 
included in the Habitats Directive Annex II

Desmoulin’s whorl snail Vertigo moulinsiana
Desmoulin’s whorl snail (Fig. 33A) is a calcicole species. Its native range is 

the Atlantic to Mediterranean Sea. (Pokryszko 1990). In Poland, its distribution 
is limited to the lowland part of the country, included into the continental bioge-
ographic region (Lipińska et al. 2012). Desmoulin’s whorl snail occurs mostly in 
young-glacial landscape and habitats accompanying early stages of lake succes-
sion (Książkiewicz & Gołdyn 2015).

High groundwater level seems to be one of the most important factors in-
fluencing the distribution of Desmoulin’s whorl snail (Killeen 2003). Represen- 
tatives of this species are most abundant in the microhabitats where the water 
level oscillates around the ground surface (Tattersfield & McInnes 2003). For this 
reason, alkaline fens and sedge meadows are favorable for the occurrence of this 
species (e.g., Książkiewicz 2010). Localities for this species very often are scat-
tered along river valleys, which seems to be associated with both the availability 
of convenient habitats (Książkiewicz 2010) and also with the possibility of pas-
sive dispersion with stream current (Myzyk 2005, Killeen 2003).

Desmoulin’s whorl snail can be relatively easily observed in natural habitats 
because it shows a tendency to climb plants (even to the height of 2 cm; Camer-
on 2003). Individuals of this species can be observed most abundantly on leaves 
and stems of monocotyledons in summer and late autumn (Killeen 2003). Adult 
snails more often than juvenile ones remain on plants also over winter (Książ- 
kiewicz-Parulska et al. 2018). Desmoulin’s whorl snail can be active till No-
vember if the weather conditions are favorable (Myzyk 2011). In localities near 
Sępolno (The Pomaraniam Province), Myzyk (2011) recorded the beginning of 
the breeding season in April/May and its end in July/August. The dynamics of 
this species population reveals fluctuations. Desmoulin’s whorl snail reaches the 
highest population densities usually in August – October, depending on the hab-
itat and weather conditions (Książkiewicz-Parulska & Ablett 2016). Duration of 
embryonic development depends on the temperature, and can last 10 – 67 days 
(related with the presence of fully developed shell); these snails reach maturity 
after 70 – 119 days, while their lifespan is 422 – 508 days (Myzyk 2011).
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Narrow-mouthed whorl snail Vertigo angustior
The narrow-mouthed whorl snail (Fig. 33B) has a European range (Pokrysz-

ko 1990); it is a calcicole species with climate-dependent changing preferences 
for humidity (Pokryszko 2004a). In Poland, it has only not been found at higher 
altitudes in the mountains (Karkonosze Mts., Babia Mt., Tatra Mts., Książkie- 
wicz et al. 2012). The localities for this whorl snail in Poland are open ones (e.g., 
Ksiązkiewicz 2010). In the lowlands, it occurs in microhabitats of a moderate hu-
midity, and most often it can be observed in sedge meadows or ridges of alkaline 
fens (e.g., Książkiewicz 2010, Książkiewicz et al. 2015). In the mountains, it pre-
fers more humid microenvironments and abundantly colonizes Valeriano-sedge 
spring fens (e.g., Książkiewicz et al. 2012).

The narrow-mouthed whorl snail lives within the litter layer and rarely climbs 
up vegetation. It can be found at the sedge leaf base in late autumn where it climbs 
up to a height of 10 – 15 cm (Cameron 2003). In Poland, this snail begins repro-
duction in March and ends it in July/August (Myzyk 2011). It reaches the highest 
density (even over 1 200 individuals/m²) usually in September or October, de-
pending on habitat type and weather conditions (Książkiewicz-Parulska & Ablett 
2016). Depending on the temperature, its embryonic development lasts from 11 
to 16 days, it reaches sexual maturity (associated with fully developed shell) after 
40 – 55 days, and its lifespan is 200 days (Myzyk 2011). The narrow-mouthed 
whorl snail (both adult and juvenile) spends the winter in microhabitats rich in 
mosses and litter (Książkiewicz-Parulska et al. 2018).

Geyer’s whorl snail Vertigo geyeri
Geyer’s whorl snail (Fig. 33C) is a Boreal-Alpine species probably endem-

ic to Europe (Kerney 1999). This species has been recorded in humid and wet-
land habitats, including alkaline fens, calcareous fens with Cladium mariscus, 
and transition mires (e.g., Cameron et al. 2003; Horsák & Hájek 2005, Ksiązk-
iewicz-Parulska et al. 2015). It is linked with microhabitats with high relative 
humidity (over 80%) and a high level of groundwater (ca. 0.1 m below ground 
surface) (Kuczyńska & Moorkens 2010). This snail lives among mosses and at 
the base of sedges (Cameron et al. 2003). The biology of Geyer’s whorl snail is 
not known. Until recently, in Poland, it was only known from subfosyl positions, 
later it was thought to occur only in eastern Poland, but recently it was also found 
in Bukowskie Bagno in the Drawska Forest (Pokryszko et al. 2016) and in the 
Mechowisko Krąg reserve in Pomerania (Gawroński et al.). 
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Protection of whorl snails on alkaline fens: practical aspects 

The implementation of proper conservation measures is based on an assess-
ment of species distribution, monitoring of population condition and habitat sta-
tus, among other things. At present, knowledge of the distribution of Desmou-
lin’s, narrow-mouthed and Geyer’s whorl snails in Poland is decidedly better than 
even 15 years ago, though still incomplete. However, countrywide monitoring is 
limited to some specific areas occupied by these species. Of course, increasing the 
number of sites surveyed within the monitoring program remains difficult due 
to financial and personnel constraints. However, since a decline in the number 
of localities for Desmoulin’s and narrow-mouthed whorl snails has been noted 
throughout its whole distribution range (due to, for example, improper land use) 
(Killeen et al. 2012, Moorkens et al. 2012), it is recommended to increase the 
number of sites where the populations and habitats of these species are surveyed. 

Moreover, the currently used monitoring methods comprise (especially in 
the case of the narrow-mouthed whorl snail) a time-consuming analysis of sam-
ples collected during field study. Moreover, the sample collection is connected 
with the killing of snails (not only those under examination) and interference 
with the environment, often protected (e.g., Książkiewicz et al. 2012, Lipińska et 
al. 2012). Recent studies have demonstrated that it is possible to apply decidedly 
less invasive methodology that is more beneficial for the whorl snails (and other 
co-occurring species). These new methods are based on counting snails in the 
field, by which reliable results can be obtained (Książkiewicz-Parulska & Gołdyn 
2017). Such a method was tested for Desmoulin’s and narrow-mouthed whorl 
snails. Therefore, the implementation of such a live and more efficient monitor-
ing procedure would be worth considering in the future. 

The implementation of measures aiming to actively protect whorl snails is 
still rare in our country. Usually they involve the realization of well-considered 
schedules of extensive mowing programs (taking into account, for example, snail 
species and habitat size). Such actions improve both the condition of the snail 
population and their habitat (Książkiewicz 2014). At present, such programs are 
in progress, with a satisfactory outcome at several localities for Desmoulin’s and 
narrow-mouthed whorl snails in the valleys of the Ilanka River and Pliszka River 
(Lubuskie voievodship). However, the significance of appropriate mowing plan, 
its intensity (delineation of correct habitat parts), frequency (i.e. mowing of cho-
sen fragment of the habitat once every 2-3 years), and schedule determined by 
type of habitat as well as snail species, should be stressed. Such procedures car-
ried out in an incorrect way (i.e. intensive mowing with heavy equipment) can 
worsen the status of the protected molluskan population. 
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Fig. 33. Presentation of terrestrial species: Desmoulin’s whorl snail Vertigo moulinsiana 
– A; narrow-mouthed whorl snail Vertigo angustior – B; Geyer’s whorl snail Vertigo 

geyeri – C; marsh whorl snail Vertigo antivertigo – D; striated whorl snail Vertigo 
substriata – E; Pupilla pratensis – F; Vallonia enniensis – G 

(source: Z. Książkiewicz - Parulska).
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5. ECOSYSTEM ECOLOGY
Filip Jarzombkowski, Ewa Gutowska, Katarzyna Kotowska

5.1. Ecology of an ecosystem with favorable conservation 
status 

The character of each ecosystem mostly depends on a combination of plant, 
animal and microorganism populations and the abiotic habitat they change (Tans-
ley 1935). Elements composing a biocenosis were described in chapters 3 and 4, 
therefore attention will be focused here on the biotope.

Each live alkaline fen has two layers: the lower permanently waterlogged, 
called the catotelm, and the upper named acrotelm (Ivanow 1953). The catotelm is 
a dead peat bed underlying the acrotelm, which besides constant waterlogging, is 
characterized by a lack of oxygen and aerobic microorganisms and the presence of 
a few anaerobic organisms (Ilnicki 2002). The acrotelm is a layer at fen surface ca. 
0.5 m deep composed of living organisms (plants, animals and microorganisms) 
which is characterized by fluctuations of water level connected with aeration of 
peat depositing therein. An alkaline fen can remain alive and constantly grow if 
the water balance is positive (i.e., the water inflow has to be equal or greater than 
the outflow) because only in such a situation do accumulation processes surpass 
decomposition processes. An appropriate water balance to ensure ecosystem sta-
bility significantly depends on a proper groundwater level which, in undisturbed 
fens, annually fluctuates within the range of a dozen or so centimeters as a ma- 
ximum (Jabłońska et al. 2011). In practice, even if the water level subsides by a 
dozen or so centimeters due to capillary rise, the surface peat layer is permanently 
humid and water is available to plants. Such conditions are favorable for the accu-
mulation of peat containing dead plant residues sometimes with tufa deposition 
(Ilnicki 2002). These depositi can form in exceptional situations when fen-feeding 
water has appropriate chemical composition (high content of calcium carbonate), 
and cyanobacteria, chlorophyta, stoneworts and special species of mosses grow at 
water outlets, which is conducive to the deposition process (Szulc 1983, see also 
chapter 2.6). In properly conserved fens, owning to the presence of water, the peat 
bed is preserved in the whole profile and the surface layer does not show signs of 
decay.
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Photo 74: A habitat properly saturated with water with well-developed moss layer 
(photo by E. Gutowska).

Photo 75: A habitat properly saturated with water with well-developed moss layer 
(photo by E. Gutowska).
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Hence, an appropriate amount of water with specific composition is one of the 
most significant factors determining the existence of alkaline fens (Sjörs 1950). 
A considerable supply of water rich in calcium and magnesium ions assures an 
alkaline pH of the fens (pH ranging from 5.5 to 8.5). At the same time, sedge-
moss fen-supplying waters contain limited amounts of biogenes, like nitrogen and 
phosphorus, which, due to binding with calcium or iron hydroxide ions, precipi- 
tate yielding salts unavailable to plants (Olde Venterink et al. 2003, Grootjans et 
al. 2006). The vegetation of sedge-moss fens may differ depending on the quanti-
tative N:P ratio (Pawlikowski et al. 2013). 

Alkaline fens can develop gradually both around lakes having appropriate 
chemical composition of water (topogenous type of fens) and in river valleys or 
other geomorphological systems where groundwaters discharge at the surface and 
soligenous percolating fens (Dembek & Oświt 1992). Alkaline fens of topogenous 
type are supplied by lake waters while sedge-moss fens most often develop in the 
shallowing parts of a water body. Soligenous fens use groundwater which is often 
discharged to the surface under pressure and then percolates through the peat 
bed, securing appropriate conditions for vegetation development.

The type of water supply to fens is reflected by vegetation contributing to de-
velopment of its different zones, which can be observed for instance in the Rospu-
da River Valley. Most often riparian forests wet pine-birch forests or correspond-
ing forest types connected with the water flow develop along its mineral edge, 
followed by a sedge-moss fen zone, which the closer to the river assume a more 
rush character (due to the impact of flooding), and they transition into reeds or 
alder forests (Jabłońska et al. 2011). The development of such a system is possible 
only in undisturbed ecosystems; however, due to overwhelming human impact, 
model examples of favorably conserved fens are very scanty in Poland.

Therefore, the conservation status of an alkaline fen can be judged as favorable 
when:
1. supply by waters with appropriate chemical composition (see chapter 2.6) is 

preserved and undisturbed,
2. peat forming process is in progress,
3. ecological processes typical of fens are preserved and undisturbed (including 

those leading to limitation of biogene availability which results in preserva-
tion of vegetation specific for this type of fens).
Detailed indices of such status, which were proposed to be used in monitoring 

of the natural environment, are presented in chapter 11. 
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5.2. Ecosystem ecology during degradation and regeneration 
 
The degeneration processes of alkaline fens in Poland can be natural, but more 

often they are triggered by human activity (Ilnicki 2002). Most frequently they 
result from distortion of hydrological conditions, agricultural land use and the 
fragmentation of habitats (Herbichowa & Wołejko 2004). The remaining distur-
bances, e.g., succession, changes in species composition or eutrophication, are 
secondary to those mentioned above but no less important and lead to serious 
consequences for sedge-moss fen vegetation. 

Favorable conservation status of alkaline fens, by definition, excludes the  
existence of drainage systems. No drainage ditches existed in natural sedge-moss 
fens and natural drainage system, if existing, developed freely. In some situations 
(especially in the mountains or more sloped areas), water erosion processes in 
undisturbed fens progressed spontaneously without any human impact, leading 
either to worsening of habitat status or even to its disappearance. It is also visible 
in many lowland fens where the habitat disappears along the water outlet (most 
often the river) but remains properly developed in the central or edge parts (e.g., 
Jabłońska et al. 2011). In spite of this, in a majority of cases humans were responsi-
ble for the degradation of the alkaline fens. Most of all it was caused by the need to 
increase plant production, and the drainage infrastructure was the principal way 
to achieve this goal (Ilnicki 2002, van der Linden 1982, van Diggelen et al. 2006).

Photo 76: Drainage ditch in the mire near the Księże Lake (photo by E. Gutowska).
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The subsidence of the water table is dependent on the distance between the 
ditches and their depth (Braekke 1983). If the drainage system facilities are pres-
ent in the fen, by definition the habitat status should be considered as distorted. 
The impact zone of the drainage ditches extends from several to several tens of 
meters, which is determined by the ecological conditions (Okruszko 1969a, Il-
nicki 2002). For instance, if a network of drainage ditches is present in the alkaline 
fen, even when the ditches are several hundred meters apart, the water table will 
be lowered and the drainage will be accelerated, especially along the ditches and 
channels. It can be manifested by development of tall herb communities or rush 
type vegetation along the ditch and a reduction of the contribution of characteris-
tic habitat 7230 species. Moreover, due to the availability of oxygen (Mannerkoski 
1985) and biogenes from decomposed peat, such areas often began to be over-
grown by shrubs or trees (Jeglum 1974).

Overgrowth of drainage ditches does not always eliminate their impact. The peat 
structure in overgrown ditches is very often less compact than in the remaining parts 
of the peat bed, which results from the fact that peat depositing over several tens of 
years will be more permeable than that accumulated over hundreds or thousands 
of years (see Baden & Eggelsman 1963, Ilnicki 2002). As a result, despite ditch 
overgrowth, the water will still be able to flow faster to the outflow than through 
the remaining part of the peat bed.

Photo 77: Willow thickets in Pakosław Mire (photo by E. Gutowska).
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The hydrological conditions can be changed not only by the increased outflow 
but also by a reduced groundwater inflow to alkaline fens. The most common 
cause of this situation is a significant groundwater abstraction in the catchment 
where the fen is located. If in the fen catchment area there are, for instance, green-
houses utilizing large amounts of water abstracted from the groundwater, or if 
the fen is located within the reach of a cone of depression, such as a large city or 
a mine, it can lead to reduced water supply to the fen. As a consequence, the fen 
lacks an adequate amount of water to remain sufficiently hydrated and conse-
quently the peat surface layers dry out. 

Dehydration of the peat bed changes the air and water conditions of the upper 
peat layer (Ilnicki 2002). The availability of oxygen triggers peat decomposition 
and its transformation into moorsh which is accompanied by a release of nutri-
ents to the environment Moorsh, which has an aggregated structure, unlike peat 
having a fibrous structure, cannot transmit water by capillary rise as efficiently as 
undecomposed peat (Ilnicki 2002), which aggravates water deficit in the upper 
peat bed layer and prevents the development of species specialized at living at 
low oxygen availability (plants, animals, fungi and other microorganisms). As a 
result, the vegetation changes, and sedges and species that need wet and basic soil 
to grow disappear while – depending on the ecosystem characteristics – rush or 
meadow species emerge and, if agricultural use has been abandoned, shrub and 
tree species also follow (van Diggelen et al. 2006). All of them can function only 

Photo 78: Changes in fen vegetation structure caused by dewatering: encroachment of 
meadow species (photo by E. Gutowska).
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when the soil fertility is greater than that found in alkaline fens, which addition-
ally limits the availability of light at the fen bottom. Next, low species typical of 
alkaline fen withdraw (e.g., Liparis loeselii, Carex limosa, Carex lasiocarpa), and 
the moss layer almost completely perishes (Kotowski & van Diggelen 2004).

Examples of complete damage of alkaline fens due to drainage have been de-
scribed. The Wizna Fen was overgrown by mossy sedge communities with Her-
minium monorchis before drainage only a half a century ago, while now it is cov-
ered by birch forest with nettle undergrowth (Kołos 2004). Tomaszewski (1998) 
described the destruction of a spring fen near Gostyń in Wielkopolska. In recent 
years, habitat 7230 on the Mechowisko Całowanie (Całowanie Moss Mire) in the 
Mazovia has vanished despite conservation attempts (see chapter 8.2.2). Hundreds 
of other alkaline fens were destroyed without any documentation of this process.

Another impact which significantly affects the status of alkaline fens is related to 
their use. In the natural state, owing to the ecological conditions, these ecosystems did 
not need agricultural use for development. However, after artificial drainage systems 
were constructed in fens in order to improve management of wetlands and increase 
crop production, without extensive use, especially mowing, habitat 7230 disappears 
as a result of succession. Pratotechnical measures have positive effect on the environ-
ment but they cause compaction of peat (Schipper et al. 2007), sometimes they can 
also damage sward and unify the landscape, which happens especially when heavy 
equipment is used (e.g. adapted groomer-like equipment) (Kotowski et al. 2013). Peat 

Photo 79: Changes in vegetation structure caused by peat soil degradation: 
encroachment of nitrophilous plants (photo by Ewa Gutowska).
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compaction during land use can lead to the formation of the compressed layer 
which in some cases can disturb the chemistry of the water available to plants 
(Schot et al. 2004). It hinders access of alkali-rich underground water to surface 
peat layers, and it is replaced by nutrient-poor precipitation water. This is followed 
by oligotrophization and acidification processes which can be aggravated by the 
presence of drainage ditches lowering the groundwater table.

The next phenomenon contributing to the degeneration of alkaline fens is re-
lated to habitat fragmentation. Apart from the physical damage of parts of sedge 
moss fens, habitat fragmentation facilitates the penetration of undesired species 
(including alien ones) and is important for proper fen hydrology. For instance, 
the construction of a road through the Rospuda River Valley mires would cause 
irreversible habitat damage along the road, and would additionally alter water 
flow directions within the whole ecosystem which could lead to disadvantageous 
changes in the sedge moss vegetation. 

The above-described phenomena lead to the degradation of habitat 7230. Sub-
sequent implementation of conservation measures is very difficult and requires 
vast knowledge on the functioning of a particular ecosystem. As mentioned above, 
the disruption of the hydrological relations is of key importance to disturbances 
in sedge moss fens, and it primarily should be remedied because it can even disar-
range the effect of agricultural use (Kołos & Banaszuk 2018). Habitats only slightly 
transformed, where sedge moss vegetation still exists, require an improvement of 

Photo 80: Ruts resulting from mowing with heavy equipment 
– the Upper Biebrza River Basin (photo by Ewa Gutowska).
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the hydrological conditions by, for instance, blockage of ditches and removal of 
trees and shrubs every several years and/or the elimination of undesired species 
(Mälson et al. 2010). If conservative measures are properly chosen, disadvanta-
geous phenomena should fade in parallel with an improvement of the conserva-
tion status of the habitat. In heavily degraded habitats, such measures are insuffi-
cent and, in addition to improvement of hydrological conditions, it will probably 
be necessary to remove the surface moors layer and decomposed peat that are a 
source of biogenes hindering the development of low, light-preferring species as-
sociated with alkaline fens (Wołejko et al. 2012). It appears that it is required to re-
move the decomposed peat from the whole fen area because otherwise problems 
with eutrophication in the surrounding areas can affect the restored patch. Such 
a situation can be described as a “reset” of the fen development and a restoration 
of its status from several hundred years ago. Unfortunately, this procedure is very 
expensive and not always successful.

Photo 81: Fen mowing with light equipment prevents sward damage 
– the Upper Biebrza River Basin (photo by Ewa Gutowska).
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6. HABITAT 7230 
IN THE EUROPEAN UNION

Paweł Pawlaczyk

The EU Habitats Directive, as one of its tools, imposes on Member States an 
obligation of surveillance of their natural resources of protected habitats and spe-
cies, and periodical preparation of reports regarding their status in accordance 
with the unified European format. The most recent reports were submitted in 
2013 and cover the period from 2007 to 2012. One has to be aware that the data 
contained therein are biased by often uneven interpretation of particular natural 
habitats in different countries and imprecise evaluation of habitat area. Neverthe-
less, data collected in this way provide an interesting picture

According to the reports submitted by EU Member States for 2007 ‒ 2012, the 
total area of habitat 7230 in the whole European Union was estimated at 534,600 
ha. The resources in Sweden (222,000 ha) and Finland (160,000) contribute most 
to this area. In this classification, France ranks third with 35,600 ha and Poland 
fourth ‒ declaring 25,600 ha. Little Estonia declared only slightly smaller resourc-
es amounting to 23,900 ha (Tab. 2). 

However, if the assessment of the Polish resources of the habitat realistically 
set at about 10.1 thousand ha (see chapter 7.1), Poland would fall to the sixth place 
in the European Union, overtaken by Estonia and Ireland.

According to the declared data, in boreal countries (Estonia, Finland and Swe-
den) ca. 50 ha is covered by alkaline fens per each 100 km2, although in the Scandi-
navian mountains this number rises to 162 ha (Fig. 34).  In Poland, this indicator 
amounts to ca. 8 ha/100 km2 which, however, is twice as high as in Lithuania and 
Slovenia, four times greater than Germany, and five times higher than in Latvia. 
Even if the Polish estimate of habitat 7230 area were reduced to a more probable 
value of 10 100 ha (see chapter 7.1), the mentioned indicator would amount to 
3,3 ha/100 km2, which is still a relatively high value, though in European ranking 
Poland still would be worse that France and Latvia (Tab 2).
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Table 2. Resources of alkaline fens (habitat 7230) declared by EU Member States 
according to Article 17 of the Habitats Directive for 2007 ‒ 2012. Source: author’s 
compilation based on EIONET data http://art17.eionet.europa.eu/article17/re-
ports2012/

Member State
EU Member 

State area, 
thousands km2

Declared area 
of alkaline fens 

(7230), ha

Alkaline fens in 
landscape
ha/100km2

Estonia 45,3 23 900 52,7
Finland 337,5 167 000 49,5
Sweden 449,7 222 250 49,4
Denmark 43,2 9 000 20,8
Ireland 69,9 13 020 18,6
Austria 83,9 8 500 10,1
Poland 311,9 25 600 8,2
France 638,4 35 950 5,6
Lithuania 64,9 3 000 4,6
Hungry 93,0 2 500 2,7
Slovakia 49,0 992 2,0
Germany 358,0 6 802 1,9
Italy 300,7 5 573 1,9
Latvia 64,6 900 1,4
United Kingdom 244,5 3 330 1,4
Slovenia 20,3 230 1,1
Spain 506,0 5 377 1,1
Bulgaria 111,0 221 0,2
Romania 238,4 285 0,1
Greece 132,1 150 0,1
Belgium 30,7 19 0,1
Czech Republic 78,9 42 0,1
Holland 37,4 11 0,0

For the purpose of environmental statistics, the European Council and subse-
quently the European Union adopted the division into the so-called biogeograph-
ical regions: Alpine, Atlantic, Boreal, Black Sea, Continental, Macronesian, Pan-
nonian, Steppic and Mediterranean (outside Europe, also Anatolian and Arctic). 
Most alkaline fens (259,000 ha) are located in the Boreal region. Resources in the 

http://art17.eionet.europa.eu/article17/reports2012/
http://art17.eionet.europa.eu/article17/reports2012/
http://art17.eionet.europa.eu/article17/reports2012/
http://art17.eionet.europa.eu/article17/reports2012/
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Alpine region are also considerable (178,000 ha)2. The third in terms of the 7230 
habitat resources ranks the Continental region (57,800 ha) and the fourth – the 
Atlantic region (32,000 ha). The whole Mediterranean region was reported to har-
bor 3,000 ha of the habitat, and the Pannonian region 2,500 ha.

A majority of the Poland’s territory is located in the Continental region; only 
the Carpathians belong to the Alpine region. 

The 7230 habitat resources in the Alpine region in Poland are estimated at ca. 
600 ha, which on a European scale is not significant, representing only 0.3% of 
alkaline fens in this region. 

2 The Alpine biogeographical region, despite its name, encompasses not only the Alps but also 
insular parts in the Pyrenees, Carpathians, Dinaric Alps, Scandinavian Mts. and small parts of 
the Apennine Mts. 

Fig. 34. Occurrence areas of habitat 7230 in the European Union, as declared by Member 
States in reports submitted according to Article 17 of the Habitats Directive  

for 2007 – 2012. Source: author’s compilation based on EIONET  
data: http://art17.eionet.europa.eu/article17/reports2012/.

http://art17.eionet.europa.eu/article17/reports2012/
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Fig. 35. Conservation status of habitat 7230 in the European Union and its trends 
(- deterioration, = stability, + improvement) as declared by Member States  
in reports according to Article 17 of the Habitats Directive for 2007 – 2012. 

Source: author’s compilation based on EIONET 
data: http://art17.eionet.europa.eu/article17/reports2012/.

However, in the Continental region, Poland, with the declared area of alkaline 
fens of ca. 25,000 ha, would be the country with the largest resources of this hab-
itat in the European Union. Even if the Polish estimate of alkaline fen area were 
reduced to 15,000 ha, it would correspond to 31% of European resources in this 
region, although in this case Poland would be outranked by France – reporting 
18,600 ha of this habitat.

The unfavorable conservation status of alkaline fens in Poland is not an ex-
emption in Europe. In the whole European Union, only Sweden and Finland de-
clared favorable conservation status of habitat 7230 for their mountain fens (Al-
pine region), but not in lowlands (Boreal region), and Greece – for its 150 ha of 
alkaline fens in the Mediterranean region (Fig. 35).

http://art17.eionet.europa.eu/article17/reports2012/
http://art17.eionet.europa.eu/article17/reports2012/
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7. THE CURRENT OCCURRENCE AND 
DISTRIBUTION OF ALKALINE FENS 

IN POLAND 

7.1. General characteristics of alkaline fen resources in Poland 

The first attempt to carry out inventory of alkaline fens in Poland made by the 
Naturalists’ Club (Wołejko et al. 2012) resulted in mapping 872 sites with the total 
area of ca. 1410 ha. Since then, the catalog of alkaline fens has been systematically 
extended and updated both using our data and data obtained from nature con-
servation services resulting from preparation of conservation plans and plans of 
conservative measures for particular subjects of nature conservation.

At the time of publication of this book, the database comprised 1425 sites, 
i.e., by 63% more than in 2012. However, their total area was revised to 10,173 ha. 
It is a result of more detailed mapping of the range of particular habitat patches, 
especially the range of habitat 7230 patches in its most important Polish refuge, 
i.e., the Biebrza River Valley within the framework of preparation of the plan of 
conservative measures for Natura 2000 site Dolina Biebrzy (Biebrza River Valley) 
PLH200008 (Weigle 2016).

As many as 592 sites are located in the Alpine biogeographical region, i.e., in 
the Carpathians. However, they are mostly tiny flush fens and their total area is ca. 
210 ha; the largest alkaline fen in this region covers ca. 19 ha and the size of only 
40 of them is greater than 1 ha.

The remaining 833 sites covering a total area of 9,960 ha belong to the Conti-
nental biogeographical region.

Since the catalog includes also partially degraded fens, the area resulting from 
this listing is significantly greater than the area of patches with typical vegetation 
of this habitat. 

The database of alkaline fens in Poland is made available by the Naturalists’ 
Club at http://alkfens.kp.org.pl/o-torfowiskach/ogolnopolska-baza-mechowisk/.

http://alkfens.kp.org.pl/o-torfowiskach/ogolnopolska-baza-mechowisk/
http://alkfens.kp.org.pl/o-torfowiskach/ogolnopolska-baza-mechowisk/


102

7.2. Areas and centers of occurrence of habitat 7230 of key 
significance to its conservation in Poland: characteristics 
of regional resources. 

An overview of vital areas for the conservation of alkaline fens in Poland has 
been presented in the report: “Program ochrony…” (Wołejko et al. 2012). The 
territory of Poland was divided into 6 large units reflecting the diverse origin and 
character of the landscape. If necessary, smaller units (of mesoregion rank) were 
defined within them and characterized (Kondracki 2011).

In the present publication, we present an updated version of an overview of 
key areas of concentration of alkaline fens. Many sites have been a focus of de-
tailed studies and evaluations in recent years. The present listing aims mainly to 
facilitate access to these resources and also to update knowledge on their conser-
vation (or restitution) status.

The main body of detailed data was obtained in the course of projects realized 
by the Naturalists’ Club. More detailed characterization of particular fens exam-
ined within these projects was published by Stańko and Wołejko (2018a, 2018b). 
Both, results of regional projects (Jermaczek et al. 2009, Kujawa-Pawlaczyk and 

Fig. 36. Areas of concentration of alkaline fens in Poland (Wołejko et al. 2012, updated) 
within 6 regions of Poland: young-glacial lowlands of Northwestern Poland, young-

glacial lowlands of Northeastern Poland, central Poland – Central-Poland Lowland Belt, 
Uplands, Carpathians and Sudetes.
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Pawlaczyk 2014, 2015) and other numerous papers and documentations have 
been included.

For practical reasons, in the present publication the territorial division of Po-
land into 6 main units was maintained: Northwestern Poland (A), Northeastern 
Poland (B), Central Poland – Central-Poland Lowland Belt (C), Uplands (D) Car-
pathians (E) and Sudetes and Sudete Foothills (F). 

Northwestern Poland

This region is conventionally bounded on the west and on the east by valleys 
of the Oder River and the Vistula River. The Baltic Sea coastline constitutes its 
northern border, while the southern border is delineated by the S line of max-
imal extent of North Poland Glaciation marked by marginal landforms of the 
Leszno Phase (Kondracki 2011). However, in practice, regions of the Pomerania 
Lakelands are the most important. In particular, river valleys, primarily formed in 
the deglaciation process, and depressions of different origin, most often with lakes 
currently at different stages of terrestrialization, played a significant role in the de-
velopment of alkaline fens. Variable geological landforms dominated by moraine 
glacial till and sorted sands and gravels of sandurs are essential for the chemical 
character and composition of groundwater supporting the fens (Herbich 1994, 
Wołejko 2000, Osadowski 2010).

In terms of the administrative division of Poland, this area occupies the  
Zachodniopomorskie Voivodeship and parts of the Pomorskie Voivodeship and 
Kujawsko-Pomorskie Voivodeship located west of the Vistula River.and north-
ern parts of the Lubuskie Voivodeship and Wielkopolskie Voivodeship. Accord-
ing to data from the Naturalists’ Club database, 235 patches of habitat 7230 in 
this region cover an area of ca. 1450 ha in total. Several distinct areas of alka-
line fen concentration can be distinguished. They are situated in the following 
mesoregions (Kondracki 2011): Białogard Plain, Słupsk Plain, Polanów Heights, 
Choszczno Lakeland, Drawsko Lakeland, Bytów Lakeland, Cassubian Lakeland, 
Gorzów Plain, Drawa Plain, Wałcz Lakeland, Szczecinek Lakeland, Gwda River 
Valley, Krajna Lakeland, Charzykowy Plain and in the Tuchola Forest. A few but 
important sites were preserved in the Lubuskie Lakeland, especially in the Torzym 
Plain. Several fens have also been recorded in the Toruń-Eberswalde Ice Marginal 
Valley.

Alkaline fens in the northern part of the Tuchola Forest

Robert Stańko

The Tuchola Forest is an expanse of large sandur plains having an area of over 
3,000 km2 covered by a complex of oligotrophic pine forests, one of the largest in 
western Poland, situated in two mesoregions: the Charzykowy Plain and the Tucho-
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la Forest. These are terrains with relatively diverse young-glacial landforms, inter-
woven by well-developed hydrographic grid and numerous water bodies, including 
many hard-water lakes dominated by Chara spp. More than 50 alkaline fens have 
been reported to be located mostly in the northern part of the complex.

Alkaline fens are encountered here most often in the vicinity of the lakes locat-
ed in vast, relatively shallow kettle depressions and also in narrow deep subglacial 
tunnel valleys. Diverse, concave landforms usually filled with sediments are the 
primary basis for development of alkaline fens gaining over time also hydrological 
support from groundwater. The hydrological relations of this area are determined 
by special geomorphological configuration. Waters supplying the alkaline fens 
originate from vast sand sandurs. Usually they form one main water-bearing ho-
rizon, while in the tunnel valleys located in the neighboring Cassubian Lakeland, 
several inter-moraine horizons are present (Herbich 1998a).

It is also noteworthy that carbonate formations are locally exposed, as near the 
source of the Kulawa River where alkaline mires are located in a nature reserve 
established, among others, for their conservation (see chapter 8). The geological 
structure of this river valley is partially associated with a broken natural barrier 
maintaining an earlier water level in postglacial reservoirs. In a part of the valley, 
erosion processes have uncovered the layers of calcareous gyttja and carbonate 
tufa (of spring origin) lining bottoms of old reservoirs and the seeping edges of 
river valleys (Prusinkiewicz & Noryśkiewicz 1975). Apart from alkaline mires, the 
localities of many calciphilous mesophilic species can be identified in this area. 
Small patches of interesting calciphilous vegetation regenerate also at locations of 
former excavation works, like in the site “Kopalnia kredy koło Zapcenia” (Chalk 
mine near Zapceń village).

This area is distinguished by the highest concentration of sedge-moss fens in 
all of northwestern Poland (ca. 7.5 fen/100km2) and by the best conservation sta-
tus and diversity of flora, especially in the fens located close to the lakes since they 
were not so easy to dewater. Special geomorphological features (biogene-poor san-
dur landscape, less suitable for agricultural use but rich in calcium carbonate lim-
iting natural and anthropogenic eutrophication processes) and probably historical 
factors enabled the survival here of the several best developed and conserved sites 
in the western Poland. The following are worth mentioning: Mechowisko Radość 
(Radość Moss Mire), Bagno Stawek (Stawek Swamp), Krąg Lake,

Księże Lake, Kruszynek, Zielona Chocina, Polgoszcz, Wieck, Zdrojno, Cypel 
area, Kulawa River Valley, Lipczynka River Valley, and Dłużnica River Valley. Most 
of these mires developed as a result of lake terrestrialization which is confirmed 
by their shallow peat beds directly overlying, mostly carbonate, gyttjas. It is also 
worth noting that these mires have huge potential for further stable development 
and expansion in size due to constant overgrowing of adjacent water bodies. 

The vegetation of the alkaline fens in this area is often presented as a reference 
for sedge-fens of northwestern Poland while these sites are mentioned among 
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the most dazzling natural sites (Stańko & Wołejko 2018a). At the best preserved 
sites, for example Bagno Stawek or Mechowisko Radość, relative large areas are 
occupied by already exceptionally rare in lowlands associations: Eleochritetum 
pauciflorae, Caricetum paniceo-lepidocarpae and Scorpidio-Caricetum diandrae. 
The mosaic of moss-low-sedge vegetation is complemented by the most common 
of lowland sedge-moss associations, namely Menyantho-Sphagnetum teretis. All 
the aforementioned associations are distinguished by the highest concentration 
of species in this part of Poland considered to be characteristic of the Caricion 
davallianae alliance and exceptionally rare species. Alkaline fens of the northern 
part of the Tuchola Forest are the largest refuge of Saxifraga hirculus in western 
Poland. In addition, these areas harbor probably the most abundant populations 
in western Poland of such species as: Liparis loeselii, Carex dioca, Carex chordor-
rhiza, mosses: Cinclidium stygium, Hamatocaulis vernicosus, Scorpidium scorpi-
oides, Limprichtia cossonii, Tomentypnum nitens, Helodium blandowii, Paludella 
squarros and species of the genus Campylium spp. Rarities of this area also include 
species occurring sporadically and increasingly rarely recorded in Poland: Pseu-
docaliergon trifarium and Messia triquetra. Sedge-moss fens are also overgrown 
by characteristic peat mosses: Sphagnum warnstorfii, Sphagnum subnitens and 
Sphagnum teres. A majority of fens harbor abundant orchid populations: Dacty-
lorhiza majalis, Dactylorhiza incarnata, Dactylorhiza fuchsii and the most abun-
dant Epipactis palustris. Low sedge vegetation and excellent water conditions 
of the best preserved fens (valleys) provide favorable conditions for growth of 
bladderworts including Utricularia australis, U. intermedia, U. minor, ochroleuca.

Some sites located in this area have been long known and are thoroughly de-
scribed in scientific literature, e.g., Bagno Stawek (Lisowski et al. 1965), however 
the majority of them have been identified and described in recent years (Gdaniec 
2010, Gdaniec & Markowski 2010, Gdaniec & Schutz 2010, Stańko et al. 2015, 
Kozub & Dembicz 2018). Mechowisko Radość, adjacent to the Luboń village, can 
be mentioned here as a specific case as it was discovered in 2008 and first de-
scribed as late as in 2009 as one of the most valuable alkaline fens in western 
Poland (Kujawa-Pawlaczyk et al. 2009, Stańko et al. 2015).

Observations and surveys carried out in recent years indicate that other still 
unknown alkaline fens can be discovered in this area. 

Knowledge on the alkaline fens in the Tuchola Forest was significantly ex-
tended and updated during documentation of valuable fens and drafting projects 
of their conservation realized by the Naturalists’ Club and Regional Directorate 
of Environmental Protection (RDOŚ) in Gdańsk in recent years. A synthetic de-
scription of the natural conditions of the most important sites and references to 
unpublished materials can be found in the following publications: Kiaszewicz & 
Stańko (2011a), Wołejko et al. (2012), Stańko & Wołejko (2018a).
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Photo 82: Mechowisko Radość of terrestrialization origin, a locality of yellow marsh 
saxifrage (photo by J. Kujawa-Pawlaczyk).

The alkaline fens of this area are protected in Natura 2000 refuges:  
Sandr Brdy (Brda River Sandur) PLH220001, Ostoja Zapceńska (Zapceń Refuge) 
PLH220057, Jezioro Krąg (Krąg Lake) PLH220070, Jezioro Księże (Księże Lake) 
PLH220104, Rynna Dłużnicy (Dłużnica River Gully) PLH220081 and Jeziora 
Wdzydzkie (Wdzydze Lakes) PLH220034; while those located at the site Nowa 
Brda PLH220078 still require inclusion in the list of protected sites (see chapter 8). 
Until the end of the last century, only one nature reserve protecting alkaline fens 
was established there, i.e., Bagno Stawek, created in 1977. The Kulawa River Valley 
Nature Reserve was established in 2009 (enlarged in 2009) while the next nature 
reserves created in the period 2014 – 2018 most of all to protect alkaline fens in-
clude: Mechowisko Radość, Kruszynek and Mechowisko Krąg (Lake Krąg Moss 
Mire) covering a total area of ca. 22 ha (Makowska et al. 2018). Their conservation 
was planned in parallel (Rekowska et al. 2014, Bociąg et al. 2014, Gawroński et al. 
2016). It is still necessary to establish the Zdrójno Nature Reserve and Trawnickie 
Lake Nature Reserve and to perform corrections of boundaries of Natura 2000 
sites (see chapter 8).
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Alkaline fens in the Kaszuby moraine landscape

Robert Stańko, Paweł Pawlaczyk

A concentration of alkaline fens is situated in three mesoregions: the Cassubi-
an Lakeland and the Żarnowiec Height split by the Reda-Łeba ice marginal valley. 
The moraine part  Kaszuby region, unlike the adjacent sandur areas, is charac-
terized by the presence of a few scattered alkaline fens, most of which are in bad 
shape. 

The southern edge of the Żarnowiec Heights is occupied by Torfowisko Orle 
(Orle Mire). Alkaline fens have been preserved here in the edge mineral zone of a 
very large wetland complex surrounding the lake. They originated from lake ter-
restrialization but at present they are situated 1 – 1.5 m above the water level; they 
are supplied by groundwater flowing from the northern and northeastern edge 
of the Żarnowiec Heights. Habitat 7230 at this location covers a coherent area of 
ca. 36 ha, which is rather exceptional in western Poland, and is characterized by 
the occurrence of an almost complete set of regional typical species, e.g., Lipar-
is loeselii, Dactylorhiza fuchsii, D. incarnata, D. maculata, D. majalis, Epipactis 
palustris, Polemonium coeruleum and bryophytes: Paludella squarrosa, Helodium 
blandowii, Tomenthypnum nitens and Hamatocaulis vernicosus. 

The fen is overgrown by vast patches of blunt-flowered rush Juncus subnodu-
losus, the population of which belongs to the largest in this region. Unfortunately, 
almost all resources of well-preserved alkaline fens are privately owned and the 
owners do not agree to the implementation of necessary conservation measures 
(Stańko 2011).

The sedge moss fen at the Bukowina River mouth to the Kamieniec Lake in 
the Sierakowice municipality is long known and given the signifying name of ei-
ther Jezioro Święte or Jezioro Kamienieckie. The terrestrialization mire fills the 
terrestrialized bay of this lake. The dominant communities include the Menyan-
tho-Sphagnetum teretis and the Caricetum diandrae, harboring, e.g., Helodium 
blandowii, Tomentypnum nitens and numerous orchids Dactylorhiza spp. (Utrac-
ka-Minko, unpublished).

The alkaline fen located in the area of the Zęblewo village in the Szemud mu-
nicipality is now occupied predominantly by meadows where only four patch-
es of typical vegetation (Menyantho-Sphagnetum teretis, sedge-moss fen form of 
the Caricetum rostratae) were preserved and called the Mechowiska Zęblewskie  
(Zęblewo Moss Mires). This habitat developed into several small patches in the 
edge zone of a small stream valley. The central part of this area is covered by heav-
ily flooded rushes, mostly reeds and tall sedges, surrounding a few ponds creat-
ed probably by beaver dams. The plant communities representing the habitat are 
characterized by a significant proportion of meadow species, which are now heav-
ily saturated with water due to beaver activity. In spite of this, they are increasingly 
overgrown by willows and black alders.
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The fen developed as a result of lake terrestrialization processes. Drilling 
showed a shallow sedge-moss peat layer (to a depth of 40 cm) underlain by or-
ganic gyttja.

Several alkaline fens are concentrated in the so-called Rynna Ostrzycka (Os-
trzec Tunnel Valley) in the Strzężyc municipality. In the past, sedge-moss fens 
were reported to be situated in a narrow strip of land between the Lubowisko Lake 
and Dąbrowskie Lake (Herbich 1994) and at the edge of the Poltulskie Lake tunnel 
valley near the Gołubie village. At the latter site, even today the Menyantho-Sphag-
netum teretis was confirmed with abundant population of the marsh helleborine 
Epipactis palustris. The most interesting site, i.e., Torfowisko Gołubie (Gołubie 
Mire) located in the side tunnel valley south of the Dąbrowskie Lake is over-
grown by a mosaic of communities: Caricetum diandrae, Caricetum lepidocar-
pae and Menyantho-Sphagnetum teretis, with a well-developed brown moss layer 
comprising Paludella squarossa, Tomentypnum nitens and Helodium blandowii, 
with a locality for Liparis loeselii (Utracka-Minko, unpublished).

Several small alkaline fens can be found in the western part of this area at 
the upper Łupawa River and its tributary – the Bukowina River. The sites on 
the Bukowina River are heavily degraded but the interesting Mechowisko Dą-
bie (Dąbie Moss Mire) was preserved along a short Łupawa tributary west of the  

Photo 83: Torfowisko Dąbie in the Łupawa River Valley 
(photo by J. Kujawa-Pawlaczyk).
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Rokitki village. It is covered by a complex of communities Menyantho-Sphagne-
tum teretis, Caricetum appropinquatae and Caricetum diandrae with carpets of 
moss Helodium blandowii and Cinclidium stygium; orchids are very abundant: 
Epipactis palustris, Dactylorhiza incarnata, D. majalis, D. fuchsii (Kujawa-Paw-
laczyk, unpublished).

The fen in the southern part of this area in the Wierzyca River Valley north 
of the Wielki Klincz village is strongly degraded and practically transformed into 
a wet meadow, but it is known as a site where interesting studies were conducted 
to determine the effect of mowing on alkaline fen vegetation (Kozub et al. 2019).

Alkaline fens in the Upper Słupia River catchment area 

Robert Stańko

This complex of alkaline fens is located in the western parts of the mesore-
gions: Bytów Lakeland and Polanów Heights. The landscape is dominated by mo-
raine high plains with relatively numerous lakes in tunnel valleys. The Słupia Riv-
er with plentiful small tributaries is the main axis of this area.

Alkaline mires in the Upper Słupia River catchment area occupy both terres-
trialized lake basins (with dominating percolating water supply) and the edges of 
river valleys where the water supply from springs prevails. They widely differ in 
hydrological relations which is associated with peculiar geomorphological fea-
tures of their groundwater catchment area. Waters supporting alkaline fens can 
originate both from one water-bearing horizon (sites located in close proximity or 
on vast sandur plains) and from many water-bearing layers in the case of tunnel 
valleys cracking through moraine landforms.

The distribution and natural values of the fens in this area are well recog-
nized. It was possible owning to realization of the project “Valorization of natu-
ral resources and preliminary characterization of hydroecological conditions of 
wetland ecosystems in the Słupia River Valley Landscape Park” carried out by the 
Landscape Park in 2001 – 2002 (Stańko et al. 2002). 

To date, a dozen or so sites of different sizes have been preserved in this area; 
they are usually in bad shape due to dehydration and transformation into mead-
ows and pastures. Also a lot of hydrotechnical transformations, like the construc-
tion of watermills and small hydropower plants either on the Słupia River of its 
tributaries, have contributed to fen degradation. A hydropower plant system and 
related historical infrastructure have been in operation until today to the det-
riment of the alkaline fens. It is harmful for spring fens situated along the so-
called Old Słupia River, i.e., the original river-bed, presently carrying only a slight 
amount of water. The remaining water flow was diverted to the new river channel, 
several kilometers long, to supply the hydropower plant.
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Consequently, characteristic vegetation of alkaline fens, especially typical 
sedge-moss fens, has been preserved in a residual form. The only exemption is a 
remarkably well-preserved fen in the Mechowiska Sulęczyńskie Nature Reserve 
(Sulęczyńskie Moss Mires NR) (Herbichowa & Herbich 2015, Herbich 2017). It is 
a very young terrestrialized mire on deep calcareous gyttja bed with a few traces of 
exploitation. Its most important floristic components include such species as the 
Liparis loeselii, Hamarbia paludosa, Carex dioica, Stellaria crassifolia and rare in 
the northern part of the country Eriophorum latifolium. Moreover, orchid species 
have developed there very large populations comprising thousands of individuals: 
Epipactis palustris while Dactylorhiza majalis and D. incarnata are less abundant. 
Of the bryophytes, the following are worth mentioning: Cinclidium stygium, Ha-
matocaulis vernicosus, Scorpidium scorpioides and huge populations of Paludella 
squarrosa, Tomentypnum nitens and Helodium blandowii. 

The nature reserve, postulated for several years, was established as late as in 
2014, among other things thanks to a land purchase by the Naturalists’ Club. Al-
most immediately thereafter, a conservation plan for this area was prepared and a 
thorough scientific monograph was published (Herbich 2017), concluding many 
years of interdisciplinary studies.

Among the terrestrialization mires of the Upper Słupia River catchment area, 
also two other sites protected as nature reserves – Gogolewko and Skotawskie 
Łąki (Skotów Meadows) – are worthy of notice. These sites were heavily trans-
formed in the past. Although the major part of their area was changed into mead-
ows, they have been undergoing slow spontaneous renaturation and regeneration 
as a result of implementation of conservation measures (blockading of ditches 
and restoration of extensive mowing). The characteristic vegetation of alkaline 
fens was preserved only in small and scanty patches (e.g., an excellently preserved 
Scorpidio-Caricetum diandrae patch of several ares with copious appearance of 
Hamatocaulis vernicosus in the Skotawskie Łąki Nature Reserve), but these sites 
are interesting as examples of spontaneous renaturation processes.

The Gogolewko Nature Reserve was probably the first where an example of 
spontaneous sedge-moss fen regeneration in shallow peat hollows was described 
(Stańko et al. 2003). This process has been observed already for over ten years and 
the vegetation identified in 2001 still preserves its character. 

The Mechowisko Czaple (Czaple Moss Mire) Nature Reserve is a represent-
ative of the second group of alkaline fens of the Upper Słupia River catchment 
area, formerly more widespread, developing in systems of transverse river valleys. 
In the past almost the entire side valley of a tributary of the Słupia River was cov-
ered by alkaline fens. On the steepest edges, typical spring fens including cupola 
springs developed, often transforming into percolating fens in the lowest parts of 
the valley. A part of the mires was irreversibly transformed into meadows. How-
ever, those receiving ample groundwater supply, survived. The vegetation is di-
verse; vegetation of the cupola springs heavily saturated with water is dominated 
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by lesser pond sedge Carex acutiformis with copious representation of Equisetum 
fluviatiei and E. palustre. In the neighborhood, shallow peats (ca. 30 – 40 cm 
deep) are also covered by typical sedge-moss fen vegetation represented by the 
Menyantho-Spahagnetum teretis association. The conducted stratygraphic stud-
ies confirmed the presence of moss and sedge-moss peats with tufa interbed-
dings in the central part of the valley.

Small but valuable alkaline spring fens are also preserved along the Słupia 
River near the Parchów village. Unfortunately, floristic elements characteristic of 
sedge-moss vegetation are scanty, but an abundance of orchids is a hallmark of 
these sites. In respect of landscape, the cupola fens of the so-called Old Słupia 
River are worth special attention, especially considering the significant deleveling 
works. Unfortunately, due to drainage works in the past, the typical sedge-moss 
vegetation almost disappeared. Several meter-high cupolas and their slopes are 
overgrown mostly by sedges.

Alkaline fens of the Upper Słupia River catchment area were included in the 
Natura 2000 network, except for Mechowiska Sulęczyńskie PLH220017 which 
alone constitutes one Natura 2000 site. All of them are situated within the bound-
aries of the Natura 2000 site Dolina Słupi (Słupia River Valley) PLH220052. The 
most valuable of them are protected as nature reserves. The Mechowisko Czaple 
(Czaple Moss Mire) Nature Reserve and Skotawskie Łąki (Skotawskie Meadow) 
Nature Reserves were created in 2018, and the Mechowiska Sulęczyńskie Nature 
Reserve in 2014. The establishment of the Gogolewko Nature Reserve in 2018 was 
made possible thanks to an earlier purchase of the mires by the Słupia River Valley 
Landscape Park. Conservation plans were prepared for all these nature reserves 
and for several years conservation measures have been regularly implemented 
with the aim to preserve the alkaline fens. Even before establishing the nature 
reserves, at the beginning of 21st century, the Słupia River Valley Landscape Park 
built several tens of ditch blocking structures at the Skotawskie Łąki and Mechow-
iska Czaple. They were restored by the Naturalists’ Club in 2017 within the frame-
work of the program of conservation of alkaline fens in northern Poland. Within 
this project, shrubs and trees overgrowing the fen were removed from the area of 
ca. 30 ha in the Gogolewko Nature Reserve. The conservation works are currently 
continued by the Pomeranian Complex of Landscape Parks and by Forest District 
Bytów. 

Alkaline fens of the Bobolice-Koszalin area

Lesław Wołejko

A complex of alkaline fens is situated at the southern boundary of the Southern 
Baltic Coastland and Pomerania Lakeland at the interface of four mesoregions: the 
Białogard Plain, Słupsk Plain, Polanów Heights and Bytów Lakeland. This location 



112

has contributed to the variability of landforms and geomorphological structure, 
which encompasses flat and wavy plains, edges of moraine plateaus, post-glacial 
formations and a fragment of ice marginal valley and created beneficial conditions 
for development of different types of groundwater-fed wetlands. Sixteen sites with 
vegetation typical of alkaline fens with a total area of 110.8 ha were identified. At 
present, these fens are drained by water courses of the upper Parsęta River catch-
ment area (Radew, Chociel and Chotla), Dzierżęcinka and Uniesta, and streams 
belonging to the Wieprz River catchment – the Grabowa River and its tributary the 
Bielawa River. A more detailed description of the most important sites, their status 
and conservation measures have been presented in the articles by Stańko (2011), 
Wołejko et al. (2012), Stańko & Wołejko (2018a). Some of them were also a focus 
of international ecological studies (Aggenbach et al. 2013).

The alkaline fens of the Koszalin region were a subject of earlier geobotanical 
studies (Osadowski & Sobisz 1998, Osadowski 1999, 2000, Osadowski & Fudali 
2001, Osadowski & Wołejko 2007). These areas harbor significant populations 
of valuable species associated with fens, e.g., Hamatocaulis vernicosus, Paludella 
squarrosa, Tomentypnum nitens, Helodium blandowii, Limprichtia cossoni, L. 
revolvens, Sphagnum warnstorfii, Sph. teres, Juncus subnodulosus, Epipactis palus-
tris, Dactylorhiza majalis, D. maculata, D. incarnata, Carex lepidocarpa, Carex 
diandra, Carex pulicaris, Eleocharis quinqueflora, Eriophorum latifolium, Juncus 
alpinus and Gymnadenia conopsea.

The alkaline fen located in the nature reserve and Natura 2000 site Mechow-
isko Manowo (Manowo Moss Mire) PLH320057 covering 55.47 ha is the largest 
and best-preserved site in this area. The Scorpidio-Caricetum diandrae and Men-
yantho-Sphagnetum teretis associations dominate its vegetation with significant 
populations of Liparis loeselii (ca. 100 individuals) and Hamatocaulis vernicosus. 
Moreover, the following species are abundantly represented: Eriophorum latifoli-
um, Carex limosa, Paludella squarrosa, Tomentypnum nitens, Helodium blandow-
ii, Limprichtia cossonii, Dactylorhiza majalis, D. incarnata, Pedicularis palustris 
et al. In addition, the interesting acidic fens developing in this area represent the 
early stages of transition mires.

The tiny alkaline fens in the upper section of the Radew River are situated prin-
cipally on seeping slopes of valleys and spring sections of its tributaries. Among the 
8 fens of this group, 5 with a total area of ca. 21 ha are subjected to conservation 
works within the project LIFE (detailed descriptions can be found in the publica-
tion by Stańko and Wołejko (2018a)). The fens of the Łęczna and Drzewiana Riv-
er Valleys belong to the most valuable fens in terms of floristic and phytocynotic 
composition. In spite of negative changes associated principally with abandoning 
their use as meadows, patches of communities belonging to the Caricion davalli-
anae alliance have been preserved with a whole range of floristic rarities. One of 
the largest populations of Juncus subnodulosus in Poland was discovered in the fen 
in the Zgniła Struga River Valley (a Radew River tributary).
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In the surroundings of the Kwiecko Lake, besides several better preserved fens 
worthy of legal protection, such as the proposed Kwiecko Nature Reserve (see 
chapter 8 and Makowska et al. 2018) and Torfowisko Wietrzno (Wietrzno Mire), 
there are also other sites that are evidence of the past intense activity of carbonante 
groundwaters. Soils in this area are of protorendzina character and are overgrown 
by unique orchid beech forests (Wanic 2010, Osadowski 2010). This ecosystem is 
protected as the Wapienny Las (Limestone Forest) Nature Reserve, established in 
2018. The complex of mires in the Chociela River Valley, situated near the village 
of Bobolice, is also worthy of notice. Due to anthropogenic pressure the contem-
porary vegetation of this site contains only scanty elements typical of live alkaline 
fens, however it is rich in spectacular wet meadow communities with mass oc-
currence of Trollius europaeus. Features of alkaline fen vegetation were preserved 
only in small seepage areas along gulleys cutting through the slopes of the valley. 
It is also a key area for paleoecological studies due to the preservation of deep and 
complete Holocene deposits of spring and peat sediments (e.g., Osadowski 2000, 
Mazurek et al. 2018).

The above-described fens are protected as the Natura 2000 site Dolina Radwi, 
Chocieli i Chotli (Radwia, Chociela and Chotla River Valleys) PLH320022.

Besides the fens hydrologically linked with the Radew/Parsęta River catch-
ment area, the picture of alkaline fen distribution in this region is complemented 
by fens in valleys of other costal rivers. The floristically interesting but quickly 
overgrown by forest Torfowisko Jacinki (Jacinki Mire) is situated in the Grabowa 
River Valley (a tributary of the Wieprz River) (Braun et al. 2009). In the same 
catchment area, there is the soligenous Ratajki Fen with sedge-moss vegetation 
(Juncetum subnodulosi, Menyantho-Sphagnetum teretis) and wet sedge-moss 
meadows (Kujawa-Pawlaczyk et al. 2018). These sites are not the subject of any 
form of nature protection that they deserve. 

Alkaline fens of the Drawa Forest 

Paweł Pawlaczyk

The forest complex of the Drawa Forest (Puszcza Drawska) covering an area 
of 3,000 km2 and overgrowing the Drawa Plain composed mostly of fluvioglacial 
sands shelters ca. 40 sites with typical of or related to alkaline fen vegetation compris-
ing a total area of 100 ha. In some parts of the forest, the concentration of alkaline 
fens reaches 5 sites/100 km2. However, they represent only 1.7% of all mires in the 
forest (Kujawa-Pawlaczyk & Pawlaczyk 2017).
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The landscape is conspicuous for complex trains of tunnel valleys and frac-
tures carved by meltwater from the retreating ice sheet, currently used by the Dra-
wa River and its tributaries, and also for kame forms and kettle depressions, often 
with tunnel lakes. The alkaline fens occurring in this area most often belong to 
young terrestrialization mires with a relatively shallow peat layer and thicker gyt-
tja bed. They are frequently located in widenings of postglacial tunnel valleys, thus 
being usually situated either on the sides of river valleys or in extensions of lakes 
filling tunnel valleys. The history of many other fens, at present transformed into 
raised bogs, went through the sedge-moss type vegetation phase.

Only a slight portion of alkaline fens in this region assumes the form of typical 
sedge moss fens. Larger typical patches of loose, low sedge vegetation with a dense 
carpet of brown mosses occur only at a few sites (e.g., Mnica, Dolina Zgnilca (Zg-
nilec River Valley), Bagno Bukowskie (Buków Swamp), but even here the propor-
tion of typical calciphilous species is minor. A majority of fens is rather dominated 
by rush vegetation with Carex acutiformis, C. rostrata, Cladium mariscus; also 
with numerous patches of wet meadows of the Calthion alliance with more or 
less clear relations to sedge moss fens. Small patches of the Menyantho-Sphagne-
tum teretis and Caricetum diandrae communities are more common as compo-
nents of rush vegetation complexes. The alkaline character of the fens is usually 
expressed by the presence of indicator species of peat mosses and brown mosses, 
with the most common in this region Sphagnum teres and Limprichtia cossoni, 
and the quite common: Tomentypnum nitens and Helodium blandowii. Paludella 
squarrosa creates carpets covering an area of several tens of square meters but 
only in the best preserved sites (Mnica, Zgnilec River Valley, Nowa Studnica, 
Bukowskie Bagno, Storczykowe Moss Mire and Torfowisko Osowiec (Osowiec 
Mire). Also, Cinclidium stygium and Hamatocaulis vernicosus can be found at bet-
ter preserved sites. Locally, Scorpidium scorpioides is a unique species, confirmed 
nowadays only in the Bukowskie Bagno and Zgnilec River Valley, although it was 
observed in several other sites in the past. 

At the Torfowisko Mnica Mire, patches of a few-flowered spike rush commu-
nity of the Eleocharitetum pauciflorae have been preserved at least since 2009. In 
the past, this community was recorded also at other sites, e.g., in the Torfowisko 
Kłocie Ostrowieckie (Kłocie Ostrowieckie Mire), however it has disappeared there 
till the present. A dozen or so localities for Liparis loeselii have been found but its 
populations are tiny, represented only from several to several tens of individuals. 
On the other hand, Epipactis palustris occurs in more than 20 sites. A location for 
Tofieldia calyculata is a rarity, found only on a tiny patch of sedge-moss fen vege-
tation on a mid-forest Molinia meadow near the Lubicz village (F. Jarzombkowski, 
unpublished). Juncus subnodulosus develops compact fields in one of the fens on 
the Drawsko military training ground but is not common in other sites. The pop-
ulations of orchids are rich, comprising Parnassia palustris and Valeriana dioica, 
for which alkaline fens provide local optimum conditions. 
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Fens in the present Drawa National Park (Drawieński Park Narodowy) have 
long been a focus of study (Jasnowski et al. 1986, Kujawa-Pawlaczyk & Pawlaczyk 
2015, and references cited therein). The present state of knowledge on fens of the 
southern and central part of this area within the boundaries of the Natura 2000 
site Uroczyska Puszczy Drawskiej (Drawa Forest Wilderness) PLH320046 was 
presented in a book by Kujawa-Pawlaczyk & Pawlaczyk (2014). Updated detailed 
data reported by these authors on fens in the northern part of this area, i.e., in the 
Drawsko military training ground, still remain unpublished though an outline of 
general knowledge on the fens of this region has already been published (Kuja-
wa-Pawlaczyk & Pawlaczyk 2017).

The Kłocie Ostrowieckie Mire harboring an interesting mosaic of sedge-moss 
fen, sedge rushes and fen sedge beds was a focus of thorough floristic and ecologi-
cal analyses, repeated ten or so years later (Jasnowska & Jasnowski 1991, Jasnows-
ka & Wróbel 2010) and a stratygraphic and historical study (Gałka & Tobolski 
2011). The Miradz and Łuczonka mires in the Drawa National Park were exam-
ined in detail by Wołejko et al. (2001), Wołejko & Grootjans (2004). Descriptions 
of several other sites subject to conservation measures implemented by the Natu-
ralists’ Club were published in relevant reports (Stańko & Wołejko 2018a, b).

The alkaline fens of this area are protected in the Natura 2000 refuges: Uroczys-
ka Puszczy Drawskiej (Drawa Forest Wilderness) PLH320046, and Jezioro Lubie 
i Dolina Drawy (Lubie Lake and Drawa Valley) PLH320023). Bukowskie Bagno 
was established as a nature reserve in 2009 (22 ha). A patch of sedge-moss fen 
adjacent to fen sedge beds, becoming heavily overgrown by reeds, is protected 
in the Osowiec Mire Nature Reserve (established in 2003, 18 ha). Other alkaline 
fens protected in the Drawa National Park (created in 1990) include: Północne 
Łąki (Northern Meadows), Miradz, Nad Jeziorem Zdroje (by the Zdroje Lake), 
Łunoczka, Kłocie Ostrowieckie and Głuskie Ostępy (Głusko Wild). Several other 
sites also deserve to be protected as nature reserves, e.g., Mnica Mire, Storczykowe 
Mechowisko k. Drawna (Storczykowe Moss Mire near the Drawno town), and the 
sedge moss fens in the Korytnica River Valley near the Nowa Studnica village. 
Conservation of alkaline fens in the Drawa Forest has been thoroughly analyzed 
and planned during the preparation of a conservation plan for the Drawa National 
Park and nature reserves, and plans of conservation measures for the above-men-
tioned Natura 2000 sites, and the needed conservation measures have been im-
plemented by the Drawa National Park and were also carried out within several 
projects of the Naturalists’ Club; however, the conservation status of the majority 
of these sites is still judged as inadequate or bad.
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Photo 84: Mechowisko Storczykowe near the town of Drawno (photo by P. Pawlaczyk).

Photo 85: Fields of blunt-flowered rush Juncus subnodulosus in the fen on the Drawsko 
military training ground (photo by J. Kujawa-Pawlaczyk).
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Alkaline fens in the Middle Gwda River catchment area

Lesław Wołejko, Robert Stańko

A group of alkaline fens is concentrated in the Middle Gwda River catchment 
area in the central part of the Western Pomerania Lakeland. The central part of the 
Western Pomerania Lakeland takes the shape of a wide belt of sandur landforms 
of the Gwda River Valley and Wałcz Plain, and adjacent moraine fragments of 
the Szczcinek Lakeland and Krajna Lakeland (Kondracki 2011). This flat land-
scape is covered mostly by forests: Puszcza nad Gwdą (Forest on the Gwda River) 
and Lasy Kujańskie (Kujano Forests) was found to comprise 29 sites representing 
habitat 7230 with the total area of 110 ha. They are situated mostly in valleys that 
eroded through post-glacial landforms and at present are occupied by the Gwda 
River and its numerous tributaries. Several of them show above-average values 
on a national scale. Comprehensive descriptions of the most important sites are 
presented in the reports by Stańko (2011), Wołejko et al. (2012) and Stańko & 
Wołejko (2018a). Some of these fens were also a focus of international ecological 
studies (Aggenbach et al. 2013, Grootjans et al. 2015a, b). 

Alkaline fens concentrate in this area primarily in the Rurzyca River Valley, 
which is a post-glacial tunnel valley abundantly supplied by groundwater, with 
many, already partially terrestrialized water bodies. Alkaline fens in the Rurzyca 
River Valley comprise 12 patches covering the total area of ca. 60 ha. This com-
plex belongs to the unique areas in Poland where emmersive riverside sedge-moss 
fens have been preserved relatively well. In terms of hydrological relations, their 
functioning depends on sub-slope mineralized groundwater discharge and on the 
stable flow of the Rurzyca River throughout the year (stabilized by lakes). Alka-
line fens of the valley harbor significant populations of Liparis loeselii (ca. 1000 
individuals) and Hamatocaulis vernicosus, and other typical species: Carex dian-
dra, Carex dioica, Carex limosa, Dactylorhiza incarnata, Eleocharis quinqueflora, 
Epipactis palustris, Eriophorum latifolium, and also a number of rare and threat-
ened species, e.g., bryophytes: Meesia triquetra, Cinclidium stygium, Paludella 
squarrosa, Limprichtia cossonii, Helodium blandowii, Tomentypnum nitens and 
Sphagnum teres. 

The fens of the Rurzyca River Valley were described in a number of publi-
cations, for example by Jasnowska et al. (1993), Grootjans et al. (1999), Wołejko 
(2000, 2015) and Wołejko & Piotrowska (2011). Nature in the Rurzyca River Val-
ley is almost completely protected in a coherent complex of four adjacent nature 
reserves (Diabli Skok, Dolina Rurzycy, Wielkopolska Dolina Rurzycy and Smo-
lary with the total area of 1614.91 ha) and the Natura 2000 site Dolina Rurzycy 
(Rurzyca River Valley) PLH300017. Only small fens located in the lower course of 
the Rurzyca River remain outside of this system.
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The bottom of the Debrzynka River Valley deeply incised in landforms of the 
Gwda sandur, ca. 5 km upstream of its confluence with the Gwda River, is filled 
with sediments of a recently terrestrialized lake basin. Groundwater discharge 
from water-bearing horizons on relatively steep sandy slopes of the valley supplies 
numerous spring cupolas and fens. It is one of the largest compact complexes of 
soligenous fens in northwestern Poland. The total area of habitat 7230 patches is 
over 60 ha. Apart from scattered typical phytocenoses and elements of alkaline fen 
flora occurring in this area, worth noting is one of the scarce in western Poland 
populations of Saxifraga hirculus. Other valuable species include, e.g., Hamato-
caulis vernicosus vernicosus (large population), Paludella squarrosa, Tomentyp-
num nitens, Limprichtia cossoni, Sphagnum teres, Epipactis palustris and Carex 
diandra. 

Description of this site and survey results were presented, among others, in 
articles by Wołejko et al. (2012) and Aggenbach et al. (2013). The river is a border 
between voivodeships, and a Natura 2000 site was established in the Wielkopolsk-
ie Voivodeship, but it should be extended also to the Pomorskie Voivodeship. This 
valley also deserves to be protected as a nature reserve (see chapter 8).

Torfowisko Wierzchołek (Wierzchołek Mire) is situated within the Natura 
2000 site Uroczyska Kujańskie (Kujano Wilderness) PLH300052 in the headwater 
area of the Skicka Struga River, a tributary of the Głomia/Gwda River, in a terres-
trializing bay of the Wierzchołek Lake. Among the rich flora at this site, it is worth 
mentioning the abundant populations of Epipactis palustris and Dactylorhiza in-
carnata, along with the bryophytes: Hamatocaulis vernicosus, Helodium blandowii 
and Tomentypnum nitens. Vegetation characteristic of habitat 7230 is represented 
mostly by the Scorpidio-Caricetum diandrae and Menyantho-Sphagnetum teretis. 
The center of the fen harbors a floating fen which is capable of quite substantial 
vertical movement with the changing water level. It features all the peculiarities of 
alkaline fen vegetation. Comparative studies carried out for many years revealed 
only negligible changes in its vegetation structure. The Wierzchołek Mire is dis-
tinctive for an active process of tufa accumulation within the peat-producing lay-
er. This phenomenon, once common (which was recorded in stratigraphic profiles 
of many fens) currently is very rare in lowlands (Grootjans et al. 2015a). It was 
proposed to establish a nature reserve to protect this site (chapter 8).

A complex of several riverside percolating fens was also preserved by the Gwda 
River which is protected as an ecological area. They are slightly more degraded, 
but valuable flora components have still been preserved: Helodium blandowii, To-
mentypnum nitens, Epipactis palustris and numerous orchids of Dactylorhiza spp.
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Alkaline fens of the Noteć Forest

Paweł Pawlaczyk

The Warta-Noteć interfluve is covered by a huge forest complex called the 
Notecka Forest (Puszcza Notecka) (ca. 1,300 km2), commonly known as an area 
of riverine sand dunes and one of the largest European dune fields. At first sight, 
the occurrence of alkaline fens in this landscape can seem surprising; however, 
the actual geology and relief of this area is much more complex. In its northern 
part, outcrops still emerge from beneath the sands while even Tertiary formations, 
including lignite, are deposited relatively shallowly. Kettle depressions are con-
spicuous in the landscape. A post-glacial tunnel valley latitudinally crossing the 
forest forms the Miała River Valley. Numerous longitudinal tunnel valleys at the 
northern and southern edge of the forest are filled with lakes. In such conditions, 
springs are seen relatively frequently. Moreover, several alkaline fens have devel-
oped in this area, although they do not bear typical sedge-moss fen characteristics 
(except for the Okonino Mire ).

The Torfowisko Mokąty (Mokąty Mire) located in the area of the Międzychód 
town fills a short seeping water-fed valley constituting the source of the stream 
emptying into the Szenińskie Lake, and is protected as an ecological site. It de-
veloped as a terrestrialization mire (two small lakes are still present) but is now 
overgrown by alder forest, reeds and sedge rushes (Thelypteridi-Phragmiteum, 
Caricetum lasiocarpae, Caricetum paniculatae), and communities characteristic 
of transition mires (Sphagno-Caricetum rostratae).

However, scattered carpets of Sphagnum teres and Blandow’s helodium moss 
Helodium blan-dowii and spots with Paludella squarrosa are still retained in this 
complex. Localities for Hamatocaulis vernicosus were also noted, and in general 
bryoflora at this site is characterized by exceptional biodiversity (Rusińska et al. 
2009).

In the area of the town of Sieraków, a section of the tunnel valley at the south-
ern end of the Mnich Lake is occupied by a mire complex comprising moss mires 
and fen sedge Cladium mariscus beds surrounding a small lake dominated by 
Chara spp., and reeds and sedge rushes with moss undergrowth and with ele-
ments indicative of alkaline fens. This area harbors the most abundant population 
of Cinclidium stygium in the central Wielkopolska Voivodeship. There occur also 
Helodium blandowii, Paludella squarrosa, a small patch of Hamatocaulis vernico-
sus and a tiny population of Liparis loeselii (Rusińska & Gąbka 2008). This site pro-
tected as the Mszar nad Jeziorem Mnich (Moss mire by the Mnich Lake) Nature 
Reserve and Natura 2000 site Jezioro Mnich (Mnich Lake) PLH300029 has long 
been known (Dąmbska 1962, Lisowski & Szafrański 1964).

Another interesting peatlands complex, Torfowisko Rzecińskie (Rzecin Mire), is 
protected as a Natura 2000 site Torfowisko Rzecińskie PLH302019 and covers a ca. 



120

90 ha area situated in a vast dune slack. The lake dominated by Chara spp., a remnant 
of a larger water body, is surrounded by spacious transition mire, meadows, rushes 
and willow thickets with scattered patches of the Menyantho-Sphagnetum teretis as-
sociation (interestingly, this is the site where this association was first described in 
Polish scientific literature). Patches of moss mires with Sphagnum teres are partially 
overgrown by reeds, intertwining with rushes of the Caricetum lasiocarpae and 
Thelypteridi-Phragmitetum, alternating and transforming into transition mires of 
moss bog type with Sphanum fallax, and the whole mosaic is an intermediate stage 
between alkaline fen and transition mire. It seems that succession leads towards 
the latter. A locality for Hamatocaulis vernicosus was confirmed there (Rusińska 
2008, Kujawa- Pawlaczyk 2017, unpublished), while the literature also reports the 
occurrence of Liparis loeselii, Paludella squarrosa, Helodium blandowii, Scorpid-
ium scorpioides and Cinclidium stygium (Wojterska et al. 2001, Stachnowicz & 
Wojterska 2006). The history of this site is exceptionally well known based on 
old maps and aerial photographs (Barabach 2012, Barabach & Milecka 2013 and 
Milecka et al. 2017). Moreover, different aspects of the balance of greenhouse 
gasses have been investigated here for over ten years. Currently, a monitoring 
station of the University of Natural Sciences in Poznań installed at this site also 
automatically carries out such measurements in order to realize a manipulation 

Photo 86: A sedge-moss fen with Sphagnum teres in Rzecińskie Mire 
(photo by J. Kujawa-Pawlaczyk).
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Photo 87: An automatic measuring station for the balance of greenhouse gasses, 
a manipulation experiment in Rzecińskie Mire (photo by J. Kujawa-Pawlaczyk).

Photo 88: Okonino Mire in early spring (photo by P. Pawlaczyk).
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experiment involving the use of rain shelters and heating a fragment of bog sur-
face (Chojnicki et al. 2017, and references cited therein).

Fens related to alkaline fens of the Menyantho-Sphagnetum teretis association, 
with Carex diandra, Epipactis palustris, Eleocharis quinqueflora, Sphagnum teres 
and Sph. warnstorfii, were reported to occur in the wetland complex by the Święte 
Lake near the Miały village at the Natura 2000 site Dolina Miały (Miała River Val-
ley) PLH300042, although they occupied only a tiny area in this complex (Gąbka 
et al. 2008).

Okonino Mire near the Miały village, filling a shallow post-glacial tunnel 
valley parallel to the Miała River Valley, is most closely related to alkaline fens. 
It is overgrown by vast treeless sedge fen vegetation with peat moss and brown 
moss undergrowth and dominating Sphagnum teres and Sph. fallax. Particularly 
in the central part most abundantly saturated with water, a moss carpet is cre-
ated by Helodium blandowii, Tomentypnum nitens and Paludella squarrosa (S. 
Rosadziński, unpublished). This site is not protected by any form of nature pro-
tection but deserves to be declared a nature reserve and included in the Natura 
2000 site Dolina Miały (Miała River Valley) PLH300042) (see chapter 8).

Alkaline fens of the Gorzów Sandur

Robert Stańko

The Gorzów sandur (Sandr Gorzowski) in terms of physiographic regional-
ization is called the Gorzów Plain, extending between the Warta River Valley in 
the south, the Odra River Valley in the west, and the moraine landscape of the 
Myślibórz, Choszczno and Dobiegniew Lakelands in the north and east. This area 
is characterized by a high forest cover (one of the highest in Poland). The forest 
complexes are dominated by pine woods with small enclaves of beech forest and 
oak-hornbeam forest overgrowing mostly slopes of river valleys and lake basins. 
A small river the Myśla, an Oder River tributary, is the main hydrological axis of 
this area.

To date, only 4 alkaline fens have been discovered within the boundaries of 
the Gorzów Sandur, which are located in its central and western part. Considering 
the fen area and natural values, the Bagno Chłopiny (Chłopiny Swamp) Nature 
Reserve and the fen complex by the Kozie Lake deserve particular attention. 

The Bgno Chłopiny Nature Reserve was established in 1963 and then en-
larged in 2000; currently it is included in a slightly larger Natura 2000 site Bagno 
Chłopiny PLH080004. Its values have been long known (Jasnowska & Jasnowski 
1977). In spite of formal legal protection, it was almost destroyed by the con-
struction of a drainage system carried out both in the nature reserve and its di-
rect neighborhood in the 1980s. Alkaline fens developed and survived until today 
in the north-western deepest part of a former lake, currently filled with calcer-
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ous gyttja and peat. Its remnants in the form of a small pond were recorded in 
a historical map from 1930. At present, the entire surface of the old reservoir is 
covered by a floating fen with sedge-moss and moss fen vegetation. In the past, 
this reserve attracted the special interest of botanists due to rich flora of rare and 
threatened species but most of all for ample orchid populations of which a dozen 
or so species were identified. Currently, the most important rarities of the reserve 
include the following species: Corallorhiza trifida, Hamarbia paludosa and Liparis 
loeselii. Also Dactylorhiza species developed copious populations, of which the 
most abundant are: D. majalis, D. maculata, D. incarnata, D. fuchsia and D. 
trausteineri, and their hybrids probably dominating in numbers.

Undoubtedly, Epipactis palustris is the most abundant of all orchid species. 
The nature reserve is also characterized by rich bryophyte flora. The populations 
of Paludella squarrosa, Tomentypnum nitens or Limprichtia cossonii belong to the 
most copious in the Lubuskie Voivodeship. Vegetation characteristic of alkaline 
fens is represented by the associations: Menyantho-Sphagnetum teretis, Eleochrite-
tum pauciflorae, Caricetum paniceo-lepidodocarpae and Scorpidio-Caricetum di-
andrae. In recent years, several protective measures have been implemented at this 
site which aimed to improve the water conditions and to suppress tree and shrub 
expansion into the open fen. The blockading of existing drainage ditches resulted 
in significant elevation of the water table. Moreover, due to the construction of 
the S3 expressway in the neighborhood and the so-called compensation measures 
(renovation and construction of additional dams) undertaken, the water table in 
the central part of the complex increased again by several tens of centimeters. 
These changes contributed to a partial flooding of the fen edges overgrown by 
forest, while in the open part the floating fen rose with the water table. In spite 
of such substantial hydrological changes (the level of the water table in the open 
fen increased by ca. 70 cm!), a significant suppression of tree expansion was not 
observed. 

 Another important site encompassing patches of alkaline fens is the Kozie 
Lake, protected as a Natura 2000 site, Jezioro Kozie (Kozie Lake) PLH320010 
(Pluciński 2014) situated only several kilometers north-westwards from the Ba-
gno Chłopiny Nature Reserve. The best preserved patches of sedge-moss fen can 
be found near mineral edges constituting in the past the western bank of a water 
body. The values of this site have been discovered relatively recently, during field 
surveys necessary for the preparation of a plan of protective measures for Lipar-
is loeselii. The presence of Cladium mariscus is the hallmark of alkaline fens of 
this area. In this respect, this area seems to be related to similar terrestrialized 
systems in the neighboring Myślibórz Lakeland where numerous calcerophilous 
species have also been identified. In respect of habitat, these systems are related to 
calcerous fens encountered most often at the edges of lake basins. Such complex-
es frequently comprise also Molinia meadows characterized by a significant con-
centration of calcicole plants. Presumably their development is associated with 
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a practice of partial drying of lakes used in the past to increase area of meadows 
This process was accompanied by exposure of calcerous gyttja deposited under 
the water. This situation created advantageous conditions for calciphilous plant 
communities.

Alkaline fens in the Lubusz Forest

Robert Stańko

The Lubusz Forest (Bory Lubuskie), in terms of physiographic regionalization, 
occupies the whole area of the sandur Torzym Plain and small sandur fields in fore-
land moraine, and the highest terraces of the Oder River Valley. In the south and 
west, the Torzym Plain is bounded by the Oder River Valley, in the west and north 
by moraine ridges of the Łagów Lakeland. This area is characterized by one of the 
highest forest covers in Poland and by relatively unvaried relief. Water bodies and 
small rivers and streams are fed by water from the first aquifer located, depending 
on the depth of sandur landforms, from several to several tens of meters below 
ground level. The plain is cut by a dozen or so tunnel valleys of which the largest 
are the Ilanka River Valley and Pliszka River Valley, protected as Natura 2000 sites 
Dolina Ilanki PLH080009 and Dolina Pliszki PLH080011. Alkaline fens devel-
oped along their ridges at the intersection of the aquifers. They assume different 
forms, however usually forming complexes of intertwining spring and percolating 
fens. A majority of percolating fens are of terrestrialization origin. Their total pri-
mary area is estimated at 110 ha (50 ha in the Ilanka and Pliszka River Valley each, 
and ca. 10 ha in the Młodno Nature Reserve).

Alkaline fens rarely assume the form of typical sedge-moss fens. Only slender 
patches, measuring up to a dozen or so ares are characterized by dominance of low 
sedges and brown mosses. The most valuable fens of this type are preserved in the 
Pliszka River Valley in the area of the Kosobudki and Pliszka villages. The largest 
area is occupied by Caricetum acutiformis community in at least several variants: 
from typical Caricetum acutiformis to phytocenoses dominated by Caricetum 
acutiformis with ample contribution of, e.g., Thelypteris palustris and Juncus sub-
nodulosus. Cladium mariscus was recorded very rarely only on the most water-sat-
urated patches. Caricetum acutiformi association was described to occur in the Il-
anka River Valley as a variant with Helodium blandowii (Wołejko & Stańko 1998). 
Phytocenoses dominating in the valleys contain uncommonly scanty populations 
of species considered to be indicators of habitat 7230, in particular bryophytes. 
Nevertheless, their “alkalinity” is confirmed, for instance, by the presence of moss 
and sedge-moss peats in the roof of the peat bed and the pH of the groundwater 
feeding this fen (in many cases higher than pH 7.5). A unique feature of the Ilanka 
and Pliszka fen is related to the presence of large sometimes almost single-species 
patches of Juncus subnodulosus. The Ilanka and Pliszka Valleys are of key signif-
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icance for the population of this species in the whole of Poland. Among the re-
maining valuable species, the following are worth mentioning: Paludella squar-
rosa (small patches 1 – 3 m2 in the area of Kosobudki village), more abundant 
Helodium blandowii and Tomentypnum nitens. Small but regionally important 
populations of orchid species are represented by Epipactis palistris, Dactylorhiza 
incarnata, D. majalis and D. fuchsi. A patch of  Eleocharis quinqueflora, (a doz-
en or so m2) composing there its own association Eleocharitetum pauciflorae has 
been preserved in the Pliszka River Valley in the area of Kijewo for many years. 
In addition, a small population of orchid fen Liparis loeselii by the Ratno Lake 
belongs to the most valuable components of the Pliszka River Valley flora. It was 
discovered around 2000 when only 3 individuals were identified, then reported to 
be extinct, and rediscovered in 2013 as represented by 60 individuals on a newly 
developing floating matt built of Thelypteris palustris (Stańko et al. 2013).

Torfowisko Młodno (Młodno Mire) situated at the southern boundary of the 
Lubusz Forest next to the Oder River Valley is protected as a nature reserve and 
Natura 2000 site PLH080005. It is located in the basin of a formerly existing water 
body of kettle origin. The terrestrialization process has been progressing up till 
now and vegetation characteristic of alkaline fens has developed concentrically 
around the remaining open water table. Due to the elevated level of the water table 
(by beaver activity) by ca. 40 cm, development of sedge-moss communities in the 
central part of the fen was suppressed for several years, and sedge moss fens also 
withdrew from the mineral edges of the fen. Several years later, the water table 
subsided again. These ongoing vegetation changes were described in a separate 
article (Stańko & Wołejko 2018a). 

The Lubusz Forest fens, apart from small fragments, show signs of many 
years of agricultural use and drastic hydrological changes. First heavily drained, 
sometimes covered with sand to facilitate access of mechanical equipment, finally 
flooded and abandoned, they have been undergoing dynamic changes. The ma-
jority of the fens have been subject to conservation works for many years. These 
brought expected results in most of the patches but in others they were not able 
to prevent subsidence of sedge-moss vegetation in favor of sedge-reed rushes. 
Improvement of water saturation and mowing was insufficient to eliminate the 
alder from the fens, which still produces new suckers. From an active fen protec-
tion perspective, it is interesting to note an excellent status of Juncus subnodulosus 
persisting for many years in spite of the absence of any conservation endeavors. 
The alkaline fens of the Lubusz Forests have probably the best documentation of 
vegetation changes in relation to dynamics of hydrological conditions and imple-
mented conservation measures throughout the last 20 years across the whole of 
Poland. Detailed characteristics of particular sites and conclusions from the con-
ducted studies were published in “The report of realization of projects: Alkaline 
fen conservation …” (Stańko & Wołejko 2018a).
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All patches of alkaline fens in the Ilanka River Valley are protected in nature 
reserves. The Dolina Ilanki Nature Reserve was established in 2000 and the Do-
lina Ilanki Nature Reserve II in 2016. In 2017, on the initiative of the Naturalists’ 
Club, a part of the fens in the Pliszka River Valley was protected as the Mechow-
isko Kosobudki (Kosobudki Moss Mire) Nature Reserve and the Jezioro Ratno 
(Ratno Lake) Nature Reserve. Unfortunately, attempts to create nature reserves 
to protect other most valuable sedge-moss fens and springs in the Pliszka River 
Valley (see Jermaczek & Maciantowicz 2018) have not been successful to date 
because of the objections of some property managers.

Northeastern Poland

Filip Jarzombkowski, Ewa Gutowska, Katarzyna Kotowska

For the purpose of this article, northeastern Poland has been arbitrarily de-
fined as the area of Poland delimited by the Vistula River to the west and the 
Vistula River and Bug River to the south (except for fens in the Płock Basin which 
are located in the southern part of the river valley). The northern and eastern 
edges of this area are delineated by borders with Kaliningrad Oblast, Lithuania 
and Belarus. 

These areas were covered by ice sheet during the Mid- and North-Polish Gla-
ciation, and are particularly important for biodiversity of sedge moss fens associ-
ated with young-glacial landscape and the Eastern Baltic Lake District (Kondracki 
2011). However, the largest resources in terms of habitat 7230 area are comprised 
in the Biebrza Basin belonging to the Northern Podlasie Plain (Kondracki 2011).

In terms of administrative division of the country, this area encompasses 
the Warmińsko-Mazurskie, Podlaskie Voivodeships and a part of Mazowieckie 
Voivodeship. The database contains 98 patches of habitat 7230 in this area cover-
ing a total area of 370 ha. Several zones of concentration of alkaline fens in north-
eastern Poland can be distinguished, which are situated in mesoregions: Biebrza 
Basin, Augustów Plain, Lithuanian Lakeland (most of all in the Eastern Suwałki 
Lakeland and Romincka Forest in the Augustów Plain) and all mesoregions of 
the Masurian Lakeland. Moreover, less abundant sites – but important from a na-
ture conservation perspective – were preserved in the Sokółka Hills where several 
patches of spring fens still exist in the Biebrza River headwater area.
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Alkaline fens in the Biebrza Basin

The Biebrza Basin belonging to the Northern Podlasie Plain (Kondracki 2011) 
is a part of an ice marginal valley discharging meltwater from glacier stagnating 
in the north during the last glaciation (Pałczyński 1975), but it is not uniform. 
Three so-called basins were distinguished in this valley differing in morpholog-
ical and spatial features in terms of longitudinal (Okruszko 1969a, Okruszko & 
Oświt 1969, Pałczyński 1975) and transversal (Oświt 1968, 1973, Pałczyński 1975) 
zonation. In some places (especially in the northern basin) the peat layers are 
underlain by gyttja bed which indicates the post-glacial character of this valley in 
the past. The Biebrza River is a tributary of the Narew River and is situated in the 
Vistula River catchment area, however it is also connected with the Niemen River 
catchment area through the Augustowski Channel built in the 19th century. 

Vegetation of the Biebrza River Valley is most of all characterized by trans-
versal zonal distribution resulting from the manner of fen supply with ground-
water, namely groundwater is discharged at mineral edges and flows towards the 
river which can also periodically flood areas situated next to the river channel 
(Oświt 1968, 1973, Okruszko & Oświt 1969, Pałczyński 1975). Among three dis-
tinguished zones – immersion, immersion-emersion and emersion (Pałczyński 
1975; see. Oświt 1965, 1968, 1973) – the latter is characterized by the most stable 
hydrological conditions which can support the development of sedge moss fens. 

Significant non-flooded areas of the Biebrza Basin are covered by diverse 
forms of mossy sedge fens, however a part of them has currently disappeared and 
some other have undergone transformation due to the construction of artificial 
drainage systems. Nevertheless, the Biebrza Marshes comprise the largest resour- 
ces of habitat 7230 in Poland (almost 4,200 ha). They also belong to the largest 
compact complexes of alkaline fens in Europe. Currently, vast patches of sedge 
moss fens are located in the lower basin, in Bagno Ławki (Ławki  Swamp) and in 
the upper basin, in the area of the Szuszalewo and Nowy Lipsk villages. In con-
nection with the described transversal zonal plant distribution pattern, vegetation 
in particular basins differs; namely sedge moss fens in Bagno Ławki (lower basin) 
are to a much greater extent of tall sedge rush character while more typical sedge 
moss fens develop near the Szuszalewo and Nowy Lipsk villages. 

Phytocenoses of habitat 7230 from the lower basin, partially transformed by 
drainage, at present represent the communities of both the Caricion davallianae 
and Caricion canescenti-nigrae alliances, and related ones. Moreover, communities 
with considerable proportion of Calamagrostis canescens are also present. Habi-
tat 7230 in the lower basin is relatively species-poor, but the share of groundwater 
feeding-dependent species is constant. Usually sedges dominate, most of all Carex 
elata, and to a lesser extent C. gracilis, C. appropinquata, C. rostrata and C. lasio-
carpa, but species of the Molinio-Arrhenatheretea class are also constantly present. 
In addition, Calliergonella cuspidata, Menyanthes trifoliata, Phragmites australis, 
Equisetum fluviatile and Agrostis stolonifera can be found in phytocenoses. The 
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character of the plant communities in the lower basin can change depending on 
the humidity conditions in a particular year. When water saturation is moderate 
without a strong impact of flooding, these communities are colonized by bryo-
phytes and the dominance structure of herbaceous plants slightly shifts, whereas 
high water saturation favors the development of rushes with sparse moss layer.

The best preserved patches of sedge-moss fens in the Biebrza River valley can 
be found in the upper (northern) basin, where the supply of calcium-rich ground-
water still plays a crucial role (Pałczyński 1975, Wassen et al. 1990, 1992, Wassen 
& Joosten 1996).

Unfortunately, a considerable part of this area was also transformed into 
grasslands but extensive patches of sedge moss fens have been preserved near the 
Szuszalewo and Nowy Lipsk villages. 

Sedge moss fens of this area are composed mostly of brown mosses (e.g., Ha-
matocaulis vernicosus, Campylium stellatum, Limprichtia cossonii and Calliergonel-
la cuspidata) and sedge species (Carex lasiocarpa, C. rostrata, C. diandra, C. flava, 
C. lepidocarpa, C. limosa and Eriophorum angustifolium) (Jarzombkowski 2010). 
Apart from these species, Menyanthes trifoliata, Comarum palustre and Parnassia 
palustris are also present. A substantial share is also provided by meadow and 
rush species, such as Festuca rubra, Poa pratensis, Agrostis stolonifera, Lychnis 
flos-cuculi, Cardamine pratensis, Carex appropinquata and C. elata, Rumex ace-
tosa and bedstraws: Galium uliginosum and G. palustre also occur. Of the rare and 
threatened species, the following should be mentioned: Liparis loeselii, Epipactis 
palustris and Dactylorhiza incarnata (including its subspecies ssp. ochroleuca).

Close to the source of the Biebrza River (Sokółka Hills), spring fens unique 
on a national scale were preserved scattered over a small area, including the fen 
next to the Sidra village (see chapter 2) which reaches a relative height of several 
meters. 

In the central basin, sedge moss fens almost entirely disappeared and were 
replaced by post-bog wet meadows, Molinia meadows and their degraded forms, 
often in a very intense use. Small-size patches of the habitat within the boundaries 
of the Czerwone Bagno strict protection area and in its neighborhood are the only 
exemption. 

The Biebrza Basin sedge moss fens are currently protected in the Biebrza Na-
tional Park and the Natura 2000 site Dolina Biebrzy (Biebrza Valley) PLH200008, 
larger than the park (see chapters 8, 10). Several sites are situated in the adja-
cent Natura 2000 site Ostoja Augustowska (Augustów Refuge) PLH200005. Sedge 
moss fens at the source of the Biebrza River are protected as a special habitat con-
servation area – the Źródliska Wzgórz Sokólskich (Springs of the Sokółka Hills) 
PLH200026
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Alkaline fens of the Lithuanian Lakeland 

The Lithuanian Lakeland comprises the Augustów Plain, Eastern Suwałki 
Lakeland, Western Suwałki Lakeland and Romnicka Forest (Kondracki 2011). 
The former two are the most important in terms of quantitative resources of fens.

A large area of the Augustów Plain is covered by the Augustowski Forest. It is 
situated at the borderline of the Niemen and Vistula River catchment areas, and 
the Czarna Hańcza River, and the Augustowski Channel constituting hydrological 
axes of the Polish part of the Augustowski Forest are considered to be tributaries 
of the Niemen River. The Augustów Plain is a flat sandur plain built of sands and 
gravel deposited by meltwater outwash from the glacier during the last glaciation. 
It is crossed by river valleys and scattered with kettle lakes created from melted 
chunks of dead ice. Fens fed by calcium-rich waters developed in some river val-
leys (e.g., in the Czarna Hańcza catchment area), by some lakes (e.g., those located 
along the Augustowski Channel) and in some lake basins where lakes have already 
disappeared. The development of soligenous fens is contingent upon a long-term 
groundwater discharge from below valley bluffs or from the lake basin, and also 
on sealing its bottom by gyttja deposits. 

The fen flora is relatively diverse and comprised most of all of sedge moss vege-
tation of the Caricetum paniceo-lepidocarpae, Caricetum diandraei and Caricetum 
lasiocarpae associations, and also sedge moss fen phytocenoses with Limprichtia 
cossonii, Campylium stellatum, Carex lasiocarpa, Carex panicea, Carex limosa and 
Baeothryon alpinum. Within these communities there are patches of subneutral 
moss mires of the Menyantho-Sphagnetum teretis association, and complexes with 
f Eleocharis quinqueflora. Phytocenoses with Carex elata prevail on some fens. 
Fen sedge beds Cladietum marisci and different transition forms towards tall sedge 
rushes (mostly with Carex acutiformis) or thickets communities (e.g., with dwarf 
birch and willows) are locally encountered. Moreover, phytocenoses dominated by 
Carex rostrata, Festuca rubra, Aulacomnium palustre, Tomentypnum nitens prevail 
in some fens with numerous meadow species. Smaller areas are occupied by rushes 
with mosses Caricetum appropinquatae and C. paniculatae.

The most important sites in this area include the soligenous fens of Rospu-
da River Valley and a number of smaller fens (both soligenous and topogenous), 
situated along the Augustów Channel and related lakes (e.g., Torfowisko Borsuki 
(Borsuki Mire) and Torfowisko Kobyla Biel (Kobyla Biel Mire).
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The Rospuda River Valley was a channel crossing the sandur plain which was 
discharging glacial meltwaters during the last glaciation. After the glacier had re-
ceded, a lake was formed in its lower segment which was becoming increasingly 
shallower and finally was overgrown by wetland vegetation. The fen encompasses 
an area of almost 600 ha and a little less than a half of the valley area is occupied 
by non-forest wetland vegetation composed mostly of moss-sedge (ca. 100 ha) 
and rush (ca. 100 ha) communities. In fact the area of these fens is smaller than 
those of the Biebrza Marshes, however their natural character (without any traces 
of drainage) and size makes the alkaline fens of the Rospuda River Valley a unique 
wetland complex on a European scale. The Rospuda River Valley was subdivided 
into two basins. The lower basin is lined with a 4-m deep bed of well-preserved 
moss-sedge peat underlain by over a 20-m deep clayey gyttja layer. On the other 
hand, the upper basin lacks gyttja while the depth of the peat layer reaches up 
to 3 m (Pawlikowski et al. 2010). Just as with the Biebrza fens, the fens in this 
area are characterized by a transversal (from mineral edge to the river) and lon-
gitudinal (from the upper to lower basin) zonal vegetation distribution pattern 
(Jabłońska et al. 2011). A narrow marginal zone harbors spring alder forest Car-
damino-Alnetum glutinosae, and locally spruce forest growing on peat Sphagno 

Photo 89: Lower Rospuda valley mire – complex of the species indicates limitation 
of primary production by nitrogen (photo by P. Pawlikowski)
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girgensohnii-Piceetum and transition communities between them. Valley shoul-
ders along the mineral edge are occupied by wet pine-birch forests of the The-
lypteridi-Betuletum pubescentis followed by typical sedge moss fens, most often 
with dominant Carex rostrata in complexes with subneutral moss mires related to 
the Menyantho-Sphagnetum teretis class.

Sedge moss fens, apart from a significant contribution of the Scheuchze-
rio-Caricetea nigrae class, are characterized by an admixture of many meadow 
and rush species. The latter community harbors the threatened Saxifraga hircu-
lus, whereas the Liparis loeselii population is the most abundant in Poland (more 
than 10,000 individuals, Pawlikowski 2008b). The next zone closer to the river 
is composed of sedge rushes of the Caricetum appropinquatae flooded partially 
by surface water and partially by groundwater, characterized by diverse brown 
moss cover but built of both sedge-moss fen and rush species. Next to the river, 
tall sedge beds of the Magnocaricion alliance dominate but Carex acutiformis and 
reeds Phragmites australis are also present. A narrow strip right next to the river is 
covered by the community Phalaridetum argundinaceae flooded every year with 
the presence of Phragmites australis, more rarely alder forests  Carici elongatae-Al-
netum with Carex acutiformis. Since the 1980s, a nature reserve has been planned 
to be established to protect this area. (Sokołowski 1988, 1988 (1989), 1996, see 
Makowska et al. 2018 and chapter 8 herein).

Sedge-moss fen vegetation also developed on the already filled bay of the Białe 
Lake near Augustów, in Uroczysko Kobyla Biel (Kobyla Biel wilderness). This fen 
is not as well-known as the Rospuda River Valley wetlands but represents out-
standing natural values. Apart from Liparis loeselii in communities of the Caricion 
davallianae alliance, other identified species include: Baeothryon alpinum, Erio-
phorum gracile, Carex chordorrhiza, C. dioica, C. limosa, and orchids: Dactylorhiza 
fuchsii, D. incarnata ssp. ochroleuca and Epipactis palustris, and also two species 
of sundew: Drosera rotundifolia and D. anglica, Pedicularis palustris, Ranuncu-
lus lingua, Viola epipsila, bladderworts: Utricularia intermedia and U. minor and 
numerous brown mosses: Bryum neodamense, Cinclidium stygium, Hamatocaulis 
vernicosus, Paludella squarrosa and Pseudocalliegon trifarium, Scorpidium scorpi-
oides, Splachnum ampullaceum, Tomentypnum nitens and peat mosses: Sphagnum 
fuscum and Sph. balticum. Moreover, it is a locality for Greyer’s whorl snail Vertigo 
geyeri. This site also is waiting to be established as a nature reserve (Makowska et 
al. 2018 and chapter 8 therein).

The Eastern Suwałki Lakeland, neighboring the Augustów Plain, constitutes 
the northeastern part of the Lithuanian Lakeland (Kondracki 2011). This area is 
characterized by young-glacial landscape created during the last glaciation. The 
landscape is variable with many moraines, drumlins, eskers, kames and tunnel 
valleys occupied by rivers and lakes. The terrain is elevated above sea level reach-
ing an altitude of ca. 300 m a.s.l. Vegetation of fens which developed most of all 
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around lakes and in river valleys is relatively diverse and, due to proximity of the 
Augustów Plain, closely resembles it. Most often fens assume the form of sedge 
moss complexes situated by lakes or rivers and on terrestrialized lakes with signif-
icant contribution of soligenous water supply. They are composed of sedge moss 
vegetation with elements of the Caricetalia davallianae order (phytocenoses of 
traditionally defined association Caricetum lasiocarpae campylietosum stellatti, 
patches similar to Eleocharitetum pauciflorae and Caricetum paniceo-lepidocar-
pae), fen sedge beds Cladietum marisci with mosses, rushes of Carex elata with 
mosses, communities of the Caricetum diandrae and fragments of subneutral 
moss mires with Sphagnum teres – Menyantho-Sphagnetum teretis. Besides these 
communities, complexes with dominant Limprichtia cossonii and very diverse 
species composition of herbaceous plants can also be found. This area also har-
bors dryer forms of sedge-moss fens with copious meadow species and communi-
ties developed as a result of haymaking and/or drainage.

The most important sites of this area include soligenous fens in the Szeszupa 
(Rudawka) River Valley shoulder, fens in the Czarna Hańcza Valley and a number 
of smaller fens (both soligenous and topogenous) scattered all over the lakeland. 
These sites are usually tiny but floristically very interesting and valuable (Paw-
likowski 2008a, 2008b, 2010, Pawlikowski et al. 2009, Pawlikowski & Wołkowycki 

Photo 90: Sarnetki mire in Augustowska Forest – an example of mire with primary 
production limitation by phosphorus (photo by P. Pawlikowski).
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2010, Pawlikowski & Wołkowycki 2010, Pawlikowski & Jarzombkowski 2010a, 
and references cited therein).

The vegetation of Torfowisko Rudawka (Rudawka Mire) is principally repre-
sented by vast soligenous sedge-moss fens with Carex rostrata, Menyanthes trifo-
liata, Festuca rubra, Aulacomnium palustre and Tomentypnum nitens, with signifi-
cant participation of meadow species. A part of this fen area is occupied by rushes 
with an admixture of mosses of the Caricetum acutiformis or C. elatae, but sedge-
moss fens are also present with Carex lasiocarpa. In addition, the following species 
occur: Helodium blandowii, Liparis loeselii, Saxifraga hirculus, Stellaria crassifolia, 
Swertia perennis, Carex dioica, Dactylorhiza incarnata, D. baltica, D. rutei and 
Epipactis palustris. The fens developed here on deep peat beds with interbeddings 
of tufa layers, underlain by lacustrine deposits. They are located on steep slopes 
which increases the value of this site. 

The development of the fens in the Czarna Hańcza River Valley (e.g., Rutka, 
Morgi, Czarnakowizna, Stara Pawłówka) is dependent on characteristic landscape 
formations created by meltwater outwash from a retreating glacier. The meltwater 
stream that flew through the Suwałki outwash plain was ca. 1 km wide and eroded 
the Czarna Hańcza Valley. At subsequent stages of the valley development, water 
streams incised deeper and deeper. The presence of soligenous sedge-moss fens in 
this valley is connected with special conditions of the water supply, in particular 
with the constant long-term discharge of calcium-rich groundwater. Such con-
ditions are created in the sub-slope part of the main Czarna Hańcza River Valley 
and some of its shoulders. Vegetation in the above-mentioned sites assumes the 
form of a mosaic of patches representing the Scheuchzerio-Caricetea nigrae class, 
related to the Caricion davallianae alliance (including phytocenoses with Carex 
lasiocarpa, Carex rostrata in the herb layer, and different species of Drepanocladus 
spp., Calliergonella cuspidata and Tomentypnum nitens in the moss layer). The 
dominant phytocenoses contain Limprichtia cossonii, Campylium stellatum, Carex 
panicea and Carex lepidocarpa (Caricetum paniceo-lepidocarpae association), 
with numerous meadow species, and also grasslands with Eleocharis quinqueflora. 
Chara sp. complexes occur in depressions of the terrain. In some places, tall sedg-
es like Carex acutiformis or C. elata are more abundant.

Torfowisko Żytkiejmska Struga (Żytkiejmska Struga Mire) is located at the 
border with the Kaliningrad Oblat west of the Żytkiejmy village in the Żytkie-
jmska Struga River Valley, which is a tributary of Rominta River (present name 
Krasnaja River). It is a mesoregion of the Romnicka Forest situated west of the 
Eastern Suwałki Lakeland. 
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Fens in this area are to considerable extent supported by groundwaters and 
are mostly of soligenous character. Interspersed among them are spring copu-
las, sometimes having a relative height of several meters, developed at outlets of 
groundwater with confined water table. Peats with numerous tufa intercalations 
are slightly decomposed in most cases and underlain by calcareous gyttja bed  
several meters deep (Dembek 1991, Pawlikowski & Jarzombkowski 2010b).

Due to artificial drainage, most of the spring cupolas once existing in this area 
have been overgrown by rushes or thickets with dwarf birch but sedge-moss fen 
species are still present. The moss layer is often dominated by peat mosses, espe-
cially Sphagnum teres, tolerant to moderately alkaline conditions. Nevertheless, 
properly preserved non-forest ecosystems of cupola spring fens with mossy vege-
tation composed of sedges and grasses still function here. 

At the outlet of confined groundwater these fens occur in the form of spe-
cies-poor quaking bogs with dominant Carex rostrata and Agrostis stolonifera, 
and with participation of Stellaria crassifolia and Plagiomnium ellipticum. Cupola 
slopes harbor Carex lasiocarpa and a number of meadow species, such as Poa 
pratensis, Galium uliginosum, Festuca rubra and Rumex acetosa. The moss layer 
features Aulacomnium palustre, Tomentypnum nitens, Sphagnum teres, Callier-
gonella cuspidata, Marchantia polymorpha and Hamatocaulis vernicosus.

The sedge moss fens of the Lithuanian Lakeland are protected as nature re-
serves: Rutka, Jezioro Kalejty (Kalejty Lake) and Struga Żytkiejmska (Żytkiejmska 
Stream) in the Wigry National Park (see chapter 8) and the related Natura 2000 
site Ostoja Wigierska (Wigierska Refuge) PLH200004, and also as the Natura 
2000 sites: Ostoja Augustowska (Augustowska Refuge) PLH200005, Pojezierze 
Sejneńskie (Sejneńskie Lakeland) PLH200007, Jeleniewo PLH200001, Ostoja Su-
walska (Suwalska Refuge) PLH200003, Dolina Szeszupy (Szeszupa River Valley) 
PLH200016, Torfowiska Gór Sudawskich (Mires of the Sudawskie Mountains) 
PLH200017 and Puszcza Romincka (Romnicka Forest) PLH280005. Several sites 
(e.g., Dolina Rospudy (Rospuda River Valley), Kobyla Biel, Borsuki, Sawonia 
Mostek, Krejwlanek, Jezioro Gajlik (Gajlik Lake), Dolina Kunisianki (Kunisian-
ka River Valley) by all means deserve to be protected as nature reserves and are 
awaiting this status (see chapter 8).

Alkaline fens of the Masurian Lakeland

The Masurian Lakeland is a vast area constituting a northwestern part of the 
Eastern Baltic Lake District (Kondracki 2011). This area is also characterized by 
young-glacial landforms formed during the last glaciation which is visible as hills 
with an altitude exceeding 300 m a.s.l. Numerous ridges and ranges of moraine 
hills, cut by subglacial tunnels and varied by lake basins, kames and deskers, can 
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also be seen here. Depressions are occupied by often drainless water bodies, wet-
lands, lakes and rivers. A part of the terrain is of sandur origin but deposits of 
ground and end moraines prevail. The substrate is dominated by glacial till, and 
to a lesser extent by sands and gravels. 

Most of the fens in the Masurian Lakeland are concentrated in the Napiwodz-
ko-Ramucka Forest. The remaining sites are widely distributed to the south of the 
end moraine ridges at the borderline with sandurs and throughout the outwash 
plain (sandur). 

The vegetation of the fens located in the Olsztyn Lakeland is formed by com-
munities of the Scheuchzerio-Caricetea nigrae class of mossy sedge rush charac-
ter and quaking bogs, often related to tall sedge beds of the Magnocaricion and. 
Phragmition alliance and wet meadows. Typically developed phytocenoses of the 
Caricion davallianae alliance are not frequent, but soligenous sedge moss fens 
prevail with Carex rostrata with a considerable proportion of meadow species. A 
large portion of habitat 7230 patches show signs of acidification and oligortophi-
cation which is supported by drainage facilities in operation for over 100 years in 
this area. These phytocenoses are classified as the Sphagno warnstorfii-Tomentyp-
nion nitentis alliance. Rushes with mosses of the Caricationetum paniculatae and 
Caricetum appropinquatae and moss forms of floating matt built by ferns of the 
Thelypteridi-Phragmitetum phytocenoses also occur in some places.

The following species prevail in phytocenoses: Carex rostrata, Carex acutifor-
mis, Festuca rubra, Galium uliginosum, Menyanthes trifoliata, Thelypteris palustris 
and Equisetum fluviatile, and in the moss layer: Calliergonella cuspidata, March-
antia polymorpha, Aulacomnium palustre and Plagiomnium ellipticum, and more 
rarely Tomentypnum nitens and Helodium blandowii, or Hamatocaulis vernicosus.

The most valuable sites in the Masurian Lakeland include the Zocie, Trępel 
and Głógno mires.

Torfowisko Zocie (Zocie Mire) – protected as a nature-landscape complex 
and Natura 2000 site PLH280037 – is situated in the southeastern part of a small 
forest within a kettle basin of a terrestrialized lake which was gradually filled with 
the accumulated gyttja. The central part of this complex assumes the form of a 
strongly water saturated quagmire in transition into moss mire and then into 
sedge-moss communities and finally into forest communities.

The largest areas are occupied by moss mire and moss-sedge communities. 
They constitute a system of intermingled phytocenoses with bog moss mire phys-
iognomy (with high species diversity) and dominating Sphagnum teres and Sph. 
angustifolium, partially similar to Menyantho-Sphagnetum tereti association, 
sedge-moss communities with Carex lasiocarpa and C. limosa and abundant 
brown mosses (mostly Campylium stellatum and species of the genus Limprichtia 
sp.) and strongly hydrated patches of transition communities between sedge-moss 
fens and mossy forms of the Thelypteridi-Phragmitetum. In some places there 
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are communities of transition mire character with dominant Carex rostrata and 
Sphagnum fallax. At the edges, particularly in the northern and western part, peat 
mosses and Oxycoccus palustris appear and tree species begin to spread, mostly 
Betula pubescens, more rarely Pinus sylvestris.

The moss layer of the fen is well-developed and shows very high diversity in 
species composition and spatial distribution. The dominant species among the 
mosses include Campylium stellatum, Campylium stellatum, Limprichtia cossonii, 
Sphagnum teres, and locally Pseudocalliergon trifarium, Scorpidium scorpioides 
and Calliergon giganteum. Apart from the aforementioned species, the moss lay-
er contains Aulacomnium palustre, Cinclidium stygium, Hamatocaulis vernicosus, 
Limprichtia revolvens, Splachnum ampullaceum, Straminergon stramineum, To-
mentypnum nitens and peat mosses: Sphagnum fuscum, Sph. subsecundum, Sph. 
warnstorfii and other more common species.

The mosaic character of this fen creates favorable conditions for rich flora. Over 
40% of flora belongs to rare, threatened and protected species (Bloch-Orłowska 
and Pisarek 2005), of which the following can be mentioned: Hammarbya palu-
dosa, Liparis loeselii, Dactylorhiza incarnata, Epipactis palustris, Baeothryon al-
pinum, Drosera anglica, D. rotundifolia, Carex limosa, C. chordorrhiza, C. dioica, 
Eleocharis quinqueflora, Scheuchzeria palustris, Rhynchospora alba, Utricularia in-
termedia and U. minor, Betula humilis, and in the neighborhood of the complex, 
Empetrum nigrum. In the past, the only locality for Carex microglochin in Poland 
was reported to occur in this area.

Torfowisko Trępel (Trępel Mire) is situated at the western outskirts of the Napi-
wodzko-Ramucka Forest on a vast sandur extending in the southwestern part of 
the Olsztyn Lakeland (the so-called Olsztyn Plain). It is located between the Staw 
Lake and Niskie Lake at the extension of the Pluszne Wielkie Lake. Sedge-moss 
fens developed in the shoulder of a former subglacial tunnel as a result of lake 
succession accelerated by human activity. The vegetation is composed of commu-
nities of the Scheuchzerio-Caricetea nigrae class of mossy sedge reeds character 
and quaking mire (Caricetum diandrae; Helodium blandowii-Carex acutiformis 
Com.), locally related to Magnocaricion alliance (Caricetum acutiformis). Moss 
phytocenoses dominate with prevalent Carex rostrata and C. acutiformis, with 
participation of Festuca rubra, Equisetum fluviatile, Galium uliginosum, Eriopho-
rum angustifolium, Menyanthes trifoliata and Thelypteris palustris. The moss layer 
comprises Calliergonella cuspidata, Calliergon giganteum, Marchantia polymor-
pha, Aulacomnium palustre and Plagiomnium ellipticum, and rarer Tomentypnum 
nitens, Helodium blandowii, Aulacomnium palustre and Hamatocaulis vernicosus.
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Torfowisko Głógno (Głógno Mire) is situated in the Mrągowo Lakeland south 
of the Borówko Lake and north-west of the Głógno village, and developed on the 
overgrowing body of water that filled a kettle depression in the past. The vegeta-
tion is dominated by mossy sedge communities mostly with Carex rostrata and 
C. lasiocarpa, while in marginal parts of the habitat and in places where more ad-
vanced secondary succession proceeds, Thelypteris palustris prevails with partici-
pation of Equisetum palustre and Eriophorum angustifolium. Locally also patches 
with Carex limosa, Eleocharis quinqueflora and Triglochin palustris can be found. 
The moss layer is very well-developed, species-rich with a prevalence of brown 
mosses and participation of alkaline-tolerant peat mosses, built mostly of Hama-
tocaulis vernicosus, Calliergonella cuspidata, Sphagnum teres and Tomentypnum 
nitens. Phytocenoses at this site are represented by the Caricion davallianae alli-
ance while in some parts of this area they transition into moss mire patches of the 
Menyantho-Sphagnetum teretis. Signs of secondary succession are visible all over 
the fen, especially at patch edges where this habitant transitions into initial forest 
community with Alnus glutinosa and Betula pubescens and further into a narrow 
strip of alder forest surrounding the site. Isolated Pinus sylvestris and Picea bies 
trees are scattered around. Of shrubs, Salix rosmarinifolia is fairy abundant, while 
Salix cinerea and S. pentandra are rarer. Slight signs of acidification can be noted 
in the fen, and the following species appear: Oxycoccus palustris, Andromeda pol-
ifolia, Drosera rotundifolia and alkaline-tolerant peat mosses: Sphagnum teres and 
Sph. warnstorfii. The habitat comprises many characteristic species for alkaline 
fens, including rare and protected ones, such as Liparis loeselii, Dactylorhiza in-
carnata, Epipactis palustris, Eriophorum gracile, Carex chordorrhiza and C. dioica, 
and among mosses Campylium stellatum, Campylium stellatum, Limprichtia cos-
sonii and Bryum pseudotriquetrum.

Apart from the above-mentioned sites, this region contains many other val-
uable sites, e.g., mires in the Napiwodzko-Ramucka Forest deserving protection 
in nature reserves: Uroczysko Korea (Korea Wilderness) and Łaźnica Lake; in the 
Piska Forest: Torfowisko nad Babięcką Strugą (Mire on the Babiecka Stream), 
Torfowisko nad jeziorem Krawno (Mire by the Krawno Lake); and Kosewskie Ba-
gno (Kosewskie Swamp) situated in the field landscape near the Piska Forest. 
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Sedge moss fens of the Masurian Lakeland are protected in the Natura 2000 
sites: Ostoja Napiwodzko-Ramucka (Napiwodzko-Ramucka Refuge) PLH280052, 
Ostoja Piska (Piska Refuge) PLH280048, Mazurskie Bagna (Masurian Swamps) 
PLH280054, Jonkowo-Warkały PLH280039, Mazurska Ostoja Żółwia Baranowo 
(Masurian refuge Żółwia Baranowo) PLH280055, Mokradła Kolneńskie i Kurpi-
owskie (Kolneńskie and Kurpiowskie Wetlands) PLH200020, and also as nature 
reserves: Galwica, Jeziorko koło Drozdowa, Krutynia, Małga, Nietlickie Bagno, 
Sołtysek and Zabrodzie.

Southestern Poland (excluding the Carpathians)

Filip Jarzombkowski, Ewa Gutowska, Katarzyna Kotowska, Lesław Wołejko 

  For the purpose of this overview, the area of Poland comprising the Lublin-Lviv 
Upland and Polesie was assumed to constitute a boundary of southeastern Poland. 
These are old-glacial terrains where sedge moss fens are associated with the avail-
ability of mineral-rich groundwaters, the outlets of which occur in specific geo-
morphological situations (Kondracki 2011). 

  In terms of administrative division of the country, this area encompasses the 
Lubelskie Voivodeship and a part of Podkarpackie Voivodeship. Data accumulat-
ed in the database include 35 patches of habitat 7230 covering a total area of 2,800 
ha. Several of the most important regions with respect to conservation of biodi-
versity of alkaline fens in southeastern Poland can be distinguished, in particular 
they can be found in the Hrubieszów Basin and Polesie. Moreover, individual sites 
have been preserved south of the aforementioned area. 

Alkaline fens of the Hrubieszów Basin

The Hrubieszów Basin is a fragment of the Volhyn Upland neighboring the 
Lublin Upland (Kondracki 2011). It is located in the Vistula River catchment area 
in the Sieniocha and Siniocha River Valleys (the latter is the Huczwa River tribu-
tary) emptying to the Bug River. The hydrographic grid of this area is composed 
of the regulated river and extended artificial drainage system and also a complex 
of fish ponds. The basin was formed in a belt of soft Upper Cretaceous layers in 
the eastern extension of the Zamojki Valley. It is a plain of loess deposition, almost 
flat with small relative heights. Its surface is covered by alternating loess, marls, 
alluvial soils and sands.

The basin is transversely crossed by the Bug River and its tributary the Huc-
zwa River, which divide the area into two parts differing in relief. Terrain situat-
ed south of its river channel gently rises while southern area rises more steeply 
towards the Horodło Ridge. This terrain is characterized by the presence of flat 
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drainless depressions and a lack of young erosional incisions. Basic landforms in-
clude Pleistocene and Holocene terrace plains created in the course of alternating 
cycles of river erosion and accumulation 

Alkaline fens existing in this area are remnants of vast fen complexes which 
formed in the Sieniocha and Siniocha River Valleys and once covered vast areas 
whereas, at present, due to severe hydrological transformations connected with 
the development of agriculture and peat extraction, they are limited to relative-
ly small patches concentrated in headwater courses of rivers. In the areas where 
agricultural use has been abandoned, rush, forest and willow scrub communities 
developed as a result of secondary succession. Sedge moss fens were preserved at 
better hydrated locations and in former peat hollows.

At present, the fens of this region are strongly fragmented and their vegetation 
constitutes a mosaic of intertwined sedge-moss, meadow and rush communities. 
The atypical physiognomy of fens in this area is also a consequence of specific 
management methods, i.e., the burning of dead organic matter accumulated due 
to extensive use of land less suitable for agricultural use. Spring fires limited devel-
opment of shrub species, led to renewal of grasses which can be used as feed only 
at a young stage (with prevailing Molinia caerulea), but only slightly increased 
habitat fertility. After burning of vegetation, low-sedge loose sward developed in 
humid places, and patches of bare soil were colonized by specific fen species, such 
as Pinguicula vulgaris.

The fen vegetation is not uniform and develops into transition forms between 
communities of the Caricion davallianae alliance concentrating mostly in peat 
hollows, Schoenetum ferruginei, and meadows of the Molinietalia order (including 
Molinia meadows of the Molinion caeruleae alliance with dominance of Molinia 
caerulea and presence of Succisa pratensis and Sanguisorba officinalis), and phy-
tocenoses of the alliance with Carex panicea and C. lepidocarpa of the Caricetum 
paniceo-lepidocarpae with a great share of Molinia meadows. Hollows produced 
by peat extraction are occupied by communities of the Caricion davallianae alli-
ance with different proportions of sedges: Carex panicea, C. davalliana, C.lasio-
carpa, and the rarer C. lepidocarpa, C. hostiana with participation of broad-leaved 
cottongrass and common cottongrass Eriophorum latifolium and Eriophorum 
angustifolium and Schoenus ferrugineus, Salix rosmarinifolia and meadow species 
of the Molinietalia order. The moss layer is loose, built of Campylium stellatum, 
Bryum pseudotriquetrum, Plagiomnium elatum, Pseudocalliergon lycopodioides, 
Limprichtia revolvens, Limprichtia cossonii, Calliergon giganteum, Calliergonella 
cuspidata and Scorpidium scorpioides

Among all the fen patches in this area, the most distinctive is the cupola fen 
“Śniatycze”. Due to the installation of drainage facilities, the cupola is split with a 
channel which divides the sedge moss fen into two parts. Schoenetum ferruginei 
community dominates with many relations with Molinia meadows, however in 
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the midst of them at the cupola top there is a patch with Cladium mariscus. It 
is a locality for Swertia perennis, Schoenus ferrugineus, Sch. nigricans, Tofieldia 
calyculata, Carex davaliana, Pinguicula vulgaris ssp. bicolor, Gentianella amarella, 
Epipactis palustris and Gymnadenia conopsea ssp. densiflora. Chara sp. and Pedic-
ularis sceptrum-carolinum occur in old post-excavation peat pits. Moreover, the 
Coenonympa oedippus has been identified in this area.

It is a unique natural site on a European scale with regard to the dating of 
organic deposits (Dobrowolski et al. 2016). The well-preserved sequences of de-
posits from the last 10,000 years allow for a relatively precise reconstruction of 
past conditions, and the obtained results are comparable with reference locations 
for Poland and Europe. 

Alkaline fens in the Hrubieszów basin are protected as Special Areas of Con-
servation: Dolina Sieniochy (Sieniocha River Valley) PLH060025 and Dolina 
Górnej Siniochy (Upper Sieniocha River Valley) PLH060086. Besides, the estab-
lishment of a nature reserve comprising the cupola spring fen Śniatycze was pos-
tulated (Stanicka 2010) (see chapter 8).

Photo 91: The Śniatycze cupola fen split by a channel. The best preserved vegetation 
occurs to the right of the channel (at the cupola top) with great fen sedge Cladium 

mariscus. The photo also shows the channel impact on vegetation changes 
and the range of its strong impact (photo by R. Stańko).
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Alkaline fens in the surroundings of the city of Chełm 

This area contains 8 alkaline fens in the area of the city of Chełm in the Lublin 
Upland, within the mesoregions: Chełm Hills and Dubienka Basin (Kondracki 
2011).

The most important sites in this area include the large-surface area complexes: 
Torfowisko Sobowice (Sobowice Mire) (known also as Zawadówka), situated west 
of Chełm (Pawlikowski 2011c), and a group of fens known as Chełmskie Torfow-
iska Węglanowe (Chełm Calcareous Fens) located north-west of Chełm (Buczek 
& Buczek 1993, Buczek 2005, Pawlikowski 2011a) and encompassing fens in the 
nature reserves: Brzeźno, Roskosz and Bagna Serebryjskie (Serebryjskie Swamps).

These fens were formed as a result of accumulation of organic and mineral 
matter in karst dolines, called “werteby”, eroded in calcareous rocks. They include 
both ecosystems of terrestrialized lakes in which the deep peat bed is sometimes 
underlain by gyttja deposits, and soligenous fens supplied by groundwaters. The 
central part of the Torfowisko Sobowice (Sobowice Mire) is occupied by a vast 
spring cupola which was a focus of detailed paleoecological studies (Dobrowolski 
2000, Dobrowolski et al. 2005). In the light of these studies, development of this 
spring fen began ca. 9900 years ago. 

These sites are unique natural habitats on a national scale. In terms of surface 
area, they are dominated by calcareous fens (7210) with vast areas harboring beds 
of Cladietum marisci and Caricetum buxbaumi. Elements of alkaline fens of hab-
itat 7230, the area of which was estimated at ca. 570 ha (ca. 35% of the total fen 
area) are most often concentrated in marginal fen parts and in transition zones 
to meadow communities. The third important structural element of the Chełm 
mires, Molinia meadows (6410), is of special importance because they cover, 
among others, drier, carbonate hills (called “grądziki”) within fens with shallow 
chalk deposits distinguished by a host of floristic rarities. All three types of veg-
etation contain plant species characteristic of the Caricion davallianae alliance, 
which sometimes is a source of serious difficulties with sharp distinguishing of 
habitat patches belonging to different types.

Typical vegetation of the alkaline fens is composed of associations of Carice-
tum davallianae and Schoenetum ferrugine. Caricetum davallianae is a low-sedge 
tuft-forming rush occurring in small patches (from several square meters to sev-
eral ares) in mosaic with other sedge rushes and Molinia meadows. The largest 
patches of this community are located in the southwestern part of Torfowisko 
Roskosz (Roskosz Mire) and in islands scattered in the central part of the Torfow-
isko Brzeźno (Brzeźno Mire). Schoenetum ferruginei occurs over relatively larger 
areas in the Bagno Syberyjskie (Syberyjskie Swamp).
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Fens of the Chełm surroundings are a key refuge of valuable flora on a nation-
al scale. Alkaline fen and meadow communities of this area harbor three species 
mentioned in the Habitats Directive, namely Ligularia sibirica, Liparis loeselii and 
Ostericum palustre. Rare species characteristic of the Caricion davallianae alliance 
include, among others, Swertia perennis, Carex buxbaumii, Epipactis palustris, Tof-
ieldia calyculata, Pinguicula vulgaris ssp. bicolor, Pedicularis sceptrum-carolinum 
and Dactylorhiza incarnata (ssp. ochroleuca). Moss layer contains: Ctenidium mol-
luscum, Tomentypnum nitens, Bryum neodamense and Bryum pseudotriquetrum, 
Scorpidium scorpioides, Campylium stellatum, Limprichtia cossonii and Fissidens 
adianthoides. Other rarities often occurring at the borderline of fens and grass-
lands and meadows include: Ophrys insectifera, Betula humilis, Dianthus suberbus, 
Gentiana pneumonanthe, Gentianella uliginosa, Senecio macrophyllus, Gladiolus 
imbricatus, Iris sibirica, Veratrum lobelianum, Cirsium canum, Aconitum variega-
tum, Trollius europaeus and Phyteuma orbiculare (Kucharczyk 1996, Pawlikowski 
2011a).

The survival of the alkaline fens of the Chełm neighborhood is shrouded in 
uncertainty in spite of different forms of legal protection. In all of the fens drain-
age facilities were installed as early as before WWI. At present, the abandoning of 
grassland use of some of their parts also poses a threat. However, the greatest risk 
is created by the proximity of the urban and industrial center in Chełm which is 
related with large-scale disturbances of water conditions, namely water intake for 
the city is situated within the Torfowisko Sobowice (Sobowice Mire), and a cone of 
depression connected with limestone extraction for a cement plant poses a threat 
to local water relations. These problems were addressed at an international level 
and became the basis for the resolution of the International Mire Conservation 
Group (IMCG) addressed to the Polish Government in 2010 postulating that the 
Chełm fens should be taken under efficient – not only formal – protection. The 
existing forms of protection comprise nature reserves: Brzeźno, Roskosz, Bagna 
Serebryskie and Torofwisko Sobowice, Special Habitat Conservation Area Tor-
fowiska Chełmskie (Chełm Mires) PLH060023, Bird Protection Area Torfowiska 
Węglanowe (Calcareous Fens) PLB060002, Chełm Landscape Park and Chełmno 
Protected Landscape Area.
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Alkaline fens of the Lublin Polesie

Polesie extends throughout a substantial area from the Bug River to the Dnie-
pr River, but only a small part of this subprovince is located in Poland (Kondracki 
2011). The Polish part is situated on the edge of pre-Cambrian East European 
Platform (Żelichowski 1974), and also along a borderline between plant-climatic 
zones. This area is dominated by denudation and alluvial plains with local occur-
rence of carbonate rocks, which favored the development of alkaline fens. This 
subprovince includes the mesoregion Łęczna-Włodawa Plain where several val-
uable fens are located. The largest and the most important of them – Bagno Bub-
nów (Bubnów Swamp) (ca. 931 ha) and Bagno Staw (Staw Swamp) (ca. 276 ha) 
– are situated in the Polesie National Park. As in the case of the Chełm fens, these 
fens are located in complicated wetland complexes covered by a wide spectrum of 
aquatic, rush, fen and meadow phytocenoses. The surface area of the alkaline fens 
within these sites estimated at ca. 600 ha.

Sedge-moss vegetation is represented mostly by association Caricetum dav-
allianae and Schoenetum ferruginei association. In these complexes there are also 
(often prevail) fen sedge beds and Caricetum buxbaumii communities. The ma-
jority of the fens are of sedge rush character with a large contribution of species of 
the Scheuchzerio-Caricetea nigrae class, and also meadow and rush species: Carex 
lasiocarpa, C. caespitosa, C. appropinquata, C. elata and C. disticha (Sugier et al. 
2010, Sugier & Różycki 2010).

A vast complex of Torfowisko Krowie Bagno (Krowie Swamp) is located north 
of the border of the Polesie National Park. It is a very spacious, well-documented 
in terms of natural values, drained calcerous fen (Kozub 2011). At present, Krowie 
Bagno is not included into the list of important alkaline fens in Poland, however 
a comparative analysis of its vegetation structure described in the paper by Sugier 
et al. (2010) shows its similarity to flora of Torfowisko Bubnów (Bubnów Mire).

As in the case of the Chełm fens, the greatest threat to Polesie fens is likewise 
posed by large-scale industrial endeavors both already realized and planned. It is 
particularly relevant to hard coal mining and associated disturbances in the hy-
drological conditions. These projects are contested by the international scientific 
community which was expressed by the next resolution of the International Mire 
Conservation Group (IMCG) of 2018 regarding plans of construction of a coal 
mine in the neighborhood of Bubnów Mire.

The Polesie sedge-moss fens are currently protected as Special Habitat Con-
servation Areas Ostoja Poleska (Polesie Refuge) PLH060013 and Krowie Bagno 
PLH060011, and in the Polesie National Park.
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Central Poland

Filip Jarzombkowski, Paweł Pawlaczyk,  
Ewa Gutowska, Katarzyna Kotowska 

The number of sedge-moss fens in central Poland is not high due to its geo-
morphological structure and centuries-long relatively intensive agricultural land 
use. Nevertheless, there still exist alkaline fens with sedge-moss vegetation that 
survived in a nearly natural state, or more often in peat hollows where peat was 
extracted in the past.

This area encompasses the Middle Vistula River Valley, the central and eastern 
part of the Central Poland Lowlands with their borderline with South Baltic Lake 
Districts (fens of the Płock Basin and Dobrzyń Lakeland), and the northern part 
of the Silesia-Kraków Upland. In most cases these are areas of old-glacial land-
scape dominated by post-glacial erosive and denudation landforms formed in the 
glacier foreland (Kondracki 2011).

With respect to the administrative division of the country, this area encom-
passes the Mazowieckie and Świętokrzyskie Voivodeships and parts of the Łódzk-
ie, Wielkopolskie, Dolnośląskie and Śląskie Voivodeships. The database contains 
68 patches of habitat 7230 covering an area of ca. 490 ha in total. They are sparsely 
distributed quite far from each other and form enclaves of biodiversity associat-
ed with sedge-moss fens in the intensively managed landscape of central Poland. 
In the Northern Masovia Lowland and its borderline areas, the Płock Basin fens 
(Drzesno, Nałęcin) with the largest locality for Liparis loeselii in Masovia, vast fen 
sedge beds near the town of Płońsk (Kłocie Raciąskie), or strongly oligotrophic 
Torfowisko Serafin (Serafin Mire) are worth mentioning. In the Central Mazovia 
Lowland, only one patch of sedge moss vegetation was preserved, called Torfy 
Orońskie (Orońskie Fens) with an area of 1.5 ha, which is a refuge for alkaline fen 
species in this area. A huge area of alkaline fens, Bagno Całowanie (Całowanie 
Swamp), has to be considered as entirely degraded since isolated patches related 
to sedge moss fens existing not long ago in recent years have disappeared, and 
drainage works carried out at the beginning of 2019 significantly worsened the 
water conditions in this area (see chapter 8). In the Southern Masovia Hills, a 
number of fen patches with sedge moss vegetation still exist, for example small 
areas in Torfowisko Pakosław (Pakosław Mire) with a locality for Ligularia sibir-
ica and Torfowisko Stara Siekierka (Stara Siekierka Mire) and Torfowisko Stara 
Siekierka (Stara Siekierka Mire) and Torfowisko Mierziączka (Mierziączka Mire) 
in the Zwolenka River Valley. The most important sedge-moss fens, as described 
below, include: Torfowiska Niecki Nidziańskiej, Torfowisko Bęczkowice, Torfo-
wisko Pastwa and a concentration of fens in the Silesia, partly composed of natu-
ral sites (e.g., Torfowisko w Myszkowie (Myszków Mire), sedge moss fens in the 
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Biała Przemsza River Valley, fens in the Biała River Valley near Laski, Antoniów), 
and partly of unique flush fens developed in anthropogenic habitats (e.g., Kuźnica 
Warężyńska, Młaki nad Pogorią, Młaki w Szczakowej) (Hałabowski et al. 2016a).

Alkaline fens of the Nida Basin

The Nida Basin constitutes the southern edge of the Małopolska Upland 
neighboring the Northern Subcarpathians (Kondracki 2011). This area is situated 
in the Vistula River catchment area and its hydrographic grid is composed of the 
Nida River and its tributaries. The basin is filled mostly by Mesozoic and Permian 
deposits, most often marls, opokas and limestones. Substratum is built of Creta-
ceous rocks overlain by Pleistocene and Holocene deposits.

The vegetation of the four alkaline fens occurring in this area is mostly com-
posed of phytocenoses of the Caricetum paniceo-lepidocarpae and Caricetum 
davallianae associations of the Caricion davallianae alliance, creating a mosaic of 
patches with Schoenetum ferruginei and meadow communities of the Molinietalia 
order. The best preserved patches of fen vegetation are situated in former shallow 
peat hollows and comprise low sedges, mostly Carex panicea, C. flava, with par-
ticipation of Potentilla erecta, Carex lepidocarpa and C. diandra and Sesleria uligi-
nosa. The moss layer is built of brown mosses, most of all Limprichtia cossonii and 
Campylium stellatum, and also Calliergonella cuspidata, Fissidens adianthoides, 
Tomentypnum nitens and Plagiomnium ellipticum. In addition, the following char-
acteristic fen species can be found Carex davalliana, C. flacca, Epipactis palustris, 
Pedicularis palustris, Schoenus ferrugineus and Valeriana simplicifolia. In marginal 
patches of the fens and in places with distinct succession, the vegetation assumes 
the character of wet meadows of the Calthion palustris alliance with Carex nigra 
and many thistles: Cirsium rivulare, C. canum and C. palustre. Moreover, a locality 
for Ligularia sibirica has been found here.

Distinctive among all fen patches, soligenous Torfowisko Bełk (Bełk Mire) is 
supplied by calcium-rich groundwater discharged from beneath the valley slopes. 
It developed in the location where the shallow valley bottom widens and its north-
ern mineral edge becomes prominent.

The vegetation of Bełk Mire comprises mostly phytocenoses of the associa-
tions Caricetum paniceo-lepidocarpae and Caricetum davallianae of the Cari-
cion davallianae alliance in a mosaic with patches of meadow communities of 
the Molinietalia order. Few-flowered spike rush Eleocharis quinqueflora, and Utri-
cularia minor and U. intermedia and Chara sp. occur in small depressions filled 
with water. Besides, the following rare and protected species can be mentioned: 
Liparis loeselii, Dactylorhiza incarnata and Epipactis palustris, Carex davalliana, 
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C.dioica, Parnassia palustris and Pedicularis palustris. Sesleria uliginosa, a species 
found only in the Nida Basin, occurs in small patches with meadow-grassland 
vegetation. Compact multispecies moss layer is built of brown mosses, mostly 
Limprichtia cossoni and Campylium stellatum, and also Calliergonella cuspidata, 
Fissidens adianthoides, Tomentypnum nitens, Plagiomnium ellipticum, and in more 
hydrated places Limprichtia revolvens, Scorpidium scorpioides, Bryum pseudotri-
quetrum and Philonotis sp.

Sedge moss fens of the Nida Basin are currently protected as Special Habitat 
Conservation Areas Dolina Mierzawy (Mierzawa River Valley) PLH260020, Os-
toja Szaniecko-Solecka (Szaniec-Solec Refuge) PLH260034 and Ostoja Nidziańs-
ka (Nida Refuge) PLH260003.

Photo 92: Bełk Mire (photo by E. Gutowska).
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Torfowisko Bęczkowice

Torfowisko Bęczkowice (Bęczkowice Mire) (see Zając et al. 2012) is situated 
on the Radomsko Hills constituting the northern edge of the Małopolska Upland, 
built of Cretaceous sandstones and Jurasic limestones overlain by Quaternary 
sands and clays. The meadow-fen complex Bęczkowice is located at the borderline 
of the zone of glaciofluvial water outflow from moraines of the Warta glaciation 
(Kondracki 2011). An alkaline fen was preserved near the edge of the Luciąża 
River Valley and is of soligenous character. Sedge moss vegetation covers an area 
of ca. 10 ha and occurs in five patches, most of which developed in hollows that 
remained after peat extraction in the first half of the 20th century. It is represented 
by phytocenoses belonging to the Caricion davallianae alliance, Caricetum rostra-
tae and Tomentypno-Caricetum rostratae associations and related communities 
of rush or meadow character. The moss layer in most of these patches is quite 
well-developed but, unfortunately, succession processes are also visible which 
is manifested by encroachment of meadow and rush species and the growth of 
trees and shrubs. It is one of two localities for fen orchid Liparis loeselii in the 
Łódzkie Voivodeship and for many rare species associated with sedge moss fens 
in this region. This area harbors inter alia the following species: Carex davalliana, 
Epipactis palustris, Drosera rotundifolia, Dactylorhiza incarnata, D. majalis, and 
in the moss layer Helodium blandowii, Tomentypnum nitens, Sphagnum teres, Sph. 
warnstorfii, Hamatocaulis vernicosus, Limprichtia cossonii, Campylium stellatum, 
Bryum pseudotriquetrum and Aulacomnium palustre. Bęczkowice Mire is protect-
ed as a Special Conservation Area Łąka w Bęczkowicach (Meadow in Bęczkowice) 
PLH100004.

The Prosna River Valley

In the Prosna River Valley situated in the Southern Wielkopolska Lowland, 
lined with fluvioglacial and fluvial sands (Kondracki 2011), there is the solige-
nous Torfowisko Pastwa (Pastwa Mire) covering an area of 6 ha. It is located in 
the eastern part of the valley just under the bluff, probably in the location of past 
aggregate extraction. The vegetation has the mossy sedge fen character of the Ca-
ricion davallianae alliance with a large proportion of meadow species, while some 
patches are related to wet Nardus grasslands, to tall sedge beds of the Magnoca-
ricion alliance and to meadows of the Molinion alliance. The sward is dominated 
by lesser Carex diandra, with a constant proportion of C. rostrata and C. panicea. 
Besides this, phytocenoses comprise Eriophorum latifolium, Menyanthes trifoliata, 
Equisetum fluviatile and E. palustre with constant presence of meadow species, 
including numerous grasses. The moss layer contains brown mosses, such as bog 
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Aulacomnium palustre, Fissidens adianthoides, Calliergonella cuspidata, Marchan-
tia polymorpha and Plagiomnium cuspidatum, and locally abundant peat mosses 
(Sphagnum teres, Sph. palustre, Sph. magellanicum, Sph. fimbriatum, among oth-
ers). Other species that can be found in this area include, among others, Eriopho-
rum latifolium, Liparis loeselii, Dactylorhiza incarnata, D. majalis, Drosera rotun-
difolia, Epipactis palustris and Listera ovata. Pastwa Mire is protected as Special 
Habitat Conservation Area Torfowiska nad Prosną (Mires on the Prosna River) 
PLH100037. 

Photo 93: Mires on the Prosna River PLH100037 (photo by D. Horabik).

Silesia

The very significantly anthropogenically transformed Silesian region, paradox-
ically, appears as one of the most interesting places of concentration of alkaline fens 
and flush fens. Most sites are concentrated in the Silesia Upland, in the mesoregions 
of the Katowice Upland and Tarnowskie Góry Hummock (according to Kondracki 
2011). However, the most natural fen in this region is situated in the Warta River 
Valley near Myszków, isolated from the above group of fens. 
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Torfowisko w Myszkowie (Myszków Mire) is located in a right-bank pocket 
of the Warta River Valley and covers an area of ca. 50 ha. It is the largest – in 
terms of surface area – remnant of natural alkaline fens in Silesia, preserved in 
a nearly natural state. Habitat 7230 occurs in a mosaic with transition mires and 
the Rhynchosporetum fuscae association . Probably it is the locality for the most 
abundant population of Liparis loeselii in a natural environment in the Śląskie 
Voivodeship (ca. 250 individuals in 2012, Hałabowski & Błońska 2015) and for the 
most abundant population of Hamatocaulis vernicosus preserved in this region. 
Large areas are occupied by relic Scorpidium scorpioides, Calliergon giganteum and 
Limprichtia cossonii; peat mosses typical of alkaline fens: Sphagnum teres, Sph. 
warnstorfii and Sph. contortum are also present. Among vascular plants, bore-
al sedges need to be mentioned: Carex diandra and C. lasiocarpa, C. davalliana, 
which has a distribution range in southern Europe and C. pulicaris, associated 
with the western part of Europe. Liparis loeselii occurs principally in vast patches 
of Eleocharis quinqueflora, while in the remaining depressions, Rhynchospora alba, 
Drosera rotundifolia, D. anglica and D. intermedia, Nymphaea candida, Chara vir-
gata and Utricularia ochroleuca (at the eastern limit of its distribution rage) can 
be found. There are also numerous Epipactis palustris, Carex lepidocarpa, Valeri-
ana simplicifolia, Dactylorhiza majalis, early D. incarnata, D. maculata, and from 
the valley edge: Ledum palustre, Oxycoccus palustris and Vaccinium uliginosum. It 
is an exceptional fen on a national scale which combines well-preserved glacial, 
western and southern-mountain elements. A part of this complex is protected as 
the Przygiełka Ecological Site, but this form of protection is proving to be insuffi-
cient. (Hałabowski et al. 2016b) and the fen requires inclusion in the Natura 2000 
network (see chapter 8).

Patches of alkaline fens in the Biała River Valley downstream of the Laski 
village are remnants of natural fens in this region. At least several hectares of 
well-developed sedge moss fens occur in three patches harboring, among others: 
Liparis loeselii (at least 100 individuals in total), Hamatocaulis vernicosus, Epipac-
tis palustris, Carex davalliana, C. dioica, C. pulicaris, Valeriana simplicifolia, Eleo-
charis quinqueflora, Pedicularis palustris, Campylium stellatum, Meesia triquetra, 
Pseudocalliergon trifarium and Hypnum pratense. These sites also deserve to be 
included into the Natura 2000 network (see chapter 8).

The sedge moss fen in the Biała Przemsza River Valley in Sławków (ca. 1 ha), 
also proposed for inclusion in Natura 2000 network (chapter 8), gathers many 
floristic rarities, which inter alia include: Liparis loeselii, Epipactis palustris, Carex 
dioica, C. diandra, C. davalliana, Limprichtia cossonii, Campylium stellatum and 
Utricularia intermedia.
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Torfowisko Antoniów (Antoniów Mire) (ca. 2.5 ha), preserved in the place 
formerly occupied by a larger complex, on terraces of the Trzebrzyczka Stream 
Valley, is fed by groundwater outflowing from beneath a mineral scarps. Vege-
tation forms a complex with transition mires and those related to raised bogs. 
Mossy sedge communities of the Caricion davallianae alliance developed there 
contain many characteristic species. This fen is protected as a part of the Natura 
2000 site Lipienniki w Dąbrowie Górniczej PLH240037.

However, a specific form of alkaline fens, i.e., floristically rich flush fens are a 
hallmark of this region. They developed in former sand excavation pits, in places 
where the pit reached aquifers with alkaline water (Błońska 2010, Molenda et al. 
2012, 2013).

The site Kuźnica Warężyńska, included in the Natura 2000 site Lipienniki w 
Dąbrowie Górniczej PLH240037, is an example of such a situation. Habitat 7230 
takes the form of initial sedge moss patches developing at the foot of the scarp 
of a sand pit and in places fed with alkaline groundwater. It harbors one of the 
most abundant populations of Liparis loeselii in southern Poland. Moreover, the 
following species are present: Carex davalliana, Pinguicula vulgaris ssp. bicolor, 
Drosera anglica and D. intermedia and orchids: Malaxis monophyllos, Dacty-
lorhiza majalis, D. incarnata and Epipactis palustris. Apart of these, there are 
also Parnassia palustris, Tofieldia calyculata, Eleocharis quinqueflora, Cladium 

Photo 94: A flush fen with Tofieldia calyculata in a sand excavation pit in Szczakowa 
(photo by Ł. Krajewski).



151

mariscus, Equisetum variegatum, Eriophorum latifolium, Utricularia minor and 
Menyanthes trifoliata. In the moss layer, Hamatocaulis vernicosus, Pseudocallier-
gon trifarium, Limprichtia cossonii and L. revolvens and peat mosses: Sphagnum 
warnstorfii and Sph. contortum have been identified.

In the city of Dąbrowa Górnicza, valuable sedge-moss vegetation, covering 
ca. 6 ha, developed also at the bottom of a former sand-pit. At present, this area 
is protected as an ecological site but its inclusion into the Natura 2000 network is 
worth considering (see chapter 8). Flora of this site is characterized by the pres-
ence of Pinguicula bicolor, Carex davalliana, Tofieldia calyculata, Epipactis palus-
tris, Malaxis monophyllos, Drosera anglica, D. rotundifolia and D. intermedia, Eq-
uisetum variegatum, Utricularia minor, Limprichtia cossonii and Sphagnum teres. 
Approximately 120 Liparis loeselii individuals were observed in this area in 2013, 
and a part of flush fen area was subjected to shrub removal by the Dąbrowa Gór-
nicza Town Office (Ł. Krajewski, unpublished).

The area of former sand pits located in the Szczakowa neighborhood compris-
es ca. 100 ha of floristically valuable flush fens that are not subject to any protec-
tion, although they are worth inclusion into the Natura 2000 network (see chapter 
8). This area is characterized by the presence Tofieldia calyculata, Carex davallia-
na, C. lepidocarpa, C. appropinquata, Epipactis palustris, Equisetum variegatum, 
Eleocharis quinqueflora, Drosera rotundifolia, Pedicularis palustris, Sphagnum 
teres, Triglochin palustre, moss Hamatocaulis vernicosus, Drepanocladus sendt-
neri and glacial relics: Carex dioica and Pseudocalliergon lycopodioides. Flush fens 
are related petrifying springs – habitat 7220  -which is confirmed by the presence 
of Preissia quadrata, Palustriella commutata and tufa deposited on mosses. Stone-
worts growing in stagnating water include: Chara vulgaris, Ch. virgata, Ch. hispida 
and Ch. intermedia, and also Utricularia minor. The population of Liparis loeselii 
was estimated at more than 2,000 individuals. In 2015, Gymnadenia densiflora and 
Pinguicula bicolor were also found in this area. The floristic richness of this site 
probably results from the vicinity of the already vanished fens in the Biała Przemsza 
River Valley running just alongside the sand pits (Ł. Krajewski, unpublished).
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Carpathians

Robert Stańko, Lesław Wołejko, Grzegorz Vončina

The Carpathians are one of the youngest mountain ranges in Europe devel-
oped during Alpine orogeny. Their Polish part is a fragment (9.3%) of a large 
mountain range extending across eight European countries. Their varied geolog-
ical structures, ages and folding times are the basis for distinguishing two geolog-
ical structures in Poland: the Inner Carpathians (Tatra Mts., Podhale Basin and 
Pieniny Klippen Belt) and the Outer Carpathians, called the Flysh Carpathians 
(the Beskids and their foothills).

The spatial distribution of alkaline fens is correlated mostly with substrate 
type, therefore they are most abundant in areas built of calcareous rocks, e.g., the 
Pieniny and Małe Pieniny Mts. However, in practice, alkaline fens occur in all 
mountain ranges of the Polish Carpathians, beginning from the Silesian Beskid 
to the Bieszczady Mts. and also in their foothills (Wołejko et al. 2012). Analysis 
of the literature data (Vončina 2017, and references cited therein) indicates the 
largest concentration of alkaline fens in the Beskid Sądecki Mts., Bieszczady Mts., 
Pieniny Mts. and Gorce Mts. (within the Magura nappe). The Low Beskid Mts. 
are the least abundant in alkaline fens. In the remaining part of the Carpathians 
dominated by flysh built of conglomerates, sandstones, claystones and siltstones 
(Oszczypko 1995), distribution of habitat 7230 depends on the local presence of 
larger amounts of calcium carbonate in the rocks (in flysch mostly marls) (Wołe-
jko et al. 2012), e.g., in the Żywiec Beskid Mts., Gorce Mts. and Bieszczady Mts. 
Some fens developed on former glaciofluvial fens (Orawa-Nowy Targ Basin) 
(Koczur 2011). Field inventories conducted by the Naturalists’ Club from 2009 to 
2015 seem to confirm the above data. Based on field data collected by us, and to a 
lesser extent supplemented by literature data, ca. 550 sites have been recorded up 
till now. In total, they cover an area of ca. 200 ha which constitutes only 1.3 % of 
all national resources of habitat 7230. Sites dominating in this area have a small 
surface area from several tens of square meters to several ares. It results in often 
slight depth of the peat bed (or its complete absence) which is largely dependent 
on slope and variable topography. Frequently, there are only shallow peat-gley soil 
layers (Jermaczek et al. 2009). Among all the surveyed patches of habitat 7230, 
only a few of them exceed an area of 1 ha. The largest of the identified fens are 
situated in the Orawa-Nowy Targ Basin.

Since the chemical composition of waters in the Carpathians depends on 
groundwater contact with the bedrock, it can vary in a relatively wide range. Sur-
face waters in alkaline fens in the Pieniny Mts. have been shown to contain very 
high contents of CaCO3, reaching 700 g/l (Nicia 2009). Such conditions favor pet-
rification process and accumulated biomass undergoes fast decomposition. High 
contents of calcium carbonate in the soils of the Pieniny flush fens results in high 
pH values from pH 6.7 – 8.1 (Vončina 2017).
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In terms of altitude, the greatest concentration of flush fens was noted in the 
foothill zone and lower montane zone. Human activity is an important factor 
influencing the presence and size of flush fens. Most often they occur in areas 
without dense tree cover, for example glades, alpine meadows and pastures. The 
number of sites increases in areas where extensive land management involving 
grazing and mowing has not been abandoned (Koczur 2011).

Besides bedrock type, the occurrence of alkaline fens is strongly dependent 
on geomorphological features of the terrain and character of supply with ground-
waters (Wilczek 2006). Mountain alkaline fens develop at seepage of groundwater 
with an appropriate chemical composition, which encountering semipermeable 
layers increases substrate hydration. Alkaline fens often develop in depressions, 
basins or pits, and on sub-slope and top plateaus (Pawłowski et al. 1960, Wilczek 
2006, Mróz et al. 2011). They are fed by shallow groundwaters seeping from the 
slopes and from valley-heads and from erosive fissures and at outlets of aquifers 
(Łajczak 2006). Such springs in the Carpathians discharging most often from sur-
face formations are characterized by low capacity, which usually does not exceed 
5 l/s (Dynowska & Pociask-Karteczka 1999). 

Conditions in the fen areas are modified by erosion processes which are par-
ticularly active at steep slopes and substrate fissures. It can lead to dehydration of 
a part of the fen and to leaching of amorphous particles of organic matter with 
precipitation waters (Jermaczek et al. 2009).

Vegetation in the majority of the surveyed alkaline fens is represented by 
its most important association Valeriano-Caricetum flavae (see, for example, 
Pawłowski et al. 1960, Grodzińska 1975, Pawłowski 1977, Hájek 1999). Based on 
the analyzed 415 phytosociological releves from the Carpathians, Vončina (2017) 
distinguished four sub-associations, each additionally subdivided into several var-
iants. The paper also reported the geographical diversity of the Valeriano-Carice-
tum flavae association. The described sub-association Valeriano-Caricetum flavae 
senecionetosum subalpini occurs in the western part of the Carpathians. Sub-as-
sociations Valeriano-Caricetum flavae typicum and Valeriano-Caricetum flavae 
caricetosum davalianae are found mostly in the central part of the Carpathians, 
and sub-association Valeriano-Caricetum flavae eleocharitetosum quinqueflorae 
occurs slightly further to the east in the Beskid Niski Mts. The article also de-
scribes a specific type of flush fens of the pasture type in the easternmost part of 
the Carpathians (Bieszczady Mts.) characterized by the highest percent cover by 
Juncus articulatus and Caltha laeta. These flush fens are situated in the Bieszczady 
alpine pasture zone at an altitude of 1290 m a.s.l. (Vončina 2017).
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In addition, the Caricetum davallianae association is a typical component 
of flush fens, while smaller areas are occupied by the Eleocharitetum pauciflo-
rae (in light of the newest studies, probably as the Valeriano-Caricetum flavae 
eleocharitetosum quinqueflorae sub-association) and communities identified as 
the Menyantho-Sphagnetum teretis and Caricetum nigrae (Kiaszewicz & Stańko 
2010). Classification of the vegetation of Poland’s mountain alkaline fens (as well 
as lowland ones) requires further studies and critical revision. It results, among 
others, from the fact that other typical communities of alkaline fens and related 
ecosystems of the Caricion davallianae alliance have also been identified in adja-
cent mountain terrains in Slovakia and the Czech Republic (Wołejko et al. 2012). 
The vegetation of mixed-type mires classified into the Sphagno-Tomenthypnion 
alliance deserves special attention. Noteworthy is the Sphagno warnstorfii-Erio-
phoretum latifolii association which is a stage in plant succession in alkaline fens 
moderately rich in nutrients or surrounds mildly mineralized springs (Hájek 
1999, Hájek & Hájková 2002).

The conservation status of habitat 7230 in the Carpathians is very diverse; 
both well-preserved and degraded habitats are found. In general, the conservation 
status of this habitat in the Alpine region is judged as unsatisfactory U1 (Koczur 
2011). The basic problem is related to the legal status of most areas, which are 
characterized by a very fragmented ownership structure that seriously hinders the 
proper management of habitat resources. Most fens belong to private owners who 
usually are not aware of the natural values of these areas. 

Due to strong, many centuries old anthropogenic pressure, a special dynamic 
balance developed in fens and their surroundings. Extensive grazing and mowing 
of larger areas favored the preservation of open habitats and even the extension 
of their area at the expense of forest of shrub phytocoenoses (Koczur 2011). Cur-
rently, land use is being systematically abandoned, and a considerable part of the 
montane glades, pastures and meadows – free of pressure in the form of grazing 
and mowing – undergoes natural processes of succession and the encroachment 
of shrubs and trees, leading to limitation of the fen area. Only the best pre-
served habitats of primeval character with undisturbed hydrological conditions 
resist the transformation, and are the source for the spread of typical vegetation. 

A small area of mountain alkaline fens and their situation in hard-to-access 
locations has protected them from exploitation. These areas were free of peat ex-
traction which allowed for the preservation of relatively natural relations. Howev-
er, there are indirect threats associated with exploitation of other adjacent ecosys-
tems, e.g., raised bogs in the Orawa - Nowy Targ Basin (Łajczak 2006).
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Fens in the Polish Carpathians are drained by artificial structures only to a 
limited extent. There have been attempts to construct drainage facilities in single 
sites (e.g., Hala Cebulowa in the Żywiec Beskid Mts.) which, however, did not 
bring the expected effects and were subsequently abandoned (Koczur 2011).

Another risk emerging recently is related to deforestation, which affects very 
large areas of the Silesian Beskid Mts. and Żywiec Beskid Mts. Due to degeneration 
of the Beskid forests and dying out of weak spruce trees (their main component), 
huge tracts of forest are being felled. Before forest restoration, it leads to increased 
erosion and surface run-off, and consequently to alterations in water relations. 
Another threat is associated with mechanical fen damage and dehydration of the 
fen area due to the logging of trees. Such areas undergo fragmentation by new 
unpaved transport roads and furrows in the topsoil caused by skidding. It leads to 
undercutting of slopes and rapid dehydration. As such, the constant monitoring 
and recording of changes occurring in deforested areas are of crucial significance.

A few sites are located close to beaver lodges. Beaver dam construction and 
the resulting water damming can lead to flooding and habitat disappearance. In 
such cases, conservation measures should focus on minimizing the effect of bea-
ver activities in adjacent areas. A further threat stems from construction of water 
intakes in flush fen areas most often for private purposes of the owners and water-
ing of livestock. Removal of such facilities is indispensable because they quickly 
lead to fen dehydration.

A large portion of habitat 7230 resources is located in refuges of Natura 2000 
Pieniny PLC120002, Tatry PLC120001, Ostoja Gorczańska PLH120018, Ostoja 
Jaśliska PLH180014, Beskid Śląski PLH240005, Małe Pieniny PLH120025 etc. 
(Mróz et al. 2011), and also in national parks (Bieszczady NP, Pieniny NP, Gorce 
NP etc.), landscape parks (Beskid Mały LP, Silesian Beskid LP, San River Valley 
LP etc.) and nature reserves (e.g., Dolina Jasiołki). However, in spite of the con-
siderable extent of protected areas, the conservation status of the habitat has not 
improved and it even seemingly deteriorates. This is caused by the sparse distri-
bution of sites and their small area (they cannot benefit from agri-environmen-
tal-climate packages).

Most of these mountain alkaline fens require active protection (Stańko et al. 
2018).

The sections below characterize areas with increased concentration of flush 
fens and alkaline fens in the Carpathians which, according to the best knowledge 
of the authors of this report, are of key significance for conservation of habitat 
7230 resources in Poland. The presented descriptions are very diverse depending 
on available knowledge. 
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Torfowiska Orawskie (Orawa Mires)

This area of exceptional concentration of alkaline fens is situated within the 
Czarna Orawa River catchment area and covers the whole flysch Orawa Interfluve 
and adjacent small fragments of the Babia Góra Massif and Orawa-Nowy Targ 
Basin. Although, in general, alkaline fens of this area reflect the specificity of the 
Carpathians, in many cases they are distinguished by specific, distinctive features. 

The Czarna Orawa River catchment is one of the best known areas in terms of 
natural features including the distribution of alkaline fens. Field surveys carried 
out by the Naturalists’ Club in 2010 resulted in inventorying a total of ca. 50 sites 
in this catchment area (ca. 360 km2). They differed in size, the majority covering 
a small area not exceeding 2 – 3 ares. Nevertheless, the area of some of them was 
greater than 5 hectares, which in mountain regions is undoubtedly a significant 
rarity (Kiaszewicz & Stańko 2010).

Small alkaline fens of flush fen character occurring in the catchment area ex-
hibit many similarities. They are located on slopes in places of groundwater seep-
age or at outlets with slightly obstructed outflow, and usually do not form a peat 
layer (if present, it is very shallow – up to 10 cm deep). Almost all of them occur 
in complexes with wet thistle meadows or next to them. They are spread sparsely 
but quite evenly all over the whole Czarna Orawa River catchment area. 

The Valeriano-Caricetum flavae association is the dominant phytocenosis; 
broad-leaved cottongrass and marsh helleborine are abundant. They are particu-

Photo 95: Flush fens transitioning into shallow mires with broad-leaved cotton grass 
surrounded by wet thistle meadows (photo by R. Stańko).
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larly conspicuous in landscape during cottongrass fruiting, distinguishing them 
especially when Cirsium rivulare flowers. 

Though very seldom, classic alkaline fens develop on slopes, covering an area 
sometimes exceeding 2 – 3 ha but usually not greater than 0.5 ha, with developed 
only shallow peat layer. 

In comparison with small flush fens, they are characterized by much greater 
diversity of plant communities and flora. The most frequent phytocenoses include 
associations: Menyantho-Sphagnetum teretis, Caricetum davallianae and Carice-
tum nigrae. Flora is distinctive for the abundance of brown mosses which were 
found to comprise, among others, such species as imprichtia cossoni or Tomen-
typnum nitens. Among vascular plants classified as rare, threatened or protected, 
several orchid species can be mentioned, e.g., Listera ovata, and representatives of 
Dactylorhiza spp.: Dactylorhiza incarnata, D. majalis and D. fuchsii and Gymnad-
enia conopsea. Pedicularis palustris is noted relatively often. A locality for Malaxis 
monophyllos was discovered in one site. 

The largest concentration of alkaline fens in the Czarna Orawa is found in 
the Bembeński Stream Valley. Among them, the fen located ca. 3 km north of the 
Podwilk village is most valuable. It is situated on quite steep slope and is char-
acterized by good hydrological conditions. The process of tufa deposition in the 
form of structural travertines from several to several tens of centimeters deep pro-
gresses at several places on the fen surface. In addition to the above-mentioned 
species, Pinguicula vulgaris is also numerous in places of carbonate precipitation. 

This fen has remained in a good state throughout the last 10 years in spite of wa-
ter intakes existing there since many years, the actual impact of which is not known 
and requires detailed analysis. It would be recommended to locally carry out tree 
and shrub removal in this area. The fen, like the remaining sites described in this 
section, is not subject to any protection and at least should be included into the Nat-
ura 2000 network (see chapter 8).

Mires located in the Orawa-Nowy Targ Basin, commonly associated only with 
cupola raised bogs, make the Czarna Orawa River catchments area exceptional. A 
detailed survey indicated that the cases of coexistence of raised bogs and alkaline 
fens in these complexes were not uncommon. An example of this is with two fens 
located in a direct proximity of the Orawa reservoir (in the neighborhood of the 
Murowanica village, mires on both sides of the road from the village to the reser-
voir). 

Fens take the shape of typical cupola on top of which there are ecosystems of 
transition mires and raised bogs, including fragments of bog forest. The cupola 
slope is occupied by vegetation characteristic of alkaline fens, represented mostly 
by such associations as the Menyantho-Sphagnetum teretis and Caricetum davalli-
anae. Small patches of other associations characteristic of alkaline fens were also 
observed just next to the reservoir. They include, among others the Caricetum 
paniceo-lepidocarpae, Eleocharitetum pauciflorae and Scorpidio-Caricetum dian-
drae. Depending on the location (and thus potential sporadic flooding episodes), 
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these communities are characterized by high variability. In the sporadic flooding 
zone, these phytocenoses are practically devoid of bryophyte layer in contrast to 
areas located higher that are occupied by the well-developed association Menyan-
tho-Sphagnetum teretis with a prevalence of brown moss species characteristic of 
habitat 7230. In addition, in 2010 the raised bog cupola was split by a drainage 
ditch. 

The next alkaline fens are located at the edges of raised bog cupolas in the 
neighborhood of the Baligówka village. It is one of the best-known – after Czer-
wony Bór (forest complex) – mire complexes (raised bogs!) of the Orawa-Nowy 
Targ Basin, which includes: Baligówka, Puścizna Rękowniańska and Bory Mires. 
The alkaline fen vegetation is dominated by the Valeriano-Caricetum flavae as-
sociation with an admixture of Caricetum paniceo-lepidocarpae, Eleocharitetum 
pauciflorae and Caricetum lasiocarpae. Amon valuable flora species, the following 
should be mentioned: Dactylorhiza majalis, D. maculata, Epipactis palustris and 
Pinguicula vulgaris. Regeneration of calciphilous vegetation in the peat pits adds 
additional values to the whole complex. The regeneration of plant communities 
characteristic of alkaline fens progresses 1 – 2 m below the former mire surface 
(Perzanowska 2017). 

Photo 96: One of the best preserved sedge moss fens (habitat 7230) in the vicinity 
of the Bembeński Stream with clearly visible compact moss layer 

(photo by R. Stańko).
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One of the most interesting sites in the Czarna Orawa catchment area is locat-
ed in the Chyżnik Stream Valley and covers an area of several hectares. It partly 
occupies the slope of an adjacent hill, while its central part takes the shape of a 
slightly elevated cupola (however, with no elements of raised bog or transition 
mire vegetation). This site is almost completely occupied by the Menyantho- 
Sphagnetum teretis association with well-developed brown moss layer.

In 2010, this fen showed favorable conservation status (with only isolated 
trees and shrubs). It was free of any traces of drainage facilities. In the same year 
the site was proposed to be included in the Natura 2000 network (see chapter 8) 
and the establishment of a nature reserve was postulated for its protection.

Observations carried out in 2012 revealed that the fen was partially destroyed. 
A water treatment plant was built in its western part, and trenches were dug across 
the whole fen to lay sewage pipes.

Photo 97: One of the largest sedge-moss fens (habitat 7230) in the Chyżny Stream Valley 
(ca. 1 km upstream of the Orawa Reservoir) with the typically developed Menyantho-

Sphagnetum teretis association (photo by R. Stańko).
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Photo 98: The state of the fen after works on construction of a water treatment 
plant in 2012 (photo by R. Stańko).

Mires of the Czarna Orawa River valley, despite undeniable values distinctive 
in the region and in the whole country, belong to the least protected in Poland. 
None of them has been protected as a nature reserve, and only 4 sites located in 
the Orawa-Nowy Targ Basin have been included into the Natura 2000 network 
(proposals on the extension of the Natura 2000 network in the Czarna Orawa 
River catchment area are presented in chapter 8.2).

The Gorce Mts.

The Gorce Mts., one of several mesoregions of the Outer Western Carpathians 
(420 km2), are entirely built of flysch formations, i.e., sedimentary rocks of the 
Magura nappe 3,000 – 5,000 m deep. In general, flysch rocks do not belong to 
formations with very high calcium carbonate content, except for marls occurring 
across the whole range of the Magura nappe, which probably significantly influ-
ences the concentration of alkaline fens in this region.

Stratygraphic studies have shown a shallow peat layer usually less than 35 cm 
deep in most of the flush fens and mires. Only in a few of them, for instance in a 
small fen in the area of Turbacz Mt., does the peat bed depth exceed 100 cm. The 
peat bed is most often underlain by a silt layer lining the rock formations, e.g., 
sandstone. Measurements of the basic physicochemical parameters of the flush 
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fen-feeding waters indicated their relatively low pH (around neutral) and low 
conductivity ranging between 200 – 300 µS. 

The alkaline fens and flush fens in most parts of the Gorce Mts. were invento-
ried in detail in 2013 for the needs of preparation of the conservation plan for the 
Gorce National Park and the plan of conservation measures for the Natura 2000 
site Ostoja Gorczańska PLH120018. In total, 150 sites were inventoried and docu-
mented in the whole Natura 2000 site. Stratygraphic studies were also conducted 
in some of them.

Most of habitat patches in the Gorce Mts. are small sites covering an area from 
several tens of square meters to several ares. The surface area of only five of them 
exceeds 1 ha and only 3 are larger than 2 ha. More than 150 sites were recorded 
in this region, of which ca. 50 are situated in the Gorce National Park. A majority 
of flush fens show favorable conservation status. Analysis of the existing reports 
and cartographic materials carried out in 2013 indicated that the area occupied by 
habitat 7230 has remained at a similar level over the last 20 years.

Low sedge flush mires in the Ostoja Gorczańska clearly diverge into two types: 
eutrophic flush mires dominated by lush herbaceous vegetation often with domi-
nant Chaerophyllum hirsutum and Caltha laeta, and mesotrophic low sedge flush 
fens with dominant Eriophorum latifolium, E. angustifolium and Carex flava. Most 
species accepted as characteristic of the habitat occur in the second type, i.e., mes-
otrophic flush fens, despite their generally poorer species composition. They also 
harbor abundant species of brown mosses. Some of them have not been listed 
as characteristic of the habitat (Methodological Guide, GIOŚ, see chapter 11.1, 
Wołejko et al. 2012), however in this area, due to close association with flush fens, 
they have been treated as indicators of their favorable conservation status. Cra-
toneuron filicinum is an example of such a species. In terms of the occurrence 
of characteristic species, the conservation status of patches with eutrophic flush 
mires was judged as inadequate (U1) while those with mesotrophic flush fens as 
favorable (FV). Unfortunately, it is not known to what extent the richness of the 
herbaceous plants limiting the growth of characteristic species, especially bryo-
phytes, and indicating an increased trophic state of the habitat reflects natural 
habitat conditions (water parameters), and to what extent it results from distur-
bances caused by former land use or its abandonment. The exceptional value of 
the Gorce flush fens is underlined also by the practical absence of invasive species, 
absence of expansive species, a good water supply, the absence of drainage facili-
ties and scanty shrubs and tree saplings. 

The abundance of flush fens in the Gorce Mts. should be related most of all with 
management type, mostly pastoral stockfarming. The preservation of open pastures 
often surrounding flush fens has favored habitat development (probably by benefi-
cial modification of water and light conditions). Sporadic pasturing and probable 
biomass gathering for litter for livestock maintained this habitat in a woodless state. 
The continuation of even limited traditional use of mountain pastures in the Gorce 
National Park allowed for the preservation of the habitat in a relatively favorable 
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status. It should be emphasized that in the future, even after entire abandoning 
the use of mountain pastures, sporadic mowing will be sufficient for habitat 7230 
conservation. Such measures are being implemented especially in the national 
park, in particular within the framework of alkaline fen conservation projects (see 
chapter 9).

Undoubtedly, one of the largest and most valuable complexes of flush fens 
within Ostoja Gorczańska is situated on mountain pastures near the Turbacz Mt. 
(Gorce National Park); they are described in the chapter dealing with alkaline fens 
in protected areas. 

The Pieniny Mts.

The Pieniny Mts. are located in southern Poland at the boundary of the Outer 
Western Carpathians built of Carpathian flysch, and the Central Western Car-
pathians formed with igneous, metamorphic and sedimentary rocks. The west-
ernmost edge the Pieniny Mts., situated in Podhale, is formed of isolated calcare-
ous rocks transforming eastwards into a compact range of calcareous ridges and 
massifs ending in the Rozdziele Pass. The most spectacular group of rocks, called 
the Trzy Korony Massif, is situated in the middle part of the range, but the whole 
range culminates in the Wysokie Skałki (Wysoka) peak (1050 m a.s.l.) located to 
the east. The small range 30 km long and covering an area of ca. 100 km2 is divid-
ed into four fragments by the Białka River and Dunajec River which, crossing the 
Pieniny Mts., created the deep Dunajec River Gorge (Kondracki 2011). 

Calcareous rocks with complex geological structure form the calcium car-
bonate-containing bedrock which determines basic pH of the groundwater flow-

Photo 99: One of the many flush fens in the Gorce Mts. (photo by D. Horabik).
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ing through them. Since eutrophic flush fens are fed by these waters, their hydro-
genic soils show alkaline pH value (Nicia & Miechówka 2004). Calcium carbonate 
contained in water sometimes is deposited as tufa on plants, their remains or on 
mineral substrate.

Flush fens classified into the Caricetalia davallianae order, represented by 
the mountain flush fen association Valeriano-Caricetum flavae, are unevenly dis-
tributed throughout the Pieniny Mts., from the foot to the height of 940 m a.s.l. 
(Vončina 2017). Most best preserved flush fens occur in the Western Pieniny Mts., 
while they are less numerous in the Pieniny Właściwe Mts., Pieniny Spiskie Mts. 
and Małe Pieniny Mts. The community is formed of  small several are-sized scat-
tered patches; only in the glades Za Stronią and Kwicurki in the Western Pieniny 
Mts. do they form a larger complex occupying an area of more than 1 ha. Flush 
fens are located in almost flat wet spots (Kaźmierczakowa et al. 2004). Abundant 
and frequent occurrence of Carex davalliana, which in some patches reaches even 
75% cover of herbaceous plants, is a hallmark of flush fens in the Pieniny Mts. Oth-
er species distinctive for the Pieniny flush fens include Carex flacca and Epipactis 
palustris; moreover, other species are also constantly present: Carex panicea, C. 
flava s.l. and C. nigra. Among plants occurring in the Pieniny flush fens, the oc-
currence of protected orchids is noteworthy: Dactylorhiza majalis, Listera ovata, 
and Gymnadenia conopsea (sometimes very abundant). Patches of this association 
have well-developed moss layer sometimes covering their entire area. This layer 
is built of Bryum pseudotriquetrum, Campylium stellatum, Calliergonella cuspida-
ta, Cratoneuron filicinum, Limprichtia cossonii, Plagiomnium elatum and the relic 
species Tomentypnum nitens (Vončina 2017). In combination with some of the 
above-listed species, the vegetation also comprises numerous protected species, 
e.g., Pinguicula vulgaris, Tofieldia calyculata and Philonotis calcarea.

The species composition of the Pieniny flush fens is internally diverse, which 
allowed for distinguishing three variants of the sub-association Valeriano-Carice-
tum flavae caricetosum davallianae. The variant with marsh helleborine, described 
on the basis of phytosociological releves taken in patches located principally on 
southern slopes, was defined according to the constant presence of orchid and also 
Limprichtia cossonii and Eupatorium cannabinum. On northern slopes, there are 
patches with frequently occurring Myosotis palustris and increased contribution 
of Climacium dendroides. The third and the rarest variant comprises the commu-
nity with dominance of Calamagrostis varia, whose scanty patches unrelated to 
slope aspect were described in geobotanical sub-regions of the Pieniny Zachodnie 
and Pieniny Centralne Mts. (Vončina 2017).

Intensively grazed flush fens of the Valeriano-Caricetum flavae association in 
the Małe Pieniny Mts. are colonized by Epilobium hirsutum, Equisetum arvense, 
Potentilla anserina and P. repens

The Pieniny flush fens were first described by Kulczyński (1928) as Caricetum 
davallianae, while the list attached in that paper confirmed the significance of 
Carex davalliana as a species constantly present in the described association. Next, 
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reports documenting the status of flush fens in the Małe Pieniny Mts. were pub-
lished in the post-war period, however they focused on their practical usefulness 
(Kostuch 1966); also a collective phytosociological table for the Skalice Spiskie 
area was reported (Grodzińska 1975). More recently, the monograph published in 
conclusion of works on the conservation plan for the Pieniny National Park con-
tained descriptions of syntaxons identified in the period 1998 – 1999 with original 
phytosociological releves (Kaźmierczakowa et al. 2004). The monograph of flush 
fens in the Polish Carpathians published by Vončina (2017) is a complement to 
the phytosociological material from the Pieniny Mts. with a description of their 
relations to communities in the remaining part of the Carpathians and floristically 
related sedge moss communities in Poland.

Mountain and lowland alkaline fens of flush fen, sedge fen and sedge-moss 
fen character (7230) are protected in the Pieniny Mts. within the framework of 
conservation measures for the Pieniny National Park (see chapter 8). In the Małe 
Pieniny Mts., they are situated in Natura 2000 sites: Małe Pieniny PLH120025, 
where they cover an area of 1.5 ha (most of them were subject to conservation 
measures implemented within the project LIFE13 NAT/PL/024), and Podkowce w 
Szczawnicy PLH120037 (a small area of 0.26 ha). On the one hand, the abandon-
ing of traditional land use (mowing) is a threat to the natural habitat 7230 due to 
succession of tree species but on the other, damage of moss layer and topsoil dry-
ing in places of intense sheep grazing and water intake for agricultural purposes 
have an impact on the sedge moss fens in the Małe Pieniny Mts. 

Photo 100: A view on one of the many flush fens within the Natura 2000 site Małe Pieniny 
PLH120025 (photo by D. Horabik).
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The Bieszczady Mts.

The Bieszczady Mts. covering an area of ca. 1500 km2 are built of flysch uplift-
ed and undulating on the turn of Oligocene and Miocene (ca. 28 mln years ago). 
The Western Bieszczady Mts. are formed of two nappes – the Dukla nappe and the 
Silesian nappe – with relatively variable geological structure. Sedimentary rocks 
comprise, among others, calcium carbonate-rich formations (marls).

Our studies and available literature data (Krameko 2015) confirmed the pres-
ence of more than 100 habitat 7230 patches in the area of the Bieszczady Mts. 
These sites occur mostly in the Bieszczady National Park in woodless mountain 
expanses located at higher altitudes, called “połoniny” and in stream valleys. 
Most of them are small-sized, occupying an area of several or a dozen or so ares. 
According to the confirmed data, the total area of habitat 7230 in the Bieszczady 
Mts. is slightly greater that 15 ha, of which ca. 11 ha are located in the Bieszczady 
National Park (Krameko 2015). 

Considering the geological and natural hydroecological conditions, it appears 
that habitat 7230 in this region should occupy a much larger area. It is indicated, 
for instance, by a significant disproportion between the inventoried habitat area in 
the national park and outside of it. During preparation of the conservation plan 
(Krameko 2015), the conservation status in the whole Natura 2000 refuge was 
judged as inadequate (U1), with no indication about the absence of threats.

Flush fen covering an area of 0.5 ha situated in the Komańcza Forest District 
at the border with the Baligród Forest District, close to the Jeziorka Duszatyńskie 
Nature Reserve, was indicated as the most valuable site representing habitat 7230, 
which also occupies the largest area (outside of the national park). Vascular flora 
contained abundant species of the Caricion davallianae alliance and characteristic 
of the habitat (e.g., Carex flava, marsh helleborine Epipactis palustris, Valeriana 
simplicifolia and Eriophorum latifolium). The moss layer was also relatively rich 
and included many characteristic species, e.g., Sphagnum warnstorfii, Campylium 
stellatum, Limprichtia cossoni, Bryum pseudotriquetrum and Tomentypnum nitens, 
Philonotis sp. (Krameko 2015).

A vast majority of the habitat 7230 patches is located within the Natura 2000 
site Bieszczady PLC180001, including the Bieszczady National Park. Considering 
the insufficient knowledge on habitat distribution outside of the national park, it 
is difficult to determine the scale of the needs for the establishment of new pro-
tected areas (nature reserves) for its better protection.

Beskid Sądecki Mts. (Ostoja Popradzka)

The Beskid Sądecki Mts. is a range in the Western Carpathians with an area 
of almost 700 km2, built of flysch formations undulated at the beginning of Neo-
gene and in mid-Miocene. They are composed of undulating, alternating layers of 
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sandstones, conglomerates and silt-clay shales, locally marly within the Magura 
nappe (geological unit comprising the Gorce Mts. and a prevailing part of the 
Czarna Orawa catchment area).

The fens develop here under identical field conditions as in the remaining part 
of the Carpathians.

Within the framework of field surveys carried out by the Naturalists’ Club, 16 
small sites were inventoried. Literature data and our studies indicate that at least 
36 patches of the habitat occur in this region. They have a varied, usually small 
surface area, and the area of only one site exceeded 0.5 ha. 

Most flush fens are located in the catchment area of the upper Poprad River 
and its tributary Grajcarek Stream.

The flora of the flush fens of the Sącz Beskid Mts. show similar characteristics 
as the flora of flush fens and alkaline fens in the rest of the Carpathians. Relative-
ly common species include orchids, e.g., Dactylorhiza majalis, Epipactis palustris 
and Listera ovata, which is one of the most common species in this group. The 
Valeriano-Caricetum flavae association is the dominant community. Similarly as 
in other regions of the Carpathians, flush fens of the Beskid Sądecki Mts. are dis-
tinguished by the abundance of typical mountain species, e.g., Senecio subalpinus 
or Veratrum lobelianum (Bregin 2016). Thus, one of four sub-associations was dis-
tinguished there, i.e., Valeriano-Caricetum flavae senecionetosum subalpini. The 
only known locality for Primula farinose in Poland was identified in the Beskid 
Sądecki Mts. (Gajewski et al. 2018).

Most of flush fens of the Beskid Sądecki Mts. are protected as Natura 2000 site 
Ostoja Popradzka (Poprad Refuge) PLH120019.

The Sudety Mts. 

Lesław Wołejko, Paweł Pawlaczyk

The contribution of calcareous rocks to the geological structure of the Sudety 
Mts. is much lower and in some regions they are nearly absent. It is particularly 
pertinent to some mountain ranges in the Western Sudety Mts. which are dom-
inated by granites and gneisses. The Sudety Mts. and Sudety Foreland belong to 
a few regions of Dolny Śląsk where significant resources of habitat 7230 are still 
preserved. However, in this region they are much scarcer than in comparable – in 
terms of orography – regions of the Carpathians. In addition, the conservation 
status of these sites is lower, which most probably results from many centuries long 
and diverse anthropogenic pressure. Hanging soligenous mires, quite common in 
this region, harbor almost exclusively mesotrophic vegetation of transition mires. 
Reports of alkaline fens in the Sudety Mts. describe principally the Kaczawskie 
Mts. and Rudawy Janowickie Mts. (e.g., Kwiatkowski 1997, Świerkosz 2006).

However, these are the Central Sudety Mts. that are the main area of occur-
rence of alkaline fens in Dolny Śląsk. A dozen or so sites were inventoried which 
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concentrate in the Kaminenne Mts., Wałbrzyskie Mts., Stołowe Mts., Orlickie 
Mts. and Bystrzyckie Mts. (Jakubska et al. 2005, Monitoring GIOŚ). They are very 
small-sized sites. Their vegetation is related to the so-called valerian-sedge flush 
fen Valeriano-Caricetum flavae (however, Valeriana simplicifolia is often replaced 
here by Valeriana dioica) and to Caricetum davallianae. However, most often 
vegetation of the Sudety flush mires represents transition stages to wet meadows 
(Calthion), herb communities and Molinia meadows. Stages related to transition 
mires of moss bog type are also common.

The conservation status of the surveyed mire complexes is much worse com-
pared with the Carpathians, which is most probably a result of strong many centu-
ries long anthropogenic pressure. After traditional agricultural land use was aban-
doned, many sites suffered due to forestation efforts.

Observations carried out for many years in the Polskie Wrota Pass document 
the disappearance of valuable flora components. In the period from 2005 to 2011, 
the population of Epipactis palustris decreased by 70% (Jakubska-Busse & Śli-
wiński 2011).

New threats are associated with the expansion of recreational infrastructure, 
e.g., the construction of ski lifts or ski slopes. Such examples are known, for in-
stance, from the Zieleniec area (Jakubska et al. 2005).

Traditional protection in nature reserves also does not always provide effi-
cient protection of valuable components of alkaline fens in this region. Degrada-
tion and disappearance of habitat 7230 phyocenoses have been well documented, 
among others, in the Łąki Sulistrowickie Nature Reserve (Berdowski 1965, Ber-
dowski and Panek 1998). Restoration measures are implemented both in protect-
ed areas (according to conservation plans of different level) and in those that are 
not subject to any form of protection. One of projects of the Naturalists’ Club 
“Conservation and restoration of threatened hydrogenous habitats in the Sudety 
Mts.” can be an example.

The Sudety Mts. and Sudety Foreland belong to a few regions of Dolny Śląsk 
where significant resources of habitat 7230 are still preserved. They concentrate 
in Central Sudetes. Information on the habitat occurrence come mainly from flo-
ristic papers (inter alia Smoczyk & Jakubska 2004, Jakubska et al. 2005, Smoczyk 
2005, 2010, 2012, Jakubska-Busse & Śliwiński 2011, Wasiak et al. 2013, Smoczyk 
& Karakula 2016), where alkaline flush fens of Caricetalia davallianae order were 
idicated as habitat of valuable species such as - Carex davalliana, Epipactis palus-
tris, Pedicularis palustris, Pinguicula vulgaris, Trollius euroepaeus, Dactylorhiza 
majalis, Dactylorhiza fuchsii, Eriophorum latifolium, Triglochin palustre. Calcare-
ous flush fens in Sudety are also the habitat of many valuable moss species such as: 
Tomentypnum nitens (Smoczyk & Wierzcholska 2016), Moerckia hibernica, Hyp-
num pratense, Limprichtia cossonii. Knowledge of region’s alkaline fens were sup-
plemented, by describing in details few dozens of sites, during nationwide inven-
tory and conservation measured implemented by Naturalists’ Club (Jermaczek et 
al. 2012, Wołejko et al. 2012, Stańko & Wołejko 2018b). In the Naturalist’s Club 
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Photo 101: A flush fen in Orlickie Mts. landscape (photo by M. Smoczyk).  

Photo 102: Pinguicula vulgaris on a flush fen in Orlickie Mts. (photo by M. Smoczyk).
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data base in Sudety Mts. 34 sites of total area of 23 ha are included but the number 
of flush fens existing is most probably higher. 

The alkaline flush fens of Sudetes are very small in terms of their area. Typical 
vegetation is related to valerian-sedge flush fen type Valeriano-Caricetum flavae 
(Valeriana simplicifolia is replaced often by Valeriana dioica) and Caricetum dav-
allianae association. In some phytosocjology classifications those flush fens are 
classified as Valeriano dioicae-Caricetum davallianae association (Hajek & Hajk-
ova 2011). In Orlickie Mts. flush fens with calcium-tolerant sphagna representing 
phytocenosis of Sphagno warnstorfii-Tomentypnion nitentis occur (Sphagno warn-
storfii-Eriophoretum latifolii order).

Mostly however, vegetation of Sudetes’ flush fens is of transition character to-
wards moist meadows (Calthion), herb communities or less common Molinion 
meadows.  Commonly stages related to moss transition mires occur. They develop 
mostly within mountain hanging mires. This is a result of low share (and in some 
regions complete lack) of calcareous rocks, in comparison to the Carpathians, in 
geological structure of the mountains. It concerns mainly ranges of Western Su-
detes where acid granites and gneisses dominate. The conservation status of the 
surveyed mire complexes is much worse compared with the Carpathians, which 
is most probably a result of strong many centuries long anthropogenic pressure. 
After traditional agricultural land use was abandoned, many sites suffered due to 
forestation efforts. New threats are associated with the expansion of recreational 
infrastructure, e.g., the construction of ski lifts or ski slopes. Such examples are 
known, for instance, from the Zieleniec area (Jakubska et al. 2005). Observations 
carried out for many years in the Polskie Wrota Pass document the disappearance 
of valuable flora components. In the period from 2005 to 2011, the population of 
Epipactis palustris decreased by 70% (Jakubska-Busse & Śliwiński 2011).

A clearly visible flush fens concentration, very valuable from the floristic point 
of view, is on Orlickie Mts. Foreland and in Orlickie Mts. themselves. The flush 
fens with Pinguicula vulgaris subsp. vulgaris and Pedicularis palustris in Zieleniec 
(Smoczyk 2011, Smoczyk & Karakula 2016), flush fens with Pinguicula vulgaris 
subsp. vulgaris in the area of former village Zimne Wody (Smoczyk & Karakula 
2016), flush fen with Epipactis palustris on the Polskie Wrota Pass  (Jakubska et al. 
2005, Smoczyk 2005), flush fens with Carex davalliana on the Polskie Wrota Pass 
and Zieleniec (Smoczyk 2005), flush fens on Żmijowa Łąka near Duszniki Zdrój, 
near Pokrzywno, in Słoszów, Czermna and Kudowa are known. Typical for this 
region is occurence of calcarous sphagna flush fens with Sphagno warnstorfii-Eri-
ophoretum latifolii. A few – less developed – flush fens are still prteserved in ner-
bouring Stołowe Mts, inter alia on Torfowisko Batorowskie and in spring area of 
Czerwona Woda. On some of those flush fens ie. in Zieleniec, precipitation of 
calcarous tufa was observed (Smoczyk & Karakula 2016). 

Second noticable concentration of alkaline flush fens in Sudetes is in Kami-
enne Mts., Obniżenie Ścinawki, Zawory, Brama Lubawska and eastern ranges of 
Karkonosze Mts. Flush fens in Niedamirów, with Carex davalliana  and Epipac-
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Photo 103: A typical flush fen in the 
Kamienne Mts. (photo by R. Stańko).

tis palustris, are under conservation 
measures implemented by Naturalist’s 
Club which are described in detail in 
Stańko & Wołejko. 2018b. Concentra-
tion of valuable flush fens with Carex 
davalliana,  Epipactis palustris, Trol-
lius europaeus, Iris sibirica, numerous 
population of Dactylorhiza majalis is 
present also in Jawiszówka river valley, 
near Głazy Krasnoludków nature re-
serve (Jermaczek et al. 2012, Wasiak et 
al. 2013). Some parts of this complex 
were subject of conservation measures 
implemented in 2010-2012 in a frame 
of the project „Ochrona i odtwarzanie 
zagrożonych siedlisk hydrogenicznych 
w Sudetach Środkowych” (“Conserva-
tion and restoring of hydrogenic hab-
itats in Central Sudetes”) (Jermaczek 
et al. 2012, see also chapter 10.1); Su-
deckie Towarzystwo Przyrodnicze in 
2013 was also removing branches left 
over on the flush fen area (Polskie To-
warzystwo Storczykowe 2013). Flush fens on the foothill of Wielka Kopa Massif 
near Raszów are also interesting (Wasiak et al. 2013).

Smaller concentration of flush fens are present in Kaczawskie Mts., Ołowiane 
Mts. and Rudawy Janowickie Mts. (inter alia Kwiatkowski 1997, 2007, Świerkosz 
2006). Calcarous flush fen with Epipactis palustris population is found in Radom-
ice on Izery Foreland (Jakubska-Busse & Śliwiński 2011). In Sowie Mts. mountain 
hanging fens of spagna moss fen type with some characteristics of spring-fed fens 
are found  (Jermaczek et al. 2012). Some small calcarous flush fens are also present 
in Krowiarki mountaing range in Śnieżnik Massif i.e. near Romanów..

Not typically developed initial calcarous flush fens with high share of valuable 
species of vascular plants and mosses are found on bottoms of former limestone 
quarrie in some parts of Sudetes. Those unusual habitats for flush fens, mostly 
dominated by moss vegetation (vegetation of Caricion davallianae or Cratoneu-
ron commutati association), are known from Śnieżnik and Krowiarki Massifs i.e. 
Kleśnica river valley, area near Stronie Śląskie, Rogożka and also near Złoty Stok 
in Złote Mts. and Duszniki – Zdrój in Orlickie Mts. 

Flush fens of Sudetes are protected within Natura 2000 sites: Góry Orlick-
ie PLH020060, Grodczyn i Homole k. Dusznik PLH020039, Góry Stołowe 
PLH020004, Góry Kamienne PLH020038, Karkonosze PLH020006, Pasmo Kro-
wiarki PLH020019.
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8. ALKALINE FENS (NATURAL HABITAT 
7230) IN POLISH PROTECTED AREAS 

NETWORK
Paweł Pawlaczyk, Dorota Horabik

8.1. Alkaline fens resources in forms of nature protection

The database of alkaline fens maintained by the Naturalists’ Club shows that 
only 76 (of 1425) known alkaline fens in Poland are not covered by any form of 
nature protection. The area of alkaline fens remaining outside the forms of nature 
protection is 374 ha, which is only 3.7% of national resources. Other forms of 
nature protection, often overlapping, include the following part of the national 
resources of the natural habitat 7230:

Table 3. National resources of the natural habitat 7230 contained in individu-
al forms of nature protection. Source of data on forms of nature conservation: 
Central Register of Nature Conservation Forms http://crfop.gdos.gov.pl/ Habitat 
pockets according to the Naturalists’ Club database http://alkfens.kp.org.pl/ogol-
nopolska-baza-mechowisk/

Form of protection
Area

ha %
Natura 2000 sites (Habitats Directive) 9041,90 88,9%
National Parks 5339,40 52,5%
Nature reserves 1988,60 19,5%
Landscape parks 1896,80 18,6%
Protected landscape areas 1662,40 16,3%
Ecological areas 606,60 6,0%
Nature and landscape complexes 159,80 1,6%
Nature monument 0,48 0,005%
Outside protection 374,10 3,7%
Total3 10173,0 100%

3  The sum of individual records is higher as those protection forms may overlap. 

http://alkfens.kp.org.pl/ogolnopolska-baza-mechowisk/
http://alkfens.kp.org.pl/ogolnopolska-baza-mechowisk/
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8.2. Natura 2000 sites

8.2.1. Alkaline fens resources in the network 

The area of the habitat patches included in the nationwide base of alkaline fens 
conducted by the Naturalists’ Club, located in the habitat areas of Natura 2000, is 
9041,9 ha (which constitutes approx. 89% of the total habitat area in Poland). As 
of the end of 2018, the 7230 natural habitat is subject to protection (ie it is shown 
with an A, B or C representativeness assessment) in 161 Polish Natura 2000 sites. 
The total area of the habitat declared in the Standard Data Forms (SDF) in these 
areas is 20 196 ha. Discrepancies between the data on habitat 7230 in SDFs and 
the presence of habitat patches inventoried in the nationwide base of alkaline fens 
are, however, very large. In, as many as 76 areas (47%!) in which habitat 7230 is the 
conservation objective, we do not know the location of any patches of this habitat 
(Table 4).

Table 4. Natura 2000 sites in which habitat 7230 is subject to protection. Data 
source from SDF: General Directorate of Environmental Protection. Naturalists’ 
Club Database of Moss Fens as at 31/12/2018. 

Name of the site

Area of 
the hab-
itat 7230 

according 
to SDF, 

ha

General assess-
ment of site’s 

importance for 
habitat 7230 ac-
cording to SDF

Area of 
the 7230 

habitat 
patches in 

Naturalists’ 
Club data 

base, ha
Bagna Orońskie PLH140023 1,57 B 1,80
Beskid Mały PLH240023 7,19 C  
Beskid Śląski PLH240005 26,41 A 0,66
Beskid Żywiecki PLH240006 176,38 A 3,57
Bieszczady PLC180001 111,52 A 15,95
Błota Kłócieńskie PLH040031 1,95 C  
Bobolickie Jeziora Lobeliowe 
PLH320001 53,78 C  

Buczyna Szprotawsko-
Piotrowicka PLH080007 42,70 C  

Diabelskie Pustacie PLH320048 12,93 B  
Dobromierz PLH020034 2,50 C  
Dobromyśl PLH060033 0,32 B  
Dolina Biebrzy PLH200008 3000,00 A 4140,03
Dolina Bielawy PLH320053 0,78 C 0,58
Dolina Debrzynki PLH300047 0,92 A 40,64
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Dolina Górnej Łeby PLH220006 255,01 A  
Dolina Górnej Rospudy 
PLH200022 40,71 B 4,09

Dolina Grabowej PLH320003 412,77 A  
Dolina Ilanki PLH080009 47,23 A 48,01
Dolina Iny koło Recza 
PLH320004 11,18 B 13,04

Dolina Kakaju PLH280036 0,29 B  
Dolina Krasnej PLH260001 0,48 C  
Dolina Krąpieli PLH320005 11,64 C  
Dolina Lubszy PLH080057 1,30 A  
Dolina Łętowni PLH060040 5,68 A  
Dolina Łobżonki PLH300040 47,16 A 43,22
Dolina Łupawy PLH220036 170,77 B 4,94
Dolina Małej Panwi PLH160008 0,19 C 0,49
Dolina Pliszki PLH080011 41,70 A 49,10
Dolina Płoni i Jezioro 
Miedwie PLH320006 20,00 B 23,50

Dolina Prądnika PLH120004 18,58 B  
Dolina Radwi, Chocieli i Chotli 
PLH320022 1475,66 A 43,20

Dolina Rurzycy PLH300017 35,32 A 19,19
Dolina Sieniochy PLH060025 13,47 A 24,42
Dolina Słupi PLH220052 24,65 B 211,12
Dolina Stropnej PLH220037 57,80 A 3,72
Dolina Szczyry PLH220066 180,56 C  
Dolina Szeszupy PLH200016 18,71 A 12,62
Dolina Środkowej Wietcisy 
PLH220009 64,64 A  

Dolina Wieprzy i Studnicy 
PLH220038 1957,20 B  

Dolina Wierzycy PLH220094 0 C  
Dolina Wolicy PLH060058 9,38 B  
Dolny Wieprz PLH060051 163,65 C  
Dorzecze Parsęty PLH320007 1718,04 B  
Dorzecze Regi PLH320049 14,83 B 1,71
Góra Świętej Anny PLH160002 0 C  
Góry i Pogórze Kaczawskie 
PLH020037 3,50 A  

Góry Kamienne PLH020038 2,41 A 8,42
Góry Opawskie PLH160007 2,79 C  
Góry Orlickie PLH020060 1,96 B  
Góry Stołowe PLH020004 24,16 C 5,07
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Góry Złote PLH020096 0,71 A  
Grądy w Dolinie Odry 
PLH020017 0 C  

Grodczyn i Homole koło 
Dusznik PLH020039 2,87 A 0,76

Jata PLH060108 0,95 C  
Jeleniewo PLH200001 46,69 A 18,88
Jeziora Szczecineckie 
PLH320009 16,20 B  

Jeziora Uściwierskie PLH060009 82,62 C  
Jeziora Wdzydzkie PLH220034 0 C 31,73
Jezioro Bobięcińskie PLH320040 50,75 A  
Jezioro Gopło PLH040007 6,47 B  
Jezioro Kozie PLH320010 4,84 B 12,38
Jezioro Krąg PLH220070 3,78 A 6,76
Jezioro Księże w Lipuszu 
PLH220104 4,25 B 4,05

Jezioro Lubie i Dolina Drawy 
PLH320023 832,08 A 4,42

Jezioro Mnich PLH300029 2,16 A 10,44
Jonkowo-Warkały PLH280039 2,51 C 2,51
Kamień PLH060067 2,94 A 7,37
Karkonosze PLH020006 18,20 A 1,91
Kemy Rymańskie PLH320012 538,22 C  
Krowie Bagno PLH060011 26,76 B  
Lasy Bierzwnickie PLH320044 8,79 B  
Lisi Kąt PLH040026 10,61 C 8,44
Łąka w Bęczkowicach 
PLH100004 38,24 A 27,34

Łąki Gór i Pogórza Izerskiego 
PLH020102 4,50 A  

Łąki nad Szyszłą PLH060042 19,62 A 2,50
Małe Pieniny PLH120025 1,48 B 2,44
Masyw Ślęży PLH020040 0,51 B  
Mazurska Ostoja Żółwia 
Baranowo PLH280055 9,47 B  

Mazurskie Bagna PLH280054 9,10 B 9,38
Mechowiska Sulęczyńskie 
PLH220017 20,52 A 19,07

Mechowiska Zęblewskie 
PLH220075 2,68 B 2,92

Mechowisko Manowo 
PLH320057 26,06 B 43,69

Moczary PLH180026 12,65 B 5,86
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Mokradła Kolneńskie 
i Kurpiowskie PLH200020 43,40 A 4,86

Narwiańskie Bagna PLH200002 90,38 C 45,13
Nowosiółki (Julianów) 
PLH060064 0,67 C 17,12

Orle PLH220019 36,11 A 37,05
Ostoja Augustowska PLH200005 535,34 A 254,24
Ostoja Babiogórska PLH120001 1,37 B  
Ostoja Bagno Całowanie 
PLH140001 917,04 B  

Ostoja Barlinecka PLH080071 23,94 B 5,30
Ostoja Borzyszkowska 
PLH220079 11,25 B  

Ostoja Brodnicka PLH040036 15,45 B 3,10
Ostoja Goleniowska PLH320013 0,84 B  
Ostoja Gorczańska PLH120018 18,00 A 31,37
Ostoja Jaśliska PLH180014 8,79 C 0,27
Ostoja Knyszyńska PLH200006 82,00 B 106,17
Ostoja Lidzbarska PLH280012 5,32 A 22,86
Ostoja Magurska PLH180001 241,01 A 1,40
Ostoja nad Baryczą PLH020041 16,41 A  
Ostoja Nadliwiecka PLH140032 2,72 C  
Ostoja Nadwarciańska 
PLH300009 266,53 C  

Ostoja Napiwodzko-Ramucka 
PLH280052 3,26 A 165,44

Ostoja Nidziańska PLH260003 1,33 B 3,75
Ostoja Piska PLH280048 2,15 A 27,66
Ostoja Poleska PLH060013 711,14 A 1205,53
Ostoja Popradzka PLH120019 86,90 A 3,86
Ostoja Przemęcka PLH300041 1,20 A  
Ostoja Przemyska PLH180012 594,85 A  
Ostoja Radomno PLH280035 15,80 A 9,57
Ostoja Szaniecko-Solecka 
PLH260034 80,73 A 3,82

Ostoja Środkowojurajska 
PLH240009 28,84 C  

Ostoja w Dolinie Górnego Nurca 
PLH200021 1,27 B  

Ostoja w Dolinie Górnej Narwi 
PLH200010 7,53 B  

Ostoja Welska PLH280014 16,58 A 3,37
Ostoja Wełtyńska PLH320069 10,15 B 10,27
Ostoja Wielkopolska PLH300010 84,27 C  
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Ostoja Zapceńska PLH220057 65,15 A 20,60
Ostoja Złotopotocka PLH240020 2,75 C  
Pasmo Krowiarki PLH020019 2,17 A  
Pieniny PLC120002 8,41 A 0,87
Płaskowyż Nałęczowski 
PLH060015 10,81 B  

Pojezierze Ińskie PLH320067 3,07 B  
Pojezierze Myśliborskie 
PLH320014 427,46 A  

Pojezierze Sejneńskie 
PLH200007 27,26 A 22,90

Polana Biały Potok PLH120026 1,07 B 9,07
Poleska Dolina Bugu PLH060032 326,93 C  
Poligon w Okonku PLH300021 545,05 B 1,09
Pradolina Bzury-Neru 
PLH100006 4,38 C  

Przełomowa Dolina Rzeki Wel 
PLH280015 0,25 B  

Puszcza Białowieska PLC200004 157,87 C  
Puszcza Kozienicka PLH140035 2,82 C  
Rudawy Janowickie PLH020011 0,20 B 1,91
Rynna Dłużnicy PLH220081 12,73 C 3,40
Rynna Gryżyny PLH080067 13,50 B  
Sandr Brdy PLH220026 3,75 A 12,85
Sandr Wdy PLH040017 63,20 B 14,66
Sawin PLH060068 0,29 C  
Słone Łąki w Dolinie 
Zgłowiączki PLH040037 0,82 C  

Struga Białośliwka PLH300054 1,26 B  
Tatry PLC120001 65,16 A 0,09
Torfowiska Chełmskie 
PLH060023 637,26 A 1371,91

Torfowiska Gór Sudawskich 
PLH200017 1,38 B 0,94

Torfowiska Orawsko-
Nowotarskie PLH120016 24,74 B 7,71

Torfowisko Mieleńskie 
PLH040018 1,45 B  

Torfowisko Rzecińskie 
PLH300019 70,92 B 5,05

Torfowisko Sobowice 
PLH060024 5,14 A 90,73

Torfowisko Zocie PLH280037 3,29 B 2,24
Trzy Młyny PLH220029 179,99 A  
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Photo 104: Calcarous flush fen (habitat 7230) with orchids in Góry Orlickie PLH02060 
Natura 2000 site (photo by M. Smoczyk).

Uroczyska Borów Dolnośląskich 
PLH020072 4,84 A  

Uroczyska Borów Zasieckich 
PLH080060 5,69 A  

Uroczyska Płyty Krotoszyńskiej 
PLH300002 342,25 C  

Uroczyska Pojezierza 
Kaszubskiego PLH220095 12,69 B 26,02

Uroczyska Puszczy Drawskiej 
PLH320046 290,22 A 111,62

Uroczyska Puszczy Zielonki 
PLH300058 12,38 C  

Wolin i Uznam PLH320019 153,96 C  
Zachodnie Pojezierze 
Krzywińskie PLH300014 115,39 B  

Zatoka Pucka i Półwysep Helski 
PLH220032 4,00 B  

Źródliska Wisłoki PLH120057 18,18 B  
Źródliska Wzgórz Sokólskich 
PLH200026 5,06 B 5,08

Żurawie Bagno Sławskie 
PLH080047 6,86 A 6,06
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Although during the Bilateral Biogeographical Seminar in March 2010, rep-
resentation of natural habitat 7230 in the Natura 2000 network both in continen-
tal and alpine regions4  was assessed as sufficient (SUF), the progress of knowledge 
on the occurrence of this habitat obtained in the period from 2010 to 2018 should 
currently be a premise for the re-opening of biogeographical analysis. 

In the continental region, although a majority of alkaline fens within the whole 
region have been included in the network, in the light of the presently available 
data, two geographical gaps can be noted:
• In the Mazovian region, only 2.6 ha of alkaline fens have been included in 

the network which corresponds to only 1.05% of resources of this habitat in 
that region. It resulted from the omitting of two large fens from the network 
– Serafin and Kłocie Raciąskie –with an area of 95 and 137 ha, respectively. 
In addition, local resources of the Liparis loeselii on alkaline fens are poorly 
examined in this province.

• In the Silesian Province, although 70% of the habitat area was included, it com-
prises only 14% of sites. The most valuable alkaline fens of this region remain 
outside the network. In particular, the fen in Myszków is the largest in terms 
of area, a remnant of carbonate fens in this province, preserved in an almost 
natural state, located in the right bank pocket of the Warta River Valley. Across 
the entire country, no other fen was preserved that would so closely com-
bine well-preserved glacial, western, and southern (mountain) components. 

4 Alpine biogeographical region in Poland covers Carpathians. The rest of the country is  
included in Continental biogeographical region.

Photo 105. Młaka Szczakowa (Flush fen Szczakowa) (photo by Ł. Krajewski).
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 Apart from the Myszków Fen, the most valuable patches of natural alkaline 
fens in the Silesian-Cracovian Upland are located in the Biała River Valley. The 
characteristic features of this province also include also very valuable spring 
fens formed on anthropogenic habitats, e.g., in former sand mines. In spite of 
their anthropogenic origin, they are young alkaline fens with typical, unique 
flora. Although the spring fens in the area of Lipienniki in the city of Dąbrowa 
Górnicza were included in the network, the better developed and floristically 
richer spring fens in Szczakowa and Pogoria have not been included. All these 
areas are also important for the Liparis loeselii. 

• Furthermore, although in the Pomeranian Province, distinguished in the 
whole country by abundance and better preservation of alkaline fens than 
elsewhere, 60% of alkaline fens have been included in the Natura 2000 are-
as since 2009, locally – in relation to individual sites – there are significant 
problems with the delimitation of boundaries of Natura 2000 sites and leav-
ing of valuable patches of alkaline fens outside the Natura 2000 areas. For in-
stance, in the Dobrzynka River Valley (at the border with the Greater Poland 
Province), left-bank fens were included in the Natural 2000 network while 
the Pomeranian right-bank part of this coherent fen complex was completely 
omitted. In addition, in the Wda River sandurs, the most valuable alkaline 
fens were left outside the Natura 2000 area, theoretically designated to protect 
this type of natural habitat. 

• In the Warmian-Masurian Province, Natura 2000 areas comprise most known 
patches of habitat 7230 but some gaps can be noticed in relation to the Liparis 
loeselii occurring on alkaline fens. The largest population of this species in 
the province (Sikory Juskie) and third largest (Kirszniter) remain outside the 
network. 

• Also, in several other localities, the need for a slight extension of Natura 2000 
areas was discovered during preparation of the protective plans, in order to 
include valuable adjacent patches of alkaline fens. 
In the alpine region, the choice of alkaline fens included in the Natura 2000 

network is not representative because the Natura 2000 network in this area was 
designed in 2002 – 2005, while an inventory of spring fens in 2010 – 2011, con-
ducted before our LIFE projects, resulted in discoveries crucially changing the 
knowledge about alkaline fens in the Carpathians. Earlier, habitat 7230 was 
known to occur in the form of numerous but very small, in terms of area, spring 
fens, scattered in mountain complexes. However, in summer 2010 large patches 
of alkaline fens, with an area of several or a dozen or so hectares, were discovered 
in Orava, which was additionally verified in 2011. Orava occurred to be the most 
important aggregation of alkaline fens in the alpine region, however they are not 
included into the network.

In consequence, currently only 7% of alkaline fen area is included in the Nat-
ura 2000 network in the alpine biogeographical region. It is caused most of all by 
an entire lack of protection of fens in Orava in the Lesser Poland Province (where 
only 3.8% of the habitat area is included in the network).
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Fig. 37. Location of Bembeńskie Moss Fen.

Specific proposals which could fill the gaps in Natura 2000 network and solve 
problem are as follows: 
 1. Inclusion of new sites (mires)
 Mechowisko Bembeńskie, 11.9 ha, the Lesser Poland Province, alpine region, 

comprising three alkaline fens in the Bambeńskie Stream Valley in Orava. One 
of them belongs to the most valuable alkaline fens in the Polish Carpathians, 
with efflux of calcareous waters and sedimenting tufaceous limestone, trav-
ertines, and with a number of unique indicator plant species (e.g., Pinguicula 
vulgaris, Carex davalliana). This complex was discovered during a biologi-
cal inventory in summer 2010 (Stańko & Kiaszewicz 2010). In 2013, Zofia 
Książkiewicz identified there also a strong population of Vertigo angustior in 
this part of Poland linked with habitat 7230. 

 Orava Moss Fens: 79.0 ha, the Lesser Poland Province, Alpine region, three 
well-developed alkaline fens. These land forms were discovered during a bi-
ological inventory in the summer of 2010. One of these areas is a unique and 
exceptionally valuable example of a complex of co-occurring fens of different 
types – alkaline fen surrounding the Orava raised bog, not included yet in the 
Orava-Nowy Targ Peat Bog area, comprising patches of bog forest and transi-
tion mire (although most of raised bogs, bog forests and transition mires – in 
Orava are included in the network (still the existence of the whole complex 
comprising various fen types is an ancillary argument for designation of this 
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Fig. 38. Location of Orava Moss Fens.

Photo 106: Orava Moss Fens, essential to be included in the Natura 2000 network 
as a new Natura 2000 site (photo by P. Pawlaczyk).
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area). This area is characterized by the occurrence of vast patches of Carice-
tum davalliane, Eleocharitetum quinqueflorae, and Scorpidio-Caricetum dian-
drae.

 In 2013, Zofia Książkiewicz identified a strong Vertigo angustior population in 
this complex in this part of Poland closely associated with alkaline fens 7230. 

 Serafin Fen – 322.6 ha, the Mazovian Province, continental region, the largest 
live moss fen and transition mire in the Mazovian province, the Serafin Fen 
Nature Reserve is at the core of the proposed area. This moss fen is the largest 
in Mazovia, and the water supply is very good. The fen orchid population 
comprises several hundred plants, while Hamatocaulis vernicosus is locally 
very abundant. Floristically, it is the richest fen in the Mazovian Province, 
harboring very many threatened (13 species included in the Polish Red List) 
and protected species (33 species). The most valuable of them include four 
species of orchids: the Liparis loeselii, the extremely rare and endangered Eri-
ophorum gracile, Carex chordorrhiza, four species of carnivorous plants, and 
very rare and endangered moss species – Hamatocaulis vernicosus, Paludella 
squarrosa, Helodium blandowii, Tomentypnum nitens, and Sphagnum fuscum. 
Such an accumulation of rare species in a fen is unique outside glacial extent 
during the last glacial period (Jarzombkowski & Kozub 2011, P. Pawlikowski, 
oral information). 

 

Fig. 39. Location of Serafin Fen.
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 Kłocie Raciąskie – 188.1 ha, the Mazovian province, continental region, the 
only and large mosaic of fen-sedge bed, moss fens (7230) and hard oligo-mes-
otrophic waters with benthic vegetation of Chara sp. (3140) in the Maziovian 
province, known also as the Lipa Fen. It is a vast moss fen with a mosaic of 
fen sedge and high sedge rushes and scrub communities formed in the area 
of an exploited fen. Moss fen communities grow in former peat mines and are 
dominated by tufted sedge and sometimes beaked sedge or woollyfruit sedge. 
The moss layer is composed of Campylium stellatum, Limptrichia cossoni, and 
Scorpidium scorpioides. Open water bodies preserved in deeper pits of for-
mer peat mines are inhabited by stonewort species (Chara spp), bladderwort 
species (Utricularia vulgaris, U. minor, U. intermedia), and mosses, especially 
Scorpidium moss. In their direct surroundings, they adjoin fen-sedge rushes 
formed by fen sedge (Cladium mariscus). Water supply in 2011 was moder-
ately good. The main assets of this complex include moss fens (7230) and the 
only calcareous fen in the Mazovian region (Jarzombkowski & Kozub 2011).

Fig. 40. Location of Kłocie Raciąskie Moss Fens.

 Drzesno – 95.3 ha, the Mazovian Province, lake and adjacent moss fen with 
the largest in Mazovia population of Liparis loeselii; a potential Natura 2000 
area would include two neighboring alkaline fens: Drzesno (Nature Reserve) 
and Nałęcin.
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Fig. 41. Location of Drzesno Fen.

 Sikory Juskie – 60.1 ha, the Warmian-Pomeranian Province, moss fen with 
Liparis loeselii population. In 2007, 1,200 fen orchid plants were found (the 
largest population in the Warmian-Pomeranian province, one of the largest in 
Poland (P. Pawlikowski, unpublished). This population is under surveillance 
of the Chief Inspectorate of Environmental Protection. Although in 2013 this 
population went through an abundance crisis with a reduction in several tens 
of plants due to a very high water level, in 2016 its abundance and area rose 
again. P. Pawlikowski has identified at least 165 shoots (including 45 gener-
ative and a dozen or so juvenile), so this locality still belongs to one of the 
richer ones in the Warmian-Masurian region. In general, wide fluctuations of 
shoot numbers are typical of orchids. In spite of fluctuations, the population is 
in all respects worth incorporation into the network.

 Kirszniter – a small (12.0 ha) but well-developed and preserved mid-forest 
lake-shore moss fen with a population of several hundred Liparis loeselii (one 
of bigger ones in the province), besides which it is a very valuable and floristi-
cally precious alkaline fen.
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Fig. 42. Location of Sikory Juskie Fen.

Fig. 43. Location of Kirszniter Moss Fen.



186

Photo 107: Moss fen near Kirszniter Lake in Warmia, the area proposed to be included 
in the Natura 20000 network (photo by P. Pawlaczyk).

 Myszków Fen – 51 ha, Silesia, Continental region, in Warta river valley 
near Myszków. It is the largest area encompassing remnants of calcarous 
fens in good conservation status with strong populations of Liparis loeselii 
(Hałabowski & Błońska 2015) and brown moss Hamatocaulis vernicosus, but 
also with other valuable species (see Chapter 7) inter alia stands of Scorpidium 
scorpioides, large areas of Eleocharis quinqueflora, shagna carpets: Sphagnum 
teres, Sph. warnstorfii and Sph. contortum. Partially protected as ecological 
area „Przygiełka” but this kind of protection is insufficient (Hałabowski et al. 
2016b).  

 Sławków – a larger area in the Silesian Province proposed to be included in the 
Natura 2000 network, also known for the occurrence of bats: Myotis emargin-
atus and Myotis myotis (see), comprising in particular (apart from dispersed 
smaller patches) key, on the regional scale, complexes including alkaline fens, 
and important localities for Liparis loeselii (Ł. Krajewski, unpublished). The 
Szczakowa complex comprises ca. 100 ha of floristically valuable spring fens 
(habitat 7230) developed at the bottom of the former sand mine (see chapter 
7). Population of fen orchid Liparis loeselii counts more that 2000 plants. Fens 
in the Biała River Valley comprise patches of natural alkaline fens along the 
valley flanks of the Biała River downstream from Laski village. It covers at 
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Fig. 44. Localisation of  Torfowisko w Myszkowie.

Photo 108: Moss Fen in Myszków (photo by Ł. Krajewski).
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Fig. 45. Location of the Sławków area.

least several hectare of better-preserved moss fens in three patches harboring, 
for instance: Liparis loeselii (in total ca. 100 plants at 3 localities, Hamato-
caulis vernicosus (at least 3 localities) (see chapter 7) The moss fen in the 
Biała Przemsza Valley in Sławków is a small (ca. 1 hectare) but floristically 
valuable natural alkaline fen with Liparis loeselii, Epipactis palustris, Carex di-
oica, C. diandra, C. davalliana, Limprichtia cossonii, Campylium stellatum, and 
Utricularia intermedia, found in 2015 (earlier in the 1960s, there were reports 
of a locality for fen orchid in this part of the Biała Przemsza River Valley but 
until 2015 it had not been found) (Ł. Krajewski, unpublished). 

 Spring Fens near Pogoria Lake – 6.2 ha, the Silesian Province, floristically 
valuable spring fens developed at the bottom of a former sand mine, host-
ing valuable flora (see Chapter 7). A population of ca. 120 fen orchid plants 
found in this complex should be included in the network also from a species 
conservation perspective. There are good prospects for its protection since, in 
2013, shrubs were removed from a part of the spring fen area as a protective 
measure by a decision of the Dąbrowa Górnicza city authorities. The values of 
this complex were confirmed in 2016 (Ł. Krajewski, unpublished). 

2. The corrections of boundaries of Natura 2000 areas
 
 Debrzynka Valley PLH300047. The Debrzynka River Valley, situated at the 

border between Pomerania and Greater Poland Provinces, is covered by com-
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Fig. 46. Location of Spring Fens near Pogoria Lake.

Fig. 47. The proposed enlargement of the Natura 2000 area Dobrzynka Valley 
PLH300047.
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plexes of alkaline fens on both banks of the river. Apart from habitat 7230, 
abundant populations of Vertigo angustior and Vertigo moulinsiana inhabit 
this area not only on the Greater Poland but also on the Pomeranian side. The 
Natura 2000 area was delineated in this valley to protect alkaline fens, but only 
a half of them were included because erroneously this area encompasses only 
a part of this complex located in the Greater Poland Province, disregarding an 
equally valuable part of the fen complex stretching to the Pomeranian Pro-
vince.

 Wda Sandurs PLH040017. Small valleys of the Święta Struga and Brzeźniczek 
streams, adjacent from north to the borders of the existing Natura 2000 area in 
the Pomeranian Province, near the localities of Ocypel, Mermet, and Zdrójno, 
and north and west from Kasparus, are covered by well-developed patches of 
moss fens with a large surface area, e.g., in the locality of Zdrójno, on the edge 
and west of Długie Lake. Populations of species characteristic of alkaline fens 
are abundant, e.g., patches with dominant Paludella squarrosa, with Hamato-
caulis vernicosus, and ample population of Liparis loeselii (Ł. Kozub, unpub-
lished). 

Fig. 48. The proposed enlargement of Nature 2000 area Wda Sandurs PLH040017.



191

Photo 109: Moss fen near Długie Lake proposed to be included in the Natura 2000 
network by enlargement of Wda Sandurs PLH040017 (photo by Ł. Kozub).

 Łąka w Bęczkowicach PLH100004. As part of elaborating Conservation 
Measures Plan for this Natura 2000 site near Łódź, in the continental bioge-
ographic region, the need to expand the existing area was confirmed so as to 
include existing ecological area covering plot no. 45 (Kolonia Trzepnica, mu-
nicipality Łęki Szlacheckie) with an area of over 11 hectares. It is protecting 
a complex of mires in the Luciąża river valley with a unique bryophyte flora 
and vascular plants, including the occurrence of brown moss Hamatocaulis 
vernicosus and Liparis loeselii population (about 80 individuals).

 Bielawa Valley PLH320053. During preparation of the protection plan for 
this Natura 2000 area in the West-Pomeranian province, the need was iden-
tified to complement the area with a side valley of the Świrnica River, a trib-
utary of the Bielawa. The main objective for this enlargement is to include an 
alkaline fen located in this valley called Ratajki Moss Fen, where soligenous 
transition mires developed with moss-sedge vegetation (Juncetum subnodu-
losi, Menyantho-Sphagnetum teretis) and humid meadows of moss fen type 
(with Tomenthypnum nitens, Helodium blandowii), and also cupola spring 
mires with spring fens and rushes, which in terms of their natural values sig-
nificantly exceed the alkaline fens already included in this Natura 2000 area (J. 
Kujawa-Pawlaczyk,  et al 2018).
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Fig. 49. Proposed change in Natura 2000 Łąka w Bęczkowicach PLH100004 site 
delimitation.

Fig. 50. The proposed enlargement of Natura 2000 area Bielawa Valley PLH320053.
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Fig. 51. The proposed enlargement of Natura 2000 site Miała Valley PLH300042.

 Miała Valley PLH300042. In autumn 2016, S. Rozsadziński discovered the 
previously undescribed fen Okonino near a Natura 2000 area but outside of 
its borders. The fen fills a lake basin dominated by alkaline, limnogenic moss 
fens with the largest populations of Paludella squarrosa, Helodium blandowii 
in Greater Poland and occurrence of Sphagnum teres, S. warnstorfii, S. con-
tortum, Campylium stellatum, and Tomenthypnum nitens (S. Rosadziński, un-
published).This complex is more valuable than all the fens situated within the 
present borders of the Natura 2000 area Miała Valley and should be included 
in this area as a compartment in order to account for the largest moss fen in 
this region.

 Uroczyska Puszczy Drawskiej PLH320046. In this case, the area should in-
clude the Mszary Tuczyńskie Nature Reserve protecting the soligenic mire 
overgrown with moss mire rush, adjacent from the outside to the border of 
the Natura 2000 area and only mistakenly left outside of it.
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3. Supplementing the list of conservation objectives in existing sites

It is necessary to supplement information about the natural habitat 7230 in 
the Natura 2000 site Nowa Brda PLH220078. So far, alkaline fens in this area 
are not mentioned at all in its SDF and are not subject to protection. Meanwhile, 
on the lake Wieczyno and in the Lipczynka stream valley, four alkaline fens are 
known, with a total area of approx. 30 ha. Of particular interest is the complex in 
the valley of Lipczynka, where in addition to the moss-sedge fen rushes and over-
grown by reeds spring fen cupolas, there is also a well-formed mesotrophic moss 
fen with Saxifraga hirculus (Kozub & Dembicz 2018). 

  

Photo 110: Moss fen with yellow marsh saxifrage Saxifraga hirculus in Nowa Brda 
PLH220078 site (photo Ł. Kozub).

8.2.2. Protection of alkaline fens within Natura 2000 sites 

Inclusion of an alkaline fen into a Natura 2000 site and its recognition as a 
subject of protection at that site is not sufficient to provide efficient protection to 
the fen as yet. 

The Natura 2000 site Bagno Całowanie PLH140001 can be an example. This 
site, established to protect over 900 ha of alkaline fens, formally has existed in the 
Natura 2000 network up till now. However, already at the moment of its establish-
ment (2004) this fen was heavily degraded (drainage facilities were constructed 
in the 1960s –1980s) and the area of 900 ha reflects rather an area of peat bed 
developed historically due to soligenous water supply than an area of natural hab-
itat 7230 actually existing at that time. Nevertheless, sedge-moss meadows related 
to sedge moss fens with an area of at least several tens of hectares had still been 
preserved in the peat pits (Klimkowska et al. 2007, Kozub 2016). In 2009, loca-
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tions for the state monitoring of habitat 7230 were successfully established there 
although already at that time it was assessed that “the habitat in this refuge would 
probably disappear soon or its status would significantly deteriorate.” This forecast 
proved correct in 2017 when the disappearance of these habitats was confirmed (F. 
Jarzombkowski in IOP PAN 2018). Legal mechanisms, which theoretically should 
protect a Natura 2000 site, were not effectively used to prevent functioning of the 
drainage system. The plan of conservation measures prepared and established in 
2014 was an example of helplessness since it recommended increasing the knowl-
edge on habitat 7230 resources and causes of its disappearance as the only meas-
ure of habitat protection. In spite of the status of a Natura 2000 site, the drainage 
ditches were maintained and dredged while the hydrology of this area was neg-
atively affected by groundwater abstraction in the neighborhood, as well as by 
illicit peat extraction and the creation of ponds. Although there were attempts to 
implement some conservation measures, such as construction of wooden dams in 
ditches, they were regularly destroyed by the local inhabitants. The disappearance 
of the habitat was not prevented by regular mowing of a majority of its patches.

Cases of destruction of alkaline fens and flush fens by property owners through 
partial filling them with rubble and soil or renovation of drainage ditches, were 
documented for example in Natura 2000 sites Lipienniki w Dąbrowie Górniczej 
PLH240037 and Ostoja Augustowska PLH200005 (Kobyla Biel Fen).

In the Natura 2000 site Jezioro Księże w Lipuszu PLH220104), the property 
owner, although he receives agri-environmental subsidies, not only dredges ditches 
but he does not even allow the environmental protection service to access the 
fen. Probably, there are many more such cases. In spite of the regulations which 
require infringers to make good the damage, enforcement of remedial actions is 
difficult and not fully effective.

At many other sites, alkaline fens disappear due to the lack of proper protec-
tion, e.g., because long existing drainage systems are in operation or because fens 
are overgrown by trees, shrubs and reeds. Theoretically regulations require envi-
ronmental protection services to undertake appropriate actions in each of such 
cases, but in practice the remedies differ widely.

For instance, in the Natura 2000 site Jeziora Szczecineckie PLH320009 (Sze-
cineckie Lakes), relatively large patches of habitat 7230 with vegetation of mossy 
sedge character, e.g., with Carex diandra and Helodium blandowii were observed 
by the Płociczno, Drężno and Małe Lakes in 2003 though already at that time 
heavy overgrowth by willow thickets and urgent need for active protection were 
signaled. After a 10-year delay in protection planning, the only conclusion that 
remained to be drawn was that “formerly recorded fen patches currently show the 
character of tall herbs, willow thickets or young alder forests, at most with some con-
tribution of Menyanthes trifoliata (...). It is proposed to indicate in the SDF that the 
habitat has disappeared.”
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The insufficient effectiveness of alkaline fen protection in Natura 2000 sites 
in Poland is confirmed by results of the State Environmental Monitoring. At 120 
monitoring locations established in 2009 in Natura 2000 sites (located according 
to expert’s decision mostly in better preserved habitat patches), and then reexam-
ined in 2017, the proportion of those with bad conservation status (U2) increased 
from 24% to 54% while the percentage of sites with favorable conservation status 
(FV) dropped from 17% to 10%.

On a national scale, the preparation of plans of conservation measures is the 
basic tool for conservation planning of Natura 2000 sites. They are planning doc-
uments developed and formally established for 10-year periods pursuant to the 
Nature Conservation Act. It is assumed that they will be prepared based on avail-
able knowledge, complemented by a certainly not necessarily comprehensive field 
survey. Up to the end of 2018, plans of conservation measures were established for 
over 400 Natura 2000 sites in Poland. Among them, 93 plans were established for 
sites where habitat 7230, alkaline fens, is a subject of protection. In addition, this 
habitat type was accounted for in the conservation plan for the Pieniny National 
Park (see below) containing also an outline of the plan of conservation measures 
for the Natura 2000 site.

In as many as 19 of those 93 sites, the plan mentions only an unsuccessful 
attempt to find the habitat within the site and proposes to withdraw it from the 
list of subjects of protection. Probably in a majority of these cases, the SDF en-
try is actually erroneous and indeed alkaline fens presently do not occur at these 
sites. However, it happens that questioning of the existence of alkaline fens results 
from incorrect preparation of the plan and neglecting that such fens not only ex-
ist in the site under examination but are known and described. Such situation 
happened, for instance, in the Natura 2000 site Jeziora Wdzydzkie PLH220034 
(Wdzydze Lakes), where the established plan of conservation measures for habitat 
7230 recommended “Analysis and verification of data on the habitat in the site and 
change in the SDF in order to possibly remove the habitat from the catalog of subjects 
of protection”, while this site is known to harbor 10 alkaline fens with the total area 
of ca. 32 ha. 

In the next 19 sites, in spite of preparation of plans of conservation measures 
and appropriate documentation, sufficient information for protection of alkaline 
fens could not be gathered, thus the completion of knowledge was recommended 
as the only conservation measure while actual protective actions were postponed 
until more comprehensive knowledge is available. 

However, most often only basic knowledge on habitat distribution and phys-
iognomy-based assessment of its status are expected to be completed. Only one 
plan suggested examination of fen stratigraphy, while several others sometimes 
recommended preparation of “hydrological expert opinions” to be able to plan 
in detail the location of dams in ditches. No document was deemed necessary 
to conduct thorough ecohydrological studies, e.g., including biochemical aspects. 
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Consequently, in nearly 40% of cases, the conservation management plans 
established for the Natura 2000 sites did not ensure effective protection of alkaline 
fens declared as a subject of protection at these sites. Hence, out of the 97 estab-
lished plans, 57 actually defined measures for habitat 7230 conservation. 

In 93% of sites possessing plans of conservation measures, succession of veg-
etation, usually expressed as expansion of rush, tall herb species or expansion of 
trees and shrubs, has been identified as hazardous for habitat 7230. It was usually 
caused by the abandoning of extensive mowing. Almost always it was recognized 
as an existing not only potential hazard. In 55% of plans, it was considered neces-
sary to remove trees and shrubs. In most cases complete removal was suggested 
although in two sites “junipers and dwarf pines were suggested to be left” while in 
several other plans, the retention of 10% tree cover was accepted. Eighty percent 
of plans recommended the restoration of mowing. However, only 34 % of these 
plans specified mowing conditions (e.g., its frequency, height, seasons, mowing 
methods, leaving of unmown plots). In the remaining 46% of plans, the recom-
mendations were limited to a standard statement that the habitat should be “used 
in compliance with recommendations of an appropriate agri-environmental pack-
age within the framework of the valid RDP aimed at conservation of habitat 7230”, 
which is bizarre in so far as the valid RDP for 2014 – 2020 does not contain any 
package dedicated specifically to habitat 72305. About one third of plans (34%) 
contained a statement allowing for a free choice of management methods when 
using fens for haymaking, pasture-based farming or their combination. Only one 
plan excluded grazing in alkaline fens.

In 46% of 57 plans specifying conservation measures, actual threats to wa-
ter conditions in the fens were noted, while in a further 36% of the plans such 
concerns were expressed as potential. They were usually associated with dredging 
and maintenance of ditches, maintenance works in neighboring water courses and 
groundwater abstraction within the site or nearby. However, in nearly three-quar-
ters of such situations, this diagnosis was not followed by the suggestion of any 
conservation measures or even recommendation of fen hydration monitoring. 
Only 10 plans specified some measures aimed to counteract the threats to water 
conditions in the fen, such as the construction of dams or other water control 
facilities, or allowing for natural build-up of slime and ditch overgrowth. Only 5 
plans provided for recording of water level in the fens as one of the monitoring 
objectives.

Two plans proposed placing licks in the fen to attract deer (to stimulate vege-
tation trampling which sometimes favors the growth of sedge moss species). Five 
plans underlined the need to leave a 25 – 30 m wide zone protected from complete 

5 Alkaline fens can be protected within the framework of a wider variant “fens” under a basic 
subvariant assuming only removal of tree and shrub suckers or under an extended subvariant 
assuming extensive mowing. However, adjustment of details of fen use to the requirements of 
a particular fen can be made only in the form of the additional recommendations of an expert 
preparing documentation for the farmer. See also Chapter 9
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felling in the adjacent forest. Conservation objectives set in plans of conservation 
measures for habitat 7230 are not very ambitious. No plan established so far has 
assumed restoration or enlargement of the area of this natural habitat. In a major-
ity of cases, the plans concentrate on preservation of undeteriorated current status 
(even if it is unfavorable) or, at most, improvement of some indices regarding 
vegetation.

In essence, conservation measures prepared and established for Natura 2000 
sites clearly depend on recommendations of the General Directorate for Envi-
ronmental Protection which are developed at the central level and are not always 
substantively correct. The statement that fens should be “used in compliance with 
recommendations of an appropriate agri-environmental package within the frame-
work of the valid RDP aimed at conservation of habitat 7230” repeatedly includ-
ed in planning documents instead of a detailed description of mowing schemes, 
corresponding to local specificity, has just that origin. However, it is worth noting 
that such a statement does not even comply with the rules of legislative technique 
because it shifts the burden of responsibility from the authority in charge of the 
site authorized to preparation of the plan of nature conservation to the central 
authority competent in matters of rural economy. An equally unfortunate but 
routinely used statement allowing all forms of haymaking and pasture farming 
and their combinations, even in fens never used for grazing and where grazing 
is undesirable, is also a result of recommendations established at the central level 
resulting from political decision not to restrict freedom of farmers and not to pro-
vide an opportunity for their control. 

An impact of the nationwide standards of habitat monitoring and assessment 
of its conservation status (Koczur 2012, see also hereinafter, Chapter 11.1) on the 
contents of plans of conservation measures is also conspicuous, which sometimes 
results in insufficient accounting for local specificity. Stringent criteria as to the 
presence of trees and shrubs in the fen proposed by Koczur (2012) result in mas-
sive and routine planning of removal of trees and shrubs, although actually not 
always and not everywhere is it necessary for the conservation of habitat biodi-
versity. An unwillingness to incorporate more detailed monitoring of water con-
ditions in the fens or monitoring of any biogeochemical characteristics into the 
plans of conservation measures should be associated with the fact that the state 
monitoring does not survey these parameters.

In spite of these limitations, at least several plans of conservative measures 
(e.g., for the following Natura 2000 sites: Dolina Górnej Rospudy PLH200022, 
Źródliska Wzgórz Sokólskich PLH202226, Mechowiska Sulęczyńskie PLH220017, 
Jonkowo-Warkały PLH280039, Mechowisko Manowo PLH320057) appear to be 
correct and well captured, and their implementation would provide an opportuni-
ty for the reversal of current negative trends at least in those sites.
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8.3. National Parks

According to the database of alkaline fens in Poland maintained by the Natu-
ralists’ Club, over a half of the area covered by these fens in our country is protect-
ed in National Parks, although it corresponds only to 24% of patches. However, 
in two parks harboring the largest areas of alkaline fens, i.e., the Biebrza National 
Park and the Polesie National Park, separation of habitat 7230 from other types of 
mires is not clear, which results in considerable differences in estimates of habitat 
areas reported by different sources. 

The largest alkaline fens in Poland are situated in the Biebrza River Valley and 
they are protected in the Biebrza National Park. According to the plan of conser-
vation measures for the larger Natura 2000 site Dolina Biebrzy PLH200008 (with 
borders similar to the national park buffer zone) developed by the park (Weigle 
2016), the whole site encompasses 4,136 ha of alkaline fens, of which 3,661 ha are 
located in the national park. Typical mezotrophic sedge moss fens have developed 
most of all in the Upper Biebrza River Basin, especially in the area of the villages 
Szuszalewo and Nowy Lipsk. The Lower Basin is covered mostly by tall sedge 
beds with participation of sedge moss fen species, of transition character between 
soligenous fens and fluviogenic mires. The Middle Biebrza River Basin comprises 
the smallest proportion of these habitats (226 ha) (see Chapter 7).

An up-to-date conservation plan has not been developed for this national 
park until now, and conservation measures are implemented based on plans of 
conservation measures established for 1 – 5-year periods. However, the conser-
vation needs of alkaline fens were defined in the above-mentioned plan of con-
servation measures of the Natura 2000 site. Some patches of habitat 7230 are rel-
atively stable even under passive protection either as open fens or loose thickets 
maintained in this form due to high hydration and pressure of elks (Weigle 2014). 
Nevertheless, most of patches of sedge moss fens require actions aimed at curbing 
succession, especially expansion of trees and shrubs, and also reeds. The National 
Park has implemented such measures either alone (also during realization of the 
project LIFE11 NAT/PL/422 “Conservation of wetland habitats in the Upper Bieb- 
rza River Valley”) or partially by leasing surfaces for controlled mowing within 
the framework of the program of multiannual leases for nature protection. Lessees 
receive agri-environmental subsidies. Within the RDP for the period 2007 – 2013, 
350 ha of alkaline fens were subjected to conservation for 5 years under the var-
iant “sedge moss fens” optimal for alkaline fens. Less optimal variants, e.g., “tall 
sedge beds” and “bird habitat conservation” were also used. 

However, the fen area subjected to extensive mowing is still too small. In the 
most valuable sites, mainly in the Upper Basin of Biebrza River, small-scale hand 
mowing is practiced (which is best suited for conservation of sedge moss fens 
which are in the process of being overgrown, and concomitantly allows for pres-
ervation of community structure). Mowing attempts with the use of conventional 
agricultural tractors resulted in the formation of deep ruts and destruction of fen 
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surface. The problems with the use of traditional tractors were thought to be over-
come by the use of tracked groomers more widely applied since about 2005 in the 
Lower and Middle Biebrza River Basin; however, this method also is not devoid of 
negative impact on fens, namely the vehicles can press sedge and moss domes into 
the peat bed leading to unification of the fen surface and consequently to a reduc-
tion of the abundance of rare plant species which inhabit those domes (Kotowski 
et al. 2013). For this reason, since 2014 the park has avoided using tracked groom-
ers for mowing of communities characterized by a distinct dome structure. The 
implemented conservation measures allow for preservation of the open character 
of the Biebrza fens, however some their details are not adjusted to so delicate and 
sensitive habitats as alkaline fens. Mowing of many hectares of land at the same 
date leads to unification of vegetation structure, while the vehicles used for this 
work cause sward damage. Experts underline the formation of ruts, numerous 
maneuvering areas, too low mowing, excessive shrub removal resulting in ho-
mogenization of phytocenoses, procedures performed at inappropriate times, i.e., 
during heavy hydration, compaction of the habitat with too heavy equipment, and 
suggest mosaic-like mowing with leaving greater patches unmown, use of lighter 
equipment or hand mowing (F. Jarzombkowski, IOP PAN 2018, unpublished). 
However, so far no better method has been found. Hand mowing in not cost-ef-
fective and it is difficult to find contractors due to the challenging conditions 
of the field work. Moreover, severe winters are increasingly rarer which creates 
serious problems with biomass removal.

Photo 111: Hay harvesting from the fens in the Biebrza National Park 
with the use of a tracked groomer (photo by M. Marczakiewicz).
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The identified protection needs include also counteracting dehydration, in-
cluding prevention of silt removal and ditch dredging on numerous privately 
owned plots in this park, which is not always successful. 

The Polesie National Park comprises two large topogenous-soligenous fens – 
Bagno Bubnów and Bagno Staw (see Pietruczuk 2015, 2016) – developed in depres-
sions on chalk substrate. In the database held by the Naturalists’ Club, both these 
sites covering a total area of 1,205 ha were included as a whole into alkaline fens. 
Their vegetation comprises sedge fen complexes, wet Molinia meadows and (less 
abundant) reed beds with a greater or smaller contribution of calcicole species, with 
patches of the Caricetum davallianae and Caricetum buxbaumii. In the data of the 
national park, only patches of sedge fen vegetation of the Caricetum davallianae 
and Schoenetum ferruginei are identified as habitat 7230, which results in area 
estimation at 32.6 ha. In spite of awareness of the need for active protection and 
relevant measures implemented up till now (removal of shrubs, mowing of reed 
beds, mowing of rushes, mostly to protect bird habitats), from an alkaline fen 
perspective the protection is insufficient. Monitoring data from four representa-
tive locations of the State Environmental Monitoring in the period 2009 – 2017 
demonstrated progression of disadvantageous succession and worsening of the 
conservation status from unfavorable/inadequate (U1) to unfavorable/bad (U2). 
The conservation plan for the national park, which is awaiting approval6, and tem-
porarily established conservation measures for consecutive years, require the re-
moval of trees and shrubs and “damming up water during its scarcity in the habitat 
as needed in drought years” as conservation measures for this habitat.

In the Narew National Park, according to the Naturalists’ Club database, one 
patch of alkaline fen with an area of ca. 45 ha is situated in the Uroczysko Rynki 
(Rynki Wilderness). Wołkowycki (2013) and Wołkowycki et al. (2016) described 
distribution of habitat 7230 in the park in more detail and estimated its total area 
at ca. 90 ha. This habitat type in the park comprises low sedge flush fens most-
ly with Carex nigra (a form of the Caricetum paniceo-lepidocarpae association), 
Calamagrostietum neglectae community, mossy variant of Caricetum rostratae, 
and some forms of Caricetum appropinquatae association. The habitat covers an 
area of ca. 90 ha and is scattered along almost the full length of the Narew River 
Valley within the borders of the national park, encompassing, besides Uroczysko 
Rynki, also areas near the villages of Radule, Kruszewo, Kurowo, Jeńki, Baciuty, 
Kolonia Bojary, and north of the towns of Łapy and Suraż. It is threatened by 
being overgrown by alder and willow (including Salix rosmarinifolia), by succes-

6 Projects of conservation plans were prepared for the majority of Polish national parks but 
they have been waiting for formal establishment by the Minister of the Environment for sev-
eral years, which is contrary to the Act requiring approval of a conservation plan within 6 
months from submission. Such legislative helplessness of the Minister of the Environment 
in establishing conservation plans for national parks has lasted unceasingly since 1990s. 
However, in practice, the prepared projects are the basis for implementation of conservation 
measures by the parks which is formalized as “provisional plans” in the form of conservation 
measures established for 1 – 5-year periods
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sion-related changes due to abandonment of mowing, and also by drying (when 
water supply from groundwater seepage declined, low sedge vegetation was noted 
to transition into Nardus grasslands). At present, a portion of the patches remains 
unutilized while others are mown within a mowing program of larger rush and 
meadow complexes either by the park or by private property owners. The nation-
al park conservation plan, which is currently awaiting approval, envisages active 
protection of the habitat by removal of trees and shrubs and mowing with an ob-
jective to conserve the habitat over the whole area of its occurrence, i.e., ca. 90 ha.

The Wigry National Park is known to harbor more than 20 alkaline fens with 
an area of ca. 30 ha. They develop in river valleys (Wiatrołuża, Czarna Hańcza) 
along the banks of lakes (Białe Piertańskie, Leszczewek, Samle, Widne, Wigry, 
Muliczne). Their vegetation often assumes the form of mossy beds of beaked 
sedge Carex rostrata and bogbean Menyanthes trifoliata, with a high proportion of 
meadow species and orchids, sometimes lesser tussock sedge Carex diandra beds, 
patches of the Menyantho-Sphagnetum teretis with peat mosses, mossy forms of 
sedge fens (Caricetum paniculatae, Caricetum acutiformis and Caricetum appro-
pinquatae) (Sikorski et al. 2013). The habitat is thought to be the most valuable 
flora refuge in the Wigry National Park (Pawlikowski & Romański 2014); it har-
bors Saxifraga hirculus, Liparis loeselii, numerous orchid species and unique moss 
species. The majority of patches require active protection tailored according to the 
needs of protection of valuable floral components. The park has longer experience 
with active protection of some fens, mostly in the Wiatrołuża River Valley, where 
shrubs were removed and the area was mown with an objective of orchid con-
servation. Experience indicates that it is necessary to apply different procedures 
depending on the threat of reed expansion (if reed is present, the area should be 
mown every year, if it is absent mowing every 2 – 3 years in an optimum), it is 
beneficial to apply hand mowing and it is required to carefully remove the cut 
biomass. Many patches even in the national park are privately owned. The docu-
mentation of the draft national park conservation plan (Sikorski et al. 2013) con-
tains a suggestion to purchase habitat patches from private property owners, and 
concomitantly indicates that it is possible and needed to be purchased by the park 
and to protect other alkaline fens outside the borders of the Wigry National Park 
- by the Perty Lake and Czarna Hańcza River in the area of the villages of Mikoła-
jewo, Buda Ruska and Gremzdówka. Several fens are situated in the passive pro-
tection zone but in most of them active protection measures are planned to be 
implemented, which involves one operation of tree and shrub removal (leaving 
dwarf pines with structure typical of fens and all junipers), mowing with biomass 
removal (every year in patches with reeds and other tall perennials and every 2 – 3 
years in late summer for the remaining patches). The draft conservation plan is 
awaiting approval.
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Photo 112: One of many dams constructed within the area occupied by flush fens 
in the Gorce National Park (photo by D. Horabik).

In the Gorce National Park, alkaline fens occur in the form of small flush fens 
with the Valeriano-Caricetum flavae type vegetation. More than 50 such fens were 
identified in the park with the total area of ca. 16 ha. The distribution of the flush 
fens is well known. In the area of the Turbacz Mt., the concentration of flush fens 
reaches 5 sites/km2, which belongs to the highest values in the Polish Carpathians. 
Conservation measures (removal of trees and shrubs, mowing, slight damming of 
water in outflows) were applied at 15 sites within the framework of the project “Pro-
tection of alkaline fens in southern Poland” (LIFE 13 NAT/PL/024) implemented 
in the period 2014 – 2018 by the Park in partnership with the Naturalists’ Club 
(Stańko & Wołejko 2018b). Under this project, plots with the 4 most valuable flush 
fens were purchased from private owners for the benefit of the national park. The 
conservation plan for the national park, which currently is awaiting authorization, 
provides for the continuation of similar conservation measures. Some problems 
are created by the fact that many patches are private property. The draft plan en-
visages land purchase whenever possible. Other flush fen conservation measures 
also include exclusion of waterlogged areas from grazing, if such form of use of 
mountain pastures is projected, and mowing of these areas instead, and placement 
of drinkers for animals and organic fertilization zones beyond flush fen areas. 

In the Drawa National Park, alkaline fens are represented by 12 sites covering 
an area of ca. 11 ha in total. Sedge moss fens formed of sedge beds with Carex ros-
trata, C. lasiocarpa, C. caespitosa and C. appropinquata as the most common form 
of vegetation. Several sites are occupied by more typical moss-sedge communi-
ties with C. nigra and C. diandra, and moss-peat moss communities of the Men-
yantho-Sphagnetum type (Pawlaczyk et al. 2013, Kujawa-Pawlaczyk & Pawlaczyk 
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Photo 113: Moss sedge fen Łunoczka in the Drawa National Park mown every year 
(photo by J. Kujawa-Pawlaczyk).

2014, 2015). Well hydrated fens connected with lakes are stable even under pas-
sive protection, while fens traditionally used as meadows require mowing which 
has been consistently realized in the park since the 1990s, which has contribut-
ed to the preservation of the floristic diversity and character of these ecosystems 
(Pawlaczyk 2014). The conservation plan currently awaiting approval intends to 
continue this approach. 

In the Bieszczady National Park, alkaline fens are represented by almost 100 
flush fens with the Valeriano-Caricetum flavae type vegetation, covering an area 
of 11 ha in total. Most often they are flush fens in the midst of meadow communi-
ties, sometimes small mid-forest glades, always in spring areas, sometimes on the 
fringes of raised bogs and acidic flush fens. Some patches are stable even without 
implementation of any protection measures, while others are maintained by ac-
tive procedures such as tree and shrub removal and mowing together with larger 
complexes of non-forest vegetation. At some sites, water conditions are improved 
by beaver dams constructed on adjacent ditches (J. Korzeniak in IOP PAN 2018). 
The conservation plan for the national park, which currently is awaiting approval, 
assumes the habitat conservation by preservation of the optimum groundwater 
level, implementation of protection measures related to haymaking (e.g., one of 
the sites in the park was mown within the project LIFE13 NAT/PL/024), and the 
reduction of secondary forest succession.
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In the Pieniny National Park alkaline fens are represented by type Valeri-
ano-Caricetum flavae flush fens developing at local seeping outlets of calcium 
carbonate-rich water, relatively well-developed and preserved. A high content of 
carbonates in the water in the Pieniny Mts. causes precipitation of travertines on 
mosses and in soil. Studies conducted at the end of the 20th century revealed over 
100 flush fens with their highest concentration in the Western Pieniny Mts. The 
concentrations exceeding 5 flush fens/km2 belong to the highest in the Carpathi-
ans. The conservation plan established in 2014 identifies 8 ha of habitat 7230 in 
total. Conservation measures include, wherever possible, mowing with biomass 
harvesting which prevents succession of tree species and eutrophication, and re-
moval of shrubs and tree saplings. However, some problems result from the fact 
that most of the flush fens are private property and, although the patches are lo-
cated in the national park, their management rests with the owners who most 
often do not conduct any works. The conservation plan recommends removal of 
trees and shrubs, fending off threatening and other undesirable species whenever 
needed, periodical mowing with biomass removal, elimination of water intakes 
and reduction of water abstraction, fencing to prevent sheep trampling, land pur-
chase. On the privately owned plots all these actions depend on the consent of the 
property owners. 

Photo 114: A mown flush fen in the Pieniny National Park 
(photo by G. Vončina, Archives of the Pieniny NP).
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In the Ojców National Park, habitat 7230 it thought to be associated (which 
seems a little doubtful) with the thistle association Cirsietum rivulare, occurring at 
the bottom of river valleys; it is threatened by overgrowth by nettle and other nitro-
philous plants after abandonment of use, thus requiring mowing. The conservation 
plan, which is awaiting authorization, records the existence of 6 ha of the habitat 
but aims to conserve only 2 ha. It assumes hand mowing in June/July every year, 
with biomass harvesting and removal of trees or shrubs that develop as a result of 
secondary succession.

In the Tatra National Park, ca. 20 flush fens of the Valeriano-Caricetum flavae 
were mapped, covering an area of almost 2 ha (Mirek et al. 2013). Their conserva-
tion status was assessed as favorable but they are threatened by forest succession. 
The conservation plan awaiting approval did not distinguish any special actions, in 
particular habitat patches, but recommended removal of trees from some flush fens 
and mowing planned for larger meadow complexes. 

The Magura National Park is known to comprise almost 40 flush fens of the Va-
leriano- Caricetum flavae type. According to the park’s estimate, habitat 7230 covers 
an area of 3.4 ha. The currently prepared draft conservation plan assumes obligatory 
extensive use of the flush fen areas for haymaking, and optionally: autumn mowing 
every 2-5 years, shrub removal every 3 – 5 years (in early spring), assuring proper 
water conditions and enlargement of habitat area by shrub removal. These meas-
ures (mowing and shrub removal) were implemented in 6 patches by the Naturalists’ 
Club within the project LIFE13 NAT/PL/024 and will be continued by the park in 
the following years. 

In the Babia Góra National Park, a dozen or so flush fens of the Valeriano- 
Caricetum flavae type occupying a total area of ca. 1.5 ha are known to be scattered 
mostly in the northern part of the park and to a lesser extent also in its western 
part. The draft conservation plan awaiting approval envisages their active protection 
by maintaining extensive use of the areas for haymaking. No specific conservation 
measures were defined for alkaline fens, but they were included in a common pack-
age of actions together with other meadow ecosystems, which includes the purchase 
of private plots in the park area, in enclaves within the park and in its neighborhood, 
removal of trees and shrubs, and mowing with biomass harvesting or grazing. 

In the Stołowe Mts. National Park, small flush fens with vegetation of the Va-
leriano - Caricetum flavae and Caricetum davallianae were reported to occur even 
at the beginning of the 21st century in the Małe Torfowisko Batorowskie (Małe Ba-
torowskie Mire) and near the Pasterka village, while a group of spring fens and flush 
fens heavily overgrown by spruces and alders was described near the Karłów village. 
However, in 2013 – 2018 this habitat was not identified in the complex of mead-
ows near the Pasterka village and no species that could suggest its existence were 
found. At present, only the flush fen in the Małe Batorowskie Mire represents habitat 
7230 though it also undergoes transition into a wet meadow. It is hand mown which 
restricts threatening reed expansion (M. Smoczyk, unpublished information, IOP 
PAN 2018). The draft conservation plan for the national park awaiting approval does 
not mention alkaline fens, and active protection of Małe Batorowskie Mire is real-
ized as conservation of habitat 7140.
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In the Świętokrzyski National Park, two small flush fens of minor significance 
were identified in the Czarna Woda River valley near the Święta Katarzyna village, 
with vegetation of the degenerated Valeriano-Caricetum flavae type and a total area 
not exceeding 0.1 ha. The draft conservation plan does not mention alkaline fens. 

In general, the conservation of alkaline fens in national parks appears to be 
correctly and professionally planned and implemented, with only a few exemp-
tions. In spite of this, trends of changes in habitat 7230 conservation status, even 
in national parks, are worrying. The State Environmental Monitoring collects 
data from 15 monitoring locations in national parks. It appears to be too small a 
sample for drawing final conclusions, however it is striking that the conservation 
status estimated in 2017 in none of these locations was assessed as better than in 
2009, whereas in 8 locations, i.e., more than a half, it was judged to be worse than 
8 years ago. 

8.4. Nature reserves

8.4.1. Representation of alkaline fens in the nature reserve 
network 

According to the database of alkaline fens in Poland, maintained by the Natu-
ralists’ Club, the occurrence of habitat 7230 can be identified in 53 existing nature 
reserves, which are listed below in an alphabetical order.

Table 5. Occurrence of habitat 7230 in nature reserves. Source of data on nature re-
serves: the Central Register of Forms of Environmental Protection: http://crfop.gdos.
gov.pl/CRFOP/. Habitat patches according to Naturalists’ Club Database of Sedge Moss 
Fens: http://alkfens.kp.org.pl/ogolnopolska-baza-mechowisk/.
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Protection objective of the
nature reserve according 

to the law establishing the 
nature reserve

Bagno 
Chłopiny

118.99 21.04 17.7% peatland Protection objective is de-
fined as conservation of a 
diverse complex of peatland 
ecosystems and bog forests 
with a transition mire situ-
ated in the central part and 
characteristic vegetation and 
fauna, for didactic and scien-
tific reasons.

http://crfop.gdos.gov.pl/CRFOP/
http://crfop.gdos.gov.pl/CRFOP/
http://alkfens.kp.org.pl/o-torfowiskach/ogolnopolska-baza-mechowisk/
http://alkfens.kp.org.pl/ogolnopolska-baza-mechowisk/
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Bagno Sere-
bryskie

376.62 282.38 75.0%7 peatland Protection objective is to 
conserve a calcareous fen 
which is the refuge for very 
rare species of birds and 
plants.

Bagno 
Stawek

40.8 7.2 17.6% peatland Protection objective is to 
conserve a complex of al-
kaline fens distinguished by 
outstanding phytocenotic 
and floristic values.

Bahno w 
Borkach

289.87 0.19 0.1% peatland Protection objective is to 
conserve valuable, well-de-
veloped boreal fen commu-
nities, distinguished by rich 
flora of vascular plants and 
bryophytes and a large num-
ber of protected species. 

Biała Woda 33.71 0.1 0.3% land-
scape

Conservation of a fragment 
of the Biała River Valley in 
the Małe Pieniny Mts., dis-
tinguished by exceptional 
beauty of the landscape and 
harboring many rarities of 
animate and unanimate na-
ture, for didactic and touris-
tic reasons.

Brzeźno 157.78 151.99 96.3%8 peatland The nature reserve was cre-
ated to conserve a carbonate 
fen with rare plant species, 
for scientific and didactic 
reasons.

7 This area as a whole is covered by a difficult to separate complex of communities of the so-
called carbonate fen developed in a large karst depression, comprising fen sedge beds, Schoene-
tum ferruginei communities, calcareous sedge fens, peat excavations, and calcareous elevations 
(“grądziki”), difficult both to unequivocally classify as a whole and to separate into different 
types of natural habitats.

8 This area as a whole is covered by a difficult to separate complex of communities of the so-
called carbonate fen developed in a large karst depression, comprising fen sedge beds, Schoene-
tum ferruginei communities, calcareous sedge fens, peat excavations, and calcareous elevations 
(“grądziki”), difficult both to unequivocally classify as a whole and to separate into different 
types of natural habitats.
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Bukowskie 
Bagno

22.41 8.53 38.1% peatland Protection objective it to con-
serve a site comprising sedge 
moss spring fens and moss 
bogs with rare fauna and flo-
ra, including locations for re-
lic bryophyte species (Helodi-
um blandowii, Paludella 
squarrosa, Tomenthypnum 
nitens) and rare orchids (Li-
paris loeselii and Epipactis 
palustris), and also to protect 
the Bukowo Małe Lake dom-
inated by Chara spp., and an 
overmature oak, beech and 
hornbeam forest complex in 
the fen catchment area.

Diabli Skok 20.97 1.98 9.4% forest The nature reserve was creat-
ed to conserve, for scientific 
and didactic reasons, forest, 
rush and spring ecosystems 
developed on the slopes of 
moraine hills and the adja-
cent bank of the Krąpskie 
Małe Lake.

Dolina 
Ilanki

239.53 32.72 13.7% peatland Protection objective in the 
nature reserve is to conserve, 
for scientific and didactic 
reasons, different types of 
peatlands, spring complexes 
within natural and seminat-
ural landscape distinguished 
by rich flora, fauna and char-
acteristic, rare phytocenoses.

Dolina 
Ilanki II

11.32 6.28 55.5% peatland Conservation of the site 
harboring especially solige-
nous spring fens, and forest 
and non-forest meadow and 
aquatic ecosystems with bi-
ocenoses characteristic of 
these ecosystems.

Dolina 
Kulawy

154.55 4.65 3.0% peatland Protection objective in this 
nature reserve is to conserve 
a complex of soligenous 
fens, springs, lakes, and for-
est and non-forest terrestrial 
ecosystems with biocenoses 
characteristic of these eco-
systems.
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Dolina 
Rurzycy

554.68 0.46 0.1% land-
scape

Protection objective in the na-
ture reserve is to conserve rare 
plant communities, rare and 
protected plant and animal 
species and unique natural 
landscapes together with var-
iable relief, i.e., natural forests 
growing on steep slopes, clean 
lakes forming long chains of 
channel valleys, and hilly ter-
rains with meandering river 
in a deep valley.

Galwica 94.58 45.65 48.3% peatland The nature reserve was cre-
ated for conservation of an 
alkaline fen with locations 
for endangered species of fen 
plants.

Gogolewko 37.51 36.01 96.0% peatland Protection objective of this 
nature reserve is to conserve 
a complex of soligenous fens 
and meadows together with 
biocenoses characteristic of 
these ecosystems.

Jeziorko 
koło 
Drozdowa

10.01 4.91 49.1% peatland Protection objective is to 
conserve, for landscape, di-
dactic and scientific reasons, 
a natural fragment of quak-
ing bog with plant commu-
nities comprising rare and 
threatened plant species.

Jezioro 
Drzezno

30.36 1.04 3.4% aquatic Protection objective of this 
nature reserve is to conserve 
a lacustrine ecosystem with 
natural zonal structure of 
communities.

Jezioro 
Kalejty

763.3 1.37 0.2% land-
scape

Protection objective of the 
nature reserve is to conserve 
natural values of a lake and 
valuable landscape features.

Jezioro 
Ratno

48.72 0.41 0.8% aquatic Conservation of an aquat-
ic-mire complex of natural 
eutrophic communities and 
fens, particularly solige-
nous, springs, and forest and 
non-forest terrestrial and 
aquatic ecosystems with bi-
ocenoses characteristic of 
these ecosystems.
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Klonowo 32.77 0 0.0% forest Protection objective is to 
conserve a fragment of 
mixed forest with nature 
monuments of pine trees un-
til its biological death.

Kruszynek 8.42 4.41 52.4% peatland Protection objective in this 
nature reserve is to conserve 
the alkaline fen ecosystem 
with unique bryophyte and 
vascular plant flora.

Krutynia 969.33 4.88 0.5% forest Protection objective is to 
conserve the natural postgla-
cial landscape, natural aquat-
ic ecosystems and unique 
richness of fauna and flora.

Łempis 132.34 1.32 1.0% forest Protection objective in this 
nature reserve is to conserve 
natural forest, aquatic and 
peatland ecosystems with 
rare and protected plant and 
animal species characteris-
tic of the Suwałki-Augustów 
Lakeland.

Małga 163.92 1.36 0.8% faunistic Protection objective is to 
conserve wetlands which are 
crane roosts and waterbird 
habitats.

Mechowiska 
Czaple

9.36 8.04 85.9% peatland Protection objective in this 
nature reserve is to conserve 
a soligenous fen complex 
in a valley of a small water 
course, and valuable aquatic, 
wetland, meadow and terres-
trial ecosystems. 

Mechowiska 
Sulęczyń-
skie

25.2 17.8 70.6% peatland Protection objective in this 
nature reserve is to conserve 
an alkaline fen ecosystem 
with unique bryophyte and 
vascular plant flora.

Mechowi-
sko
Kosobudki

12.47 7.64 61.3% peatland Conservation of the site har-
boring especially soligenous, 
spring fens, and forest and 
non-forest terrestrial and 
aquatic ecosystems with bi-
ocenoses characteristic of 
these ecosystems.
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Mechowi-
sko Krąg

 3.81 2.17 57.0% peatland Protection objective in this 
nature reserve is to conserve 
the alkaline fen ecosystem 
with unique bryophyte and 
vascular plant flora. 

Mechowi-
sko Mano-
wo

55.47 42.85 77.2% peatland Protection objective in this 
nature reserve is to conserve 
a lake terrestrialization mire 
complex, especially a solige-
nous alkaline fen in a com-
plex with transition mires, 
riparian forests and bog 
forests, together with char-
acteristic phytocenoses dis-
tinguished by rich flora and 
fauna.

Mechowi-
sko Radość

    9.59 8.41 87.7% peatland Protection objective in this 
nature reserve is to conserve 
an alkaline fen ecosystem 
with unique bryophyte and 
vascular plant flora. 

Młodno 92.91 33.08 35.6% peatland Protection objective is to 
conserve, for scientific and 
didactic reasons, a fen and 
a fragment of meadows 
with characteristic plant as-
sociations and localities for 
protected plant and animal 
species.

Mszar nad 
Jeziorem
Mnich

    6.04 4.86 80.5% peatland Protection objective in the 
nature reserve is to conserve 
habitats and vegetation of 
transition mire, sedge fen 
beds and sedge moss fens 
developed along the banks 
of the humus lake with dom-
inance of Chara spp. and 
relic flora of cryptogamous 
plants.

Mszary 
Tuczyńskie

7.22 0.9 12.5% peatland Conservation of a mosaic of 
habitats and ecosystems of 
wet meadows and tall herbs, 
wetland communities, bog 
forests and spring complex-
es together with processes of 
their natural dynamics and 
valuable flora in fauna associ-
ated with them.
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Nietlickie
Bagno

1,132.91 4.5 0.4% faunistic Protection objective is to 
conserve natural and land-
scape values of the Nietlickie 
Bagno (Nietlickie Swamp) 
with rush vegetation domi-
nating in landscape, adjacent 
forests and non-forest areas 
with numerous swamps, and 
rare and protected plant and 
animal species. 

Perkuć 209.82 9.09 4.3% Not 
specified 
in the 
legal act

Protection objective of this 
nature reserve is to conserve 
natural plant communities 
associated with a water body 
in the process of terrestrial-
ization.

Roskosz 472.79 475.26 100%9 peatland Protection objective is to 
conserve unique commu-
nities of carbonate fens and 
refuges of protected and rare 
bird species.

Rutka 49.06 0.5 1.0% Not 
specified 
in the 
legal act 

The nature reserve was cre-
ated to conserve in natural 
state a unique post-glacial 
pavement of the Linówek 
Lake together with adjacent 
transition mire, constituting 
significant value for natural, 
scientific and didactic rea-
sons. 

Skotawskie 
Łąki

54.78 51.37 93.8% peatland Protection objective in this 
nature reserve is to conserve 
a complex of soligenous and 
topogenous fens in the head-
water area of the Skotawa 
River and valuable aquatic, 
meadow and forest ecosys-
tems.

9 This area as a whole is covered by a difficult to separate complex of communities of the so-
called carbonate fen developed in a large karst depression, comprising fen sedge beds,  com-
munities, calcareous sedge fens, peat excavations, and calcareous elevations (“grądziki”), dif-
ficult both to unequivocally classify as a whole and to separate into different types of natural 
habitats.
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Smolary 143.2 0.93 0.6% peatland Protection objective of the 
nature reserve is to conserve 
natural sedge moss fen vege-
tation rich in rare bryophyte 
species. 

Sołtysek 38.6 2.49 6.5% floristic Protection objective of the 
nature reserve is to conserve 
a raised bog with adjacent 
coniferous forests, bog for-
ests and localities for Cha-
maedaphne calyculata, Bet-
ula humilis, Hamatocaulis 
vernicosus and other endan-
gered fen plant species

Stare Biele 256.2 54.49 21.3% forest Protection objective of the 
nature reserve is to conserve 
valuable fragments of the 
Knyszyńska Forest compris-
ing well- developed plant 
communities with a number 
of protected and rare plants 
and conservation of com-
plexes of bogs and meadows 
in the process of terrestriali-
zation, which are a refuge for 
animals.

Struga 
Żytkiejmska

471.04 1.78 0.4% forest Protection objective is to 
conserve natural ecological 
processes occurring in forest 
communities characteristic 
of the Romincka Forest and 
to conserve natural hydro-
logical systems, including 
underground and surface 
water resources.

Torfowisko 
Osowiec

18.24 1.15 6.3% peatland Protection objective is to 
conserve a terrestrializa-
tion carbonate mire with 
sedge moss vegetation and 
fen sedge bed together with 
characteristic, rare and pro-
tected species of vascular 
plants and bryophytes. 

Torfowisko 
Serafin

184.92 127.6 69.0% peatland Protection objective is to 
conserve, for scientific, di-
dactic and sightseeing rea-
sons, a fen with rich fauna 
and flora, including rare and 
protected species.
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Torfowisko 
Sobowice

95.46 63.34 66.4% peatland Protection objective is to 
conserve, for scientific and 
didactic reasons, the unique 
spring cupola fens with 
characteristic sequence of 
peat-carbonate deposits and 
a mosaic of thermophilic fen 
vegetation with numerous 
protected and rare flora and 
fauna species. 

Torfy 
Orońskie

12.61 1.8 14.3% peatland Protection objective is to 
conserve, for scientific and 
didactic reasons, rare and 
protected plant species, oc-
curring in natural fen and 
forest communities.

Wąwóz 
Homole

58.64 0.2 0.3% land-
scape

Conservation, for scientif-
ic reasons, a rocky gorge in 
the Małe Pieniny Mts., dis-
tinguished by exceptionally 
beautiful landscape and com-
prising many rarities of ani-
mate and inanimate nature. 

Wielkopol-
ska Dolina 
Rurzycy

896.06 6.58 0.7% land-
scape

Protection objective is to 
conserve valuable plant 
communities, rare and pro-
tected plant, animal and 
fungal species and unique 
natural landscapes, together 
with variable relief, i.e., nat-
ural forests growing on steep 
slopes, clean lakes forming 
long chains of channel val-
leys and hilly terrain with a 
meandering river in a deep 
valley.

Wisła 17.61 0 0.0% Not 
specified 
in the 
legal act 

The nature reserve was cre-
ated to protect trout in the 
most natural habitat condi-
tions.

Zabrodzie 27.01 0.34 1.3% peatland Protection objective is to 
conserve ecological process-
es in the wetland ecosystems.
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Zaskalskie-
-Bodnarów-
ka

19.02 0.06 0.3% land-
scape

Conservation, for scientific, 
didactic and touristic rea-
sons, of a rocky gorge in the 
Małe Pieniny Mts., over-
grown by deciduous forest 
distinguished by exceptional 
beauty of the landscape and 
many rarities of animate and 
inanimate nature, and also 
conservation of the breeding 
site of eagle-owl (Bubo bubo 
L.).

Zdrójno 168.97 2.05 1.2% forest Protection objective in the 
nature reserve is to conserve 
ecosystems of the Brzezi-
anek Lake and River and 
surrounding forests which 
harbor many rare plant and 
animal species, mostly bea-
vers and birds.

Źródliska 
Flinty

44.83 0.03 0.1% forest Protection objective of the 
nature reserve is to conserve 
the undisturbed course of 
processes progressing in 
forest, shrub, swamp, aquat-
ic and fen ecosystems with 
their entire richness and bi-
odiversity, in particular the 
conservation of the spring 
character of the Niewiemko 
Lake and localities for pro-
tected plant species.

Źródliska 
Jasiołki

1,585.01 0.27 0.0% land-
scape

Protection objective is to 
conserve, for scientific, di-
dactic and landscape rea-
sons, natural communities 
comprising headwater areas 
of the Wisłoka and Jasiołka 
Rivers.

Only in 16 (30%) of the above-mentioned nature reserves, was the alkalinity, 
carbonate content, spring water supply or soligenicity of fens situated therein 
declared as the formal protection objective of the nature reserve. 

Noteworthy, almost all alkaline fens protected in nature reserves are situat-
ed also in Natura 2000 sites. Exemptions include the mires Serafin, Drzesno and 
Mszary Tuczyńskie, which, as indicated above, we have proposed to include into 
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the Natura 2000 network, and also the Zabrodzie and Źródliska Flinty Nature 
Reserves where habitat 7230 patches are poorly developed and heavily degraded.

Issues related to the protection of alkaline fens in nature reserves, including 
justification of the creation of a nature reserve even within Natura 2000 sites, were 
presented in a separate article (Makowska et al. 2018). It was also indicated in that 
paper that the Polish network of nature reserves protecting alkaline fens should be 
supplemented at least by the following sites:

1. Torfowisko Pliszka (Pliszka Mire) in the Lubuskie Voivodeship: a complex of 
fluviogenic, soligenous, spring and terrestrialization mires;

2. Jezioro Wierzchołek (Wierzchołek Lake) in the Wielkopolskie Voivodeship: 
the lake with adjacent soligenous fen where, at present, tufa accumulation can 
be macroscopically observed;

3. Jezioro Małe Długie (Małe Długie Lake) in the Pomorskie Voivodeship, in 
the Tuchola Forest: alkaline fen in a narrow and deep terrestrialized tunnel 
valley, earlier a bay of the Małe Długie Lake, with Saxifraga hirculus, Liparis 
loeselii and Epipactis palustris;

4. Kwiecko in the Zachodniopomorskie Voivodeship: a drainless depression 
filled with a fen with Carex diandra, Epipactis palustris, Hamatocaulis vernico-
sus, Paludella squarrosa and Helodium blandowii;

5. Nowa Studnica in the Zachodniopomorskie Voivodeship: cupola spring fens 
and alkaline fens in the Korytnica River Valley, harboring, among others, 
Epipactis palustris, Paludella squarrosa and Helodium blandowii;

6. Dolina Płoni (Płonia River Valley) in the Zachodniopomorskie Voivodeship: 
spring fen with Juncus subnodulosus and Trollius europaeus;

7. Kobyla Biel in the Podlaskie Voivodeship, in the Augustów Forest: a complex 
of well-developed sedge moss fens and bog forests situated by the lake;

8. Borsuki in the Podlaskie Voivodeship, in the Augustów Forest: soligenous fen 
with a complex of moss-sedge and moss bog-sedge moss fen communities, 
with valuable flora of vascular plants and mosses, among others, with Liparis 
loeselii and Saxifraga hirculus;

9. Sawonia Mostek in the Podlaskie Voivodeship, in the Augustów Forest: 
soligenous fen with a complex of moss-sedge and moss bog-sedge moss fen 
communities, with valuable flora of vascular plants and mosses, among oth-
ers, with Liparis loeselii and Saxifraga hirculus;

10. Bagienna Dolina Rospudy (Marshy Rospuda River Valley) in the Podla-
skie Voivodeship: a famous complex comprising alkaline fens with patches 
of sedge moss fens preserved in a natural state, saved from destruction by 
the construction of the Augustów bypass across this area - to be regarded as 
a nature reserve ready for establishment; some land was purchased by the  
Naturalists’ Club and some is managed by the State Forests
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11. Torfowisko Mnica (Mnica Mire) in the Zachodniopomorskie Voivodeship, 
in the Drawsko Pomorskie Military Training Area: a site comprising Cladium 
mariscus and a beautiful sedge moss fen with Eleocharis quinqueflora, and a 
population of Liparis loeselii;

Photo 115: Botanical studies on the Mnica Mire in the Drawsko Pomorskie Military 
Training Area (photo by P. Pawlaczyk).

12. Jezioro Trawnickie (Trawnickie Lake) in the Pomorskie Voivodeship, in the 
Tuchola Forest: a sedge moss fen with Liparis loeselii, Scorpidium scorpioides, 
and very abundant Cinclidium stygium, situated by the lake;

13. Zdrójno in the Pomorskie Voivodeship, in the Tuchola Forest: enlargement 
of the existing nature reserve by adjacent very well-developed typical sedge 
moss fen with a full set of typical moss species, Liparis loeselii, and a large 
population of Epipactis palustris;

14. Okonino in the Wielkopolskie Voivodeship, in the Notecka Forest: a terres-
trialization mire overgrown by sedge fen vegetation with large populations 
of mosses typical of alkaline fens (Paludella squarrosa, Helodium blandowii, 
Tomentypnum nitens).

More detailed descriptions of these reserves were presented in the paper by 
Makowska et al. (2018).
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In addition to the above list, the following sites should be declared as nature 
reserves:
1. Dolina Debrzynki (Dobrzynka River Valley), at the border of the Pomor-

skie and Wielkopolskie Voivodeships: a large and well preserved complex of 
soligenous fens with the only population in the Wielkopolskie Voivodeship 
of Saxifraga hirculus (see also above about the need for enlargement of the 
Natura 2000 site).

2. Gwdziańskie Mechowiska (Gwda River Moss Mires), the Wielkopolskie 
Voivodeship. Currently protected as ecological sites, spring fens in the Gwda 
River valley, slightly degraded but still valuable and unique in the landscape 
of this part of the country, with a rich population of Helodium blandowii, 
Epipactis palustris, many populations of Dactylorhiza incaranata and D. mac-
ulata.

3. Uroczysko Korea (Korea Wilderness), the Warmińsko-Mazurskie Voivode-
ship. A vast (ca. 40 ha including 15 ha of sedge moss fens) soligenous fen, with 
one of the largest populations of Hamatocaulis vernicosus in the voivodeship 
and one of the most abundant in Poland, with extensive initial sedge moss fen 
with Carex diandra, C. limosa and Menyanthes trifoliata in the southern part 
and with Carex rostrata, Sphagnum teres and Schoenoplectus tabernaemon-
tani in the northern part. A locality for orchids, including Liparis loeselii and 
Epipactis palustris. One of the larger soligenous fens in the voivodship, a part 
of which is excellently conserved.

Photo 116: Planned nature reserve Korea (photo by P. Pawlikowski)
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Photo 117: The Mire on the Babięcka Struga River (photo by Ł. Kozub).

4. Jezioro Łaźnica (Łaźnica Lake), the Warmińsko-Mazurskie Voivodeship. A 
huge, very heavily hydrated sedge moss fen developing in the form of quaking 
bog, overgrowing the Łaźnica and Koziołek Lakes with Carex rostrata, C. di-
andra, Hamatocaulis vernicosus, Menyanthes trifoliata, and localities for rare 
species: Liparis loeselii and Stellaria crassifolia.

5. Torfowisko nad Babięcką Strugą (Mire on the Babięcka Struga River), the 
Warmińsko-Mazurskie Voivodeship. The richest soligenous, spring fen in the 
area of the Piska Forest, dominated by Carex rostrata and Sphagnum teres, 
with Liparis loeselii, Stellaria crassifolia, Paludella squarrosa and Hamatocau-
lis vernicosus. Strongly hydrated, with preserved spring and spring riparian 
forest.

6. Torfowisko nad Jeziorem Krawno (Mire by the Krawno Lake), the Warmiń-
sko-Mazurskie Voivodeship. Alkaline fens with diverse vegetation in a com-
plex of bog forests (spruce forest on peat, pine-birch forests, and spring alder 
forests and on a quaking bog by the Krawno Lake with Liparis loeselii, Stellaria 
crassifolia, Paludella squarrosa and Hamatocaulis vernicosus.
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7. Kosewskie Bagno (Kosewskie Swamp), in the Warmińsko-Mazurskie 
Voivodeship, developing in the field landscape with very diverse vegetation 
typical of mezo- and oligotrophic habitats with a number of rare and en-
dangered mosses and vascular plants, such as Liparis loeselii, creeping sedge 
Carex chordorrhiza and Hamatocaulis vernicosus.

8. Jezioro Krejwelanek, the Podlaskie Voivodeship. Sedge moss fen develop-
ing over a spring area at the northwestern edge of the Krejwelanek Lake. The 
surroundings of the lake are dominated by bog forests and moss bogs with 
Sphagnum teres, however a small sedge moss fen harbors a unique group of 
endangered species, such as Saxifraga hirculus, Liparis loeselii, Aldrovanda 
vesiculosa, Malaxis monophyllos, Stellaria crassifolia, Paludella squarrosa, Ha-
matocaulis vernicosus and many others. It was described in detail by Tysz-
kowski (1992) and has still preserved its values.

9. Jezioro Gajlik, the Podlaskie Voivodeship. Sedge moss fen developing on 
gyttja bed by the Gajlik Lake. In the drier southern part, phytocenosis of the 
Caricion davallianae alliance dominates with Carex lepidocarpa, C. panicea, 
Limprichtia cossonii and others, whereas the northern part is of quaking bog 
character with phytocenoses of the Eleocharitetum quinqueflorae, Caricetum 
diandrae and Menyantho-Sphagnetum teretis. This site harbors a number of 
endangered species, including seven taxons of carnivorous plants, many oth-
er rare vascular plants, such as Liparis loeselii, Stellaria crassifolia, Pinguicula 
vulgaris, Dactylorhiza baltica, Drosera anglica, D. intermedia, and a number of 
relic mosses (Cinclidium stygium and Paludella squarrosa in masses; moreo-
ver, among others, Meesia triquetra, Scorpidium scorpioides and Hamatocaulis 
vernicosus) (Jabłońska 2005, Pawlikowski 2010). 

10. Dolina Kunisianki (Kunisianka River Valley), the Podlaskie Voivodeship. 
Peat-rich valley of the small Kunisianka River with a system of soligenous 
fens. The landscape of the valley is dominated by forest and shrub communi-
ties but enclaves of non-forest fen vegetation harbor a number of rare and en-
dangered species of vascular plants, such as Saxifraga hirculus, Liparis loeselii, 
Stellaria crassifolia, Malaxis monophyllos, Dactylorhiza baltica, Meesia tri-
quetra, Paludella squarrosa, Hamatocaulis vernicosus and others (Pawlikowski 
2008a).
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11. Torfowisko Chyżnik (Chyżnik Mire), the Małopolskie Voivodeship. Alka-
line fen in the Chyżnik stream valley, about 2.4 km northwest of the Chyżne 
village (at the border with Slovakia). As for mountain conditions, it is a 
large-sized site covering ca. 9 ha. Its central part is slightly elevated. The 
vegetation is dominated by the Menyantho-Sphagnetum teretis association 
with abundant Dactylorhiza majalis, Carex diandra, C. panicea, Menyanthes 
trifoliata, and Tomenthypnum nitens.

Photo 118: Chyżnik Mire (photo by Ł. Kozub).

12. Kopułowe Torfowisko Śniatycze (Śniatycze Cupola Mire), the Lubelskie 
Voivodeship. It is located in the Sieniocha River Valley with a man-made 
drainage system and comprises 2 patches split by the artificially dug river 
channel. It harbors many rare and endangered plant species, among oth-
ers, Cladium mariscus, Swertia perennis ssp. perennis, Schoenus ferrugineus, 
Sch. nigricans, Tofieldia calyculata, Carex davaliana, Pinguicula vulgaris ssp. 
bicolor, Gentianella amarella, Epipactis palustris and Gymnadenia conopsea 
ssp. densiflora. In peat pits, Chara sp. and Pedicularis sceptrum-carolinumare 
present. Moreover, Coenonymo edippus, a butterfly species rare in Poland, was 
found in this area.
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Photo 119: The Śniatycze cupola fen (photo by D. Horabik).

8.4.2. Protection of alkaline fens in nature reserves 

In 18 of the above-mentioned nature reserves protecting alkaline fens, no 
actions for the benefit of this habitat type have been undertaken so far. In the 
remaining nature reserves, some form of active protection was implemented. At 
32 sites the fen area was mown (Bagno Chłopiny, Bagno Stawek, Biała Woda, 
Brzeźno, Diabli Skok, Dolina Ilanki, Dolina Ilanki II, Dolina Kulawy, Dolina 
Rurzycy, Gogolewko, Kruszynek, Mechowiska Czaple, Mechowiska Sulęczyń-
skie, Mechowisko Manowo, Mechowisko Radość, Młodno, Mszary Tuczyńskie, 
Nietlickie Bagno, Perkuć, Roskosz, Rutka, Skotawskie Łąki, Smolary, Struga 
Żytkiejmska, Torfowisko Osowiec, Torfowisko Serafin, Torfowisko Sobowice, 
Torfy Orońskie, Wąwóz Homole, Wielkopolska Dolina Rurzycy, Zaskalskie-
-Bodnarówka, Źródliska Jasiołki). In 26 nature reserves trees were removed (Ro-
skosz, Brzeźno, Torfowisko Serafin, Torfowisko Sobowice, Galwica, Mechowisko 
Manowo, Gogolewko, Młodno, Dolina Ilanki, Bagno Chłopiny, Mechowiska 
Sulęczyńskie, Perkuć, Mechowisko Radość, Bagno Stawek, Wielkopolska Do-
lina Rurzycy, Dolina Kulawy, Kruszynek, Diabli Skok, Torfy Orońskie, Smo-
lary, Rutka, Dolina Rurzycy, Źródliska Jasiołki, Wąwóz Homole, Biała Woda, 
Zaskalskie-Bodnarówka). In 10 nature reserves, dams blocking water outflow 
were constructed (Skotawskie Łąki, Galwica, Mechowisko Manowo, Gogolewko, 
Młodno, Bagno Chłopiny, Mechowiska Czaple, Dolina Ilanki II, Dolina Kulawy, 
Torfowisko Osowiec), and at two sites (Młodno, Bukowskie Bagno) pipes stabiliz-
ing the water level resulting from water damming by beavers were installed. Nota-
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bly, most of these actions were realized by subjects under no formal obligation to 
do so, i.e., by the landscape park, forest district or non-governmental organization 
interested in fen conservation, namely the Naturalists’ Club.

Moreover, in two nature reserves (Dolina Kulawy, Mechowiska Sulęczyńsk-
ie), within the framework of the project “Protection of alkaline fens (7230) in 
young glacial landscape of northern Poland” (LIFE 11/NAT/PL/423), the Natu-
ralists’ Club introduced Saxifraga hirculus, while individuals of this species, culti-
vated in vitro from local populations, were introduced in the sites Bagno Stawek, 
Mechowisko Krąg, Mechowisko Radość and Struga Żytkiejmska Nature Reserves 
(Bloch-Orłowska et al. 2018). 

39 of 53 of the above-listed nature reserves protecting alkaline fens have cur-
rently valid planning documents in the form of either conservation plans estab-
lished for 20 years or plans of conservative measures covering periods of 1 – 5 
years. For three other nature reserves in the Lubuskie Voivodeship, draft conser-
vation plans were developed by the end of 2018. The protection of Mechowisko 
Manowo Nature Reserve was partially planned within a plan of conservation 
measures for the Natura 2000 site, both of which cover the same area. However, 
10 nature reserves have no plans whatsoever.

In 15 of 43 documents (35%), the existence of an alkaline fen was not recog-
nized. Often alkaline fens were erroneously described as transition mires. How-
ever, it not always led to mistakes in conservation planning. For instance, in the 
Roskosz and Brzeźno Nature Reserves, conservation measures were planned to 
protect the habitat of the aquatic warbler Acrocephalus paludicola but they will 
probably be beneficial also for fens situated at this site. Mowing and shrub re-
moval in the Serafin Mire can improve the conservation status of this site in spite 
of incorrect recognition of the mire type. However, for instance, the alkaline fen 
in the Stare Biele Nature Reserves in the Knyszyńska Forest remained unnoticed 
while it would probably require active and not passive protection (ditch blocking, 
shrub removal, mowing).

In 27 plans, habitat 7230 identification is correct.
At three sites, passive protection was planned: in the Bukowskie Bagno Na-

ture Reserve; it was decided that the alkaline fen present at this site requires only 
monitoring (however, earlier, a tube stabilizing water level in a beaver pond was 
installed). In the Jeziorko koło Drozdowa Nature Reserve, a potential threat of 
fen overgrowth by trees was noted, but it was decided that no intervention was 
required at that time. In the Mszary Turczyńskie Nature Reserve, only monitoring 
was planned, although earlier mowing was carried out at this site.

However, in the majority of nature reserves active protection was recom-
mended: tree and shrub removal (Biała Woda, Bagno Stawek, Dolina Ilanki, 
Dolina Ilanki II, Dolina Kulawy, Dolina Rurzycy, Jezioro Drzesno, Kruszynek, 
Młodno, Mechowiska Sulęczyńskie, Mechowisko Radość, Smolary, Torfowisko 
Sobowice, Źródliska Jasiołki), mowing (Bagno Stawek, Dolina Ilanki II, Dolina 
Kulawy, Gogolewko, Jezioro Drzesno, Jezioro Kalejty, Mechowiska Sulęczyńskie, 
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Mechowisko Krąg, Mechowisko Radość, Skotawskie Łąki, Smolary, Torfowi-
sko Osowiec, Torfowisko Sobowice, Wąwóz Homole, Zaskalskie-Bodnarówka, 
Źródliska Jasiołki, the construction of dams regulating water outflow (Mechowis-
ka Sulęczyńskie), and water level control in beaver’s dams (Dolina Kulawy, Gogo-
lewko).

8.5. Other forms of protection

In 26 of 124 landscape parks in Poland, alkaline fens are a component of the 
landscape. The greatest resources of this habitat are located in the Chełmski Park 
Krajobrazowy (Chełm Landscape Park), in the southern part of which the vast 
mires Bagno Serebryjskie, Brzeźno and Roskosz are situated in depressions on 
chalk substrate which covers a total area of 1,300 ha. The second largest complex 
in Poland is located in the Park Krajobrazowy Dolina Słupi (Słupia River Val-
ley Landscape Park) with 8 fens and a total area of over 200 ha. Six alkaline fens 
covering a total area of 83 ha are known to occur in the Park Krajobrazowy 
Puszczy Knyszyńskiej im. Witolda Sławińskiego (Witold Sławiński Landscape 
Park of the Knyszyńska Forest). 11 sites occupying more than 50 ha are con-
centrated in the Kaszubski Park Krajobrazowy (Kaszuby Landscape Park). The 
remaining landscape parks harboring alkaline fens and flush fens include (in 
decreasing order in terms of habitat 7230 resources): Barlinecko-Gorzowski, 
Wdzydzki, Górznieńsko-Lidzbarski, Zaborski, Mazurski, Sierakowski, Su-
walski, Szaniecki, Brodnicki, Ciśniańsko-Wetliński, Popradzki, Żywiecki, 
Puszczy Rominckiej, Welski, Rudawski, Pojezierza Iławskiego, Południow-
oroztoczański, Beskidu Śląskiego, Jaśliski, Sobiborski, Łagowsko-Sulęciński 
and Sudetów Wałbrzyskich. The fens located in these landscape parks can also 
have the status of a nature reserve or ecological area; in addition, landscape parks 
largely overlap with Natura 2000 sites, in particular, 94% of alkaline fens occur-
ring in landscape parks are also located in respective Natura 2000 habitat site. 

Of the aforementioned landscape parks, in the following conservation plans 
were established: Chełmski, Dolina Słupi, Puszczy Knyszyńskiej, Wdzydzki, 
Mazurski, Suwalski, Ciśniańsko-Wetliński, Popradzki, Rudawski, Południowo-
roztoczański and Jaśliski In the remaining parks, the law establishing the park 
is the only document outlining its protection program with minor changes and 
amendments. Due to the special character of the landscape parks, conservation 
plans usually do not regulate directly the protection of particular fens, but can 
contain statements favoring such protection when they, in general, require, for 
instance, protection of water conditions, conservation and renaturation of fens, 
conservation of wetlands, renaturation of the hydrographic system, protection of 
biodiversity refuges, identification of particularly valuable components and the 
postulation to create other, individual forms of protection for the most valuable 
subjects. 
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Landscape park management bodies, either in the form of directorates of in-
dividual parks or complexes of parks, are accountable to voivodeship self-govern-
ments. These institutions may or may not take initiatives aimed at protection of 
particular natural features in landscape parks. With regard to alkaline fens, such 
actions have been undertaken so far by Park Krajobrazowy Doliny Słupi (Słupia 
River Valley Landscape Park) in the Pomorskie Voivodeship and Zespól Parków 
Krajobrazowych Województwa Śląskiego (Complex of Landscape Parks of the 
Śląskie Voivodeship) (in the Żywiec Beskid Mts. and Silesian Beskid Mts.), name-
ly they have implemented such protection measures as tree and shrub removal, 
mowing, and the blocking of water outflow is some fens under their authority.

Alkaline fens occur also in 61 of 407 protected landscape areas (PLA) existing 
in Poland, among others in: Chełmski, Doliny Biebrzy, Puszcza Napiwodz-
ko-Ramucka, Poludniowomałopolski, Dolina Rospudy, Nadwkrzański, Lasy 
Taborskie, Pojezierze Sejneńskie, Puszcza nad Drawą, Puszcza nad Pliszką, 
Dolina Ilanki, Puszcza i Jeziora Augustowskie, Bory Tucholskie and Pojezie-
rza Północnej Suwalszczyzny. However, the legal status of this form of protec-
tion provides no tools to directly protect fens. Nonetheless, the Act permits the 
inclusion of recommendations as to active protection of ecosystems under the law 
establishing a protected landscape area, which in some voivodeships and areas has 
been used to define relatively wide packages of measures regarding, for instance, 
the conservation of wetlands or natural water conditions, which creates a legal 
environment favoring the conservation of fens. 

Landscape-nature complex (LNC) provides protection to, e.g., Torfowisko 
Zocie (Zocie Mire, the Kalinowo municipality, Warmińsko-Mazurskie Voivode-
ship), a well-known terrestrialization mire with moss mire-sedge moss fen vege-
tation and unique flora. Mechowisko Jezioro Święte (Święte Lake Moss Mire) in 
the Kaszuby region is situated within the boundaries of the Rynna Kamienicka 
Landscape-Nature Complex (Kamieniecka Tunnej Valley LNC, Sierakowice mu-
nicipality, Pomorskie Voivodeship). The Pólka-Raciąż Landscape-Nature Com-
plex comprises the valuable mire Lipa (Kłocie Raciąskie) with a mosaic of fen 
sedge beds and sedge moss fens (Raciąż municipality, Mazowieckie).

There are 50 ecological areas (EA) in Poland harboring alkaline fens. For in-
stance, Torfowisko Sikora Ecological Area (Sikora Mire EA, 38.5 ha, Stare Juchy 
municipality, Warmińsko-Mazurskie Voivodeship) protects sedge moss fens 
(known as Sikory Juskie) by the Łaśmiady Lake, with a large population of Liparis 
loeselii,e Carex chordorrhiza and Scorpidium scorpioides. 

Beautiful sedge moss fens with Liparis loeselii are protected in the ecologi-
cal area by the Kurzyny Lake (61 ha, Zbiczno municipality, Kujawsko-Pomor-
skie). Dolina Zgnilca (Zgnilec River Valley) in the Drawa Forest is an ecological 
area (22 ha, Kalisz Pomorski municipality, Zachodniopomorskie) with valuable 
sedge moss fen with carpets of Paludella squarrosa and Scorpidium scorpioides. 
Sedge moss fens with near the Podgaje village are protected as Gwdziańskie 
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Mechowiska Ecological Area (Gwda Moss Mire EA, 20 ha, Okonek municipality, 
Wielkopolskie), while the sedge moss fen near the town of Jastrowie composes 
Uroczysko nad Gwdą Ecological Area (Wilderness on the Gwda River EA 6 ha, 
Jastrowie municipality, Wielkopolskie). The Grzęzawisko (12 ha, Torzym mu-
nicipality, Lubuskie) and Kijewo Ecological Areas (9 ha, Łagów, Lubuskie) pro-
tect valuable sedge moss fens on the Pliszka River. A beautiful, rich sedge moss 
fen with orchids is protected by the Bagno Wietrzno Ecological Area (Wietrzno 
Swamp EA, 9 ha, Polanów municipality, Zachodniopomorskie). In the Notecka 
Forest, Mąkąty mire with valuable moss flora (9 ha, Międzychód municipality, 
Wielkopolskie) and Bagno i Jezioro Rzecińskie (Rzecińskie Swamp and Lake, 56 
ha, Wronki municipality, Wielkopolskie) are protected as ecological areas. Pro-
tection to the Torfowisko k. Myszkowa (Myszków Mire) in the Silesia is provided 
by the Przygiełka Ecological Area (3 ha, Myszków municipality). Patches of the 
Caricetum davallianae with localities for Dianthus superbus in the city of Opole 
are protected as the Łąki w Nowej Wsi Królewskiej Ecological Area (3 ha). The 
northern enclava of the site Łąka w Bęczkowicach (Bęczkowice Meadow), with 
localities for Liparis loeselii and Hamatocaulis vernicosus (11 ha, Łęki Szlacheckie 

Photo 120: Nature Monument established to protect the Złatna Huta alkaline fen, 
especially a locality for orchids, just after execution of protective actions 

(mowing, shrub removal) (photo by T. Bąkowski).
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municipality, Łódzkie) has also an ecological area status. Protection to the Pur-
win Lake with an adjacent sedge moss fen (2 ha, Rutka-Tartak municipality, Pod-
laskie) is provided by ecological area status. In addition, ecological area status was 
given to the alps Hala Miziowa and Hala Cebulowa with mountain flush fens in 
the Żywiec Beskid Mts. (5 ha and 3 ha, respectively, Jeleśnia municipality, Śląskie). 
Flush fens and sedge moss fens developing in former sand pits in the Silesia have 
been granted protection as the Młaki nad Pogorią I (Flush Fens on Pogoria, 7 ha, 
Dąbrowa Górnicza municipality) and Torfowisko Bory (Bory Mire, Sosnowiec 
municipality) Ecological Areas.

There is also in Poland one nature monument protecting an alkaline fen, 
established in 2009, namely a locality for orchids in Złatna Huta in the Żywiec 
Beskid Mts. (Ujsoły municipality, Śląskie Voivodeship), where a flush fen harbors 
orchids: Orchis mascula, Dactylorhiza fuchsii, D. sambucina, Traunsteinera globo-
sa, Platanthera bifolia, Platanthera chlorantha, common twayblade Listera ovata, 
Gymnadenia conopsea, Epipactis palustris, E. helleborine. Conservation measures 
(mowing, shrub removal in the alkaline fen) in this nature monument were car-
ried out by the Naturalists’ Club within the above-mentioned project LIFE13 
NAT/PL/024.

Landscape-nature complexes, ecological areas and nature monuments are the 
means by which the places with exceptional natural values can be identified, that in-
creases awareness of the local community and at least to some extent protects them 
from destruction. Theoretically, the Nature Conservation Act allows for defining, if 
needed, the active protection measures for each of these forms of nature protection. 
However, we do not know of any examples of enacting such measures for the protec-
tion of alkaline fens in ecological areas by responsible nature conservation services 
– in this case at the municipal level. At several such sites, protection is provided by 
third parties (forest district, landscape park, non-governmental organization).
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9. ECOSYSTEM SERVICES
Magdalena Makowska

In principle, alkaline fens can be attributed the same functions as widely un-
derstood wetlands, described in detail in the literature (e.g., Oleszczuk and Bran-
dyk 1997, Lipka and Stabryła 2012, Makles et al. 2014). These include, first of 
all, shaping the water balance through retention and then a slow release of water 
resources, improvement of water quality and a reduction of soil erosion. From the 
point of view of nature protection, peatlands (one of the types of wetland ecosys-
tems) are perceived as biodiversity refuges and the last elements of natural eco-
systems. Not always in accordance with nature conservation, they can also play a 
significant role in agriculture. Regardless of their size, they enhance the value of 
the landscape. They also play an invaluable role in science and education. Due to 
numerous studies on this subject, there is only a short review of the alkaline fens 
functions compared to other peatland ecosystems in Poland in the further part of 
this chapter. 

Retention
Hydrological aspects of peatlands functioning and their natural significance 

in this context were described in the first half of the 20th century (Kulczyński, 
1939, 1940). Peatlands play the role of natural retention reservoirs, which on the 
one hand store flow and rain water, and on the other hand inhibit and regulate the 
outflow of water in rivers and the groundwater outflow of soil adjacent to the peat-
lands. Having considered the foregoing, they form hydrological and biocenotic 
links with the surrounding area, automatically adjusting them to the ecological 
situation. Mioduszewski (1995) points out that a 30% share of peatlands in the 
catchment area may reduce the flood wave by 60 – 80% (both in terms of speed 
and height). Lipka (2000) showed that the lowest flow in dry years is significantly 
higher in watercourses in valleys of high share of peatlands, as compared to the 
lowest flow in “non-peatland” valleys. For example, the Rurzyca River in west-
ern Poland (see Chapter 7) has a very even flow precisely because it is fed with 
groundwater flowing through the alkaline percolating fen. 

Peatlands with undisturbed or close to natural hydrological conditions have 
the best retention properties. Disturbances in hydrology, especially when they 
trigger at least partial peat decomposition, cause impairment of this function, and 
even the conservation and renaturalization of the peatland may only partially re-
store the retention function. 
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Soligenic feeding of alkaline fens, requiring a specific geological system (e.g., 
a hydrological window in impermeable layers) and chemism of water supplying 
the mire, makes them sensitive to any disturbances in the hydrological system. 
Maintaining water conditions appropriate for alkaline fens is also a key element in 
maintaining their retention properties. 

Photo 121: The Rurzyca Valley is fed mainly from aquifers. The stable river level all year 
round enables mires on the bottom of the valley to function 

(photo by J. Ramucki).
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In this respect, alkaline fens stand out from other types of peatlands. Their 
hydrological specificity (see Chapter 2.1) makes the water circulation route one of 
the longest observed in all wetlands. Depending on the geological structure of the 
catchment and terrain form, precipitation water often leaves the fen after several 
decades. This demonstrates great importance not only in terms of natural values, 
but also from an economic point of view, as it limits the effects not only of short-
term droughts but also of long droughts. Alkaline fens in mountain areas play a 
special role in the context of water retention. Fens and flush fens located on the 
mountain slopes inhibit sudden outflow (and also prevent erosion as a side effect) 
and retain water used in dry periods. 

For example, Grygoruk et al. (2013) estimated that the peatlands of the Bie-
brza Valley – in which alkaline fens constitute a significant part – retain 10.4 mil-
lion m3 of water annually, which corresponds to a service worth EUR 5.5 million 
per year.

Filtration and protection of water quality
Due to their role in the process of water purification from nutrients and pol-

lutants, peatlands are often called natural water treatment plants or the kidneys of 
the landscape. Peats have high filtration properties for vertically and horizontally 
moving waters. Reduction of nutrients in waters flowing from the surrounding 
fields and flowing through mire to the river can range from 60 to 100% (Kiryluk 
2013). 

In this case, the role of the alkaline fens themselves is limited, as they naturally 
develop outside the surface water floodplain zone, and their survival depends on 
the naturally “clean” groundwater. However, during sporadic floods, alkaline fens 
are sometimes also flooded and then can also play a filtration role. However, it is 
worth mentioning at this point that too frequent or permanent floods may con-
tribute to their degradation. 

Nevertheless, the passage of water, which feeds mires through underground 
aquifers, is of great importance. As already mentioned, it can last for many 
years, and over its course water is purified and changes its physical and chemical  
properties. 

Role in the carbon balance
Due to natural conditions, peatlands of all types are among the few ecosys-

tems capable of accumulating organic matter, and thus permanently excluding it 
from the carbon cycle. By applying the averaged value of peat deposit growth at 
the level of approx. 1 mm/year, theoretically, in the entire peatlands in Poland (a 
total area of approx. 1 million ha), there should be an approx. 10,000,000 m3 of 
peat increase! Unfortunately, only 10% of them are living mires (with peat-form-
ing process taking place). Alkaline fens have a significant share in this process. 
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On a global scale, their role is increasing in areas with continental climate, where 
natural moss fens are characterized by faster deposit growth and more intensive 
carbon sequestration (accumulation) than bogs. In addition, alkaline fens play a 
special role in the process of carbon capture and withdrawal from the carbon cycle 
due to the frequent precipitation of the so-called calcareous tufa (a specific form 
of calcium carbonate, see Chapter 2) permanently deposited in the peat deposit. 
This issue has not been the subject of quantitative analyses, though. Nevertheless, 
from a carbon balance point of view, peatland protection appears to be one of the 
key elements in climate protection. 

Maintaining peatlands in good condition (undisturbed peat-forming process) 
is of key importance in terms of inhibiting the global warming process, as degraded 
peatlands emit huge amounts of carbon dioxide (CO2) – estimated at about 1.3 – 5 
x 109 tonnes per year on a global scale (according to Pawlaczyk 2018), out of which 
1 – 4 x 106 tonnes per year would be in Poland (Global Peatland Database, 2019). 

There is no data on CO2 and other greenhouse gas emissions which would 
refer specifically and unambiguously to alkaline fens – i.e., natural habitat 7230. 
Estimates of CO2 emissions from particular types of peatlands vary considera-
bly depending on the author’s location and the method being used. There is also 
insufficient data to explain this variation in field conditions. In particular, there 
is not enough data to link the emission values with the eco-hydrological type of 
the peatland. However, the dependence of CO2 emissions on the conservation 
status of peatlands is clear. Well-preserved peatlands are characterized by CO2 
accumulation. The more dehydrated and degraded the peatland, the higher the 
emissions from it are. For example, Oleszczuk (2012) quotes literature stating that 
maintaining the water table at a depth of 50 cm below the ground surface (con-
ditions unfavorable for the development of peatlands), in the case of peatlands in 
the Netherlands, causes CO2 emissions at the level of 10 t/ha. According to our 
own calculations (although very rough because they are based only on the so-
called GEST10 approach), the implementation of the LIFE11 NAT/PL/423 project 
(conservation of alkaline fens in northern Poland) through the implementation of 
active conservation measures on an area of several hundred ha contributed to the 
reduction of the Global Warming Potential by the equivalent of 317.6 tonnes of 
CO2 per year, i.e., by 0.51 tonnes of CO2/ha per year (Pawlaczyk 2018).

Protection of biodiversity
More than half of the species and natural habitats considered rare or threat-

ened with extinction are associated with wetland ecosystems, peatlands in par-
ticular. Some of them were on the “red” lists and books of species threatened by 
extinction, among others the “Polish Red Book of Plants”. Alkaline fens, especially 

10 The method for estimating emissions and absorption of greenhouse gases by peat-
land is based on vegetation on its area – the individual vegetation units are assigned 
an appropriate emission or absorption coefficient (Couwenberg et al. 2008, 2011).
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in the landscape of lowland Poland, undoubtedly lead the way in this respect. The 
list of protected, rare and endangered plant species includes dozens of taxons. 
Among the vascular plants, orchids are one of the most numerous groups. The 
group of bryophyte is also equally numerous, including those indicated as so-
called glacial relics. Most of them, considered to be species characteristic for nat-
ural habitat 7230, are presented in chapter 3 – devoted to alkaline fens vegetation. 

The importance of alkaline fens for biodiversity is greater (especially for fau-
na) when they occur in large complexes and complex landscapes, e.g., in a mosaic 
with “non-wetland” forest areas. On the other hand, in a landscape under strong 
traditional agricultural pressure, e.g., in the foothills and mountains, small and 
difficult to dehydrate flush fens are permanent enclaves of “wild” nature. There-
fore, the systems of wetlands – river valleys, lakes, peatlands of various origins, 
marshes and ponds – are at the same time a place of life and an element of the 
network of ecological corridors for the movement of animals – both locally (for 
insects, amphibians), regionally (for larger predators) and supra-regionally (e.g., 
for birds). 

Peatland ecosystems, including alkaline fens characterized by diverse, often 
extreme conditions – which makes it possible for them to be inhabited by highly 
specialized species and thus with very narrow habitat requirements (the so-called 
stenotopic species); this feature refers mainly to flora. However, in case of large 
complexes (e.g., Biebrza Marshes), it may also apply to animals, e.g., birds (see 
Chapter 4 – devoted to fauna). The world of peatland invertebrates (especially 
alkaline fens) is rich and specific, but most often unknown; it is possible to find 
several thousand individuals representing several dozen orders and several dozen 
species (see chapter 4) per 1m2 of peatland.

Scientific and cultural role 
Alkaline peatlands, like other types of peatlands, are very interesting research 

objects, not only because of the complexity of construction, genesis or hydro-
logical conditions. Palinological studies often reveal surprising information on 
climate change (Dobrowolski et al. 2016) and related changes in the vegetation 
of adjacent areas. Peatlands are an invaluable source of knowledge in the field of 
archaeology. Due to the specific oxygen conditions, the decomposition of organic 
matter is very slow, which leads to the accumulation of significant amounts of 
identifiable organic matter (identification of the remains of most species occur-
ring in the peatland is possible for several or even a dozen or more thousand years 
back); it is possible to restore the full genesis of the peatland, as well as the veg-
etation changes in its vicinity. Due to the longevity of peatlands, they have been 
accompanied for thousands of years by various forms of construction, especially 
settlements, as well as wooden communication routes lying under the peat layers, 
but above all by numerous so-called loose monuments, e.g., sacrificial gifts (To-
bolski 2007).
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Peatlands also have their place in literature and literature studies, as well as 
history. Formerly associated as a link between the “earthly” world and the “nether 
world”, they were often the subject of literary works, numerous legends and sto-
ries (hence the names in the Slavic Bestiary, i.e., wodnice, utopce, topielice, rusałki, 
mamuny and syreny11 – “mermaids”) (Zych, Vargas 2018). Marshes and related 
adjacent areas (rivers, lakes, wetland forests) in history usually had their own local 
terms, which have often survived to this day, e.g., in the names of villages or towns 
such as Topielec, Bagienna, Topikoń and Trzęsawiska12. 

For these reasons, in 2004 the International Peat Society set up a new commis-
sion: Commission VIII – Cultural aspects of peat and peatlands. Its main function 
and aim is to promote and consolidate knowledge about peatlands and their cul-
tural role.

Tourism based on natural values
Tourism, as such, inherently includes making use of the natural values in 

the visited areas. Natural tourism – a fast-growing trend in recent decades – as a 
type of qualified tourism is assumed to be a service of a tourist who has a certain 
amount of nature-related knowledge and is aware of the natural values of the vis-
ited area. 

Birdwatching, i.e., excursions of ornithologists to the areas of occurrence 
(clusters) of valuable bird species and their observation, is a recognizable branch. 
In this respect, over the last years the aquatic warbler (Acrocephalus paludicola), 
the protection of which e.g. in Biebrza Marshes consumed a lot of time and ener-
gy, has become a valuable alkaline fen species on an EU scale. Another example 
is the Rospuda River Valley and its alkaline fens, one of the most valuable in the 
EU, which thanks to the struggle not only of ecologists but also the general public, 
have been preserved from destruction by the construction of the Augustów by-
pass on their territory. The intensity of the canoe movement on the Rospuda River 
increased significantly after the matter became famous in the media. 

However, peatlands, including alkaline fens, find their admirers and attract 
crowds of tourists not only in such dramatic circumstances. In many Polish na-
tional parks, including the Poleski, Biebrzański and Bieszczadzki National Parks, 
as well as in reserves where peatlands are present – including alkaline fens – there 
are natural paths being developed, including educational paths often in the form 
of footbridges stretching deep into the peatland, showing its natural, visual and 
landscape qualities and educating the public about their values and ways of pro-
tection. Interesting examples of using the educational value of peatlands as such 
i.e footbridges in peatlands: Oidrema-Tuhu in Estonia, Virco and Flambro in It-
aly and Belianskie Luky in Slovakia, are described in the “Handbook of Good 

11  Those names are very hard to translate to show their linguistic relation to wetland. 
12  As above
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Practices in the Protection of Alkaline Peatlands” (in Polish: Podręcznik Dobrych 
Praktyk w ochronie torfowisk alkalicznych - Stańko et al. (eds) 2018). 

Use of geological formations 
Compared to the 19th century, the economic importance of peat is much 

smaller today. In the pre-war and post-war period, peat was used as a fuel (ap-
proximately 2 million tonnes were extracted annually in Poland; Kiryluk, 2013). 
Currently, peat is practically not mined for heating purposes in Poland. Peat 
accumulated in alkaline fens, due to its physicochemical properties, was never 
well-suited to be a fuel and was thus not more widely used for this purpose. 

However, peat extraction for other purposes had – and still has – some impor-
tance. In the past, peat in some parts of Poland was used as animal litter. Nowa-
days, peat mining for horticultural purposes dominates. In 2016, peat was official-
ly mined in 64 mines in Poland, and 1,157,000 m3 was extracted annually (which 
accounts for 0.007% of domestic peat resources; according to unpublished data of 
the Polish Geological Institute). Industrial extraction concerned mostly Sphag-
num peats; no official mine exploiting an alkaline fen could be identified. The 
scale of peat mining in Poland is negligible from the economic perspective, yet 
mines are important for specific peatlands where they are located, usually causing 
their deep degradation. Minor illegal peat mining for individual own purposes or 
on a local scale, often carried out under the pretext of digging ponds, is not regis-
tered. This practice is already an important threat to alkaline fens.

Among the less known ways of using peat, the more interesting ones include 
the paper industry (production of cardboard and inferior paper grades), metallur-
gical industry (additives for moulding masses), production of insulation materials 
(thermal and acoustic), chemical industry (peat coke, gas, activated coal), food in-
dustry (flavor enhancers for whisky production, water filters, absorbents), textile 
industry (fiber production using Eriophorum vaginatum, characterized by better 
thermal properties than sheep’s wool), cosmetology (cosmetics additive, dressing 
material) and also biostimulators used in agriculture and medicine. In addition to 
hydrolysis products used in medicine, properly prepared peat is used for balneo-
logical purposes (medicinal baths) (Kiryluk 2013, Joosten and Clarke 2002). The 
foregoing applications also apply to peat from fens and sometimes also gyttjas. 

Calcareous tufa, including travertines13, used to be an important building ma-
terial. Many Roman buildings have been built of travertine, such as the Colosse-
um, the façade of St. Peter’s Basilica, the Bernini Colonnade in front of this Basili-
ca, as well as the Fountain of the Four Rivers on Piazza Navona (Pentecost 2005), 

13  There is some confusion introduced by using the term “travertine” to refer to porous 
limestones in masonry, regardless of their actual origin. For example, “Polish traver-
tine” excavated in the quarry in Raciszyn near Działoszyn in the Łódź Voivodeship is 
not, in fact, a travertine in the geological and petrographic sense. 
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as well as the façade of the Romanesque Sacré-Cœur Basilica in Paris. Travertines 
obtained in Slovakia, near Bešeňova and Drevenik, as well as near Levice, are nu-
merously represented in the architecture of Bratislava and are also present in the 
architecture of Kraków (Rajchel 2009). In Poland, calcareous tufas originating 
from the vicinity of Trląg, near Inowrocław, were used in early medieval churches 
in Ostrów Lednicki, Gniezno, Mogilno, Trzemeszno and Poznań (Kaszubkiewicz 
2000, Skoczylas 2013), and Holocene tufas from the valleys near Kraków – used 
for making tomb sculptures and the constructing of several chapels in Kraków. 
Due to its low specific weight, tufa was also supposed to be used to build the dome 
of the St. Andrew’s Church in Kraków (Rajchel 2009). Today, imported travertines 
(mainly from Italy and Iran) are used in architecture as a decorative material.

Late carboniferous calcareous tufas in the vicinity of Karniowice, near Krakow, 
are a geotourist attraction these days, as a unique “freshwater limestone” – similar 
to the travertine craters in Vyšné Ružbachy in the Slovak Spiš region or the trav-
ertine hill in Levice in Slovakia.

Agricultural use of peatlands 
The majority of Polish peatlands, mainly fens (including alkaline), have been 

transformed in various ways. Out of these approximately 14% are uncultivated 
land, and approximately 70% are permanent grasslands. The agricultural use of 
peatlands was accompanied by drainage operations, the intention of which was to 
“regulate air-water relations in peat soil”. However, as it turned out, and on a mass 
scale, degradation processes always take place after the melioration of peatlands. 
In Poland, the largest programs of peatland drainage were carried out between 
1950 – 1970, during the development of large state-owned farms involved in cattle 
breeding. 

A spectacular example of alkaline fen destruction is the Wizna Marsh, east of 
Łomża, which as late as in the 1960s was still as valuable in terms of nature as the 
Biebrza Marshes, and the thickness of the local peats reached 11 meters. These 
areas were transformed into pastures and hay meadows, leading to the complete 
mineralization of the peat. As a result of these activities, the entire area of mead-
ows surrounding the Wizna River is decreasing every year. The dryness of the 
peat resulted in once species-rich, valuable peatland becoming monotonous and 
poor grassy meadows (Życie a klimat, accessed in 12/2018). During peak drainage 
works, two nature reserves were established on the peatland, hoping that this will 
enable to “preserve the most valuable fragments of the fen with sites of rare plant spe-
cies: musk orchid (Herminium monorchis), rusty bogrush (Schoenus ferrugineus), 
star swertia (Swertia perennis), moor-king (Pedicularis sceptrum-carolinum), creep-
ing sedge (Carex chordorrhiza), bog-sedge (Carex limosa), shrubby birch (Betula 
humilis) and downy willow (Salix lapponum)” – this attempt at partial protection, 
however, was completely unsuccessful, and today both reserves are completely 
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overgrown with birchwood and nettle forest (Betula pubescens-Urtica dioica) (Ko-
los 2004).

The yielding of cultivated plants on peatlands is unstable, as influenced by 
the strong development of nitrophilous weeds, pests and excessive dryness and 
hydrophobicity of the upper, muddy soil layer. Deep sand-providing ploughing 
was used as a countermeasure, improving the physical water conditions of the 
profile and reducing evapotranspiration which, however, additionally increased 
soil aeration and accelerated the decession process. Drainage of peat agricultural 
land has led to irreversible changes in peatland ecosystems, depriving them of all 
the aforementioned functions. 

It is now well-known that the value of ecological services provided by 
undrained peatlands is much higher than the value of agricultural production 
that can be obtained from them. Currently, the only form of their agricultural use 
acceptable in terms of protection of the function of alkaline fens is their exten-
sive meadow-related use (and this applies only to part of previously drained and 
used sites). This use must be carried out in such a way as not to start the process 
of peat decomposition, which requires a specific “marsh pratotechnics” (e.g., the 
application of an appropriate schedule and manner of use during the year, and the 
type of equipment used), because only full saturation of the peat profile with water 
throughout the year can prevent the decomposition of peat. 

Agriculture in peatlands is sometimes practiced in the form of hay economy, 
supported by EU Common Agricultural Policy instruments to maintain the open 
nature of habitats. The basic instrument of this kind are so-called agri-environ-
mental schemes, transformed in 2014 into so-called agri-environmental-climate 
schemes (see also Chapter 10.2), precisely in recognition of the need to protect 
peat under agricultural land in view of the greenhouse gas balance. In the 2018 
campaign, payments for mowing in the “Peatlands” variant (see Chapter 10.2) 
covered about 7.2 thousand ha in Poland and approx. 400 farmers benefited from 
them. On the other hand, peat drainage (desirable, for example, from the farmers’ 
point of view) cannot accommodate the demand for other peatland ecosystem 
services. Taking this into consideration, it is even more inappropriate for peat soils 
to have large-scale agriculture using heavy agricultural equipment (e.g., destroy-
ing the undergrowth, microrelief, peat compacting).

At present, due to the departure from fossil fuel combustion, the use of bio-
mass from agricultural peatland use for heating purposes is currently being re-
searched. Research on the combustibility of biomass from peatlands, e.g., alkaline 
fens in Belarus (Wichtmann et al. 2014) has demonstrated that the potential yield 
and combustibility of biomass from wet and repeated irrigation of fens could be 
an alternative to other fuels, while at the same time protecting the habitats. In-
ternational studies (see Link 2013) show that the role of peatlands as a source of 
biomass may be significant in the future. 
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The world is developing a trend of biomass production (but also other specific 
products, e.g., Sphagnum for horticultural purposes) using wetland ecosystems, 
while fully maintaining their marshy character, called “paludiculture” (Schröder 
et al. 2015, Wichtmann et al. 2010, 2016, Biancalani and Avagyan 2014, Wich-
mann 2018, Greifswald Moore Centre 2018). This probably represents the future 
of agriculture on peat soils as it optimizes the total value of the ecosystem services 
thus obtained, which are not reduced to the value of agricultural production itself.

Valuation and balance of services
Some naturalists and economists believe that the value of ecosystem services 

can be expressed in monetary terms, and such a valuation can be a premise for 
decisions on wetland management. Such valuations are being attempted (see: in-
teresting practical attempts for Polish river valleys in the publication by Biedroń 
et al. 2018). 

 As a rule, such valuations lead to the conclusion that peatland ecosys-
tem services that are preserved in their natural state are of greater value than the 
production that can be obtained from them (e.g., peat or agricultural produce). 
The valuation of, for example, water retention in the flooded Biebrza River Valley, 
exceeding the economic inconvenience that the Spring flood of the valley creates 
for agriculture, has already been mentioned previously.

Few such studies, however, concern alkaline fens. One of the few is the publi-
cation by Peh et al. (2014) on the renaturalization of wetlands in the Wicken Fen 
alkaline fen complex in Cambridgeshire, England. Even incomplete renaturaliza-
tion of wetlands at the expense of agricultural land has turned out to be econom-
ically more advantageous than the continuation of intensive agricultural use. In 
this balance sheet, it is also important that the accessibility of these areas to the 
public has increased significantly. 
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10. NATURE PROTECTION PRACTICE

Issues related to alkaline fen conservation were discussed in other articles 
(Šefferova-Stanova et al. 2008, McBride et al. 2011, Nilsson 2015, Priede 2017, 
Stańko et al. 2018). Conservation of habitat 7230 in Polish forms of nature protec-
tion and function of these forms were described in Chapter 8 of this publication. 
Therefore, we will address here only several additional problems.

10.1. Projects aimed at protection of alkaline fens in Poland

Dorota Horabik, Anna Smolarska

Alkaline fen conservation in Poland has been carried out over several dec-
ades, both by institutions legally responsible for conservation of natural habitats 
(regional directorates of nature protection and national parks, the State Forests, 
National Forest Holding), and by subjects voluntarily engaging in nature protec-
tion (landscape parks, municipalities, non-governmental organizations). Most of 
the realized projects have already been described in many publications (e.g., Mak-
les et al. 2014, Stańko & Wołejko 2018b). However, only a few of them have dealt 
with alkaline fens.

The Naturalists’ Club, since the beginning of its activity (1983), has been en-
gaged in the realization of diverse projects aimed at conservation of habitats and 
species, however the majority of them concentrated on the protection of fens. Ac-
tive protection measures were implemented, among others, in the Drawa Forest 
(“Comprehensive conservation of wetlands in the Drawa Forest”; “Continuation 
of conservation of wetland ecosystems in the Drawa Forest”, see Kujawa-Paw-
laczyk & Pawlaczyk, 2014), where reeds were mown in a fragment of sedge moss 
fen in the Torfowisko Osowiec Nature Reserve. Alkaline fens were also one of 
subjects of protection in the project realized in the Sudety Mts. (“Conservation 
and restoration of endangered hydrogenic habitats in the Central Sudety Mts.”, see 
Jermaczek et al. 2012). Measures implemented at that time demonstrated that the 
installation of a large number of micro-dams was the most efficient method for 
blocking excessive water outflow in the mountains. These micro-dams were con-
structed of wood harvested during removal of tree saplings. Experiences from re-
alization of this project and its results were presented in a publication by Jermacz-
ka et al. (2012), and the same method was used to perform protective actions in 
other projects in mountain areas (e.g., conservation of mountain flush fens within 
the project LIFE13 NAT/PL/024).
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In recent years, activities for the benefit of alkaline fens on a larger scale have 
been realized thanks to financial support from the European Union, including the 
EU’s funding instrument LIFE. A part of them was allocated to conservation of 
Nature 2000 habitat and a part for conservation of valuable species of animals or 
plants associated with the habitat. Nevertheless, all these projects are guided by 
one goal, i.e. to conserve what is the most valuable in our nature. Every project is 
a source of new experiences, methods and approaches to nature protection. Par-
ticular projects are based on similar habitat and species conservation methods, 
while slight differences result from unique features of the region and conditions 
of habitat functioning. Other methods of implementation of protection measures 
should be considered in large-sized fen habitats, i.e., in the Biebrza River Valley, 
and others are necessary to protect small-area patches situated in difficult-to-ac-
cess locations, e.g., flush fens in mountains. 

Alkaline fens have been the focus of large, countrywide projects of the Natu-
ralists’ Club: “Management plans for habitat 7230 and endangered plant species: 
Saxifraga hirculus, Liparis loeselii, Stellaria crassifolia and Herminium monor-
chis” (partially supported by the European Regional Development Fund within 
the framework of the Operational Programme Infrastructure and Environment 
2008 – 2011), “Conservation of alkaline fens (7230) in young-glacial landscape of 
northern Poland” (partially supported as the project LIFE11 NAT/PL/423, 2012 
– 2018) and “Conservation of alkaline fens (7230) in southern Poland” (partially 
supported as the project LIFE13 NAT/PL/024, 2014 – 2018). The first project re-
sulted, among others, in preparation of an inventory of alkaline fens in Poland and 
development of conservation programs (Wołejko et al. 2012, Pawlikowski & Ja-
rzombkowski 2012a, 2012b, Jarzombkowski & Pawlikowski 2012, Jarzombkowski 
2012). The other two projects (Stańko & Wołejko 2018a, 2018b) were devoted 
to implementation of active protection measures in more than 200 alkaline fens 
located in 54 Natura 2000 sites. The following works were performed, among 
others: preparatory mowing of 327 ha of fen area (making them ready for con-
tinuous conservation by mowing), shrub removal from an area of ca. 265 ha, 
construction of 195 dams and other facilities aimed at improving water con-
ditions. Ca. 65 ha of the most valuable alkaline fens were purchased, 9 nature 
reserves were established, and 12 draft conservation plans for nature reserves 
were developed.

Protection of wetland habitats in the Biebrza National Park has been real-
ized within the framework of two projects (Protection of wetland habitats in the 
Upper Biebrza River valley LIFE11 NAT/PL/422: 2012 – 2019 and LIFE13 NAT/
PL/000050 Renaturation of the hydrographic grid in the Central Basin of the  
Biebrza River Valley. Stage II: 2014 – 2018) thus only the first one covered meas-
ures targeted directly to alkaline fens. The former project was directly focused on 
the conservation of alkaline fens. The main actions within this project included: 
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land purchase, shrub removal from fen habitats (including ca. 108 ha of alkaline 
fens), mowing (ca. 92 ha of alkaline fens) and also restoration of proper water 
conditions by elimination of drainage systems (construction of dams). Within the 
framework of this project, considerable effort was made to encourage local farm-
ers to restore extensive use of wetland areas that was abandoned several years ago. 
In addition, application of remote sensing methods was tested in order to identify 
habitat 7230 and threats to it (see Kopeć et al. 2016), at least in the Biebrza River 
Valley. Moreover, local populations of Liparis loeselii and Saxifraga hirculus were 
evaluated and monitored. At the final stage of this project realization, the works 
that could not be contracted or that were not carried out by contractors were 
voluntarily performed by employees of the Biebrza National Park! (LIFE11 NAT/
PL/422).

Photo 122: Protective actions carried out at one of the sites (Łąka w Bęczkowicach, 
Meadow in the Bęczkowice) under the project LIFE13 NAT/PL/024 

(photo by T. Bąkowski).
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Photo 123: Protective actions carried out in the Kropiwno alkaline fens within the project 
LIFE11 NAT/PL/422 (photo by P. Pawłowski).

Photo 124: Protective actions carried out in the Szuszalewo alkaline fens within the 
project LIFE11 NAT/PL/422 (photo by J. Pińkowska).
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Mountain flush fens were pro-
tected also within the project “Pro-
tection of non-forest communities in 
the Beskidy Mts. Landscape Parks” 
(LIFE12 NAT/PL/000081; 2013 – 2018; 
LIFE “Beskidy”) realized by the Com-
plex of Landscape Parks of the Śląskie 
Voivodeship in two Natura 2000 sites: 
Beskid Śląski PLH240005 and Beskid 
Żywiecki PLH240006. Although this 
project was mostly focused on pro-
tection of non-fen habitats – Nardus 
grasslands (habitat code 6230*) and 
mountain hay meadows (habitat code 
6520) by – through restoration of their 
use by herding, removal of tree and 
shrub saplings, mowing the meadow 
and grassland vegetation and mowing 
the compact patches of Rumex alpinus, 
these protective procedures indirect-
ly influence the conservation status of 
fen patches occurring within the glades 

Photo 125: Preparation to the mowing 
of the alp Hala Cudzichowa in order to 

remove Rumex alpinus within the project 
LIFE12 NAT/PL/000081 
(photo by A. Smolarska).

Photo 126: The alp Hala Cudzichowa with a zone of unmown vegetation left after 
mowing Rumex alpinus (photo by A. Smolarska).
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subjected to these actions. The alp Hala Cudzichowa situated in the Pilska Massif 
in the Żywiec Beskidy Mts. is an example of an interesting mosaic of such habitats, 
comprising patches of Nardus grasslands with different conservation status and a 
small patch of alkaline fen with beautifully blooming Allium sibiricum. In this alp, 
mowing Rumex alpinus was an especially important protective action because it 
is an expansive species with wide adaptability which started to encroach also into 
wet areas. Monitoring studies revealed that restriction of Rumex alpinus growth 
resulting in reduction of its flower production and fruit setting had a positive im-
pact on the conservation status of all the valuable types of habitats located in the 
glades under extensive use, including fens. The Complex of Landscape Parks of 
the Śląskie Voivodeship plans to continue the implemented measures after com-
pletion of the project, contributing to improvement of natural and landscape val-
ues of the Beskidy Mts. and to preservation of the ecological effect of the actions 
carried out under this project.

Alkaline fens harbor many valuable plant and animal species. Aquatic warbler 
Acrocephalus paludicola can be an illustrative example because it is an umbrel-
la species representing fen habitats, preferring particularly mesotrophic alkaline 
fens which are an optimal biotope for this species (Tannenberg & Kubacka 2018). 
Protection of the aquatic warbler was carried out by the Polish Society for the 
Protection of Birds within the framework of the project “Aquatic warbler protec-
tion in Poland and Germany LIFE05 NAT/PL/000101 (2005 – 2012). The greatest 
threat to this species is posed by the loss of habitat, therefore, protection of habitat 
was the aim of the protective actions. These mostly involved preservation of an 
open character of the habitat by removal of reeds, shrubs and trees and then res-
toration of extensive use of these areas for haymaking, abandoned long time ago. 
For this purpose, a special prototype of a mower was designed on the basis of a 
snow groomer. This vehicle was used to mow very large areas where hand mowing 
was too labor intensive and uneconomical. However, monitoring revealed that 
although mowing with the use of groomers restored the aquatic warbler’s biotope, 
it was not optimal for alkaline fens and their flora. Based on monitoring data, the 
conditions of the use of each habitat patch were defined separately. For smaller 
areas, it was decided to recommend grazing, and for larger – mowing. Long-term 
actions were mostly determined by hydrological conditions prevailing in a par-
ticular area. In the areas where property owners were not interested in restoration 
of proper habitat management, ca. 1000 ha was purchased within the project, of 
which 650 was purchased from private owners in the Biebrza National Park, while 
the remaining 350 ha was the property of the PSPB and three “private nature re-
serves” were created: Ławki-Szorce, Mścichy and Laskowiec-Zajki (Zadrąg et al. 
2011).

The second PSPB project “Facilitating Aquatic Warbler (Acrocephalus palu-
dicola) habitat management through sustainable systems of biomass use” LIFE09 
NAT/PL/000260 (2010 – 2015) concentrated on a solution to the problem of man-
agement of biomass created during the mowing of fens and marshy meadows. For 
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this purpose, a pelleting plant was built in Trzcianne in the Podlaskie Voivode-
ship, whereas in the Lubelszczyzna region, biomass is utilized by three plants 
(two pelleting plants and one cement factory). Thanks to identification of cus-
tomers ensuring biomass reception and use, it ceased to be a problem hindering 
implementation of the protective measures (Gatkowski 2015).

10.2. Support for agricultural management protecting alkaline 
fens 

Filip Jarzombkowski, Paweł Pawlaczyk,  
Ewa Gutowska, Katarzyna Kotowska

 The protection of valuable habitats, including alkaline fens, by management 
of these areas with the use of extensive farming methods (especially mowing) is 
supported by instruments of the Common Agricultural Policy (CAP) of the Eu-
ropean Union. 

One of the actions within the framework of the Rural Development Pro-
gramme 2007 – 2013, namely the agri-environmental program, offered support 
in two packages: “4. Protection of valuable habitats within Natura 2000 sites” and 
“5. Protection of valuable habitats outside Natura 2000 sites”. Both packages con-
tained the variant “Sedge moss fens” (variant 4.2 and 5.2, respectively). It ensured 
subsidies to agricultural plots in which a habitat expert identified habitat 7230 
with sedge moss fen vegetation of the Caricion davallianae, Caricion nigrae al-
liances, a part of Caricion lasiocarpae alliance or other related communities by 
confirming the occurrence of the required number of indicator species (see the 
list in Chapter 11.2). 

General requirements, valid irrespective of the variant, included the ban on 
some pratotechnical procedures such as plowing, rolling, reseeding or dragging 
in the period from April 1 to September 1. In addition, it was not allowed to 
use wastewater and sewage sludge. The general prohibition on construction and 
enlargement of drainage facilities did not apply to investments aimed at conser-
vation or elevation of natural values (e.g., ditches with dams, impoundments or 
other types of damming barriers). It was also claimed that this prohibition did 
not apply to the so-called on-going maintenance14. The last general requirement 
was related to the ban on the use of plant protection products, except for (after 
consultation of an agri-environmental expert) selective and local destruction of 
onerous weeds with the use of appropriate equipment (e.g., herbicide applicators).

Additional requirements applicable only to sedge moss fens, most of all 
defined a mowing schedule (grazing is prohibited). The area should be mown 
from July 15 to September 30, at a height of 5 – 15 cm, without destruction of 

14  Unfortunately, in practice, this “on-going maintenance” of drainage ditches often contributed 
to a worsening of water conditions in hydrogenic habitats (including alkaline fens).
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sward or topsoil, in a manner allowing animals to escape (in some other way 
than from the outside to the center of the mown area). Three mowing schemes 
were permitted, of which an expert chose the most beneficial for a particular plot. 
It was possible to leave a half of the area unmown every year (alternating), to leave 
the whole plot unmown and mowing the whole area in the next year, or to leave 
a half of the plot. It was also obligatory to remove or deposit into haystack the 
biomass within two weeks after the cut (in justified cases later). Apart the mowing 
issues, additional requirements also prohibited fertilization.

The “Mechowiska” (segde-moss mires) variant was implemented at approx. 
600 ha. In almost 80%, these were plots in Natura 2000 sites. More than half of the 
area of implementation of this variant was located in the Biebrza valley, mostly in 
the Biebrza National Park (see Chapter 8).

In the next edition of the Rural Development Program for the years 2014-
2020, guidelines on the use of alkaline fens were included together with the re-
quirements for other peatland habitats (such as: 7110, 7120, 7140, 7150, 7210, 
7220 and 4010) in options 4.6.1 and 5.6.1 “Peatlands - mandatory requirements” 
and 4.6.2 and 5.6.2 “Peatlands - mandatory and complementary requirements”. 
These variants are part of the agri-environmental-climate scheme, which is a 
continuation of the agri-environmental program implemented earlier. As before, 
package 4 is for Natura 2000 areas, and package 5 for other areas. A greater role 
was assigned to the decision of an expert, whose task is to precisely identify the 
needs of the habitat and to select from the available pool of conservation meas-
ures those appropriate ones to be carried out by the user. Both habitats that do 
not require systematic mowing are subsidized (on which only mandatory require-
ments are implemented), as well as those on which regular mowing is necessary 
to maintain or improve their conservation status (additionally complementary 
requirements are implemented here). As a result, payments under the agri-envi-
ronmental-climate commitments under discussion are differentiated - higher for 
options 4.6.2 and 5.6.2, where the scope of activities is wider.

Qualification of individual plots for one of the “Torfowiska” (“Peatlands”) var-
iants (similar to the case for the “Mechowiska” (“Sedge-moss mires”) variant as 
part of ERDF 2007-2013) is based on the so-called habitat expertise. It should 
confirm the occurrence of certain plant communities and qualifying species listed 
on the list common for various types of peatlands (compare the list in section 
11.2). 

Similarly to the previously implemented agri-environmental program, a set of 
requirements common for all habitat variants (not only peatlands) applies. Some 
of the bans remained unchanged (eg regarding the sowing or application of sew-
age sludge), other provisions were modified, for example, the period without the 
ban on rolling in upland and mountain areas was extended until 15 April; the 
ban on drainage systems was reformulated, emphasizing the possibility of cre-
ating new, expanding and reconstructing devices adjusting the water level to the 
requirements of habitats being the subject of activities in a given variant (using 
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existing drainage systems). In addition, the scope of permitted use of plant protec-
tion products has been narrowed, limiting them only to onerous invasive species. 
A ban on biomass storage was also introduced among the clumps of trees and 
shrubs, in ditches, ravines and other depressions of land located on plots declared 
for agri-environmental-climate payments.

Mandatory requirements specified for all types of peatlands (including habitat 
7230) also include the ban on peat extraction, afforestation, fertilization, liming, 
mechanical destruction of soil structure (including harrowing and plowing), the 
use of mechanical equipment causing disturbance of the topsoil and the leaving 
of fragmented biomass. The removal of anthropogenic waste is also obligatory 
here. The implementation of other basic requirements depends on the specifics 
of a given patch of habitat as well as local conditions and recommendations of a 
habitat expert. In the case of plots being subject to secondary succession of trees 
and shrubs (caused by, for example, overdrying or cessation of use), it will be 
mandatory to cut out the selected trees or undergrowth in the first year of imple-
mentation of the variant from August 15th to February 15th of the following year, 
and in subsequent years if necessary mowing the area where there are tree and 
bush growths or cutting out these shoots every year or every two years, also from 
August 15th to February 15th of the following year. Cut or mown biomass must in 
these cases be collected and removed from the surface within two weeks after the 
cut or laid in piles, stacks or temporary hay sheds and removed from the surface 
no later than March 1st of the following year.

In the case of options 4.6.2 and 5.6.2, apart from the actions indicated in the 
part concerning mandatory requirements, it is necessary to plan mowing. De-
pending on the needs of the habitat, it may take place once, twice or three times 
within 5 years of commitment, and at the same time not more often than every 
two years. In relation to the previous approach (under RDP 2007-2013), the pe-
riod in which mowing is allowed was extended until February 15th. In addition, 
the expert may impose an obligation to leave up to 20% of the unmown area. The 
unmown parts determined in this way can not be repeated in two subsequent 
cuttings. As in the case of removing trees and shrubs, and mowing sprouts, it is 
necessary to collect and remove the biomass (the same rules apply as in the case 
of mandatory requirements).

As of 2018, the “Torfowiska” (“Peatlands”) variant is implemented on an area 
of 7.8 thousand ha, of which approx. 5.7 thousand ha are located in Natura 2000 
sites. 92% of this area is an extended variant, i.e. with mowing. The entire “Tor-
fowiska” package is only about 1% of the habitat packages of the agri-environ-
mental-climatic program. It is not known how much of the peatlands subsidized 
in this way are alkaline fens, but on the basis of monitoring of plots samples, it can 
be estimated that it is about 6-10%.

Shaping the vegetation of some alkaline fens can be additionally supported as 
part of variants for the protection of bird habitats, e.g. aquatic warbler. However, 
there is no data that would allow estimating the scale of such support.
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The implementation of agri-environmental programs has been subject to 
monitoring by the Institute of Technology and Life Sciences (see also chapter 
11.2). On the sample of plots covered by the program, the identification of the 
habitat is verified and its condition is assessed at the beginning and at the end of 
the implementation of the agri-environmental commitment. The results of this 
monitoring, apart from the report from 2014 (Jarzombkowski et al. 2015a), have 
not been made public.

Observations suggest that the activities carried out under the appropriate 
variants of the agri-environmental or agri-environment-climate package actually 
prevent the most serious threat to the habitat, which is overgrowing as a result of 
abandonment of use. Sometimes, however, problems resulting from careless or 
improper implementation were observed (e.g. damage to the fen surface by agri-
cultural equipment, leaving biomass on a plot, mulching, violating the prohibition 
of changing water relations by dredging and deepening ditches), combined with 
poorly functioning mechanisms of control such specific recommendations.

The results of independent studies on the impact of mowing alkaline fens 
(Kotowski et al. 2013, Kozub et al. 2019) suggest that mowing may improve the 
vegetation condition of degraded peatlands, but they deteriorate the condition of 
the best preserved ones.
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11. MONITORING

11.1. IOŚ Monitoring (State Environmental Monitoring)

Jolanta Kujawa-Pawlaczyk,  Paweł Pawlaczyk

11.1.1. GIOŚ Methodology

Monitoring of natural habitats listed in Annex I to the Habitats Directive is 
carried out in all EU Member States, which results from the obligation for contin-
uous surveillance of resources of these habitats (Article 11 of the Habitats Direc-
tive) and preparation of reports on their conservation status every 6 years (Article 
17 of the Habitats Directive, see chapter 6) (Habitats Directive 1992). Methods of 
field monitoring are not standardized and left to the decision of every country, 
making the results difficult to compare. However, in a majority of countries, basic 
assumptions are similar (Ellwanger et al. 2018), and the core of habitat moni-
toring is to assure periodical field assessment of the chosen indices of “structure 
and function” in particular habitat patches (in all patches for rare habitats and on 
representative sample of patches for more widespread habitats).

In Poland, the method of habitat 7230 monitoring adopted by the Chief In-
spectorate of Environmental Protection (GIOŚ) (Koczur 2012, 2013) within the 
framework of the so-called State Environmental Monitoring (Państwowy Moni-
toring Środowiska, PMŚ) assumes the investigation of an average of 4 locations 
chosen within each Natura 2000 site. The choice of the location is left to the deci-
sion of an expert who performs the first observation. A location is generally de-
fined as a patch of natural habitat. At each location in a patch of habitat, a transect 
measuring 200 x 10 m is delineated according to the expert’s decision (modifi-
cations of transect size are possible if necessary, e.g., when the patch is smaller). 
Three phytosociological relevés are taken on plots measuring 5 x 5 m using the 
classical Braun-Blanquet scale: at the beginning, in the middle and at the end of 
transect. The coordinates are obtained using a GPS receiver. The methodology 
does not specify the positioning precision, but in practice GPS receivers of a tour-
ist class are used.

The idea of conservation status assessment relies on the description and eval-
uation of some chosen aspects of ecosystem structure and function – called struc-
ture and function indices – according to a three-point scale: favorable (FV), un-
favorable-inadequate (U1) and unfavorable-bad (U2). The following indices are 
evaluated in the whole transect:
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1. Percentage of area occupied by the habitat in the transect (if the habitat is 
preserved only as mosaic of patches with other ecosystems). 80 – 100% is 
assessed as FV, 50 – 80% as U1, and < 50% as U2;

2. The number of characteristic species. If 9 of more characteristic species are 
present or the total cover by characteristic species exceeds 50% the conserva-
tion status is rated as FV, 4 – 8 characteristic species and total cover 20 – 50% 
is assessed as U1 and lower values are rated as U2. The following characteris-
tic species for this habitat were listed: Bryum pseudotriquetrum var. bimum, 
Campylium stellatum, Carex davalliana, Carex dioica, Carex flava, Carex hos-
tiana, Carex lepidocarpa, Carex panicea, Carex pulicaulis, Ctenidium mollus-
cum, Dactylorhiza incarnata, Dactylorhiza majalis, Drepanocladus aduncus, 
Eleocharis quinqueflora, Epipactis palustris, Eriophorum latifolium, Fissidens 
adianthoides, Hamatocaulis vernicosus, Helodium blandowii, Juncus alpino-ar-
ticulatus, Limptrichia cossoni, Liparis loeselii, Orchis palustris, Paludella squar-
rosa, Parnassia palustris, Pedicularis palustris, Pedicularis sceptrum-carolinum, 
Pinguicula vulgaris, Primula farinosa, Scorpidium scorpioides, Schoenus fer-
rugineus, Schoenus nigricans, Sweertia penerrnis, Sphagnum teres, Sphagnum 
warnstorfiii, Tofieldia calyculata, Tomenthypnum nitens, Triglochin palustre, 
Valeriana simplicifolia, Warnstorfia exannulata, Warstoria fluitans, Warnstor-
fia sarmentosa;

3. Dominance structure (dominance of characteristic species for the habitat is 
rated as FV, dominance of species not included among characteristic species 
as U2);

4. Cover and structure of moss layer. Total cover exceeding 50% with more than 
70% of brown mosses is rated as FV, total cover 20 – 50% with 20 – 70% of 
brown mosses as U1, and lower parameter values, including lack of brown 
mosses or dominating sphagnum mosses, as U2;

5. Possible presence of alien invasive species. Lack of these species is evaluated 
as FV, 5% of invasive species as U1, and greater percentage as U2.

6. Presence of expansive herbaceous plant species. Their lack is evaluated as FV, 
5% share as U1, and a higher percentage as U2;

7. pH value of surface peat layer, measured at 5 points along the transect with 
the use of field pH-meter or estimated colorimetrically by Hellig’s method;

8. Overgrowth by trees and shrubs. Lack or single trees is rated as FV, 15% cover 
by trees and shrubs as U1, and a higher percentage as U2.

9. Water conditions on the day of observation, at 5 points on the transect. Water 
table between 10 cm below and 2 cm above fen surface level is judged as FV, 
between 20 cm below and 10 cm above ground level as U1, and values more 
distant from peat surface as U2. The practical criterion of FV status is that 
“water is always visible during walking on the fen at least up to the height of 
the sole”. 
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10. Historical and current peat extraction. Traces of historical extraction up to 
5% without current works can be rated as FV, contemporary sporadic small-
scale extraction or historical larger-scale extraction reduce the rating to U1, 
while a larger scale of current extraction further reduces rating to U2;

11. Presence of artificial drainage system (no ditches or their fully neutralized 
impact is evaluated as FV, ditches filled with vegetation or blocked enough to 
have only slight impact – as U1, ditches visibly worsening water conditions - 
as U2).

Based on the above-listed indices, an expert makes an assessment of the syn-
thetic status of the parameter “structure and function” on a three point scale: FV-
U1-U2. The indices: characteristic species, cover and species structure of moss-
es, pH range, expansive herbaceous plant species, encroachment of shrubs and 
saplings, water conditions (underlined in the above listing) are considered to be 
cardinal, i.e., synthetic rating of structure and function cannot be better than the 
worse of these indices. Interpretation of the remaining indices is left to the discre-
tion of the expert. 

Besides the above-described assessment of structure and function of the hab-
itat, the expert also evaluates two parameters at the location:
• Habitat area at the site. The whole patch, not only the transect, is evaluated: 

when the area is stable or increases in comparison with earlier studies, or the 
status is rated as FV, slowly decreasing area is rated as U1 while distinctly 
decreasing as U2.

• Conservation prospects, i.e., chances for existence, conservation of the stu-
died patch, considering both the existing threats and undertaken protective 
measures.
The overall rating of the conservation status at a location is determined by the 

lowest rating of these three parameters15. In practice, it is usually determined by 
assessment of the parameter “structure and function” because it first reflects area 
shrinkage and prospects for efficient protection.

Basic assumptions of this method are similar to the methods used in many EU 
countries (see e.g., Verbücheln et al. 2004, Joint Nature Conservation Committee 
2004, Polak & Saxa 2005, Ellmauer & Essl 2005, Zingstra et al. 2009, Bundesamt 
für Naturschutz 2017). Almost everywhere assessments refer to the list of plants 
typical of the habitat, to the presence of expansive species (usually with a distinc-
tion between native and alien species of trees and shrubs) and crude assessment 

15 In the original paper by Koczur (2012, 2013), it was proposed that the overall assessment 
should be based on the dominating assessments of parameters, e.g., two parameters FV and 
one U1 were recommended to be given the overall assessment FV, whereas two U1 and one 
U2 – the overall assessment U1. However, GIOŚ verified this recommendation in erratum 
posted online, in order to adjust the procedure to unified assessment scheme for all habitat 
types: http://siedliska.gios.gov.pl/images/pliki_pdf/publikacje/Erraty_i_modyfikacje_meto-
dyk_monitoringu/Errata-do-przewodnikw-metodycznych-Cz-I-Cz-II-Cz-III-Cz-IV.pdf
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of quality of water conditions. However, detailed indices and methods of their re-
cording and interpretation differ slightly. In some countries, floristic lists limited 
to indicator species but encompassing the whole patch are an alternative to phy-
tosociological relevés. Almost everywhere the results are assessed according to a 
three-point scale. In some countries it is the same as in Poland (FV-U1-U2), in 
others conservation status is assessed as A-B-C, while the scale FV-U1-U2 is pre-
ferred during data aggregation at the level of country or biogeographical region.

In Poland, in planning of conservation of Natura 2000 sites either by prepa-
ration of plans of conservation measures or conservation plans16, “evaluation of 
structure and function of a natural habitat is based on sets of indices, applicable 
to a particular Natura 2000 site, adopted according to scientific knowledge for the 
purpose of monitoring, referred to in Art. 112, item 2 of the Act, and reports, referred 
to in Art. 38 of the Act, supplemented if needed with indices specific for a particu-
lar Natura 2000 site.” It indicates that the conservation status of natural habitats 

16  In practice, planning of protection of Natura 2000 sites in Poland is almost completely carried 
out by preparation and establishing of plans of conservation measures. Until 2018, more than 
400 such plans were established. Although the Act provides the option to prepare and establish 
a more refined planning tool, namely the conservation plan for Natura 2000 area or its frag-
ments, until 2018 this solution had not once been used.

Photo 127: State Environmental Monitoring (PMŚ) on moss fen meadow in Łupawa 
river valley (photo by P. Pawlaczyk). 
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is generally assessed based on the same parameters (habitat area, structure and 
function, protection prospects), while the structure and function of natural hab-
itats are assessed according to the same set of indices as the set accepted by the 
State Environmental Monitoring (Regulation of 2010a, Regulation of 2010b). The 
option to add indices “specific for a particular Natura 2000 site” as well as to omit 
indices “inapplicable to a particular Natura 2000 site” was introduced to the reg-
ulations as late as in November 2017, while the set of indices used earlier had to 
strictly comply with the set of indices specified in the GIOŚ method.

As a consequence, the above-mentioned indices were used not only for assess-
ments within the framework of the State Environmental Monitoring but also for 
assessments used to prepare plans of conservation measures in many areas. These 
indices were also the basis for setting the objectives of conservation tasks in these 
plans and for defining the concept of local monitoring of conservation status of 
protected features at Natura 2000 sites. In many cases, an explicit obligation “to 
monitor conservation status of habitat 7230 using the PMŚ method” was introduced 
as one of conservation measures in monitoring programs (despite this – as we will 
demonstrate below – such a solution is incorrect).

It is worth noting that the procedure of conservation planning for Natura 
2000 sites requires using an analogical set of indices as in GIOŚ methodology for 
assessment of conservations status, but stipulates no requirement for using iden-
tical methods for evaluation of these indices.

11.1.2. GIOŚ monitoring results obtained to date

The above-described methodology of monitoring and assessment of conser-
vation status of habitat 7320 was applied in practice in the State Environmental 
Monitoring. In 2009, 121 locations in Poland were examined with this method 
and, in 2017, 115 of them plus one new location were reexamined (IOP PAN 
2018). A report summarizing the monitoring data obtained to date was published 
(Vončina 2018).

Only 2 study locations were situated outside Natura 2000 sites, which, does 
not drastically deviate from the distribution of known habitat patches. 12% of 
locations were placed in National Parks (clearly an insufficient representation in 
relation to habitat distribution), and 15% in nature reserves (less than a propor-
tional representation).

In 2017, 10 locations were proposed to be withdrawn from further monitor-
ing, mostly due to habitat disappearance. The structure of overall assessments of 
conservation status was as follows:
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Table 6. Overall assessment of conservation status of habitat 7230 at PMŚ loca-
tions in 2009 and 2017.

 Conservation 
status

Favorable 
(FV)

Unfavorable –
inadequate 

 (U1)

Unfavorable – bad 
(U2), but existence 

of habitat was  
confirmed

Habitat  
disappearance 

(U2, XX)

2009
20

(16,5%)

71

(58,7%)

30

(24,8%)

2017
12

(10,3%)

37

(31,6%)

58

(49,6%)

10

(8,5%)

Positive differences between the assessment in 2009 and in 2017 were noted 
only at 3 locations in all of Poland. Conservation status in 2017 was rated worse 
than in 2009 at over a half of the locations. 

These results would indicate a dramatic deterioration of the habitat status in 
Poland. Negative differences between the conservation status assessment in 2017 
and its earlier rating in 2009 could be seen even at locations in National Parks. 
Negative changes were attributable most of all to indices describing succession 
(expansive species, dominant species) and water conditions. Demonstration of 
some changes may be biased by increasing experts’ awareness of threats to the 
habitat, however the scale of negative differences is greater than that explainable 
by this factor. 

11.1.3. Practical experiences with implementation of GIOŚ 
methodology and postulates for method improvements 

Our field experiences with habitat 7230 monitoring using GIOŚ methodology 
(both for the State Environmental Monitoring and for conservation planning for 
Natura 2000 sites) leads to the following reflections:

Representativeness. The adopted rule that an expert makes the decision as to 
the choice of locations and the assumption that ca. 4 locations are to be selected in 
each Natura 2000 site, where alkaline fens are protected features, causes that better 
developed and preserved patches are over-represented. At the level of Natura 2000 
site, no expert – who can choose only several locations for monitoring – will omit 
“the best” locations in the area, consequently no sites will be left for representative 
presentation of less typical, doubtful, more deformed locations. In the same way, 
the choice of transect location at each location by an expert usually leads to tran-
sect positioning in a better developed and preserved part of the patch. 
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As a consequence, the method used in the State Environmental Monitoring 
allows for following the pathways of changes and fate of alkaline fens, especially 
with respect to their better preserved and developed patches that are most im-
portant for biodiversity. It is valuable that the changes will be captured and doc-
umented at least in such better preserved patches. However, the structure of the 
conservation status of a habitat at monitoring locations cannot be considered to 
be a correct indicator of the structure of the conservation status of the country’s 
resources of the habitat. It is well reflected by a comparison of monitoring results 
from 2009 and results of detailed inventory of this habitat in a similar period 
(2008 – 2011): the structure of conservation status assessments at the locations 
of the State Monitoring was significantly overestimated in relation to the actual 
structure of conservation status of habitat patches, assessed by full field inventory 
(Tab. 7). Yet a comparison of assessments of PMŚ locations with assessments re-
sulting from inventory of patches where these locations were situated demonstrat-
ed that these assessments were similar. Therefore, the differences in the structure 
of results do not stem from divergent interpretation of indices but overrepresenta-
tion of better preserved patches among PMŚ sites.

Table 7. Structure of conservation status of habitat 7230 in Poland estimated in dif-
ferent surveys. Sources of data: Database of alkaline fens of the Naturalists’ Club:
1. [http://alkfens.kp.org.pl/o-torfowiskach/ogolnopolska-baza-mechowisk/] as of 
2011.
2. Data from the State Environmental Monitoring, observations from 2009: Insty-
tut... 2018 [http://www.iop.krakow.pl/cn2000/Monitoring/ZestawienieWynikow.
aspx] 

Survey

Conservation status 

Favorable – 
FV

unfavourable 
inadequate 

– U1

Favorable 
– FV

Database of alkaline fens of the  
Naturalists’ Club based on field inven-
tory in 2008 – 2011. Field assessment 
of each patch based on GIOŚ indices 
with the option to select fragments of 
different status. 

4.96% of  
habitat area

44.08% of  
habitat area

50.96% of  
habitat area

State Environmental Monitoring, sur-
vey from 2009, assessment at 121 lo-
cations.

16.5% of the 
total number 
of locations 

58.7% of the 
total number 
of locations

14.8% of 
the total 

number of 
locations

State Environmental Monitoring, sur-
vey from 2017, assessment at 117 loca-
tions, the same as in 2009.

10.3% of the 
number of 
locations

31.6% of the 
number of 
locations

53.8% of the 
number of 
locations
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Repeatability. Assessment of changes that have occurred at a given location 
requires, as a rule, repetition of observation, including phytosociological relevés 
exactly at the same location.

The GIOŚ methodology, which assumes using GPS receivers for positioning 
of the location, transect and relevé plots, does not fulfill this requirement. The ex-
perts usually used GPS receivers of a tourist class, guaranteeing a mean theoretical 
error of positioning at the level of 2 – 6 m. This error of course doubles when ex-
actly the same point with a previously determined position has to be spotted and 
the values 2 – 6 m refer only to the mean. Consequently, characteristic points of 
transect, and thus the relevé plots, are not necessarily identical with the locations 
chosen during the first observation. 

In alkaline fens characterized often by mosaic vegetation patterns, it is a se-
rious problem. A several-meter difference in location positioning can shift ob-
servation from a patch of open moss fen to a patch of reeds or willow thickets. 
Consequently, the differences between observations are difficult to interpret since 
we do not know whether they result from changes having occurred at the location 
or they are artifacts caused by imprecise positioning. 

This problem disappears when the aim of the survey is to assess the conserva-
tion status of a habitat at the level of the country, i.e., when data from a large num-
ber of locations are averaged, and it is how the GIOŚ methodology is optimized 
(also in terms of cost-effectiveness). Then, it can be expected that such averaging 
will eliminate the effect of small differences in positioning, and the differences 
observed after averaging between two surveys will represent an actual trend of 
changes in particular indices. Comparison of synthetic data of the State Environ-
mental Monitoring from 2009 and 2017 (Tab. 6) reveals such a clear trend towards 
the worsening of conservation status of the habitat (see above).

However, this problem becomes vital when we aim to interpret changes at a 
particular location or Natura 2000 site in which only several locations are stud-
ied. Partially, it can be solved by the application of more precise positioning tech-
niques (e.g., GNSS, EGNOS, RTK corrections) which, however, requires using 
much more advanced and expensive equipment that will affect the cost of survey-
ing a single location. However, the application of such solutions is hindered by 
the situation of some locations outside of mobile network coverage, making RTK 
correction impossible. Post-processing does not address the need to “hit a defined 
point in the field”. More precise positioning often requires also prolongation of 
the measurements time – in this way the coordinates of a study location can be 
measured precisely but it is not possible to efficiently look for the very place with 
known coordinates. 

Apparently the only way which could ensure full repeatability of monitoring 
location positioning would be to mark characteristic points on the transect, for 
instance using stakes with an underground metal tracer, positioned additionally 
in reference to characteristic land features. GIOŚ methodology does not require 
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such marking because it is not necessary for proper interpretation of the data at a 
national level. However, in local monitoring it is indispensable for efficient inves-
tigation of the changes progressing at each location. 

Assessment of habitat area and its possible changes. This is practically im-
possible during field observation. Firstly, even interpretation of the habitat area is 
usually doubtful: should it include only the area of patches of typical vegetation, 
and if so where would be their borders? How should tree and shrub overgrowth 
inside a patch be treated? Secondly, even if the interpretation is clear, a visual as-
sessment of the area within which one is standing is usually affected by a several 
hundred percent error. It seems that only remote-sensing techniques based on 
a once developed algorithm of identification creates an opportunity for reliable 
monitoring of the changes on the habitat surface (see e.g., Kopeć et al. 2016). Even 
if this algorithm is not perfect, at least it will assure repeatability of assessments. 
However, these methods can be used only for some fens because remote sensing 
can only distinguish patches of vegetation differing in appearance, while in the 
case of many alkaline fens moss forms of sedge rushes look identical as non-moss-
type rushes.

Assessment of water conditions. Although water conditions are a key fac-
tor for each fen, GIOŚ methodology recommends using only one parameter for 
its characterization, namely the location of groundwater table in relation to fen 
surface, which is assessed on the observation date, i.e., once in several years on 
a randomly chosen day. If no piezometers are available for measurement in the 
fen (which usually is the case), this assessment is performed with an estimated 
organoleptic method (estimation criterion is specified as rising of water to the 
surface during walking on the fen “at least to a height of the sole”). It is a conse-
quence of the general assumption made by the State Environmental Monitoring 
to base the whole monitoring of habitats on single visits of experts at monitoring 
locations once every few years.

However, such a method of assessment of water conditions is insufficient for 
the monitoring of any fen (see Pawlaczyk & Kujawa-Pawlaczyk 2017). This prob-
lem is essential particularly for alkaline fens because their status depends rather 
on the stability of the water level in peat than the height of the water level during 
a single observation (see also below).

Efficient monitoring of any fen, and especially alkaline fens, requires the as-
sessment of water conditions on the basis of continuous monitoring, not only on 
the basis of an arbitrary, random observation. As a technical solution, it should 
be recommended to carry out continuous (at least once a day) recording of water 
level in observation pits using automatic recorders (Divers). Detailed recommen-
dations regarding this issue are listed in a later chapter. It should be remembered 
that even the measurement organized in this way has some methodological limi-
tations (see Pawlaczyk & Kujawa-Pawlaczyk 2017).
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In alkaline fens it would be advisable to monitor not only water level alone 
but also its characteristics, e.g., chemical and physicochemical parameters. Only 
such information makes it possible to interpret the hydrology and ecology of 
groundwater-fed alkaline fens (Wołejko & Grootjans 2004, Grootjans et al. 
2015), to reveal the directions of water inflow and disclose the changes threat-
ening the fen. 

Assessment of overgrowth by trees and shrubs. Overgrowth by woody veg-
etation is a serious conservational problem in many alkaline fens. Therefore, a 
proper monitoring should allow for identification of even slight, unobvious 
changes which, however, follow a particular trend, including a reliable measure-
ment of overgrowth rate. The only method proposed by GIOŚ methodology for 
the assessment of this parameter relies on a visual examination by an expert of the 
compactness of the trees and shrubs in a transect. Usually the transect is located 
in the center of the fen, therefore the changes in tree cover at its edges remain 
outside the scope of monitoring, at least until they have not led to the complete 
disappearance of the habitat 7230 from the edges, i.e., to shrinkage of its area. 
Visual evaluation by an expert, especially for a transect measuring 200 x 20 m 
which cannot be grasped at one glance, is also quite imprecise. The error of such 
assessment (including that between assessments made by different observers) is 
much greater than the changes it should identify.

This problem can be partially overcome by assuring that consecutive surveys 
at the location will be carried out by the same observer, who remembers the extent 
of overgrowth from the previous survey and is able to directly assess the changes; 
however, it is not always possible.

An effective assessment of the changes in the tree and shrub overgrowth would 
require reproducible photographic recording or like, most desirable both in the 
form of standardized, reproducible photographic documentation of the transect 
and aerial or satellite documentation of the tree cover in the whole patch (drone, 
aerial or satellite photos or LIDAR data). Such documentation could be used for 
quantitative measurements of tree cover and shrub cover of the study area and its 
changes.

Phenology of vegetation. PMŚ methodology requires only that the studies 
should be performed in the period from mid-June to mid-August when most spe-
cies are at peak bloom, allowing even “works in a later vegetation season” warning, 
however, that at that time “problems with identification of some species (sedges, 
grasses, orchids) and their cover can be encountered.” Practical experiences indi-
cate that some species of vascular plants, e.g., Saxifraga hirculus are surprisingly 
difficult to notice outside the blooming season. Hence, the assessment of their 
cover by an observer performed at the beginning of August can significantly differ 
from an assessment in mid-August. Moreover, cover of different species of mosses 
can undergo striking changes throughout the year (Šoltes et al. 2015).
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Subjectivity of assessments and methodological ambiguities in some indi-
ces. Experiences resulting from repetition of the State Environmental Monitor-
ing survey in 2017 at monitoring Locations previously assessed in 2009 and also 
cross-sectional analyses of observation dataset suggest that data interpretation by 
experts or details of these assessments were not fully uniform for several indices. 
In particular:
1. The index “The presence of expansive herbaceous plant species” is variously 

treated by experts with respect to the choice of species that have to be con-
sidered “expansive”. For instance, there were differences in approach to nettle, 
reed and massively occurring sedges, especially in cases of their dominance 
in the studied phytocenosis. Usually, an expert does not have enough data for 
assessment as to whether such dominance results from “expansion” or it is a 
natural stable phenomenon, thus, his/her assessment is based rather on intui-
tion which leads to considerable subjectivity of assessment. It strongly affects 
synthetic assessment of structure and function status.

2. The index “pH value of surface peat layer” heavily depends on the measure-
ment method which has not been standardized. A field pH-meter measures 
pH of liquid phase, i.e., water; if it is taken at the peat surface, it can be strong-
ly affected by e.g., precipitation water. Colorimetric pH estimation with the 
use of a Hellig soil pH-meter is based on measurement of the pH of an ad 
hoc prepared solution washed out from a peat sample with Hellig liquid. Re-
gardless, the impact of this problem on synthetic assessment of structure and 
function status is not vital because the criterion is defined only as a pH value 
below or above 7. However, this problem becomes significant when data from 
consecutive observations at the same location have to be compared, especially 
when the methods used for previous pH measurements were not recorded. 

3. Although GIOŚ methodology contains lists of “characteristic species for the 
habitat”, interpretations of this aspect are not always uniform, especially con-
sidering doubts the composition of the list can raise. For instance, experts 
differently treated Calliergon stramineum, Carex diandra, Cinclidium stygium, 
Cratoneuron spp., Drepanocladus spp., Juncus subnodulosus, Meesia triquetra, 
Menyanthes trifoliata, Valeriana dioica and Saxifraga hirculus, which are un-
doubtedly important species, characteristic of at least some forms of alkaline 
fens that should be but are not included in this list (see also problem of Gorce 
Mountain flush fens described in chapter 7). It also appeared misleading to 
experts that parallel to the list of characteristic species published by Koczur 
(2012, 2013), there is also another list of characteristic species used in ITP 
monitoring, and still another list of indicator species qualifying for appropri-
ate variant of the agri-environmental program (see below).
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4. Some subjectivity is inherent to taking phytosociological relevés. It is known 
that differences between relevés made by different observers at the same plot 
can be significant (Pawlaczyk, Kujawa-Pawlaczyk 2017 and references cited 
therein). This subjectivity cannot be completely eliminated because it stems 
from the very method of phytosociological relevés and unsurpassable phy-
tosociological and psychological circumstances of observers. However, this 
influence could be reduced by, for example, inter-calibration exercises or as-
suring that observations at the same plot are taken by the same observer.

5. The observer’s competence in bryological studies is also very important since 
in alkaline fens the best indicator species and also their most interesting pe-
culiarities often belong to mosses, not to vascular plants. Thus, it is important 
that the expert who performs the survey should have proper skills and expe-
rience. Looking for mosses requires concentration and time, bending over, 
searching through herbaceous vegetation while their spotting requires expe-
rience. Ordinary botanical knowledge is insufficient. 

6. The estimated Braun-Blanquet cover-abundance scale is very useful for a 
description and comparison of vegetation, but its use for investigation of 
changes in species cover over constant plots leads to the loss of some infor-
mation which need not have to be lost. In cover classes 1 and 2, even a five-
fold change in species cover (clearly noticeable by an observer) may not be 
reflected by changes in cover classes. Besides, no mathematical operations can 
be carried out on classes of the Braun-Blanquet scale, so the change cannot 
be measured. Some, though not all of these limitations could be reduced by 
the Barkmann modification splitting class 2 of the Braun-Blanquet scale into 
subclasses 2a, 2b and 2m. In addition, decimal Londo scale would have many 
advantages for monitoring studies because it allows for measuring the differ-
ences between relevés as mathematical differences of assessments (Pawlaczyk 
& Kujawa-Pawlaczyk 2017 and references cited therein).

Calibration of some indices. Calibration of assessments of some indices in 
GIOŚ methodology appears to be based on an idea of ideal and, at the same time, 
specific patches of alkaline fens and is not entirely correct for considering the di-
versity of such ecosystems in Poland. In particular:
1. The index “overgrowth by trees and shrubs” was calibrated very rigidly. In prac-

tice, it is difficult to distinguish “single trees and shrubs” (FV) from “tree and 
shrub cover to 15%”. In many natural and well-preserved fens tree and shrub 
cover of 10 – 20% is normal and natural, and such a share remains stable. 
It was highlighted that in the Biebrza Marshes, overgrowth by shrubs and 
trees not always has to mean habitat damage: loose thickets maintained in this 
form by high water level (as a result of beaver activity) and browsing by elks, 
can still preserve biodiversity typical of the habitat (Weigle 2014). However, 
GIOŚ methodology requires U2 assessment when the threshold of 15% tree 
and shrub cover has been exceeded, and this rating cannot be worsened more 
when this cover increases. 
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2. Several indices, e.g., “cover and structure of moss layer” and “pH value of surface 
peat layer” are well calibrated for measurement of progress of surface acidifi-
cation of alkaline fens. Indeed, in natural conditions this process is significant. 
However, in the current situation of alkaline fens in Poland, other trends are 
creating a much more serious threat. Many actual patches of this habitat at 
present assume the form of “peat-based meadows with moss fen elements” 
and a real threat to them is related to the disappearance of the moss fen com-
ponent due to incorrect mowing regimen (e.g., leaving biomass on surface, 
too early or too low mowing). However, calibration of the above-mentioned 
GIOŚ indices (also the index “the number of characteristic species”) causes that 
the status of such patches is initially assessed as poor (U2) and further wors-
ening of their condition cannot be properly underlined.

3. The cardinal pH indicator is calibrated adequately to surveys from calcareous 
hydroecological systems of southern Poland and Slovakia. But, typical moss 
vegetation can also develop at pH 6-7 (Sjörs 1950), and in northern Poland 
these situations are quite typical (compare eg data from Rospuda Valley: Paw-
likowski et al. 2010, Jabłońska et al. 2011, chapter 2.6 in this publication). 
Perfectly developed and preserved moss mires will receive then an unfair un-
satisfactory inadequate status (U1).
If the status of each index is described in detail and not only the assessments 

are recorded, then this problem does not hinder monitoring. However, improper 
and cursory interpretation of monitoring results can suggest the need for imple-
mentation of conservative measures (e.g., tree removal) where they are not legiti-
mate or can mask negative changes and the need for action (e.g., correction of the 
mowing scheme or introduction or return to mowing) at other patches. 

11.1.4. GIOŚ methodology as the basis for planning and 
organization of local monitoring 

In spite of some above-mentioned problems, GIOŚ methodology has a great 
advantage in that it sets a nationwide standard for habitat 7230 monitoring, which 
additionally is coherent with the conservation planning approach. For this rea-
son, this method can be recommended as the core of local monitoring organized 
in every Natura 2000 site. However, the objective of local monitoring is slightly 
different to the objective of a nationwide survey within the State Environmental 
Monitoring, namely we wish to possibly quickly identify changes occurring at 
individual locations, and not only to obtain synthetic assessment of conservation 
status of the habitat in the country. For this reason, the mere implementation of 
GIOŚ methodology in local monitoring is insufficient. Efficient monitoring at a 
location(s) in a Natura 2000 site requires, in accordance with general assumptions 
of GIOŚ methodology and monitoring of a set of indices, at least the following 
extension modifications:
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1. Permanent marking of the beginning, middle and end of each transect in the 
field.

2. Using extended quantitative scales in the description of vegetation (phytoso-
ciological relevés) which will assure that information about discernible cover 
changes is not lost.

3. Additional continuous monitoring of water level with the use of a probe(s) 
(Divers) placed in observation pits, at least at one point on the transect (see 
also, hereinafter, the chapter about monitoring of water conditions).

4. Complementary monitoring of tree canopy cover all over the habitat patch, 
based on photographic data interpretation (drone photographs or compari-
son of aerial or satellite photos and LIDAR representations from data for Po-
land in different timeframes), and also the use of remote sensing techniques 
for assessment of changes in the habitat area.

5. A detailed description of the value of each index, and not only recording the 
assessment itself, in-field assessment of the changes having occurred from the 
last survey, if possible assuring that consecutive surveys are performed by the 
same researcher.
Monitoring organized in this way will be slightly more expensive but will 

provide much better and more useful information for planning on each of the 
monitored fens, at the same time preserving compliance with nationwide GIOŚ 
methodology. 

11.2. Monitoring of environmental effects of agri-environmental 
and agri-environment-climate programs 

Filip Jarzombkowski, Ewa Gutowska, Katarzyna Kotowska

11.2.1. ITP methodology

Monitoring of the status of alkaline fens in Poland, besides the State Envi-
ronmental Monitoring, is also carried out by the Institute of Technology and Life 
Sciences (Instytut Technologiczno-Przyrodniczy, ITP) within the program “Mon-
itoring of environmental effects of agri-environment program” which is a part of 
the Multiannual Program entitled “Standardization and monitoring of environ-
ment-oriented endeavors, agricultural technology and infrastructural solutions 
towards safety and sustainable development of agriculture and rural areas.” It is 
continued within the program “Technological and environmental endeavors to-
wards innovative, efficient and low-emission management of rural areas 2016 – 
2020” as the task “Monitoring of environmental effects of some tools of the Com-
mon Agricultural Policy implemented in 2014 – 2020 with special emphasis on 
agri-environment-climate measures.” 
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The monitoring has been carried out from 2012 (with a one-year break in 
2016) and encompasses habitats in agricultural use and wildlife refuges in agri-
cultural landscape used sporadically or under strict protection. The basic aim of 
the surveys is to assess the impact of pratotechnical actions defined by require-
ments of agri-environment and agri-environment-climate program variants on 
the status of selected natural habitats, including alkaline fens (Jarzombkowski et 
al. 2015, 2017).

Monitoring is carried out on agri-environmental parcels declared for subsi-
dy under Package 4 – “Protection of threatened bird species and habitats outside 
Natura 2000 areas.” and Package 5 – “Protection of threatened bird species and 
habitats within Natura 2000 areas.” Each variant of environmental packages im-
poses certain requirements as to the manner and frequency of habitat use. Alka-
line fens are included in variant 4.2/5.2 Moss fens, 4.10./5.10 Lands of ecological 
use (agri-environment program within PROW 2007-2013), and 4.6/5.6 Peatlands 
(agri-environment-climate task within PROW 2014-2020).

Study parcels are randomly selected from among a pool of parcels declared 
each year by beneficiaries, whereof environmental documentation was submit-
ted by experts to the Ministry of Agriculture and Rural Development or to the 
Institute of Technology and Life Sciences. Within the framework of PROW 2007-
2013, all parcels submitted every year declared as the habitat 7230 were moni-
tored, while within PROW 2014-2020, due to financial constraints, the majority 
of them were monitored. 

Photo 128: Field observation on an agri-environmental parcel: a fen near Sarnetki 
village (Podlaskie region, NE Poland) (photo by E. Gutowska).
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Monitoring surveys are repeated every 4 years, and observation begins after 
the first year of implementation of agri-environmental or agri-environment-cli-
mate measures, and ends in the following year after the agri-environmental com-
mitment expired. Within the borders of an agri-environmental parcel selected for 
monitoring, three study plots, circular in shape with a 14.6 m radius and total 
area of 0.2 ha, are chosen in patches representative of the habitat. The centers of 
the study plots are not permanently marked in the field but they are positioned 
with the use of a GPS receiver (measurements are taken when PDOP < 2.5). If a 
parcel is smaller than 0.2 ha, its whole area is surveyed. If the shape of the parcel 
does not allow for delineation of circles of a 14.6 m radius, it is permissible to 
delineate atypical study plots the shape of which is left to decision of the expert 
in the field (Jarzombkowski et al. 2015, 2017). In the central part of the study 
plot, a phytosociological relevé is taken on the relevé plot measuring 5 x 5 m with 
the Braun-Blanquet method. Photographic documentation of habitat vegetation 
structure is prepared for the study plots and for the whole agri-environmental 
parcel. 

As in the State Environmental Monitoring (see chapter 11.1), the assessment 
of habitat status entails a description of habitat conservation prospects and assess-
ment of the structure and function of certain components of the ecosystem using 
indices and parameters rated according to a three-point scale: FV – favorable, U1 
– unsatisfactory and U2 – bad. The status of each of the three study plots is rated 
and these assessments are averaged to obtain the overall assessment for the whole 
study parcel, therefore each index and parameter is characterized by one value for 
the whole study parcel. Assessment of all indices and parameters should be car-
ried out within the area of study plots, treated jointly, such as a description of the 
plant characteristics; abundance of all species is assessed using the Tansley scale 
(Tansley 1946) i.e., by classifying each species to one of the following categories:

– dominant, 
– local dominant, 
– co-dominant, 
– common,
– common locally, 
– abundant, 
– abundant locally, 
– occasional, scattered (single plants occurring all over the plot 
   or on a majority of its area), 
– rare (several to a dozen or so representatives),
– sporadic (1 – 2 representatives).
Some of the analyzed indices are considered to be cardinal, which means that 

their assessments have a crucial impact on structure and function of the habitat. 
They include: “characteristic species”, “expansive herbaceous plant species”, “pres-
ence of trees and tree saplings”, “cover and species structure of mosses and liver-
worts”, and “water supply”. The remaining indices are of an auxiliary character. 
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The status of alkaline fens is assessed based on the following indices (Jarzomb-
kowski et al. 2015, 2017):

1. Characteristic species 
It is a cardinal index. The criterion for assessment of this index is defined by 

the presence of a characteristic floristic combination of plant communities repre-
sentative of habitat 7230. The study plots are surveyed within the outlined study 
area, and if a characteristic species occurs outside the study plot, its presence is re-
corded but does not influence the assessment. The presence of  7 or more charac-
teristic species is rated as FV, 4 – 6 as U1 and 2 – 3 as U2. The following species are 
considered as characteristic: Baeothryon alpinum, Bryum pseudotriquetrum, Bry-
um neodamense, Bryum subneodamense, Calliergon giganteum, Campylium stella-
tum, Carex buekii, Carex buxbaumii, Carex chordorrhiza, Carex davalliana, Carex 
diandra, Carex dioica, Carex flava, Carex lasiocarpa, Carex lepidocarpa, Carex li-
mosa, Carex rostrata, Chara vulgaris, Cinclidium stygium, Dactylorhiza incarnata, 
Eleocharis quinqueflora, Epipactis palustris, Equisetum variegatum, Eriophorum 
gracile, Eriophorum latifolium, Fissidens adianthoides, Gentianella uliginosa, Ha-
matocaulis vernicosus, Helodium blandowii, Juncus alpinus, Juncus subnodulo-
sus, Limprichtia cossoni, Limprichtia revolvens, Liparis loeselii, Meesia triquetra, 
Menyanthes trifoliata, Orchis palustris, Paludella squarrosa, Parnassia palustris, 
Pedicularis palustris, Pedicularis sceptrum-carolinum, Philonotis fontana, Pinuic-
ula vulgaris, Polygala amarella, Primula farinosa, Pseudocalliergon lycopodioides, 
Pseudocalliergon trifarium, Saxifraga hirculus, Schoenus ferrugineus, Schoenus ni-
gricans, Scorpidium scorpioides, Sphagnum contortum, Sphagnum teres, Sphagnum 
warnstorfii, Stellaria crassifolia, Swertia perennis, Tofieldia calyculata, Tomentyp-
num nitens, Triglochin palustre, Utricularia intermedia, Utricularia minor, Vale-
riana dioica, Valeriana simplicifolia and Warnstorfia exannulata. Abundance of 
all species is determined according to the Tansley scale. It is worth noting that 
both the list of species and scaling of this index are slightly different than in the 
State Environmental Monitoring (Koczur 2012). Moreover, the list of characteris-
tic species adopted for monitoring of environmental impact of PRŚ and PRŚK is 
somewhat wider, but omits the following species: Dactylorhiza majalis, Drepano-
cladus aduncus, Carex panicea, Carex pulicaris and Ctenidium molliuscum.

2. Dominant species 
This index characterizes the structure of plant communities. Dominance of 

characteristic species for the habitat among herbaceous plants and lack of dom-
inance of expansive species is judged as FV, co-dominance of typical and other 
species and abundance or local dominance of expansive species is assessed as U1, 
while predominance of species that are not typical of the habitat gives it U2 status. 
Abundance of all species is determined according to the Tansley scale. This index 
is similar to that used in the State Environmental Monitoring.
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3. Expansive herbaceous plant species 
It is a cardinal index. This index characterizes the presence of expansive spe-

cies in alkaline fens. Expansive species are defined as native taxons considerably 
widespread in the ecosystem and distorting its species structure. Whether or not 
a given species should be defined as expansive is left every time to the decision 
of an expert. The following species are often classified as expansive: Phragmites 
australis, Filipendula ulmaria, Molinia caerulea, Mentha longifolia, Typha latifolia, 
Lysimachia vulgaris and others. The lack or sporadic occurrence of expansive spe-
cies is indicative of FV status, frequent occurrence or local domination is taken as 
U1, and their common occurrence or dominance all over the plot as U2. Abun-
dance of all species is determined according to the Tansley scale. Valorization of 
this index is similar to that used in the State Environmental Monitoring, though 
it uses another scale.

4. Invasive alien species 
This index characterizes the presence of invasive alien species in alkaline fens. 

Invasive alien species are defined as those listed by Tokarską-Guzik (2012). Lack 
or sporadic occurrence of invasive alien species is rated as FV, their occasional 
presence as U1, and more common occurrence or dominance all over the plot as 
U2. Abundance of all species is determined according to the Tansley scale. This 
index is similar to that used by the State Environmental Monitoring, although it 
uses another scale and more liberally treats sporadic occurrence of alien species.

5. Indicator species
The criterion of this index is defined as occurrence of characteristic species ac-

cepted by agri-environmental and agri-environment-climate programs as qualify-
ing for inclusion into the variant “Moss fens” or “Peatlands” (e.g., Documentation 
2014, Methodology 2015, see Tab. 8). The occurrence of 3 or more characteristic 
species, or 2 or more protected species, is assessed as FV, 1 – 2 as U1, and lack of 
these species as U2. Abundance of all species is determined according to the Tans-
ley scale. This index has no equivalent in the State Environmental Monitoring.
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Table 8. Lists of agri-environmental indicator species 

Indicator species for the variant “Moss fens” PROW 2007 – 2013:
Calamagrostis stricta, Carex buxbaumii, Carex canescens (curta), Carex chord-
orrhiza, Carex davalliana, Carex diandra, Carex dioica, Carex echinata, Carex 
flava, Calex lepidocarpa, Carex panicea, Carex pulicaris, Dactylorhiza spp., 
Drepanocladus spp., Epipactis palustris, Eriophorum angustifolium, Eriophorum 
latifolium, Helodium blandowii, Juncus filiformis, Juncus subnodulosus, Liparis 
loeselii, Menyanthes trifoliata, Paludella squarrosa, Parnassia palustris, Pedicu-
laris palustris, Pedicularis sceptrum-carolinum, Pinguicula vulgaris, Polemonium 
coeruleum, Saxifraga hirculus, Scorpidium scorpioides, Sphagnum teres, Stellaria 
palustris, Tofieldia calyculata, Tomentypnum nitens, Triglochin palustre, Valeria-
na dioica, Valeriana simplicifolia.

Indicator species for the variant “Peatlands” PROW 2014 – 2020:
Andromeda polifolia, Aulacomnium palustre, Baeothryon alpinum, Baeothry-
on cespitosum, Calla palustris, Campylium stellatum, Carex buxbaumii, Carex 
canescens, Carex chordorrhiza, Carex davalliana, Carex diandra, Carex dioica, 
Carex echinata, Carex flava s.l., Carex heleonastes, Carex hostiana, Carex lasi-
ocarpa, Carex limosa, Carex pauciflora, Carex rostrata, Chamaedaphne caly-
culata, Chara spp., Cinclidium stygium, Cladium mariscus, Comarum palustre, 
Cratoneuron filicinum, Dactylorhiza spp., Drepanocladus sendtneri, Drosera 
spp., Eleocharis quinqueflora, Empetrum spp., Epipactis palustris, Erica tetralix, 
Eriophorum spp., Fissidens adianthoides, Hamatocaulis vernicosus, Hammarb-
ya paludosa, Helodium blandowii, Juncus alpino-articulatus, Juncus filiformis, 
Juncus subnodulosus, Ledum palustre, Ligularia sibirica, Limprichtia spp., Li-
paris loeselii, Lycopodiella inundata, Meesia spp., Menyanthes trifoliata, Orchis 
palustris, Oxycoccus palustris, Paludella squarrosa, Palustriella spp., Parnassia 
palustris, Pedicularis palustris, Pedicularis sceptrum-carolinum, Philonotis spp,. 
Pinguicula vulgaris, Pseudocalliergon spp,. Rhynchospora spp,. Saxifraga hircu-
lus, Scheuchzeria palustris, Schoenus spp., Scorpidium scorpioides, Sesleria spp., 
Sphagnum spp., Stellaria crassifolia, Straminergon stramineum, Swertia perennis, 
Tofieldia calyculata, Tomentypnum nitens, Triglochin palustre, Utricularia spp., 
Vaccinium uliginosum, Valeriana dioica s.l., Viola epipsila, Warnstorfia spp.

6. Dead organic matter (plant litter)
This index describes the presence or absence of plant litter in the habitat which 

may be indicative of disadvantageous processes connected with the accumulation 
of dead organic matter. It allows for assessment of extensive use measures im-
plemented in agri-environmental parcels. The lack of plant litter is advantageous 
for development of light-loving plants, and for this reason thickness of the accu-
mulated biomass is measured without pressing it to the level of the fen. The lack 
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of plant litter or its presence as a loose structure is judged as FV, layer thickness 
of 0.5 – 2 cm as U1, and plant litter thicker than 2 cm requires a classification of 
the index’s status as U2. This index has no equivalent in the State Environmental 
Monitoring for habitat 7230, although it is used, for example, in monitoring of 
species linked with the habitat, such as Liparis loeselii or Saxifraga hirculus.

7. Sward damage 
This index describes mechanical sward damage caused both by animals and 

human actions, and outlines its causes. Sward damaged over up to 5% of study 
plot area is rated as FV, over 5 – 10% as U1, and over more than 10% of the plot 
area as U2. This index has no equivalent in the State Environmental Monitoring, 
however it is important for monitoring of parcels in agricultural use because most 
often sward is damaged by agricultural measures implemented with the use of 
improperly chosen equipment. 

8. Artificial drainage systems 
Artificial drainage systems have an unequivocally negative impact on the sta-

tus of alkaline fens, worsen water conditions and lower the groundwater table. 
This index describes the presence or absence of a drainage system on agri-envi-
ronmental parcels and in their direct vicinity. Assessment of this index includes 
characterization of not only the drainage system but also its impact on water con-
ditions in moss fens. No drainage ditches in the plot and within 50 m from it, and 
plot location outside of a drained complex, is judged as FV. If ditches up to 50 cm 
deep or deeper are present in the plot and within a distance of 50 m from it, but 
sluices and dams are functional or there are no ditches in the plot but it is located 
in a drained complex, the status is assessed as U1. When ditches deeper than 50 
cm occur in the plot or it is located near a patch with the regulated river, the status 
needs to be judged as U2. This index is similar to that used in the State Environ-
mental monitoring, but its valorization is different.

9. Overgrowth of trees and tree saplings
It is a cardinal index which is used for assessment of succession rate in the 

monitored habitat patch. Its assessment requires preparation of a list of trees and 
shrubs identified in the study plots and their distribution is characterized accord-
ing to the Tensley scale. This index does not comprise Juniperus communis, while 
dwarf forms of Pinus sylvestris are treated liberally, which distinguishes this val-
orization from the methodology used in the State Environmental Monitoring. A 
lack or sporadic occurrence of trees and shrubs is taken as FV, their common 
occurrence or local dominance as U1, and copious occurrence or dominance are 
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judged as U2. This index is similar to the one used in the State Environmental 
Monitoring, although its valorization is different.

10. Cover and species structure of mosses and liverworts 
It is a cardinal index describing the degree of development of moss layer, which 

is a crucial element for peat formation. Moreover, the moss layer is a good index 
of changes in hydrological and hydrochemical conditions of the peat layer, and of 
light availability near the fen surface. To assess this index, it is required to evaluate 
moss cover specifying separately the cover of characteristic brown mosses (and 
alkaline-tolerant sphagnum mosses are included into this group, e.g., Sphagnum 
teres) (see Daniels & Eddy 1990, Dierssen 2001), sphagnum mosses and liver-
worts. If the moss layer covers more than 50% of the study areas, with over 70% 
of this layer occupied by brown mosses and alkali-tolerant sphagnum mosses, the 
status is classified as FV. Moss cover of 20 – 50% of study area and/or 20 – 70% 
contribution of brown mosses to the moss layer is judged as U1. Habitat patches 
where the moss cover is smaller than 20% and/or brown mosses cover 0 – 20% 
of study area are rated as U2. In addition, abundance of all species is determined 
according to the Tensley scale. A similar index is used in the State Environmental 
Monitoring, though its detailed scaling differs (e.g., inclusion of alkaline-tolerant 
sphagnum mosses).

11. Habitat area in study plots 
This index describes the alkaline fen structure and characterizes its coherence 

by evaluation of the area occupied by index vegetation for this habitat. Values of 
this index can differ both between different habitat patches and between monitor-
ing years. Its assessment is useful for observation of the entirety of changes result-
ing from alterations in habitat conditions and habitat 7230 disappearance. Parcels 
where the value of this index estimated over the study plots amounts to 80% or 
more are judged as FV, where this area ranges from 50 – 79% as U1, and the re-
maining parcels as U2. This index is equivalent to the index “Percent area occu-
pied by the habitat in transect” adopted by the State Environmental Monitoring.

13. Water conditions 
It is a cardinal index which is based on a single measurement of the level of 

water table on relevé plots (if the level is below ground level, a pit is dug to a depth 
of 50 cm). Before assessment, the results are averaged. In spite of the low preci-
sion of this method, it provides an opportunity for evaluation of the hydrological 
conditions in the fen. Water level ranging from +2 to -10 cm from ground level 
is judged as FV; slight flooding or groundwater table from -10 to -20 cm below 
ground level is rated as U1; flooding higher than 10 cm or a water table more than 
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20 cm below ground level is classified as U2. It is a cardinal index, analogical to 
that used in the State Environmental Monitoring.

13. Structure of fen surface 
This index describes the spatial structure of the fen, in which clumps may 

develop due to succession processes disadvantageous for the fen. The valoriza-
tion distinguishes alkaline fens with low sedges, with tall sedges and post-bog 
meadows. This index is assessed as FV when there are no clumps (habitat with 
low sedges and post-bog meadows) or if they occur over less than 40% of the 
study plot area while moss layer is well-developed (habitat with high sedges). If 
low clumps occupy less than 10% of the area of moss fen with low sedges or of 
post-bog meadows, then the status is judged as U1. In the case of fens with high 
sedges, the status U1 is given when clumps are tall and cover 40 – 70% of the area, 
and mosses of alkaline fens or Calliergonella cuspidata sporadically occur within 
them. The remaining cases (clumps occupy more than 10% and 70% of area, re-
spectively, and scarce moss layer occurs between them) are assessed as U2. This 
index is not included in the State Environmental Monitoring. 

14. pH range
pH value indicates the alkaline character of fen waters which is crucial for the 

development of specific plant species. A low pH value is indicative of disadvan-
tageous processes progressing in the habitat that may be connected, for instance, 
with hydrological disturbances. Water for analyses is collected either from the fen 
surface or it is squeezed from the moss layer. Three measurements are carried out 
in an agri-environmental parcel. If the pH value of at least two water samples is 
higher than 7, the status is judged as FV, while if it is lower than 6 as U2. The re-
maining cases are assigned to the U1 class. This index is equivalent to that used by 
the State Environmental Monitoring where, however, it is a cardinal index.

In addition, the State Environmental Monitoring contains the indices “Histo- 
ric and present peat extraction” and “Habitat area at the site” which are not as-
sessed in the monitoring of biological effects of agri-environmental and agri-en-
vironment-climate program.

The parameter “structure and function of habitat” is assessed using the 
above-described indices, according to a three point scale. “Conservation pros-
pects of habitat” are also evaluated. Overall assessment based on these premises is 
equal to the lowest assessment ascribed to individual parameters. 

Apart from the aforementioned indices and parameters, the monitored patch-
es of habitat 7230 are also characterized by the identification of interactions, addi-
tional natural values and vegetation features. Reports on habitat status are provid-
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ed by the Institute of Technology and Life Sciences, which carries out monitoring 
to the contracting authority, i.e., the Ministry of Agriculture and Rural Develop-
ment.

11.2.2. Practical experiences

The basic assumption of monitoring of biological effects of the agri-environ-
mental (PRŚ) and agri-environment-climate (PRŚK) program was to assure its 
compatibility with habitat monitoring within the State Environmental Monitor-
ing. Therefore, the methodological frame of these programs was grounded on 
GIOŚ methodology (see chapter 11.1.1), which is expressed in its similar struc-
ture and methods of habitat status assessment by evaluation of indices, parameters 
and interactions. Nevertheless, there are differences between these systems which 
results from the special character of the monitoring carried out by the Institute of 
Technology and Life Sciences

The most important difference relates to the representativeness of the habitat 
patches covered by the monitoring. Monitoring of environmental effects of PRŚ 
and PRŚK is carried out in parcels in agricultural use which are declared at the 
Agency for Restructuring and Modernization of Agriculture for agri-environmen-
tal subsidies. These parcels do not always comprise the whole patch of the habitat; 
most often only its part is included, while the vegetation development pattern 
depends of the parcel location. Monitoring covers both well-developed patches 
comprising the best preserved fen parts, patches situated at the edges of alkaline 
fens where vegetation to a different degree agrees with habitat 7239 characteris-
tics, and also patches located in varied landscapes where moss phytocenoses form 
a mosaic with reeds, meadows and others or have a transient character. 

The agri-environmental parcels declared for subsidies are not always located 
in Natura 2000 sites, thus this monitoring covers not only the best developed hab-
itat patches but also atypical, degrades and isolated ones.

When selecting the monitoring sites, the expert is required to choose such 
places which are representative of habitats present on the parcel, both in terms of 
floristic composition and spatial distribution. However, this requirement is not 
always met as in many cases the habitat area limited to the agricultural parcel 
hinders a subjective approach to the assessment.

In consequence, monitoring of habitat 7230 status carried out by the Institute 
of Technology and Life Science encompasses an array of different forms of the 
habitat, thus it seems to provide a better insight into the status of moss fens than 
in the State Environmental Monitoring (see chapter 11.1.1). On the other hand, 
it bypasses the forms of alkaline fens that do not qualify for agricultural use, e.g., 
small areal spring fens, forest swamps or all mires possessed by owners not inter-
ested in agri-environmental subsidies; for instance there are no monitoring sites 
in western Poland.
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Issues related to repeatability are similar here as in the State Environmental 
Monitoring. Since the aim of the monitoring was to collect data from all over the 
country there was no need for permanent marking of the monitoring sites. The 
used equipment assured accuracy of about several meters which in certain cases 
precluded precise positioning of earlier study sites. Moreover, due to agricultural 
land use, it sometimes happened (haystack, rutted road) that to repeat an observa-
tion, the study site had to be moved and located nearby. Nevertheless the accept-
ed procedure is useful for drawing conclusions about the whole country, which 
should be borne in mind while analyzing datasets.

Assessment of water conditions in the State Environmental Monitoring has 
been thoroughly discussed in chapter 11.1. The ITP monitoring of environmen-
tal effects of PRŚ and PRŚK required reading of the water table in soil pits and 
to express them in centimeters; however, due to shortage of financial resources, 
the essence of the survey, as in PMŚ, is that single measurements are carried out 
which provide only a snapshot of the status at the time of the expert’s visit. The 
obtained information is insufficient for assessment of most of the habitat 7230 
patches, however it can warn about disturbances in some of them. If the measure-
ment results demonstrate a significant lowering of the water table below the fen 
surface, it can suggest that water conditions of the fen have been distorted (see 
chapter 5 on ecosystem ecology). 

Habitat overgrowth by trees and shrubs is assessed by visual estimation also 
in the monitoring of environmental effects of PRŚ and PRŚK, however anoth-
er method of site location compared with the State Environmental Monitoring, 
which often limits subjective assessment, could influence the obtained results. 

In spite of the low precision of this method, the obtained information was 
sufficient for evaluation of protective measures which had to be implemented in 
the variant comprising moss fens and peatlands. Analysis of the data collected 
for an individual agri-environmental plots seems to be unfounded, but drawing 
conclusions for the whole country based on the used procedure can bring tangible 
effects.

Both monitoring of natural habitats in the State Environmental Monitoring 
and monitoring of the environmental effects of agri-environmental and agri-envi-
ronment-climate schemes carry a risk of a subjective approach to the assessments 
of the indices. Similar problems are encountered, including: the lack of a closed 
list of expansive species, for obvious reasons, which leaves room for unequivocal 
interpretation of the index describing these species, the index of water level is 
measured only once during the expert’s visit, and all areas are not actually meas-
ured but estimated. Moreover, a three-point scale used for assessment in some 
cases appears to be insufficient for proper characterization of the habitat status, 
however it is a compromise between the needs and the resources allocated for 
monitoring.
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Regarding the Braun-Blanquet scale, it was proposed to introduce in the fu-
ture the Barkmann correction which divides class 2 of the scale into subclasses 2a, 
2b and 2m, which would significantly improve data quality; however, realization 
of this postulate is not certain, yet (Jarzmbkowski F. – oral information). 

On the other hand, in terms of a limited number of experts who carry out 
habitat 7230 monitoring, the use of standardized equipment and the application 
precluding the inclusion of data from outside the lists, no problems were encoun-
tered with pH measurements (lack of some data resulted from an inability to per-
form measurements due to e.g., draught) or with the possible addition of charac-
teristic species not included in the methodology. 

The monitoring program also included methodological training conducted 
every year aimed at a unified approach to different issues. However, such training 
was not organized in the last two years due to financial constraints. Therefore, 
there still remains a problem with subjectivism connected with knowledge and 
accuracy in performing the tasks by different experts. However, in the case of 
habitat 7230, a vast majority of sites were heretofore assessed by a limited group of 
specialists particularly proficient in examining this habitat, which contributed to 
obtaining a rather uniform dataset regarding alkaline fens. 

11.3. Monitoring of water conditions 

Filip Jarzombkowski, Ewa Gutowska, Katarzyna Kotowska

Hydrological conditions are of particular importance for the functioning of 
alkaline fens (Sjörs 1950). Therefore, they should be monitored both when con-
servation measures are planned to be implemented and during every-day man-
agement and control of individual habitat patches.

Alkaline fens are fed by groundwaters flowing out of impermeable aquifers, 
most often through layers cracked by ridges of river valleys or through the so-
called “hydrological windows” (Godwin et al. 2002, Dembek & Oświt 1992). In 
some cases water comes out under pressure, which is termed a confined water 
table, sometimes the pressure is high enough that for hundreds of years cupola 
mires, even up to several meters high, can form around water outflows (Okrusz-
ko 1982, Dembek 1993, Dembek 2000). In addition, water is supplied to alkaline 
fens also from precipitation, including runoff from surrounding terrains, and in 
some cases also from rivers or lakes which periodically flood adjacent ecosystems 
(Dembek & Oświt 1992). Therefore, waters percolating through the fen, called 
unconfined groundwater, are a mixture of groundwater, precipitation water and 
others, but in the case of moss fens, prevailing mineralized groundwater supports 
the development of calciphilous vegetation. 
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The level of the groundwater table in fens is variable and can fluctuate by even 
1 meter depending on atmospheric conditions, type of water supply, type of peat, 
presence drainage systems and use type (Ilnicki 2002). Information about the 
depth of the water table is very significant for evaluation of water availability to 
plants but not the only one; however, for reasons of simplicity, we will use this 
value. In practice, if the groundwater table is at 20 cm below the fen surface, then 
due to capillary rise facilitated by specific fibrous structure of peat, the entire peat 
profile could be saturated with water which is available to plants. Capillary rise 
rates are variable and depend on, for example, peat type and degree of decompo-
sition (Szuniewicz 1975, Ilnicki 2002), thus, humidity of the surface layer of soil is 
usually different than might be deduced from the groundwater level. 

It should be remembered that different plant species have diverse require-
ments for water availability, roots at different depths and variable resistance to 
drought stress (e.g., Ellenberg 1991). Periodical subsidence of the groundwater 
table usually does not create problems for a majority of fen plants, but the recur-
rence of such a situation or permanent lowering of the water table can significant-
ly affect the floristic composition of phytocenoses (Jeglum 1974, Ilnicki 2002, van 
Diggelen et al. 2006).

When conservation measures for habitat 7230 are planned to be implement-
ed, understanding of the hydrogeological conditions will further their better ad-
justment; however, if the situation is obvious or when there are drainage ditches in 
the moss fen, it is not necessary to postpone conservative actions until hydrologi-
cal results become available. As mentioned in Chapter 5, the presence of drainage 
ditches in the fen indicates habitat disturbance and is not a natural feature, thus 
improvement of fen status should be a priority. However, it is always advisable to 
monitor the effect of the conservation measures.

Hydrological monitoring on alkaline fens should be based primarily on reg-
ular measurements of the groundwater table position. The one-off studies are not 
enough for understanding hydrological circumstances. It is crucial to know how 
the water level in peat changes both in the annual cycle and in response to hy-
drological events, e.g., precipitation. Stable water level measured relative to the 
mire surface is usually a good indicator of the condition of the mire. That is why 
as more significant unsatisfactory should be considered the research methods de-
scribed above used in State Environmental Monitoring and monitoring of eco-
logical effects of agri-environmental and agri-environmental-climatic programs, 
which only assume a rough assessment of the position of the water table once 
every few years.

In hydrology, it is assumed that the “hydrological year” begins on November 
1st of the previous calendar year and ends on October 31st. This approach is linked 
with retention of snow and ice which in the form of melt water become available 
usually not earlier than in the next year. In order to understand hydrological con-
dition in a fen, it is needed to carry out a series of observations spanning over at 
least a hydrological year. Longer surveys provide more complete data and show, 
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for instance, how a fen functions in dry and wet years, which allows for averaging 
hydrological conditions for a given ecosystem, and to obtain data independent of 
differences in the annual precipitation in consecutive years. Moreover, such data 
demonstrate in which way and how fast the fen responds to dry and wet years.

Observations can be carried out throughout the year and their frequency 
should be chosen according to information needs. When we use automatic meas-
uring devices of a “Diver” type, recording the frequency of parameters can be 
freely programed; however, at too high a frequency, too much data are generated 
and wear of the device and battery power consumption increase. Often data are 
recorded once per 24 h at a constant hour which can provide a good overview 
of long-term changes. More detailed data can be obtained with recording of the 
water level every 6 h, e.g., at 0.00, 6.00, 12.00 and 18.00, while data recording 
every hour allows for measurement of, for instance, evapotranspiration of water 
by vegetation (Grygoruk et al. 2011) (of course, it is valid only if we observe a dry 
period and a piezometer is built appropriately for such a task, i.e., with shallow 
piezometer screen depth). 

In the case of manual measurements, it would be most beneficial to carry them 
out every day at the same time, but if it is not possible due to financial shortages, 
a 10-day cycle is an indispensable minimum. However, in this case important 
information about diurnal changes is lost, e.g., about fen response to precipitation 
episodes. A survey should be as long as possible because of changeable weather 
conditions in different hydrological years.

Measurements are best performed using piezometers, which are pipes perfo-
rated at an appropriate depth, isolated from the peat by a membrane. They are set 
vertically in the peat to accumulate water at a depth corresponding to actual water 
table. An automatic device of “Diver” type installed inside the piezometer meas-
ures the pressure of the water above it and ambient atmospheric pressure. It is also 
indispensable to install a second device measuring only atmospheric pressure (the 
so-called “Barodiver”) to be able to calculate water pressure which is indicative of 
groundwater table depth. Depending on the device manufacturer, the Barodiver 
can be combined with Diver or can be a separate device. The device records data 
according to the programed rhythm and saves them in its memory; they can be 
read at longer intervals, e.g., once a year, but due to a risk of equipment failure, a 
read-out is recommended at six-monthly intervals. 

Manual measurements are carried out with a level indicator (a simple device 
lowered on a line to the piezometer tube which signals with a sound when the 
probe touches the water surface), while with a shallow water table, estimation can 
be made visually using a measuring tape. 

The greatest accuracy of results can be achieved when measurements are tak-
en automatically, in which case we also avoid treading on the fen surface in close 
vicinity of the piezometer, which can sometimes contribute to distortion of the 
obtained data in relation to actual values. 
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The method of piezometer installation has to be planned in accordance with 
the kind of information that is to be collected. Most often piezometers are set in 
peat in such a way as to allow the piezometer to move with the vertical movement 
of the fen surface. Piezometers of this kind measure water table depth in relation 
to fen surface (the height of the piezometer riser above the peat surface should be 
periodically controlled) which well characterizes e.g., conditions for plant growth, 
but cannot provide information about the absolute ordinate of water level. If pi-
ezometers are set in the mineral substratum underlying the peat to prevent its 
vertical movement, then the obtained results will reflect the absolute level of the 
water table but we will have no information about water depth in relation to fen 
surface (Pawlaczyk & Kujawa-Pawlaczyk 2017).

The results of piezometric measurements sometimes depend on piezometer 
screen depth in peat. It is connected with water movement within the fen which 
can be especially important for ecosystems fed by groundwaters. In such a situa-
tion, it happens that deeply set piezometers can be affected by artesian and subar-
tesian wells. Observation of this phenomenon requires using, for instance, double 
piezometers set at different depths (Pawlaczyk & Kujawa-Pawlaczyk 2017): deep 
piezometers reflect most of all groundwater feeding from the fen bottom, while 
shallow ones are useful for e.g., evapotranspiration studies (Grygoruk et al. 2011).

Proper planning of measurements requires also designation of measurements 
sites in the field. The number of sites should depend on fen type and size, available 
financial resources and the endpoints we plan to achieve. It would be best if the 
choice of piezometer locations could be preceded by preliminary visual exami-
nation – from where water flows out, where it appears and where and how fast it 
flows out. Initial exploration of the field should be repeated in different seasons, 
taking account of both dry and rainy periods. In this way the main water outflow 
patterns can be discovered, like for instance drainage ditches creating the greatest 
risk to the fen, places of groundwater discharge can be identified which are shown 
by e.g., springs or constant seepage from beneath scarps, and also the stability of 
these phenomena throughout the year and in different weather conditions can be 
evaluated. 

In a best case scenario, the water level should be measured in the whole eco-
system with surroundings so as to be able to efficiently understand ongoing eco-
logical processes. The location of measurement points should create a coherent 
network either based on transects or forming a regular network covering the fen. 
The transects, if possible, should be positioned along a straight line from the fen 
edge to its center where the moss fen patches under investigation have developed, 
and if there exists a water receiver (river, lake, common ditch), also perpendicu-
larly to it. However, if due to financial constraints it is not possible to maintain 
constant distances between the measurement points, then it would be optimal to 
set at least one measurement point in each identified vegetation type. The meas-
urements of the water table with piezometers should be accompanied by observa-
tions of the water table in neighboring ditches, water courses and lakes, which can 
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Fig. 52. Annual average results of a hydrological survey during the vegetation season 
in the alkaline fen in the Raspuda River Valley. Different colors mark consecutive 

hydrological years.

Photo 129: Installation of a piezometer with a measuring device 
(photo by E. Gutowska).
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also be performed with the use of automatic measuring devices. It is also useful to 
periodically measure water flow in ditches and water courses since this provides 
important information on water outflow from the fen; they are usually carried out 
manually or using different flow meters several times a year. 

In the case of an equipment shortage, studies can be limited only to surveyed 
patches of habitat 7230; however, limitations related to incompleteness of the in-
formation obtained in this way should be borne in mind.

If the aims of observations include, besides hydrological monitoring, a full 
understanding of the water balance in the fen, it is needed to extend observations 
by other components of the water cycle. In addition to the network of piezometers 
– which allow for determination of water inflow and outflow – precipitation and 
evapotranspiration should also be estimated. These data are best collected with 
the use of research stations located as close to the fen as possible or directly in the 
fen. Currently, research stations can receive energy supply from batteries or from 
photovoltaic panels which practically do not require attendance. They can be used 
for measurement of precipitation, temperature, atmospheric pressure, solar radi-
ation intensity, soil temperature and humidity or evapotranspiration. Lacking an 
own station, data can be used from the nearest station of the National Hydrologi-
cal & Meteorological Service measurement-observation network17, although they 
are usually available as archival data and posted with some delay.

The obtained data can be analyzed in different ways. Both short-term varia-
bility of the level of the water table and trends averaged for decades are significant 
(Fig. 52) Analysis of the collected data, depending on the measurement network, 
should involve the creation of maps of the averaged levels of the groundwater 
table for different periods, or at least a graphical presentation of the variability of 
the water table in the hydrological year. These data should be combined with the 
bulk of precipitation recorded for this area and analyzed in connection with them. 
It can also be attempted to create maps of slopes and surface run-off directions, 
which in some situations will be helpful in management of the moss fen resources.

In alkaline fens, it is also deemed advisable not only to monitor water lev-
el but also water characteristics, e.g., chemical and physicochemical parameters 
(see also chapter 2.6 Physicochemical factors decisive for diversity of vegetation 
in alkaline fens and chapter 11.3 Monitoring of water conditions). The frequency 
of these studies does not need be high – several times a year as a maximum is 
sufficient. The water for analyses should be collected from the upper groundwater 
of the fen; best it can be collected from piezometers (that are preferably made of 
inert materials). Before the procedure, stagnating water should be pumped out of 
the piezometer and samples should be collected after its refilling. As an auxiliary 
measure, water samples from groundwater discharge, water from drainage ditches 
or from streams flowing out of the fen can also be analyzed. However, analyses of 
water stagnating in puddles appear to be of limited use, since they usually contain 
precipitation water.

17  https://dane.imgw.pl/data/dane_pomiarowo_obserwacyjne/

https://dane.imgw.pl/data/dane_pomiarowo_obserwacyjne/


279

Basic parameters that should be measured in the field with an appropriate 
device include: temperature, pH and electrolytic conductivity (reflecting the con-
tents of ions). This basic information allows for initial identification of the sources 
of water inflow to the fen while knowledge of the changes in these parameters 
may hint at the dynamics of water supply. Permanently low water temperature 
throughout the year can suggest its groundwater origin, like high pH (often con-
nected with the presence of calcium ions). On the other hand, acidic pH value 
suggests progression of acidification processes, disadvantageous for vegetation 
typical of alkaline fens. Low electrolytic conductivity is characteristic of precipita-
tion water, while its level exceeding 400 – 500 μS/cm suggests strong mineraliza-
tion typical of groundwaters.

Analysis of the remaining water characteristics usually requires sample col-
lection and their laboratory analysis. Water parameters vital for alkaline fen func-
tioning include the level of calcium and magnesium ions, content and proportions 
of potential biogenes: nitrogen and phosphorus and concentration of potassium, 
iron and aluminum ions. The character and peculiarities of alkaline fen vegeta-
tion can be strongly determined by geochemical features (see e.g., chapter 2.6 and 
literature cited therein), therefore monitoring of trends and changes in abiotic 
conditions seems also to be meaningful.

Photo 130: Measurement station with evapotranspiration measuring container
 (photo by E. Gutowska).
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Ecohydrological evaluation of alkaline fens can be broadened in many ways, 
and each of them provides valuable information useful for the most appropriate 
planning of its conservation. Such evaluation ideally should encompass not only 
the fen but also its landscape context, which requires groundwater probing in the 
catchment. Monitoring of water temperature or calcium and sulfate ion contents 
at different depths in the fen surroundings informs of the intensity of groundwa-
ter discharge to the fen (Grootjans et al. 2006, Wołejko & Grootjans 2004); this 
helps understand the fen functioning and to plan conservation measures. In some 
situations, these parameters may be indispensable for the choice of proper con-
servation schemes, and their changes may warn us against threatening hazards.



281

BIBLIOGRAPHY

Aggenbach C.J.S., Backx H., Emsens W.J., Grootjans A.P., Lamers L.P.M., Smolders A.J.P., 
Stuyfzand P.J., Wołejko L., van Diggelen R. 2013. Do high iron concentrations in rewetted 
rich fens hamper restoration? Preslia 85: 405-420.

Apolinarska K., Gałka M. 2017. Detrital input to spring-fed fen deposits – a problem or an 
opportunity in palaeoenvironmental studies? A Holocene palaeoclimatic reconstruction 
from central Europe. J. Quaternary Sci. 32: 91-103. 

Auniņa L. 2013. 7230 Alkaline fens. In: Auniņš A. (Ed.). European Union Protected Habitats 
in Latvia. Interpretation Manual. Riga, Latvian Fund for Nature, Ministry of Environ-
mental Protection and Regional Development: 241-244. Dostęp 15.12.2018. [https://
www.daba.gov.lv/upload/File/Publikacijas/ROKASGR_biotopi_EN.pdf].

Baden W., Eggelsman R. 1963. Zur Durchlässigkeit der Moorböden. Z. f. Kulturtechnik und 
Flurbereinigung 4: 226-254.

Barabach J. 2012. The history of Lake Rzecin and its surroundings drawn on maps as a back-
ground to palaeoecological reconstruction. Limnological Review 12, 3: 103-114.

Barabach J., Milecka K. 2013. Przekształcenia antropogeniczne torfowiska Rzecin zaobserwo-
wane na zdjęciach lotniczych. Archiwum Fotogrametrii, Kartografii i Teledetekcji. Wyda-
nie Specjalne: monografia Geodezyjne Technologie Pomiarowe: 11-22.

Bernard R., Michalczuk W. 2012. Łątka ozdobna Coenagrion ornatum (Sélys, 1850). In: Mako-
maska-Juchiewicz M., Baran P. (Eds.). Monitoring gatunków zwierząt. Przewodnik meto-
dyczny. Część 2. Generalny Inspektorat Ochrony Środowiska, Warszawa: 38-67.

Beutler H., Beutler D. 2002 Katalog der natürlichen Lebensräume und Arten der Anhänge I 
und II der FFH-Richtlinie in Brandenburg. Naturschutz und Landschaftspflege in Bran-
denburg 11, 1-2: 2-175. Dostęp 15.11.2018. [https://lfu.brandenburg.de/cms/media.php/
lbm1.a.3310.de/lebensr_gesamt.pdf].

Biały K., Załuski T. 1994. Rola bobra europejskiego Castor fiber L. w renaturyzacji uregulowa-
nego cieku i przyległego otoczenia. Zeszyty Naukowe Akademii Rolniczej we Wrocławiu. 
Konferencje 3, 1: 21-29.

Biancalani R., Avagyan A. 2014. Towards climate-responsible peatlands management. Food 
and Agiculture Organization of the United Nations, Rome. Dostęp 15.11.2018. [http://
www.fao.org/3/a-i4029e.pdf].

Biedroń I., Dubel A., Grygoruk M., Pawlaczyk P., Prus P., Wybraniec K. 2018. Katalog dobrych 
praktyk w zakresie robót hydrotechnicznych i prac utrzymaniowych wraz z ustaleniem 
zasad ich wdrażania. Ministerstwo Środowiska. Dostęp 16.01.2019. [https://www.gov.pl/
web/srodowisko/katalog-dobrych-praktyk-w-zakresie-robot-hydrotechnicznych].

Bitner K. 1961. Sidra Land forms of the last stage of the Middle Polish Glaciation; denudation 
of holocene peatland lacustrine deposits. International Association on Quaternary Rese-
arch  6th Congr. Guide-Book of Excursion North-Eastern Poland: 61-62.

Bloch-Orłowska J., Cieślak E., Żółkoś K., Kędra M., Makowska M. 2018. Wzmacnianie popu-
lacji ginącego gatunku – skalnicy torfowiskowej Saxifraga hirculus. In: Stańko R., Wołejko 
L. (Eds.). Ochrona torfowisk alkalicznych w Polsce. Raport z realizacji projektów LIFE 
11/NAT/PL/423 i LIFE 13 NAT/PL/000024. Tom 1. Wyd. Klubu Przyrodników, Świebo-
dzin: 203-222.

Bloch-Orłowska J., Pisarek W. 2005. Rzadkie i zagrożone rośliny naczyniowe oraz mchy torfo-
wiska „Zocie” na Pojezierzu Ełckim. Chrońmy Przyr. Ojcz. 61, 3: 5-12.

https://www.daba.gov.lv/upload/File/Publikacijas/ROKASGR_biotopi_EN.pdf
https://www.daba.gov.lv/upload/File/Publikacijas/ROKASGR_biotopi_EN.pdf
https://lfu.brandenburg.de/cms/media.php/lbm1.a.3310.de/lebensr_gesamt.pdf
https://lfu.brandenburg.de/cms/media.php/lbm1.a.3310.de/lebensr_gesamt.pdf
http://www.fao.org/3/a-i4029e.pdf
http://www.fao.org/3/a-i4029e.pdf
https://www.gov.pl/web/srodowisko/katalog-dobrych-praktyk-w-zakresie-robot-hydrotechnicznych
https://www.gov.pl/web/srodowisko/katalog-dobrych-praktyk-w-zakresie-robot-hydrotechnicznych


282

Błońska A. 2010. Siedliska antropogeniczne na Wyżynie Śląskiej jako miejsca występowania 
rzadkich i zagrożonych gatunków torfowiskowych klasy Scheuchzerio-Caricetea nigrae 
(Nordh. 1937) R. Tx 1937. Woda-Środowisko-Obszary Wiejskie 10: 7-19.

Bociąg K., Herbich M., Herbich J., Borowiak D., Nowiński K., Kowalewska A., Manikowska-
-Ślepowrońska B., Wantoch-Rekowski M., Wendzonka J., Wilga M., Rudowska A. 2015. 
Projekt planu ochrony rezerwatu przyrody „Mechowiska Sulęczyńskie”. Mscr. dla RDOŚ 
w Gdańsku. Dostęp 15.12.2018. [http://alkfens.kp.org.pl/wp-content/uploads/2018/09/
PO_RP_Mechowiska_Sul%C4%99czy%C5%84skie.pdf].

Bociąg K., Rekowska E., Bogacka-Kapusta E., Ćwiklińska P., Kowalewska A., Manikowska-
-Ślepowrońska B., Nowiński K., Pełechata A., Wendzonka J., Wantoch-Rekowski M., Wil-
ga M. 2014. Projekt planu ochrony rezerwatu przyrody „Kruszynek”. Mscr. dla RDOŚ 
w Gdańsku. Dostęp 15.12.2018. [http://alkfens.kp.org.pl/wp-content/uploads/2018/09/
PO_RP-Kruszynek.pdf].

Bokdam J., van Braeckel A., Werpachowski C., Znaniecka M. 2002. Grazing as a conservation 
management tool in peatland. Report of a Workshop. April 22-26, Goniądz, Poland. Do-
stęp 01.12.2018. [https://core.ac.uk/download/pdf/29298049.pdf].

Boyer M.L.H., Wheeler B.D. 1989. Vegetation patterns in spring-fed calcareous fens: calcite 
precipitation and constrains on fertility. J. Ecol. 77: 597-609.

Borówka R.K., Tomkowiak J., Okupny D., Forysiak J. 2015. Skład chemiczny osadów bagien-
nych z doliny Luciąży (Torfowisko Bęczkowice na Równinie Piotrkowskiej). Folia Qu-
aternaria 83: 5-23.

Braekke F. H. 1983. Water table levels at different drainage intensities on deep peat in northern 
Norway. Forest Ecol. Manag. 5, 3: 169-192.

Braun M., Koopman J., Kapustyński T., Lemke D. 2009. Charakterystyka przyrodnicza po-
wierzchni badawczych. 4. Nadleśnictwo Polanów. Mechowisko w leśnictwie Jacinki. Róż-
norodność biologiczna LKP Lasy Warcińsko-Polanowskie 2: 24-26.

Bregin M. 2016. Dokumentacja planu zarządzania siedliskiem 7230 w granicach obszaru Na-
tura 2000 Ostoja Popradzka PLH120019. Klub Przyrodników, Świebodzin (Mscr.).

Buczek A. 2005. Siedliskowe uwarunkowania, ekologia, zasoby i ochrona kłoci wiechowatej 
Cladium mariscus (L.) Pohl. w makroregionie lubelskim. Acta Agrophysica 129: 1-127.

Buczek T., Buczek A. 1993. Torfowiska węglanowe w okolicach Chełma - walory przyrodni-
cze, zagrożenia, ochrona. Chr. Przyr. Ojcz. 49, 3: 76-89.

Buczyński P. 2008. Wstępne badania ważek (Odonata) chełmskich torfowisk węglanowych. 
Odonatrix 4, 1: 21-35.

Buczyński P., Przewoźny M. 2010. Aquatic beetles (Coleoptera) of carbonate habitats in the 
vicinities of Chełm (eastern Poland). Annales Universitatis Mariae Curie-Skłodowska 65, 
1: 77-105.

Bundesamt für Naturschutz 2017. Bewertungsschemata für die Bewertung des Erhaltungs-
grades von Arten und Lebensraumtypen als Grundlage für ein bundesweites FFH-Moni-
toring Teil II: Lebensraumtypen nach Anhang I der FFH-Richtlinie (mit Ausnahme der 
marinen und Küstenlebensräume). BfN-Skripten 481: 1-242. Dostęp 15.12.2018. [https://
www.bfn.de/fileadmin/BfN/service/Dokumente/skripten/Skript481.pdf].

Cameron R.A.D. 2003. Life-cycles, molluscan and botanical associations of Vertigo angustior 
and Vertigo geyeri (Gastropoda: Pulmonata: Vertiginidae). Heldia 5: 95-110.

Cameron R.A.D., Colville B., Falkner G., Holyoak A., Hornung E., Killeen I.J., Moorkens E. 
A., Pokryszko M.B., Proschwitz T., Tattersfield P., Valovirta I. 2003. Species Accounts for 
snails of genus Vertigo listed in Annex II of the Habitat Directive: V. angustior, V. genesii, 
V. geyeri and V. moulinsiana (Gastropoda: Pulmonata: Vertiginidae). Heldia 5: 151-117.

Campbell-Palmer R., Gow D., Schwab G., Halley D., Gurnell J., Girling S., Lisle S., Campbell 
R., Dickinson H., Jones S. 2016. The Eurasian Beaver Handbook: Ecology and Manage-
ment of Castor fiber. Pelagic Publishing Ltd., Exeter.

http://alkfens.kp.org.pl/wp-content/uploads/2018/09/PO_RP_Mechowiska_Sul%C4%99czy%C5%84skie.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/PO_RP_Mechowiska_Sul%C4%99czy%C5%84skie.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/PO_RP-Kruszynek.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/PO_RP-Kruszynek.pdf
https://core.ac.uk/download/pdf/29298049.pdf
https://www.bfn.de/fileadmin/BfN/service/Dokumente/skripten/Skript481.pdf
https://www.bfn.de/fileadmin/BfN/service/Dokumente/skripten/Skript481.pdf


283

Centralny Rejestr Form Ochrony Przyrody. Generalna Dyrekcja Ochrony Środowiska, War-
szawa. Dostęp 29.12.2018. [http://crfop.gdos.gov.pl/].

Chodkiewicz T., Kuczyński L., Sikora A., Chylarecki P., Neubauer G., Ławicki Ł., Stawarczyk 
T. 2015. Ocena liczebności populacji ptaków lęgowych w Polsce w latach 2008-2012. Or-
nis Polonica 56: 149-189.

Chojnicki B.H., Harenda K.M., Samson M., Słowińska S., Słowiński M., Lamentowicz M., 
Barabach J., Zielińska M., Jassey V.E.J., Buttler A., Strożecki M., Leśny J., Urbaniak M., Jó-
zefczyk D., Juszczak R. 2017. Eksperyment manipulacyjny jako narzędzie oceny wpływu 
zmian klimatycznych na emisję CO2 z torfowiska. Stud. i Mat. CEPL 19, 2: 47-61.

Chytry M., Kučera T., Kočí M. (Eds.). 2001. Katalog biotopů České republiky. Agentura ochra-
ny přírody a krajiny ČR, Praha. 

Collen P., Gibson R.J. 2001. The general ecology of beavers (Castor spp.), as related to their 
influence on stream ecosystems and riparian habitats, and the subsequent effects on fish 
– a review. Rev. Fish. Biol. Fisher. 10, 4: 439-461.

Couwenberg J., Thiele A., Tanneberger F., Augustin J., Bärisch S., Dubovik D., Liashchynskaya 
N., Michaelis D., Minke M., Skuratovich A., Joosten H. 2011. Assessing greenhouse gas 
emissions from peatlands using vegetation as a proxy. Hydrobiologia 674: 67-89.

Couwenberg J., Augustin J., Michaelis D., Joosten H. 2008. Emission Reductions from Rewet-
ting of Peatlands. Towards a Field Guide for the Assessment of Greenhouse Gas Emis-
sions from Central European Peatlands. Duene/RSPB, Greifswald/Sandy.

Cusell C., Lamers L.P.M., van Wirdum G., Kooijman A. 2013. Impacts of water level fluctu-
ation on mesotrophic rich fens: acidification vs. eutrophication. J. Appl. Ecol. 50: 998-
1009.

Cusell C., Kooijman A., Lamers L.P.M. 2014. Nitrogen or phosphorus limitation in rich fens? 
- Edaphic differences explain contrasting results in vegetation development after fertiliza-
tion. Plant Soil 384: 153-168. 

Czubiński Z. 1950. Zagadnienia geobotaniczne Pomorza. Bad. Fizjograf. Pol. Zach. 2, 4: 439-658.
Davies C.E., Moss D., Hill M.O. 2004. EUNIS habitat classification revised 2004. European 

Environmental Agency, European Topic Centre on Nature Protection and Biodiversity.
Dąmbska I. 1962. Interesująca roślinność bagienna i torfowiskowa nad Jeziorem Mniszym 

(pow. Międzychód). Bad. Fizjograf. Pol. Zach. 10: 323.
Daniels R.E., Eddy A. 1990. Handbook of European Sphagna. 2nd edition. Institute of Terre-

strial Ecology, HMSO, London. 
Devilliers P., Devilliers-Terschuren J. 1996. A Classification of Palaearctic Habitats. Council of 

Europe, Nature and Environment 78: 1-197.
Dembek W. 1991. Warunki glebowo-siedliskowe borów świerkowych na wybranych torfowi-

skach niskich. Wiad. IMUZ. 16: 303-325.
Dembek W. 1993. Rodzaje torfowisk soligenicznych oraz ich znaczenie przyrodnicze i rolni-

cze. Wiad. IMUZ 17, 3: 11-36.
Dembek W. 2000. Wybrane aspekty zróżnicowania torfowisk w młodo- i staroglacjalnych kra-

jobrazach Polski Wschodniej. Wyd. IMUZ, Falenty: 1-175.
Dembek W., Oświt J. 1992. Rozpoznawanie warunków hydrologicznego zasilania siedlisk mo-

kradłowych. Bibl. Wiad. IMUZ 79: 15-38.
Devriendt K. 2012. The influence of moose (Alces alces) on nutrient dynamics in a fen eco-

system. Master Thesis, University of Antwerp. Dostęp 01.12.2018. [https://www.scriptie-
bank.be/sites/default/files/Scriptie_Kassiopeia_Devriendt.pdf].

Dierssen K. 2001. Distribution, ecological amplitude and phytosociological characterization 
of European bryophytes. Bryophytorum Bibliotheca 56: 1-289.

van Diggelen R., Middleton B., Bakker J., Grootjans A., Wassen M., 2006. Fens and floodplains 
of the temperate zone: present status, threats, conservation and restoration. Appl. Veg. 
Sci. 9: 157-162.

http://crfop.gdos.gov.pl/
https://www.scriptiebank.be/sites/default/files/Scriptie_Kassiopeia_Devriendt.pdf
https://www.scriptiebank.be/sites/default/files/Scriptie_Kassiopeia_Devriendt.pdf


284

Dobrowolski R. 1994. Tektoniczne uwarunkowania rozwoju źródliskowego torfowiska  ko-
pułowego  „Krzywice” koło Chełma. Przegl. Geol. 7: 532-535.

Dobrowolski R. 2000. Torfowiska węglanowe w okolicach Chełma - geologiczne i geomorfo-
logiczne warunki rozwoju. In: Łętowski J. (Ed.). Walory przyrodnicze Chełmskiego Parku 
Krajobrazowego i jego najbliższych okolic. Wyd. UMCS. Lublin: 17-26.

Dobrowolski R. 2011. Problemy klasyfikacyjne osadów torfowisk źródliskowych. Stud. Lim-
nologica et Telmatologica 5, 1: 5-12. 

 Dobrowolski R., Bałaga K., Buczek A., Alexandrowicz W.P., Mazurek M., Hałas A., Piotrow-
ska N. 2016. Multi-proxy evidence of Holocene climate variability in Volhynia Upland 
(SE Poland) recorded in spring-fed fen deposits from the Komarów site. Holocene 26, 9: 
1406-1425.

Dobrowolski R., Durakiewicz T., Pazdur A. 2002. Calcareous tufas in the soligenous mires of 
eastern Poland as an indicator of the Holocene climatic changes. Acta Geol. Polon. 52, 1: 
63-73.

Dobrowolski R., Hajdas I., Melke J., Alexandrowicz W.P. 2005. Chronostratigraphy of calca-
reous mire sediments at Zawadówka (Eastern Poland) and their use in palaeogeographi-
cal reconstruction. Geochronometria 24: 69-79.

Dobrowolski R., Ziułkiewicz M., Okupny D., Forysiak J., Bałaga K., Alexandrowicz W.P.,  
Buczek A., Hałas S. 2017. Origin and Neoholocene evolution of spring-fed fens in War-
dzyn, Łódź Upland, Central Poland. Geological Quarterly 61, 2: 413-434.

Dokumentacja przyrodnicza siedliskowa dla pakietów przyrodniczych w ramach Progra-
mu rolnośrodowiskowego 2007-2013. 2014. Ministerstwo Rolnictwa i Rozwoju Wsi, 
Warszawa. Dostęp 12.01.2015. [https://www.arimr.gov.pl/fileadmin/pliki/PB_2013/PR-
S_2013/b_Wytyczne_dla_ekspertow_botanikow_2013.pdf].

 Drzymulska D. 2009. Jednostki torfu o niepewnej przynależności systematycznej rozpozna-
ne w rozwoju trzech złóż torfowych Puszczy Knyszyńskiej. Woda-Środowisko-Obszary 
Wiejskie 9, 4-28: 27-36.

Dynowska I.,  Pociask-Karteczka J. 1999. Obieg wody. In: Starkel L. (Ed.). Geografia Polski. 
Środowisko Przyrodnicze. Wyd. PWN, Warszawa.

Dyrektywa Rady 92/43/ewg z dnia 21 maja 1992 r. w sprawie ochrony siedlisk przyrodniczych 
oraz dzikiej fauny i flory (Dz. U. l 206 z 22.7.1992 z późn. zm.).

EEC 1992. Council directive on the conservation of natural habitats and of wild fauna and 
flora (The habitats and species directive), Annex II, 92/43/EEC. Official Journal of the 
European Communities No L 206/7, Brussels Council Directive.

Ellenberg H., Weber H., Düll R., Wirth V., Werner W., Paulissen D. 1992. Zeigerwerte der 
Gefässpflanzen in Mitteleuropas. Scripta Geobot. 18: 1-258.

Ellmauer T., Essl F. (Eds.). 2005. Entwicklung von Kriterien, Indikatoren und Schwellenwer-
ten zur Beurteilung des Erhaltungszustandes der Natura 2000-Schutzgüter. Band 3: Le-
bensraumtypen des Anhangs I der Fauna-Flora-Habitat-Richtlinie. Im Auftrag der neun 
österreichischen Bundesländer, des Bundesministerium f. Land- und Forstwirtschaft, 
Umwelt und Wasserwirtschaft und der Umweltbundesamt GmbH.

Ellwanger G., Runge S., Wagner M., Ackermann W., Neukirchen M., Frederking W., Müller 
C., Ssymank A., Sukopp U. 2018. Current status of habitat monitoring in the European 
Union according to Article 17 of the Habitats Directive, with an emphasis on habitat 
structure and functions and on Germany. Nature Conservation 29: 57-78. 

Emmer I.M., Joosten H. 2010. Peatland Rewetting and Conservation Requirements for Carbon 
Markets. Dostęp 06.11.2018. [http://www.forestday.org/fileadmin/tropical-workshop/
Plenary-1/4A_EmmerI_Peatland%20rewetting.pdf].

Emsens W.-J., Aggenbach C.J.S., Schoutens K., Smolders A.J.P., Zak D., van Diggelen R. 2016. 
Soil Iron Content as a Predictor of Carbon and Nutrient Mobilization in Rewetted Fens. 
PLOS ONE 11, e0153166. 

https://www.arimr.gov.pl/fileadmin/pliki/PB_2013/PRS_2013/b_Wytyczne_dla_ekspertow_botanikow_2013.pdf
https://www.arimr.gov.pl/fileadmin/pliki/PB_2013/PRS_2013/b_Wytyczne_dla_ekspertow_botanikow_2013.pdf
http://www.forestday.org/fileadmin/tropical-workshop/Plenary-1/4A_EmmerI_Peatland%20rewetting.pdf
http://www.forestday.org/fileadmin/tropical-workshop/Plenary-1/4A_EmmerI_Peatland%20rewetting.pdf


285

Emsens W.-J., Aggenbach C.J.S., Smolders A.J.P., Zak D., van Diggelen R. 2017. Restoration of 
endangered fen communities: the ambiguity of iron-phosphorus binding and phospho-
rus limitation. J. Appl. Ecol. 54, 1755-1764. 

European Commission 2013. Interpretation Manual of European Union Habitats, EU28. Do-
stęp 15.06.2018. [http://ec.europa.eu/environment/nature/legislation/habitatsdirective/
docs/Int_Manual_EU28.pdf].

European Environment Agency 2017. EUNIS habitat classification. Dostęp 25.12.2017.  
[https://www.eea.europa.eu/data-and-maps/data/eunis-habitat-classification].

European Environment Agency 2018. Reporting under Article 17 of the Habitats Directive 
(period 2007-2012). Outcomes from the Article17 reports. EIONET. Dostęp 15.12.2018 
[https://bd.eionet.europa.eu/activities/Reporting/Article_17/Reports_2013].

Fijałkowski D. 1959. Szata roślinna jezior Łęczyńsko-Włodawskich i przylegających do nich 
torfowisk. Ann. UMCS. Sect. B 14, 3: 131-206.

Fijałkowski D., Chojnacka-Fijałkowska E. 1990. Zbiorowiska z klas Phragmitetea, Molinio-
-Arrhenatheretea i Scheuchzerio-Caricetea fuscae w makroregionie lubelskim. Rocz. Nauk 
Roln. 217: 5-415.

Foster G.N. 2010. A review of the scarce and threatened Coleoptera of Great Britain. Part 3: 
Water beetles of Great Britain. Species Status 1. Joint Nature Conservation Committee, 
Peterborough.

Gajewski Z., Boroń P., Lenart-Boroń A., Nowak B., Sitek E., Mitka J. 2018. Conservation of 
Primula farinosa in Poland with respect to the genetic structure of populations. Acta Soc. 
Bot. Pol. 87, 2: 35-77. 

Gałka M., Auniņa L., Tobolski K., Faurdean A. 2016. Development of rich fen on the SE Baltic 
Coast, Latvia, during the last 7500 Years, using paleoecological proxies: implications for 
plant community development and paleoclimatic research. Wetlands  36: 689-703. 

Gałka M., Tobolski K. 2011. The history of Cladium mariscus (L.) Pohl. in the „Kłocie Ostro-
wieckie” reserve (Drawieński National Park). Part 1. Studia Quaternaria 28: 53-59.

Gatkowski D. 2015. After-LIFE conservation plan. Projekt „Zarządzanie siedliskiem wodnicz-
ki (Acrocephalus paludicola) poprzez wdrożenie zrównoważonych systemów zagospoda-
rowania biomasy” LIFE09 NAT/PL/000260. OTOP, Marki. Dostęp 22.05.2018. [https://
otop.org.pl/uploads/media/after-life_aw-biomass.pdf].

Gawroński A., Gawrońska A., Andrzejczak M., Kramkowski M. 2016. Projekt planu ochrony 
rezerwatu przyrody „Mechowisko Krąg”. Mscr. dla RDOŚ w Gdańsku. Dostęp 20.12.2018. 
[http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Mechowisko-Krąg_plan.pdf].

Gąbka M., Owsianny P., Rusińska A. 2008. Standardowy Formularz danych dla proponowa-
nego obszaru Natura 2000 Dolina Miały pltmp545. Wojewódzki Zespół Specjalistyczny, 
Poznań. Mscr. dla Generalnej Dyrekcji Ochrony Środowiska.

Gdaniec M. 2010. Nowe stanowisko skalnicy torfowiskowej Saxifraga hirculus L. na torfo-
wisku nad jeziorem Małe Długie na Pomorzu Gdańskim. Acta Bot. Cass. 7, 9: 251-254.

Gdaniec M., Schutz J. 2010. Skalnica torfowiskowa Saxifraga hirculus L. na torfowisku źródli-
skowym nad jeziorem Księże na Pomorzu Gdańskim. Acta Bot. Cassubica. 7, 9: 235-238.

Global Peatland Database 2019. Dostęp 15.01.2019. [https://greifswaldmoor.de/global-pe-
atland-database.html]. 

Głazek T. 1984. Ctenidio molluscae-Seslerietum uliginosae Klika 1937 em. Głazek 1983 – a new 
association for Poland. Acta Soc. Bot. Pol. 53, 4: 575-583.

Głazek T. 1992. Lipario-Schoenetum ferruginei – a new plant association. Fragm. Flor. Geobot. 
37: 549-562.

Głowaciński Z., Nowacki J. 2004. Polska Czerwona Księga Zwierząt. Bezkręgowce. Instytut 
Ochrony Przyrody PAN, Kraków - Poznań, Warszawa.

Głowacki Z., Wilczyńska W. 1979. Roślinność projektowanego rezerwatu torfowiskowego w 
Radeczu, woj. wrocławskie. Acta Uniw. Wratisl. 304. Prace Bot. 22: 37-60.

http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/Int_Manual_EU28.pdf
http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/Int_Manual_EU28.pdf
https://www.eea.europa.eu/data-and-maps/data/eunis-habitat-classification
https://bd.eionet.europa.eu/activities/Reporting/Article_17/Reports_2013
https://otop.org.pl/uploads/media/after-life_aw-biomass.pdf
https://otop.org.pl/uploads/media/after-life_aw-biomass.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Mechowisko-Krąg_plan.pdf
https://greifswaldmoor.de/global-peatland-database.html
https://greifswaldmoor.de/global-peatland-database.html


286

Godwin K.S., Shallenberger J.P., Leopold D.J., Bedford B.L. 2002. Linking landscape proper-
ties to local hydrogeologic gradients and plant species occurrence in New York fens: a 
hydrogeologic setting (HGS) framework. Wetlands 22, 4: 722-737.

Goldfuss O. 1883. Beitrag zur Mollusken-Fauna Ober-Schlesiens. Nachrichtsbl. Deutsch. Ma-
lakozool. Ges. 15: 33-44.

Gorham E., Bayley S.E., Schindler D.W. 1984. Ecological Effects of Acid Deposition Upon 
Peatlands: A Neglected Field in “Acid-Rain” Research. Can. J. Fish. Aquat. Sci. 41, 1256-
1268. 

Greifswald Moore Centre 2018. MoorWissen – information platform on mires, peatlands and 
climate protection. Dostęp 20.11.2018. [https://www.moorwissen.de/en/index.php].

Grodzińska K. 1975. Flora i roślinność Skalic Nowotarskich i Spiskich (Pieniński Pas Skałko-
wy) [Flora and vegetation of the Nowotarskie and Spiskie Klippen (Pieniny Klippen-belt]. 
Fragm. Flor. Geobot. 21, 2: 149-246. 

Grootjans  A.P., Šefferová-Stanová V., Jansen A.J.M. (Eds.). 2012. Calcareous mires of Slova-
kia; landscape setting, management and restoration prospects. KNNV publishers, Zeist, 
the Netherlands. 

Grootjans A.P., Adema E.B., Bleuten W., Joosten H., Madaras M., Janáková M. 2006. Hydrolo-
gical landscape settings of base-rich fen mires and fen meadows: an overview. Appl. Veg. 
Sci. 9: 175-184.

Grootjans A.P., Alserda A., Beker R., Janakova M., Kemers R., Madras M., Stanova V., Ripka J., 
van Delft B., Wołejko L. 2005. Calcareous spring mires in Slovakia; Jewels in the Crown 
of the Mire Kingdom. Stapfia 85, Landesmuseen Neue Serie 35: 97-115.

Grootjans A.P., Bulte M., Wołejko L., Pakalne M., Dullo B., Eck M., Fritz C. 2015a. Prospects 
of damaged calcareous spring mires in temperate Europe: can we restore travertine-marl 
deposition? Folia Geobot. 50: 1-11.

Grootjans A.P., Wołejko L., Stańko R. 2015b. Ecohydrological studies as a base for alka-
line fens conservation planning in Poland. International Congress for Conservation 
Biology, Montpellier 2015. Dostęp 08.11.2018. [http://alkfens.kp.org.pl/wp-content/
uploads/2013/01/2_Ecohydrological-studies-as-a-base-for-alkaline-fens-conservation-
-planning-in-Poland.pdf].

Grootjans A.P., Swinkels J., Groeneweg M., Wołejko L., Aggenbach C. 1999. Hydro-ecological 
aspects of a Polish spring mire complex (Diabli Skok). Crunoecia 6, 1: 73-82. 

Gruszczyński M., Mastella L. 1986. Martwice wapienne na obszarze okna tektonicznego 
Mszany Dolnej. Ann. Soc. Geol. Polon. 56: 117-131.

Grygoruk M., Mirosław-Świątek D., Chrzanowska W., Ignar S. 2013. How Much for Water? 
Economic Assessment and Mapping of Floodplain Water Storage as a Catchment-Scale 
Ecosystem Service of Wetlands. Water 5: 1760-1779.

Grygoruk M., Miroslaw-Świątek D., Okruszko T., Batelaan O., Szatyłowicz J. 2011. Szacowanie 
ewapotranspiracji rzeczywistej zakrzaczeń brzozowych na torfowisku niskim na podsta-
wie dobowych zmian stanów wód podziemnych. Woda-Środowisko-Obszary Wiejskie 
11, 4: 121-136. 

Gutowska E., Jarzombkowski F., Kotowska K., Gawroński A., Gawrońska A. 2016. Dokumen-
tacja przyrodnicza projektowanego rezerwatu przyrody „Bagienna Dolina Rospudy”. 
Klub Przyrodników, Świebodzin (Mscr.). Dostęp 15.12.2018. [http://alkfens.kp.org.pl/
wp-content/uploads/2018/09/Rospuda-prop-rez.pdf].

Háberová I., Hájek M. 2001. Caricetalia davallianae. In: Valachovič M. (Ed.). Rastlinné spo-
ločenstvá Slovenska 3. Vegetácia mokradí [Plant communities of Slovakia. 3. Wetland 
vegetation]. Veda, Bratislava: 195-224.

Hájek M. 1999. The Valeriano simplicifoliae-Caricetum flavae association in the Podhale re-
gion (West Carpathians, Poland): notes on syntaxonomical and successional relation-
ships. Fragm. Flor. Geobot. 44: 389-400. 

https://www.moorwissen.de/en/index.php
http://alkfens.kp.org.pl/wp-content/uploads/2013/01/2_Ecohydrological-studies-as-a-base-for-alkaline-fens-conservation-planning-in-Poland.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2013/01/2_Ecohydrological-studies-as-a-base-for-alkaline-fens-conservation-planning-in-Poland.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2013/01/2_Ecohydrological-studies-as-a-base-for-alkaline-fens-conservation-planning-in-Poland.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Rospuda-prop-rez.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Rospuda-prop-rez.pdf


287

Hájek M., Hájková P. 2002. Vegetation composition, main gradient and subatlantic elements 
in spring fens of the northwestern Carpathian borders. Thaiszia Journal of Botany 12: 
1-24.

Hájek M., Hájková P. 2011. RBA01 Valeriano dioicae-Caricetum davallianae (Kuhn 1937) Mo-
ravec in Moravec et Rybníčková 1964. In: Chytrý M. (ed.), Vegetace České republiky. 3. 
Vodní a mokřadní vegetace. Academia, Praha: 623-626.

Hájek M., Hájková P., Rybniček, Hekera P. 2005. Present vegetation of spring fens and its re-
lation to water chemistry. In: Poulíčková A., Hájek M., Rybníček K. (Eds.). Ecology and 
palaeoecology of spring fens of the West Carpathians. Palacký University Press Olomouc: 
69-103.

Hájek M., Hekera P., Hájková P. 2002. Spring fen vegetation and water chemistry in the we-
stern Carpathian Flysch zone. Folia Geobot. 37: 205-224. 

 Hájek M., Horsák M., Hájková P., Dítě D. 2006. Habitat diversity of central European fens in 
relation to environmental gradients and an effort to standardise fen terminology in eco-
logical studies. Perspect. Plant Ecol. Evol. Syst. 8: 97-114.

Hájková P., Grootjans A.P, Lamentowicz M., Rybničkova E., Madaras M., Opravilova V., Mi-
chaelis D., Hájek M., Joosten H., Wołejko L. 2012. How a Sphagnum fuscum-dominated 
bog changed into a calcareous fen: the unique Holocene history of a Slovak spring-fed 
mire. J. Quaternary Sci. 27, 3: 233-243.

Hájková P., Hájek M. 2004. Bryophyte and vascular plant responses to base-richness and water 
level gradients in Western Carpathian Sphagnum-rich mires. Folia Geobot. 39: 335-351.

Hájková P., Hájek M., Horsák M., Jamrichová E. 2015. Co víme o historii vápnitých slatinišť 
v Západních Karpatech [Our knowledge of the history of calcareous fens in the Western 
Carpathians]. Zprávy Ces. Bot. Spolec. 50: 267-282.

Hałabowski D., Błońska A. 2015. Nowe stanowisko Liparis loeselii (Orchidaceae) na Wyżynie 
Woźnicko-Wieluńskiej. Fragm. Flor. Geobot. Ser. Polonica 22, 2: 395-400.

Hałabowski D., Sowa A., Błońska A. 2016a. Rozmieszczenie, walory i ochrona torfowisk wo-
jewództwa śląskiego. Przegl. Przyr. 27, 4: 120-132.

Hałabowski D., Wilczek Z., Błońska A. 2016b. Ochrona walorów botanicznych użytku eko-
logicznego „Przygiełka” wobec nasilającej się antropopresji. Acta Geogr. Siles. 23: 49-55.

Herbich J. 1994. Przestrzenno-dynamiczne zróżnicowanie roślinności dolin w krajobrazie 
młodoglacjalnym na przykładzie Pojezierza Kaszubskiego. Monographiae Botanicae 76: 
1-175. 

Herbich J. 1998a. Pojezierze Kaszubskie. In: Herbich J., Herbichowa M. (Eds.). Szata roślinna 
Pomorza - zróżnicowanie, dynamika, zagrożenia, ochrona. Przew. Sesji Teren. 51 Zjazdu 
PTB. Wyd. Uniw. Gdańskiego, Gdańsk: 143-153.

Herbich J. 1998b. Łąki nad jeziorem Patulskim - przykład problemu aktywnej ochrony szaty 
roślinnej mokrych łąk. In: Herbich J., Herbichowa M. (Eds.). Szata roślinna Pomorza - 
zróżnicowanie, dynamika, zagrożenia, ochrona. Przew. Sesji Teren. 51 Zjazdu PTB. Wyd. 
Uniw. Gdańskiego, Gdańsk: 194-198.

Herbich J. (Ed.). 2017. Przyroda rezerwatu Mechowiska Sulęczyńskie. Fund. Rozw. Uniw. 
Gdańskiego, Gdańsk.

Herbichowa M., Wołejko L. 2004. Górskie i nizinne torfowiska zasadowe o charakterze młak, 
turzycowisk i mechowisk. In: Herbich J. (Ed.). Wody słodkie i torfowiska. Poradniki 
ochrony siedlisk i gatunków Natura 2000. Ministerstwo Środowiska, Warszawa: 178-195. 

Herbichowa M., Herbich J. 2015. Mechowiska Sulęczyńskie. In: Wołejko L. (Ed.). Torfowiska 
Pomorza – identyfikacja, ochrona, restytucja. Wyd. Klubu Przyrodników, Świebodzin: 
141-151. Dostęp 03.11.2018. [http://alkfens.kp.org.pl/wp-content/uploads/2015/10/Tor-
fowiska-Pomorza-identyfikacja-ochrona-restytucja.pdf].

Hereźniak J.1972. Zbiorowiska roślinne doliny Widawki. Monogr. Bot. 35: 3-160.

http://alkfens.kp.org.pl/wp-content/uploads/2015/10/Torfowiska-Pomorza-identyfikacja-ochrona-restytucja.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2015/10/Torfowiska-Pomorza-identyfikacja-ochrona-restytucja.pdf


288

Hettenbergerová E., Horsák M., Chandran R., Hájek M., Zelený D., Dvořáková J. 2013. Pat-
terns of land snail assemblages along a fine-scale moisture gradient. Malacologia 56: 31-
42.  

Horsák M., Hájek M. 2005. Habitat requirements and distribution of Vertigo geyeri (Gastropo-
da: Pulmonata) in Western Carpathian rich fens. J. Conchol. 38: 683-700.

Horsák M., Schenková V., Myšák J. 2012. The second site of Pupilla alpicola (Charpentier, 
1837) and the first recent record of Pupilla pratensis (Clessin, 1871) in Poland. Folia Ma-
lacol. 20: 21-26. 

Ilnicki P. 2002. Torfowiska i torf. Wyd. Akademii Rolniczej im. Augusta Cieszkowskiego w 
Poznaniu, Poznań.

Instytut Ochrony Przyrody PAN 2018. Monitoring gatunków i siedlisk przyrodniczych. In-
ternetowa baza danych.  Dostęp 08.06.2018 [http://www.iop.krakow.pl/cn2000/Monito-
ring/].

IUCN 2014. The IUCN Red List of Threatened Species. Version 2014.2. Dostęp 15.12.2018. 
[http://www.iucnredlist.org].

Ivanow K. E. 1953. Gidrologija bolot. Gidrometeoizdat, Leningrad.
Jabłońska E. 2005. Flora roślin naczyniowych i mszaków torfowiska nad jeziorem Gajlik na 

Pojezierzu Sejneńskim. Fragm. Flor. Geobot. Polonica 12, 1: 67-81. 
Jabłońska E., Falkowski T., Chormański J., Jarzombkowski F., Kłosowski  S., Okruszko T., Paw-

likowski P., Theuerkauf  M., Wassen M.J., Kotowski W. 2014. Understanding the long 
term ecosystem stability of a fen mire by analyzing subsurface geology, eco-hydrology 
and nutrient stoichiometry – case study of the Rospuda Valley (NE Poland). Wetlands 
34: 815-828.

Jabłońska E., Pawlikowski P., Jarzombkowski F., Chormański J., Okruszko T., Kłosowski S. 
2011. Importance of water level dynamics for vegetation patterns in a natural percolation 
mire (Rospuda fen, NE Poland). Hydrobiologia 674, 1: 105-117.

Jakubska A., Smoczyk M., Kadej M. 2005. Kruszczyk błotny Epipactis palustris (L.) Crantz na 
Ziemi Kłodzkiej. Przyr. Sudetów 8: 3-12.

Jakubska-Busse A., Śliwiński M. 2011. Kruszczyk błotny Epipactis palustris w województwie 
dolnośląskim - występowanie, zagrożenia i zalecenia dla ochrony. Chrońmy Przyr. Ojcz. 
67, 6: 519-526.

Jargiełło J. 1976. Stosunki geobotaniczne torfowisk „Krowie Bagno” i „Hańsk”. Cz. 1 i 2. Ann. 
UMCS, ser. E. 31, 7: 83-117.

Jamrichova E., Gálová A., Gašpar A., Horsák M., Frodlová J., Hájek M., Hajnalova M., Hájko-
vá P. 2018. Holocene development of two calcareous spring fens at the Carpathian-Pan-
nonian interface controlled by climate and human impact. Folia Geobot. DOI 10.1007/
s12224-018-9324-5. 

Janiszewski P., Hanzal V., Misiukiewicz W. 2014. The european beaver (Castor fiber) as a key-
stone species – a literature review. Balt. For. 20, 2: 277-286.

Jarzombkowski F. 2010. Torfowiska w basenie górnym doliny Biebrzy. In: Obidziński A. (Ed.). 
Z Mazowsza na Polesie i Wileńszczyznę. Zróżnicowanie i Ochrona szaty roślinnej pogra-
nicza Europy Środkowej i Północno-Wschodniej. Polskie Towarzystwo Botaniczne – Za-
rząd Główny, Warszawa: 331-340.

Jarzombkowski F. 2012. Krajowy program ochrony miodokwiatu krzyżowego Herminium mo-
norchis. Wyd. Klubu Przyrodnikow, Świebodzin. Dostęp 03.11.2018. [http://www.kp.org.
pl/images/publikacje/Krajowy_program_ochrony_miodokwiatu_krzyzoweg.pdf]

Jarzombkowski F., Czarniecka M., Gutowska E., Kotowska K., Krajewski Ł. 2017. Metodyka 
badań terenowych w monitoringu efektów przyrodniczych programu rolno-środowisko-
wo-klimatycznego 2016-2020. Siedliska przyrodnicze. Instytut Technologiczno-Przyrod-
niczy, Falenty (Mscr.).

http://www.iop.krakow.pl/cn2000/Monitoring/
http://www.iop.krakow.pl/cn2000/Monitoring/
http://www.iucnredlist.org
http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_miodokwiatu_krzyzoweg.pdf
http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_miodokwiatu_krzyzoweg.pdf


289

Jarzombkowski F., Gutowska E., Kazuń A., Kotowska D., Kotowska K., Kowalska M., Krajew-
ski Ł., Piórkowski H., Szczepaniuk A., Topolska K., Żmihorski M. 2015a. Wyniki mo-
nitoringu siedlisk w 2014 roku. Zakres prac zrealizowanych w 2014 roku oraz wstępne 
wyniki monitoringu efektów przyrodniczych programu rolnośrodowiskowego w zakresie 
siedlisk. Instytut Technologiczno-Przyrodniczy, Falenty.

Jarzombkowski F., Gutowska E., Kotowska D., Kotowska K., Kowalska M., Krajewski Ł., Piór-
kowski H., Szczepaniuk A., Topolska K. 2015b. Metodyka badań terenowych w monito-
ringu efektów przyrodniczych programu rolnośrodowiskowego. Siedliska przyrodnicze. 
Instytut Technologiczno-Przyrodniczy, Falenty.

Jarzombkowski F., Kotowska K., Gutowska E. 2017. Uzupełnienia stanu wiedzy o przedmio-
tach ochrony: 7140 Torfowiska przejściowe i trzęsawiska (przeważnie z roślinnością z 
Scheuchzerio-Caricetea nigrae), 7230 Górskie i nizinne torfowiska zasadowe o charak-
terze młak, turzycowisk i mechowisk, 1903 lipiennik Loesela Liparis loeselii. Monitoring 
stanu wyżej wymienionych przedmiotów ochrony oraz monitoring realizacji celów dzia-
łań ochronnych na terenie obszaru Natura 2000 Łąka w Bęczkowicach PLH100004. Mscr. 
dla RDOŚ w Łodzi.

Jarzombkowski F., Kozub Ł. 2011. Stan, zagrożenia i ochrona mechowisk w krajobrazie rol-
niczym Mazowsza. In: Dembek W., Gutkowska A., Piórkowski H. (Eds.). Współczesne 
narzędzia identyfikacji i ochrony mokradeł i muraw w krajobrazie rolniczym. Instytut 
Technologiczno-Przyrodniczy, Falenty: 85-105.

Jarzombkowski F., Pawlikowski P. 2012. Krajowy program ochrony lipiennika Loesela Liparis 
loeselii. Wyd. Klubu Przyrodnikow, Świebodzin. Dostęp 03.11.2018. [http://www.kp.org.
pl/images/publikacje/Krajowy_program_ochrony_lipiennika_loesela.pdf].

Jasnowski M. 1962. Budowa i roślinność torfowisk Pomorza Szczecińskiego. Soc. Scien. Stet. 
10: 1-339.

Jasnowska J., Jasnowski M. 1983. Zbiorowiska roślinne związku Caricion lasiocarpae V. d. 
Bergh. ap. Lebr. 49. torfowisk mszarnych na Pojezierzu Bytowskim. Zesz. Nauk. AR w 
Szczecinie 104: 65-80.

Jasnowska J., Jasnowski M. 1977. Storczyki w rezerwacie torfowiskowym „Bagno Chłopiny” 
na Pojezierzu Myśliborskim. Zesz. Nauk. AR w Szczecinie 61, Ser. Rol. 45:163-184. 

Jasnowska J., Jasnowski M. 1991. Dynamika rozwojowa roślinności torfotwórczej w rezerwa-
cie „Kłocie Ostrowickie”; Zesz. Nauk. AR w Szczecinie; Ser. Rol. 51. Cz. I. Szata roślinna 
torfowiska: 11-24; Cz. II. Kompleks zonacyjny roślinności w procesie zarastania zasobnej 
w wapń zatoki jeziora w rezerwacie „Kłocie Ostrowickie”: 25-35; Cz. III. Sukcesje roślin-
ności w procesie torfotwórczym, historia złoża i obecnej szaty roślinnej”: 27-52.

Jasnowska J., Jasnowski M., Friedrich S. 1993. Badania geobotaniczne w dolinie Rurzycy. Cz. 
I.  Przyrodnicza charakterystyka doliny Rurzycy. Zesz. Nauk. AR w Szczecinie 155: 5-24.

Jasnowska J., Wróbel M. 2010. Ochrona czynna „Kłoci Ostrowieckich” w Drawieńskim Parku 
Narodowym. In: Grześkowiak A., Nowak B. (Eds.). Dynamika procesów przyrodniczych 
w zlewni Drawy i Drawieńskim Parku Narodowym. IMIGW, Poznań, 173-179.

 Jasnowski M. 1959. Czwartorzędowe torfy mszyste, klasyfikacja i geneza. Acta Soc. Bot. Po-
lon. 28, 2: 319-364.

Jasnowski M., Jasnowska J., Friedrich S. 1986. Roślinność rzeczna, torfowiskowa i źródliskowa 
projektowanego Drawieńskiego Parku Narodowego. In: Agapow L., Jasnowski M. (Eds.). 
Przyroda projektowanego Drawieńskiego Parku Narodowego. Gorzowskie Towarzystwo 
Naukowe, Gorzów Wlkp.: 69-94. 

Jeglum J. K. 1974. Relative influence of moisture–aeration and nutrients on vegetation and 
black spruce growth in northern Ontario. Can. J. For. Res. 4: 114-126.

Jermaczek A., Wołejko L., Chapiński P. 2012. Mokradła Sudetów Środkowych i ich ochrona. 
Wyd. Klubu Przyrodników. Świebodzin.

Jermaczek A., Wołejko L., Misztal K. 2009. Poradnik ochrony mokradeł w górach. Wyd. Klu-
bu Przyrodników. Świebodzin.

http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_lipiennika_loesela.pdf
http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_lipiennika_loesela.pdf


290

Jermaczek A., Maciantowicz M. 2018. Rezerwaty przyrody w województwie lubuskim. Prze-
szłość, teraźniejszość, przyszłość. Wyd. Klubu Przyrodników. Świebodzin.

Jiménez-Alfaro B., Hájek M., Ejrnaes R., Rodwell J., Pawlikowski P., Weeda E. J., Laitinen J., 
Moen A., Bergamini A., Auniņa L., Sekulova L., Tahvanainen T., Gillet F., Jandt U., Dítě 
D., Hájkova P., Corriool G., Kondelin H., Díaz T. E. 2014. Biogeographic patterns of base-
-rich fen vegetation across Europe. Appl. Veg. Sci. 17: 367-380.

Joint Nature Conservation Committee 2004. Common Standards Monitoring Guidance for 
Lowland Wetlands Habitats. Version August 2004. Dostęp 18.12.2018. [http://jncc.defra.
gov.uk/pdf/CSM_lowland_wetland.pdf].

Joosten H.,  Tanneberger F., Moen A. (Eds.). 2017. Mires and peatlands of Europe. Schweizer-
bart Science Publishers, Stuttgart.

Joosten H., Clarke D. 2002. Wise use of mires and peatlands - Background and principles 
including a framework for decision-making. International Mire Conservation Group, In-
ternational Peat Society.

Jutrzenka-Trzebiatowski A., Szarejko T. 2001. Zespół Caricetum buxbaumii w Wigierskim 
Parku Narodowym. Fragm. Florist. Geobot. Polonica 8: 149-171.

Kaczmarek Cz. 1960. Wapieniolubna roślinność łąkowo–bagienna na Wysoczyźnie Leszczyń-
skiej pomiędzy Gostyniem a Śremem. Bad. Fizjogr. Pol. Zach., ser. Botanika 6: 207-231.

Kaczmarek Cz. 1962. Wapniolubna roślinność łąkowo–bagienna na Wysoczyźnie Leszczyń-
skiej między Lesznem a Książem Wlkp. Bad. Fizjogr. Pol. Zach., ser. Botanika 10: 291-307.

Kaszubkiewicz A. 2000. Detal kamienny palatium na Ostrowie Lednickim. Studia Lednickie 
6: 161-177.

Kaźmierczakowa R., Zarzycki J., Wróbel I., Vončina G. 2004. Łąki, pastwiska i zbiorowiska 
siedlisk wilgotnych Pienińskiego Parku Narodowego [Meadows, pastures and wet habitat 
communities of the Pieniny National Park]. In: Kaźmierczakowa R. (Ed.). Charakterysty-
ka i mapa zbiorowisk roślinnych Pienińskiego Parku Narodowego [Characteristics and 
map of plant communities of the Pieniny National Park]. Studia Naturae 49: 195-251.

Kerney M.P. 1999. Atlas of the land and freshwater molluscs of Britain and Ireland. Harley 
Books, Great Horkesley, Essex

Kiaszewicz K., Stańko R. 2010. Charakterystyka roślinności i siedlisk Natura 2000 zlewni 
Czarnej Orawy (z wyłączeniem obszaru Natura 2000 Torfowiska Orawsko-Nowotarskie). 
In: Warunki zarządzania obszarem dorzecza i ochroną różnorodności biologicznej dla 
zapewnienia zrównoważonego rozwoju obszarów cennych przyrodniczo na przykładzie 
zlewni Czarnej Orawy stanowiącej część transgranicznego dorzecza Dunaju. Klub Przy-
rodników dla Regionalnego Zarządu Gospodarki Wodnej w Krakowie (Mscr.).

Kiaszewicz K., Stańko R. 2011. Regionalny program ochrony torfowisk alkalicznych (7230) w 
województwie pomorskim. Klub Przyrodników, Świebodzin (Mscr.).

Killeen I. J. 2003. Ecology of Desmoulin`s Whorl Snail Vertigo moulinsiana. Conserving Na-
tura 2000 Rivers. Ecology Series No. 6: 1-25.

Killeen I., Moorkens E., Seddon M. 2011. Vertigo geyeri. The IUCN Red List of Threatened 
Species. Dostęp 10.03.2018. [https://www.iucnredlist.org/species/22940/9400082]. 

Killeen I., Moorkens E., Seddon M. 2012. Vertigo moulinsiana. The IUCN Red List of Threate-
ned Species. Dostęp 10.03.2018. [https://www.iucnredlist.org/species/22939/128409843]. 

 Kiryluk A. 2013. Rola torfowisk w ochronie zasobów przyrodniczych i wodnych na obszarze 
powiatu białostockiego w województwie podlaskim. Ekonomia i Środ. 4, 47: 38-50.

Kiryluk A. 2007. Zmiany siedlisk pobagiennych i fitocenoz w dolinie Supraśli. Wyd. IMUZ 
Falenty: 12-14.

Klimkowska A., Dzierża P., Brzezińska K., Kotowski W., van Diggelen R. 2007. Całowanie 
Peatland. Torfowisko Calowanie. In: Grootjans A., Wołejko L. (Eds.). Conservation of 
wetlands in Polish agricultural landscapes. Ochrona mokradeł w rolniczych krajobrazach 
Polski. InPlus, Szczecin.

http://jncc.defra.gov.uk/pdf/CSM_lowland_wetland.pdf
http://jncc.defra.gov.uk/pdf/CSM_lowland_wetland.pdf
https://www.iucnredlist.org/species/22940/9400082
https://www.iucnredlist.org/species/22939/128409843


291

Kobojek E. 2005. Środowiskowe skutki reinrodukcji bobra (Castor fiber) w dolinie Rawki. 
Przegl. Geogr. 77, 3: 383-396.

Koczur A. 2011. Monitoring gatunków i siedlisk przyrodniczych ze szczególnym uwzględ-
nieniem specjalnych obszarów ochrony siedlisk Natura 2000. 7230 Górskie i  nizinne 
torfowiska zasadowe o charakterze młak, turzycowisk i mechowisk. IOP PAN, Kraków.

Koczur A. 2012. Górskie i nizinne torfowiska zasadowe o charakterze młak, turzycowisk i 
mechowisk. In: Mróz W. (Ed.). Monitoring siedlisk przyrodniczych. Przewodnik meto-
dyczny. Część 3. Generalny Inspektorat Ochrony Środowiska, Warszawa: 137-151. Do-
stęp 08.06.2018. [http://siedliska.gios.gov.pl/pl/publikacje/przewodniki-metodyczne/
pojedyncze-metodyki/dla-siedlisk-przyrodniczych].

Koczur A. 2013. Alkaline fens (Mountain and lowland alkaline fens of spring fen, sedge fen, 
and sedge-moss fen characteristics). In: Mróż W. (Ed.). Monitoring of natural habitats. 
Methodological guide. Generalny Inspektorat Ochrony Środowiska, Warszawa: 68-81. 
Dostęp 06.12.2018. [http://www.iop.krakow.pl/files/162/monitoring_of_natural_habi-
tats.pdf].

Koczur A. 2014. Charakterystyka roślinności młak miasta Krakowa (Polska Południowa). 
Fragm. Florist. Geobot. Polon. 21, 1: 91-103.

Koczur A., Nicia P. 2013. Spring fen Scheuchzerio-Caricetea nigrae in the PolishWestern Car-
pathians: vegetation diversity in relation to soil and feeding waters. Acta Soc. Bot. Pol. 82: 
117-124.

Koerselman W., Bakker S.A., Blom M. 1990. Nitrogen, Phosphorus and Potassium Budgets for 
Two Small Fens Surrounded by Heavily Fertilized Pastures. J. Ecol. 78: 428-442. 

Kołos A. 2004. Współczesna roślinność i flora rezerwatów przyrody Bagno Wizna I i Bagno 
Wizna II jako efekt długotrwałego odwodnienia torfowisk w dolinie środkowej Narwi. 
Parki nar. Rez. Przyr. 23, 1: 61-91.

Kołos A., Banaszuk P. 2018. Mowing may bring about vegetation change, but its effect is stron-
gly modified by hydrological factors. Wetlands Ecology and Management 26: 879-892.

Kooijman A.M., Paulissen M.P.C.P. 2006. Higher acidification rates in fens with phosphorus 
enrichment. App. Veg. Sci. 9, 2: 205-212.

Kondracki J. 2011. Geografia regionalna Polski. Wyd. PWN, Warszawa.
Kopeć D., Michalska-Hejduk D., Sławik L., Chormański J. 2016. Application of multisensoral 

remote sensing data in the mapping of alkaline fens Natura 2000 habitat. Ecol. Indic 70: 
196-208.

Kornaś J., Medwecka-Kornaś A. 1967. Zespoły roślinne Gorców. 1. Naturalne i na wpół natu-
ralne zespoły nieleśne. Fragm. Flor. Geobot. 13: 167-316.

Korniluk M., Piec D. 2016. Krajowy Program Ochrony Dubelta. Natura International Polska, 
Białystok. Dostęp 15.12.2018 [https://www.gdos.gov.pl/files/artykuly/24636/Krajowy%20
Program%20Ochrony%20Dubelta_icon.pdf]

Kostuch R. 1966. Użytki zielone zlewni Białej Wody. Roczniki Nauk Rolniczych, Seria D, 118: 
161-184.

Kotowski W., Jabłońska E., Bartoszuk H. 2013. Conservation management in fens: Do large 
tracked mowers impact functional plant diversity? Biol. Conserv. 167: 292-297.

Kotowski W., van Diggelen R. 2004. Light as an environmental filter in fen vegetation. J. Veg. 
Sci. 15: 583-594.

Kowalewski G. 2014. Alogeniczne i autogeniczne składowe zarastania jezior: hipoteza wahań 
poziomu wody. Studia Limnologica et Telmatologica, Monogr. 1: 5-196.

Kozub Ł. 2011. Krowie Bagno – the largest (drained) calcareous peatland in southern Poland.  
IMCG Newsletter 4: 61-63.

Kozub Ł. 2016. Wpływ restytucji torfowiska niskiego metodą usuwania warstwy murszu na 
warunki siedliskowe, produktywność i bilans gazów cieplarnianych. Rozprawa doktor-
ska. Uniwersytet Warszawski, Wydział Biologii. Dostęp 20.12.2018. [https://depotuw.
ceon.pl/bitstream/handle/item/1819/1400-DR-ECOL-55795.pdf].

http://siedliska.gios.gov.pl/pl/publikacje/przewodniki-metodyczne/pojedyncze-metodyki/dla-siedlisk-przyrodniczych
http://siedliska.gios.gov.pl/pl/publikacje/przewodniki-metodyczne/pojedyncze-metodyki/dla-siedlisk-przyrodniczych
http://www.iop.krakow.pl/files/162/monitoring_of_natural_habitats.pdf
http://www.iop.krakow.pl/files/162/monitoring_of_natural_habitats.pdf
https://www.researchgate.net/journal/1470-160X_Ecological_Indicators
https://www.gdos.gov.pl/files/artykuly/24636/Krajowy%20Program%20Ochrony%20Dubelta_icon.pdf
https://www.gdos.gov.pl/files/artykuly/24636/Krajowy%20Program%20Ochrony%20Dubelta_icon.pdf
https://depotuw.ceon.pl/bitstream/handle/item/1819/1400-DR-ECOL-55795.pdf
https://depotuw.ceon.pl/bitstream/handle/item/1819/1400-DR-ECOL-55795.pdf


292

Kozub Ł., Dembicz I. 2018. Potwierdzenie występowania Saxifraga hirculus (Saxifragaceae) w 
zachodniej części Równiny Charzykowskiej (Polska północno-zachodnia) po 90 latach. 
Fragm. Florist. Geobot. Polon. 25, 1: 119-123.

Kozub Ł., Goldstein K., Dembicz I., Wilk M., Wyszomirski T., Kotowski W. 2019. To mow or 
not to mow? Plant functional traits help to understand management impact on rich fen 
vegetation. Appl. Veg. Sci. 1-12. [doi: 10.1111/avsc.12411].

Krajewski Ł., Gutowska E., Jarzombkowski F., Kotowska D., Kotowska K., Kazuń A., Kowalska 
M., Piórkowski H., Szczepaniuk A., Topolska K. 2017. Gatunki zagrożone i chronione 
w ocenie stanu siedlisk przyrodniczych monitorowanych działek rolnośrodowiskowych 
Polski (2012-2014). In: Parusel J. (Ed.). Regionalne czerwone listy zagrożenia w ochronie 
zasobów przyrody – ich rola i znaczenie oraz stan i potrzeby. Centrum Dziedzictwa Przy-
rody Górnego Śląska, Katowice: 89-110.

Książkiewicz Z. 2010. Higrofilne gatunki poczwarówek północno-zachodniej Polski. Wyd. 
Klubu Przyrodników, Świebodzin.

Książkiewicz Z. 2014. Impact of land use on populations of Vertigo moulinsiana (Dupuy, 1849) 
and Vertigo angustior (Jeffreys, 1830) (Gastropoda: Pulmonata: Vertiginidae): Ilanka River 
valley (W. Poland). Folia Malacol. 22: 277-282. 

Książkiewicz Z., Biereżnoj-Bazille U., Krajewski Ł., Gołdyn B. 2015. New records of Vertigo 
geyeri Lindholm, 1925, V. moulinsiana (Dupuy, 1849) and V. angustior Jeffreys, 1830 (Ga-
stropoda: Pulmonata: Vertiginidae) in Poland. Folia Malacol. 23: 121-136. 

Książkiewicz Z., Gołdyn B. 2013. New records of Pupilla pratensis (Clessin, 1871) in western 
Poland. Folia Malacol. 24: 285-290.

Książkiewicz Z., Gołdyn B. 2015. Needle in a Haystack: Predicting the Occurrence of Wetland 
Invertebrates on the Basis of Simple Geographical Data. A Case Study on Two Threatened 
Micro-Mollusc Species (Gastropoda: Vertiginidae) from Poland. Wetlands 35: 667-675. 

Książkiewicz Z., Lipińska A., Zając K., Barga-Więcławska J. 2012. Poczwarówka zwężona Ver-
tigo angustior (Jeffreys, 1830). In: Makomaska-Juchiewicz M., Baran P. (Eds.). Monitoring 
gatunków zwierząt. Przewodnik monitoringu. Część 2. GIOŚ, Warszawa: 482-503.

Książkiewicz-Parulska Z., Ablett J.D. 2016. Investigating the influence of habitat type and we-
ather conditions on the population dynamics of land snails Vertigo angustior Jeffreys, 
1830 and Vertigo moulinsiana (Dupuy, 1849). A case study from western Poland. J. Nat. 
Hist. 50: 1749-1758.

Książkiewicz-Parulska Z., Ablett J.D. 2017. Microspatial distribution of molluscs and response 
of species to litter moisture, water levels and eutrophication in moist, alkaline ecosystems. 
Belg. J. Zool. 147: 37-53.

Książkiewicz-Parulska Z., Gołdyn B. 2017. Can you count on counting? Retrieving reliable 
data from non-lethal monitoring of micro-snails. PECON 15, 2: 124-128. 

Książkiewicz-Parulska Z., Pawlak K. 2016. Rare species of micromolluscs in the city of Poznań 
(W. Poland) with some notes on wintering of Vertigo moulinsiana (Dupuy, 1849). Folia 
Malacol. 24: 97-101.

Książkiewicz-Parulska Z., Pawlak K., Gołdyn B. 2018. Overwintering of Vertigo moulinsiana 
(Dupuy, 1849) and Vertigo angustior Jeffreys, 1830 (Mollusca: Gastropoda). Ann. Zool. 
Fenn. 55: 115-122. 

Kucharczyk M. 1996. Antropogeniczne przemiany flory i roślinności torfowisk węglanowych 
w Chełmskim Parku Krajobrazowym. In: Radwan S. (Ed.). Funkcjonowanie ekosyste-
mów wodno-błotnych w obszarach chronionych Polesia. Wyd. UMCS, Lublin: 117-121.

Kucharski L. 1998. Interesujące zespoły roślinne występujące na torfowiskach Polski Środko-
wej. Acta Univ. Lodz, Folia bot. 12: 95-108.

Kuczyńska A., Moorkens E. A. 2010. Micro-hydrological and micro-meteorological controls 
on survival and population growth of the whorl snail Vertigo geyeri Lindholm, 1925 in 
groundwater fed wetlands. Biol. Conserv. 143, 8: 1868-1875.



293

Kujawa-Pawlaczyk J., Pawlaczyk P. 2013. Dokumentacja planu zadań ochronnych dla obszaru 
Natura 2000 Jeziora Szczecineckie. Mscr. dla Regionalnej Dyrekcji Ochrony Środowiska 
w Szczecinie.

Kujawa-Pawlaczyk J., Pawlaczyk P. 2014. Torfowiska obszaru Natura 2000 „Uroczyska Puszczy 
Drawskiej”. Zasoby – stan – ochrona. Wyd. Klubu Przyrodników, Świebodzin. Dostęp 
07.07.2018. [http://www.kp.org.pl/images/publikacje/torf_puszc_draw.pdf].

Kujawa-Pawlaczyk J., Pawlaczyk P. 2015. Torfowiska Drawieńskiego Parku Narodowego. In: 
Wołejko L. (Ed.). Torfowiska Pomorza – identyfikacja, ochrona, restytucja. Wyd. Klubu 
Przyrodników, Świebodzin: 71-99. Dostęp 03.11.2018. [http://alkfens.kp.org.pl/wp-con-
tent/uploads/2015/10/Torfowiska-Pomorza-identyfikacja-ochrona-restytucja.pdf].

Kujawa-Pawlaczyk J., Pawlaczyk P. 2017. Torfowiska śródleśne w krajobrazie sandrowym na 
przykładzie Puszczy Drawskiej. Stud. i Mat. CEPL 51, 2: 143-162. Dostęp 05.06.2018. 
[http://cepl.sggw.pl/sim/pdf/sim51_pdf/kujawa_pawlaczyk.pdf]. 

Kujawa-Pawlaczyk J., Pawlaczyk P., Chrzanowski A. 2018. Dokumentacja do planu zadań 
ochronnych obszaru Natura 2000 Dolina Bielawy PLH320053. Mscr. dla Regionalnej Dy-
rekcji Ochrony Środowiska w Szczecinie.

Kujawa-Pawlaczyk J., Pawlaczyk P., Stańko R. 2009. Projektowany rezerwat przyrody „Mecho-
wisko Radość” w gminie Lipnica, powiat Bytów (Mscr.).

Kulczyński S. 1928. Die Pflanzenassoziationen der Pieninen. Bulletin International de 
Académie Polonaise des Sciences et des Lettres, Classe des Sciences Mathématiques et 
Naturelles, Série B: Sciences Naturelles, Supplément 2: 57-203.

Kulczyński S. 1939. Torfowiska Polesia. Tom 1. Nakładem Autora.
Kulczyński S. 1940. Torfowiska Polesia. Tom 2. Nakładem Autora.
Kwiatkowski P. 1997. Wstępna charakterystyka geobotaniczna Gór Ołowianych. Ann. Silesiae 

27: 31-47.
Kwiatkowski P. 1999. Caricetum paniceo-lepidocarpae – a plant association new to Poland. 

Fragm. Flor. Geobot. 44, 2: 375-388.
Kwiatkowski P. 2007. Current state, separateness and dynamics of vascular flora of the Góry 

Kaczawskie (Kaczawa Mountains) and Pogórze Kaczawskie (Kaczawa Plateau). II. Phyto-
geographical analysis. W. Szafer Institute of Botany, Polish Academy of Sciences, Kraków.

Łachacz A. 2000. Torfowiska źródliskowe Pojezierza Mazurskiego. Biul. Nauk. UWM w Olsz-
tynie, 9: 103-119.

Łachacz A. 2006. Transformations of spring mires in the Borecka Primeval Forest. Pol. J. 
Environ. Stud. 15, 5D: 199-206.

Lachman L. (Ed.). 2013. Polski Krajowy Plan Ochrony Wodniczki Acrocephalus paludicola. 
Ogólnopolskie Towarzystwo Ochrony Ptaków. Dostęp 15.12.2018 [http://otop.org.pl/
uploads/media/wodniczka/krajowy_plan_ochrony_wodniczki_(projekt_wer.2013-05-
31).pdf].

Lamentowicz M. 2005. Geneza torfowisk naturalnych i seminaturalnych w Nadleśnictwie 
Tuchola. Bogucki Wyd. Nauk. Poznań.

Lamentowicz M., Gałka M., Milecka K., Tobolski K., Lamentowicz Ł., Fiałkieiwcz-Kozieł B., 
Blaauw M. 2013. A 1300-year multi-proxy, high-resolution record from a rich fen in nor-
thern Poland: reconstructing hydrology, land use and climate change. J. Quarternary Sci. 
28, 6: 582-594.

Lamers L.P.M., van Diggelen J.M.H., Op den Camp H.J.M., Visser E.J.W., Lucassen E.C.H.E.T., 
Vile M.A., Jetten M.S.M., Smolders A.J.P., Roelofs J.G.M. 2012. Microbial Transforma-
tions of Nitrogen, Sulfur, and Iron Dictate Vegetation Composition in Wetlands: A Re-
view. Frontiers in Microbiology 3. 

Liebherr J., Song H. 2002. Distinct ground beetle (Coleoptera: Carabidae) assemblages within 
a New York State Wetland complex. Journal of the New York Entomological Society 110: 
127-141. 

http://www.kp.org.pl/images/publikacje/torf_puszc_draw.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2015/10/Torfowiska-Pomorza-identyfikacja-ochrona-restytucja.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2015/10/Torfowiska-Pomorza-identyfikacja-ochrona-restytucja.pdf
http://cepl.sggw.pl/sim/pdf/sim51_pdf/kujawa_pawlaczyk.pdf
http://otop.org.pl/uploads/media/wodniczka/krajowy_plan_ochrony_wodniczki_(projekt_wer.2013-05-31).pdf
http://otop.org.pl/uploads/media/wodniczka/krajowy_plan_ochrony_wodniczki_(projekt_wer.2013-05-31).pdf
http://otop.org.pl/uploads/media/wodniczka/krajowy_plan_ochrony_wodniczki_(projekt_wer.2013-05-31).pdf


294

Liebig J., Playfair L. 1847. Chemistry in its application to agriculture and physiology. TB Pe-
terson.

LIFE11 NAT/PL/422. Ochrona siedlisk mokradłowych doliny Górnej Biebrzy. Dostęp 
08.10.2018. [https://www.gorna.biebrza.org.pl/].

van der Linden H. 1982. History of the reclamation of the western fenlands and of the orga-
nization to keep them drained. In: de Bakker H., van den Berg M.W. Proceedings of the 
symposium on peat lands below sea level. ILRI-publication 30. International Institute for 
Land Reclamation and Improvement ILRI, Wageningen: 42-73.

Link S., Kask Ü., Paist A., Siirde A., Arvelakis S., Hupa M., Yrjas P., Külaots I. 2013. Reed as a 
gasification fuel: a comparison with woody fuels. Mires and Peat 13, 4: 1-12

Lipińska A., Książkiewicz Z., Zając K., Barga-Więcławska J. 2012. Poczwarówka jajowata Ver-
tigo moulinsiana (Dupuy, 1849). In: Makomaska-Juchiewicz M., Baran P. (Eds.). Monito-
ring gatunków zwierząt. Przewodnik monitoringu. Część 2. GIOŚ, Warszawa: 463-481.

Lipka K. 2000. Torfowiska w dorzeczu Wisły jako element środowiska przyrodniczego. Zesz. 
Nauk. AR Kraków, Rozprawy 255.

Lipka K., Stabryła J. 2012. Wielofunkcyjność mokradeł w Polsce i świecie. In: Łachacz A. (Ed.). 
Wybrane problemy metody mokradeł. Współczesne Problemy Kształtowania i Ochrony 
Środowiska, Uniwersytet Warmińsko Mazurski w Olsztynie, Monografie 3: 7-16.

Lisowski S., Szafrański F. 1964. Mchy torfowiska nad jeziorem Mniszym w powiecie między-
chodzkim. Bad. Fizjograf. Pol. Zach. 14: 177-179.

Lisowski S., Szafrański F., Tobolski K. 1965. Interesujące torfowisko nad Jeziorem Stawek w 
powiecie chojnickim (woj. bydgoskie). Bad. Fizjograf. Pol. Zach. 16: 199-205.

Łajczak A. 2006. Torfowiska Kotliny Orawsko-Nowotarskiej. Wyd. IB PAN. Kraków.
Madaras M., Grootjans A., Šefferová-Stanová V., Galvánek D., Janáková M., Dražil T., Wołejko 

L., Pavlanský J. 2012. Calcareous spring fen Belianske lúky Meadows; the largest spring 
fen in North Western Europe. In: Grootjans A.P., Šefferová-Stanová V., Jansen A. (Eds.). 
Calcareous mires of Slovakia; landscape setting, management and restoration prospects. 
KNNV Publishing, Zeist: 41-66.

Makles M., Pawlaczyk P., Stańko R. 2014. Podręcznik najlepszych praktyk w ochronie mokra-
deł. Centrum Koordynacji Projektów Środowiskowych, Warszawa.

Makowska M., Horabik D., Pawlaczyk P. 2018. Tworzenie rezerwatów, wykupy gruntów. In: 
Stańko R., Wołejko L. (Eds.). 2018. Ochrona torfowisk alkalicznych w Polsce. Raport z 
realizacji projektów LIFE 11/NAT/PL/423 i LIFE 13 NAT/PL/000024. Tom 2. Wyd. Klu-
bu Przyrodników, Świebodzin: 149-171. Dostęp 30.12.2018. [http://alkfens.kp.org.pl/wp-
-content/uploads/2018/09/Raport-Naukowy-TOM-II-PL.pdf].

Mälson K., Sundberg S., Rydin H. 2010. Peat Disturbance, Mowing, and Ditch Blocking as 
Tools in Rich Fen Restoration. Restor. Ecol. 18, 2: 469-478.

Mannerkoski H. 1985. Effect of water table fluctuation on the ecology of peat soil. Publication 
from Department of Peatland Forestry, Univesity of Helsinki 7: 1-190.

Markowski R., Stasiak J. 1988. Juncus subnodulosus. In: Jasiewicz A. (Ed.). Materiały do po-
znania gatunków rzadkich i zagrożonych Polski. Fragm. Flor. Geobot. 33, 3-4: 386-396.

Markowski S. 1980. Struktura i właściwości podtorfowych osadów jeziornych rozprzestrze-
nionych na Pomorzu Zachodnim jako podstawa ich rozpoznania i klasyfikacji. In: Polskie 
Towarzystwo Przyjaciów Nauk o Ziemi. Kreda jeziorna i gytie. Tom 2. Gorzów Wielko-
polski – Zielona Góra: 44-55.

de Mars H., van der Weijden B., van Dijk G., Smolders F., Grootjans A., Wołejko L. 2016. 
Towards threshold values for nutrients: Petrifying springs in South-Limburg (NL) in a 
Northwest European context. VBNE, Vereniging van Bos-en Natuurterreineigenaren, 
Driebergen.

de Mars H., Wassen M.J., Peeters W.H.M. 1996. The effect of drainage and management on 
peat chemistry and nutrient deficiency in the former Jegrznia-floodplain (NE-Poland). 
Vegetatio 126: 59-72.

https://www.gorna.biebrza.org.pl/
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Raport-Naukowy-TOM-II-PL.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Raport-Naukowy-TOM-II-PL.pdf


295

Mazurek M., Dobrowolski R., Osadowski Z. 2014. Geochemistry of deposits from spring-fed 
fens in West Pomerania (Poland) and its significance for palaeoenvironmental recon-
struction. Geomorphologie 20, 4: 323-342.

McBride A., Diack I., Droy N., Hamill B., Jones P., Schutten J., Skinner A., Street M. (Eds.). 
2011. The Fen Management Handbook. Scottish Natural Heritage, Perth. Dostęp 
15.06.2018. [https://www.nature.scot/fen-management-handbook].

Metodyka sporządzania dokumentacji przyrodniczej siedliskowej dla pakietów 4. i 5. „Dzia-
łania rolno-środowiskowo-klimatycznego” w ramach PROW 2014-2020. 2015. Instytut 
Technologiczno-Przyrodniczy: Zespół Zakładu Ochrony Przyrody i Krajobrazu Wiejskie-
go. Dostęp 13.07.2017. [https://www.arimr.gov.pl/fileadmin/pliki/PROW_2014_2020/
Rolno_srodowiskowo_klimatyczny/A_WPRN/26.03.2015/MetodykaDokumentacjiSie-
dliskowejPROW_26.03.2015.pdf].

Mettrop I.S., Rutte M.D., Kooijman A.M., Lamers L.P.M. 2015. The ecological effects of water 
level fluctuation and phosphate enrichment in mesotrophic peatlands are strongly media-
ted by soil chemistry. Ecol. Eng. 85: 226-236.

Mettrop I.S., Neijmeijer T., Cusell C., Lamers L.P.M., Hedenäs L., Kooijman A.M. 2018. Cal-
cium and iron as key drivers of brown moss composition through differential effects on 
phosphorus availability. J. Bryol. 40, 4: 350-357.

Michalik S., Szmalec T., Bielecki M., Kołodziej M.,  Leśniański G., Czerny M., Lomber J., 
Kanclerski T., Szewczyk G., Kot K. 2015. Plan ochrony obszaru Natura 2000 Bieszczady. 
Operat ochrony siedlisk przyrodniczych. Krameko, Kraków, Mscr. dla Regionalnej Dy-
rekcji Ochrony Środowiska w Rzeszowie.

Michalik S., Krynicki R., Czerny M., Kołodziej M., Bielecki M., Szewczyk G., Szmalec T. 2018. 
Plan ochrony obszaru Natura 2000 Bieszczady. Operat ogólny, część syntetyczna.  Kra-
meko, Kraków, Mscr. dla Regionalnej Dyrekcji Ochrony Środowiska w Rzeszowie.

Middleton B. A., Holsten B., van Diggelen R. 2006. Biodiversity management of fens and fen 
meadows by grazing, cutting and burning. Appl. Veg. Sci. 9: 307-316.

Milecka K., Kowalewski G., Fiałkiewicz-Kozieł B., Gałka M., Lamentowicz M., Chojnicki 
B.H., Goslar T., Barabach J. 2017. Hydrological changes in the Rzecin peatland (Puszcza 
Notecka, Poland) induced by anthropogenic factors: Implications for mire development 
and carbon sequestration. Holocene 27, 5: 651-664.

Mioduszewski W. 1995. Rola torfowisk w kształtowaniu zasobów wodnych małych zlewni 
rzecznych. Torfoznawstwo w badaniach naukowych i praktyce. Materiały Seminaryjne 
IMUZ 34: 305-314. 

Mirek Z., Binkiewicz B., Czerny M., Bielecki M. 2013. Plan ochrony Tatrzańskiego Parku Na-
rodowego. Operat ochrony ekosystemów nieleśnych. Mscr. dla Tatrzańskiego Parku Na-
rodowego. Krameko, Kraków. 

Molenda T., Błońska A., Chmura D. 2012. Charakterystyka hydrograficzno – hydrochemiczna 
antropogenicznych mokradeł (na przykładzie obiektów w starych piaskowniach). Inży-
nieria Ekologiczna 29: 110-118. 

Molenda T., Błońska A., Chmura D. 2013. Hydrochemical diversity of selected anthropogenic 
wetlands developed in disused sandpits. 13th International Multidisciplinary Scientific 
1: 547-554.

Mollusc Specialist Group. 1996. Vallonia enniensis. The IUCN Red List of Threatened Species. 
Dostęp 17.03.2018. [https://www.iucnredlist.org/species/22833/9393706].

Moore P.D. 1989. The ecology of peat-forming processes: a review. Int. J. Coal Geol. 12: 89-
103.

Moorkens E., Killeen I., Seddon M. 2012. Vertigo angustior. The IUCN Red List of Threatened 
Species. Dostęp 10.03.2018. [https://www.iucnredlist.org/species/22935/16658012].

Moss D., Davis C.E. 2002. Cross-references between the EUNIS habitat classification and ha-
bitats included on Annex I of the EC Habitats Directive (92/43/EEC). European Environ-
mental Agency and Centre for Ecology and Hydrology.

https://www.nature.scot/fen-management-handbook
https://www.arimr.gov.pl/fileadmin/pliki/PROW_2014_2020/Rolno_srodowiskowo_klimatyczny/A_WPRN/26.03.2015/MetodykaDokumentacjiSiedliskowejPROW_26.03.2015.pdf
https://www.arimr.gov.pl/fileadmin/pliki/PROW_2014_2020/Rolno_srodowiskowo_klimatyczny/A_WPRN/26.03.2015/MetodykaDokumentacjiSiedliskowejPROW_26.03.2015.pdf
https://www.arimr.gov.pl/fileadmin/pliki/PROW_2014_2020/Rolno_srodowiskowo_klimatyczny/A_WPRN/26.03.2015/MetodykaDokumentacjiSiedliskowejPROW_26.03.2015.pdf
https://www.iucnredlist.org/species/22833/9393706
https://www.iucnredlist.org/species/22935/16658012


296

Mróz W., Perzanowska J., Olszańska A. (Eds.). 2011. Natura 2000 w Karpatach. Strategia za-
rządzania obszarami Natura 2000. Instytut Ochrony Przyrody PAN, Kraków.

Myzyk S. 2005. O biologii Vertigo moulinsiana (Dupuy 1849) (Gastropoda: Pulmonata: Ver-
tiginidae). Seminarium Malakologiczne Toruń – Ciechocinek. Materiały Konferencyjne 
31-32.

Myzyk S. 2011. Contribution to the biology of ten vertiginid species. Folia Malacol. 19, 2: 
55-80.

Nicia P. 2009. Characteristics and problems of mountain and submontane fens protection. 
In: Łachacz A. (Ed.). Wetlands – their functions and protection. Uniw. Warm. Mazur, 
Olsztyn: 125-138.

Nicia P., Miechówka A. 2004. General characteristics of eutrophic fen soil. Pol. J. Soil Sci. 37, 
1: 39-47.

Niemyska-Łukaszuk J., Miechówka A., Zaleski T. 2002. Gleby Pienińskiego Parku Narodowe-
go i ich zagrożenia. Pieniny – Przyroda i Człowiek 7: 79-90.

Nilsson K. 2015. Alkaline fens - valuable wetlands but difficult to manage. TemaNord 2016: 
515, Nordic Council of Ministers. Dostęp 15.06.2018. [https://norden.diva-portal.org/
smash/get/diva2:918221/FULLTEXT02.pdf].

Obidowicz A. 1996. Polodowcowa historia szaty roślinnej. In: Mirek Z. (Ed.). Przyroda Ta-
trzańskiego Parku Narodowego. Wyd. Tatrzański Park Narodowy, Kraków-Zakopane: 
229-236.

Okruszko H. 1969a. Kierunki i zasady gospodarki na torfowiskach. Państwowe Wydawnictwo 
Rolne i Leśne, Warszawa. 

Okruszko H. 1969b. Powstawanie mułów i gleb mułowych. Roczn. Glebozn. 20, 1: 51-66.
Okruszko H. 1982. Rodzaje torfowisk na tle zróżnicowania warunków hydrologicznych mo-

kradeł. Torf 3: 1-11.
Okruszko H., Oświt J. 1969. Gleby mułowe na tle warunków doliny dolnej Biebrzy. Rocz. 

Glebozn. 20, 1: 25-49.
Olde Venterink H., Vittoz P. 2008. Biomass production of the last remaining fen with Saxifra-

ga hirculus in Switzerland is controlled by nitrogen availability. Bot. Helv. 118: 165-174. 
Olde Venterink H., Wassen M.J., Verkroost A.W.M., de Ruiter P.C. 2003. Species richness–pro-

ductivity patterns differ between N–, P–and K–limited wetlands. Ecology 84: 2191-2199.
Oleszczuk R. 2012. Wielkość emisji gazów cieplarnianych i sposoby jej ograniczania z torfo-

wisk użytkowanych rolniczo. Współczesne problemy kształtowania i ochrony środowi-
ska, Monografie 3: 75-90.

Oleszczuk R., Brandyk T. 1997. Wybrane problemy ochrony zasobów gleb torfowych. Wydział 
Melioracji i Inżynierii Środowiska SGGW, Warszawa: 21-24. 

Osadowski Z. 1999. Ginące i zagrożone rośliny Pomorza na obszarze górnej zlewni Radwi. 
Bad. Fizjogr. Pol. Zach. 48: 151-157.

Osadowski Z. 2000a. Szata roślinna kompleksów źródliskowych górnej zlewni Radwi. Pr. dr. 
Uniw. Szczeciński, Słupsk (Mscr.).

Osadowski Z. 2000b. Transformation of the spring–complexes’ vegetation on the area of the 
upper Parsęta catchment. In: Jackowiak B., Żukowski W. (Eds.). Mechanisms of anthro-
pogenic changes of the plant cover. UAM, Poznań: 235-247.

Osadowski Z., Fudali E. 2001. Materiały do brioflory kompleksów źródliskowych dorzecza 
Parsęty. Cz. 1. Źródliska górnej zlewni Radwi. Bad. Fizjogr. Pol. Zach. 50: 149-168.

Osadowski Z., Sobisz Z. 1998. Waloryzacja przyrodnicza gminy Bobolice - zagadnienia geo-
botaniczne. Biuro Projekt. Koszalin (Mscr.).

Osadowski Z., Wołejko L. 1997. Możliwości optymalizacji ochrony ekosystemów źródliskowej 
doliny Chocieli koło Bobolic (Pomorze Zachodnie). Przegl. Przyr. 8, 4: 23-35.

Osadowski Z. 2010. Damp beech forests on calcareous tufas in the Parsęta River basin (We-
stern Pomerania). Biodiv. Res. Conserv. 19: 81-86.

https://norden.diva-portal.org/smash/get/diva2:918221/FULLTEXT02.pdf
https://norden.diva-portal.org/smash/get/diva2:918221/FULLTEXT02.pdf


297

Osadowski Z., Drzymulska D., Dobrowolski R., Mazurek M. 2018. Current state and vegeta-
tion history of spring-fed fens in Western Pomerania (Northern Poland): a case study of 
the Chociel River Valley. Wetlands Ecol. Manage 27, 1: 23-38. 

Oszczypko N. 1995. Budowa geologiczna. In: Warszyńska J. (Ed.). Karpaty Polskie. Przyroda, 
człowiek i jego działalność. Wyd. UJ, Kraków.

Oświt J. 1965. Zbiorowiska roślinne dolnej Biebrzy na tle stosunków wodnych w dolinie. Wia-
domości melioracyjne. Inst. Melior. Użytk. Zielon. 1: 5-7.

Oświt J. 1968. Strefowy układ zbiorowisk roślinnych jako odzwierciedlenie stosunków wod-
nych w dolinie dolnej Biebrzy. Zesz. Probl. Post. Nauk Rol. 83: 317-232.

Oświt J. 1973. Warunki rozwoju torfowisk w dolinie dolnej Biebrzy na tle stosunków wod-
nych. Roczn. Nauk Roln. Ser. D - Monografie 143: 1-80.

Øien D.-I., Pedersen B., Kozub Ł., Goldstein K., Wilk M. 2018. Long-term effects of nutrient 
enrichment controlling plant species and functional composition in a boreal rich fen. J. 
Veg. Sci. 29: 907-920.

Pałczyński A. 1975. Bagna Jaćwieskie. Pradolina Biebrzy. Roczn. Nauk Roln. Ser. D - Mono-
grafie 145: 1-232.

Pawlaczyk P. 2014. Czy ochrona naturalnych procesów w przekształconym krajobrazie ma 
sens? Doświadczenia z planowania i realizacji ochrony Drawieńskiego Parku Narodowe-
go. Przegl. Przyr. 25, 4: 42-77.

Pawlaczyk P. 2018. Akumulacja i emisja węgla przez torfowiska, w tym przez torfowiska alka-
liczne. Klub Przyrodników, Świebodzin. (Mscr., wer. zaktualizowana). Dostęp 15.12.2018. 
[http://alkfens.kp.org.pl/wp-content/uploads/2018/09/201806_Us%C5%82ugi-ekosyste-
mowe_7230_aktualizacja-fin.pdf].

Pawlaczyk P., Bregin M., Barańska K., Kiaszewicz K. 2013. Drawieński Park Narodowy. Ope-
rat szaty roślinnej. Tom 2: Roślinność, ochrona ekosystemów nieleśnych. Mscr. dla Dra-
wieńskiego Parku Narodowego.

Pawlaczyk P., Herbichowa M., Stańko R. 2005. Ochrona torfowisk bałtyckich. Przewodnik 
dla praktyków, teoretyków i urzędników. Wyd. Klubu Przyrodników, Świebodzin. Dostęp 
20.10.2018. [http://www.kp.org.pl/pdf/guide.pdf].

Pawlaczyk P., Kujawa-Pawlaczyk J. 2017. Wybrane problemy monitoringu i oceny stanu torfo-
wisk oraz ich usług ekosystemowych. Stud. i Mat. CEPL 19, 51-2: 103-121. 

Pawlaczyk P., Wołejko L., Jermaczek A., Stańko R. 2002. Poradnik ochrony mokradeł. Wyd. 
Lubuskiego Klubu Przyrodników, Świebodzin.

Pawlak S., Wilżak T. 2012. Walory przyrodnicze torfowisk „Pastwa” w dolinie Środkowej Pro-
sny. Przegl. Przyr. 23, 1: 3-20. 

Pawlikowski P. 2006. Habitat preferences and indicator value of eight threatened brown moss 
species in rich fens of the Lithuanian Lake District (NE Poland). – Pol. J. Env. Stud. 15, 
5D: 232-237.

Pawlikowski P. 2008a. Rzadkie i zagrożone rośliny naczyniowe torfowisk w dolinie Kunisianki 
na Pojezierzu Sejneńskim. – Fragm. Flor. Geobot. Polonica 15, 2: 205-212.

Pawlikowski P. 2008b. Distribution and population size of the threatened fen orchid Liparis 
loeselii (L.) Rich. in the Lithuanian lake district (NE Poland). Botanika Steciana 12: 53-59. 

Pawlikowski P. 2010. Torfowiska Pojezierza Sejneńskiego. In: Obidziński A. (Ed.). Z Ma-
zowsza na Wileńszczyznę. Zróżnicowanie i ochrona szaty roślinnej pogranicza Europy 
Środkowej i Północno-Wschodniej. Polskie Towarzystwo Botaniczne - Zarząd Główny, 
Warszawa: 358-380.

Pawlikowski P. 2011a. Calcareous fens near Chełm: Brzeźno, Bagno Serebryskie and Roskosz 
nature reserves – the last remaining large calcareous fens on chalk bedrock in Poland.  
IMCG Newsletter 4: 54-57. Dostęp 15.12.2018. [http://www.imcg.net/media/newsletter/
nl1104.pdf].

http://alkfens.kp.org.pl/wp-content/uploads/2018/09/201806_Us%C5%82ugi-ekosystemowe_7230_aktualizacja-fin.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/201806_Us%C5%82ugi-ekosystemowe_7230_aktualizacja-fin.pdf
http://www.kp.org.pl/pdf/guide.pdf
http://www.imcg.net/media/newsletter/nl1104.pdf
http://www.imcg.net/media/newsletter/nl1104.pdf


298

Pawlikowski P. 2011b. Sidra spring fen. In: Grootjans A.P., Gojdičová E. Groundwater fed mi-
res in Slovakia and Poland: a guide to the IMCG 2010 field symposium. IMCG Newsletter 
4: 73-74. Dostęp 15.12.2018. [http://www.imcg.net/media/newsletter/nl1104.pdf].

Pawlikowski P. 2011c. Torfowisko Sobowice Mire – refuge for extraordinary rare lepidop-
terans and vascular plants. IMCG Newsletter 4: 49-53. Dostęp 15.12.2018 [http://www.
imcg.net/media/newsletter/nl1104.pdf].

Pawlikowski P., Abramczyk K., Szczepaniuk A., Kozub Ł. 2013. Nitrogen:phosphorus ratio as 
the main ecological determinant of the differences in the species composition of brown-
-moss rich fens in north-eastern Poland. Preslia 85: 349-367.

Pawlikowski P., Jarzombkowski F. 2010a. Torfowiska Gór Sudawskich. In: Obidziński A.  
(Ed.). Z Mazowsza na Polesie i Wileńszczyznę. Zróżnicowanie i Ochrona szaty roślinnej 
pogranicza Europy Środkowej i Północno-Wschodniej. Polskie Towarzystwo Botaniczne 
- Zarząd Główny, Warszawa: 381-389.

Pawlikowski P., Jarzombkowski F. 2010b. Torfowiska Puszczy Rominckiej. In: Obidziński A. 
(Ed.). Z Mazowsza na Polesie i Wileńszczyznę. Zróżnicowanie i Ochrona szaty roślinnej 
pogranicza Europy Środkowej i Północno-Wschodniej. Polskie Towarzystwo Botaniczne 
- Zarząd Główny, Warszawa: 390-407.

Pawlikowski P., Jarzombkowski F. 2012a. Krajowy program ochrony gwiazdnicy grubolistnej 
Stellaria crassifolia. Wyd. Klubu Przyrodników, Świebodzin. Dostęp 15.12.2018 [http://
www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_gwiazdnicy_grubolistn.
pdf].

Pawlikowski P., Jarzombkowski F. 2012b. Krajowy program ochrony skalnicy torfowiskowej 
Saxifraga hirculus. Wyd. Klubu Przyrodnikow, Świebodzin. Dostęp 15.12.2018 [http://
www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_skalnicy_torfowiskowe.
pdf].

Pawlikowski P., Jarzombkowski F., Jabłońska E., Kłosowski S. 2010. Torfowiska nad dolną Ro-
spudą. In: Obidziński A. (Ed.). Z Mazowsza na Polesie i Wileńszczyznę. Zróżnicowanie 
i ochrona szaty roślinnej pogranicza Europy Środkowej i Północno-Wschodniej. Polskie 
Towarzystwo Botaniczne – Zarząd Główny, Warszawa: 341-357.

Pawlikowski P., Jarzombkowski F., Wołkowycki D., Kozub Ł., Zaniewski P., Bakanowska O., 
Banasiak Ł., Barańska K., Bielska A., Biereżnoj U., Galus M., Grzybowska M., Kapler A., 
Karpowicz J., Sadowska I., Zarzecki R. 2009. Rare and threatened plants of the mires in 
the intensively managed landscape of the Góry Sudawskie region (NE Poland). Botanika 
– Steciana 13: 29-36.

Pawlikowski P., Romański M. 2014. Plan ochrony Wigierskiego Parku Narodowego i obszaru 
Natura 2000 Ostoja Wigierska PLH200004. Operat ochrony flory. Mscr. dla Wigierskiego 
Parku Narodowego. 

Pawlikowski P., Wołkowycki D. 2010. Nowe stanowiska Swertia perennis subsp. perennis (Gen-
tianaceae) na torfowiskach północno-wschodniej Polski. Fragm. Flor. Geobot. Polonica 
17, 1: 25-36.

Pawłowski B. 1977. Szata roślinna gór polskich. In: Szafer W., Zarzycki K. (Eds.). Szata roślin-
na Polski. Wyd 3., tom. 2. Wyd. PWN, Warszawa

Pawłowski B., Pawłowska S., Zarzycki K. 1960. Zespoły roślinne kośnych łąk północnej części 
Tatr i Podtatrza. Fragm. Flor. Geobot. 6, 2: 95-223.

Peh K.S.H., Balmford A., Field R.H., Lamb A., Birch J.C., Bradbury R.B., Brown C., Butchart 
S.H.M., Lester M., Morrison R., Sedgwick6 I., Soans Ch., Stattersfield A.J., Stroh P.A., 
Swetnam R.D., Thomas D.H.L., Walpole M., Warrington S., Hughes F.M.R. 2014. Benefits 
and costs of ecological restoration: Rapid assessment of changing ecosystem service valu-
es at a UK wetland. Ecology and Evolution 4, 20: 3875-3886.

Pentecost A. 2005. Travertine. Spriger Verlag, Berlin. 

http://www.imcg.net/media/newsletter/nl1104.pdf
http://www.imcg.net/media/newsletter/nl1104.pdf
http://www.imcg.net/media/newsletter/nl1104.pdf
http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_gwiazdnicy_grubolistn.pdf
http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_gwiazdnicy_grubolistn.pdf
http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_gwiazdnicy_grubolistn.pdf
http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_skalnicy_torfowiskowe.pdf
http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_skalnicy_torfowiskowe.pdf
http://www.kp.org.pl/images/publikacje/Krajowy_program_ochrony_skalnicy_torfowiskowe.pdf


299

Peterka T., Hájek M., Jirousek M., Jiménez-Alfaro B., Auniņa L., Bergamini A., Dite D., Felba-
ba-Klushyna L., Graf U., Hájková P., Hettenbergerova E., Ivchenko T.G., Jansen F., Koro-
leva N.E., Lapshina E.D., Lazarevic P.M., Moen A., Napreenko M.G., Pawlikowski P., Ple-
skova Z., Sekulova L., Smagin V.A., Tahvanainen T., Thiele A., Bita-Nicolae C., Biurrun I., 
Brisse H., Custerevska R., De Bie E., Ewald J., FitzPatrick U., Font X., Jandt U., Kącki Z., 
Kuzemko A., Landucci F., Moeslund J.E., Perez-Haase A., Rasomavicius V., Rodwell J.S., 
Schaminee J.H.J., Silc U., Stancic Z., Chytry M. 2017. Formalized classification of Europe-
an fen vegetation at the alliance level. Appl. Veg. Sci. 20: 124-142. 

Peterka T., Hájek M., Dítě D., Hájková P., Palpurina S., Goia I., Grulich V., Kalníková V., Ple-
sková Z., Šímová A., Štechová T. 2018. Relict occurrences of boreal brown-moss quaking 
rich fens in the Carpathians and adjacent territories. Folia Geobot. 53: 265-276. 

Peterka T., Pleskova Z., Jiroušek M., Hájek M. 2014. Testing floristic and environmental diffe-
rentiation of rich fens on the Bohemian Massif. Preslia 86: 337-366.

Pidek I.A., Noryśkiewicz B., Dobrowolski R., Osadowski Z. 2012. Indicative value of pollen 
analysis of spring-fed fens deposits. Ekológia (Bratislava) 31, 4: 405-433.

Pietruczuk J., Dobrowolski R., Pidek I., Urban D. 2018. Palaeoecological evolution of a  
spring-fed fen in Pawłów (eastern Poland). Grana 57: 345-363. 

Pietruczuk J. 2015. Paleomorfologia i biogeniczna sukcesja osadowa alkalicznego komplek-
su torfowiskowego Bagno Bubnów (Poleski Park Narodowy, Polesie Lubelskie) w świetle 
analiz przestrzennych. Studia Limnologica et Telmatologica 9, 1: 15-23.

Pietruczuk J. 2016. Budowa geologiczna i ewolucja torfowiska węglanowego Bagno Staw w 
Poleskim Parku Narodowym. Acta Geogr. Lodz. 105, 39-53.

Pisarek W. 1996. Mokradła Wyżyny Przedborskiej: 1. Zbiorowiska roślinne i sigmasocjacje. 
Fragm. Flor. Geobot. Ser. Polonica 3: 311-331.

Plan ochrony Pienińskiego Parku Narodowego. Rozporządzenie Ministra Środowiska z dnia 1 
lipca 2014 r. w sprawie ustanowienia planu ochrony dla Pienińskiego Parku Narodowego  
(Dz. U. z dnia 31 lipca 2014, poz. 1010).

Pluciński P. 2014. Dokumentacja do planu zadań ochronnych obszaru Natura 2000 Jezioro 
Kozie PLH320010. Mscr. dla Klubu Przyrodników.

Pokryszko B.M. 1990. The Vertiginidae of Poland (Gastropoda: Pulmonata: Pupilloidea) – a 
systematic monograph. Ann. Zool. 43: 133-257.

Pokryszko B.M. 2004a. Vertigo angustior. In: Głowacinski Z., Nowacki J. (Eds.). Polska czer-
wona księga zwierząt. Bezkręgowce. Akademia Rolnicza im. Augusta Cieszkowskiego w 
Poznaniu i Instytut Ochrony Przyrody PAN, Kraków: 325-326.

Pokryszko B.M. 2004b. Vertigo moulinsiana. In: Głowacinski Z., Nowacki J. (Eds.). Polska 
czerwona księga zwierząt. Bezkręgowce. Akademia Rolnicza im. Augusta Cieszkowskie-
go w Poznaniu i Instytut Ochrony Przyrody PAN, Kraków: 324-325.

Pokryszko B.M., Ruta R., Książkiewicz-Parulska Z. 2016. The first record of Vertigo geyeri 
Lindholm, 1925 (Gastropoda: Pulmonata: Vertiginidae) in north-western Poland. Folia 
Malacol. 24: 63-68.

Polak P., Saxa A. (Eds.). 2005. Priaznivy stav biotopov a druhov europskeho vyznamu. ŠOP 
SR, Banska Bystrica.

Priede A. (Ed.). 2017. Protected Habitat Management Guidelines for Latvia. Volume 4. Mires 
and springs. Nature Conservation Agency, Sigulda.

von Proschwitz T. 2010. Three land-snail species new to the Norwegian fauna: Pupilla pra-
tensis (Clessin, 1871), Vertigo ultimathule von Proschwitz, 2007 and Balea sarsii Philippi, 
1847 [= B. heydeni von Maltzan, 1881]. Fauna Norvegica 30: 13-19.

von Proschwitz T., Schander C., Jueg U., Thorkildsen S. 2009. Morphology, ecology and DNA-
-barcoding distinguish Pupilla pratensis (Clessin, 1871) from Pupilla muscorum (Linna-
eus, 1758) (Pulmonata: Pupillidae). J. Mollusc. Stud. 75: 315-322.



300

Przemyski A., Wołejko L. 2011. Calcareous fens of the Nida basin. In: Grootjans A.P., Goj-
dičová E. Groundwater fed mires in Slovakia and Poland: a guide to the IMCG 2010 field 
symposium. IMCG Newsletter 4: 44-48.

Przybylska J. 2016. Nowe stanowiska poczwarówki zwężonej Vertigo angustior Jeffreys, 1830 i 
poczwarówki jajowatej V. moulinsiana (Gastropoda, Stylommatophora) w Wielkopolsce. 
New sites of the Narrow-mouthed Whorl Snail Vertigo angustior Jeffreys, 1830 and De-
smoulin’s Whorl Snail V. moulinsiana (Dupuy, 1849) (Gastropoda, Stylommatophora) in 
Wielkopolska. Przegl. Przyr. 27, 1: 103-105. 

Prusinkiewicz Z., Noryśkiewicz B. 1975. Geochemiczne i paleopedologiczne aspekty genezy 
kredy jeziornej jako skały macierzystej północnopolskich rędzin. Acta Univ. Nic. Coper-
nici, Mat.-Przyr-Geogr. 9, 35: 115-127.

Puttock A., Graham H.A., Cunliffe A.M., Elliot M., Brazier R.E. 2017. Eurasian beaver activity 
increases water storage, attenuates flow and mitigates diffuse pollution from intensively-
-managed grasslands. Sci. Total Environ. 576: 430-443.

Rajchel J. 2009. Martwice wapienne w architekturze Krakowa. Geologia 35, 2-1: 313-322.
Ratyńska H., Wojterska M., Brzeg A. 2010. Multimedialna encyklopedia zbiorowisk roślin-

nych Polski. Multimedialna encyklopedia zbiorowisk roślinnych Polski. Narodowy Fun-
dusz Ochrony Środowiska i Gospodarki Wodnej, Uniw. Kazimierza Wielkiego, Instytut 
Edukacyjnych Technologii Informatycznych, Warszawa.

Rekowska E., Bociąg K., Ćwiklińska P., Kowalewska A., Manikowska-Ślepowrońska B., No-
wiński K., Wantoch-Rekowski M., Wendzonka J., Wilga M. 2014. Projekt planu ochro-
ny rezerwatu przyrody „Mechowisko Radość”. Mscr. dla RDOŚ w Gdańsku. Dostęp 
15.12.2018. [http://alkfens.kp.org.pl/wp-content/uploads/2018/09/PO_RP-MECHOWI-
SKO-RADOŚĆ.pdf].

Rozporządzenie 2010a. Rozporządzenie Ministra Środowiska z dnia 17 lutego 2010 r. w spra-
wie sporządzania projektu planu zadań ochronnych dla obszaru Natura 2000 (Dz. U. z 
2010 poz. 34, zm. Dz.U. z 2012 poz. 506, 2017 poz. 2310). 

Rozporządzenie 2010b. Rozporządzenie Ministra Środowiska z dnia 30 marca 2010 r. w spra-
wie sporządzania projektu planu ochrony dla obszaru Natura 2000 (Dz. U. z 2010 poz. 
401, zm. Dz.U. z 2012 poz. 507, 2017 poz. 2311). 

Rusińska A. 2008. Drepanoclodus vernicosus w Wielkopolsce – Raport. Wojewódzki Zespół 
Specjalistyczny Natura 2000. Mscr. dla Generalnej Dyrekcji Ochrony Środowiska.  

Rusińska A., Gąbka M. 2008. Raport z prac wykonanych w czasie weryfikacji SFD dla obszaru 
Natura 2000 „Jezioro Mnich”. Mscr. dla Generalnej Dyrekcji Ochrony Środowiska, Po-
znań.

Rusińska A., Górski P., Gąbka M., Stebel A., Fudali E., Szczepański M., Rozsadziński S., Wolski 
G., Pisarek W., Zubel R., Staniaszek-Kik M., Pawlikowski P., Wilhelm M., Salachna A., 
Zalewska-Gałosz J. 2009. Bryoflora of the spring fen „Makąty” in north-western Wielko-
polska region. Roczniki Akademii Rolniczej w Poznaniu, Botanika – Steciana  13: 155-
166. 

Ruta R. 2009. Chrząszcze (Insecta: Coleoptera) Rynny Jezior Kuźnickich ze szczególnym 
uwzględnieniem rezerwatu „Kuźnik. In: Owsianny P.M. (Ed.). Rynna Jezior Kuźnickich 
i rezerwat przyrody „Kuźnik” - Bioróżnorodność, funkcjonowanie, ochrona i edukacja. 
Muzeum Stanisława Staszica, Piła: 150-177.

Ruta R., Kubisz D., Buczyński P. 2011. On the occurrence of Eubria palustris (Germar, 1818) 
(Coleoptera: Psephenidae) in Poland. Wiad. entomol. 30, 1: 37-46.

Rydin H., Jeglum J.K., Hooijer A. 2006. The biology of peatlands. The biology of habitats. 
Oxford University Press, Oxford - New York.

Schenková V., Horsák M., Hájek M., Plesková Z., Dítě D., Pawlikowski P., 2014. Mollusc and 
plant assemblages controlled by different ecological gradients at Eastern European fens. 
Acta Oecol. 56: 66-73. 

http://alkfens.kp.org.pl/wp-content/uploads/2018/09/PO_RP-MECHOWISKO-RADOŚĆ.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/PO_RP-MECHOWISKO-RADOŚĆ.pdf


301

Schenková V., Horsák M., Plesková Z., Pawlikowski P. 2012. Habitat preferences and conserva-
tion of Vertigo geyeri (Gastropoda: Pulmonata) in Slovakia and Poland. J. Mollus. Stud. 
78: 105-111. 

Schipper A.M., Zeefat R., Tanneberger F., van Zuidam J.P., Hahne W., Schep S.A., Loos S., 
Bleuten W., Joosten H., Lapshina E.D., Wassen M.J. 2007. Vegetation characteristics and 
eco-hydrological processes in a pristine mire in the Ob River valley (Western Siberia). 
Plant Ecology 193: 131-145.

Schot P.P., Dekker S.C., Poot A. 2004. The dynamic form of rainwater lenses in drained fens. 
J. Hydrol. 293: 74-84.

Schröder C., Dahms T., Paulitz J., Wichtmann W., Wichmann S. 2015. Towards large-scale 
paludiculture: addressing the challenges of biomass harvesting in wet and rewetted pe-
atlands. Mires and Peat 16, 13: 1-18. 

Šefferova-Stanova V., Šeffer J., Janak M. 2008. Management of Natura 2000 habitats. 7230 
Alkaline fens. European Commission. Dostęp 15.06.2018. [http://ec.europa.eu/environ-
ment/nature/natura2000/management/habitats/pdf/7230_Alkaline_fens.pdf].

Sielezniew M. 2012. Strzępotek edypus Coeonympha oedippus (Fabricius, 1787). In: Makoma-
ska-Juchiewicz M., Baran P. (Eds.). Monitoring gatunków zwierząt. Przewodnik meto-
dyczny. Część 2. Główny Inspektorat Ochrony Środowiska, Warszawa: 258-273.

Sielezniew M. 2015. Czerwończyk nieparek Lycaena dispar (1060). In: Makomaska-Juchie-
wicz M., Bonk M. Monitoring gatunków zwierząt. Przewodnik metodyczny. Część 4. 
Główny Inspektorat Ochrony Środowiska, Warszawa: 44-57. 

Sikorski P. (Ed.). 2013. Plan ochrony Wigierskiego Parku Narodowego i obszaru Natura 2000 
Ostoja Wigierska PLH200004 w granicach parku wraz z aneksem dotyczącym fragmen-
tów obszaru Natura 2000 Ostoja Wigierska położonych poza granicami Parku. Operat 
ochrony lądowych ekosystemów nieleśnych, torfowiskowych i bagiennych. Mscr. dla Wi-
gierskiego Parku Narodowego. 

Sjörs H. 1950. On the relation between vegetation and electrolytes in North Swedish mire 
waters. Oikos 2: 239-258.

Sjörs H., Gunnarsson U. 2002. Calcium and pH in north and central Swedish mire waters. J. 
Ecol. 90: 650-657.

Skoczylas J. 2013. Wykorzystanie surowców skalnych w początkach państwa polskiego w 
Gnieźnie. Górnictwo i Geologia 8, 1: 101-111.

Smoczyk M., Karakula M. 2016. Rzadkie i zagrożone rośliny naczyniowe Gór Bystrzyckich i 
polskiej części Gór Orlickich (Sudety Środkowe) – część 5. Przyroda Sudetów 19: 13-44.

Smoczyk M., Wierzcholska S. 2016. 12. Tomentypnum nitens (Hedw.) Loeske. In: Górski P., 
Rusińska A. (eds). New distributional data on bryophytes of Poland and Slovakia, 5. Ste-
ciana 20: 39-40.

Snowden R.E.D., Wheeler B.D. 1993. Iron Toxicity to Fen Plant Species. J. Ecol. 81, 1: 35-46. 
Sokołowski A.W. 1988(1989). Flora roślin naczyniowych rezerwatu Rospuda w Puszczy Au-

gustowskiej. Parki nar. Rez. Przyr. 9, 1: 33-43.
Sokołowski A.W. 1988. Miodokwiat krzyżowy Herminium monorchis w Puszczy Augustow-

skiej. Chrońmy Przyr. Ojcz. 44, 5: 70-74.
Sokołowski A.W. 1996. Zbiorowiska roślinne projektowanego rezerwatu Rospuda w Puszczy 

Augustowskiej. Ochr. Przyr. 53: 87-130.
Sokołowski A.W. 1986-1987. Zbiorowiska z Carex rostrata w północno-wschodniej Polsce. 

Frag. Flor. Geobot. 31-32, 4-4: 443-453. 
Šolcová A., Libor P.,  Hájková P.,  Petřík J., Tóth P., Rohovec J., Bátora J., Horsák M. 2018.  Early 

and middle Holocene ecosystem changes at the Western Carpathian/Pannonian border 
driven by climate and Neolithic impact. Boreas 47, 3: 897-909.

http://ec.europa.eu/environment/nature/natura2000/management/habitats/pdf/7230_Alkaline_fens.pdf
http://ec.europa.eu/environment/nature/natura2000/management/habitats/pdf/7230_Alkaline_fens.pdf


302

Šoltes R., Ditě D., Mihalik D., Ondreičkova K., Hrehova Z., Maximova N., Sedlakova B. 2015. 
Seasonal variation in bryophytes cover in the calcareous mire Bielianske Luky, Slovakia. 
Pakistan J. Bot. 47, 1: 255-262.

Stachnowicz W., Wojterska M. 2006. Torfowisko Rzecińskie PLH300019. Standardowy For-
mularz Danych obszaru Natura 2000, wersja z 2008.02. Generalna Dyrekcja Ochrony 
Środowiska, Warszawa (Mscr.).

Stanicka M. 2010. Rozwój sieci rezerwatów przyrody na Lubelszczyźnie. Annales UMCS B 65, 
1: 117-136.

Stańko R. 2011. Dokumentacja Planu Zadań Ochronnych obszaru Natura 2000 „Orle” PLH 
220019 w województwie pomorskim. Klub Przyrodników na zlecenie RDOŚ w Gdańsku 
(Mscr.). 

Stańko R., Kiaszewicz K. 2010. Inwentaryzacja terenowa elementów biotycznych: flora, ro-
ślinność i siedliska przyrodnicze. Warunki zarządzania obszarem dorzecza i ochroną róż-
norodności biologicznej dla zapewnienia zrównoważonego rozwoju obszarów cennych 
przyrodniczo na przykładzie zlewni Czarnej Orawy stanowiącej część transgranicznego 
dorzecza Dunaju. Klub Przyrodników na zlecenie RZGW Kraków.

Stańko R., Horabik D. 2015. Siedliska podmokłe. In: Czarnota P., Stefanik M. (Eds.). Gor-
czański Park Narodowy. Przyroda i krajobraz pod ochroną. Wyd. Gorczańskiego Parku 
Narodowego.

Stańko R., Kiaszewicz K., Zieleniewski W., Bojarska K., Gołębniak G., Wiaderny A., Hora-
bik D., Kwaśny Ł. 2013. Plan zadań ochronnych dla obszaru Natura 2000 Dolina Pliszki 
PLH080011 w woj. lubuskim.  Klub Przyrodników, Świebodzin (Mscr.).

Stańko R., Kujawa-Pawlaczyk J., Pawlaczyk P., Bociąg K. 2015. Pojeziorne torfowisko alkalicz-
ne w rezerwacie „Mechowisko Radość”. In: Wołejko L. (Ed.). Torfowiska Pomorza – iden-
tyfikacja, ochrona, restytucja. Wyd. Klubu Przyrodników, Świebodzin: 117-128. Dostęp 
03.11.2018. [http://alkfens.kp.org.pl/wp-content/uploads/2015/10/Torfowiska-Pomorza-
-identyfikacja-ochrona-restytucja.pdf].

Stańko R., Utracka-Minko B., Miller M., Głuchowska B., Litwin I. 2003. Dokumentacja pro-
jektowanego rezerwatu przyrody „Torfowisko Gogolewko”. Park Krajobrazowy „Dolina 
Słupi” w Słupsku. Pomorski Urząd Wojewódzki w Gdańsku (Mscr.).

Stańko R., Utracka-Minko B., Miller M., Głuchowska B., Litwin I. 2002. „Waloryzacja przy-
rodnicza oraz wstępna analiza warunków hydroekologicznych ekosystemów bagiennych 
Parku Krajobrazowego „Dolina Słupi”. Park Krajobrazowy „Dolina Słupi”, Słupsk-Świe-
bodzin (Mscr.).

Stańko R., Wołejko L. (Eds.). 2018a. Ochrona torfowisk alkalicznych w Polsce. Raport z re-
alizacji projektów LIFE 11/NAT/PL/423 i LIFE 13 NAT/PL/000024. Tom 1. Wyd. Klu-
bu Przyrodników, Świebodzin. Dostęp 03.11.2018. [http://alkfens.kp.org.pl/wp-content/
uploads/2018/08/KSIAZKA_PL_środki-final.pdf].

Stańko R., Wołejko L. (Eds.). 2018b. Ochrona torfowisk alkalicznych w Polsce. Raport z re-
alizacji projektów LIFE 11/NAT/PL/423 i LIFE 13 NAT/PL/000024. Tom 2. Wyd. Klu-
bu Przyrodników, Świebodzin. Dostęp 30.12.2018. [http://alkfens.kp.org.pl/wp-content/
uploads/2018/09/Raport-Naukowy-TOM-II-PL.pdf].

Stańko R., Wołejko L., Jarzombkowski F., Makles M., Horabik D. 2015. Ochrona torfowisk 
alkalicznych w Polsce. Przegl. Przyr. 26, 4: 76-84. 

Stańko R., Wołejko L., Pawlaczyk P. (Eds.). 2018. Podręcznik dobrych praktyk w ochronie tor-
fowisk alkalicznych. Wyd. Klubu Przyrodników. Świebodzin. Dostęp 10.12.2018. [http://
alkfens.kp.org.pl/wp-content/uploads/2018/09/PODRECZNIK_PL_FINAL.pdf].

Stebel A., Błońska A. 2012. Moerckia hibernica (Marchantiophyta) in anthropogenic habitats 
in southern Poland. Herzogia 25, 1: 113–117.

Stebel A., Krause R., Smeja A. 2016. Nowe stanowisko wątrobowca Moerckia hibernica w Gor-
cach (Karpaty Zachodnie). Fragm. Florist. Geobot. Polon. 23, 1: 177-179.

http://alkfens.kp.org.pl/wp-content/uploads/2015/10/Torfowiska-Pomorza-identyfikacja-ochrona-restytucja.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2015/10/Torfowiska-Pomorza-identyfikacja-ochrona-restytucja.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/08/KSIAZKA_PL_środki-final.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/08/KSIAZKA_PL_środki-final.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Raport-Naukowy-TOM-II-PL.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Raport-Naukowy-TOM-II-PL.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/PODRECZNIK_PL_FINAL.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/PODRECZNIK_PL_FINAL.pdf


303

Steffen H. 1931. Vegetationskunde von Ostpreussen. Pflanzensoziologie 1. G. Fisher Verl., 
Jena.

Stuchlikowa B. 1967. Zespoły łąkowe pasma Policy z Karpatach Zachodnich. Fragm. Flor. 
Geobot. 13: 357-402.

Succow M. 1988. Landschaftsökologische Moorkunde. Fischer, Jena.
Succow M., Jeschke L. 1986. Moore in der Landschaft. UraniaVerl., Leipzig.
Sugier P., Różycki A. 2010. Charakterystyka geobotaniczna Poleskiego Parku Narodowego. In: 

Obidziński A. (Ed.). Z Mazowsza na Polesie i Wileńszczyznę. Zróżnicowanie i ochrona 
szaty roślinnej pogranicza Europy Środkowej i Północno-Wschodniej. Polskie Towarzy-
stwo Botaniczne – Zarząd Główny, Warszawa:  131-146.

Sugier P., Różycki A., Dobrowolski R. 2010. Charakterystyka przyrodnicza wybranych tor-
fowisk Pojezierza Łęczyńsko-Włodawskiego. In: Obidziński A. (Ed.). Z Mazowsza na 
Polesie i Wileńszczyznę. Zróżnicowanie i ochrona szaty roślinnej pogranicza Europy 
Środkowej i Północno-Wschodniej. Polskie Towarzystwo Botaniczne – Zarząd Główny, 
Warszawa: 147-159.

Sulikowska-Drozd A. 2014. Poczwarówki Vertigo angustior i Vertigo moulinsiana w woje-
wództwie łódzkim. Problemy Współczesnej Biologii 2014, XXX Krajowe Seminarium 
Malakologiczne Łopuszna 8-10.10.2014. Bogucki Wydawnictwo Naukowe, Wrocław-
-Łopuszna: 73.

Sulikowska-Drozd A. 2015. Vertigo angustior and V. moulinsiana in Łódzkie Voivodeship. In: 
Pokryszko B.M. The 30th Polish Malacological Seminar. Folia Malacol. 23: 81. [http://
dx.doi.org/10.12657/folmal.023.001].

Systematyka Gleb Polski (Systematics of Polish soils). 2011. Rocz. Glebozn. 62: 1-193.
Szafran B. 1948. Przeżytki z epok ubiegłych we florze mchów Polski i wschodnich krain są-

siednich. Ochr. Przyr. 18: 41-65.
Szlauer-Łukaszewska A., Wilhelm M., Sulikowska-Drozd A. 2015. The occurrence of protec-

ted vertiginids Vertigo angustior Jeffreys, 1830 and V. moulinsiana (Dupuy, 1849) (Ga-
stropoda: Pulmonata: Vertiginidae) in the estuary of the Odra River. Folia Malacol. 23: 
225-234. 

Szulc J. 1983. Geneza i klasyfikacja wapiennych osadów martwicowych. Przegl. Geolog. 31, 
4: 231-236.

Szuniewicz J. 1975. Wysokość kapilarnego podnoszenia się wody w glebach hydrogenicznych. 
Roczn. Nauk Roln. Ser. F, 79, 1: 41-53.

Świerkosz K. (Ed.). 2006. Opracowanie rozmieszczenia siedlisk przyrodniczych Natura 2000 
w 44 proponowanych Specjalnych Obszarach Ochrony na terenie województwa dolnoślą-
skiego – raport zbiorczy. Dla IOŚ w Warszawie, Wrocław (Mscr.).

Tanneberger F., Kubacka J. (Eds.). 2018. The Aquatic Warbler Conservation Handbook. Bran-
denburg State Office for Environment (LfU), Potsdam.

Tansley A.G. 1946. Introduction to Plant Ecology. A guide for beginners in field study for 
plant communities. George Allen & Unwin, London.

Tansley A.G. 1935. The use and abuse of vegetational concepts and terms. Ecology 16: 284-
307.

Tattersfield P., McInnes R. 2003. Hydrological requirements of Vertigo moulinsiana on three 
candida Special Areas of Conservation in England (Gastropoda, Pulmonata: Vertigini-
dae). Heldia 5: 135-147.

Tobolski K. 2000. Przewodnik do oznaczania torfów i osadów jeziornych. PWN, Warszawa.
Tobolski K. 2007 Kulturowe aspekty torfu i torfowisk. Studia Limnologica et Telmatologica 

1:  119-126. 
Tokarska-Guzik B., Dajdok Z., Zając M., Zając A., Urbisz A., Danielewicz W., Hołdyński C. 

2012. Rośliny obcego pochodzenia w Polsce ze szczególnym uwzględnieniem gatunków 
inwazyjnych. Generalna Dyrekcja Ochrony Środowiska, Warszawa.

http://dx.doi.org/10.12657/folmal.023.001
http://dx.doi.org/10.12657/folmal.023.001


304

Tołpa S., Jasnowski M., Pałczyński A. 1967. System der genetischen Klassifizierung der Torfe 
Mitteleuropas. Zesz. Probl. Post. Nauk Roln. 76: 9-99.

Tomaszewski D. 1998. Stan flory rezerwatu „Torfowisko Źródliskowe w Gostyniu Starym” k. 
Gostynia. Parki nar. Rez. Przyr. 17, 2: 37-54. 

Towpasz K., Stachurska-Swakoń A. 2009. Występowanie Sesleria uliginosa (Poaceae) w zbio-
rowiskach z rzędu Caricetalia davallianae na obszarze Niecki Nidziańskiej (Wyżyna Ma-
łopolska). Fragm. Flor. Geobot. Polonica 16, 2: 305-316.

Tyszkowski M. 1992. Interesujące torfowisko nad jeziorem Krejwelanek w Puszczy Augustow-
skiej. Chrońmy Przyr. Ojcz. 48, 6: 68-72.

Ustawa z dnia 16 kwietnia 2004 roku o ochronie przyrody (Dz. U. z 2018 r. poz. 1614, z późn. 
zm.).

Verbücheln G., Börth M., Hinterlang D., Hübner Th., Michels C., Neitzke A., König H., Pardey 
A., Raabe U., Röös M., Schiffgens Th., Weiss J., Wolff-Straub R. 2004. Anleitung zur Bewer-
tung des Erhaltungszustandes von FFH-Lebensraumtypen. Landesanstalt für Ökologie, 
Bodenordnung und Forsten Nordrein Westfalen. Dostęp 15.12.2018. [http://methoden.
naturschutzinformationen.nrw.de/methoden/web/babel/media/bewertung090704.pdf].

Vicherová E., Hájek M., Hájek T. 2015. Calcium intolerance of fen mosses: physiological evi-
dence, effects of nutrient availability and successional drivers. Perspect. Plant Ecol. Evol. 
Syst. 17: 347-359.

Vicherová E., Hájek M., Šmilauer P., Hájek T. 2017. Sphagnum establishment in alkaline fens: 
Importance of weather and water chemistry. Sci. Total Environ. 580: 1429-1438.

Vitt D.H. 2000. Peatlands: ecosystems dominated by bryophytes. In: Shaw A.J., Goffinet B. 
(Eds.). Bryophyte Biology. Cambridge University Press, Cambridge: 312-343.

Vončina G. 2017. Młaki eutroficzne polskich Karpat [Eutrophic fens in the Polish Carpathia-
ns]. Polska Adademia Nauk – Komitet Biologii Organizmalnej Instytut Botaniki Uniwer-
sytetu Jagiellońskiego, Warszawa – Kraków.

Vončina G. 2018. Sprawozdanie z monitoringu siedliska 7230 Górskie i nizinne torfowiska 
zasadowe o charakterze młak, turzycowisk i mechowisk. Wyniki monitoringu w latach 
2016-2018. GIOŚ, Warszawa. Dostęp 20.02.2019. [http://siedliska.gios.gov.pl/pl/wyniki-
-monitoringu/2013-2014/szczegolowe-wyniki-dla-siedlisk-przyrodniczych].

Waloch P. 2012. Funkcjonowanie siedlisk z roślinnością nakredową w określonych warunkach 
troficznych oraz kierunki przemian w wybranych kompleksach jeziorno-torfowych Pol-
ski połnocno-zachodniej. Praca doktorska, ZUT Szczecin (Mscr.).

Wanic T. 2010. Pararędzina – osobliwość glebowa na terenie Nadleśnictwa Polanów. Różno-
rodność biologiczna Leśnego Kompleksu Promocyjnego Lasy Warcińsko-Polanowskie 2: 
15-18.

Wąs S. 1965. Geneza, sukcesja i mechanizm rozwoju warstw mszystych torfu. Zesz. Probl. 
Post. Nauk Rol. 57: 305-393.

Wassen M.J., Barendregt A., Pałczyński A., de Smidt J.T., de Mars H. 1990. The relation be-
tween fen vegetation gradients, groundwater flow and flooding in an undrained valley 
mire at Biebrza, Poland. J. Ecol. 78: 1106-1122.

Wassen M.J., Barendregt A., Pałczyński A., de Smidt A.J.T., de Mars H. 1992. Hydro-ecological 
analysis of the Biebrza mire (Poland). Wetlands Ecology and Management, 2: 119-134.

Wassen M.J., Joosten H.J. 1996. In search of a hydrological explanation for vegetation changes 
along a fen gradient in the Biebrza Upper Basin (Poland). Vegetatio 124: 191-209.

Wassen M.J., Olde Venterink H., Lapshina E.D., Tanneberger F. 2005. Endangered plants per-
sist under phosphorus limitation. Nature 437: 547-550.

Wassen M.J., van Diggelen R.,Wolejko L.,Verhoeven J.T.A. 1996. A comparison of fens in na-
tural and artificial landscapes. Vegetatio 126: 5-26

Weigle A. (Ed.). 2014. Dokumentacja planu zadań ochronnych obszaru Natura 2000 Dolina 
Biebrzy PLH200008 (wersja 10.11.2014). Mscr. dla Biebrzańskiego Parku Narodowego. 

http://methoden.naturschutzinformationen.nrw.de/methoden/web/babel/media/bewertung090704.pdf
http://methoden.naturschutzinformationen.nrw.de/methoden/web/babel/media/bewertung090704.pdf
http://siedliska.gios.gov.pl/pl/wyniki-monitoringu/2013-2014/szczegolowe-wyniki-dla-siedlisk-przyrodniczych
http://siedliska.gios.gov.pl/pl/wyniki-monitoringu/2013-2014/szczegolowe-wyniki-dla-siedlisk-przyrodniczych


305

Weigle A. (Ed.). 2016. Dokumentacja planu zadań ochronnych obszaru Natura 2000 Dolina 
Biebrzy PLH200008 (wersja 29.01.2016). Mscr. dla Biebrzańskiego Parku Narodowego. 
Dostęp 15.11.2018. [https://www.biebrza.org.pl/828,przygotowanie-planow-zadan-
-ochronnych-dla-obszarow-natura-2000-soo-dolina-biebrzy-i-oso-ostoja-biebrzanska]

Welter-Schultes F.W. 2012. European non-marine molluscs, a guide for species identification. 
Göttingen (Planet Poster Editions).

Wheeler B.D., Al-Farraj M.M., Cook R.E.D. 1985. Iron toxicity to plants in base-rich wetlands: 
comparative effects on the distribution and growth of Epilobium hirsutum L. and Juncus 
subnodulosus Schrank. New Phytologist 100: 653-669.

Wheeler B.D., Proctor M.C.F. 2000. Ecological gradients,  subdivisions and terminology of 
north-west European Mires. J. Ecol. 88: 187-203.

Wichmann S. 2018. Economic incentives for climate smart agriculture on peatlands in the 
EU. Greifswald Moore Centre. Dostęp 15.12.2018. [http://www.incentives.paludiculture.
com].

Wichtmann W., Schröder Ch., Joosten H. (Eds.). 2016. Paludiculture – productive use of wet 
peatlands Climate protection ï biodiversity ï regional economic benefits. Schweizerbart 
Science Publishers, Stuttgart.

Wichtmann W., Tanneberger F., Wichmann S., Joosten H. 2010. Paludiculture is paludifuture. 
Climate, biodiversity and economic bene ts from agriculture and forestry on rewetted 
peatland. Peatlands International 1: 48-51. Dostęp 15.12.2018. [https://www.moorwissen.
de/doc/publikationen/Paludiculture_Paludifuture_PI_2010.pdf].

Wichtmann W., Oehmke C., Bärisch S., Deschan F., Malashevich U., Tanneberger F. 2014. 
Combustibility of biomass from wet fens in Belarus and its potential as a substitute for 
peat in fuel briquettes. Mires and Peat 14, 6: 1-10. 

Wiktor A. 2004. Ślimaki lądowe Polski. Wyd. Mantis, Olsztyn.
Wiktor A., Riedel A. 2002. Gastropoda Terrestria Ślimaki lądowe. In: Głowaciński Z. (Ed.). 

Czerwona lista zwierząt ginących i zagrożonych w Polsce. Polska Akademia Nauk Insty-
tut Ochrony Przyrody, Kraków: 27-33.

Wilczek Z. 2006. Fitosocjologiczne uwarunkowania ochrony przyrody Beskidu Śląskiego 
(Karpaty Zachodnie). Wyd. Uniwersytetu Śląskiego, Katowice.

Wojtak E., Kitowski I. 2001. Zmiany środowiskowe a problemy ochrony zasobów fauny na 
torfowiskach węglanowych koło Chełma. Problemy Ekologii Krajobrazu 10: 203-209.

Wojterska M., Stachnowicz W., Melosik I. 2001. Flora i roślinność torfowiska nad Jeziorem 
Rzecińskim koło Wronek. In: Wojterska M. (Ed.). Szata roślinna Wielkopolski i Pojezie-
rza Południowopomorskiego. Przew. Sesji Ter. 52. Zjazdu PTB: 211-219.

Wołejko L., Stańko R. 1998. Doliny Ilanki i Pliszki jako ostoje bioróżnorodności. Wyd. Lubu-
skiego Klubu Przyrodników. Świebodzin. 

Wołejko L. 2000. Dynamika fitosocjologiczno-ekologiczna ekosystemów źródliskowych Pol-
ski północno-zachodniej w warunkach ekstensyfikacji rolnictwa. Rozpr. AR w Szczecinie 
195: 5-112.  

Wołejko L. 2001. Stratygrafia torfowisk soligenicznych Polski północno-zachodniej. Woda-
-Środowisko-Obszary wiejskie 1, 1: 83-103.

Wołejko L. 2002. Soligenous wetlands of North-western Poland as an environment for endan-
gered mire species. Acta Societatis Botanicorum Poloniae 71: 49-61.

Wołejko L. 2015. Torfowiska soligeniczne doliny rzeki Rurzycy. In: Wołejko L. (Ed.). Torfo-
wiska Pomorza – identyfikacja, ochrona, restytucja. Wyd. Klubu Przyrodników. Świebo-
dzin: 101-115.

Wołejko L., Grootjans A., Veeman I., Verschoor A., Stańko R. 2001. Rozwój i degradacja mo-
kradeł zasilanych wodami podziemnymi na terenie Drawieńskiego Parku Narodowego. 
Woda-Środowisko-Obszary wiejskie 1, 1: 105-122.

https://www.biebrza.org.pl/828,przygotowanie-planow-zadan-ochronnych-dla-obszarow-natura-2000-soo-dolina-biebrzy-i-oso-ostoja-biebrzanska
https://www.biebrza.org.pl/828,przygotowanie-planow-zadan-ochronnych-dla-obszarow-natura-2000-soo-dolina-biebrzy-i-oso-ostoja-biebrzanska
http://www.incentives.paludiculture.com
http://www.incentives.paludiculture.com
https://www.moorwissen.de/doc/publikationen/Paludiculture_Paludifuture_PI_2010.pdf
https://www.moorwissen.de/doc/publikationen/Paludiculture_Paludifuture_PI_2010.pdf


306

Wołejko L., Grootjans A.P. 2004. An eco-hydrological approach to peatland management in 
Poland. In: Wołejko L., Jasnowska J. (Eds.). The future of Polish mires. Monogr. AR w 
Szczecinie: 49-59.

Wołejko L., Malinowski R.A. 2017. Mokradła zasilane wodami podziemnymi na obszarze 
zlewni górnej Iny. In: Durkowski T. (Ed.). Zlewnia rzeki Iny. Budowanie niebieskiego 
korytarza ekologicznego wzdłuż doliny rzeki Iny i jej dopływów. Zachodniopomorski Za-
rząd Melioracji Wodnych w Szczecinie: 81-101.

Wołejko L., Piotrowska J. 2011. Roślinność torfowisk alkalicznych rezerwatu „Wielkopolska 
Dolina Rurzycy”. Univ. Technol. Stetin. Agric. Aliment. Pisc. Zootech. 289, 19: 91-116.

Wołejko L., Stańko R., Pawlikowski P., Jarzombkowski F., Kiaszewicz K., Chapiński P., Bregin 
M., Kozub Ł., Krajewski Ł., Szczepański M. 2012. Krajowy program ochrony torfowisk 
alkalicznych (7230). Wyd. Klubu Przyrodników, Świebodzin. Dostęp 15.12.2018 [http://
www.kp.org.pl/images/publikacje/KRAJOWY-PROGRAM-OCHRONY-TORFOWISK-
-ALKALICZNYCH-7230.pdf].

Wołejko L., Stańko R., Ruta R., Horabik D., Gawroński D., Gawrońska A., Kwaśny Ł. 2015. Do-
kumentacja i plan ochrony rezerwatu „Bukowskie Bagno”. Klub Przyrodników, Świebo-
dzin (Mscr.). Dostęp 15.12.2018. [http://alkfens.kp.org.pl/wp-content/uploads/2018/09/
Bukowskie-Bagno_Plan-Ochrony-projekt.pdf].

Wołkowycki D. (Ed.). 2013. Plan ochrony Narwiańskiego Parku Narodowego. Operat ekosys-
temów lądowych bagienych i leśnych. Towarzystwo Ochrony Siedlisk „ProHabitat”. Mscr. 
dla Narwianskiego Parku Narodowego.

Wołkowycki D., Kołos A., Matowicka B., Popławski C., Szewczyk M. 2016. Typy roślinności i 
siedliska przyrodnicze. In: Banaszuk P., Wołkowycki D. (Eds.). Narwiański Park Narodo-
wy. Krajobraz, przyroda, człowiek. Narwiański Park Narodowy, Kurowo: 93-108. 

Zadrąg M., Szałański P., Lachmann L. 2011. Ochrona wodniczki w Polsce i w Niemczech. 
Osiągnięcia projektu Life Wodniczka. OTOP.

Zając I., Kucharski L., Kil E. 2012. Problems of protection of peatlands in Central Poland on 
the example SAC Natura 2000 „Łąka w Bęczkowicach” and adjacent areas. In: Forysiak J., 
Kucharski L., Ziułkiewicz M. (Eds.). Peatlands and semi-natural landscape – their trans-
formation and the possibility of protection. Bogucki Wyd. Naukowe, Poznań: 11-18.

Zając K., Książkiewicz Z., Lipińska A. 2012. Poczwarówka Geyera Vertigo geyeri Lindholm, 
1925. In: Makomaska-Juchiewicz M., Baran P. (Eds.). Monitoring gatunków zwierząt. 
Przewodnik monitoringu. Część 2. GIOŚ, Warszawa: 447-462.

Zak D., Gelbrecht J., Steinberg C.E.W. 2004. Phosphorus retention at the redox interface of 
peatlands adjacent to surface waters in northeast Germany. Biogeochemistry 70: 357-368.

Zingstra Ch., Kovačev A., Kitnaes K., Conev R., Dimova D., Cvetkov P. (Eds.). 2009. Ryko-
vodstvo za ocenka na blagoprijatno prirodozaščitno systojanie za tipov prirodni mesto-
obitanija i vidove po Natura 2000 w Bylgarija. Bylgarska Fondacija Bioraznobrazie, Sofija.

Zych P., Vargas W. 2018. Bestiariusz Słowiański. Część 1 i 2. Wyd. Bosz, Olszanica. 
Żelichowski A.M. 1974. Struktury epok tektonicznych, bajkalskiej, kaledońskiej i waryscyj-

skiej. Część południowa. In: Pożaryski W. (Ed.). Budowa Geologiczna Polski. Tom 4 – 
Tektonika, część 1. Niż Polski. Wyd. Geologiczne, Warszawa.

Żurek S., Tomaszewicz H.1989. Badania bagien. In: Gutry-Korycka M., Werner-Więckowska 
H. (Eds.). Przewodnik do hydrograficznych badań terenowych. PWN, Warszawa: 190-210.

Życie a klimat. Dostęp 15.12.2018. [http://www.zycieaklimat.edu.pl/index/?id=a684eceee76f-
c522773286a895bc8436].

http://www.kp.org.pl/images/publikacje/KRAJOWY-PROGRAM-OCHRONY-TORFOWISK-ALKALICZNYCH-7230.pdf
http://www.kp.org.pl/images/publikacje/KRAJOWY-PROGRAM-OCHRONY-TORFOWISK-ALKALICZNYCH-7230.pdf
http://www.kp.org.pl/images/publikacje/KRAJOWY-PROGRAM-OCHRONY-TORFOWISK-ALKALICZNYCH-7230.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Bukowskie-Bagno_Plan-Ochrony-projekt.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2018/09/Bukowskie-Bagno_Plan-Ochrony-projekt.pdf
http://www.zycieaklimat.edu.pl/index/?id=a684eceee76fc522773286a895bc8436
http://www.zycieaklimat.edu.pl/index/?id=a684eceee76fc522773286a895bc8436


307

Index 

Antoniów, 130, 135
Bagienna Dolina Rospudy, 197, 257
Bagno Serebryskie, 190, 270
Bahno w Borkach, 190
Baligówka, 142
Belianske Luky, 38, 284
Bełk, 131, 132, 281
Bembeński stream, 14, 15, 57, 280, 283
Beskid Mały PLH240023, 154
Beskid Śląski PLH240005, 139, 154, 219
Beskid Żywiecki, 154, 219
Bęczkowice, 64, 130, 132, 206, 218, 252, 282
Biała Woda, 190, 202, 203
Biebrza, 11, 18, 20, 21, 29, 63, 64, 66, 67, 69, 

72, 75, 87, 93, 115, 116, 117, 118, 181, 
182, 183, 210, 211, 212, 214, 215, 217, 
218, 221, 223, 234, 277, 279, 280, 281, 
282, 283

Bieszczady, 64, 137, 138, 139, 148, 149, 154, 
186, 267

Błota Kłócieńskie, 154
Bobolice, 102, 103, 268
Bobolickie Jeziora Lobeliowe PLH320001 

Natura 2000 site, 154
Borsuki, 118, 122, 197
Brzeźno, 127, 128, 129, 190, 202, 203, 204, 

270
Bubnów, 129, 183, 271
Buczyna Szprotawsko-Piotrowicka 

PLH080007 Natura 2000 site, 154
Bukowskie Bagno, 23, 32, 65, 71, 73, 79, 

104, 105, 190, 203
calcareous tufa, 15, 17, 19, 27, 28, 33, 35, 

210, 279, 283
Carpathians, 20, 26, 41, 48, 53, 54, 90, 93, 

94, 125, 136, 137, 138, 139, 140, 144, 
146, 147, 149, 150, 161, 162, 163, 185, 
187, 257, 258, 271, 284

characteristic species, 55, 124, 135, 144, 
149, 225, 226, 233, 235, 238, 239, 245

Chełmskie Torfowiska, 127
Chłopiny, 23, 112, 189, 202, 260
Chocina, 96
Chyżnik, 142, 201, 282
Cudzichowa, 219, 220, 221, 282

Czarna Hańcza, 65, 117, 120, 184
Czarna Orawa, 8, 57, 140, 141, 142, 144, 

149, 280
Czarnakowizna, 120
Czerwone Bagno, 117
Dąbie, 99, 281
Debrzynka, 25, 107, 172
Diabelskie Pustacie PLH320048 Natura 

2000 site, 154
Diabli Skok, 107, 190, 202, 257
Długa, 16, 283
Dłużnica, 65, 96, 97
Dobromierz, 154
Dobromyśl PLH060033 Natura 2000 site, 

154
Dolina Biebrzy PLH200008 Natura 2000 

site, 154, 181, 277
Dolina Bielawy PLH320053 Natura 2000 

site, 154, 264
Dolina Debrzynki, 154, 198
Dolina Debrzynki PLH300047 Natura 2000 

site, 154
Dolina Górnej Łeby PLH220006 Natura 

2000 site, 154
Dolina Górnej Rospudy PLH200022, 65, 

154, 181
Dolina Grabowej PLH320003 Natura 2000 

site, 154
Dolina Ilanki, 113, 114, 154, 190, 191, 202, 

203, 205
Dolina Ilanki PLH080009 Natura 2000 site, 

113, 154
Dolina Iny koło Recza PLH320004 Natura 

2000 site, 154
Dolina Kakaju PLH280036 Natura 2000 

site, 65, 154
Dolina Krasnej PLH260001 Natura 2000 

site, 154
Dolina Krąpieli PLH320005 Natura 2000 

site, 155
Dolina Kulawy, 23, 191, 202, 203
Dolina Kunisianki, 122, 201
Dolina Lubszy PLH080057 Natura 2000 

site, 155



308

Dolina Łętowni PLH060040 Natura 2000 
site, 155

Dolina Łobżonki PLH300040 Natura 2000 
site, 155

Dolina Łupawy PLH220036 Natura 2000 
site, 155

Dolina Małej Panwi PLH160008 Natura 
2000 site, 155

Dolina Płoni, 155, 197
Dolina Prądnika PLH120004 Natura 2000 

site, 155
Dolina Radwi, Chocieli i Chotli PLH320022 

Natura 2000 site, 155
Dolina Rurzycy, 107, 155, 191, 202, 203
Dolina Sieniochy PLH060025 Natura 2000 

site, 155
Dolina Słupi PLH220052 Natura 2000 site, 

155
Dolina Stropnej PLH220037 Natura 2000 

site, 155
Dolina Szczyry PLH220066 Natura 2000 

site, 155
Dolina Szeszupy PLH200016 Natura 2000 

site, 65, 155
Dolina Środkowej Wietcisy PLH220009 

Natura 2000 site, 155
Dolina Wieprzy i Studnicy PLH220038 

Natura 2000 site, 155
Dolina Wierzycy PLH220094 Natura 2000 

site, 155
Dolina Wolicy PLH060058 Natura 2000 

site, 155
Dolny Wieprz PLH060051 Natura 2000 

site, 155
Dorzecze Parsęty PLH320007 Natura 2000 

site, 155
Dorzecze Regi PLH320049 Natura 2000 

site, 155
flush fen, 11, 12, 14, 53, 135, 136, 139, 140, 

144, 146, 147, 150, 151, 160, 185, 188, 
206, 279, 281, 282, 283

flush fens, 6, 7, 9, 10, 11, 13, 14, 20, 26, 29, 
36, 48, 57, 58, 64, 74, 93, 130, 134, 135, 
136, 137, 138, 139, 140, 144, 145, 146, 
147, 148, 149, 178, 184, 185, 186, 187, 
188, 189, 204, 206, 209, 211, 216, 217, 
219, 233, 278, 279, 280, 281, 282

Gajlik, 122, 200, 259
Galwica, 124, 191, 202
Głógno, 122, 124
Gogolewko, 16, 17, 101, 102, 191, 202, 203, 

275, 283

Gołubie, 99
Gorce Mts., 137, 144, 145, 149, 281
Góra Świętej Anny PLH160002 Natura 

2000 site, 155
Góry i Pogórze Kaczawskie PLH020037 

Natura 2000 site, 155
Góry Opawskie PLH160007 Natura 2000 

site, 156
Góry Stołowe PLH020004 Natura 2000 site, 

156
Góry Złote PLH020096 Natura 2000 site, 

156
Grądy w Dolinie Odry PLH020017 Natura 

2000 site, 156
Grodczyn i Homole koło Dusznik 

PLH020039 Natura 2000 site, 156
Grzęzawisko, 205
Gwda, 95, 107, 108, 198, 205
Gwdziańskie Mechowiska, 198, 205
Ilanka, 16, 19, 25, 64, 65, 79, 113, 114, 263, 

283
Jacinki, 103, 252
Jata PLH060108 Natura 2000 site, 156
Jeleniewo PLH200001 Natura 2000 site, 

121, 156
Jeziora Szczecineckie PLH320009 Natura 

2000 site, 156, 178
Jeziora Uściwierskie PLH060009 Natura 

2000 site, 156
Jeziora Wdzydzkie PLH220034 Natura 

2000 site, 156, 179
Jeziorko koło Drozdowa Natura 2000 site, 

64, 125, 191, 203
Jezioro Bobięcińskie PLH320040 Natura 

2000 site, 156
Jezioro Drzezno, 191
Jezioro Gopło PLH040007 Natura 2000 

site, 156
Jezioro Kalejty, 121, 191, 204
Jezioro Kozie PLH320010 Natura 2000 site, 

156, 271
Jezioro Krąg PLH220070 Natura 2000 site, 

156
Jezioro Krejwelanek, 200
Jezioro Księże w Lipuszu PLH220104 Natu-

ra 2000 site, 156, 178
Jezioro Lubie i Dolina Drawy PLH320023 

Natura 2000 site, 156
Jezioro Łaźnica, 199
Jezioro Mnich PLH300029 Natura 2000 

site, 156
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Jezioro Ratno, 23, 114, 192
Jezioro Trawnickie, 198
Jezioro Wierzchołek, 196
Jonkowo-Warkały PLH280039 Natura 2000 

site, 124, 156, 181
Kamienne Mts., 151, 156, 282
Kamień PLH060067 Natura 2000 site, 156
Karkonosze PLH020006 Natura 2000 site, 

156
Kemy Rymańskie PLH320012 Natura 2000 

site, 156
Klonowo, 192
Kobyla Biel, 118, 119, 122, 178, 197
Kopalnia kredy koło Zapcenia, 95
Kosewskie Bagno, 124, 200
Krowie Bagno PLH060011 Natura 2000 

site, 129, 156
Kruszynek, 71, 96, 98, 192, 202, 203, 252
Krutynia, 125, 192
Kwiecko, 103, 197
Landscape Park, 100, 102, 129, 204, 205
Landscape-nature complex (LNC), 205
Lasy Bierzwnickie PLH320044 Natura 2000 

site, 156
Lisi Kąt PLH040026 Natura 2000 site, 156
Low Beskid, 137, 138
Low Beskids, 15
Lubusz Forest, 113, 114
Ławki, 116, 221
Łąka w Bęczkowicach PLH100004 Natura 

2000 site, 157, 174, 175, 260, 285
Łąki Gór i Pogórza Izerskiego PLH020102 

Natura 2000 site, 157
Łąki nad Szyszłą PLH060042 Natura 2000 

site, 157
Łempis, 192
Magura, 15, 16, 137, 144, 149, 188, 279, 283
Małe Pieniny PLH120025 Natura 2000 site, 

139, 147, 148, 157, 281
Małga, 125, 192
Masyw Ślęży PLH020040 Natura 2000 site, 

157
Mazurska Ostoja Żółwia Baranowo 

PLH280055 Natura 2000 site, 157
Mazurskie Bagna PLH280054 Natura 2000 

site, 157
Mechowiska Czaple, 192, 202
Mechowiska Sulęczyńskie, 23, 72, 73, 75, 

100, 101, 157, 181, 192, 202, 203, 252, 
258

Mechowiska Zęblewskie PLH220075 Natu-
ra 2000 site, 157

Mechowisko Krąg, 79, 98, 192, 203, 204, 
256

Mechowisko Manowo, 102, 157, 181, 193, 
202, 203

Mechowisko Radość, 71, 96, 97, 98, 193, 
202, 203, 264, 272, 274, 281

Miziowa, 206
Młodno, 23, 64, 113, 114, 193, 202, 203
Moczary PLH180026 Natura 2000 site, 157
Mokradła Kolneńskie i Kurpiowskie 

PLH200020 Natura 2000 site, 157
monitoring, 5, 15, 59, 79, 83, 109, 139, 178, 

180, 181, 189, 203, 221, 224, 225, 228, 
229, 230, 231, 232, 233, 234, 235, 236, 
237, 239, 241, 242, 243, 244, 245, 249, 
250, 255, 260, 262, 264

Monitoring, 5, 41, 150, 178, 183, 189, 219, 
225, 228, 229, 230, 231, 232, 233, 235, 
236, 237, 239, 240, 241, 242, 243, 244, 
245, 250, 251, 252, 259, 260, 261, 262, 
263, 273, 282

mowing, 69, 79, 86, 87, 99, 101, 114, 137, 
138, 145, 147, 178, 179, 180, 182, 183, 
184, 185, 186, 187, 188, 203, 205, 206, 
215, 217, 218, 219, 220, 221, 222, 223, 
224, 235, 281, 282

Mszar nad Jeziorem, 109, 193
Mszary Tuczyńskie, 177, 193, 196, 202
Narwiańskie Bagna PLH200002 Natura 

2000 site, 157
nature monument, 206
nature reserve, 4, 64, 72, 74, 75, 95, 97, 101, 

102, 105, 108, 111, 112, 114, 119, 127, 
142, 144, 189, 190, 191, 192, 193, 194, 
195, 196, 197, 198, 199, 204, 282

Nietlickie, 125, 193, 202
Nowa Studnica, 104, 105, 197
Nowosiółki (Julianów) PLH060064 Natura 

2000 site, 157
Okonino, 109, 111, 176, 198, 281
Orle PLH220019 Natura 2000 site, 157
Orlickie, 156
Orońskie, 130, 154, 195, 202
Ostoja Augustowska PLH200005 Natura 

2000 site, 157, 178
Ostoja Babiogórska PLH120001 Natura 

2000 site, 157
Ostoja Bagno Całowanie PLH140001 Natu-

ra 2000 site, 157
Ostoja Barlinecka PLH080071 Natura 2000 

site, 157
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Ostoja Borzyszkowska PLH220079 Natura 
2000 site, 157

Ostoja Brodnicka PLH040036 Natura 2000 
site, 157

Ostoja Goleniowska PLH320013 Natura 
2000 site, 157

Ostoja Gorczańska PLH120018 Natura 
2000 site, 139, 157

Ostoja Jaśliska PLH180014 Natura 2000 
site, 139, 157

Ostoja Knyszyńska PLH200006 Natura 
2000 site, 157

Ostoja Lidzbarska PLH280012 Natura 2000 
site, 65, 158

Ostoja Magurska PLH180001 Natura 2000 
site, 158

Ostoja nad Baryczą PLH020041 Natura 
2000 site, 158

Ostoja Nadliwiecka PLH140032 Natura 
2000 site, 158

Ostoja Nadwarciańska PLH300009 Natura 
2000 site, 158

Ostoja Napiwodzko-Ramucka PLH280052 
Natura 2000 site, 158

Ostoja Nidziańska PLH260003 Natura 
2000 site, 158

Ostoja Piska PLH280048 Natura 2000 site, 
158

Ostoja Poleska PLH060013 Natura 2000 
site, 158

Ostoja Popradzka PLH120019 Natura 2000 
site, 158, 252

Ostoja Przemęcka PLH300041 Natura 2000 
site, 158

Ostoja Przemyska PLH180012 Natura 2000 
site, 158

Ostoja Radomno PLH280035 Natura 2000 
site, 158

Ostoja Szaniecko-Solecka PLH260034 Nat-
ura 2000 site, 158

Ostoja Środkowojurajska PLH240009 Nat-
ura 2000 site, 158

Ostoja w Dolinie Górnego Nurca 
PLH200021 Natura 2000 site, 158

Ostoja w Dolinie Górnej Narwi PLH200010 
Natura 2000 site, 158

Ostoja Welska PLH280014 Natura 2000 
site, 158

Ostoja Wełtyńska PLH320069 Natura 2000 
site, 158

Ostoja Wielkopolska PLH300010 Natura 
2000 site, 158

Ostoja Zapceńska PLH220057 Natura 2000 
site, 158

Ostoja Złotopotocka PLH240020 Natura 
2000 site, 158

Parchacz, 64
Pasmo Krowiarki PLH020019 Natura 2000 

site, 158
Percolating, 20
percolationg fens, 9
Perkuć, 193, 202
Pieniny PLC120002 Natura 2000 site, 139, 

158
Płaskowyż Nałęczowski PLH060015 Natu-

ra 2000 site, 158
Pojezierze Ińskie PLH320067 Natura 2000 

site, 159
Pojezierze Myśliborskie PLH320014 Natu-

ra 2000 site, 159
Pojezierze Sejneńskie PLH200007 Natura 

2000 site, 65, 159
Polana Biały Potok PLH120026 Natura 

2000 site, 159
Poleska Dolina Bugu PLH060032 Natura 

2000 site, 159
Poligon w Okonku PLH300021 Natura 

2000 site, 159
Pradolina Bzury-Neru PLH100006 Natura 

2000 site, 159
protected landscape areas (PLA), 205
Przełomowa Dolina Rzeki Wel PLH280015 

Natura 2000 site, 159
Puszcza Białowieska PLC200004 Natura 

2000 site, 159
Puszcza Kozienicka PLH140035 Natura 

2000 site, 159
Roskosz, 127, 128, 129, 194, 202, 203, 204, 

270
Rospuda, 20, 22, 25, 65, 71, 83, 86, 118, 119, 

122, 197, 212, 257, 259, 274, 279, 281
Rudawy Janowickie PLH020011 Natura 

2000 site, 159
Rurzyca, 25, 107, 208, 209, 282
Rutka, 120, 121, 194, 202, 206
Rynna Dłużnicy PLH220081 Natura 2000 

site, 159
Rynna Gryżyny PLH080067 Natura 2000 

site, 159
Rzecińskie, 109, 110, 159, 205, 274, 281
Sandr Brdy PLH220026 Natura 2000 site, 

159
Sandr Wdy PLH040017 Natura 2000 site, 

159
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Sawin PLH060068 Natura 2000 site, 159
Sawonia Mostek, 122, 197
Serebryjskie, 127, 204
Skotawskie Łąki, 101, 194, 202, 204
Słone Łąki w Dolinie Zgłowiączki 

PLH040037 Natura 2000 site, 159
Słupia, 16, 25, 100, 101, 204, 205
Smolary, 107, 194, 202, 203
soil, 35, 36, 37, 38, 41, 42, 85, 86, 126, 137, 

178, 187, 208, 214, 223, 233, 244, 246, 
249, 262, 266, 267, 268, 281, 284

Sołtysek, 125, 194
spring-fed, 7, 9, 11, 13, 14, 15, 17, 18, 19, 20, 

28, 251, 252, 254, 258, 266, 269, 271, 
278, 279, 283

Stare Biele, 194, 203
Staw, 123, 129, 183, 271
Stawek, 23, 24, 30, 96, 97, 190, 202, 203, 

266, 279, 283
Struga Białośliwka PLH300054 Natura 

2000 site, 159
Struga Żytkiejmska, 121, 194, 202, 203
Sudety Mts, 149, 150, 152, 216
Tatry PLC120001 Natura 2000 site, 139, 159
Torfowiska Chełmskie PLH060023 Natura 

2000 site, 159
Torfowiska Gór Sudawskich PLH200017 

Natura 2000 site, 159
Torfowiska Orawsko-Nowotarskie 

PLH120016 Natura 2000 site, 159
Torfowisko Mieleńskie PLH040018 Natura 

2000 site, 159
Torfowisko Mnica, 104, 197
Torfowisko nad Babięcką Strugą, 124, 199
Torfowisko nad Jeziorem Krawno, 200
Torfowisko Osowiec, 104, 195, 202, 204, 

216
Torfowisko Pliszka, 196
Torfowisko Serafin, 130, 195, 202
Torfowisko Sobowice, 127, 128, 159, 195, 

202, 203, 270
Torfowisko Śniatycze, 201
Torfowisko Zocie, 122, 159, 205
Torfowisko Żytkiejmska Struga, 121
Trzy Młyny PLH220029 Natura 2000 site, 

160
Tuchola, 29, 95, 96, 97, 196, 198, 265
Uroczyska Borów Dolnośląskich 

PLH020072 Natura 2000 site, 160
Uroczyska Borów Zasieckich PLH080060 

Natura 2000 site, 160

Uroczyska Płyty Krotoszyńskiej 
PLH300002 Natura 2000 site, 160

Uroczyska Pojezierza Kaszubskiego 
PLH220095 Natura 2000 site, 160

Uroczyska Puszczy Drawskiej PLH320046 
Natura 2000 site, 160, 177

Uroczyska Puszczy Zielonki PLH300058 
Natura 2000 site, 160

Uroczysko Korea, 124, 198
Wąwóz Homole, 195, 202, 204
Wielkopolska Dolina Rurzycy, 107, 195, 

202
Wietrzno, 103, 205
Wisła, 195
Wizna, 86, 214, 262
Wolin i Uznam PLH320019 Natura 2000 

site, 160
Zabrodzie, 125, 195, 196
Zachodnie Pojezierze Krzywińskie 

PLH300014 Natura 2000 site, 160
Zaskalskie-Bodnarówka, 195, 202, 204
Zatoka Pucka i Półwysep Helski PLH220032 

Natura 2000 site, 160
Zdrójno, 98, 173, 196, 198
Źródliska Flinty, 196
Źródliska Jasiołki, 196, 202, 203
Źródliska Wisłoki PLH120057 Natura 2000 

site, 160
Źródliska Wzgórz Sokólskich PLH200026 

Natura 2000 site, 160
Żurawie Bagno Sławskie PLH080047 Natu-

ra 2000 site, 160
Żywiec Beskid, 137, 139, 205, 206


