A GUIDEBOOK

on Good Practices

‘J

LA

AT

line fen conservati

(=

— 1YR g

=y

NFOSIGW

ISBN: 978-83-63426-24-8







A Guidebook

on Good Practices
of alkaline fen conservation



Editorial:
Robert Stanko, Lestaw Wotejko, Pawel Pawlaczyk

Authors:

Ewa Gutowska, Dorota Horabik, Filip Jarzombkowski, Katarzyna Kotowska,
Jolanta Kujawa-Pawlaczyk, Magdalena Makowska, Pawel Pawlaczyk,

Robert Stanko, Lestaw Wotejko

Technical editorial:
Karolina Banaszak

Language correction:
Magdalena Makowska, Lestaw Wotejko

Layout:
Barbara Rynkiewicz

Translation:
ATOMINIUM, Krakdéw

Print: Szmydt Gostynin

ISBN: 978-83-63426-24-8

Klub Przyrodnikéw Publishing House,
1 Maja 22, 66-200 Swiebodzin,
http://kp.org.pl/pl/wydawnictwo-glowna/

I P~ -

i
SATTEL 200N



http://kp.org.pl/pl/wydawnictwo-glowna/

List of content

Lo INTOAUCHON. ..ottt 4
2. General characteristics of alkaline fens............cooecioivnninicnncncccns 5
3. Characteristics of alkaline fens from the point of view of their protection ........ 41
4. Most common threats and symptoms of degeneration ..........c.ccccecuvererrerreuececnnce 51
5. Methods of protection of alkaline fens..........cccvecurevcrrecrrecrreeereeeneeneeneeeneeenenes 60
5.1. Protection against external threats ..........ccocoveeeieeneeeenieeeneeeeeeeeeeceeeees 60
5.2. Optimization of water CONAItions.........cccveuriureeeecircrnirnierinieeenseeseseseeaeeaenne 60
5.3. Inhibiting vegetation SUCCESSION .......c.ceuevreueurueerierireneeereeeeseeensseeeseaeescasesesees 71
5.4. Other Protective MEASUIES.......c.ceueururereucreurerererereereeesessesesesesessaseaesessssesesesessenes 81
6. Monitoring of alkaline fens conservation Status...........c.ceceeueeeecereererrerseueiceennas 83

6.1. National Environmental Monitoring and the Chief Inspectorate
of Environmental Protection methodology...........cocveeveeveceerncrniinenneenceccennens

6.2. Good practices for designing local monitoring systems

7. The experience of other countries in the protection of peatlands based

on the visits of the team implementing LIFE projects and partners...........c....... 91
Estonia

Latvia ...........

Lithuania

SLOVAKIA c..vuvieiiieieteici ettt 99
GEIMANY ..ottt 103
AUSETIA oottt 106

8.
8.2. Examples of fen habitat protection from recent years .........cccoocecereecrreccrrenee 124
8.3. By protecting the habitat, we are protecting the species..........coceueuerennce 125
9. Legal aspects of fen protection .........cccveerceireeeneeineeeneeeeneseeneseesessesessesesseseseens 127
10. Social conditions of protection - practices of cooperation with land
OWNETrS ANA MANAZELS ....cvuvrrrirrieieerierereesereseesensesse s sesseaessessessessessssessessesaessenns 147
10.1. Nature protection on State Treasury land.........ccccceceeueureeenerernerenneerneuennenens 147
10.2. Nature protection on private 1and .........c.coevevceuernenceinninccnnnceesencneeenne 150
SUMMAATY .ottt 157
REFEIEIICES ...vuveuienciectrecirecirec ettt ene 159
3 M

|
NLETEL J0iD



1. Introduction

Robert Stariko

Alkaline fens in many ways stand out from the wetland ecosystems of Poland.
The abundance of species found here, including rare, protected, and endangered
species, are a delight not only for beginning botanists but also experienced flo-
rists. The hydroecological composition of alkaline fens is a challenge for every
inquisitive naturalist who undertakes to protect them. Unfortunately, what dis-
tinguishes these valuable ecosystems is the dramatic rate of their disappearance.
In the past, they were drained on a large scale and then abandoned. Now, further
drained - often with ditches that serve no purpose whatsoever - they degrade
and become overgrown with forest. Once destroyed, they cannot be recreated.

Alkaline fens have long been of particular interest to us, not only as research
sites but also as a subject of protection. In this publication, we attempt to pass on
our experience and knowledge gained over the past twenty years. We hope that it
will serve all those involved in protecting alkaline fens to act more effectively.
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2. General characteristics
of alkaline fens

Lestaw Wolejko, Robert Staiiko, Pawet Pawlaczyk

The subject of this publication concerns the issues of protection of mountain
and low alkaline fens in the group of flush fens, sedge and moss fens, i.e., the so-
called natural habitat designated in the European Union' with the code 7230.

In the intention of the authors of the Habitats Directive, alkaline fens are
identified (Moss and Davies 2002, European Commission 2013) as unit 54.2 in
the Palearctic Habitat Classification (Devilliers and Devilliers-Terschuren 1996),
currently identical with unit D4.1 in the so-called EUNIS Classification (Davies
et al. 2004, European Environmental Agency 2017), corresponding to the palu-
dological® definition of ,,rich fens™.

This habitat is described as follows: ,, Wetlands and spring-mires, seasonally
or permanently waterlogged, with a soligenous or topogenous base-rich, often cal-
careous water supply. Peat formation, when it occurs, depends on a permanently
high water table. 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 therefore: fen-like character, groundwater
supply (shallow or deep), and alkalinity of the water supply.

1 The term ,natural habitat’, used in the jargon and legal language of the European Union, cur-
rently widely accepted and introduced into Polish law, means “land or water area, natural,
semi-natural or anthropogenic, distinguished by its geographical, abiotic and biotic features”;
an ecosystem associated with a specific fragment of biogeographical space; biogeocenosis. Ha-
bitat type codes were introduced in the so-called EU Habitats Directive (Council Directive
92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and
flora).

2 Paludology - the study of swamps (lat. palus, paludis = swamp and gr. logos = science),
a branch of ecology concerned with wetlands.

3 The word rich can also mean fertile — in this context it refers to the abundance of the species of
vegetation rather than to fertility. Typical ,rich fens” are not ,.fertile” in the common sense, or
at least biogenic nutrients are not available for plants.
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The criterion distinguishing alkaline fens from other low fens supplied by
surface water (EUNIS D.5, mostly* not included in the Annex to the Habitats
Directive) is the groundwater supply. The criterion distinguishing alkaline fens
from acidic fens (EUNIS D.2, partly not included in the Annex to the Habitats
Directive and partly constituting a natural habitat with code 7140) is the reac-
tion of supply waters.

The central, most typical form of alkaline fens, where its specific features
are most visible, are the so-called moss fens, i.e., alkaline fens with vegetation
dominated by brown mosses and low sedges. The condition for the development
of this form of ecosystem is the alkalinity of supply water and its low fertility,
i.e., the low availability of biogenic nutrients to plants (which may result from
the reduction of this availability as a result of specific biogeochemical processes,
see chapter 3). The description of habitat 7230 in the Interpretation Manual of
European Union Habitats (European Commission 2013) refers to this most typi-
cal habitat form: ,, Wetlands mostly or largely occupied by peat- or tufa-producing
small sedge and brown moss communities developed on soils permanently water-
logged, with a soligenous or topogenous base rich, often calcareous water supply,
and with the water table at, or slightly above or below, the substratum. Peat forma-
tion, when it occurs, is infra-aquatic. Calciphile small sedges and other Cyperaceae
usually dominate the mire communities, which belong to the Caricion davallianae,
characterized by a usually prominent ,,brown moss” carpet formed by Campylium
stellatum, Drepanocladus intermedius, D. revolvens, Cratoneuron commutatum,
Acrocladium cuspidatum, Ctenidium molluscum, Fissidens adianthoides, Bryum
pseudotriquetrum and others, a grass-like growth of Schoenus nigricans, S. fer-
rugineus, Eriophorum latifolium, Carex davalliana, C. flava, C. lepidocarpa, C.
hostiana, C. panicea, Juncus subnodulosus, Scirpus cespitosus, Eleocharis quinque-
flora, and a very rich herbaceous flora including Tofieldia calyculata, Dactylorhiza
incarnata, D. traunsteineri, D. traunsteinerioides, D. russowii, D. majalis Ssp.
brevifolia, D. cruenta, Liparis loeselii, Herminium monorchis, Epipactis palustris,
Pinguicula vulgaris, Pedicularis sceptrum-carolinum, Primula farinosa, Swertia
perennis”, however noting correctly that, “Wet grasslands (Molinietalia caeru-
laea, e.g., Juncetum subnodulosi & Cirsietum rivularis), tall sedge beds (Magno-
caricion), reed formations (Phragmition), fen sedge beds (Cladietum mariscae),
may form part of the fen system, with communities related to transition mires or
spring communities.”

4 Excluding the calcareous fens included in Annex I - natural habitat 7210.
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Also in the Polish literature, the description of the natural habitat ,,alkaline
fens of spring fen, sedge fen and moss fen characteristics (7230)” according to
the ,,Manual for recognizing habitats and species of Natura 2000” edited by J.
Herbich (Herbichowa & Wotejko 2004) focuses on this typical form: ,,meso- and
meso-oligotrophic, poorly acidic, neutral and alkaline flush fens, low spring and
flow-through fens, supplied by groundwaters, abundant or very abundant in alka-
lisa, covered by diverse, geographically diverse, peat producing moss and low sedge
communities (moss fens), in part with an outstanding proportion of calcicole spe-
cies, including those growing outside or near the edges of continuous geographical
ranges.”

However, moss fens are not the only possible form of alkaline fens.

In the popular classification, though abandoned in professional paludology,
which divides peatlands in Polish nomenclature into ,,low”, ,high” and ,transi-
tion™, alkaline fens are a special type of the so-called “low” peatlands. For a
layman, however, this is not obvious at all. On the one hand, some spring fens
are not flat and low at all, but they can form clearly visible domes — which is a
morphological feature common with “high” peatlands (raised bogs), although of
course the vegetation is completely different and these types of mires cannot be
confused. On the other hand, the vegetation of typical, moss forms of alkaline
fens — with the dominance of low sedges with dense brown moss carpets, some-
times also peat mosses — resembles transition mires, which is the reason for the
frequent mistakes in diagnoses (cf., Table 2). Also, moss and moss-sedge peats
accumulated by alkaline fens due to the mixing of moss and sedge residues are
sometimes misidentified as ,,transition peats”.

Current fen classifications are based on their location and water supply char-
acteristics. Alkaline fens are divided into soligenous, percolating and spring fens,
which will be discussed further in this chapter.

Alkaline fens are found across almost all of Europe (Jiménez-Alfaro et al.
2014, European Environmental Agency 2018), although in the different biogeo-
graphical regions they can take on slightly different forms and flora composi-
tions. The Alpine biogeographical region is considered to be the area where they
take the most typical and ,,textbook” form, bringing together plant species from
the Caricion davallianae alliance (Jiménez-Alfaro et al. 2014), which is not al-
ways the case in other regions.

In Poland, habitat 7230 is found in lower-mountain and upland locations and
in the entire lowlands, although the most numerous locations are in its northern
part (Koczur 2012, Wolejko et al. 2012, Stanko et al. 2015¢). Numerous, though

5  The English names for those types of peatlands are not adequate to show how Polish jargon can
be misleading. That is why authors decided to keep direct translation from Polish and not to
use corresponding English nomenclature used worldwide - though it would be more appro-
priate.
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small, alkaline fens can be found in the Polish part of the Carpathians, rich in
limestone, e.g., in the Black Orava catchment area (Kiaszewicz & Stariko 2010),
in the Pieniny and Gorce (Stanko & Horabik 2015), and in the Nida Basin area
(Przemyski & Wolejko 2011), the Lublin region (Dobrowolski et al. 2016), and
the Low Beskids.

Due to regional differences in topographic, geological, and hydrogeological
conditions related to the age of the landscape and dominant geomorphological
processes as well as the nature of human influence, it was proposed (Herbichowa
& Wolejko 2004) to divide habitat 7230 in Poland into three subtypes:

- 7230-1 mountain flush fens,
- 7230-2 alkaline fens of southern Poland (excluding mountains) and central

Poland,

- 7230-3 spring and percolating fens of northern Poland.

This is also partially reflected in the diversity of vegetation of these ecosys-
tems (Stanko & Wotejko 2018).

Traditionally, the frequently used identifier of natural habitats is the phy-
tosociological aspect of vegetation and indicator species of plants. The flora of
alkaline fens as a habitat type is very rich, distinguishing them from other types
of fens, e.g., “high” mires - raised bogs or most of the transition mires. Often,
floral variety and the occurrence of floral peculiarities are features of individual
patches, although not always. For alkaline fens, however, it is difficult to name
appropriate phytosociological identifiers. The Matuszkiewicz syntaxonomic sys-
tem (1984, 2018), commonly used in Poland and dating back several decades,
treats fen vegetation very superficially (which the author himself admits), in-
cluding a very poor grasp of alkaline fen vegetation. As a consequence, attempts
(e.g. Koczur 2012) to indicate good phytosociological identifiers of natural habi-
tat 7230 within its boundaries are doomed to fail.

The phytosociological knowledge of flush fen and moss fen vegetation has
developed significantly in recent years, both in Europe (Hajek & Hajkova 2011,
Peterka et al. 2017) and in Poland itself (Wotejko 2000a, 2000b, Wotejko et al.
2008, Wolejko & Stariko 2018); it is still the subject of lively discussions and pro-
posals for new approaches. In the newer catalogue of plant syntaxa of Poland,
prepared by Ratynska et al. (2010), the possibilities of indicating plant commu-
nities related to habitat 7230 are greater (cf., Table 1).

However, this approach also focuses on the typical form of alkaline fens -
sedge - moss fens. Other forms of alkaline fens — particularly flush fens, spring
fens, but also degradation forms, e.g., alkaline fens with meadow vegetation
— generally do not have good phytosociological identifiers.
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Floristic and phytosociological indicators are to some extent suitable for the
identification of sedge-moss fens. All species characteristic of the Caricion da-
vallianae vegetation alliance should be considered as typical for them. They are,
for example, sedges: Carex buxbaumii, C. davalliana, C. flava, C. lepidocarpa,
C. panicea, and also Gentianella uliginosa, Polygala amarella, Eriophorum lati-
folium, Valeriana simplicifolia, Juncus subnodulosus, Schoenus ferrugineus, Eleo-
charis quinqueflora, Equisetum variegatum, and Juncus alpino-articulatus (= J. al-
pinus). The characteristic species of the alliance, occurring (at least theoretically)
in a greater number of communities, are: Bryum pseudotriquetrum, Campylium
stellatum, sedges: Carex flacca, C. hostiana, C. pulicaris, orchids: Dactylorhiza
incarnata, D. majalis, Epipactis palustris, Liparis loeselii and other Fissidens adi-
anthoides, Limprichtia cossonii, Parnassia palustris, Pinguicula vulgaris, Primula
farinosa, Scorpidium scorpioides, Sesleria caerulea (=S. uliginosa), Swertia peren-
nis, Tofieldia calyculata, and Valeriana dioica. The presence of these species usu-
ally indicates a good conservation status of the ecosystems of particular alkaline
fens.

However, most of the above species are not found solely on sedge-moss
fens or alkaline fens in general and may also be found in other habitat types.
For example, the species characteristic of the Caricion davallianae association
also form a base of calcareous fen vegetation (code 7210); they can be found in
the flora of the petrifying springs (7220) and they can also be found in Molinia
meadows (6410).

The species of Caricion davallianae are more numerous in the alkaline fens
of southern Poland, whereas in northern Poland their occurrence in this type of
habitat is usually less pronounced (Herbichowa & Wolejko 2004) — which is in
line with the results of the research of Jiménez-Alfaro et al. (2014), according to
which Caricion davallianae species are mostly found on Alpine alkaline fens but
are not necessarily so typical in the case of fens in other biogeographical regions
of Europe.

Typical, but of course not exclusive for alkaline fens, are also the species
characteristic for some higher syntaxa of the Scheuchzerio-Caricetea fuscae class;
e.g., Baeothryon alpinum, Calliergon giganteum, Carex dioica, C. chordorrhiza,
C. diandra, C. lasiocarpa, C. limosa, Cinclidium stygium, Eriophorum gracile,
Hamatocaulis vernicosus, Helodium blandowii, Limprichtia revolvens, Meesia
triquetra, Menyanthes trifoliata, Paludella squarrosa, Pseudocalliergon trifarium,
Saxifraga hirculus, peat mosses: Sphagnum teres, S. warnstorfii, S. contortum,
Stellaria crassifolia, Tomentypnum nitens, Pedicularis palustris, P. sceptrum-caro-
linum, Triglochin palustre, and Warnstorfia exannulata.

9 I~ -
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The flora of alkaline fens is supplemented and often dominated by spe-
cies representing other synecological groups, in particular reeds (Phragmitetea
class), meadow (Molinio-Arrhenatheretea) and spring (Montio-Cardaminetea
class) vegetation, but also alder wood (Alnetea glutinosae) species, and species
associated with shalow 1 water bodies (Utriculariete intermedio-minoris), and
even some bog species (Oxycoc). Vegetation of the alkaline fen can often take
the form of large sedge rushes — particularly Caricetum appropinquatae, Carice-
tum acutiformis, Caricetum paniculatae, Caricetum rostratae, Cladietum marisci,
Phragmitetum australis, Urtico-Phragmitetum, wet meadow Angelico cirsietum
oleracei, Cirsietum rivularis, and even Deschampsietum caespitosae (Wolejko
2000a, Wolejko & Piotrowska 2011).

Typical species of mountain flush fens include: Carex flava, C. panicea, Erio-
phorum latifolium, Epipactis palustris, Tofieldia calyculata, Carex davalliana, C.
dioica, Valeriana simplicifolia and the appearance is also affected by horsetails,
clumpy sedges, Eriophorum latifolium, and Crepis paludosa. In general, however,
it is not possible to give good, specific floristic or phytosociological identifiers for
alkaline spring fens, including flush fens. Their vegetation is usually composed
of species with wider ecological scales, and the Caricion davallianae species do
not have to be present at all: in these cases, the ecology of the ecosystem, and not
its vegetation, must be the key to identifying the 7230 habitat.

Photo 1: Carex davalliana and Dactylorhiza majalis (in the background)
(photo R. Staniko).
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Photo 2: Carex lepidocarpa
(photo K. Kiaszewicz).

Photo 3: Carex panicea
(photo K. Kiaszewicz).
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Photo 5: Flowering Liparis loeselii,
on a moss fen dominated by
Paludella squarrosa (photo R. Staniko).
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Photo 6: Saxifraga hirculus
(photo R. Starniko).

Photo 7: Eleocharis quinqueflora (photo R. Staniko).
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Photo 8: Juncus subnodulosus
(photo R. Stanko).

In terms of physiognomy, sedge-moss fens often stand out among river val-
ley vegetation due to the low height of the sedge sward and the abundance of
mosses — either the so-called brown mosses or brown and dark red peat mosses
(Sphagnum teres, S. warnstorfii). Often from a distance, the multiple white fruits
of Eriophorum latifolium are visible. In the spring, flowering orchids Dacty-
lorhiza sp. div. are usually very numerous within the sedge-moss fens. A specific
summer aspect of some fens may be associated with the flowering of the Epipac-
tis palustris in huge numbers at some sites. Sometimes the sedge-moss fens in a
river valley are marked by individual dwarf pines, visible from a distance.

In the mountain landscape, flush fens are often noticeable as clusters of white
Eriophorium latifolium fruit.

However, in the appearance and composition of vegetation, some forms of
alkaline fens may resemble wet meadows, sedge rushes, reed patches, or hills in
a valley overgrown with reeds, willows and herbs, without at first sight revealing
their nature. One physiognomic signal of the possible presence of an alkaline
fen, or at least its historical remains, is the often abundant water, constantly flow-
ing down from such places, coming from the groundwater supply.

14
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Photo 9: Alkaline fens cover a wide range of highly diversified plant communities: from
moss-dominant with barely noticeable vascular plants (photo (A) — Chlopiny Reserve),
to communities dominated by high sedges with a mixture of bryophytes, sometimes on
the border of meadow communities (photo (B) - fens of the upper part of the Stupia
River) (photo R. Stanko).
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Photo 11: Cinclidium stygium (oval leaves) with Paludella squarrosa
(photo R. Stanko).

Photo 12: Pseudocalliergon trifarium - a species associated with the most hydrated
fragments of fens and the reservoirs found within them (photo R. Stariko).
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Photo 13: Flowering Dactylorhiza
majalis and Menyanthes trifoliata
(on the right)

(photo R. Stanko).

Photo 14: Flowering Pedicularis
palustris surrounded by Limprichtia
cossonii (photo R. Stanko).
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Photo 16: Parnasia palustris
(photo R. Staniko).
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Photo 17: Paludella squarrosa g
with Helodium blandowii and §
Aulacomnium palustre
(photo R. Stanko).

Photo 18: Hamatocaulis vernicosus (photo R. Stanko).
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Photo 20: Helodium blandowii with Paludella squarrosa
(photo R. Staniko).
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Photo 21: Scorpidium scorpioides (photo R. Staniko).

Table 1. Syntaxonomy list and characteristics of plant communities typical for
alkaline fens, but not an exhaustive list of all possible vegetation of alkaline fens
(Ratynska et al. 2010)

Cl. Scheuchzerio-Caricetea fuscae (Nordhagen 1936) R. Tx. 1937

(Syn.: Carici-Drepanocladetea Palczynski 1975)

Ch. Cl.: Agrostis canina, Carex dioica, C. nigra (=C. fusca), C. serotina,
Comarum palustre, Dactylorhiza ruthei, Drepanocladus aduncus (opt.),

D. sendtneri, Eriophorum angustifolium, Hamatocaulis vernicosus, Helodium
blandowii, Polytrichum commune, Pseudocalliergon lycopodioides, Limprichtia
revolvens, Sphagnum contortum, S. subsecundum, Warnstorfia exannulata,
W. sarmentosa

O. Scheuchzerietalia palustris Nordhagen 1936 (Syn.: Eriophoretalia
angustifolii R. Tx. et al. 1972)

Ch. O.: Baeothryon alpinum, Drosera anglica, D. intermedia, D. x obovata,
Sphagnum angustifolium, S. fallax (opt.), S. flexuosum, S. inundatum, S.
lindbergii, S. subnitens, Straminergon stramineum, Warnstorfia fluitans et al.
Ch. AlL et Ass.; D. O.: Drosera rotundifolia, Oxycoccus palustris
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Ass. Caricion lasiocarpae Vanden Berghen in Lebrun et al. 1949 (Syn.:
Eriophorion gracilis Preising in Oberd. 1957, Sphagno warnstorfiani-
Tomenthypnion Dahl 1957 p.p.)

Ch. All.: Calliergon giganteum (opt.), Carex diandra, C. lasiocarpa, Cinclidium
stygium, Eriophorum gracile, Meesia triquetra, Menyanthes trifoliata (opt.),
Paludella squarrosa, Pseudocalliergon trifarium, Saxifraga hirculus, Sphagnum
contortum, S. obtusum, S. riparium, S. teres, S. warnstorfii, Stellaria crassifolia,
Tomentypnum nitens; D. All.: Carex rostrata, Lysimachia thyrsiflora,
Peucedanum palustre, Ranunculus lingua et al.

Caricetum lasiocarpae Osvald 1923 (Syn.: Caricetum lasiocarpae W. Koch
1926 nom. illeg., Sphagno-Caricetum lasiocarpae Steffen 1931 et al.)
Ch. Ass.: Carex lasiocarpa (dom.)

Scorpidio-Caricetum diandrae Osvald 1923 nom. invers. et nom. mut.

(Syn.: Caricetum diandrae Jonas 1932)

Ch. Ass.: Carex diandra (opt.); D. Ass.: Calliergonella cuspidata, Hamatocaulis
vernicosus

Menyantho-Sphagnetum teretis Warén 1926
Ch. Ass. (lok.): Sphagnum teres (opt.), S. warnstorfii (opt.) (Centr. Ass.)

Drepanoclado revolventis-Caricetum chordorrhizae Osvald 1925 nom.
invers. et nom. mut. (Syn.: Caricetum chordorrhizae Paul et Lutz 1941)
Ch. Ass.: Carex chordorrhiza

Ass. Caricion davallianae Klika 1934
(Syn.: Caricion fuscae W. Koch 1926 p.p.)

Ch. All.: Bryum pseudotriquetrum (F), Campylium polygamum
(=Drepanocladus polygamus), C. stellatum, Carex davalliana, C. flacca (F),

C. flava, C. hostiana, C. lepidocarpa, C. pulicaris, Dactylorhiza incarnata,

D. majalis (opt.), , Epipactis palustris, Eriophorum latifolium, Fissidens
adianthoides, Juncus alpinus fo., Liparis loeselii, Parnassia palustris, Pinguicula
vulgaris (F), Polygala amarella, Preissia quadrata, Limprichtia cossonii,
Swertia perennis ssp. perennis, Tofieldia calyculata, Valeriana dioica (opt.),

V. simplicifolia et al. Ch. Ass.; D. All.: Abietinella abietina, Briza media,
Ctenidium molluscum, Linum catharticum et al.

Caricetum paniceo-lepidocarpae (Steffen 1931) W. Braun 1968 (Syn. i Pseud:
Parvocaricetum Steften 1931 nom. illeg.; Parnassio-Caricetum fuscae Oberd.
1957 sensu auct. p.p. Campylio-Caricetum dioicae Osvald 1923 em. Dierflen
1982 sensu Wotejko 2000 p.p.)

Ch. Ass. (lok.): Carex lepidocarpa, C. panicea (dom./kodom.), Gentianella
uliginosa, Polygala amarella (Centr. Ass.)
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Caricetum davallianae Dutoit 1924
Ch. Ass.: Carex davalliana (opt.), Swertia perennis

Valeriano-Caricetum flavae Pawlowski 1949 ex 1960
Ch. Ass.: Carex flava (opt.), C. lepidocarpa (reg.), Eriophorum latifolium,
Valeriana simplicifolia; D. Ass. (geogr.): Cirsium rivulare

Caricetum buekii Kopecky et Hejny 1965
Ch. Ass.: Carex buekii (dom.)

Juncetum subnodulosi (Allorge 1922) W. Koch 1926 (Syn.: Schoeno
nigricantis-Juncetum obtusiflori Allorge 1922 nom. illeg. p.p., Crepido-
Juncetum subnodulosi (Libbert 1932) Pass. 1964)

Ch. Ass.: Juncus subnodulosus (=]. obtusiflorus) (opt.)

Schoenetum ferruginei Du Rietz 1925 (Syn.: Schoenetum nigricantis (Allorge
1922) W. Koch 1926 p.p., Primulo farinosae-Schoenetum ferruginei (W. Koch
1926) Oberd. 1957, Schoenetum ferruginei (Fijalkowski 1960) Palczynski 1966
nom. illeg., Lipario-Schoenetum ferruginei Gtazek 1992 nom. inval.)

Ch. Ass.: Schoenus ferrugineus (dom.)

Caricetum hartmannii Denisiuk 1967
Ch. Ass.: Carex hartmannii (opt.)

Caricetum buxbaumii Issler 1932
Ch. Ass.: Carex buxbaumii (opt.)

Eleocharitetum pauciflorae Lidi 1921 (Syn. i Pseud.: Eleocharitetum
quinqueflorae auct. nom. illeg., Campylio-Caricetum dioicae Osvald 1923 em.
Dierf8en 1982 sensu Wotejko 2000 p.p.)

Ch. Ass.: Eleocharis quinqueflora (=E. pauciflora) (opt.), Triglochin palustre
(lok., opt.)

Juncetum alpini Philippi 1960 (Syn.: Equisetetum variegati Fijatkowski 1990
nom. inval.)
Ch. Ass.: Equisetum variegatum, Juncus alpinus

Ctenidio mollusci-Seslerietum uliginosae Klika 1943 em. Glazek 1984
Ch. Ass.: Sesleria caerulea (=S. uliginosa) (dom./kodom.); D. Ass.: Ctenidium
molluscum, Thuidium philibertii
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Photo 22: Caricetum lasiocarpae on an alkaline fen — Bagno Stawek Reserve
(photo R. Stanko).

: Menyantho-Sphagnetum teretis (photo R. Staniko).
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Photo 24: Caricetum paniceo-lepidocarpae (photo R. Staniko).




Photo 27: Scorpidio-Caricetum diandrae with numerous Menyanthes trifoliata
(photo R. Staniko).
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Photo 28: Juncetum subnodulosi (photo R. Stanko).

Alkaline fens in Poland often form part of larger peatland areas and are ele-
ments of spatial complexes that are not homogeneous in terms of water regime,
trophy and vegetation. Usually, however, hydrological tests allow to identify the
soligenous, i.e., underground supply to their most developed parts. Ground-
water which has been in contact with the mineral base for a long time is to a
large extent saturated with dissolved mineral compounds®, which - as a result
of specific biochemical processes — determines the nature of the ecosystem (cf.,
chapter 3).

Due to the intensity of the outflow, the position in the landscape, the type
of accumulated sediments and other diagnostic features of soligenous wetlands
- and, consequently, alkaline fens - they are classified into percolating fens and
spring fens (domed and suspended). This division refers to the so-called ecologi-
cal and landscape classification of wetlands (Succow & Jeschke 1986, Zurek &
Tomaszewicz 1996, Pawlaczyk et al. 2002).

Flush fens are usually small wetlands of a transitory character between
suspended fens and open springs. In the strict hydrological sense, a flush fen
is a type of spring area characterized by a superficial, unconcentrated flow of
groundwater. As they are usually located on slopes, there are no good conditions

6  An easily measurable indicator of such saturation in the field is conductivity, typically in the
range of 300 — 800 uS/cm, sometimes even more.
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Photo 29: Mountain flush fen with Eriophorum latifolium in the Gorce National Park
(photo R. Stanko),

Photo 30: Mountain flush fen with dominant brown mosses in the Gorce National Park
(photo R. Staniko).
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Photo 31: Spring flush fen in the Bielawa Valley in Pomerania
(photo P. Pawlaczyk).

for the formation of larger peat deposits — in the substrate often only shallow lay-
ers of peat-gley soils or rather shallow peats are formed. A flush fen is the most
common type of fen in mountainous areas (cf., Photo 29), and in the case of
alkalinity of the supply waters - a typical alkaline fen form found in the moun-
tains. However, the occurrence of flush fens is not limited to the mountains; they
also develop in the lowlands, especially in young glacial landscapes.

Spring fens can be found in various topographic situations ensuring a long-
term, even supply of groundwater, often under hydrostatic pressure. It is a con-
centrated outflow, limited in terms of its spatial extent. Local outflow of a signifi-
cant amount of mineralized groundwater is often related to tectonic faults (as in
the Lublin region), or to the so-called hydrological windows — more permeable
patches within the less permeable geological formations. These fens often take
the form of domes or bars formed as a result of peat deposition, or as a result
of alternating or simultaneous deposition of peat formations and tufas (various
precipitations of calcium carbonate) built, in addition to calcium salts, of iron
and magnesium compounds. The precipitation of mineral compounds from wa-
ter is called petrification.
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Photo 33: Vegetation on a tufa substrate, Black Orava
(photo R. Staniko).

Cupola spring fens are relatively common, also in lowland Poland, but
nowadays almost always in a more or less degraded form: Spurgle, the deepest
known fen of its kind in north-eastern Poland, reaches the thickness of about 16
m of sediments, with the prevalence of tufa (Lachacz 2000). In north-western
Poland, a series of spring sediments with a thickness of approx. 8 m was regis-
tered in the spring fen in the Chociel Valley (Wotlejko 2001, Pidek et al. 2012).
Often, the only traces of the earlier existence of accumulation of spring domes
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are eroded deposits (cf., Photo 34) or blocks of tufa. Similarly transformed are
numerous spring fens of the Mazurian Lake District (Lachacz 2006). In many
regions of Northern Poland, altered water conditions currently prevent active
accumulation of tufa (Grootjans et al. 2015a).

Photo 34: Tufa deposits several meters deep in a closed spring dome
in the Plonia Valley near Barlinek (photo R. Staniko).

Spring fens can also develop without the accumulation of tufa.
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Photo 35: Spring fen in the Bielawa Valley in Pomerania
(photo P. Pawlaczyk).

Percolating fens are formed when the outflow of water from aquifers is of a
non-concentrated nature. This can take place on the borders of river valleys or
within lake basins. Percolating alkaline fens develop best in areas with varied
terrain, especially in glacial landscapes. Unlike flush fens or small spring fens,
flow-through fens are usually characterized by a large thickness of peat deposits,
often lined with sediments deposited under water - gyttjas. On this type of fens,
vegetation in the form of moss patches is most often formed.

In growing fens, water slowly seeps under the surface of the peat from
the mineral border to the watercourse or lake. The surface of the fen is slop-
ing, sometimes significantly. In wide river valleys in old glacial areas (e.g., the
Biebrza Valley) the slope may be insignificant and difficult to detect without
geodetic surveying. With a low slope and blocked drainage system, the share of
rainwater in the hydrological balance of the fen is easily increased. This initiates
the succession of peat-forming vegetation towards raised bog communities, and
may cause difficulties in proper identification of the ecological character of the
fen and the type of natural habitat.
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Photo 36: Percolating fens in the lower reaches of the Rospuda River. On the left, near
the slopes at the edge of the valley, you can see treeless, open moss patches. The fen is
supplied mainly by groundwater flowing from under the slope, which then percolates
through the peat bed towards the river bed (photo K. Brzezinska).
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Photo 37: Percolatig fen with abundant Menyanthes trifoliata, Carex limosa and
Epipactis palustris. The Borsuki fen, located in a lake basin with steep slopes in the
Augustéw Primeval Forest (photo P. Pawlikowski).
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Photo 38: A young percolating fen on a thick layer of ancient lake gyttja, distorted by
use as a meadow. Lunoczka in the Drawa National Park (photo P. Pawlaczyk).

Photo 39: Percolating fen in the side branch of the Zgnilec Valley
in the Drawa Primeval Forest (photo P. Pawlaczyk)
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Photo 40: Vegetation of a percolating fen. Zgnilec Valley in the Drawa Primeval Forest
(photo P. Pawlaczyk).

Photo 41: Alkaline fen by a lake in the Torfowisko Rados¢ Reserve in Pomerania
(photo P. Pawlaczyk).
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Photo 42: Dabie percolating fen in the Lupawa Valley in Pomerania
(photo P. Pawlaczyk).

Photo 43: Vegetation on degraded fragments of alkaline fen can have the appearance of
high rushes; remnants of species typical for the habitat are hidden in the lower layers of the
plant community. Fen over Korytnica in the Drawa Primeval Forest (photo P. Pawlaczyk).
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Photo 44: Juncetum subnodulosi rush overgrowing with pine - the vegetation of a
percolating fen in the Drawa military training grounds in the Drawa Primeval Forest
(photo P. Pawlaczyk).
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Photo 45: A degraded percolating fen, with vegetation dominated by sedge rushes and
wet meadows, with rare moss fen elements, in the Lupawa Valley in Pomerania

(photo P. Pawlaczyk).
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Paleoecological studies showing the stages of fen development currently
representing habitat 7230 have illustrated their developmental relations with
other habitats, mainly with petrifying springs (Mazurek et al. 2014), hard water
lakes (Stanko et al. 2015b) and calcareous fens (Wolejko & Piotrowska 2011). In
an extreme case, spreading of a moss patch to the surface of a raised bog with
Sphagnum fuscum was documented (Grootjans et al. 2005), Hajkovaet al. 2012,
Madaras et al. 2012). Sometimes alkaline fens develop in wet hollows between
dunes (Galka et al. 2016, Laime 2017, Wolejko et al. 2018). As a result of suc-
cession, there are changes in the direction of transition mires and raised bogs,
sedge rushes and bog forests within the sedge-moss fens. In many areas e.g.,
the Tuchola Forest, Drawa Forest, sedge-moss fens with brown mosses — most
probably similar to today’s alkaline fens — were a common stage in the develop-
ment of most of today’s raised bogs (Lamentowicz 2007, Kujawa-Pawlaczyk &
Pawlaczyk 2014, 2015, 2017). In part, therefore, the current distribution of moss
fens can only be a shadow of their spread a few thousand years ago, when the
hydrological and climatic conditions were slightly different. Thicker spring fens
can go through a moss fen phase in their history; they are also often located ad-
jacent to moss fens. Flush fens, although quite stable due to high hydration, may
experience slow succession to bog-type thicket and forest communities.

Many current alkaline fens with typically formed sedge-moss fen vegetation
are relatively young, with thin peat layers accumulated over the last five hundred
to two thousand years, on thick layers of ancient lake gyttja or lacustrine marl.
On the other hand, at some sites (e.g., the Stazka Valley in the Tuchola Forest
- Lamentowicz et al. 2013, Bagno Serebryjskie bog — Gatka et al. 2017) lasting al-
kaline fens and their characteristic vegetation were documented for one to three
and a half thousand years.

The natural succession trends of alkaline fens are intertwined with an over-
whelming anthropological impact, which expedite their transformations (cf.,
chapter 4). As a result, at present the dominant component of the fen complexes
of the former alkaline fens are various types of meadow ecosystems used, and
even more frequently - abandoned meadows — which are rapidly turning into
herb communities, secondary rushes and forests. The complex can also include
fragments of calcareous fens, communities related to the raised bogs and transi-
tion mires, rushes, water, spring and thicket vegetation, as well as transitional
forms for these types of vegetation.

For these reasons, typical sedge-moss fen plant communities can be con-
sidered as important indicators for the occurrence of a habitat, but not as the
entire habitat 7230 patch. The extent of a natural habitat patch should be inter-
preted more widely than the extent of a vegetation patch. Other factors such as
stratigraphic structure, hydrological regime, hydrochemical parameters, and the
position of the fen in the landscape should also be taken into account during its
identification. Such an approach is important for the planning and implemen-
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tation of protection, ensuring that the integrity of the ecosystem, especially its
stages affected and transformed by human activity, is preserved.

In the years 2008 - 2011, the Naturalists’ Club made an attempt to take
an inventory and map alkaline fens in Poland, with particular emphasis on
sedge-moss fens. Its product is a database published on http://alkfens.kp.org.pl/i
p-torfowiskach/ogolnopolska-baza-mechowisk/. It has also been updated in
later years with new found sites. The database currently includes nearly 900 sites
with a total area of approximately 14,500 ha. These data are based on the best
available knowledge of Polish naturalists, however this does not mean that they
are complete - it is still possible to find unknown, sometimes very valuable natu-
ral sites. Certainly, alkaline fens of a non-moss nature form are not exhaustively
included in this database.

Alkaline fens, compared to other fen ecosystems (such as transition
and high fens), are characterized by an extraordinary richness of species of high
natural value, with a narrow ecological amplitude (Wolejko et al. 2012). At the
same time, it is one of the habitats under the highest threat of extinction. In
several regions of Poland it has practically disappeared, and in most areas it is
extremely endangered (Stanko et al. 2015c). Despite the protection efforts, the
condition of Polish resources of the natural habitat 7230 is rapidly deteriorating
— in 2009, out of about 120 alkaline fens studied within the framework of the
National Environmental Monitoring (cf., chapter 6.1 Institute of Nature Conser-
vation 2018), 16.5% were in good condition (FV), 58.7% in unsatisfactory con-
dition (U1) and only 14.8% in a bad condition (U2). However, repeating of the
survey in 2017 showed that only 10.3% are in good condition (FV) and as much
as 53.8% of the sites are in bad condition (U2). The same is true throughout the
European Union - according to the reports for the years 2007 — 2012, in almost
all EU countries the condition of 7230 habitat resources is bad or unsatisfactory,
and the trends of deterioration outweigh the trends of improvement (European
Environmental Agency 2018). Moreover, on the European Red List of Natural
Habitats (Janssen et al. 2016), the EUNIS habitat groups ,,D4.1a low sedge alka-
line fens and calcareous spring fens” and ,,D4.1b high sedge alkaline fens”, which
include the ecosystems under discussion here, are classified as near-extinct (EN)
natural habitat types, i.e., among the most endangered types of fens.
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http://alkfens.kp.org.pl/ o-torfowiskach/ogolnopolska-baza-mechowisk/
http://alkfens.kp.org.pl/ o-torfowiskach/ogolnopolska-baza-mechowisk/

3. Characteristics of alkaline fens from
the point of view of their protection

Filip Jarzombkowski, Ewa Gutowska, Katarzyna Kotowska,
Pawel Pawlaczyk, Lestaw Wolejko

The existence of fens of all types depends on a relatively constant, high level
of water content. Sufficiently high water level guarantees, among other things,
the development of specific vegetation typical for fens (including many charac-
teristic mosses) and deposition of dead organic matter in the form of peat.

Alkaline fens differ from other fens by, among others, the origin of water
supplying these ecosystems and its chemical composition, which influences the
characteristic composition of vegetation developing in these systems (cf., chap-
ter 2). Groundwater is the predominant source of supply, and rainfall plays a
lesser role (Wolejko et al. 2012). Water can come from deeper aquifers, often un-
der pressure (so-called soligenous fens), as well as from lakes with alkaline and
calcium-rich waters. In the best preserved alkaline fens, hydration, measured as
the location of the water table in the peat in relation to the surface of the fen,
usually remains high (a water level not deeper than a few cm below the surface
of the area) and at the same time very stable (changes during the year not more
than 15 - 30 cm), partly due to the stability of the groundwater supply itself, and
partly due to the adjustment of the surface of a healthy fen to the water condi-
tions (Fig. 1; also Stariko et al. 2015a).

Due to the relatively wide scale of hydrochemical parameters in fens con-
ventionally classified in Poland as habitat 7230 (Wolejko et al. 2012), it is neces-
sary to review the specific characteristics of the main processes determining the
possibility of their proper functioning. The reaction of water” “appropriate” for
alkaline fens should be in the range from neutral to alkaline (pH > 7.0), however
in practice we quite often find fragments of so-called sub-neutral fens with pH
from 7.0 - 5.5. Depending on the diversity of these conditions, the main factors
determining the availability of the most important biogenic nutrients for vegeta-
tion, in particular phosphorus and nitrogen, change.

Under conditions of undisturbed hydrological supply, alkaline fens (as well
as petrifying springs) are usually saturated with carbonates, which often results
in precipitation of tufa. Unfortunately, at present, especially in northern Poland,
the concentrations of these ions are often below the saturation threshold, or the

7  This pertains to the water supplying the fen, i.e., the pH of the water in the deeper layers of
peat. The pH of water in puddles on the surface of the fen, or of water in watercourses flowing
out of the fen, may not be reliable, especially after heavy rainfall.
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Fig. 1. Changes in the water level in relation to the fen surface in two fragments of the
same alkaline fen complex (PéInocne Laki in the Drawa National Park): A - in a fragment
of a better preserved moss fen, B - in a fragment strongly transformed and transformed
into wet meadows (Kujawa-Pawlaczyk & Pawlaczyk 2014, supplemented).

waters rich in them no longer reach the surface of the fen (Grootjans et al. 2015a).
This is associated with anthropogenic changes in the conditions of hydrological
supply both within the wetland itself and within the area of alimentation of its
underground catchment. The chemical composition of fen waters can also be
modified due to an increased share of rainwater, surface water, or chemical pol-
lution of the environment.

In the fen with higher pH of supply water (> 7), the main element limiting
phosphorus availability is calcium which, together with phosphorus, forms com-
plexes unavailable to plants (e.g., Boyer & Wheeler 1989, Jablonska et al. 2014).
The supply of the ions of this element on low fens is mainly related to the inflow
of mineralized groundwater (Wassen et al. 1996). Biochemical limitation of the
availability of biogenic nutrients affects the characteristic physiognomy of a typi-
cal form of alkaline fens as a moss fen, where low, narrow-leaved sedges and low
vascular plants often dominate, which allows, among other things, the access of
sunlight to the ground and the development of a layer of typical mosses.

The seepage of water of appropriate mineral composition through the peat
ensures, on the one hand, stable high hydration and, on the other hand, pre-
vents the development of eutrophic vegetation, determining the specificity of the
sedge-moss fen and the occurrence of specific endangered plant species typical
of the sedge-moss fens (Wassen et al. 2005). Therefore, the protection of such a
fen must depend on maintaining the appropriate state of these parameters.
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On the other hand, iron compounds play an important role in fens with
lower pH. Under conditions of constant high hydration, biogenic elements are
excluded from the cycle creating compounds unavailable to plants. Iron concen-
trations in the water supply to the fens can vary greatly, but the concentrations
in the soil pores of the upper layers of the fen are of the greatest biological im-
portance. These concentrations can vary significantly from values measured in
water samples from aquifers. More recent studies (e.g., Aggenbach et al. 2013,
Emsens et al. 2016, Emsens et al. 2017, literature review in the work of Emsens
2017) show that iron can negatively affect the chances of restoring previously
dehydrated alkaline fens. In the soils of such fens — which are supplied by waters
rich in iron compounds - significant phosphorus loads (e.g., in the form of fer-
rous phosphate) were previously accumulated. The re-irrigation of this substrate
releases phosphorus and initiates a process of internal eutrophication. This cre-
ates the conditions for the lush development of biomass, mainly formed by com-
mon species of fertile wetland habitats. It reduces the possibility of development
for small sedges and bryophytes typical for alkaline fens. One of the important
reasons for limitation in their development is the lost competition for light (Ko-
towski et al. 2006).

Flooding of a previously drained fen may result in a significant transforma-
tion of iron from a trivalent form to a bivalent form under anaerobic conditions.
This form is toxic to many plant species (Snowden & Wheeler 1993), even in low
concentrations. On many sub-neutral fens a mosaic structure of vegetation is
observed in which rare mesotrophic fen plants can only be found at the tops of
the clumps elevated above the range of water occupying the depressions between
the clumps. These depressions are dominated by common species that prefer
higher trophy and tolerate higher iron concentrations.

Bivalent iron also significantly accelerate the decomposition of organic mat-
ter. This may reduce or completely prevent the accumulation of peat on restored
fens (Aggenbach et al. 2013).

The facts and hypotheses mentioned above should be taken into account
both during the planning of protective measures and during the assessment of
their results. This applies in particular to the potential of fens supplied by iron-
rich waters. The identification of the hazards associated with the toxicity of iron
ions to valuable fen species should be a reason for avoiding certain active protec-
tion methods, such as grazing or the use of heavy machinery, and changing the
microtopography of fens (see below).

As a consequence of these specific conditions, alkaline fens are very difficult
to protect (Nilsson 2015). It is particularly difficult, verging on impossible, to
achieve a significant improvement in the condition of degraded ecosystems. This
is due to the fact that the hydrological balance of an alkaline fen is very easy to
disturb, and once it is disturbed it cannot be restored. Even small surface dis-
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turbances can easily alter the way calcareous water flows from ,,seeping through
the fen” to ,,surface run-off by rills and ditches”, and this change will switch the
biochemical mechanisms that maintain the characteristic of the fen; it can initi-
ate the development of eutrophic vegetation and the entire chain of changes it
entails. Even slight decay of dry peat will prevent the fen from adjusting to the
water level by its shape, resulting in fluctuations in the position of the water table
in relation to the surface, and consequently allowing the expansion of trees and
shrubs. While it is possible to try to maintain typical vegetation with repeti-
tive active protection measures (e.g., mowing), the mechanisms of ecosystem
self-maintenance can usually no longer be fully restored. Poorly thought-out,
undiagnosed protective measures may (e.g., by activating the above-mentioned
iron-related biochemical mechanisms) harm rather than help.

However, each fen is different. It should therefore be emphasized that con-
servation measures should be considered in the context of each individual patch
of the habitat and should be based on a detailed inventory, including eco-hydro-
logical, of the entire geoecosystem.

Knowledge in the following areas may be particularly useful:

Location in the landscape: Preliminary information on how the fen is lo-
cated in relation to geomorphological structures and other fens is essential for
understanding the wider context of its functioning and water supply. Is it located
in a side branch of the valley? In the wing of the valley? Or in the middle? On a
slope? By a watercourse or lake? Is it accompanied by mineral elevations which
can potentially act as hydrological windows? Is the fen an element of a larger
peat complex, e.g., in a valley? Is it part of a larger sequence of fens of different
types, e.g., within a terrain channel or on a bend? This is important for pro-
tection: spring fens are more susceptible to spontaneous or anthropologically
induced erosion, thus their effective restitution after drainage is more difficult,
or even impossible. Lake - or river -side mires often maintain a high level of
groundwater, supported by stable surface water levels within the valley bottom,
which allows for minimizing erosion processes and stable peat accumulation
within the permanently irrigated peat layer (Wolejko & Piotrowska 2011).

Geological structure of the fen: Thickness and stratigraphy of peat layers
reveals the history of fen formation and development. It is examined by drilling
with a special peat drill, which extracts the peat core in sections. On the basis
of plant residues in the peat, an expert is able to reconstruct the botanical com-
position of the peat from various depths, interpreting on this basis the history
of changes in the fen vegetation (Tobolski 2000). Assuming that the ecological
requirements of individual plant communities remain unchanged, this makes
it possible to interpret the sequence of changes in the conditions prevailing on
the fen. Possible, although less frequently used, is the absolute dating of selected
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peat samples by sending them for C , analysis. Most often, several boreholes are
made, arranged in transects, which allows for making cross-sections showing
the structure of the fen. Professionals are able to analyze many other features of
the profile - old ecological conditions, in particular hydration, are shown well in
e.g., remains of Testacea, and the history of changes in the vegetation in the area
is shown by preserved plant pollens.

Peat drillings will tell you whether the fen has a spring origin (peat layers
usually deposited on sand) or a lake origin (peat layers on gyttja), and whether it
is a young formation (a thin layer of peat on gyttja) or old (thick layers of peat);
whether in the past there was an accumulation of thicker tufa (cf., chapter 2, tufa
lumps appear in the profile). Comparing the vegetation of the past with that of
the present will enable the drawing of conclusions about the naturalness of the
present form of the fen (the changes may result from natural succession, but the
sharp discrepancy between the present vegetation and the sequence document-
ed in the peat usually results from fresh anthropogenic transformations). The
profile will show whether or not the fen was overgrown with trees and shrubs
in the distant past and, therefore, whether the current occurrence of trees and
shrubs is a natural state, an episode of repeated fluctuation or a new anthropo-
genic situation.

Recent history of the fen: The history of changes in the physiognomy of the
fen (in particular, its overgrowth with trees and shrubs, forms of use, possible
drainage) is a very important element of the knowledge required for its protec-
tion. Interviews with local residents and users of the fen may be a source of the
findings. Old topographic maps are a good source, usually available for periods
from the end of the 19" century (indexes and even map resources can be easily
found on the Internet), although their good interpretation requires knowledge
of the nuances of the history of cartographic art. Historical orthophotomaps and
aerial photographs are very useful. The popular Google Earth program has a
time slider that allows you to reach the historical orthophotomap, but the avail-
able time ranges differ. Historical orthophotomaps from the last several years are
available in Geoportal (www.geoportal.gov.pl), although the extraction of mate-
rial from a specific date requires quite advanced computer operations. A wider
collection of archival aerial images, usually since the 1950s, has been made avail-
able for a fee by the Head Office of Geodesy and Cartography (http://www.gugik|
) and the purchase prices are not high. Sometimes you can even find older
aerial photographs, as well as archival ground photographs, which can be very
helpful.

These materials will show how and how quickly the fen vegetation has
changed, or at least its physiognomy, over the last several decades - e.g., when
and how quickly the fen overgrown with trees and shrubs (rapid growth in recent
times will usually be a prerequisite for the need for active protection-removal of
trees and shrubs, while the stability of the tree cover may mean that there is no
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need for it). Recent use, e.g., mowing, will often reveal itself (usually as an in-
dication of the need to restore mowing). Sometimes it is possible to determine
when the drainage ditches were dug (in the case of ditches made relatively re-
cently and their proper blocking, prognoses for the fen are better).

Diversification of surface topography, ditches: The topography of the fen
surface (e.g., flat or sloping, possible occurrence of dome structures, protruding
mineral hills) is an important premise for further research on the origins, wa-
ter supply, and functioning of the fen. The identification of ditches is the basic
source of information for planning protection measures. Identification in this
respect can be carried out by precise penetration of the fen, and in an advanced
form by geodetic measurement of surface ordinates. Nowadays, however, a very
helpful and easily accessible material is the so-called numerical model of terrain
based on data from laser scanning (LIDAR). Such data can be purchased, also
online and for a small fee, from the Head Office of Geodesy and Cartography
(http://www.gugik.gov.p]) and explore, for example, with free GIS software (e.g.,
QGIS). We can then display a ,hypsometric map” of the fen surface, which usu-
ally reveals ditches and rills, as well as height differences of even several centim-
eters.

Ecohydrological conditions: The starting point should be the exact pen-
etration of the fen and observation of the water — where it flows from, where it
appears, where it goes and how quickly it flows out. However, it is not enough to
do it all just once. This observation should be repeated in different seasons of the
year, as well as, for example, in rainy or dry periods. In this way, the groundwater
supply can often be seen (as evidenced by visible sources, water constantly seep-
ing from peat slopes, a strong, suddenly occurring outflow, as well as the stability
of these phenomena during the year and in various weather conditions), and it
can be determined which ditches pose the greatest threat to the fen.

Monitoring of the water level in peat can and should be a source of supple-
mentary information for the diagnosis. It is made in observation wells made for
this purpose - usually in the form of a PVC pipe penetrated into the peat, sealed
at the bottom and perforated at the appropriate depth. Once the water level in
the pipe has stabilized, its depth in relation to the fen surface is measured. Man-
ual measurement is certainly possible, but nowadays it is rather common to use
sensors/recorders embedded in the pipe, so-called divers, which automatically
record changes in pressure of the water column® during a given interval (e.g.,
once a day), and it is sufficient to read the collected data e.g., once a year (cf., also
chapter 6.2). Usually, observations are made from a few to a dozen or so obser-

8  Usually, the sum of water column pressure and air pressure is recorded, which means that in
order to interpret the results it is necessary to have data from the so-called baro-diver, i.e., a
sensor and recorder of air pressure, located a few to a dozen kilometers from the fen. Accor-
ding to the experience of the Naturalists’ Club, the cost of a single sensor, including an obser-
vation well and proper installation, is currently about PLN 2,500 - 3,500.
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vation holes per fen’, and the observations are made for at least one hydrologi-
cal year (from the beginning of November to the end of October). Sometimes
there are two boreholes made in one place with filtering at different depths: the
water level established in them will not usually be the same, which can say a
lot about possible underground supply; sometimes even artesian or sub-arte-
sian aquifers may be discovered by such wells. Daily data is very valuable as it
shows the stability of hydration - a very important feature for the assessment
of the ,,health status” of a fen. A long-term series of measurements can provide
interesting information on the reaction of hydration to changing rainfall and
temperature conditions. Meteorological data on temperature and rainfall are
useful for interpretation of the results. In order to obtain them, one can set up
an own meteorological station'’, or use data from the nearest station of the na-
tional meteorological observation network, now available at https://dane.imgw]
pl/data/dane_pomiarowo_obserwacyjne] The boreholes and installed devices
can then be used for the fen monitoring (chapter 6.2).

Measurements of the physicochemical properties of water will provide valu-
able information. The basic parameters that can be measured quickly in the field
with a suitable meter are temperature, reaction (pH), and electrical conductivity
(indicating the number of ions). Low temperature of the water, stable through-
out the year, may indicate its underground origin. An acidic reaction may indi-
cate acidification processes, a light acidic reaction indicates rainfall water, and
an alkaline reaction may suggest water richer in calcium. Conductivity of several
dozen uS/cm is typical for soft rainwater, while levels above 400 — 500 uS/cm sug-
gest strong mineralization. The relations of these parameters in different places
on the fen are important: in the outflow water, water in ditches, water on the sur-
face, in puddles and floodplains, in water in observation wells filtered at different
depths; correct interpretation of such relations contributes to the understanding
of the water supply to the fen. It should be remembered that stagnant water on
the surface of the fen may be of precipitation origin and (e.g., rainfall) may not
be reliable for the ecological characteristics of the fen; therefore, measurements
in observation wells filtered in the peat are more useful.

More sophisticated water analyses may provide further information but usu-
ally require sampling and laboratory analysis. In alkaline fens, a particularly im-
portant property is the amount of calcium and magnesium ions, as well as the
content of potential nutrients: nitrogen, phosphorus, and potassium, and the

9  In practice, the Naturalists’ Club uses masked holes in the field to prevent vandalism and
destruction. The holes are measured to the features of the terrain (e.g., trees) and additionally
identified by a cover with a metal element, found with a metal detector. The divers are embed-
ded on the bottom of the pipe in appropriate housings and taken out for reading by means of
a simple device using a garden connector.

10 A battery-powered recording station with rainfall and temperature sensors that can be in-
stalled anywhere in the area (after considering the risk of vandalism or theft), requiring data
reading and battery replacement about twice a year; currently costs 2,500 — 3,500 PLN.
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content of iron and aluminum. Sometimes these parameters may be necessary
to select the appropriate protection method (see above).

Ecohydrological identification can be extended in many ways, each providing
valuable information to help plan the protection as accurately as possible. Ide-
ally, the identification should go beyond the fen itself and include its landscape
context, which requires groundwater measurements also in the broad surround-
ing area of the fen. Groundwater temperature profiles at various depths around
the fen can say a lot about the intensity of the groundwater supply (Grootjans
et al. 2006). Similar information can be provided by profiles of content of cal-
cium sulfate ions in the groundwater (Wolejko & Grootjans 2004, Grootjans et
al. 2015b). The potential for tufa deposition can be checked by installing mi-
croscopic slides in the flowing water for a period of about one month and then
analyzing the deposits (Grootjans et al. 2015a).

Very important information for the fens supplied with the groundwater
would be an identification of the so-called alimentation area, i.e., the area from
which the underground aquifer is supplied and from which the fen is then sup-
plied in turn. This information is very important for protection because it iden-
tifies the area where, for example, disturbances in the flow of groundwater or
its abstraction can have a significant impact on the fen. However, there are no
realistic methods for identifying such an area accurately, and one can only try to
guess on the basis of a precise geological diagnosis of the terrain (including the
sequence of permeable and impermeable formations) and its topography.

Flora: It is often one of the most important natural values of alkaline fens,
therefore its identification is particularly advisable. It requires a sufficiently de-
tailed penetration of the fen by an appropriate expert. It is optimal to repeat
such research at least several times a year, as well as to repeat it in different years.
Some vascular plant species — such as Saxifraga hirculus - are surprisingly dif-
ficult to notice when they are not flowering. Many orchid species, including
Liparis loeselii, appear in very different numbers in subsequent years.

In alkaline fens, the best indicator species, as well as the greatest flora pecu-
liarities, are often moss species and not vascular plants. It is therefore important
that the botanical expert carrying out the diagnosis has the appropriate skills
and experience. Searching for mosses requires concentration and time, bending
over and looking through herbaceous vegetation, and noticing them requires
experience.

Sometimes the flora of individual sites can remain surprisingly stable, as
evidenced by cases where some flora peculiarities have been found in the same
places as they were reported in the 19" century. However, there are also cases of
rapid changes, such as the disappearance or appearance of species. First of all,
practice shows that even on sites theoretically well researched and repeatedly
penetrated by botanists, one can still find previously unseen floristic peculiari-
ties.
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The ecological needs of valuable plant species will usually coincide with
those of the habitat as a whole, i.e., the protection of these species will consist
in the protection of the entire fen. Sometimes it may be advisable to make small
modifications for certain plant species, such as postponing the time of mowing.

Vegetation: Describing a fen with its plant communities and a map of veg-
etation is a basic way of scientific communication and organizing information. It
is important to express the diversity of the vegetation in a way that is more in line
with contemporary rather than archaic classifications (cf., chapter 2). Drawing
a vegetation map requires detailed field mapping by the relevant expert: only in
this way can plant communities be identified, described, and documented with
relevées. To determine their range, it may be helpful to use the current ortho
photo map. It should be remembered, however, that the diversity of vegetation in
phytosociological terms may be masked by the presence of, for example, reeds or
sedges — mapping vegetation requires taking into account the entire flora com-
position, and not only the dominant ones.

The vegetation of the fen can be stable, but there are cases of significant
changes even within 3 - 5 years, e.g., strong territorial expansion of some types
of rushes, resulting in the disappearance of once existing communities.

Fauna: For vertebrates, alkaline fens are not a habitat particularly different
from other wetlands, although they may be significant for some birds (e.g., Grus
grus, Scolopacidae) or amphibians. However, the fauna of invertebrates may
be very valuable at some sites. The peculiarities of fauna should be sought for
mainly in the group of beetles, especially Staphylinidae. Since the invertebrate
fauna of Polish fens is generally poorly recognized, it is often the mere entry of
a suitable expert into a better preserved alkaline fen that results in the discovery
of new localities of rare and valuable species.

Very valuable invertebrates can also be associated with groundwater out-
flows, often accompanying and occurring within or in the vicinity of alkaline
fens. Particular attention should be paid to Trichoptera, Hydracarina, and Cole-
optera.

It is possible that valuable, rare, and protected butterfly species may be
found in alkaline fens. For this habitat, these may include: Coenonympha oed-
ippus, Lycaena dispar, Lycaena helle, Euphydryas aurinia, Phengaris nausithous,
and Phengaris teleius. The very rare Coenonympha oedippus (in Poland, there
are three known sites — only alkaline fens) is found on sedges. Other species
tend to have a wider ecological scale, including wet meadows, and are dependent
on their respective host plants rather than on the type of the fen itself. Lycaena
dispar, which is found on sorrels, is still relatively common in Poland and the
chances of finding it on an average alkaline fen are quite high.

The peculiarities may also be found in the fauna of the Odonata, particularly
often found in ditches and by small watercourses at the fens. Quite often one can
find Leucorrhinia pectoralis, although it is not a species specifically related to the
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considered type of fens. The landscape of an alkaline fen in southern Poland may
include Coenagrion chasuble, currently known only from two sites in the Lublin
region.

The occurrence of rare and endangered whorl snail species is relatively often
associated with alkaline fens, including those listed in Annex II of the Habi-
tats Directive (Directive 1992) - Vertigo angustior and Vertigo moulinsiana
(Ksiazkiewicz 2010).

Protection of the valuable fauna of fens is usually the same as protection of
the fen itself. However, for example, the occurrence of protected bird species
may require modification of the dates of protective measures (especially mow-
ing and trees removal). The occurrence of valuable butterfly species may require
modification of mowing dates according to the life cycle of the butterflies; it also
requires paying attention not to reduce the occurrence of host plants as a re-
sult of mowing (cf., Michalska-Hejduk & Kope¢ 2012). The occurrence of whorl
snails may require some modifications to the mowing practices (height and tim-
ing of mowing, leaving unmowed refuges).

Cultural elements: Some fens, or their vicinity, contain old technology her-
itage sites, e.g., old water abstraction facilities. From some sources water was tak-
en in and pumped with the use of the so-called hydraulic ram - such a machine
has been preserved in Kajny near the Lyna River in Warmia, and the remains of
similar devices have been found in several other fens in northern Poland. Some
small damming facilities on the ditches may also have the status of technical
heritage. Some fens, flush fens, and springs may be associated with the values
of non-material culture in the form of traditional field names (in northern and
western Poland it is also worth looking for old German names), local history,
and folklore tales (cf., e.g., Szmuc 2017).

Detailed problems of planning the protection of alkaline fens have been de-
veloped in subsequent chapters of this publication, as well as in a number of oth-
er manuals and handbooks devoted to the protection of alkaline fens (Sefferova
Stanova et al. 2008, McBride et al. 2011, Nielsson 2015, Priede 2017).
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4. Most common threats and symptoms
of degeneration

Filip Jarzombkowski, Ewa Gutowska, Katarzyna Kotowska

For several hundred years man tried to transform fens into productive land
by turning them into grasslands. On the territory of Poland, large-scale drain-
age networks were built by the Germans in Warmia and Mazury and in western
Poland since the end of the 19" century. In the rest of the country, individual
valleys of rivers with fens were drained on a larger scale already in the first half
of the 20™ century, but the largest works in this direction were carried out during
the times of the People’s Republic of Poland.

The purpose of the vast majority of ditches in fens is water drainage. In some
complex drainage and irrigation systems there are also ditches for water supply,
but in practice these have been relatively rare. Sometimes, but rarely, systems
of gates were created on ditches to control the outflow. However, even where
ditches are equipped with infrastructure for water supply or periodic drainage
limitation, it is usually currently damaged or not maintained. Almost 100% of
ditches in Polish fens function as linear, gravitational water drainage systems.

The water flowing in the drainage ditch is usually below the water level
maintained on the fen, which in principle favors lowering of the water table and
accelerated water circulation in the whole ecosystem. The impact of ditches on
the fen, depends, among others, on their design, the degree of development of
the drainage network in the vicinity, the degree of regulation of the watercourse
to which they direct the water, or the supply of the fen can range from several to
even several dozen meters.

The change of water supply to alkaline fens, and the change of water flow,
are one of the most important factors which influence the degree of degenera-
tion of natural habitat 7230. Draining an alkaline fen kills it, even if the outflow
of water in the ditches may be stopped periodically, or if water may be supplied.

In the case of a moss fen, even small channels affecting its surface signifi-
cantly change the way water flows. Instead of percolating through the peat, it
starts to run down these channels to a greater extent. As a result, the biochemi-
cal mechanism of blocking the availability of biogenic nutrients for plants by
calcium ions dissolved in water feeding the fen (cf., above) is inactive on the
fragments between the channels, which initiates the development of tall sedges
and herbs typical for wet meadows. They compete locally with the original moss
vegetation, which is being displaced to the edge of the channels and in their im-
mediate vicinity. This mechanism, although beneficial for farmers interested in
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Photo 46: Drainage systems

are the most important cause

of fen degradation. A proposed
nature reserve in the Kulawa
river valley (photo A. Szafnagel-
Wolejko).

the productivity of the mown meadow, irretrievably destroys the moss fen, even
if the entire area of the fen remains strongly hydrated.

In the case of spring fens, even small channels, and alternating the way the
water flows to linear paths, interrupt the peat accumulation and initiate the ero-
sion of the fen.

A further stage of degeneration may include local drying of the top layers
of peat, which undergoes - at first slight, and then deeper - mineralization. Re-
peated drops in the water level in peat, as a result of which it is not fully saturated
with water, especially in dry periods, cause a change in the structure of peat from
fibrous to lumpy and turn it into muck (Ilnicki 2002), making it impossible to
maintain proper hydration of the fen in the future and causes that the bogginess
ceases to limit the development of herbaceous plants of meadow plants, as well
as shrubs and trees.

Mineralization of peat surface layers which prevents proper saturation of the
entire peat bed with water results in an additional increased supply of a number
of nutrients to the environment as a result of the decomposition of dry peat
(Ilnicki 2002). Most often they are forms of nitrogen, potassium, or phosphorus
available to plants.
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As a result of these processes, i.e., eutrophication and at the same time
unblocking the availability of nutrients for plants, the vegetation is growing
higher and more abundant - instead of narrow-leaved sedges and relatively
low herbaceous plants, there is an introduction of large sedges and high peren-
nials, causing a gradual shading of the bottom of the fen and a decrease in the
moss layer cover typical for alkaline fens. As a result of insufficient water con-
tent, lack of light, and unlimited access to nutrients, the species characteristic
of the moss fen begin to disappear and the vegetation transforms into rushes
and herbs.

Even if the drainage system is provided with facilities for water damming
in ditches, periodically blocking the outflow and maintaining high hydration,
and water management and meadow management are carried out in a sustain-
able way, this will not save the fens within such a system. Even sustainable
meadow management requires at least a periodic reduction of the water level
to about 30 cm below the surface of the fen, and this is lethal for alkaline fens,
not least because the ditches necessary for this will inevitably change the way
water flows through the fen in the way described above. Periodic water supply
systems will also inevitably destroy the alkaline fen, as it depends on waters
of a certain chemical composition, usually determined by their groundwater
origin.

Nowadays, an important problem related to the protection of alkaline fens,
much more common than new drainage systems, is the maintenance of the
old ditches, often carried out without any prior assessments or permits (cf.,
chapter 9). Sometimes it takes the form of the reconstruction of heavily or com-
pletely overgrown ditches, in which case the effect becomes similar to that of
newly constructed ditches. In addition, the maintenance of small watercourses,
which are the hydrological base for the outflow of water from the alkaline fen,
accelerating the flow of water in the course, may result in the drainage and de-
generation of the neighboring fens (Prus et al. 2017, Biedron et al. 2018).

As a result of the processes described above, most of the alkaline fen com-
plexes in Poland have been destroyed. Only in a few cases has the moss veg-
etation survived to the present day, and still the area of the patches of habitat
7230 is significantly reduced and fragmented. They have often survived only
in the most distant side branches valleys, or in places that cannot be drained
(e.g., near lakes). Where the moss elements are still present among the meadow
vegetation, their life can be extended by carefully planned mowing (see chapter
5.2), but the fen functioning mechanisms cannot be revived.

The ditches described above are particularly dangerous for fens developing
in slightly elevated areas, e.g., suspended on the slopes of river valleys. Fens in
the bottoms of valleys — near lakes or rivers - can sometimes maintain stable
hydration even when ditches are present, when the water level in the peat is sup-
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ported by stable water supply into the valley (cf., Wolejko & Piotrowska 2011);
however, only on the condition that the hydration of the entire valley is not im-
paired, e.g., as a result of maintenance works carried out on the drainage water-
course (cf., Biedron et al. 2018).

Often, after the drainage system was constructed for the alkaline fens, mead-
ow use was abandoned after several years, which resulted in the overgrowth
of these habitats not only by high perennials and sedges, but also by trees and
bushes. The most common expansive species occurring in such situations in-
clude: Phragmites australis, Molinia caerulea, Carex gracilis, C. acutiformis, C.
appropinquata, Alnus glutinosa, Frangula alnus, Salix cinerea, and Salix aurita.

On some fens with meadow vegetation (e.g., Bagno Wizna) very intensive
meadow use was introduced, with several courses of mowing each year. Fre-
quent mowing with heavy equipment required continuous and intensive drain-
age of the habitat which, combined with the pressure on the peat bed, led to the
complete disappearance of the habitat.
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Photo 47: One of the most drastic forms of degradation of alkaline fens is the almost
complete drainage and conversion to various crops. In this photo can be seen the
preparation of the land for fruit bushes cultivation in one of the fens
of the Lublin region (photo R. Staniko).
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In some moss fens, acidification and oligotrophication of the fens are ob-
served. As a result of the increased share of rainwater in the fen’s water balance
(e.g., through lowering of groundwater table and deterioration of groundwater
supply), among the species typical for alkaline fens, species common for more
acidic habitats, but with tolerance for waters with slightly alkaline reaction, de-
velop. The first to appear most often in higher positions (e.g., on clumps) are
mosses such as Sphagnum teres. Over time peat moss carpets spread and moss
peat cuts off the surface of the fen from the supply of calcareous groundwater,
accelerating the process. Herbal species adapted to a lower pH, such as Oxycoc-
cus palustris or Ledum palustre, are beginning to enter and the vegetation, if the
succession processes are not directed towards forest and thicket communities,
is turning into a form typical for transition mires. Perhaps this process is partly
natural, but it can also be initiated and accelerated by anthropogenic changes in
water conditions. This is the case even if there is no drainage system directly on
the fen. The prevalence of such processes may be the result of a decrease in water
levels affecting the entire area adjacent to the fen, or even the entire region. Some
studies suggest that the process can be accelerated by interweaving periods of
high rainfall and drying out of clumps (Vicherova et al. 2016), which would
mean that it could also be affected by climate change.

It is clear from the above considerations that any disruption of groundwater
supply would be a threat to alkaline fens. This means that investment projects
and undertakings may be a threat, even located far from the fen itself, but af-
fecting the aquifer from which it is supplied. These may include more extensive
sealing of the ground surface (and thus limiting the supply to the aquifer), regu-
lation of watercourses, all excavations, embankments and boreholes, extensive
afforestation and, above all, groundwater abstraction (cf., photo 48). The sum of
small water abstractions, even those carried out without administrative permits,
under the so-called ‘normal water use, may also be significant (cf. chapter 10).
The sum of these various external factors influencing the water supply may com-
pletely change and destroy the water conditions necessary for the functioning of
the fen, making its protection impossible, and resulting in the maintenance of
- at most — humid meadows with an abundance of species (cf., e.g., Klimkowska
etal. 2010b, d).

Groundwater supply is potentially affected by climate change, e.g., changes
in rainfall characteristics, changing the supply of the aquifers.

It should be remembered that groundwater supply is often characterized by
high inertia: the period from rainfall supplying the aquifer to the flow of this
water to the surface may reach even several dozen years. The reaction of the
groundwater supply to disturbances may therefore be significantly delayed.
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Photo 48: Alkaline fens are sometimes a source of good quality drinking water. The
water intake on the fen in the vicinity of the Bembenski brook in the Orava - Nowy
Targ Basin is a potential threat to its hydrological conditions (photo R. Stanko).

Such threats, which are very serious in the case of alkaline fens, are very dif-
ficult to identify and assess as there are no easy ways to identify where the waters
supplying the fen come from and, therefore, in what area projects that could
have an impact on groundwater should be given special attention. Hence, the
problem is often omitted from the environmental impact assessment procedures
(cf., Pawlaczyk 2015 and chapter 9 herein).

Alkaline fens do not belong to ecosystems strongly exposed to the expan-
sion of alien plant species, however they may be threatened by several species
of specialized neophytes (cf., Dajdok & Pawlaczyk 2009). In some fens of Pomer-
ania, Mimulus guttatus is observed (cf., photo 49). On alkaline fens in the Drawa
Primeval Forest, Spiraea tomentosa was noted (cf., photo 50), although the main
scope of its expansion concerns other types of fens. Heavily drained moss fens
are also home to invasive alien species such as Solidago canadensis and Solidago
gigantea. All of the neophytes listed here are of North American origin.
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Photo 49: Mimulus guttatus on
a degraded alkaline fen in the
valley of Lupawa in Pomerania
(photo P. Pawlaczyk).

Photo 50: Spiraea tomentosa on the alkaline fen Osowiec in the Drawa Forest
(photo P. Pawlaczyk).
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Direct physical destruction of alkaline fens, either for investment purposes
or to use as landfill sites, is a somewhat less common threat, but extremely im-
portant in the context of environmental awareness. Cases of filling fens with
domestic waste or flooding of living alkaline fens in order to create, for exam-
ple, a water reservoir have been documented on numerous occasions. In the
spring section of the Narew River, in place of the former alkaline fens, there is
now the Siemianéwka Reservoir, which was established in the second half of the
1980s. At the beginning of the 21* century, the attempt to build an expressway
through the Rospuda Valley in the place of the occurrence of extensive sedge-
moss fens became a very public issue. These activities are associated with low
environmental awareness and ignorance, but also with a lack of willingness to
protect the natural heritage. The reluctance of those responsible for maintain-
ing good habitat conditions (e.g., landowners, land managers and even public
administrations) to cooperate, particularly in some regions, is often the cause of
degradation and loss of habitat 7230.

A physical threat to some alkaline fens may be the intention to exploit peat
and dig fish ponds in the fen. In some parts of Poland these are popular and at-
tractive ways of ,,developing non-productive areas”. An additional motivation is
that the ponds dug in a soligenous fen can often be automatically fed with spring
water.

Photo 51: Seen as wastelands, fens can be ,,developed” in different ways. One of the
most valuable alkaline fens of the Black Orava River with an underground sewage
network and sewage treatment plant built on its border (photo R. Staniko).
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Legal mechanisms enabling the prevention of contemporary threats to fens
are discussed in chapter 9. In practice, however, they do not always turn out
to be effective (cf. photos 51, 52). The primary and common problem with the
protection of alkaline fens involves the negative effects of damage and threats
from the past, which continue to exist to this day and which are impossible to
fully remedy.

Photo 52: The backfilling of fens is quite common practice. Kobyla Biel — an example
of a habitat 7230 in a Natura 2000 area degraded in 2016, where the perpetrator (as in
most similar situations in Poland) has not suffered any legal consequences (as of 2018)

(photo E. Jarzombkowski).
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H. Methods of protection
of alkaline fens

Robert Staitko, Dorota Horabik, Pawet Pawlaczyk

5.1. Protection against external threats

Alkaline fens are ecosystems that are easy to damage and destroy, but very
difficult to repair and restore (cf. chapter 3). Once the hydrological and biogeo-
chemical mechanisms of the ecosystem have been disturbed, it is never possible
to fully remove the effects of such a disturbance. Therefore, the protection of
ecosystems of this type must be based, above all, on avoiding anthropogenic
degradation, including particularly careful protection of all those fen that are
still in a near natural state. External threats and impacts may also define the
framework within which the degraded fen may be restored.

The legal tools that can be used to address such threats, but also the underly-
ing problems that undermine their effectiveness, are presented in chapter 9.

5.2. Optimization of water conditions

The most important factor determining the development and durability of
alkaline fens is having appropriate water conditions. By this, we mean that only
undisturbed flow rate, the appropriate level, and constant inflow of groundwater
with specific physical and chemical parameters guarantee the development and
proper long-term conservation status of alkaline fens (cf. chapters 3 and 4). At
present in Poland, with a probable exception of single sites, there are no fens re-
maining beyond the negative impact of anthropogenic hydrological conditions
(Stanko & Wolejko 2018). Therefore, all projects related to the protection of fens
focus primarily on inhibiting excessive outflow or raising the level of groundwa-
ter in fens.

The main problem on alkaline fens, however, is the proper design of such
an optimization of water supply. This is very difficult due to the specific ecosys-
tem functioning mechanisms and typical alkaline fen degradation mechanisms
already described in the previous chapters. In order to save the fen, it would
usually be necessary not only to stop the water outflow, but also to restore the
process of water seeping through the peat, which is usually not possible. As a re-
sult of fen degradation, often the remains of the most valuable fen vegetation are
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concentrated in ditches, the only places where it is technically possible to block
drainage, but the edges of ditches and their immediate vicinity are often exposed
to destruction by flooding. The general design rules for drain blockages will nor-
mally be: ,to inhibit the outflow as close as possible to the sources”, ,to force
continuous soaking of the peat in water up to the surface of the ground”, and
»many small, distributed drain blockages instead of a few larger dams” However,
the practical implementation of these principles on a particular fen is usually not
easy and, even when implemented, does not always guarantee positive effects.

Especially in the case of degraded fens, their re-watering by blocking the
outflow may cause the biogenic nutrients to release and eutrophicate the fen
again, which is very unfavorable from the point of view of its protection (cf.,
chapter 3). Therefore, before manipulating water conditions, it is necessary to
well recognize the specific ecohydrological features of a particular fen.

The practical experience of the Naturalist’s Club also shows that raising the
water level in sites with significant surface peat mineralization contributes to the
expansion of the rush vegetation. Protective measures, limited only to raising
the water level in the area of alkaline fens with disturbed hydrological condi-
tions, contribute little to inhibiting the expansion of forest vegetation (Stanko &
Wolejko 2016).

Nevertheless, there are many examples that inhibiting the outflow is an ef-
fective protection measure, also in alkaline fens (e.g., Hedberg et al. 2012, Startko
& Wolejko 2016).

When choosing technical solutions, it is worth using those that will not re-
quire special care and frequent repairs in the future. Optimal solutions are those
that will not require any maintenance for the assumed period of time, i.e., about
20 - 25 years. Unfortunately, even a perfectly made blockage or gate requires a
check from time to time. Water pressure, which is often underestimated, can be
the cause of its malfunction. Relatively often, the sides of the gate are washed out
and a bypassing drain forms. When planning gates in dry periods it is easy to
underestimate the drainage force that can occur after heavy rain or in the spring.
Beavers, which take advantage of the opportunity to raise water level even high-
er, may also be the cause of the gate’s malfunction. During the period of ,,use” of
those blockages by the beavers, taking care of its tightness (as opposed to taking
care of the protected fen, which may be flooded) is unnecessary. Problems may
arise when beavers leave the dam formed on the gate, which in such cases is usu-
ally destroyed.

Over the last dozen or so years, many technical solutions used to neutral-
ize the negative impact of drainage systems have been developed, tested, and
described as part of many projects to protect fens and small retention areas
(Pawlaczyk et al. 2002, Kujawa-Pawlaczyk & Pawlaczyk 2005, Pawlaczyk et al.
2005, Herbichowa et al. 2007, Makles et al. 2014, Center for the Coordination
of Environmental Projects 2016). They are used on various types of fens and
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are also suitable for use as part of projects implemented to protect alkaline fens.
Below is a description of several solutions that are still in use, based on the ,Wet-
lands Protection Handbook” (Pawlaczyk et al. 2002), used mainly in ditches, but
which can also be used to block small linear surface outflow channels, and also
on small watercourses. It should be remembered that in order to improve water
conditions of fens, it is usually not enough to block the drainage ditches.

Sand bags

Plastic bags, usually polypropylene geotextiles, filled with sand (such as
those used to reinforce flood embankments) are well suited to blocking small
drainage ditches. This solution, although effective, should be considered rather
temporary. The advantage is simplicity of construction, low cost, and simple for-
mal conditions (cf., chapter 9 — no water structures or facilities are created, the
measure may be classified as ,retaining water in ditches”, not requiring even a
water-law notification).

Fixed wooden partitions

One of the most frequently used solutions. Low costs, easy installation, easy
integration into the environment, and relatively long service life often justify the
use of such a technical solution.

These partitions guarantee stopping excessive water outflow or raising water
level in ditches up to 4 - 5 m wide. The basic material for their construction are
thick (4 - 5 cm), although not too wide (10 - 15 cm), wooden boards of various
lengths (1.5 - 2 m) with a routed tongue. The best material for the partitions is
hardwood, e.g., oak. Alder wood can be used in immersion conditions. Thick
pine boards can also perform their function for several years. In many cases
(shallow ditches with low flow rate), a period of several years is sufficient for a
complete overgrowing of the ditch. The natural decomposition of the partition,
which no longer fulfills its function, is in this case most desirable.

There are several different techniques of building wooden partitions (cf.,
Pawlaczyk et al. 2002, Kujawa-Pawlaczyk & Pawlaczyk 2005, Makles et al. 2014,
Center for Coordination of Environmental Projects 2016). Boards sharpened
at one end so that, when driven individually into the ground, they direct them-
selves and press the boards previously driven into place are used to install a tight
wall partitioning the watercourse. The depth to which the boards are driven de-
pends on the height of the gate and the hardness of the ground. They should be
driven to the greatest depth in the place where the overflow is located. In organic
soil, it can be even 2 - 3 times deeper than the height of the damming. In hard
mineral substrates, a depth slightly exceeding the damming height is sufficient
for the gate to be tight and durable.
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A wooden partition can also be built of horizontally placed boards. They can
be joined before being placed in the ditch. Unfortunately, it can be very difficult
or impossible to drive the entire structure in - so the only way is to dig it in.

It is important that the water does not flow or seep under the partition, so the
gates made of vertically driven, well-fitting boards are usually more effective.

Individual wooden partitions, especially when their damming capacity ex-
ceeds a dozen or so cm, may over time be deformed and curved under the influ-
ence of water pressure. Therefore, during their construction it is appropriate to
support them from the tailrace side.

Partitions made of two watertight wooden walls, with filling the space be-
tween them with peat, clay, soil, or rocks, are very durable and effective.

An important element of the wall construction is the proper shape of the
overflow. It should always be located in the middle of the watercourse and should
be formed in such a way that during large water inflows, water flows over only
in the middle and not on the sides of the partition. If this is not the case, the gate
will be washed out and bypassed in watercourses with high flow velocity.

In order to avoid the effect of washing out and erosion of the banks and
bottom of the watercourse, it is important to remember about safe levels of dam-
ming. These should be no more than 30 — 40 cm. In order to provide additional
protection against undesirable effects of the partition, it is recommended to

ditches and watercourses with significant water flow (the Mielecin-Bukowo site in the
Drawa Forest, photo R. Staniko).
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strengthen, for example with faggots, the edges and the bottom of a watercourse
immediately behind a tight partition (so-called tailrace).

Wooden partitions made of boards are construction works and water facili-
ties, therefore their construction requires obtaining of a number of appropriate
permits (cf., chapter 9).

Partitions made of artificial materials

In addition to wood - which we recommend - gates can be built using vari-
ous types of plastic and sheet metal. They have the advantage of being much
lighter, easier to transport and cheaper. However, they may only be used where
the substrate permits.

Sometimes simple board/plywood gates are used for ditch blocking. These
are small structures that help to stop the drain by, for example, backfilling the
ditch with local soil. The gate is made of one piece of board which is driven or
pressed into the substrate.

Photo 54: A plywood partition is pressed into the fen into a gap (previously made by
means of a thick metal sheet driven in and pulled out by an excavator) by means of a
small excavator. Bags filled with sawdust (seen in the background) are intended to fill the
ditch sections between the gates. Fen in the Franche-Comté region in Jura, France (cf,,
also chapter 7; photo R. Stanko).
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Adjustable gates

The most commonly used technical solution in Poland so far, effective and
durable, but constituting a foreign element in the environment. These gates con-
sist of concrete walls with cut-out guides, into which horizontal boards/stoplogs
are inserted. Another solution is based on a lifting metal slide gate; the connec-
tions of such gates to culverts under the dyke are frequent. Similar solutions in-
stalled at pond drains are called outlet monks. To prevent malicious alteration of
the damming level, solutions should be provided for enclosing the gate or monk
with a steel bar cage with a padlock.

Similar gates, with sliding stoplogs, can also be made of wood, which should
be recommended as a more natural material.

Photo 55: Concrete gate with
adjustable damming ;

by means of a metal plate o, e
(photo B. Utracka-Minko). .';'.'g?:'n". Mii ;

Adjustable overflows with flexible pipe

A type of flow through a dyke that is popular in Great Britain, simple, cheap
and ingenious, easy to regulate; in Polish conditions probably not sufficiently
resistant to malicious human actions. It involves burying a flexible pipe up to 25
cm in diameter in the dyke and setting the height of its inlet and outlet in order
to determine the desired water level. This is a good method to use in beaver
ponds, where there is a problem with flooding of neighboring areas, although
then the pipe inlet must be extended into the pond and adequately protected so
that the beavers do not clog it.
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Peat partitions

A form of permanent blocking of ditches and drainage channels on fens. The
most common method is to backfill the ditch (approx. 2 - 10 m long), sometimes
filling the space between two wooden walls. This type of solution may function
on low flow rate watercourses, and the peat should be poorly mineralized. Ditch
sections left between the partitions will spontaneously overgrow over time.

Peat partitions, made without the use of building materials, are not civil
structures and do not require engaging in legal proceedings related to con-
struction projects. However, they must be classified as a conversion of a drain-
age ditch - a water facility, requiring appropriate water-legal formalities (cf.,
chapter 9).

Damming with the existing hydrotechnical elements

Culverts under roads can be easily converted into a small damming facility.
The construction of a stoplog seal at the inlet of the culvert (grooves in concrete
walls, in which boards - stoplogs — are placed) allows for obtaining a dam with
adjustable level, and building a well around the culvert inlet, for example using
concrete rings, provides a damming and release structure. Damming thresh-
olds can be built based on the existing bridges, which can serve for example as
thresholds stabilizing the water level in the fen.

Throttling culverts

Another solution for improving water conditions within fens in the case of a
dense network of drainage ditches surrounding the fen may be the construction
of so-called ,throttling” culverts, i.e., culverts with cross-sections naturally lim-
iting the outflow. The parameters of the culverts used should be adjusted to the
place where they are to be installed. The width of the ditch will determine the use
of one or two pipes (preferably PEHD) with the right diameter. The construc-
tion of culverts with the use of pipes with relatively small diameter, embedded
in a wooden and earth dam, will allow limiting the outflow of water from the
fen, due to the reduction of the ditch outflow capacity. Such a solution is also
extremely important when ditches make it impossible to reach the surface of
the habitat covered by the conservation measures. Building such culverts of ap-
propriate width may enable the owner to easily reach the wetland part of the fen
in order to perform manual mowing, and thus significantly affect the owner’s at-
titude to the whole process of habitat protection. If necessary, further reduction
of water drainage can be achieved by clogging the culvert further with wooden
plugs or sandbags.

This solution is attractive in practice also due to very simplified construction
and water-legal procedures related to the construction of culverts (cf., chapter 9).
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Liquidation of entire drainage ditches

Often the best solution is to backfill the entire drainage ditch from the fen.
The most common material used for this purpose is local material from the im-
mediate vicinity of the ditch. When gathering the material, one should strive
to protect valuable fragments of the fen surface and the valuable species sites;
however, in most cases one should not be afraid of local infringement of vegeta-
tion, which in conditions of sufficient moisture regenerates quite quickly. It is
also possible to form local ponds - widening of the ditches, using peat to backfill
the ditch in other areas

Backfilling entire ditches is often the most beneficial solution for fens, al-
though it is sometimes the most expensive one.

If construction materials are not used, the backfilling of the ditch with local
material in the current legal state is not subject to construction regulations. As
the decommissioning of a water facility, it requires appropriate water-legal for-
malities (cf., chapter 9).

Partial filling of drainage ditches

Sometimes it is advisable to limit the drainage effect of drainage ditches to
a certain extent, but without their complete removal. This can be achieved by
reducing the cross-section of the ditches by backfilling them only to a certain
level. Examples would include construction of a biological structure made of
faggot bundles at the bottom of a ditch, filling the ditch to the desired height, and
at the same time initiating the filling with rubble and silt carried by the water
flowing through it. Biological structures made of faggot bundles are made up of
cut wicker shoots tied together by wire in the form of bundles (approx. 20 cm
in diameter), which are placed in the bottom part of the ditch across its entire
width.

If construction products are not used (e.g., if the faggots are obtained locally
by the entity implementing the project), the current legal status of the operation
is not subject to construction regulations. If the operation can be justified by ex-
cessive washout of the ditch bottom and the need to restore its proper function-
ing, its execution may be qualified as maintenance of water facilities, which does
not require any separate permits. If the objective is to change the functioning of
the ditch in relation to the original assumptions, it is categorized as a conversion
of the water facility, requiring a water-law permit (cf., chapter 9).
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Biological structures made of herbaceous plants

Unmaintained ditches become overgrown relatively quickly. In order to in-
crease the moisture content of the fen and inhibit excessive outflow, it is some-
times worth using this characteristic to speed up the process. A good material
supporting the overgrowth of ditches are clumps of Carex paniculata, which are
relatively easy to replant into the ditch as part of the so-called biological dam-
ming. However, it is only possible to use this solution for small ditches with low
flow rates.

Photo 56: Carex paniculata clumps planted in a ditch inhibit the outflow of water from
the fen (photo W. Spychata).

Anti-filtration walls

One of the exceptional examples encountered during the implementation
of projects for the protection of alkaline fens is the cupola spring fen, cut with
a channel - riverbed, causing the drainage of the entire dome of the fen. In the
1980s, the area of the fen was covered by drainage activities aimed at draining
the fen and adjacent areas. These activities were also designed to prevent the
erosion of the river bed by means of installing concrete steps and culverts, but
ultimately they were not carried out, which is now contributing (together with
the ,,maintenance” work carried out in recent years) to the deepening of the
river bed and the systematic increase in the drainage of water from the dome. In
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order to improve the water conditions within the dome, it is planned to install
an anti-filtration wall, which will limit the drainage of the dome by the river and
will contribute to raising the groundwater level in the dome itself. A schematic
representation of the wall is shown in the Figure below.

o SN

Fig. 2. The installation of an anti-filtration wall will slightly raise the groundwater level,
which has been lowered as a result of the dome drainage by the river.

It is possible to make such a wall using various methods and materials, e.g.,
PVC sheet piles or walls made of oak boards, jointed with the so-called “tongue
and groove” as in the case of making gates. The final solutions should be adapted
to the field conditions within the site and the technical feasibility of constructing
a wall with the least possible disturbance to the habitat during the works. Plastic
foil can also be used instead of walls on the edges of fens.

Photo 57: Installation of plastic foil on the edges of the fen in order to limit its drainage
by a neighboring drainage ditch (photo R. Stanko).
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Beavers and the optimization of water conditions in fens

Different social groups may have varying opinions regarding the activity of
beavers, which is understandable as their activities can actually hinder forest-
ry and agricultural management. Beaver dams change the character of rivers,
sometimes significantly affecting their ichthyofauna. On the other hand - on a
landscape scale — beaver floods bring many environmental benefits by improv-
ing the circulation of water in the landscape, ensuring the uptake of biogenic
nutrients, etc. (Janiszewski et al. 2014).

From the point of view of alkaline fens, the existence of beaver floods on a
landscape scale may have an indirect positive impact as a factor improving wa-
ter retention in the landscape and thus improving and stabilizing the supply of
groundwater. However — on a local scale - there are cases of beavers flooding in-
dividual, sometimes valuable, patches of alkaline fens. This effect can be severe,
especially when it comes to the last surviving patches of a moss fen.

Nevertheless, experience shows that in conditions of high anthropogenic
pressure, the activity of beavers should be viewed positively. Local problems of
fen flooding can and must be solved with simple and cheap technical solutions
eliminating the negative impact of beaver dams. These are discussed in more
detail in separate studies (Czech 1999, Szpaczynski 2003, Czech 2005, Camp-
bell-Palmer et al. 2016). The most popular are pipe overflows in the beaver dams,
where the pipe inlet is extended several meters into the beaver flood area and

Photo 58: Beaver activity, despite
cases of excessive water level rise,
should be assessed positively as it
improves water conditions in all
types of fens on the majority

of the area (photo R. Stariko).
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Photo 59: Cases of negative, excessive flooding of fens by beavers can be limited by
special pipes inserted into the dams. ,Cooperation” with beavers in fen protection
is much cheaper and does not require laborious, often completely unnecessary, legal
procedures (photo R. Staniko).

secured with a metal basket to make it difficult for the beaver to find the water
escape place and clog it up''.

5.3. Inhibiting vegetation succession

Alkaline fens in natural conditions develop and remain free of trees for a
long period of time, counted in hundreds and thousands of years. This is evi-
denced, for example, by the thickness of moss peat as well as sedge and moss
peat deposits in the studied fens. The current changes and observed dynamics
of forest and plant vegetation, leading to the disappearance of vegetation char-
acteristic for the habitat, are usually the result of changes that have taken place,
and are still taking place in the environment as a result of human activity; these
are described in the previous chapters. As a result, the supply system is disrupted
and the peat dries, resulting in mineralization and strong eutrophication of the
habitat and development of abundant rushes and herbaceous vegetation. This is

11 In the literature, especially in the USA, such a solution is sometimes described under the
name of the ,,Clemson device” (incorrectly: ,,Clemson’s cylinder”), from the name of the city
of Clemson in South Carolina, USA, and from the university located there, from which the

publication of this idea originated.
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followed by favorable conditions for the expansion of forest vegetation, meaning
that the flora typical of alkaline fens will disappear and its unique character will
be lost. As such, fen protection measures, in addition to improving water condi-
tions, focus mainly on preventing the development of plant and forest vegeta-
tion. Of the numerous methods, the most common is the use of felling and then
extensive mowing. Descriptions of these activities are also included in numerous
publications on wetland protection (Pawlaczyk et al. 2002, Pawlaczyk et al. 2005,
Herbichowa et al. 2007, Sefferov4 Stanova 2008, Makles et al. 2014, Statiko &
Wolejko 2016, Priede 2017).

It is worth emphasizing here that not all alkaline fens require such interven-
tions. These actions are necessary when natural mechanisms maintaining the
character of alkaline fen vegetation cease to work — most often when they are
destroyed by human activities, e.g., drainage, drying, establishing a meadow use.
Interventions in vegetation will usually provide artificial replacement of these
natural mechanisms. They will make it possible to maintain some valuable natu-
ral elements (including valuable vegetation), but usually when they are started
they must be maintained and repeated. Well-preserved natural fens usually do
not require such active protection.

Mowing

Repeated mowing is used as a treatment to prevent the growth of trees, to
partially remove dense, high vegetation, and in addition to remove some of the
biogenic nutrients accumulated in the vegetation, which contributes to the tem-
porary ,defertilization” of the habitat, giving the chance to maintain the vegeta-
tion characteristic of alkaline fens. The ,,defertilization” mechanism is complex,
including changes in the availability of nitrogen, phosphorus, and potassium to
plants and their interactions (Venterink et al. 2009).

Mowing requirements must be assessed individually, and the decision to
»>mow or not to mow” is one of the most serious dilemmas in protecting alkaline
fens (see also Priede 2017). Starting to mow a fen can prolong the existence of
valuable vegetation on it, or it can produce, in place of a destroyed alkaline fen,
valuable ecological systems in the form of floristically rich wet meadows (which
is sometimes the only possible goal, cf., Klimkowska et al. 2010b, d). Usually,
however, a fen once mown will have to be mown forever in order to maintain its
natural values. Arguments against mowing should therefore include the natural
character of the fen, fully natural water conditions, lack of drainage ditches and
their remains, the stability of the water table in relation to the fen surface, low
and loose vegetation in the moss fens, and good condition of the moss carpet.
The development of tall, lush vegetation, reeds, and especially herbaceous com-
munities with Filipendula ulmaria, Urtica dioica, Cirsium oleraceum, and Cir-
sium arvense, the clear expansion of alder, and the expansion of Phragmitetum
australis reed rushes provide arguments for mowing.
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Usually, undertaking mowing activities worsens the vegetation condition of
valuable fens, close to their natural state, but improves the vegetation condi-
tion of strongly degraded fens. Our experience, however, shows (e.g., Stantko &
Wolejko 2016) that in the case of many sites, it is possible to achieve a significant
improvement in the natural value of vegetation.

The frequency of treatments and their time should be individually adjusted
to each area; this usually depends on the objective, the degree of transforma-
tion that the fen has undergone and its current vegetation. The observations
carried out indicate that the most intensive mowing is the right solution for the
most strongly transformed sites, especially within which the water content was
increased. In these areas, early mowing (e.g., June or July) can also be much
more favorable than late mowing, especially if it is also intended to inhibit reed
growth. Such fens require mowing practically every year. Especially when it is
necessary to limit e.g., the expansion of Phragmites australis, even two mowing
sessions per year may be advisable.

Other sites only need to be mowed once every 2 - 3 years. The specific flora
and fauna conditions (e.g., the presence of certain species of butterflies, the pres-
ence of Dactylorhiza sp. div. orchids, like Epipactis palustris, Gladiolus imbrica-
tus, Trollius europaeus) may lead to delaying mowing (even until the August
— October period), to mowing not every year, or to leaving large unmown areas
- different for each year.

At the same time, there are no set rules for choosing the right frequency and
dates. Most of the valuable plant species favor late summer and early autumn
mowing, although sometimes they can also endure mowing in spring and early
summer. It is best to try different mowing patterns on different parts of the pro-
tected site, and often the most advantageous is to maintain the mosaic of plots
mown at slightly different times and in a slightly different way (this sometimes
happens naturally, as a result of the diversity of properties of plots on the fen).

It is important to collect and remove the cut material (swath). As a rule, it
should not be left on the fen, even when mulched, as this will not have the ef-
fect of removing part of the biogenic nutrients, which is one of the purposes of
mowing (see below).

Mowing can be done manually, which usually corresponds to the tradition-
al management, but is expensive and often impractical due to labor shortages.
Mechanical mowing may also be implemented, but the boggy conditions create
significant limitations for the equipment used. As part of protective measures
implementation, it is not recommended to lower the water level, even periodi-
cally, just to be able to use mechanical equipment.
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The equipment currently available on the market significantly improves
work efficiency, however it still does not make mowing an easy task. An impor-
tant factor determining the intensity and costs of the labor is the size of the fen.
Large areas (several hundred hectares) make it possible to use specialist, efficient
equipment with large dimensions and higher output. In these situations, it is
worth using ,,bespoke” technical equipment to meet all the necessary require-
ments for use in difficult terrain (e.g., large vehicles on special tracks (groom-
ers) designed to operate on extremely boggy ground). Such equipment, together
with appropriate systems for the use of the obtained biomass, may be an element
of broader, ultimately self-financing nature protection projects (cf., Gatkowski
2015).

However, areas of this size are rare even in Central Europe (e.g., the Bie-
brza Valley). The use of even the best specialist equipment in difficult conditions
of strong hydration unfortunately does not completely eliminate the risk of fen
degradation. On the Biebrza River, research has shown (Kotowski et al. 2013)
that mowing with groomers is beneficial for birds, but the impact on the flora
and vegetation is varied and not always positive. The use of such equipment
eliminates some rare and valuable plant species, probably because it transforms
the microtopography of the fen. Problems with damaging the surface of fens by
mechanical equipment used for mowing (including tractors of various types) are

Photo 60: A fragment of a fen surface destroyed by groomers in the Biebrza Valley,
where they often pass by, is sometimes a necessary price to be paid to restore the
mowing of the fens (photo R. Starniko).
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Photo 61: Reaching the mountain flush fen with a brushcutter is sometimes possible
thanks to the existing transport infrastructure, however it usually requires a few hours
of walking (photo T. Bagkowski).

much more common (Michalska-Hejduk & Kope¢ 2012, own observations in
the Drawa National Park). In any case, the balance of profits and possible losses
need to be taken into account. Unfortunately, it is often the case that this is the
only practically possible solution.

Conducting the alkaline fen mowing treatments is particularly difficult in the
case of medium and small sites. Depending on the possibility of access, some-
times only on foot (in the mountains), sites with a small area (a few, a dozen or
so ares) most often use ordinary petrol brushcutters.

Where the area is larger (several hectares), and at the same time there is a
relatively easy access by car, small single-axle tractors can be used (their weight
is about 120 - 200 kg). Regardless of the water content, the best tractors for this
purpose are those with rubber tracks with low pressure, not damaging the veg-
etation, especially of the moss layer (see below).

Mowing alkaline fens with all kinds of tractors and mechanical mowers must
take into account the way in which they affect the structure of the fen surface.
This problem concerns in particular fens supplied by waters with higher iron
content, which can be easily confirmed by the presence of iron-oxidizing bac-
teria (rust suspension in the water in the valley), and by the occurrence of spe-
cies characteristic almost exclusively for clumps (for most calcicole species, iron
is toxic - cf.,, chapter 3 and literature cited therein). In this case, mowing with
heavy equipment, which causes the clumps to be “pressed” into the hollows, is
unacceptable.
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Photo 62: Single-axle tractor — rubber track cylinder mower, perfectly coping with the
most difficult conditions on a strongly hydrated fen, is a very good and effective technical
solution. At the same time, it allows to mow an area about 4 - 5 times larger than that of
a petrol brushcutter, using about 2/3 less fuel and causing little damage to the vegetation
(photo R. Stanko).

Grazing

Livestock grazing is not a typical way of using alkaline fens, but it is applied
in some areas. The impact of animals on the fen can vary and strongly depends
on the characteristics of the site. Eating the vegetation is a form of ,,defertiliza-
tion” and can sometimes allow the development of a moss layer or low sedges.
In the case of fens, animals usually have a strong impact on the ecosystem by
trampling on the surface. This may sometimes have positive effects, causing the
fen surface to be pressed into the calcareous water impact zone, but e.g., with
an increased iron content in the supply water, it will have negative effects (see
above, cf., chapter 3). This method of protection should therefore be approached
with great caution and only after a thorough analysis of the site. Under no cir-
cumstances should pasture or hay and grazing land use be regarded as a stand-
ard method of protecting alkaline fens'.

12 Tt is also a mistake to routinely record pasture or hay and grazing land use as an obligatory
conservation measure for natural habitat 7230 in the Conservation measures plans for Natura
2000 areas, as is unfortunately often the case.
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Possibility to use agri-environment payments to support mowing

In connection with the Common Agricultural Policy of the EU, a farmer
(including also an institution with registered agricultural activity, e.g., a national
park, a forest inspectorate) possessing certain types of valuable natural habitats
within their land, may - while managing these habitats in a specific way - benefit
from the so-called agri-environment-climate payments (formerly: agri-environ-
ment payments). These are voluntary contracts in which an annual payment is
due for compliance with the required use method. This possibility also applies
to alkaline fens.

Within the Rural Development Programme for 2007 — 2013, a special ,,sedge-
moss fen” variant was available, dedicated to the protection of vegetation of fens
with moss and sedge communities, including alkaline and calcareous fens. The
variant (so-called package in Polish) included annual mowing of 50% of the plot
or the entire plot once every 2 years, from 15 July to 30 September, with the
simultaneous prohibition regarding grazing and fertilization. Such a manage-
ment regime entitled the owner to a payment of PLN 1,200 per ha per year (and
in Natura 2000 areas — PLN 1,390 per ha). The plot could be qualified for the
package on the basis of ascertaining and documenting by a certified naturalist’s
expert at least three indicator species (or two protected indicator species). The
following species were considered to be indicator species: Calamagrostis stricta,
Carex buxbaumi, C. canescens (curta), C. chordorrhiza, C. davalliana, C. diandra,
C. dioica, C. echinata, C. flava, C. lepidocarpa, C. panicea, C. pulicaris, Dacty-
lorhiza spp., Drepanocladus spp., Epipactis palustris, Eriophorum angustifolium,
Eriophorum latifolium, Helodium blandowii, Juncus filiformis, ]. subnodulosus,
Liparis loeselii, Menyanthes trifoliata, Paludella squarrosa, Parnassia palustris,
Pedicularis palustris, P. sceptrum-carolinum, Pinguicula vulgaris, Polemonium
coeruleum, Saxifraga hirculus, Scorpidium scorpioides, Sphagnum teres, Stellaria
palustris, Tofieldia calyculata, Tomentypnum nitens, Triglochin palustre, Valeri-
ana dioica, and V. simplicifolia. Natural moss fens, which are in good condi-
tion without agricultural use, could also be classified as ,,natural land”, where
(up to 5 ha per farm) an annual payment of 550 PLN/ha was due for the mere
fact of not worsening the condition of a valuable habitat, the removal of waste,
and possible carrying out maintenance procedures prescribed by the expert.
Some alkaline fens which did not show a sufficient number of indicator spe-
cies were also qualified for the variants of ,tall sedge rushes” (assuming mowing
once every 5 years), or ,semi-natural wet meadows” (assuming mowing once or
twice per year) with payments of 800 PLN/ha. Some patches, previously heavily
overgrown with herbs and rushes and not diagnosed as alkaline fens, after the
restoration of mowing within the ,wet meadows” package revealed their natural
values and moss fen nature.
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In the Rural Development Programme for 2014 — 2020 there is no special
package dedicated to alkaline fens, but they may be subject to the ,fens” vari-
ant. As before, the classification of an agricultural habitat plot to a package is
based on a nature expert’s report with appropriate authorizations, but nowadays
it is required to confirm the presence of at least five species from a wider list of
indicator species, or at least 60% cover with three species, and the vegetation
of the site should ,represent classes Scheuchzerio-Caricetea nigrae, Oxycocco-
Sphagnetea, Cratoneurion commutati association, Cladietum marisci association
or Caricetum buxbaumii association or be related to them”. The list of indica-
tor species, currently common for different types of fens, includes: Androme-
da polifolia, Aulacomnium palustre, Baeothryon alpinum, B. cespitosum, Calla
palustris, Campylium stellatum, Carex buxbaumii, C. canescens, C. chordorrhiza,
C. davalliana, C. diandra, C. dioica, C. echinata, C. flava s.l, C. heleonastes, C.
hostiana, C. lasiocarpa, C. limosa, C. pauciflora, C. 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, Erio-
phorum spp., Fissidens adianthoides, Hamatocaulis vernicosus, Hammarbya palu-
dosa, Helodium blandowii, Juncus alpino-articulatus, J. filiformis, J. subnodulosus,
Ledum palustre, Ligularia sibirica, Limprichtia spp., Liparis loeselii, Lycopodiella
inundata, Meesia spp., Menyanthes trifoliata, Orchis palustris, Oxycoccus palus-
tris, Paludella squarrosa, Palustriella spp., Parnassia palustris, Pedicularis palus-
tris, P. sceptrum-carolinum, Philonotis spp., Pinguicula vulgaris, Pseudocalliergon
spp., Rhynchospora spp., Saxifraga hirculus, 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 dio-
ica s.1., Viola epipsila, and Warnstorfia spp.

Mandatory requirements in this option, for which a payment of 600 PLN/ha
per year is due, include:

- ban on peat extraction, on afforestation, on fertilization and liming, ban on
the use of mechanical equipment which interferes with the topsoil, ban on
leaving mulched biomass,

- obligation to dispose of anthropogenic waste;

- felling of trees undergrowth and shrubs indicated by the nature expert in
the nature documentation in the first year of implementation of the variant
within the period from 15 August to 15 February of the following year;

- mowing the area where tree and shrub basal shoots occur or cutting them,
every year or once every 2 years (mowing frequency determined in the na-
ture documentation by the nature expert) in the period from 15 August to
15 February of the following year;
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Additional requirements, which are decided by the nature expert and for which
the rate of payment increases to 1206 PLN/ha per year, include:

- mowing of the sward from 15 August to 15 February of the following year
(once, twice, or three times within 5 years of the commitment, but not more
frequently than every two years, as determined by the nature expert in the
nature documentation); it is permissible to leave up to 20% of the area of the
agricultural plot unmown (as determined by the nature expert in the na-
ture documentation). Different unmown parts should be left in subsequent
mowing operations;

- an obligation to collect and remove the cut biomass (including the prohibi-
tion to leave the cut biomass in in the field). Within 2 weeks after mowing,
the biomass should be removed from the agricultural parcel, or placed on
prisms, or stacked.

In practice, some alkaline fens may also - as in the previous RDP - be in-
cluded in the ,wet meadows” variant, with 1 - 2 mowing operations per year.

Where mowing is required to protect alkaline fens, agri-environment-cli-
mate payments can be a good way to finance it. The key element is the so-called
nature documentation prepared by a qualified expert - it should be ensured that
the plots on the fen are classified as such under a variant whose regime meets
local fen protection needs and that the expert’s detailed requirements fully meet
the protection needs.

Tree removal

Sometimes it is necessary to remove trees and shrubs growing over the fen,
either as a preparatory treatment for mowing or as an independent protective
treatment, inhibiting succession. For example, on some, even slightly degraded
fens, occasional trees removal, repeated every 5 years, seems to be a sufficient
protective measure (Stanko & Wotejko 2016).

The removal of trees and shrubs from alkaline fens usually concerns alder
and willow. This procedure usually involves felling and cutting. Felling trees or
cutting shrubs does not usually pose any problems; it is usually much more diffi-
cult and expensive to remove their remains to outside the fens, due to the boggy
conditions, which often requires manual transport. Sometimes mulching the
wood biomass and leaving it on the ground can be considered, but this has un-
predictable consequences for fen vegetation (cf., Madaras et al. 2012) and cannot
be recommended as standard.

The most important problem is the formation of basal offshoots which is
typical for both alder and willow. If the removal of wood vegetation is not ac-
companied by regular mowing, regrowth may cancel out the effect of the treat-
ment after a few years. In order to effectively destroy the offshoots, it may be
desirable to mow with higher intensity up to 2 — 3 times a year during the first
years after the removal of trees and shrubs. Successive manual removal is also
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possible (Klimkowska et al. 2010c). Some consider the use of herbicides, which
we do not recommend, however, because of their strongly negative impact on
the environment, particularly the aquatic one.

Selecting an appropriate cutting date may limit the growth of basal offshoots
(according to the experience summarized by Priede (2017), autumn is the most
favorable season). In order to eliminate the problem of regrowth, it is also pos-
sible — instead of felling trees — to remove them by girdling (taking off the bark
with phloem around the entire circumference of the trunk, cf., Priede 2017).

When removing trees and shrubs is a pre-condition for mowing, it is impor-
tant that the trunk is cut as low as possible so that it does not obstruct mechani-
cal or manual mowing in subsequent years.

Biomass management

The biggest problem during mowing operations is usually the removal of the
mown biomass.

Leaving the hay cut but not harvested on the ground usually has a negative
impact on the vegetation as it creates a layer of dense felt; this leads to floristic im-
poverishment associated with an increase in the proportion of eutrophic species.
Mulching, which is sometimes used, can also have similar negative effects. The
negative effects of leaving biomass are not always evident. In some cases, at least
during the first mowing operation, this is acceptable and sometimes ,a lesser
evil” than not mowing at all. However, it should not be routinely used as a stand-
ard. Usually, therefore, the biomass has to be removed at least outside the fen.

The hay produced is usually of poor quality, only partially dry, impossible to
compress and mechanically harvest. Boggy conditions often make it difficult to
use mechanical equipment to harvest hay, and the manual removal of biomass to
the remote mineral edge of the fen is a hard and very expensive endeavor. Some-
times specialist equipment is helpful (see above), but in general there is no good
solution. However, it is important not to omit the removal of biomass.

Another issue is the problem with the management of the mown biomass.
Hay is often not of good quality and is not an attractive feed for animals. The
collection, preparation for transport (e.g., pressing of underdried biomass), and
the transport itself — often involves costs far in excess of the potential income,
especially when small, dispersed areas are mown.

As a consequence, some complex projects to protect large areas of fen in-
clude systems of local biomass management, e.g., for heating (e.g. installation
of special biomass furnaces) in order to generate local demand for hay from
fens and to stimulate its collection (cf., Gatkowski 2015). However, this does not
solve the problem of biomass from small and fragmented areas. Sometimes it is
most beneficial not to use it — to remove it from the fen, but for example to leave
it on the adjacent mineral ground for natural decomposition.
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Photo 63: Preparation for the collection and the collection of the cut biomass with light
horticultural tractors, even with wide or double wheels, is possible only for some of the
fens; in the remaining cases the only solution is manual collection (photo R. Stanko).

5.4. Other protective measures

Improvement of water conditions and shaping of vegetation in many cases
are not sufficient to achieve nature protection objectives, especially in strongly
degraded fens (cf., e.g., Klimkowska et al. 2007). In specialist renaturalization
projects, deeper, or even drastic, protective measures are sometimes applied.

One such treatment is the removal of the top layer of soil, i.e., usually the top
layer of moorshified peat, together with the current vegetation (so-called ,,top-
soil removal”). As a result, a well hydrated layer of bare peat is exposed, in the
hope of regenerating fen vegetation (van Diggelen et al. 1997, Patzelt et al. 2001,
Klimkowska et al. 2009). The treatment is sometimes effective, especially when
the fen is completely decayed, but its hydration in the deeper layers remains
stable. The prerequisite for success is at least relative stability of the water level
(there must be no strong fluctuations). In order to solve this problem, mulching
with hay obtained at a phenologically appropriate time from a species-rich and
mown fen may be used as a limiting factor for the availability of diasporas of fen
species (Klimkowska et al. 2007, 2009). However, such activities are difficult and
very expensive to organize (the main problem is the management of harvested
soil masses; cf., Klimkowska et al. 2010a), and at the same time they constitute
a very deep interference with the ecosystem. Doubts also relate to the long-term
effectiveness, especially when current hydrological conditions differ from the
original ones (Grootjans et al. 2006). The possible use of this method on a scale
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that goes beyond the experimental one should be preceded by a very deep spe-
cialist diagnosis and carefully considered. So far, such actions go beyond the
»good practices” that can be recommended for wide use.

Other measures, which deeply interfere with the ecosystem, are also con-
sidered as tools for the protection of alkaline fens, such as burning vegetation
or liming (van Diggelen et al. 2015). However, they did not go beyond the stage
of experimentation on small areas. The literature also describes experiments in
the field of the reintroduction of moss species typical for moss fens (Milson and
Rydin 2007), but they also did not go beyond the stage of preliminary research.
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6. Monitoring of alkaline fens
conservation status

6.1. National Environmental Monitoring and the Chief
Inspectorate of Environmental Protection methodology

Methodology
Like all types of natural habitats, the alkaline fens in Poland are subject to
monitoring within the framework of the so-called National Environmental

Monitoring commissioned by the Chief Inspectorate of Environmental Protec-

tion (GIOS). The monitoring method for habitat 7230 adopted by the GIOS for

the assessment of the conservation status and monitoring of the national habitat

resources (Koczur 2012) assumes expert surveys of selected sites, on average 4

in the Natura 2000 area (exceptionally, individual sites were located outside such

areas). The ,site” is generally understood to be a patch of a natural habitat. At
each site, a transect of 200 x 10 m shall be designated in the habitat patch at the
expert’s discretion (with the possibility of modifying the dimensions if neces-
sary). For documentation, three vegetation relevées are taken on 5 x 5 m surfaces

(using the classic Braun-Blanquet scale): at the beginning, in the middle, and at

the end of the transect, with the measurement of their coordinates by means of

a GPS receiver. The idea of conservation status assessment is to describe and as-

sess selected aspects of the ecosystem structure and services, the so-called struc-

tural and functional indicators, on a three-stage scale: good (FV), unsatisfactory

(U1), and bad (U2). Indicators to be assessed for the entire transect:

- Percentage of the area occupied by the habitat on the transect (where the
habitat has only been preserved in a mosaic with other ecosystems). 80 -
100% are rated as FV, 50 - 80% as U1, and < 50% as U2);

- Number of characteristic species. The occurrence of 9 or more species, or
total coverage of characteristic species exceeding 50%, is assessed as FV, 4
— 8 species or coverage 20 — 50% as U1, lower coverage as U2. The following
are considered to be habitat-specific species: Bryum pseudotriquetrum var.
bimum, Campylium stellatum, C. davalliana, C. dioica, C. flava, C. hostiana,
C. lepidocarpa, C. panicea, C. pulicaulis, Ctenidium molluscum, Dactylorhiza
incarnata, D. majalis, Drepanocladus aduncus, Eleocharis quinqueflora, Epi-
pactis palustris, Eriophorum latifolium, Fissidens adianthoides, Hamatocaulis
vernicosus, Helodium blandowii, Juncus alpino-articulatus, Limptrichia cos-
soni, Liparis loeselii, Orchis palustris, Paludella squarrosa, Parnassia palustris,
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Pedicularis palustris, P. sceptrum-carolinum, Pinguicula vulgaris, Primula
farinosa, Scorpidium scorpioides, Schoenus ferrugineus, S. nigricans, Sweer-
tia perennis, Sphagnum teres, Sph. warnstorfiii, Tofieldia calyculata, Tomen-
typnum nitens, Triglochin palustre, Valeriana simplicifolia, Warnstorfia exan-
nulata, W. fluitans, and W. sarmentosa;

Dominance structure (dominance of species characteristic for the habitat is
assessed as FV, dominance of species not included in this group as U2);
Coverage and structure of the moss layer. The total coverage of over 50%
with the share of brown mosses over 70% is assessed as FV, the total coverage
of 20 - 50% with the share of brown mosses 20 — 70% - as U1, lower param-
eters including the absence of brown moss or the dominance of peat mosses
-as U2,

Possible presence of invasive alien species. None is rated as FV, up to 5% as
U1, more as U2;

Presence of expansive herbaceous plant species. None is rated as FV, up to
5% as Ul, more as U2;

pH of the surface layer of peat, measured at five points along the transect
using a field pH-meter or estimated by means of the Helig’s method;
Overgrowth by trees and shrubs. Lack or sporadic is assessed as FV, share up
to 15% as U1, larger share as U2;

Degree of hydration at the time of observation, at 5 points on the transect. A
water level located between 10 cm below and 2 cm above the ground surface
is assessed as FV, between 20 cm below and 10 cm above the ground surface
as U1, deeper than the ground surface as U2. A practical criterion for the FV
status is that “when walking on the fen, water is always visible, at least up to
the height of the sole”;

Historical and current peat extraction. Traces of historical exploitation of up
to 5%, without current extraction, may be evaluated as FV; modern, sporad-
ic extraction on a small scale or larger scale of historical exploitation lower
the rating to U1; larger scale of current extraction lower the rating further to
U2,

The presence of drainage systems - absence of ditches or complete neutrali-
zation of their operation is assessed as FV, the existence of overgrown or
blocked ditches so that they have only a minor effect — as U1, ditches signifi-
cantly deteriorating the hydration of the fen — as U2;

On the basis of the above-mentioned indicators, the expert evaluates the

synthetic state of the parameter ,,structure and function” in the three-stage scale
- FV - Ul - U2. Indicators: characteristic species, moss cover and species struc-
ture, pH range, herbaceous plant expansion species, tree shrub and undergrowth
expansion, degree of hydration (underlined in the listing above) are treated as
the so-called cardinal indicators, i.e., the synthetic evaluation of the structure
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and function cannot be better than the worst evaluation of these indicators. The

interpretation of the impact of other indicators on the synthetic evaluation re-

mains at the discretion of the expert.

In addition to this assessment of the habitat structure and function, the ex-
pert assesses two other parameters at the site:

- The surface of the habitat at the site. The assessment concerns the entire
patch and not only the transect: a surface stable or increasing in relation to
previous surveys or observations is assessed as FV, slowly decreasing as U1,
and clearly decreasing as U2;

- Conservation prospects, i.e., chances for survival, behavior of the surveyed
patch, taking into account both existing threats and the undertaken protec-
tive actions.

The overall assessment of the site is determined by the weakest assessment of
these three parameters. In practice, it is usually determined by the assessment of
the ,,structure and function” parameter, because it is in the structure and func-
tion of a habitat that both the first symptoms of surface decrease and the chances
of effective habitat protection are usually expressed.

Interpretation of results

The methodology described above for the monitoring and assessment of the
conservation status of habitat 7230 has been applied in practice as part of the
National Environmental Monitoring. In 2009, it was used to survey 121 sites in
Poland, and in 2017, the survey for 117 of these sites was repeated (Institute of
Nature Conservation of the Polish Academy of Sciences 2018).

The adopted method makes it possible to follow synthetic changes concern-
ing the entire group of all the surveyed sites. Indeed, a comparison of the results
of 2017 and 2009 has already revealed such developments and, in addition, they
are very worrying. The structure of protection status recorded at individual sites
has clearly deteriorated. While in 2009, 16.5% of the sites were in good condition
(FV), 58.7% in unsatisfactory condition (U1), and only 14.8% in bad condition
(U2), repeating of the survey in 2017 showed that only 10.3% are in good condi-
tion (FV), and as much as 53.8% of the sites are in bad condition (U2).

Due to the principle of expert site selection, with the assumption of selecting
approximately 4 sites for each Natura 2000 area where alkaline fens are subject
to protection, the structure of the conservation status of the sites under study is
not representative of the total habitat resources in Poland. The habitat inventory
assessment carried out by the Naturalist'’s Club between 2008 and 2011, accord-
ing to which only 4.96% of the habitat area were in good condition (FV), 44.08%
in unsatisfactory condition (U1) and 50.96% - in a bad condition (U2), can be
used as a reference. Therefore, the National Environmental Monitoring over-
represents better developed and better preserved patches.
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The Chief Inspectorate of Environmental Protection methodology ensures
that the surveys are repeated in the same patches of the habitat, but does not
ensure that phytosociological observations and relevées will be taken on exactly
the same plot. Location of GPS monitoring points in the field is not sufficient for
this purpose, because it is not possible to reach the same point with the help of
it with an accuracy greater than several meters. Therefore, differences in scores
between consecutive observations at the same site, especially relevées, cannot
always be interpreted as representative of the actual changes.

The method was developed for selected and idealized forms of alkaline fens,
referring to phytosociological approaches which today are out of date, and focus
exclusively on the specific form of the habitat — sedge-moss fens (see chapter 2).
Due to the significant diversity of alkaline fens in Poland, the calibration of bind-
ing indicators will not prove accurate for every type of alkaline fen.

The adopted list of typical species omits e.g., Calliergon stramineum, Carex
diandra, Cinclidium stygium, Juncus subnodulosus, Meesia triquetra, Menyanthes
trifoliata, Valeriana dioica, Saxifraga hirculus, which are undoubtedly important
species characteristic for at least some forms of alkaline fens. As a result, fens
dominated by vegetation such as Juncetum subnodulosi, Caricetum diandrae, or
Menyantho-Sphagnetum teretis can obtain unfairly low assessments of their con-
dition. Spring fen, including flush fens, even well-preserved ones which do not
necessarily have to contain species typical of sedge-moss fens, will be given a
completely inadequate rating.

The indicator ,,overgrowth by trees and shrubs” is calibrated very strictly. In
practice, it is difficult to distinguish between ,,sporadic occurrence of trees and
shrubs” (FV) and ,tree and shrub cover of up to 15%”. Many natural and well-
preserved fens have trees and shrubs with a content of up to 10 — 30% that are
normal and natural, and this proportion remains stable. Meanwhile, in the case
of the Chief Inspectorate of Environmental Protection methodology, exceeding
the 15% threshold already forces the assessment of U2 and may underestimate
the condition of the fen.

Several indicators, e.g., coverage and structure of the moss layer, pH of the
surface peat layer, are well calibrated to measure the progress of the alkaline fen
surface acidification process. Indeed, this is a significant process under natural
conditions. However, in the current situation of 7230 habitat in Poland, oth-
er trends are a much more serious threat to them. Many of the real patches of
the habitat are now ,,peat-based meadows with sedge-moss fen elements” and
are threatened by the disappearance of these fen species, either due to a lack of
mowing or by inappropriate mowing regimes (e.g., biomass being left behind,
mowing being too early and too low). The calibration of the above-mentioned
indicators of the Chief Inspectorate of Environmental Protection assessment (as
well as the ,,number of characteristic species” indicator) causes that such patches
are initially assessed as being in poor condition (U2), and thus further deteriora-
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tion of their condition will not be adequately exposed.

Therefore, we should warn against hasty interpretation of ,,unsatisfactory”
and ,,bad” assessments of some indicators in the Chief Inspectorate of Environ-
mental Protection methodology as a premise for immediate and not fully con-
sidered conservation measures plans for the improvement of these indicators.
Such assessments may result simply from the local specific characteristics of the
fen, which from an ecological point of view is in good condition. However, in
most cases such assessments can indicate a real problem. Even then, the indica-
tors may highlight the effects of deeper hydro-ecological changes rather than
their causes.

Recording the status of particular parameters and indicators, ensuring re-
petitive visits to the same patches of habitat by the expert, and at least partial
traceability of their changes over time, seems to be more important than the
mere assessments on a three-stage scale in the case of the Chief Inspectorate
of Environmental Protection methodology. Despite all the implementation and
interpretation problems, the National Environmental Monitoring System has
made it possible to obtain a collection of observations with a value that cannot
be overestimated.

6.2. Good practices for designing local monitoring systems

In planning the protection of Natura 2000 areas, whether through drawing up
conservation measures plan or conservation plans, “the sets of indicators adopted
on the basis of scientific knowledge for the purposes of monitoring referred to in Ar-
ticle 112(2) of the Act and reports referred to in Article 38 of the Act, supplemented,
if necessary, by indicators specific to a given Natura 2000 site, are used for the as-
sessment of the structure and functions of the natural habitat”. This means that
the status of natural habitats is assessed against virtually the same parameters
(habitat area, structure and function, conservation prospects) and the structure
and function of a natural habitat are assessed against the same set of indicators
as those adopted in the National Environmental Monitoring (Regulation 2010a,
b). The possibility of adding indicators “specific for a given Natura 2000 site” as
well as omitting the indicators “impossible to apply in a given Natura 2000 site”
was introduced into the regulations only in November 2017, and the previously
used set of indicators had to strictly correspond to the set of indicators from the
Chief Inspectorate of Environmental Protection methodology.

As a result, the indicators from the Chief Inspectorate of Environmental
Protection methodology are often used as the basis for the formulated objectives
of protection activities. The status reporting of Natura 2000 sites is also based
on these indicators. Therefore, it seems reasonable to postulate that the list of
parameters and indicators from the Chief Inspectorate of Environmental Pro-
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tection methodology should be the core of the organization of local monitoring
of habitat 7230 and its individual patches.

However, while National Environmental Monitoring is designed to obtain
assessments and identify national trends in habitat resources, the objectives of
local monitoring are different. In particular, it should provide early warnings
against worrying changes in each of the monitored patches to enable appropri-
ate response measures to be planned and implemented in a timely manner. The
Chief Inspectorate of Environmental Protection methodology, applied without
any additions, is not suitable for this purpose. In order to organize effective local
monitoring, it is necessary to supplement and extend it. It is worth noting that
although the procedure of planning the protection of Natura 2000 sites requires
the use of a set of indicators for the assessment of the natural habitat status simi-
lar to those used in the Chief Inspectorate of Environmental Protection moni-
toring methodology, it does not require at all that the methods of analysis of
these indicators be identical.

The aspects and elements described below are particularly important and re-
quire supplementing the Chief Inspectorate of Environmental Protection meth-
od. Although monitoring organized in the way recommended here will not be
inexpensive, it will provide much better information and be far more useful for
planning the protection of each of the monitored fens, while maintaining con-
sistency with the nationwide methodology established by the Chief Inspectorate
of Environmental Protection.

Water conditions. Water conditions are a key element for all fens and any
change should be recorded and interpreted as quickly as possible. For alkaline
fens, an important factor and indicator (see chapter 3) is also the stability of
the water supply, i.e., the range of changes in the location of the water table in
the peat in relation to the surface of the fen occurring during the year, and the
reaction of the water table to wet and dry periods. It is therefore completely
inadequate to monitor this element exclusively by means of organoleptic expert
assessment, and only once every few years. Continuous water level monitoring
is necessary in order to get a timely signal of problems with water conditions.
The recommended technical solution here should be continuous (at least once
a day) recording of the water level in the observation wells with the use of auto-
matic recorders (divers). It should be remembered that even this type of organ-
ized measurement has its methodological limitations (cf., Pawlaczyk & Kujawa
-Pawlaczyk 2017).

Usually, the monitoring of water conditions in fens requires at least a few
observation wells with recorders. Sometimes, valuable information about the
water supply can be provided by nearby observation wells with filtering at dif-
ferent depths, showing the hydrostatic pressure of the water in different layers
of the fen.
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In the case of alkaline fens, it is often recommended to monitor not only the
water level itself, but also its characteristics, e.g., chemical and physicochemical.
Only with this information does it become possible to interpret the hydrology
and ecology of the fens supplied by groundwater (see chapter 3, and literature
cited therein), by revealing the direction of this supply. They can also warn about
the changes that threaten the fen. For such characteristics it is usually sufficient
to examine them at longer intervals, e.g., once a year. Depending on the needs
and specific features of a particular site, local monitoring should be extended in
the direction of recording of selected physicochemical parameters of water at
selected points in outflows and observation wells.

The guidelines for organizing the monitoring of water conditions are the
same as those for recognizing the water conditions discussed in chapter 3

Herbaceous and moss vegetation. Changes in vegetation are often a good
indicator of changes in the whole ecosystem; it is therefore important to capture
them quickly. In alkaline fens, changes in the species composition of the moss
layer are of great informative value - in this type of ecosystem, mosses often
show processes more quickly and better than vascular plants, including disor-
ders and unfavorable trends (Mélson et al. 2008, Hajek et al. 2015).

In order to identify changes in vegetation effectively and quickly, it is neces-
sary above all to repeat the description of the vegetation on exactly the same
area. The only way to achieve such repeatability is either to permanently mark
the corners of the observation plot in the field, or at least to mark the observa-
tion point (in which case it is necessary to define precisely what is considered to
be the observation area defined by that point). This can be done, for example,
by means of posts with an underground metal marker, with distances measured
to the characteristic features of the terrain. It is not possible to count on the fact
that the repeatability of the observation points will be ensured by measuring
their coordinates with the use of GPS. Of course the accuracy required will not
be provided by a tourist-grade GPS receiver measurement (it has an average
location error of 2 — 6 m, and this error doubles when it comes to the accuracy
of repeated location of a point with previously measured coordinates. Even the
use of more accurate and costly location techniques (GNSS, EGNOS, RTK cor-
rections) is not sufficient since - although these techniques can achieve high
accuracy in measuring the coordinates of a field point - it is still difficult in real
time and outside the range of mobile network coverage to reach precisely the
point with the set coordinates.

Although the estimated scale of Braun-Blanquet coverage used for phytoso-
ciological studies is well suited for describing and comparing vegetation, it does
cause some loss of information when used for the study of changes in species
coverage on fixed surfaces. In grades 1 and 2 of the scale, up to five changes in
species coverage (clearly visible to the observer) may not be reflected in a change
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in rating. Furthermore, it is not possible to perform mathematical operations
on the Braun-Blanquet grades, so the change cannot be measured. Some, but
not all, of these drawbacks are limited by the so-called Barkmann modification,
which breaks Braun-Blanquet grade 2 into 2a, 2b, 2m. Many advantages in mon-
itoring studies, especially on fixed surfaces, would be provided by the so-called
Londo decimal scale, in which the differences between relevées can be measured
as the mathematical differences of assessment (Pawlaczyk & Kujawa-Pawlaczyk
2017, and literature cited therein). Therefore, it is worth considering the use of
such scales.

In view of the informative value of the moss layer, it is necessary to ensure
that observations are always made by an expert with bryological experience.
This does not only concern the knowledge of the moss species themselves, but
also the practical ability to notice them and correctly estimate the coverage of
individual species.

Overgrowth with trees and shrubs. The process of overgrowing with woody
vegetation is a serious problem for the protection of many alkaline fens. Good
monitoring should therefore capture even small and unobvious but directional
changes in this area, including allowing for reliable measurement of the rate of
overgrowth. Visual expert assessment of the thickness of trees and bushes on
the transect is not sufficient for this. Usually, the transect is located in the center
of the fen; as a consequence tree changes taking place in the border areas are
outside the scope of monitoring - at least until the habitat 7230 has started dis-
appearing completely from the boundaries in e.g., a drop in surface area. The
expert visual assessment, especially concerning a 200 x 20 m transect, which is
often a surface that cannot be covered by eyesight, is also quite imprecise. The
error of such assessment (including the differences between the assessments of
different observers) is much greater than the changes it should capture.

This problem can be partially remedied by ensuring that subsequent assess-
ments at the site are carried out by the same observer, who remembers the state
of overgrowth of previous observations and is able to directly assess changes.
However, this is not always possible in practice.

Effective assessment of changes in the overgrowth by trees and shrubs would
require repeated photographic or similar recording, preferably in the form of
both standardized, repeatable photographic documentation of the transect, as
well as aerial or satellite documentation of the state of overgrowth of the entire
patch (drone, aerial, or satellite photographs, LIDAR data). Measurements can
be carried out on the materials collected in such a way, expressing precisely, in a
quantitative way, the content of trees and shrubs at the site and its changes.
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7. The experience of other countries in
the protection of peatlands based on the
visits of the team implementing LIFE
projects and partners

Dorota Horabik, Magdalena Makowska (Makles)

Networking which involves the creation of a network of contacts with other
projects to foster efficient sharing of experiences and know-how is one of many
aspects of projects financially supported by the European Union, especially
LIFE+ projects. This was the very purpose of the study visits to European coun-
tries: Germany, Austria, Italy, France, Lithuania, Latvia and Estonia.

During these visits, the participants explored several sites where representa-
tives of host countries realized - or realize - the projects (mostly supported by
LIFE+) aimed at conservation of peatland habitats. However, considering that
these visits did not cover all interesting and worth mentioning fens, the authors
decided to expand the contents of this chapter also by such areas. Although in
some of these sites active protection measures concerned not only alkaline fens,
but also raised bogs and transitional mires, their scope and method of imple-
mentation are presented below. This part of the Guidebook aims to show a range
of possible activities to protect peatlands - also on the European arena. These
activities focused mainly on the improvement of hydrological conditions within
various types of peatlands, and the used methods can be effectively applied to
various types of peatlands, including the alkaline fens.

ESTONIA

Ohepalu Nature Conservation Area is one of project areas targeted by the
project LIFE14 NAT/EE/000126 LIFE Mires of Estonia “Conservation and Res-
toration of Mire Habitats” (2015 - 2020) https://soo.elfond.ee/en]. Ohepalu is
composed of two big conservation areas: Pohja-Korvemaa Landscape Park and
Lahemaa National Park. It is a huge complex comprising raised bogs, transi-
tional mires, forests, and many small lakes. One of the most important aims of
the project is to restore the natural hydrological regime of wetlands in order to
halt Natura 2000 habitat degradation and to improve the conservation status of
these habitats and species associated with them.

These objectives are implemented mainly through activities focusing on
closing the drainage network of the bog by filling the ditches with peat or, as a
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Photo 64. The raised bog with peat-producing vegetation (live) (7110) in Ohepalu
(photo D. Horabik).

last resort, by building wooden gates. However, where it is possible, it is prefer-
able to make peat dams because of the ease of construction, i.e. the natural mate-
rial from which the dams are made is available. Such dams are made by means
of an excavator, and only in places that are inaccessible to it, works are carried
out manually (LIFE14 NAT/EE/000126). During the implementation of conser-
vation works, including mainly those related to the improvement of hydrologi-
cal conditions, the team relies on experience developed in other countries and
guidelines included in the study titled ,,Ecological restoration in drained peat-
lands - best practices from Finland” made by Finnish organizations: Metsahalli-
tus - Natural Heritage Services and Finnish Environment Institute SYKE (Similad
etal., 2014).

Oidrema-Tuhu. An ideal example of non-degraded by human activity is
complex of three types of mires in the surroundings of the Kiska locality.

The alkaline fen located on the fringes of this complex smoothly transforms
into transitional mires and then, in the central part, into the raised bog. A nature
trail leads through the complex, at the end of which there is an architecturally
interesting wooden observation tower. The way the peatlands complex is made
available for educational purposes does not adversely affect their conservation
status, and at the same time allows you to get acquainted with a model example
illustrating the natural development of peatlands through theirs various stages.
Peatlands can be the model target when planning the restoration of the proper
conservation status of natural habitats.
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Photo 65. Habitat 7220 in the Viidumée Nature Reserve with tufa precipitation
on mosses (photo D. Horabik).

Viidumiée Nature Reserve is a botanical reserve of international impor-
tance harboring many valuable and rare plant species, mostly associated with
alkaline fens (e.g., Lady’s slipper orchid Cypripedium calceolus, yellow widelip
orchid Liparis loeselii, and elder scented orchid Dactylorhiza sambucina). 1t is
one of three project areas designated under the project LIFE12 NAT/EE/000860
LIFE Springday “Conservation and restoration of petrifying spring habitats (code
*7220) in Estonia” (2013 - 2018) http_s://Www.loodushoid.ee/SPRINGDAY 348]
. It is an extremely scientifically interesting area of development of “hang-
ing” alkaline fens parallel to the slope, separated by mineral shafts, fed with wa-
ters flowing from different aquifer horizons.

The aim of the project is to restore the proper hydrological regime of the
petrifying springs and surrounding valuable natural habitats, including alka-
line fens. Therefore, its actions focus on elimination of the draining character
of the ditches by filling them with soil material, and the reduction of succes-
sion of plants characteristic of drier habitats (shrubs, reeds, etc.). (LIFE12 NAT/
EE/000860 ).
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Photo 66. Abundant hooked scorpion moss Scorpidium scorpioides and bladderwort
Utricularia sp. in an alkaline fen (photo M. Rucinski).

Other calcareous fens of Saaremaa island. The limestone substrate of
Saarema promotes the development of fens fed by calcium carbonate-rich wa-
ters, with the character of calcareous fens (code 7210 often with Cladium mar-

Photo 67. Habitat 7220 abundant in valuable species: a — yellow widelip orchid,
b - musk orchid Herminium monorchis, ¢ - bird’s-eye primrose Primula farinosa
(photo D. Horabik).
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iscus) or alkaline (code 7230). An example may be wetland depressions of the
similar character to calcareous fens (code 7210), in the south-western part of the
island. Despite the intersection of the habitat with a road, two well-preserved
patches of the habitat on both sides of the road are characterized by good water
conditions and by a wealth of rare species such as Liparis loeselii, Herminium
monorchis, or Primula farinosa.

LATVIA

The Slitere National Park is famous for a unique dune complex comprised
of almost 180 dunes interspaced by narrow humid depressions where peat is
deposited. From an ecological standpoint, these places are very interesting since
some of these dune slacks are covered by fens supplied by groundwater, while
others are fed by rainfall forming transitional mires and raised bogs (Grootjans
et al. 2017). This interesting hydrological situation was investigated in 2016 un-
der the project LIFE13 NAT/LV/000578 Wetlands “Conservation and Manage-
ment of Priority Wetland Habitats in Latvia” (2014 - 2018) - http://www.mitrajil
, aimed mostly at implementation of wetland conservation and restoration
measures. This project focuses on conservation of mire habitats: 7110 - active
raised bogs, 7120 - degraded raised bogs still capable of natural or stimulated re-
generation, 7140 - transition mires and quaking bogs mostly with Scheuchzerio
- Caricetea vegetation, 7220 — petrifying springs with Cratoneurion communtati
alliance and 7160 - fennoscandian mineral-rich springs and spring fens. (LIFE13
NAT/LV/000578).

Photo 68. The effect of implementation of conservation measures in a peatland
(photo D. Horabik).
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The project assumes inter alia construction of a series of dams on draining
ditches. All activities were preceded by a detailed hydrological diagnosis, which
in consequence allows to plan the most effective technical solutions correspond-
ing to the specificity of a given place. Typically, it was planned to build cascade
of peat or wooden dams made by hand or by using excavator, depending on the
place where the works were carried out, the occurrence of valuable plant species
within it etc. (LIFE13 NAT/LV/000578).

The Gauja National Park together with the largest peatland Sudas-Zviedru
in this area is another site covered by the “Conservation and Management of
Priority Wetland Habitats in Latvia” project. The park is one of the most valu-
able Latvian areas, gathering almost all ecosystems occurring in this country.
Like in other countries, peatlands in Latvia, including Sudas-Zviedru, have un-
dergone degradation by human interference, including mostly drainage, peat
mining, afforestation or intensive agriculture (eutrophication, changes in land
use). The main conservation measures include the removal of tree and shrub
undergrowth, succession of which was caused by distortion of water conditions,
and the blockade of drainage ditches in order to reduce the detrimental effects of
the artificial drainage systems constructed in the past. The restoration of prop-
er hydrological conditions facilitates the natural regeneration of the peatlands.
Hydrological and habitat monitoring data demonstrated that elevation of water
level in the peatlands had an almost instant effect, i.e. moss species structure was
improved during one vegetation season, which was a sign of peatland regenera-
tion (Pakalne 2017).

Photo 69. Water stagnating in a blocked ditch in the Sudas - Zviedru peatland
(photo D. Horabik).
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Engure Lake has been protected as a nature park since the 1950s. It is a Natu-
ra 2000 site of international significance for birds’ conservation (IBA) and a Ram-
sar site, with an area of about 198 km?. The shallow littoral lake, surrounded by
rushes, is home of many migratory, rare species of birds, such as corncrake, green
fodder and heron. In the transitional areas in which there is access to sea water,
wading and nesting places for waterfowl are found. The surrounding meadows
are grazed by cattle and horses.

On the spit of the lake, in the shallow basins, alkaline fens developed, cal-
carous fens with the remnant Cladium mariscus and limestone species from the
Caricion davallianae alliance as well as transitional mires and quaking bogs. As
a result of dehydration, the problem is the expansion of trees and shrubs and the
disappearance of rare species of Caricion davallianae and Cladium mariscus. The
area is famous for the richness of orchids present here (22 out of 32 species found
in Latvia) (LIFE15 CCM/DE/000138).

It was a project area designated by the already completed project LIFE00/
NAT/LV/7134 “Implementation of the Management Plan for the Lake Engure Na-
ture Park” (2001 — 2004) aimed at the protection of rare and endangered habitats
and species, the restoration and maintaining of meadows, and the protection of
valuable forest habitats from extinction. The main actions for habitat conserva-
tion, including peatland habitats, involved the removal of trees and the establish-
ment of the so-called micro-reserves (Racinska 2004).

The Engure Lake area is also the project area for the project LIFE15 CCM/
DE/000138 “Peat Restore” — Reduction of CO, emissions by restoring degraded

@atlands in Northern European Lowland” (2016 2021, https://life-peat-restore)

, aimed in this area mostly at the improvement of water conditions by the con-
struction of damming barriers. However, the aim of the project is only indirectly
related to peatland conservation since the project principally focuses on a de-
termination of the significance of intact and restored peatlands for combating
climate change. These actions have not been performed yet so their effects cannot
be assessed at the time of publication of this book. However, it can be expected
that they will have similar benefits — as in other areas - leading to restoration of
the natural peatland regeneration process (LIFE15 CCM/DE/000138).

LITHUANIA

Debesnu peatland in the Varniai Regional Park is a complex of fens, tran-
sitional mires and humid meadows located in the Natura 2000 area harboring
valuable species on a European scale, including Liparis loeselii and Hamatocaulis
vernicosus. The Debesnu peatland is an alkaline fen where conservation actions
involving the removal of tree and shrub undergrowth and mowing have been
conducted for more than a decade. The conservation actions planned for 2014
under the project financially supported by the Norway Grants involved mowing
and grazing. Currently, these actions are continued by a local farmer for whom
cattle were purchased in the framework of this project.
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Photo 70. The edge of the fen after mowing (photo D. Horabik).

Zuvinto Biosphere Reserve was protected as a nature reserve already in the
1930s, and then it was included into the Ramsar and Natura 2000 networks. It
was a project area for the project LIFE07 NAT/LT/000530 WETLIFE “Restor-
ing H drology in Amalvas and Zuvintas Wetlands” (2009 - 2012) -
which was aimed principally at the restoration of proper hy- proper hy—
drologlcal condltions and ecological functions of habitats in the Amalvas and
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Photo 71. A part of the fen before and after performing conservation actions in the
Zuvinto Biosphere Reserve (photo D. Horabik).
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Zuvintas wetland complex (total area of this complex amounts to ca. 10,000
hectares) distorted, for instance, by artificial drainage, and the promotion of
sustainable agriculture in this protected area. This complex appears to possess
a model management system and well-planned and functioning technical in-
frastructure. It is also a prime example showing the advantages of large areas in
executing conservative tasks, also from a cost-efficiency perspective. (LIFE07
NAT/LT/000530).

SLOVAKIA

Belianske liky Nature Reserve, the largest Central European spring fen, is
located in the Spisz Basin. This area has been protected as a nature reserve since
the 1980s and, together with the surrounding remnants of fens, it was included
into the Natura 2000 network. The total area after enlargement is 106 hectares.
The uniqueness of this area on a European scale is attributable to the spring
fen complex and humid meadows that harbor many valuable species such as
mosses which are glacial relics: the three-ranked spear moss Pseudocalliergon
trifarium (the only stand in Slovakia) and the three-ranked hump moss Meesia
triquetra, and vascular plants: the northern bog sedge Carex dioica, bog sedge
Carex limosa, and moor-king lousewort Pedicularis sceptrum-carolinum, as well
as the critically endangered Dactylorhiza lapponica. In total, 266 species have
been identified in this area, of which 55 species have been classified as endan-
gered in Slovakia. The history of the fen is interesting and complex, reflected in
the stratigraphy of peat and tufa deposits (Grootjans et al. 2005, Grootjans et al.
2012, Madaras et al. 2012).

Almost the whole area was mown in the past and biomass was removed
manually and used as the feed for horses or as litter. However, in the 1970s the
interest in agricultural use of the fen declined; most of plots were still mown but
not every year. Paradoxically, establishing the nature reserve led to a complete
abandoning of mowing in this area which, in combination with drainage systems
constructed in adjacent parcels, resulted in the expansion of shrubs and forest
species (Madaras et al. 2012). Detailed investigation of the ecohydrological con-
ditions of the nature reserve was carried out under the Slovakian-Dutch project
PIN-Matra Ecohydrological research as a Basis for the Restoration of Calcareous
Fens in the Slovak Republic. In the years 2007 - 2009, with the support from
UNDP-GEEF to the project Conservation, Restoration and Wise Use of Rich Fens
in the Slovak Republic, non-forest communities were restored by the removal of
trees and shrubs from an area of 34 hectares, while mulching was performed over
46 hectares. After these actions were completed, these areas have been regularly
mown with light equipment (Madaras et al. 2011). In order to collect additional
data on the effects of mulching on vegetation, three plots differing in vegetation
type were selected for monitoring. The monitoring data indicated that mulching
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Photo 72. Belianske liky nature reserve (photo D. Horabik).

limited the occurrence of some species (e.g., Equisetum palustre and Potentilla
erecta), while cover of the other species increased, e.g., Bryum pseudotriquetrum,
Juncus articulatus, and Campylium stellatum. The monitoring results indicated
that species responded differently to mulching depending on their individual
features; however, the type of cut wood and hydrological conditions could also
have a significance. Experimental data confirmed that mulching could be ap-
plied in fens during two consecutive years (Madaras et al. 2012).

Sur Nature Reserve is the project area for the project LIFE03 NAT/SK/000096
“Restoration of the Water Regime in the Sur Fen Nature Reserve” and LIFE05
NAT/SK/112 “Restoration of the Wetlands of the Zahorie Lowland” (website of
the projects unfortunatelly no longer exists).

The Sur Nature Reserve was established in 1952 and remains under state (as
a nature reserve) and international protection as a Ramsar reserve and Natura
2000 area. The main aim of the project carried out in the reserve was to restore
water conditions and to achieve appropriate conservation status of alder popula-
tion in alluvial forest habitats. This project was realized from 2003 to 2007. The
destroyed and obsolete water level controling facilities were reconstructed. The
Fanglovsky Stream, which supplies the nature reserve with water, was cleared
and the embankment was constructed at its end to keep water in the reserve.
Other important actions included the construction of appropraite discharge de-
vices in the “Chlebnicki Channel” and enlargement of a dike on the Cerna Voda
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Photo 73. Alluvial forest in the Sur Nature Reserve (photo D. Horabik).

Stream in order to prevent the peat bed drying out in the reserve. In this way,
water excess can be released during high water level which protects the neigh-
boring fields from flooding, but the proper water level required for this habitat
can be preserved. (Thalmeinerova 2007).

This nature reserve harbors over 120 plant species included in the Red List
and more than 50 species classified as rare, vulnerable, or endangered. Vegeta-
tion is mostly comprised of swamp alder forests. The uniqueness of the Sur Na-
ture Reserve also relies on the fact that it has different types of habitats; on the
one hand, alluvial alder forests, wet meadows, and wetland habitats, and on the
other, Pannonian woods which are the last remnant of oak preire forests in the
Danube Lowland.

Mesterova Luka and Orlovskie vrsky peatlands lies in depressions between
sand dunes and comprises oases among sands and pine plantations on the Za-
horie wetland. They show an exceptional richness of species, including Drosera
rotundifolia, Calla palustris, Liparis loeselii, Iris pseudacorus, Hottonia palustris,
and Trichophorum alpinum. This wetland was explored under the project LIFE05
NAT/SK/112 “Restoration of the Wetlands of the Zahorie Lowland” (
). The main aim of the project was contributing to the of Natura
2000 network in the Zahorie Lowland by restoration and conservation of impor-

tant wetland habitats and associated species. During the project, management
plans were developed for eight Natura 2000 areas, forest management plans were
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Photo 74. Mesterova Luka (photo M. Makles).

updated so that they corresponded with the needs of the habitats in these ar-
eas, and educational actions were initiated. Active conservation measures com-
prised: the blockading of drainage ditches and filling them with soil material, the
restoration of fish passes in small brooks and construction on the Rudava River,
and the restoration of species-rich hay meadows along this river.

Abrod Nature Reserve (http://www.broz.sk/abrod), located in Zahorie Low-
land in Slovakia, was established in 1964 and belongs to the best known nature
reserves in the Zahorie Lowland. It was created to protect rare plants of the Cari-
cion davallianae and Molinion alliances as well as rare animal species. Due to its
location, this area was extensively used by humans. Drainage works started in
1923, drainage ditches were dug and the Porec stream regulation was completed,
which led to a dramatic lowering of the groundwater table in the whole catch-
ment area in the years 1962 — 1966 when this area had already been protected
as a nature reserve. These actions had a significant impact on the nature reserve,
especially the peatland habitats. Initially, the sedge-moss fen located in the west-
ern part of the reserve covered an area of ca. 11 ha (of the total 90-ha area of the
reserve). Fortunately, the most valuable part of the reserve survived. In 1994,
the Daphne organization - in cooperation with the local administration - initi-
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ated studies of the floristic, hydrological, and geological features of the nature
reserve.

Thanks to the knowledge about the values and condition of the habitats,
their protection was also implemented. Funds for their implementation from
the beginning of the 21st century have already been allocated by the Govern-
ment of Denmark (under the project ,,Protection and sustainable use of fens in
Slovakia”), Government of the Kingdom of the Netherlands (under the PIN-
MATRA project ,,Ecohydrological research as a basis for conservation activi-
ties of carbonate peat bogs in the Slovak Republic”), UNDP / GEF (under the
project ,,Protection, restoration and sustainable use of alkaline fens in the Slovak
Republic”) as well as by the State Treasury of the Slovak Republic (Grootians et
al. 2012).

Photo 75. Abrod Nature Reserve in the part with dominating meadows and fens
(photo K. Kiaszewicz).

GERMANY

Rosenheim raised bog located in Bavaria covers an area of 43 km? and, due
to its size, is significant for peatland conservation not only in southern Germany
but also in the whole Europe. On this area Bavarian Ministry of Environment
and Health (Bayerisches Staatsministerium fiir Umwelt und Gesundheit) imple-
mented project LIFE05 NAT/D/000053 ,ROSTAM - Rosenheimer master basin
bogs”. The project was completed in 2010 and achieved its objectives, i.e., resto-
ration of the proper (natural) water conditions over 400 ha, restoration and op-
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timization of wet meadow habitat conditions, and development of a very broad
educational program for the local community in peatland conservation. Special
attention was focused on education of the youth by active games, and the prepa-
ration of places and trails for training courses which serve the local community
up till now.

The raised bog were severely damaged by the exploitation of peat. The
LIFE project mentioned above (http://www.life-rostam.de) completed in 2010
achieved the set goals. About 400 ha of raised bogs have been reconstructed by

Photo 76. Education Center built within the framework of the LIFE Rostam project
(photo D. Horabik).

Photo 77. A view of the restored wetlands (photo D. Horabik).
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raising the water level and removing trees and shrubs on116 ha. In total, 15 km
of wooden and peat dams were built and about 200 km of drainage ditches were
backfilled (clogged). As a result of these activities, the level of water in the raised
bog increased and the development of typical swamp vegetation was stimulated.
Interestingly, most of the conservation measures were carried out by the local
society without the costs associated with the LIFE project. Extensive work with
the community was therefore one of the very important aspects of the imple-
mentation of the enterprise.

Monitoring the condition of vegetation in the areas covered by the project
indicates that the natural regeneration of a typical bog flora is possible in the
long-term. At the same time, along with the creation of additional wetlands, wa-
ter and wading birds, including teal, grebe and ringed plover, found their place
of living there (LIFE05 NAT/D/000053).

The alkaline fens in Brandenburg is the project area designated under the
project LIFE08 NAT/D/000003 - Kalkmoore Brandenburgs — Preservation and
restoration of base-rich to alkaline fens - http://www.kalkmoore.de| A hundred
years ago the alkaline fens were still very common in Brandenburg; today, they
belong to the most endangered habitats in Europe. In Germany, intensive en-
deavors to transform these terrains into agricultural areas, such as the construc-
tion of drainage systems, fertilization and covering by sand, practically eradi-
cated the fens from Brandenburg. Therefore, the project aimed to protect the
scanty almost intact habitat patches and to implement restorative actions in the
degraded terrains.

These actions included:

- restoration of the proper water and soil conditions. Blocking the drainage
ditches is only one small step in this direction. Drainage, fertilization, and
agricultural technology significantly changed the top soil layer, whereas 90%
of nutrients available to plants (biogenes) are concentrated in the top 25-cm
layer of soil. The soils are often compact and have very limited capacity to
accumulate water. Soil water balance is distorted to such an extent that the

Photo 78. Areas where a top soil layer was removed (left) and regenerated areas after
planting (right) (photo R. Staniko)

105 -4

NATTEL 200N


http://www.kalkmoore.de/

soil is excessively loaded even after a short rainfall and then quickly dries
out. Thus, in the project the removed soil was used for blocking the drainage
ditches that is a common procedure in such cases.

- restoration of extensive hay production carried out in such a way as to re-
move tall herbaceous plants and shrubs but not low-growing species — sup-
pressed by taller vegetation — that are characteristic of this habitat, and graz-
ing by buffalo which, due to hoof structure and feeding preferences, have a
positive effect on the sward species composition,

Photo 79. Grazing cattle (water buffalo) (photo R. Stanko).

- plantings of vegetation characteristic of this habitat (as well vascular plants
such as brown and sphagnum mosses) in order to recolonize these terrains
and restore the natural species composition.

AUSTRIA

The peatlands described below are situated in the Dachstein range in the Alps.
Thus, these are peatlands located at a relatively high altitude above sea level, which
is decisive for hallmarks of this habitat.

Langmoos bog. In the 18" century this area was exploited for salt mining
purposes. Salt mining consisted in passing streams of water from the nearby bog
through the salt deposits and then water was evaporated from the brine. Resto-
ration works led to the discovery of a complex and extensively used system of ce-
ramic pipes and wooden channels which systematically drained relatively small
amounts of water from the bog. The amount of drained water was small enough
not to ruin the whole bog ecosystem, but big enough to dry out the habitat and
stimulate encroachment of such species as dwarf mountain pine that addition-
ally shade and dry the whole surface, thereby hastening bog degradation and
withdrawal of bog species.
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Photo 80. In the area of Lagmoos bog (photo M. Makles).

Photo 81. The wooden reinforcement of channels and ceramic components
of the drainage system (photo D. Horabik).
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Conservation measures implemented in this terrain included the removal of
most of the draining pipes and channels, and the construction of several tens of
simple damming barriers down the slope which slow down erosion and water
flow from the terrain located above the bog. A part of the pine seedlings was
also removed, but there is hope that the rest will spontaneously withdraw after
stabilization of the high water level in the bog. Many of these structures have
been built relatively recently so their impact on the habitat was not yet visible;
however, persistently high water level could already be observed.

Lockernmoos peatland was also protected by the construction of a barrier
system suppressing water outflow from the mire. In some locations of this peat-
land, sedge-moss fen transforms into a transitional mire and then into the raised
bog. The system of damming barriers constructed in this peatland utilizes the
method developed by the team realizing the project, and is composed of barriers
with characteristic V-shaped metal water outflow. This shape of the outflow ne-
gates the necessity to use regulated devices, and provides for appropriate water
outflow rate, i.e., a low rate at low water levels and a higher rate at high levels.

Photo 82. Transition of the fen into the raised bog. An arrow indicates the direction
of transition (photo M. Makles).
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Photo 84. Barriers slowing down surface runoff almost already completely blended
into the landscape (photo K. Kiaszewicz).
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Rohrmoos bog is situated on the other side of the Dachstein range in the
Talbach River valley. It is a “condensation mire” which requires, among other
things, the existence of the cooling effect of a tube with cold air which develops
on the mountain slope between boulders. In winter, relatively warm air in this
“tube” rises up - like in a chimney — while cold air sinks to the bottom of the
tube maintaining the low temperature of the rock. Once a year (usually in April)
this phenomenon undergoes reversion preserving, however, a permanently low
ground temperature in summer. Under such conditions, water vapor conden-
sates around the outlets of cold air that supports the development of the moss
communities hanging above and around the outlets, thus creating ideal condi-
tions for development of this habitat.

WINTER
Wiasth sar corvand Bow
ot of @ venbs af the jop

SUMMER

Wiy ol Bir cusTen
v giat ol this basa
of thie shaps

Fig. 3. One of the pre-requisites for the formation of this type of raised bog environment
is the cooling effect of a wind tube syste. In winter, the relatively warm air within the
hillside rises upwards as in in a chimney. Fresh, cold air drawn in through vents at the
bottom, keeps the rock permanently cooled. Once a year, usually in April, this effect is
reversed with the cold internal air now flowing downwards, keeping the ground cool all
summer. A dead ice zone does not experience seasons (Makowska, original, based on
information boards on the site).
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Photo 86. An outlet of cold air (the tube mentioned in above text) and the mire
developing around it (photo M. Makles).
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Saumoos peatland was very seriously degraded by rapacious management
as large parts were destroyed by continued peat mining. Peat was mined for use
as litter for cattle. Rapacious forest management on this terrain, involving cut-

Photo 87. Saumoos - the flattened slope of former excavation with transplanted
vegetation (mostly sphagna) (photo D. Horabik).

Photo 88. Saumoos (photo R. Stanko).
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ting tree branches for bedding and utilization of the remaining parts of trees for
wood pulp and for plywood production, led to deforestation of this area. For
this reason, farmers started to use peat mined in this terrain as bedding. When
we were visiting the project area, we watched renaturalization works consisting
mostly in restoration of the landscape distorted by excavations, and in the trans-
plantation of plants from adjacent surfaces and construction of damming barri-
ers blocking water flow from the peatland. Birch seedlings were also removed.

FRANCE

Jura peatlands are the area targeted by the project LIFE13 NAT/FR/762
“LIFE Jura peatlands — Functional rehabilitation of the Jura mountains peatlands
of Franche-Comté”> (http://www.life-tourbieres-jura.ff). This project intends to
restore proper hydrological conditions of the Jura Franche-Comtés peatlands
belonging to the Natura 2000 network in order to preserve or improve the con-
servation status of habitats and species of EU interest. The most interesting and
the most important of them include: raised bogs, transitional mires and alka-
line fens and the flora and fauna species: Saxifraga hirculus (the only stand in
France), Liparis loeselii, Hamatocaulis vernicosus, Porzana porzana, Maculinea
nausithous, Euphydryas aurinia, Lycaena helle, Lycaena dispar, Coenagrion mer-
curial, and Vertigo geyeri (the only stand in France).

One of challenges of the project is related to the restoration of peatlands
destroyed by peat mining and artificial drainage systems through removal of the
drainage network and improvement of water conditions that will offer a chance
for restoration of the peatland vegetation.

Photo 89. Works carried out to block water outflow in drainage ditches. Solid wooden
walls are driven into the peat bed and the ditches are filled with sawdust
and covered with peat (photo D. Horabik).
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Photo 90. After completion of the filling works, the surface was additionally compacted
using heavy equipment (photo M. Makles).

ITALY

The Virco and Flambro fens are the project areas designated by the project
LIFE 06 NAT/IT/000060 “Conservation and restoration of calcareous fens in Friu-
1~ http://wwwlifefriulifens.it]. This project focuses on the conservation of the
last existing alkaline fens in the Friuli Lowland (Friuli-Venezia-Giulia region),
their renewal and restoration from terrains formerly in agricultural use, and the
protection of their endemic species which have still survived in these areas. The
Friuli Lowland is located at the foot of the Alps in a relatively narrow strip of
land between the Alps and the Mediterranean Sea shore (the Trieste Bay). It is
exactly this location and geological structure that is a key to conservation of the
fens located therein. The main types of habitats occurring in the project areas
include: calcarous spring fens, calcarous fens with Cladium mariscus, alkaline
fens, and wet meadows with Molinia sp. The protected plant species discovered
in this area include: yellow widelip orchid, march gladiolus Gladiolus palustris or
almost extinct Spiranthes aestivalis, and the endemic species: Euphrasia marche-
setti, Senecio fontanicola, Erucastrum palustre, and Armeria helodes.

In the frame of the project, the fen areas were purchased for the benefit of the
Friuli-Venezia-Giulia Regional Administration and legally protected. Tradition-
al hay production with biomass removal was restored, and seeds were collected
in order to create a seed bank and to transplant seedlings cultivated from them
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into new stands (population strengthening). However, restoration of the original
water conditions remained the main conservation action. With a huge invest-
ment of labor and cost, in the 1950s these areas were adapted for agricultural use
(willow, corn). An attempt to restore the former soil and hydrological conditions
was undertaken only in 2010. Large amounts of soil were removed, exposing the
original layer of peat (sand-muddy and gravel-stony), owing to which ground-
water flowing from the nearby Alps saturated with calcium carbonate started
once again to flow to the surface of the restored “fens”. As already mentioned,
the key to success of this action is the location of the fens in a narrow strip of
land between the Alps and the Mediterranean Sea shore. Such a location causes
that the massif of mountains “presses” water under the surface. Fortunately, hu-
man attempts to prepare this area for agricultural use were unable to alter these
conditions. In addition, seeds obtained from the seed bank collected from ad-
jacent areas were used to cultivate seedlings, a dozen or so thousands of which
were planted in the project area. As an additional reinforcement of these actions,
mulched biomass was transferred there from the surrounding wet meadows. To
paraphrase the words of a Polish singer: “there has been a stubble field here but
there will be a fen”; it can be stated that in this way within over 6 years this area
was transformed from a corn field into a calcareous fen with all its features, lead-
ing to the presumption that it will spontaneously achieve full regeneration.

Photo 91. The restored “fen” after 3 years after earth works and planting
(up, photo K. Baranska and K. Kiaszewicz) and 6 years (down) (photo S. Zanini)
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Photo 92. Endemic species in the Friuli fen (from left): Armeria helodes, Erucastrum
palustre, Euphasia marchesetti, and Gladiolus palustris.
(photo K. Baranska, K. Baranska, S. Zanini, K. Baranska).

This project gained recognition on the European scene, confirmed by it be-
ing awarded the prize “Best LIFE-Nature Project” in 2013 as one of 8 best envi-
ronmental conservation projects in Europe.

Danta di Cadore peatbog is the area for the project LIFE04 NAT/IT/177
“Danta di Cadore peatbogs” covering 20 ha (the project website is no longer
available). It is one of the most phytosociologically valuable areas in Italy. Most
of it is occupied by alkaline or calcareous fens and active raised bogs. Similar to
many areas of this type, the loss of this habitat was attributed to abandonment
of traditional hay production. Conservation measures implemented under this
project restored this type of land use, and today the area is mown with a small
tractor in autumn because at this altitude the soil is already frozen at this time
but not yet covered by snow. This method of mowing does not destroy turf or
micro-relief of the terrain.

Summarizing the experiences and observations made during our study visits
in all these countries, the most valuable was an opportunity to see alkaline fens
untouched (or almost untouched) by human activity and the different develop-
mental forms of these ecosystems in variable physiographic, cultural and his-
toric situations. The methods used in these projects to protect peatland habitats
are similar and are modified only to account for the specificity of the individual
habitats, their locations, and the surface or determinants of proper function. As
such, it was also confirmation of the validity of the methods used in Poland. It
also made us aware of how important is sharing experiences in conservation
of habitats of the same types between teams from different countries. It also
provides a chance to learn from the mistakes of others and to promote proper
methods of habitat protection.
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Photo 93. The peatlands with a view of the Alps (photo D. Horabik).

Photo 94. As in the Belianskie Luky Nature Reserve, tiny surface reservoirs with
alkaline vegetation are formed (photo D. Horabik).
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Photo 95. A damming barrier constructed under the project
(photo D. Horabik).

The establishment of a network of contacts with different units engaged in
similar actions in Europe, such as non-governmental organizations, municipali-
ties, national and landscape parks, universities, etc. is also an unquestionable
advantage of these visits. It will allow us in the future to benefit from this knowl-
edge, establish international partnerships in new projects, or seek help in solving
problems with habitat conservation in the country.

Another aspect worth emphasizing is related to the observation of long-term
strategies, created under the projects, for conservation of habitats, especially
when they belong to private owners, or to monitoring how the implemented
actions directly influence areas in agricultural use. A comparison of conditions
existing in our and foreign countries as well as drawing conclusions from the
experiences of other countries enriches our strategies, paving new ways for the
planning of nature conservation for decades to come.
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8. Experience from national projects

Dorota Horabik

The protection of fen habitats in Poland has been carried out for several years
by non-governmental organizations, national parks, landscape parks, institu-
tions responsible for the implementation of environmental policy, i.e., regional
environmental protection directorates, as well as State Forests. It is impossible to
list all the projects concerned with the protection of peatland habitats that have
been or are currently being implemented in Poland; most of them have already
been described in numerous publications (e.g. Makles et al. 2014). Below is a de-
scription of the projects implemented by the Naturalists’ Club, which provided
a rich source of knowledge and practical experience on methods of protection
of hydrogenic habitats used in the implementation of projects concerning the
protection of alkaline fens. Some of them were (or are) focused strictly on the
protection of the Natura 2000 habitat, others protected the habitat due to the
valuable animal or plant species associated with it. Nevertheless, all the projects
had one goal in mind: to protect what is most valuable in our nature. Each of
the projects was a source of further experience, sometimes also a verification of
the methods used to date. Individual projects are based on similar methods of
habitat and species protection, and the differences result from the specificity of
the region and the conditions of the habitat. A significant role in the selection of
methods of fen protection is played by its surface area. Planning of protection
activities in one of the largest fen complexes, e.g., the Biebrza Valley, differs sig-
nificantly from planning for small sites which are, in addition, often dispersed
on a large area or difficult to access (e.g., mountain flush fens).

8.1. Experience from projects implementation
by the Naturalists’ Club (Klub Przyrodnikdw)

For several decades, the Naturalists’ Club has been carrying out projects re-
lated to nature protection, including in particular the protection of fen habi-
tats. One of the large-scale projects financed by LIFE financial instrument and
dedicated to fens was “Protection of Baltic raised bogs in Pomerania”. In the first
stage of this project (2003 - 2007), inventories with natural documentation were
prepared and the habitat management plans were drawn up on that basis. The
results of this work formed the basis for the implementation of protective meas-
ures. These activities consisted mainly in blocking the outflow of water by ditch-
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Photo 96. Blocking of the ditch by construction of 2 tight partitions filled with clay
and with local peat on top (source: http://www.kp.org.pl/plbaltbogs/)
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es (at 724 points), the construction of gates, dams and backfilling of drainage
ditches, but also in removing invasive wildings and undergrowth of birch and
pine trees (on the area of 727 ha). One of the elements was the experimental re-
moval of the muck layer and the transplantation of peat mosses, which produced
promising results, further developed in separate projects by the Foundation for
the Development of the University of Gdansk (Herbichowa 2014). In order to
precisely adjust the damming structures to the needs of the habitat, a permanent
system of water level monitoring in the bogs has been developed. The project
also resulted in the recognition of 10 new nature reserves and the inclusion of
13 bogs in the Natura 2000 network (Herbichowa et al. 2007, Pawlaczyk 2007).
Additional removal of shrubs from 133 ha and the blocking of water outflow at
90 points was performed as part of the next stage of the project, implemented
in the years 2007 - 2010. The implementation of this project has shown that
well-prepared and comprehensive actions, planned on the basis of a detailed
field analysis, have the intended effect. Although these activities concerned Bal-
tic raised bogs, they are consistent with the conservation activities carried out
on degraded alkaline fens, i.e., mowing, removal of shrubs or construction of
various types of dams aimed at raising the water level within the peatlands.
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Similar activities in the field of active protection of wetland habitats were
carried out in the Drawa Primeval Forest as part of several stages of the project
“Comprehensive protection of wetlands in the Drawa Primeval Forest”. These in-
cluded active protection measures (the construction of gates, removal of shrubs,
establishment of a water level measurement system), mainly in the Natura 2000
habitat “transition mires and quaking bogs” (7140). Experimental attempts were
made to restore degraded transition mires by taking out a layer of muck, al-
though the effects proved to be poor due to water level fluctuations. The protec-
tive measures also covered the Osowiec alkaline fen (nature reserve), where the
mowing of reed was undertaken in implementation of the nature reserve con-
servation plan, which impeded its expansion for several years. Several further
alkaline fens were included in the water level monitoring program, which was
established as a part of the project. One of the activities of this project was also to
combat the alien species of Spiraea tomentosa. The experiences from this activity
were published in a broader context of the issue of invasive species of wetland
plants in a book by Dajdok and Pawlaczyk (2009). The experiences from other
activities and knowledge about fens in the Drawa Forest were summarized in a
monograph publication (Kujawa-Pawlaczyk & Pawlaczyk 2014).

AL T ot S e TR - by NSRS RS T .
Photo 97. Blocking the outflow of water from the fens in the Stolowe Mountains National
Park with the trunks of spruces felled as part of the conservation measures. The measure

was implemented within the framework of the project “Protection and restoration of
endangered hydrogenic habitats in the Central Sudetes” (photo A. Jermaczek).
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One of the most important projects for the protection of peatland habitats in
the mountains was the project ,,Protection and restoration of endangered hydro-
genic habitats in the Central Sudetes”; it also covered mountain flush fens with
features of alkaline fens. The implementation of the project has shown that the
most effective method of blocking the excessive outflow of water in the moun-
tains is to create a large number of micro-obstacles. The wood used in their
construction came from the implemented trees removal treatments (cf., photo
97). The experience from the project and its result are presented in a publication
(Jermaczek et al. 2012), and the method itself used during the implementation of
protective actions in subsequent measures aimed at improving water conditions
within the mountain flush fen - habitat 7230 (cf., photo 98).

The implementation of the projects described above, as well as other minor
activities, was possible thanks to the cooperation with various institutions and
the administration responsible for nature protection. Despite the difficulties and
differences of opinion that often arise, many of these institutions did not hesitate
to undertake joint actions for the benefit of nature. However, when planning
any active protection measures, it is important to bear in mind that making ap-
propriate arrangements with the owners or managers of the land before plan-
ning any specific protective measures is one of the most important elements to
ensure the success of any project. The same applies to land owned by private
individuals as to land owned by the State Treasury. It is wrong to believe that
every manager (e.g., forest inspectorate official) who holds the land of the State
Treasury and is responsible for nature protection “ex officio”, will enthusiasti-
cally and joyfully endorse our ideas. While the majority of decision-makers, if
we have the necessary funds for the project, will not object, some of them will
certainly consider it an affront, especially those who (in their opinion) hold the
land, not merely manage it. Regardless of the situation (limited time, financial
possibilities, best relations with the manager, etc.), it is necessary to plan all ac-
tions in advance with the manager or owner of the land. The experience gained
during the implementation of over a dozen projects unequivocally confirms the
validity of such an approach. Another question is whether this is always possible.
In our opinion - no! In the case of large projects, especially those distributed
over a large area, agreement with all the owners, managers, supervisory authori-
ties, etc., requires considerable amounts of time and financial resources, which
no Polish non-governmental organization has. This problem also applies to the
state administration. It does not have the adequate human resources or means
to obtain all necessary approvals to implement the planned measures, e.g., in the
reserve protection plans or in the plans of protective tasks for Natura 2000 areas,
before obtaining subsidies for their implementation.

Active safety measures should be preceded by the necessary identification
and sometimes quite detailed research. As in the case of the aforementioned ar-
rangements, this entails additional financial outlays. In this situation, the experi-
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Photo 98. Blocking of the outflow of water from the flush fen in the Gorce National
Park. From the site previously trees and shrubs were removed as part of the protective
measures. The measure was implemented within the framework of the LIFE project
“Protection of alkaline fens in southern Poland” (photo D. Horabik).

ence of people implementing the project is helpful. It is also worthwhile to use
the knowledge of experienced third party experts specializing in a given field.
But even this option does not necessarily mean financial savings. It should be
remembered, however, that the more details we learn about the functioning of a
given ecosystem, and the more individualized approach we plan for its protec-
tion, the easier it will be for us to implement the planned conservation measures
(Horabik et al. 2015).
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8.2. Examples of fen habitat protection from recent years

The project “Conservation of wetland habitats of the Upper Biebrza val-
ley” LIFE11/NAT/PL/422 (bttvs://Www.gorna.biebrza.org.pl/redir,indej) has
been implemented by the Biebrza National Park since 2012, and the project is
planned for completion in 2019. Great emphasis has been placed on encourag-
ing local farmers to restore the traditional extensive use of the wetlands, which
had been abandoned for years. The main active conservation measures include
the removal of shrubs from fen habitats, mowing, and the restoration of water
conditions by eliminating the drainage system over a distance of approximately
35 km (LIFE11/NAT/PL/422).

The second project implemented by the Biebrza National Park is a four-year
LIFE13 NAT/PL/000050 project ,,Renaturalization of the hydrographic network
in the Central Basin of the Biebrza valley. Phase II” https://www.renaturyzacja2|
which has started in 2014. The main objective is to improve the
conditions of protection of wetland habitats in the Central Basin of the Biebrza
Valley, and the most important activities are focused on the restoration of the
hydrographic network through the renovation of gates, construction of dams,
declogging the Elk riverbed, reconstructing the Modzelowka water facilities
node, and modernizing the weir. In order to carry out the aforementioned tasks,
as well as to carry out the active protection measures, land was purchased from
local farmers. These activities are accompanied by meetings and workshops
aimed at shaping appropriate attitudes of the local society towards nature pro-
tection. Experience confirms that one of the most important aspects of nature
conservation is gaining public acceptance, which determines the effectiveness of
the undertaken measures (LIFE13 NAT/PL/000050).

The Regional Directorate for Environmental Protection in Lublin is imple-
menting the LIFE13 NAT/PL/000032 project ,,In accordance with nature - LIFE
+ for the Janowskie Forests” (2015 - 2019) http://janowskie.rdos.lublin.pl{. The
project is aimed at comprehensive protection of the bogs and fens, including
their valuable flora and fauna. The measures concern, among others, the im-
provement of the condition of such habitats as raised bogs and transition mires
and depressions on peat substrate with vegetation of the Rhynchosporion alliance
on an area of 94 ha. As part of the project, 35 gates and 8 throttling culverts were
built to stop the water outflow and stop the peat moorshification process, which
will improve the condition of the pine bog forests habitat and other wetland
habitats on an area of approximately 150 ha. Conservation measures in wet-
lands, i.e., mowing and removal of shrubs, serve both to improve the condition
of the habitat itself and the species directly related to it, e.g., Tetrao urogallus. It
was also assumed that the nature-valuable land (30 ha) in the area of the Euro-
pean beaver Castor fiber would be bought back in order to create conflict-free
habitats for this species. These measures, although carried out within transition
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mires and raised bogs, are consistent with those carried out within alkaline fens
(LIFE13 NAT/PL/000032).

8.3. By protecting the habitat, we are protecting the species...

,Conservation of the aquatic warblers in Poland and Germany” LIFE05
NAT/PL/000101 (httDs://www.biebrza.org.pl/264,ochrona—wodniczki—w—polscel
E-niemczecg) was a project carried out in the years 2005 — 2012 by the Polish
Society for the Protection of Birds, the aim of which was the protection of the
aquatic warbler Acrocephalus paludicola, as an umbrella species for fens. The
biggest threat to aquatic warblers is the loss of habitat, and therefore the main
activities of the project focused on the protection of fens, including alkaline fens,
as a habitat for this species. These consisted mainly in maintaining the open na-
ture of the habitat by removing reeds, shrubs, and trees and then restoring the
previously abandoned extensive mowing. For this purpose, a special prototype
of the mower has been designed, suitably adapted from the tracked ski piste
groomers used on mountain slopes. These devices are used on very large areas
where manual mowing is too laborious and economically unsound. On the basis
of the monitoring carried out, individual conditions of use were determined for
each patch. In the case of smaller areas, the decision was made to graze, while
in the case of larger areas — to mow. These actions were determined mainly by
the hydrological conditions prevailing in the given area. Currently, as part of
the appropriate ,,aquatic warbler” package in the agri-environment-climate pro-
gram, farmers can receive compensation for extensive management of current
and potential aquatic warbler breeding sites. In the areas where the owners did
not show a willingness to restore proper habitat management, about 1000 ha of
land were purchased; 650 ha were bought out from private hands in the Biebrza
National Park, the remaining 350 ha became the property of the Polish Society
for the Protection of Birds and three new private nature reserves were created:
Lawki-Szorce, Mscichy, and Laskowiec-Zajki (Zadrag et al. 2011).

Another project of the Polish Society for the Protection of Birds - ,,Mana-
ging the aquatic warbler (Acrocephalus paludicola) habitat through the im-
plementation of sustainable biomass management systems” (LIFE09 NAT/
PL/000260) - http://www.wodniczka.pl}f, was carried out in 2010 - 2015, and
one of the objectives was to solve the problem of biomass management arising
from mowing fens and marsh meadows. In order to use biomass from mowing,
a pellet production plant was built in Trzcianne in the Podlaskie Voivodeship,
while biomass in the Lubelskie Voivodeship is collected by three biomass-fuelled
plants (two pellet factories and a cement plant). By guaranteeing the collection
and use of biomass, it has ceased to be a problem in the conservation measures
carried out (Gatkowski 2015).
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Another project aimed at the protection of the species through habitat pro-
tection was the LIFE06 NAT/PL/000100 project ,,Protection and improvement
of habitats of rare butterflies of wet semi-natural meadows” implemented by the
Regional Ecological Center in the years 2006 — 2010, among others in the area
of alkaline fens in the Natura 2000 area Bagno Calowanie PLH140001, Torfow-
iska Chelmskie PLH060023, and Torfowisko Sobowice PLH060024. The main
activities in the field of active protection included the removal of shrubs, mow-
ing (including the mowing of basal shoots, mainly willow) in time to allow but-
terflies to develop, and the removal of biomass resulting from the treatments. A
number of implementation problems have been tackled (see chapter 5) such as
difficulties in removing the biomass of trees and shrubs and biomass from mow-
ing, and damage to the fens during mowing (Michalska-Hejduk & Kope¢ 2012).
One of the treatments in the area of Bagno Calowanie was the removal of the
top layer of the fen with a thickness of about 30 — 40 cm which, due to the dry-
ing of the peat, transformed into muck. Hay from the target habitats was then
spread onto the exposed areas, thus ,feeding” the habitat with seeds of plants
characteristic for it. Within the areas of disturbed hydrological regime, facili-
ties were built or renovated to retain water in periods of drought and to allow
excess water to drain off in ,wet” periods. The declared result of these measures
was the improvement or maintenance of the proper condition of butterfly habi-
tats on an area of approximately 720 ha, including 300 ha where farmers started
to implement the agri-environment program (Gatkowski 2010). Independent
evaluation of the project in the Kampinos National Park (Michalska-Hejduk &
Kope¢ 2012), confirmed the success in the form of an increase in the share of
the Sanguisorba officinalis — a host plant of gossamer-winged butterflies, but did
not show that the project brought about significant changes in the quality of the
habitats of Lycaeana dispar.
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9. Legal aspects of fen protection

Pawet Pawlaczyk

The protection of peatlands, including alkaline fens, is carried out in a spe-
cific legal environment (Peters & Unger 2017, Pawlaczyk 2018). The provisions
of Polish law, in part also transposing the obligations arising from the European
Union law, which synthetically form this environment, are presented below. Le-
gal tools can be of great help in preventing threats to peatlands (see chapter
4), although experience shows that they are not always fully effective. However,
measures aimed at the protection and restoration of peatlands have their own
legal conditions that often affect their feasibility and even force the selection of
protection methods.

Nature conservation regulations

The legal basis is the Act of 16 April 2004 on nature protection (Act 2004)
and its accompanying executive acts.

Peatlands, including alkaline fens, can be protected in the following forms
of nature protection: national parks, nature reserves, landscape parks, protected
landscape areas, Natura 2000 sites, ecological areas, nature and landscape com-
plexes, and documentation sites. Under the EU Habitats Directive (Directive
1992), habitat 7230 is aso-called habitat type of Community importance requir-
ing protection in Natura 2000 areas, i.e., such areas are designated, for example,
for alkaline fens.

Most of the known alkaline fens in Poland are now actually protected under
one of the forms of nature protection. As of 2017%, 75.6% in terms of num-
bers and 92.5% in terms of surface area of alkaline fens were included in Natura
2000 habitat areas - respectively, 50.7% and 27.0% in protected landscape areas,
19.1% and 12.9% in landscape parks, and 10.6% and 12.9% in nature reserves
and national parks. Only 8.0% in terms of numbers and 3.5% in terms of surface
area of known alkaline fens remain outside these protected areas; however, even
those were partially protected as ecological areas.

The inclusion of a peatland in the scope of one of the forms of nature pro-
tection imposes bans binding in principle for everyone, corresponding to the
appropriate form (Act 2004):

13 Data based on the database of fens in Poland (http://alkfens.kp.org.pl/o-torfowiskach/ogolno

golska—bazafmechowiskdg compared with the boundaries of forms of nature protection pttp:/
ww.gdos.gov.pl/dane-i-metadanqg.
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In national parks and nature reserves (forms of protection imposed by the
Sejm (Parliament) with the participation of the Council of Ministers and by
regional environmental protection directors), it is forbidden to “use, destroy,
intentionally damage, pollute and make changes to natural sites, areas and re-
sources, formations and elements of nature; change water conditions, regulate
rivers and streams, if these changes do not serve nature protection; exploit (...)
peat, destroy soil or change the purpose and use of land, perform land works
permanently distorting the relief of the area” (the list of prohibitions results
from the Act and is the same for all reserves). However, these prohibitions
do not apply to “areas under landscape protection * in the course of their eco-
nomic use by organizational units, legal or natural persons and the exercise of
property rights”.

In the landscape park and in the protected landscape area (forms of pro-
tection imposed by Voivodeship authorities), prohibitions may be intro-
duced (but only after consultation with the Regional Environment Protec-
tion Directorate and the municipal council), such as: ‘extraction of (...) peat
for economic purposes, performance of earthworks permanently distorting the
landscape, except for works related to storm, flood or landslide protection or
construction, reconstruction, maintenance or repair of water facilities; making
changes in water conditions if these changes do not serve nature protection or
rational agricultural, water or fishing use or forestry; liquidation, backfilling
and transformations of water reservoirs, oxbow lakes and wetlands” (the list
of prohibitions is determined on the basis of the statutory catalogue in the
Act establishing the area). Even those prohibitions do not apply to the im-
plementation of public purpose investments, and the extraction of minerals,
including peat, belongs to this category.

In relation to Natura 2000 areas, there is a general prohibition to “undertake
activities [also outside the boundaries of the area] which may, individually
or in combination with other activities, have a significant negative impact on
the conservation objectives of the Natura 2000 area, including in particular:
deterioration of natural habitats or habitats of plant and animal species for
whose protection the area has been designated, negative effect on the species for
whose protection the area has been designated, or deterioration of the integrity
of the area or its relations with other areas”. An exception is made for projects
resulting from imperative public interest, in the absence of alternatives, pro-
vided that adequate compensation is provided. These provisions implement
Articles 6.3 and 6.4 of the EU Habitats Directive (Directive 1992);
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According to the Polish law, the area of a national park or nature reserve can come under one
of the following: strict, active or landscape protection, which is specified in the protection
plan or protection tasks established for the park or the reserve. Landscape protection usually
includes land under different ownership (e.g., private land) located within the boundaries of
the park).
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- In ecological land (forms of protection created by municipalities), which in
particular may include wetlands and fens (listed directly in the Act), the fol-
lowing prohibitions may be introduced: “destruction, damage or transforma-
tion of a site or area; performance of earthworks permanently distorting the
landscape, except for works related to storm, flood or landslide protection or
construction, reconstruction, maintenance or repair of water facilities; making
changes in water conditions if these changes do not serve nature protection or
rational agricultural, water or fishing use or forestry; liquidation, backfilling
and transformations of water reservoirs, oxbow lakes and wetlands, extraction
of peat for economic purposes” (the list of prohibitions is determined on the
basis of the statutory catalogue in the Act establishing the area). However,
the prohibitions do not apply to “implementation of a public purpose invest-
ment project in the absence of alternative solutions, after consultation with the
body establishing a given form of nature protection”.

For national parks, nature reserves, landscape parks and Natura 2000 ar-
eas, it is obligatory to prepare and establish plans for 1 — 20 years (conservation
plans, protection tasks, conservation measures plans), which may provide, in
particular, for active protection and renaturalization. For Natura 2000 areas, the
Act explicitly requires that the premise of the plan is the maintenance or restora-
tion of the appropriate conservation status of natural habitats being the objects
of protection in the area - i.e., among others, alkaline fens represented by habitat
7230, if they have significant presence in a given area. For other forms of nature
conservation, possible arrangements for active protection may be included in
the Act establishing that form.

In theory, therefore, there are grounds for providing adequate protection for
alkaline fens just on the basis of the nature protection regulations.

In practice, however, this system is weakened by numerous exemptions from
protection prohibitions. Even in national parks and reserves, the economic use
of land not owned by state, which is almost always eligible for so-called ,land-
scape protection’, is excluded from the prohibition regime. In landscape parks,
protected landscape areas, ecological areas, nature and landscape complexes,
or documentation sites, protective bans usually do not apply to precisely those
types of activities that may threaten fens, i.e., peat exploitation (which as the
exploitation of minerals is a so-called ,,public purpose”), as well as ,,rational ag-
ricultural, water or fishing use or forestry”. To date, only a part of national parks,
nature reserves, landscape parks and Natura 2000 areas have had conservation
plans or protection tasks drawn up, and their quality varies. Most frequently, the
work on the plan includes an inventory of natural habitats, flora and fauna, but
it is rare to carry out in-depth ecohydrological studies, which are important for
good planning of the protection of alkaline fens. As a result, in the case of some
sites such plans correctly and comprehensively identify alkaline fens, indicating
actions necessary for their protection, but there are also plans in which the iden-
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tification of alkaline fens is very incomplete, not to mention any proper planning
of their protection.

Numerous peatland species are protected species with active prohibitions on
destroying both the species and their habitats, unless a permit is issued by a na-
ture protection authority. The occurrence of protected species therefore provides
a protective umbrella over their habitat as well. Permits for the deviation from
species protection may only be granted if there is no significant negative impact
on the populations of protected species and no alternative solutions. In the case
of strictly protected species, the permit may be granted only for reasons set out in
a narrow statutory catalogue (including imperative public interest). In the case of
partially protected species, a permit may also be issued due to ,,important interest
of the applicant”. The lists of protected species are defined by regulations (plants
- Regulation 2014a, fungi - Regulation 2014b, and animals — Regulation 2016).
Strictly protected species include, for example, mosses typical for fens Helodium
blandowii, Cinclidium stygium, Scorpidium scorpioides, Hamatocaulis vernicosus,
Paludella squarrosa, Meesia triquetra as well as Scheuchzeria palustris, Trollius eu-
ropaeus, Gladiolus imbricatus, Tofieldia calyculata, Utricularia intermedia, Dros-
era spp., Grus grus, Leucorrhinia albifrons, Leucorrhinia caudalis, Leucorrhinia
pectoralis, Vertigo angustior, and Vertigo moulinsiana. Some of the partially pro-
tected species include all Sphagnum spp. peat mosses, Menyanthes trifoliata, and
others. The beaver Castor fiber is also partially protected, however for this species
the regional nature protection authority may permit killing of individuals and
destruction of beaver dams also in the course of issuing local legal acts, which
is relatively widely used. However, the practical effectiveness of the ,,umbrella”
resulting from the presence of protected species depends on whether the sites of
these species are known to interested parties and to the relevant authorities.

Art. 117(1)(1) of the Act states in general that the management of resources
and natural components should take into account, among others, the protection,
maintenance, or rational use of natural and semi-natural ecosystems, including
fens and wetlands. However, the generality of this provision makes it difficult to
apply in practice.

Earthworks which may change water conditions (which in theory also in-
cludes, e.g., desilting and maintenance of overgrown ditches) and maintenance
works in watercourses (including desilting, removal of obstacles to flow) require,
pursuant to Article 118 of the Act, notification to the Regional Director for En-
vironmental Protection, who may order the obtaining of a decision setting out
the conditions for carrying out such works and - if they violate the prohibi-
tions - refuse to permit such works. However, the practical effectiveness of this
provision is weakened by the fact that in the vast majority of cases the nature
protection authorities have given their ,tacit consent” to the proposed works.
In addition, a significant proportion of maintenance work on ditches, including
drainage ditches, is not reported, despite the obligation to do so.
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According to Art. 60(2) of the Act, if stated or predicted changes in the en-
vironment threaten or may threaten plants, animals, or fungi covered by species
protection, the nature protection authority is obliged - after consultation with
the relevant regional environment protection board and the manager or owner
of the area - to take measures to ensure permanent preservation of the species,
its habitat or refuges, eliminate the causes of the threats, and improve the con-
servation status of its habitat or refuges. Pursuant to Art. 60a of the Act, if identi-
fied or predicted changes in the environment threaten or may threaten habitats
included in Annex I of the Habitats Directive (also outside Natura 2000 areas),
the nature protection authority is obliged - after consultation with the relevant
regional environment protection board and the site manager or owner - to take
measures to ensure the permanent preservation of these habitats, to eliminate
the causes of the threats, and to improve their conservation status.

Alkaline fens, constituting Natura 2000 habitat 7230, are one of the subjects
of the regulations of Article 60a of the Act. Theoretically, therefore, this regula-
tion creates a very strong protective tool: if any fen of this type (even outside the
borders of the forms of nature protection!) is threatened, the Regional Director
for Environmental Protection is obliged to take, ex officio and at their own ex-
pense, appropriate preventive or remedial actions. However, there are hardly any
cases where this provision is applied in practice. The problem is the limited com-
petence and ability of regional environmental protection directors to undertake
actions limiting or modifying the use of land not owned by the state, as well as
taking necessary protective actions on such land. Only in relation to Natura 2000
areas does this body have an explicit competence, defined in Article 36(3) of the
Act on Nature Conservation (Act 2004) ,,If economic, agricultural, forest, hunting
or fishing activity requires adaptation to the requirements of the protection of a
Natura 2000 area, where no support programmes for decreasing profitability apply,
the Regional Director for Environmental Protection may conclude an agreement
with the owner or holder of the area, except for the managers of the State Treas-
ury real estate, which contains a list of necessary actions, methods and dates of
their execution, as well as conditions and dates of settling payments for performed
actions and the value of compensation for lost income resulting from the intro-
duced restrictions”. There is no explicit legal delegation for the regional director
of environmental protection to introduce necessary restrictions in the activities
conducted on behalf of the State Treasury. There is also a lack of authorization to
carry out independent protection activities, if necessary, by a nature protection
authority on the land not owned by the state. Although, in the Act on real estate
management (Act 1997) it is indicated (Article 6(9b)) that the ,,protection of en-
dangered plant and animal species or natural habitats” is included in the so-called
public purposes, and the Act in chapter 4 sets out ways of forcing public objec-
tives to be achieved, including on private land, where necessary. However, the
funds provided for in this Act are limited only to investment projects (they refer
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to the decision on determining the location of a public purpose investment), and
nature protection usually requires activities of a non-investment nature. Conse-
quently, Art. 60a and Article 60(2) of the Act on nature protection (2004) remain
largely a dead letter.

Although such situations are exceptions, it is sometimes the case that the
regulations on nature protection may cause some problems for the restoration
of fens. Sometimes, for example, it is necessary to obtain deviation permits from
certain prohibitions applicable for protected species in order to carry out con-
servation measures. As a rule, the removal of trees and shrubs from non-forest
areas requires a permit from the municipal authorities (Art. 83, Act 2004), and
in order to obtain such a permit, all trees and shrubs must be inventoried in ad-
vance, which is costly and time-consuming. Fortunately, this provision does not
apply to trees or shrubs removed as part of the tasks resulting from a conserva-
tion plan, protective tasks, or a conservation measures plan taking the form of
nature protection (Article 83f(12), Act 2004). However, it can be a problem in
situations where urgent conservation action needs to be taken in the absence of
a formally established plan in which it is clearly set out.

Protection by means of an environmental assessment system

An important legal instrument for the protection of the environment and
nature, including fens, is the Act of 3 October 2008 ,,on the provision of infor-
mation on the environment and its protection, public participation in the protec-
tion of the environment and on environmental impact assessments” (Act 2008).
Protection on its basis is carried out by means of administrative proceedings, in
which the impact of the project on the environment is considered before grant-
ing the consent for such a project. The basic mechanism is the obligation to
obtain, for certain projects, the so-called decision on environmental conditions
for the implementation (in short: the environmental decision). The system im-
plements the requirements of the EIA Directive (Directive 2011) and, to some
extent, the requirements of Articles 6.3 and 6.4 of the EU Habitats Directive
(Directive 1992).

The list of types of projects for which an environmental decision is required
is set out in the Regulation of the Council of Ministers of 9 November 2010 on
projects with potentially significant environmental impact (Regulation 2010c).
Most of the projects which may pose a potential threat to alkaline fens are cov-
ered by this requirement; in particular, an environmental decision is necessary
for:

- extraction of peat or lacustrine marl from the deposit (regardless of the vol-
ume of extraction and the involved area);

- deforestation of riparian forests, alder forests, or bog forests (regardless of
the involved area);
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- drainage of meadows, pastures or uncultivated land (regardless of the in-
volved area), drainage of other land in forms of nature protection or in the
buffer zones of national parks, reserves, landscape parks; drainage in other
cases occupying > 5 ha or accumulating up to >5 ha of drainage carried out
within a radius of 1 km in the last 5 years;

- water reservoirs or ponds > 0.5 ha in forms of nature protection, or in the
buffer zones of national parks, reserves, landscape parks or non-arable
land;

- structures for raising the water level to > 1 m; structures for raising the water
level, irrespective of their height, on watercourses free of such structures, or
on watercourses on which such structures are located within a radius of up
to 5 km; all structures in forms of nature conservation or in the buffer zones
of national parks, reserves, and landscape parks (with the exception of dam-
ming < 1 m based on the protection plan, protective tasks, or plan of protec-
tive tasks established for the form of nature protection);

- groundwater abstraction facilities for abstractions > 10m*/hour; and if closer
than 500m to other abstraction facilities, for abstractions > 10m*/hour, ex-
cluding the so-called “normal use of water” (see further).

The vast majority of these projects belong to the group of ,,potentially likely
to have an impact on the environment’, i.e., the body competent to issue the
environmental decision decides (after consultation with the environmental pro-
tection authority and other entities) on the need to carry out the environmental
impact assessment, or on the lack of such a need. The reasons taken into ac-
count in such preliminary decision of the need for assessment include: location
in wetlands or other areas with shallow groundwater retention, and location in
areas requiring special protection due to the presence of plant, fungi, and animal
species or their habitats or natural habitats under protection.

If the obligation to carry out the environmental impact assessment is im-
posed, the investor must prepare an environmental impact report; in the pro-
cedure, public participation is required (the procedure is announced, giving the
general public an opportunity to submit comments and applications; special
provisions are applied that give environmental organizations the right to be-
come a party to the procedure, the right to appeal against the decision, and the
right to appeal to the administrative court against the final decision; the decision
requires prior agreement with the environmental protection authority).

In the case of projects which may potentially affect a Natura 2000 site, the
requirement of assessment (focused only on the potential impact on the site)
may be extended to all other projects. The authority issuing any administrative
decision permitting the implementation of any project should consider the pos-
sibility of potential impact on the Natura 2000 area and, if such risk is identified,
refer the matter to the Regional Director for Environmental Protection, who will
decide on the possible need for a full assessment.
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Theoretically, the regulations for when environmental assessments are re-

quired, as well as the requirements governing the process of conducting these
assessments, form a relatively tight system. In practice, however, the following
problems can be observed:

Some small projects with impact on fens (particularly if they concern small
sites or when the effect of several such projects is cumulative) escape the
system because they are implemented in practice without prior notifica-
tion and administrative decisions, and this fact is not effectively prosecuted.
This applies in particular to the drainage of fens as a result of the renovation
(maintenance, restoration) of old ditches in order to improve the water out-
flow, mainly from agricultural land (sometimes even completely overgrown
ditches which are reconstructed to the state when water drainage is possi-
ble). This also applies to the digging of small ponds in fens.

The mechanism of preliminary qualification of projects for the environmen-
tal impact assessment (or for the Natura 2000 site impact assessment), al-
though theoretically correct, does not work when the administration bodies
do not have sufficient knowledge of the natural values of the fen subject to
possible impact. Sometimes the decision-making authority is not at all aware
of the existence of the fen within the range of the impact of the project, not
to mention the awareness of its value, features (including the qualification
as an alkaline environment), natural significance, and role in the landscape.
The sites of protected species are only to a small extent studied, inventoried,
and known to nature conservation authorities. In the case of alkaline fens,
this problem is of particular importance (cf., Pawlaczyk 2015), as these are
ecosystems which are particularly difficult to observe, correctly recognize
and diagnose; also protected species typical for them are sometimes difficult
to notice and recognize, even by people with general naturalist knowledge.
Despite the theoretical obligation it is problematic to take into account the
cumulative impact of various different projects, carried out at different times
and by different investors in environmental assessments. At times, in indi-
vidual administrative proceedings, such projects, due to the very small size of
each of them, are considered on a case-by-case basis, not to have a significant
impact, whereas their total summary impact proves to be significant. Such
small projects may include, in particular, maintenance of drainage ditches
for fens, or cases of the so-called normal use of water in private ground (wa-
ter abstraction or introduction of sewage up to 5m’/day).

Even when an assessment of the impact on an environment or a Natura 2000

site is carried out, quality can be a problem. The basic document to be consi-
dered is the impact report commissioned by the investor. Theoretically, it should
comprehensively describe all aspects of the natural environment and present the
impacts. In practice, especially for smaller projects, the information provided is
usually limited to a partial description of the flora and fauna in the area covered
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by the investment. In the case of alkaline fens, there is a high risk that in super-
ficial nature inventories, bryophytes and invertebrates typical for this ecosystem
will remain unnoticed, and the type of fen itself is often misdiagnosed (cf., Paw-
laczyk 2015). Typically, there are no data on the structure of peat deposits or
more precise data on the water conditions. There is also often a lack of analyses of
distant impacts (e.g., water abstraction in places distant from the soligenous fen,
but related to the supplying aquifer; projects distant from the fen, but disturbing
its water supply). Neither the body conducting the proceedings, nor any other
parties thereto, usually have the possibility to supplement such data, therefore
the decisions made are not always accurate. It happens that the authority accepts
incorrect and flawed expert opinions attached to the report simply because they
are signed by the experts hired by the investor. Due to their specific nature, alka-
line fens are more vulnerable to this problem than other types of ecosystems.

Theoretically, the environmental impact assessment procedure is an excellent
place to take into account also the functions of fens in the landscape, including
the so-called ecosystem services they provide (cf., Makowska 2018). No practice
has been developed for taking this aspect into account in any way either in envi-
ronmental impact reports or in assessment procedures. This is probably due to
the lack of developed, effective and practicable methods for the assessment and
valorization of ecosystem services on a local scale'”. Accurate, reliable, and cred-
ible assessment of the economic benefits provided by a specific ecosystem is most
probably not possible at all (cf., Pawlaczyk 2017); however, for the purposes of
environmental impact assessments, the average parameters of services provided
by specific ecosystems would be useful, enabling at least a rough understanding
of the economic aspect of their functioning in the landscape. Proposals for such
parameters, however, are still very rare in Polish literature and practice’®.

The regulations on environmental impact assessments may also have an
impact on the projects of fen renaturalization and protection. For example, a
frequently used protective measure such as the construction of damming struc-
tures may also require an environmental decision; all the more so if the dam-
ming is to be carried out in some form of nature protection site or its buffer
zone. Although the law exempts from this obligation projects undertaken on the
basis of the binding protection plans, plans of protection tasks, and protection

15 In the Polish scientific literature, there are many publications discussing the issue of ecosystem
services in general, however, it is still rare to try to apply this approach in practice to specific
real landscapes and ecosystems. Interesting samples of qualitative analysis were presented by
e.g., Hewelke & Graczyk 2016, Solon et al. 2017, and valuation attempts, e.g., Andrzejewska et
al. 2014 (although the description of fens was not fully correct), Panasiuk & Mitaszewski 2015,
Humiczewski et al. 2017, and Biedron et al. 2018.

16 A notable exception is the study by Biedron et al. 2018, which summarized and proposed
specific economic coefficients for the valuation of basic river ecosystem services, proposing
a scheme for a simplified cost-benefit analysis for the decision-making process for the per-
formance of the so-called watercourse maintenance works. A similar approach, if developed,
would be very useful for the decision-making process regarding the impact on fens.
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tasks, in practice there are cases of renaturalization and protection of fens when
an appropriate plan has not yet been established, and the necessity to block the
outflow of water is obvious and urgent. If this requires the construction of dam-
ming structures, a relatively long and costly administrative procedure has to be
taken into account (see also below).

Protection in spatial planning and development regulations

The basis is the Act of 27 March 2003 on spatial planning and development
(Act 2003). In general, it states that ,environmental protection requirements, in-
cluding water management and the protection of agricultural and forestry land,
shall be integrated into spatial planning and development”.

The development and implementation of spatial policy is to a large extent the
responsibility of municipalities. For its entire area, the municipality prepares and
adopts, and then every five years thereafter, assesses the validity and, if necessary,
updates, the so-called study of spatial planning conditions and directions, which
is a general planning document. It should identify, among others, the conditions
resulting from the condition of the environment; it should also define areas and
principles of environmental protection and its resources. The study is not an act
of local law, however it is binding for more detailed local plans, and compatibi-
lity with the study is also required for land afforestation, location of renewable
energy sources, and exploitation of minerals. However, it is not binding for the
location of other investments. The studies cover the entire country. For a part or
all of its area, the municipality may prepare and establish a local spatial develop-
ment plan, which is an act of local law, binding for the development of the area
and the location of investment projects. However, some types of investments,
e.g., road or flood protection projects, can be located on the basis of the so-called
special acts of law, regardless of the arrangements in the local plans.

The Environmental Protection Law Act (the 2001 Act) stipulates in Article
72 that studies and spatial development plans are to ensure, among other things,
the conditions for maintaining the natural balance and rational management
of environmental resources. For the purposes of the study and plan, ,, documen-
tation describing particular elements of nature in the area covered by the study
or plan and their mutual relationships”, also called an eco-physiographic study,
is prepared. Theoretically, therefore, all fens, as ,elements of nature’, should be
identified in such a procedure. Draft studies and plans are subject to an environ-
mental impact assessment procedure which includes, among other things, the
preparation of the forecast of the environmental impact of the project.

Practical applications of the provisions on spatial planning and development
are widely varied. In Poland, the degree of coverage of municipalities with legally
binding local spatial development plans varies from 0 to 100%, with an average
of 27%. In many municipalities, extreme fragmentation of areas covered by lo-
cal plans, including the practice of preparing plans for individual plots only, is a
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practical problem, as a result of which the environmental context of their loca-
tion is not properly taken into account. The quality of the eco-physiographic
studies varies, and in consequence the quality of identification of environmental
and natural planning conditions varies as well. Unfortunately, there is no hard
requirement that would force planning studies to take into account fen areas
and areas of naturally high hydration. Despite theoretical possibilities, there is
no well-developed practice to identify ecosystem services in studies, analyses,
and plans, and to spatially arrange the ecosystems that would provide such serv-
ices in an optimal way (see above). The above comments on problems in the
functioning of the environmental assessment system apply to the environmental
impact assessment of studies and plans.

Protection in forestry law regulations

The Act of 28 September 1991 on forests (Act 1991a) in Article 13(1)(1)
obliges all forest owners to ,,preserve natural bogs and fens in their forests”. Many
alkaline fens are surrounded by forests and under the control of forest owners
and therefore potentially covered by this provision.

However, the interpretation of this provision remains unclear. There is no
doubt that it involves a prohibition of deliberate destruction of ,,natural bogs and
fens”. However, it may be questionable which bog and fens the legislator has con-
sidered to be ,natural”. It is also unclear whether this provision also provides for
more far-reaching obligations: to take, if necessary, active conservation meas-
ures at the initiative and expense of the forest owner, where these are necessary
for the ,,preservation of natural bogs and fens”. Although such an interpretation
has systemic and purpose-based foundations, the dominant forest management
agency in Poland, i.e., State Forests, uses this provision as a base to claim that
such activities could at most be commissioned from State Forests by the state ad-
ministration. Consequently, that provision remains a dead letter in that regard.

From 1 January 2018, an additional, bizarre provision introduced by the new
Article 14b(3) of the Act on forests came into force, establishing a legal fiction'”:
»Forest management performed in accordance with the requirements of good forest
management practice does not infringe the regulations on the protection of partic-
ular resources, formations and elements of nature”. In accordance with the statu-
tory delegation, the Regulation for the requirements of good practice in forest
management (Regulation 2017) was issued on 18 December 2017. The only re-
quirement that applies to fens is that ,total felling shall not be made directly next
to (...) fens and spring areas (...) at which natural ecotone zones are recommended
to be left or created, in particular by planting shrubs, in case of their absence, and
by taking care of them”. Forest owners complying with this requirement would
therefore be able to ignore the nature conservation provisions relating to fens

17  The concept of ,legal fiction” in legal jargon is not pejorative but neutral, meaning a legal rule
requiring a counterfactual recognition of a legal fact which did not occur in reality.

137 -

|
NATTEL 100D



with impunity. This risk is only theoretical, as no such cases or intentions have
been identified so far. However, the future of this regulation is uncertain due to
its apparent contradiction with European Union law.

Requirements concerning agricultural land and farming

The Act of 3 February 1995 on the protection of farmlands and forests (Act
1995) recognizes “lands of fens and ponds”as agricultural land within the meaning
of the Act, setting, for example, the following objectives: , restriction of land use for
non-agricultural or non-forest purposes; (...) the maintenance of fens and ponds as
natural water reservoirs”. As a consequence, fens may be designated for non-ag-
ricultural and non-forestry purposes only in the local spatial development plan.
If there is agricultural land on the peats, its exclusion from agricultural produc-
tion requires a prior decision (which, however, for class IV and lower land is only
of declaratory nature) and payment (e.g., for 1 ha of class V. meadows — approx.
€27,780).

At present, there are no regulations directly regulating farming on fens. The
current Regulation of the Minister of Agriculture and Rural Development of
09.03.2015 on the standards for good agricultural production in line with envi-
ronmental protection (Regulation 2015) does not set any standards relevant for
the protection of fens; the standards in force until 2015 preventing the destruc-
tion, through improper agricultural use, of protected natural habitats or habitats
and sites of protected species have been abolished.

A farmer who owns an alkaline fen within their land may benefit from the
so-called agri-environment-climate payment, in the form of a voluntary con-
tract, obliging the land holder to certain methods of management. This possibil-
ity is discussed in more detail in chapter 6.2. It is important to note that the use
of this possibility means a prohibition for , the creation of new drainage systems,
extension and restoration of the existing ones, with the exception of the construc-
tion of equipment aimed at adjusting the water level using the existing drainage
systems to the requirements of the fen habitat, if such activities are described in
detail by the expert naturalist in the natural documentation”, as well as other pro-
hibitions specific to the applied package. It is true that the possible sanctions for
violations of these prohibitions are not very severe.

The majority of agricultural land is also subject to the so-called direct pay-
ments, implemented under the EU Common Agricultural Policy. The condition
for these payments is the performance of agrotechnical treatments, e.g., mowing.
This is sometimes an incentive for farmers to pursue activities harmful to fens,
for example to clean drainage ditches so that the required mowing can be carried
out easily using mechanical equipment. There are no effective legal mechanisms
in place to block these types of threats.
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Water law requirements

The Water Law Act of 20 July 2017 (Act 2017), transposing the requirements
of the EU Water Framework Directive (Directive 2000) into Polish law, intro-
duces the concept of environmental objectives for waters and protected areas
dependent on water. These objectives are set out in the river basin management
plans - in the case of protected areas, for each site individually. The objectives
for protected areas containing fens include, among others, the preservation or
restoration of the water conditions of the fen. In Natura 2000 areas protecting
alkaline fens, the standard objective is ,,to maintain or achieve correct protection
status. The correct protection. status of mountain and lowland alkaline fens of the
flush fen, sedge and moss fens nature (7230) requires: water level in the range of
10 cm below ground - 2 cm above ground. Stable supply with pH >7 groundwater.
Lack of drainage ditch and channel networks or other elements of drainage infra-
structure draining the fen or drainage infrastructure sufficiently ,,neutralised” as
a result of the applied protection measures (backfilling of ditches, construction of
gates, etc.)”. Where there were plans for protective tasks setting more detailed
objectives, these objectives were transferred as elements of the environmental
objectives for waters. According to other provisions of the Act, environmental
objectives are binding for water management, including the process of issuing
water-legal permits.

The Act also regulates the issues of the so-called water facilities which in-
clude, in particular, ditches and ponds, as well as damming structures. This is
important both for the protection of fens against the impact of such equipment
and for the construction of such equipment for the purpose of fen renaturaliza-
tion. As a rule, the construction, reconstruction, and decommissioning of water
facilities requires a water-legal permit. Social organizations are not allowed to
participate in the proceedings for issuing the permit. The construction of ponds
which are not filled as part of water services, but exclusively by rainwater or
melting water or groundwater, with an area of at most 500 m* and a maximum
depth of 2 m, shall only be subject to notification. Retention of water in ditches
does not require any notification or permit. However, Article 17(3¢c) of the Act
extends the provisions applicable to water facilities, including the requirement
to obtain a permit or submit a water-legal notification for their execution, to all
»works in water and other works which may cause changes in natural water flows,
standing water status and groundwater status outside the boundaries of the ground
property on which they are carried out”.

The regulations on water-legal permits and notifications are important in
the projects of fen protection and renaturalization, as they also concern the con-
struction, conversion, and liquidation of various ditches, partitions, and gates, as
well as all works with an effect on water relations.
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Pursuant to Art. 33 of the Act, landowners are entitled to the so-called nor-
mal use of water in or on their land that includes, among others, abstraction of
groundwater up to 5 m’ per day for their own household or agricultural purpos-
es, as well as the introduction of the same volume of sewage into water or land.
This does not require any permits, notifications, or fees. However, such water use
can sometimes be a threat to alkaline fens supplied by groundwater, especially
when the usual use of the water is accumulated by several owners using the same
aquifer which also provides water supply to the fen.

There is a general prohibition (Art. 234 of the Act) ,,to change the direction
and intensity of outflows of rainwater or melting water, or outflows of water from
sources, to the detriment of neighboring land”; as well as an order ,,to remove ob-
stacles and changes in outflows of water from the land, resulting from an accident
or the actions of third parties”, to the detriment of neighboring land. In the event
of an impact on neighboring land, the municipality head may, at the request of
the owner of the affected land, issue a decision ordering ,the restoration of the
previous condition or the construction of facilities preventing damage”. There is no
legal basis for any other way of handling the matter, for example by paying dam-
ages. This provision is sometimes a limitation for renaturalization plans if they
affect neighboring areas.

Mining law

The Act of 9 June 2011 — Geological and Mining Law (Act 2011) categorizes
peat as a mineral. Consequently, any peat extraction requires obtaining an ap-
propriate license. In the current legal situation it is not possible to ,extract peat
for own use” from own land only on the basis of a notification (this possibility
remained only for sands and gravels in the amount of < 10 m? per year). The
license application must be accompanied by a previously obtained decision on
environmental conditions. Issuing a license must be agreed with the municipal-
ity head (as to the purpose of the property in the spatial development plan, and if
there is no plan - as to its consistency with the study of directions and conditions
of spatial development and separate provisions). In areas exposed to the risk of
flooding, the award of licenses must be agreed with the authority of the State
Water Management Authority (Wody Polskie). The possibility of the participa-
tion of social organizations in the procedure is excluded if a procedure for an
environmental decision has already been conducted with public participation.
Granting a license may be refused if the intended activity is contrary to the pub-
lic interest, in particular related to environmental protection, including rational
management of mineral deposits, or would prevent the use of the property in ac-
cordance with the local spatial development plan or separate provisions, and in
the absence of such a plan would prevent the use of the property in the manner
specified in the study of the conditions and directions of spatial development of
the municipality or in separate provisions.
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A license for open-case extraction of peat from areas < 2 ha with an annual
production of < 20,000 m? is granted by the starosta [the district administra-
tor] with an opinion by the marshal) and for higher production - the marshal
of the voivodeship. The starosta’s route simplifies the formal requirements for
the award of licenses and for subsequent extraction. In the case of the license
awarded by the marshal, the so-called deposit development plan is prepared,
specifying the requirements for rational management of the mineral deposits,
in particular through the use of production technology ensuring the reduction
of negative environmental impacts. Extraction then requires the preparation of
a so-called mining plant operation plan. In the case of a license granted by a
starost, instead of drafting the deposit development plan; the operation of the
mining plant is described (it should include environmental protection) together
with the plan for decommissioning the plant.

Upon the completion of mining activities, the mining company is required
to take the necessary measures to protect the environment and to reclaim the
land after mining activities which, however, is understood in accordance with
the provisions of the Act on the protection of agricultural and forestry land.

Production under the license is subject to the mining fee which currently
amounts to 1.25 PLN/m? (0.3 €/m?) for peat and 0.25 PLN/m? (0.06 €/m?) for
lacustrine marl. The sanction for the extraction of minerals without a license is
the imposition by the mining supervisory authority of an increased fee, amount-
ing to 40 times the mining fee.

Repairing the effects of unauthorized activities

Pursuant to the Act of 13 April 2007 on the prevention and repair of environ-
mental damage (Act 2007), if an entity using the environment (i.e., anyone who
uses the environment professionally and not privately; in the course of business,
including agricultural or forestry activities) causes or threatens to cause environ-
mental damage, it is obliged to take appropriate preventive and remedial action,
agreed with the Regional Director for Environmental Protection. If it fails to do
so, the Regional Director for Environmental Protection may order appropriate
action by way of a decision. Damage is considered to be a negative, measurable
change in the condition or function of natural elements - including protected
species or natural habitats — which has not been previously predicted and ap-
proved by a relevant decision, order, or approved forest management plan. These
regulations are the implementation of the so-called EU environmental damage
directive (Directive 2004).

If the above provisions of the environmental damage legislation are not ap-
plied then - in the case of the actions taken without an appropriate assessment
and permit, which may have a significant negative impact on the objectives of
Natura 2000 area protection (e.g., on the condition of alkaline fens protected in
this area), or in the case of such actions taken ,contrary to the provisions of the
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conservation measures plan or the conservation plan of Natura 2000 area” - the
Regional Director for Environmental Protection issues a decision ordering, de-
pending on the needs, their immediate suspension or taking the necessary pre-
ventive or remedial actions. This provision, resulting from Article 37 of the Act
on nature protection (Act 2004), concerns everyone (not only economic entities)
and is not dependent on fault.

At least in theory, the provisions mentioned above should create a mecha-
nism for enforcing the repair of the effects of measures taken without proper
identification of their effects on protected habitats (including fens), which may
cause damage to these habitats, at least in Natura 2000 areas. However, the prac-
tice of applying both mechanisms is not fully satisfactory.

In the case of the damage legislation, the current line of interpretation of
the General Directorate for Environmental Protection goes in the direction of
classifying only truly serious events, significant for the resources of the habitat at
the national level as ,,environmental damage”. In the case of Art. 37 of the Act on
nature protection (Act 2004), the authorities tend to disregard activities whose
significant negative impact has not been revealed in reality, to disregard the sig-
nificance of the impact, and to delay the proceedings for long enough that the
remedial actions no longer make sense. On the other hand, the practice of not
introducing any provisions ,,in the form of prohibition” (see above) prevails in
the plans of protection tasks for Natura 2000 areas, as a result of which no activi-
ties will be contrary to these plans.

Legal problems with renaturalization and active protection

The system of regulations protecting the environment, spatial order, safety,
and property rights is a constraint on actions infringing these values, but it may
also be a constraint on actions aimed at restoring environmental values, includ-
ing actions related to the renaturalization and protection of fens. Some aspects
of these restrictions are already described above.

The first and basic limitation of the possibility of protection and renaturali-
zation is the right to the area. The necessary protective measures may be taken
where the entity concerned by the protection — whether a nature protection au-
thority or another entity (e.g., an environmental organization implementing a
nature protection project) is the owner or holder of the land on which they are to
be carried out, as well as of the entire land on which they are to have an impact;
or where it has an explicit consent of the owner or holder of the land.

Despite the fact that ,,protection of endangered plant and animal species or
natural habitats” has been recognized as a public objective in the Act on real
property management (Article 6(9b), Act 1997), it is not possible in practice to
apply statutory legal solutions enabling the implementation of public objectives
against the ownership rights of third parties (mandatory establishment of ease-
ment, expropriation against compensation). The nature of these solutions only
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pertains to investment projects. An absolute prohibition ,,to change the direction
and intensity of outflows of rainwater or melting water, or outflows of water from
sources, to the detriment of neighbouring land” (Art. 234, Act 2017) often prevents
the restoration of water conditions of the fen if its impact would also apply to
neighboring land - and due to hydrological conditions, such cases are frequent.

In practice, surprising problems with the right to the area where fen protec-
tion would have to be carried out occur also in some parts of Poland on the land
managed by the State Forests. Although State Forests themselves are obliged to
»preserve natural bogs and fens in their forests” (see above), according to some
lawyers they cannot make their land available free of charge to third parties for
the implementation of the protection of such ecosystems (cf., chapter 10). For-
tunately, such interpretations are not common.

The implementation of protective and restoration measures may require
prior obtaining of an entire package of relevant decisions and permits. The time
and cost needed for this can often exceed the time and cost needed to perform
the protective measures themselves.

In general, the formal aspect of preparation of protection and restoration
measures on sites located within the boundaries of national parks, nature re-
serves, landscape parks, in the surrounding areas of the listed forms, and in
Natura 2000 areas is significantly simplified if these measures are adequately
included in the protection plan, the plan of protection tasks, or the protection
tasks established for a given form of nature protection. It is important that this
approach is sufficiently specific and precise, i.e., that the plan provides explicitly
for the implementation of the action concerned. This results in exemption of the
measure from prohibitions appropriate for a given form of nature protection,
exemption from the obligation to obtain a separate permit for removing trees
or bushes from non-forest land, and exemption from the obligation to obtain
an environmental decision for the construction of damming facilities on small
ditches (raising the water level < 1m).

If the intended conservation measures do not result from the plan or pro-
tective tasks established for the form of nature protection, a separate permit is
required for the removal of trees or shrubs, and a decision on environmental
conditions (the so-called environmental decision) must be obtained for the con-
struction of damming facilities in the forms of nature protection or their buffer
zones. Furthermore, in the possible proceedings for the environmental decision,
the obligation to submit a report on the environmental impact or on the Natura
2000 area may be imposed on the construction of the damming facilities, which
will entail the preparation of a full environmental impact assessment with public
participation. The consequence of such an assessment, regardless of its conclu-
sions, will be the lack of possibility to use the simplified procedure of construc-
tion notification for the construction of appropriate structures and the require-
ment to obtain a full building permit (see further).
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If the intended protection measures do not result from the plan or protective
tasks established for the form of nature protection, in national parks and nature
reserves, it will also be necessary to obtain a separate decision of the Minister or
the General Directorate of Environmental Protection (Art. 15(3) and (4), of Act
2004), permitting a derogation from the prohibitions in force in a given form of
protection.

Where conservation and renaturalization measures require a breach of
prohibitions applicable to protected plant, fungi, or animal species, it is always
necessary to obtain an appropriate permit for derogation, usually issued by the
Regional Director for Environmental Protection (Article 56, Act 2004). The pro-
tection of fens is in principle a prerequisite for granting such a derogation, but it
can only be granted if there are no alternative solutions and if it is not detrimen-
tal to the conservation of the population of protected species.

If the intended activities include earthworks which may change the water
conditions (and the improvement of water conditions is also their change), then
prior to their execution they must always be reported to the regional director of
environmental protection pursuant to Art. 118 of the Act on nature protection
(Act 2004) - even if the Directorate is a co-initiator or partner of the project
within which the activities would be carried out — even if the activities result
from the protection plan or protection tasks established by the same body. The
performance of the measures may commence when the Regional Directorate for
Environment Protection does not object to the notification within 30 days, or
when it informs in advance that it does not object to the notification.

Among the measures used in the protection and restoration of fens, the con-
struction, extension, reconstruction, or liquidation of water facilities (including
ditches, and any damming devices), the change of land configuration on land
adjacent to water having an impact on the conditions of water flow, the location
of any construction facilities in the so-called ,flood risk areas”, any so-called
special use of water (including damming, abstraction), as well as all ,works in
water and other works that may cause changes in natural water flows, standing
water status and groundwater status outside the boundaries of the ground property
at which they are pursued”, require obtaining a water-legal permit issued by the
State Water Management Authority (Wody Polskie) (Art. 389 and Art. 17(1)(4),
Act 2017). When applying for a permit, it is necessary to prepare and submit the
so-called water-legal study. In exceptional cases, a conversion of a ditch consist-
ing in the construction of a culvert or another closed section at a length of up
to 10 m (even if it had an additional damming function) may be carried out
in a simplified procedure, using the so-called water-legal notification (Articles
394 and 423, Act 2017; the implementation may proceed if the authority does
not raise an objection within 30 days). On the other hand, retention of water in
ditches, inhibiting water outflow from drainage facilities; interception of rainwa-
ter or melting water with the use of water drainage equipment — provided that it
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is implemented with the use of already existing water facilities or without the use
of any facilities — does not require any water-legal consent.

Sometimes the protection and restoration of fens requires the construction
of so-called civil structures, which means that the provisions of the Construc-
tion Law Act of 7 July 1994 (Act 1994) apply. In the current legal state, civil
structures are buildings, constructions, or small architectural objects, together
with installations ensuring the possibility of using the object in accordance with
its purpose, erected using construction products'®. As a rule, the construction
of a civil structure requires a building permit issued by the starost of the dis-
trict (poviat), and in order to obtain such a permit, a building design must be
presented which meets detailed requirements', in particular - made on a ,,map
for design purposes” on a scale of at least 1:2000. Usually such a map has to be
made from scratch for fens, becoming the most time- and cost-intensive element
of project development. Some civil structures may be constructed following a
simplified procedure, the so-called construction notification (it does not require
a full design, but only a description, sketches and drawings of the project; works
may be commenced if the authority does not raise an objection within 21 days).
This simplification applies, among other things, to damming structures raising
the water level < 1m, however only outside the area of national parks, nature
reserves, and landscape parks and their buffer zones (Art. 29(1)(14) and Art.
30(1), Act 1994). The simplified notification procedure also applies to the con-
struction and conversion of drainage facilities (e.g., ditches) belonging to the
owner of the land affected by the facilities (Art. 29(2)(9) and Art. (30)(1), Act
1994). The construction of culverts on ditches does not even require notifica-
tion (Art. 29(1)(11b), Act 1994). However, these simplifications will not apply,
and consequently a building permit will always be required if an environmental
impact assessment or a Natura 2000 impact assessment was required for a given
project (Art. 29(3) of the Act 1994).

18  Such a wording of the definition of a civil structure was introduced by the Act of 20 February
2015 amending the Construction Law Act and certain other acts (Journal of Laws, item 443)
and came into force on 28 June 2015. Previously, the definition did not require that a civil stru-
cture be constructed using construction products. A ,,construction product” is ,any product or
kit manufactured and placed on the market for incorporation in a permanent manner in constru-
ction works or parts thereof, the characteristics of which affect the performance of construction
works in relation to the basic requirements for construction works” (Regulation 305/2011 of the
European Parliament and of the Council of 9 March 2011 ,,laying down harmonised conditions
for the marketing of construction products and repealing Council Directive 89/106/EEC”). As a
consequence, from June 2015 the Construction Law Act does not apply at all to facilities where
construction products are not used - e.g., to ditches, earth, and peat barriers made of local
material, partitions made of locally obtained tree branches, etc. (see also the interpretation of
the Ministry of Infrastructure: http://senat.gov.pl/gfx/senat/userfiles/ public/k8/documentsj]
Etenogram/provisions/services/73020.pd .

19  They are defined by the Regulation of the Minister of Transport, Construction and Maritime
Economy of 25 April 2012 on the detailed scope and form of the construction project (Journal
of Laws of 2012, item 462, of 2013, item 762, and of 2015, item 1554).
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A legal problem which is difficult to solve is permanent deforestation of an
area classified in the land register as a forest in favor of restoring a forestless fen.
This is precluded by legislation on the protection of agricultural and forestry
land, which provides for a procedure for deforestation for agricultural purposes,
as well as for deforestation for investment purposes, but does not provide for any
procedure for deforestation for nature protection purposes.

Complicated legal requirements that have to be fulfilled before taking con-
servation or restoration actions on fens cause that some materially needed pro-
tection projects turn out to be impossible to implement at all, and in other cases
it is necessary to adapt the planned methods of protection and renaturalization
not only to the actual needs of fens, but also to the ability to efficiently and ra-
tionally carry out the required formal procedures. Especially in the case of tech-
nical solutions to block the water drainage (see chapter 6.1), their planning is
sometimes based on local hydrotechnical conditions, but also on the complexity
of the procedure necessary to apply a given solution.
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10. Social conditions of protection
— practices of cooperation with land
owners and managers

Dorota Horabik, Katarzyna Kotowska, Magdalena Makowska

The implementation of projects for the protection of natural habitats, espe-
cially those of a national or regional range, requires appropriate arrangements
to be made with the owners or managers of the land on which such activities
are planned. Of course it is easiest to protect nature on land to which we have
property rights, but this situation is very rare and practically impossible when
planning comprehensive measures for a particular type of habitat throughout
the country.

The projects for protection of alkaline fens carried out by the Naturalists’
Club were implemented both on State Treasury land managed by the State For-
ests, district (poviat) starost offices, agricultural real estate agencies (currently
the National Agricultural Support Center), and drainage and water facilities
governing bodies (currently, the State Water Management Authority, Wody Pol-
skie), as well as on municipal and private land.

The best solution already at the stage of planning any activities is to make ad-
vance (already at the stage of applying for financing) appropriate arrangements
with the owners and managers of the area. This is possible in the case of land
owned by the State Treasury (obtaining consent from the forest inspectorate or
the regional director of the State Forests), but very difficult, if not impossible, in
the case of private land. As already mentioned in the previous chapters, there is
a need for a very large amount of time and financial resources for the arrange-
ments process (obtaining the owners’ data, finding them, persuading them, and
obtaining relevant approvals). Most organizations simply cannot afford this
without being sure of obtaining funding for the planned activities. As a result,
the majority of arrangements regarding private land are made at the project im-
plementation stage.

10.1. Nature protection on State Treasury land

The ownership of plots with alkaline fens varies from one part of the coun-
try to another. In northern Poland, the implementation of protection measures
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within alkaline fens concerned mostly land owned by the State Treasury and
managed by the State Forests (about 70% of the area), whereas in the southern
and central part of Poland this was only a few percent. The agreements signed
with the forest inspectorates guaranteed the possibility of carrying out active
protection activities, i.e., preparatory mowing, removal of tree and shrub wild-
ings, or improvement of water conditions through construction of various types
of dams and/or gates. The possibility of involving representatives of the unit
managing the given alkaline fen and their support facilitates and accelerates the
implementation of the planned measures and guarantees effective maintenance
of their sustainability, often as a result of the forest inspectorate’s agri-environ-
ment-climate commitment. If the planned measures were previously included
in an established management plan or a conservation plan, the support of the
bodies for the implementation of the protection measures is achieved because
it enables the forest inspectorate to fulfil its obligations without incurring any
costs. It should also be noted that in most cases just the willingness and possibil-
ity to contribute to the protection of valuable ecosystems is the most important
argument for consenting to the implementation of conservation measures.

However, there are exceptions to every rule. There is a general belief that it is
easier to carry out protective activities on land owned by the State Treasury than
on private land, but some experiences of the Naturalists’ Club in recent years are
to the contrary. It should be noted, however, that this is not due to the growing
awareness of private owners and their positive attitude towards nature protec-
tion on their land, but rather to the increased resistance of the administration
managing State Treasury property. The difficulties encountered (reluctance to
make land available on the basis of agreements) were due to various reasons, but
were usually justified by the imprecision of the legal provisions. The fears of for-
est administration employees were also related to the various perceptions of co-
operation with a non-governmental organization by superiors. Therefore, there
were cases when the Naturalists’ Club was forced to lease the land managed by
the forest inspectorate in order to perform protective activities on it. Bearing in
mind the maintenance of the good conservation status of the habitat, the need
to maintain the sustainability of the implemented measures, and the possibility
of undertaking a commitment to an agri-environment-climate program, such
solutions are considered acceptable. On the other hand, there were absurd situa-
tions when a non-governmental organization was asked to lease the land for the
construction of gates on ditches or, worse still, lease the entire area within their
impact range. Apart from the questionable legal aspects (the lease formula by
definition assumes that the lessee obtains benefits from the leased area), in our
opinion it is unacceptable to pay any state organizational body for the possibility
of carrying out the protection of natural habitats and species that the same unit
is legally required to protect.
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There are still no systemic solutions enabling effective protection and man-
agement of habitats protected on land that should not seem problematic, yet
they, unfortunately, include State Treasury land owned for example by the Na-
tional Agricultural Support Center (formerly agricultural real estate agencies).
For most of these lands, after the information about the necessity of carrying
out protective measures in order to maintain or restore valuable habitats located
there, a tender procedure was launched in the form of an auction for the lease of
these lands, in which the Club usually participated. However, the best solution
for land that has not yet been leased is to transfer it to the permanent manage-
ment of the relevant regional environmental protection directorate, on the basis
of the Act on the management of agricultural property of the State Treasury (Act
1991b). However, in the last few years only one unit, the Regional Directorate for
Environmental Protection in Szczecin, used this legal possibility and took over
the agricultural land with alkaline fens in permanent management. Thus, in ac-
cordance with the Act, it was also exempted from management fees due to the
use of agricultural property for nature protection purposes.

In the case of carrying out activities on the grounds owned by poviat and
municipal authorities, no significant difficulties were noted in the implementa-
tion of activities for the benefit of nature protection. Usually, these units, after
learning about the objectives of the implementation of the measures and, having
become aware of the valuable land they occupy, show much goodwill for the
planned measures. The local administration appreciates the existence of rare and
unique natural habitats in its area, which it often did not know about before, and
considers the protection of these areas as something to be proud of.

The biggest challenge is the implementation of measures to improve water
conditions in the area of fens through the construction of various types of gates
and dams, which is a basic and necessary measure in the protection of fens. In
the case of State Treasury land, these activities were carried on areas managed
by forest inspectorates, starosties and municipalities, and were planned within
ditches and watercourses currently belonging to the State Water Management
Authority (Wody Polskie). These arrangements usually take the longest time in
the project due to the very sensitive issue of changing the water conditions in the
area. However, on the land managed by local government units and forest in-
spectorates, in most cases there were no problems related to the implementation
of these measures (except for the above-mentioned situation with the condition
of leasing land for building gates).
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10.2. Nature protection on private land

The implementation of active conservation measures on private land is a
very important challenge, especially if it involves a significant number of sites lo-
cated in different regions of the country. In the projects for protection of alkaline
fens implemented by the Naturalists’ Club:

"Protection of alkaline fens (7230) of southern Poland” — conservation activi-

ties were carried out almost entirely on private land (~94% of the area of the

habitat covered by the project were private plots),

- "Protection of alkaline fens (7230) in the young glacial landscape of northern
Poland” - private plots constituted about 20% of the area of the habitat pro-
tected under the project.

As mentioned in the previous chapters, it is very difficult to make all the
appropriate arrangements when applying for subsidies. Therefore, the arrange-
ments process is usually initiated at the beginning of the project implementa-
tion. In the case of non-governmental organizations, it is precisely the fact that
they have signed a project subsidy agreement that entitles them to obtain the
registration data from the real property register, together with the personal data
of the owners and managers of the parcels in question.

In order to seek an agreement, it is first necessary to identify and find the
owner of the land who could express such an agreement (Fig. 4).

finding
the owner

obtaining
parsonal

detalls of
ownars

&

obtaining consent for the implementation
of protective measures

Fig. 4. The path to obtaining the owner’s consent for the implementation
of protective measures
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Experience has shown that the legal interest of a non-governmental organi-
zation in obtaining the data on landowners is not recognized in all cases, there-
fore the process of obtaining extracts from the land register or the lists of land
plots and their holders may in some cases take up to 2 years (!). In practice,
we often encounter sites with very large fragmentation of land plots, e.g., for a
site with an area of about 3.5 ha, there are 65 plots of land and almost the same
number of owners (Natura 2000 area Pakostaw PLH140015). There are extreme
cases where the area of about 15 ha of the habitat is located on 305 plots of land
owned by over 110 owners (Laka w Beczkowicach PLH100004). In mountain
areas, flush fens are often located in mountain pastures or forest glades which
are the property of land communities — this was the case in the Natura 2000 area
Ostoja Popradzka PLH120019, where one of the plots with a flush fen, with the
surface area of 8 ares, belongs to 32 owners.

Unfortunately, obtaining owners’ data is only part of the work; the next step
is to find them and convince them to agree to implement the protective meas-
ures. This stage is the longest and the most important one in the entire process of
arrangements; it decides whether we gain the owner’s favor for our activities, but
also we play a key role in the owner’s future attitude towards nature protection.

During the implementation of the projects, we conducted group meetings
with the owners as well as individual interviews. If it was not possible to meet
the owner in person, e.g., due to them working abroad, the owner was contacted
by phone, traditional mail, or e-mail. Experience has shown that many factors
influence the time frame for the arrangements, which will be presented below.
In the central part of Poland, group meetings were held, at which the project as-
sumptions and objectives were presented. These meetings were organized in the
late afternoon, when most of the owners had already returned from work, near
their place of residence, in local watchtowers or community houses, and there
was a lot of interest in them. On the other hand, a similar formula of meetings
did not work in other parts of the country, where the only way of reaching the
owners was by individual meetings.

In total, as part of the alkaline fen protection projects implemented by the
Naturalists’ Club, several group meetings were held, but the most important were
individual meetings with private owners, that were carried out several hundred
times. Often several meetings were held with a single owner; only a few decided
to sign an agreement or give oral consent to carry out protective measures dur-
ing the first meeting. It should be noted that when obtaining the owner’s con-
sent for the implementation of the project’s activities, it was attempted to obtain
immediate approval for the continuation of these activities (in order to protect
the habitat and maintain the sustainability of the activities carried out) in the fu-
ture, either by the owner themselves or by the Naturalists’ Club. Approximately
300 agreements were signed and dozens of oral approvals were obtained, which
made it possible to implement protective measures on almost 700 plots of land.
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Developing an appropriate attitude of private owners towards the protection of
alkaline fens on their land through an appropriate approach to the entire proc-
ess of arrangements also results in a change of social attitudes with respect to
comprehensive nature protection.

Photo 99. Group meetings in central Poland and south-western Poland
(no one except the organizers) (photo D. Horabik).

Photo 100. An individual meeting with a farmer in the field (photo D. Horabik).

The factors influencing the length of the process of arrangements with pri-
vate owners are as follows:

« joint ownership - it is more difficult to obtain a unanimous decision from
several owners, especially if some of them do not agree due to, for example,
family conflicts;

« the owner is deceased - it is necessary to search for heirs who are not listed
in the plot register data, often these are still succession cases which have not
been settled;
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land under lease - additional talks with the lessee, it is often necessary to
obtain the consent of both the owner and the lessee;

unregulated property rights — in particular in the case of community lands;
in 2015 the Land Community Development Law (Act 2015) was amended,
requiring the establishment of a list of persons entitled to participate in the
land community, the procedure in some cases has not been completed for a
period of two years, which made it impossible to obtain the consent of legal
decision-makers to take protective actions;

the owner works outside the area — these are often cases of work abroad, in
which case a meeting with the owner is possible only during major holi-
days;

change of residence of the owner which was not noted in the excerpts from
the land register;

various types of contact problems (atypical work schedule, illness);

lack of support among local authorities, activists — owners often condition
their consent on obtaining support from local activists, the village adminis-
tration, etc.;

the owner decides to lease; in this case it is possible to carry out protective
measures only as a result of signing the lease agreement; setting the terms of
lease is another separate process;

lack of understanding of the Natura 2000 network and the need to protect
Natura 2000 habitats — which requires additional meetings to present the
functioning principles of Natura 2000 areas, etc.;

general suspicions, especially of the protection of fen habitats; over the last
several decades fen have become wasteland on which no economic activities
have been carried out in agricultural space, therefore the owners are suspi-
cious that land of no value to the farmer is of interest to third parties;
planned sale or transfer of land to offspring - it is often impossible to make
any arrangements at all during the process;

insufficient financial benefits - this applies in particular to cases where the
area of the cadastral parcel is too small for the owner to make an agri-envi-
ronment-climate commitment and obtain compensation for it, and also in
the case of the leasing of small cadastral parcels or leasing of only the area of
the habitat where the rent is very low;

prevailing plans to obtain fuel from a fragment of the plot overgrown with
alder and birch trees;

lack of decision on the part of the owner - in the case of young owners who
are no longer interested in farming, there are no arguments for restoring the
traditional way of using the land, while older owners who would like to re-
turn to the old extensive mowing of the fens, make their decision dependent
on the offspring they want to inherit the farm and the land in the future;
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lack of knowledge about the location of their land — owners are often una-
ware that they have ownership rights to a given land with alkaline fens; due
to the abandonment of agricultural use of difficult areas and their treatment
as wastelands, the knowledge about the land and its location has disappeared
over the course of several decades;

arrangements concerning the works on ditches - this is the most difficult
subject to reach an agreement on, and any change in water conditions within
habitats and ditch works results in the most emotional reactions and fear (of-
ten unjustified) about flooding the adjacent farmed land; the arrangements
are accompanied by greater resistance when flooding occurs or has occurred
in the past as a result of the activities of the beavers;

negative view of the formal process — in some cases, owners were concerned
about signing any agreement or contract, in which cases appropriate oral
arrangements were made under which the protective measures were carried
out.

Factors/arguments that determine the owner’s consent to carry out protec-

tive measures and to continue to do so in the future:
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return to the roots, i.e., the possibility of restoring the old way of use and the
old landscape, by preparing the plot for use, as a result of carrying out pre-
paratory mowing and removal of shrubs from the plot, which are the most
difficult and costly measures after years of leaving the habitat unused;
financial benefits (lease) — so far, it has been one of the most effective argu-
ments for nature protection on private land; the possibility of renting out a
plot of land and receiving rent is preferred in the case of distant use tradi-
tions, lack of possibility/willingness to use the land, or in the case of heavy
fragmentation of plots;

financial benefits (agri-environment-climate measure) — preparation of nat-
ural documentation entitling the holder to apply for financial aid for the
implementation of the agri-environment-climate commitment is effective in
the case of sufficiently large areas, when the compensation for lost benefits
is high enough to allow the farmer to undertake the commitment, or in the
case of long-standing use traditions;

providing the possibility of free use of the forest/wood located on the plot
(in the case of fens within forests); it should be emphasized that the biomass
obtained from the protection measures is always the property of the owner,
and only in cases where the owner expresses their will to the contrary is it
used by the entities performing the measures;

support of local activists/authorities — as mentioned earlier, support of local
naturalists, village administration, municipal council, landscape park em-
ployees and employees of regional environmental protection directorates is
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sometimes of key importance when the owner makes their decision depend-
ent on the opinions of others;

natural benefits — this argument, although secondary from the point of view
of the owner, also often proved convincing during the arrangements proce-
dure - it is most effective in conjunction with financial benefits;

lack of formal process - in cases where the owner agrees to carry out pro-
tective measures, but for various reasons is afraid of signing a formal agree-
ment, it is justified to rely on the verbal consent of the owner; in the case of
several owners, collective statements of consent to carry out the measures
and their continuation after the completion of the project have been used to
date;

improvement of tourism and recreation attractiveness — an argument par-
ticularly effective in the case of municipal or communal land.

On the basis of the experience gained in arrangements with private owners,

it can be concluded that:

individual arrangements (especially for sites with a high degree of fragmen-
tation of ownership) are very time-consuming and costly (travel costs, work-
ing time, etc.), but are more effective and allow private owners to change
their attitude towards nature conservation on their land;

group meetings are a good solution in the case of information meetings
about the objectives and assumptions of the project and activities; during
group meetings it is not possible to determine individual conditions for the
implementation of activities, the owners are also reluctant to make decisions
(extensive peer pressure, fear of what the neighbor will say);

it is easier to obtain consent for one-off measures than for a longer period
of time of protection of a habitat or species at a given site, which on the
one hand often allows for timely implementation of the tasks set out in the
project (by shortening the period of arrangements), but on the other hand
does not solve the issue of future habitat/species protection or project sus-
tainability;

owners are relatively rarely interested in making an agri-environment-cli-
mate commitment (only in case of large areas), and are more often interested
in selling or leasing the land;

each fen (and not only) site/area has its own specific ownership structure,
on which the planning of protection measures in a given area should to a
certain extent be made dependent;
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« amore systemic approach to habitat protection on private land is necessary,
focused more on the involvement of both local naturalists and the entity
managing the protected areas — the regional environmental protection di-
rectorates; an optimal solution would be to sign long-term agreements on
habitat protection in a given area;

« the most effective solution for nature conservation on private land is to con-
vince the owners, not for financial gain, nor because such an obligation has
been imposed on them, but for their own satisfaction and pride that they can
protect something valuable and unique in their area,

 individual, repeated meetings with land owners, despite significant costs, are
in our opinion the best form of education of the local society in the field of
nature protection, including the Natura 2000 network, as they help to clarify
many doubts, overcome reluctance, and correct many mistakes made during
the implementation stage of the Natura 2000 network.
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Summary

Among all types of European peatlands, alkaline fens in many respects be-
long to the group of the most interesting ones. They are distinguished by an ex-
traordinary wealth of species with specific adaptive features, most of which are
rare, protected and threatened by extinction. The specificity of alkaline fens is
imparted to vegetation growing on it, usually dominated by numerous species of
bryophytes forming dense carpets, with sedges recognized only by expert bota-
nists. These natural plant communities develop and can last for thousands of
years only in hydrologically undisturbed conditions, the understanding of which
is quite a challenge for people who have at the same time specialized knowledge
in the field of geomorphology, hydrogeology and ecology. Both in Poland and in
whole Europe, there are not many areas with natural water conditions, and the
subsequent ones disappear almost every day. Together with them, alkaline fens
are also dying. Among the experts involved in nature conservation, these are
well-known facts! The problems described here are also not foreign to adminis-
trations responsible for the broadly understood environmental protection.

Over the past dozen or so years, along with Poland’s accession to the Euro-
pean Union, awareness of the needs related to the protection of various types of
habitats, including alkaline fens, has undoubtedly increased. They are subject
to special protection - at least in theory - within the framework of the Natura
2000 network. Special conservation plans are prepared for their protection, and
numerous projects are prepared and implemented to preserve them. Sometimes,
though too rarely, to emphasize the value of alkaline fens, they are covered by
reserve protection. Unfortunately, even the most valuable (such as the Rospuda
Valley) are often threatened by destruction due to ill-conceived or simply stupid
decisions.

The signals reaching us about subsequent drained or bulldozied in valuable
peatlands confirm on one hand the thoughtlessness of a large part of society, on
the other - the powerlessness of the services responsible for their protection. An-
alyzes of various reports or results of research on habitat 7230 conservation sta-
tus do not give optimism! Attentive readers of this book have certainly noticed
that the easiest and most effective way is to protect alkaline fens ,,unpolluted” by
human activity. In a simple way, not requiring any financial means - covering
by legal protection (as reserves) and leaving in holy peace. Unfortunately, in the
case of those in some way disturbed (we have a vast majority of them!), effective
protection requires dealing, it seems, an infinite number of endless problems.
From correct identification, through the recognition of the development his-
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tory, the specificity of hydrology, identification of hydrochemical conditions to
the history of use burdened with many nuances and questions. And this is just
a diagnosis, an introduction to real problems. Problems with the selection of
appropriate methods of protection (usually very individualized), a compromise
between the needs of protection and the use of the peatlands themselves or their
neighborhood. Problems related to changing legal conditions that do not match
the needs. Finally, the important financial problems arising from the need to
undertake costly but necessary activities.

This Guidebook on Good Practices, we hope, will not only help many read-
ers understand the complex aspects, but above all will encourage to overcome
the problems related to the protection of alkaline fens at every step. An encour-
agement and at the same time a proof that nature protection, especially peat-
lands, is possible, let it be mentioned here numerous national as well as foreign
examples.

- 158

-
NATTEL 2l



References

Act 1991a. Ustawa z dnia 28 wrze$nia 1991 r. o lasach (Act of 28.09.1991 on forests)
(O.J 2017 no 788).

Act 1991b. Ustawa z dnia 19 pazdziernika 1991 r. o gospodarowaniu nieruchomos-
ciami rolnymi Skarbu Panstwa (Act of 19.10.1991 on State Tresury agricultural
real estate management) (Dz.U. z 2018 no 91).

Act 1994. Ustawa z dnia 7 lipca 1994 r. Prawo budowlane (Act of 7.07.1994. Constru-
ction law) (O.J 2018 no 1202).

Act 1995. Ustawa z dnia 3 lutego 1995 r. o ochronie gruntéw rolnych i lesnych (Act of
3.02.1995 on agricultural and forested land) (O.J 2017 poz. 1161).

Act 1997. Ustawa z dnia 21 sierpnia 1997 r. o gospodarce nieruchomosciami (Act of
21.08.1997 on real estate management) (O.J 2018 no 121).

Act 2001. Ustawa z dnia 27 kwietnia 2001 r. Prawo ochrony $rodowiska (Act of
27.04.2001. Environment Protection Law) (O.] 2018 no 799).

Act 2004. Ustawa z dnia 16 kwietnia 2004 r. o ochronie przyrody (Act of 16.04.2004
on nature protection) (O.]. 2018 poz. 142).

Act 2003. Ustawa z dnia 27 marca 2003 r. o planowaniu i zagospodarowaniu prze-
strzennym (Act of 27.03.2003 on spacial planning) (O.] 2017 no 1073).

Act 2007. Ustawa z dnia 13 kwietnia 2007 r. o zapobieganiu szkodom w $rodowisku i
ich naprawie (Act of 13.04.2007 on preventing environmental damage and resto-
ration measures) (O.] 2018 poz. 954).

Act 2008. Ustawa z dnia 3 pazdziernika 2008 r. o udostepnianiu informacji o $rodo-
wisku i jego ochronie, udziale spoteczenstwa w ochronie srodowiska oraz o oce-
nach oddziatywania na $rodowisko (Act of 3.10.2008 on about sharing informa-
tion about environment and its protection, public participation in environmental
protection and o environmental impact assessments) (O.] 2017 no 1405).

Act 2011. Ustawa z dnia 9 czerwca 2011 r. Prawo geologiczne i gornicze (Act of
9.06.2011. Geological and mining law) (O.] 2017 no 2126).

Act 2015. Ustawa z dnia 10 lipca 2015 r. o zmianie ustawy o zagospodarowaniu
wspolnot gruntowych (Act of 10.07.2015 on changing the act on spacial planning
in land communities) (Dz.U. 2015 poz. 1276).

Act2017. Ustawa z dnia 20 lipca 2017 r. Prawo wodne (Act of 20.07.2017. Water Law)
(O.J 2017 no 1566).

AGGENBACH C.J.S., BACKX H., EMSENS W], GROOTJANS, A.P, LAMERS
L.PM., A.].P. SMOLDERS A.J.P., STUYFZAND PJ., WOLEJKO L., VAN DIGGE-
LEN R. 2013. Do high iron concentrations in rewetted rich fens hamper restora-
tion? Preslia 85: 405-420.

ANDRZEJEWSKA M., LECHNIO J., MIKOLAJCZYK P, RUSZTECKA M., SZEW-
CZYK M., TEDERKO Z. 2014. Wycena ustug ekosystemowych dla obszaru Ram-

159 -

-
NARTEL 200D



sar: Wigierski Park Narodowy. Studium wyceny. Commisioned by Generalnej
Dyrekcji Ochrony Srodowiska [ms.].

BIEDRON I, DUBEL A., GRYGORUK M., PAWLACZYK P, PRUS P, WYBRANIEC
K. 2018. Katalog dobrych praktyk w zakresie robdt hydrotechnicznych i prac
utrzymaniowych wraz z ustaleniem zasad ich wdrazania. MGGP, Commisioned
by Ministry of Environment, Krakéw.

BOYER M. L. H.,, WHEELER B. D. 1989. Vegetation patterns in spring-fed calcare-
ous fens: calcite precipitation and constraints on fertility. J. Ecol. 77: 597-609.
CAMPBELL-PALMER R., GOW D., SCHWAB G., HALLEY D., GURNELL ],
GIRLING S., LISLE S., CAMPBELL R., DICKINSON H., JONES S§. 2016. The
Eurasian Beaver Handbook: Ecology and Management of Castor fiber. Pelagic

Publishing Ltd., Exeter: 202.

Centrum Koordynacji Projektéw Srodowiskowych 2016. Wytyczne do realizacji
zadan i obiektéw matej retencji i przeciwdzialania erozji. Zalacznik do Decyzji nr
552 Dyrektora Generalnego Lasow Panstwowych z dnia 25.11.2016 r. (Center for
Environmental Projects Coordination 2016. Guidelines on realisation of actions
and facilities of small retention and erosion counteraction. Annex to the General
Director of SFH no 552 of 25.11.2016).

CZECH A. 1999. Bébr. Gryzacy problem. Towarzystwo na rzecz Ziemi. Access on
15.06.2018. [http://www.tnz.most.org.pl/dokumenty/publ/inne/gryz.htm].

CZECH A. 2005. Analiza dotychczasowych rodzajow i rozmiaru szkod wyrzadzanych
przez bobry oraz stosowanie metod rozwigzywania sytuacji konfliktowych. Insty-

tut Ochrony przyrody PAN, Krakow. Access on 05.01.2018 [http://www.kp.org]
pl/poradniki].
DAJDOK Z., PAWLACZYK P. (Eds.). 2009. Inwazyjne gatunki roslin ekosystemow

mokradtowych Polski. Klub Przyrodnikéw, Swiebodzin.

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.

DEVILLIERS P, DEVILLIERS-TERSCHUREN J. 1996. A Classification of Palaearc-
tic Habitats. Council of Europe, Nature and Environment 78: 1-197.

DOBROWOLSKI R., BALAGA K., BUCZEK A., ALEXANDROWICZ W., MAZU-
REK M., HALAS A., PIOTROWSKA N. 2016. Multi-proxy evidence of Holocene
climate variability in Volhynia Upland (SE Poland) recorded in spring-fed fen
deposits from the Komardw site. Holocen 26, 9: 1406-1425.

Directive 1992. Council Directive of 21 May 1992 on the protection of habitats natu-
ral and wild fauna and flora (O.] L 206 of 22.7.1992).

Directive 2000. Directive 2000/60 / EC of the European Parliament and of the Coun-
cil of 23 October 2000 establishing a framework for Community action in the
field of water policy (O.J L 327/1 of 22.12.2000).

Directive 2004. Directive 2004/35 / EC of the European Parliament and of the Coun-
cil of April 21, 2004 on environmental liability in relation to preventing and rem-
edying damage caused to the environment (O.J. L 143 of 30.4.2004).

Directive 2011. Directive of the European Parliament and of the Council 2011/92
/ EU of 13 December 2011 on the assessment of the effects of some public and

44 B 160

NATTEL 2l

* . o

*/f@*

h:'- WAL
* . *


http://www.tnz.most.org.pl/dokumenty/publ/inne/gryz.htm
http://www.kp.org.pl/pdf/poradniki/poradnik_minimalizowania_szkod_wyrzadzanych_przez_bobry.pdf
http://www.kp.org.pl/pdf/poradniki/poradnik_minimalizowania_szkod_wyrzadzanych_przez_bobry.pdf

private projects on the environment (O.]. L 26 of 28.1.2012, L 124 of 25.4.2014)

EMSENS W.-]. 2017. The restoration of degraded iron-rich fens. PhD thesis, Uni-
versity of Antwerp. Access on 15.05.2018 [https://doc.anet.be/docman/docman)
phtml?file=.irua.b15cb6.12764.pdf]].

EMSENS W.-]., AGGENBACH C.].S., SCHOUTENS K., SMOLDERS A.].P,, ZAK
D, VAN DIGGELEN R. 2016. Soil iron content as a predictor of carbon and
nutrient mobilization in rewetted fens. PLoS ONE 11(4): e0153166. doi:10.1371/
journal.pone.0153166.

EMSENS W,, AGGENBACH C., SMOLDERS A., ZAK D., VAN DIGGELEN R., CA-
DOTTE M. 2017. Restoration of endangered fen communities: the ambiguity
of iron-phosphorus binding and phosphorus limitation. ] Appl Ecol, 54: 1755-
1764.

European Commission 2013. Interpretation Manual of European Union Habitats,
EU28. Access on 15.06.2018. [http://ec.europa.eu/environment/nature/legisla-l
tion/habitatsdirective/docs/Int_Manual_EU28.pdf].

European Environmental Agency 2017. EUNIS habitat classification. Access on
25.12.2017. [https://www.eea.europa.eu/data-and-maps/data/eunis-habitat-clas|
Eiﬁcatiod].

European Environmental Agency 2018. Habitat Annex I Directive hierarchical view:
Alkaline fens (7230). Access on 15.06.2018. [https://eunis.eea.europa.eu/habi]
fats/10151).

GALKA M., AUNINA L., TOBOLSKI K., FEURDEAN A. 2016. Development of
Rich Fen on the SE Baltic Coast, Latvia, during the Last 7500 Years, Using Pale-
oecological Proxies: Implications for Plant Community Development and Paleo-
climatic Research. Wetlands 36, 4: 689-703.

GALKA M., AUNINA L., FEURDEAN A., HUTCHINSON S., KOLACZEK P,
APOLINARSKA K. 2017. Rich fen development in CE Europe, resilience to cli-
mate change and human impact over the last ca. 3500 years. Palaecogeogr. Pal-
aeocl. 473: 57-72.

GATKOWSKI D. (Ed.). 2010. Motylowe laki. Posumowanie projektu ochrony czyn-
nej motyli tak podmoklych. Warszawa. Access on 22.05.2018. [
images/ PDF/Cmok_Raport_-_Motyle_201 O.pdﬂ] .

GATKOWSKI D. 2015. After-LIFE conservation plan. Projekt ,,Zarzadzanie siedlisk-
iem wodniczki (Acrocephalus paludicola) poprzez wdrozenie zréwnowazonych
systemow zagospodarowania biomasy” LIFE09 NAT/PL/000260. OTOP, Marki.
ess on 22.05.2018. [https://otop.org.pl/uploads/media/after-life_aw-biomass]
pdf]].

GROOTJANS A. P, ADEMA E. B, BLEUTEN W, JOOSTEN H., MADARAS M.,
JANAKOVA M. 2006. Hydrological landscape settings of base-rich fen mires and
fen meadows: an overview. Appl. Veg. Sci. 9: 175-184.

GROOTJANS A., ALSERDA A., BEKER R., JANAKOVA M., KEMERS R., MADAR-
AS M., STANOVA V., RIPKA J., VAN DELFT B., WOLEJKO L. 2005. Calcareous
spring mires in Slovakia; Jewels in the Crown of the Mire Kingdom. Stapfia 85,
Landesmuseen Neue Serie 35: 97-115.

161 ~csl

h:'-- 4 [{z }

NATUEL 2000 * ko *


https://doc.anet.be/docman/docman.phtml?file=.irua.b15cb6.12764.pdf
https://doc.anet.be/docman/docman.phtml?file=.irua.b15cb6.12764.pdf
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://www.eea.europa.eu/data-and-maps/data/eunis-habitat-classification
https://eunis.eea.europa.eu/habitats/10151
https://eunis.eea.europa.eu/habitats/10151
http://bagna.pl/images/PDF/Cmok_Raport_-_Motyle_2010.pdf
http://bagna.pl/images/PDF/Cmok_Raport_-_Motyle_2010.pdf
https://otop.org.pl/uploads/media/after-life_aw-biomass.pdf
https://otop.org.pl/uploads/media/after-life_aw-biomass.pdf

GROOTJANS A. P,, ALEKSANS O., WOLEJKO L., PAKALNE M. 2017. Eco-hydro-
logical analysis of groundwater flow in Peterzera mire (Slitere National Park)
Latvia. In: BAUMANE M. (Ed.). Guide for the Conference on Conservation and
Management of Wetland Habitats. July 11-12.2017: 19. Access on 22.05.2018
(http://www.mitraji.lv/wp-content/uploads/2017/07/mitraju-konference-BUK |
[LETS-iekslapas-A5.pdf].

GROOTJANS A. P, BULTE M., WOLEJKO L., PAKALNE M., DULLO B., ECK M.C.
FRITZ. 2015a. Prospects of damaged calcareous spring systems in temperate Eu-
rope: Can we restore travertine-marl deposition? Folia Geobot. 50: 1-11.

GROOTJANS A. P, WOLEJKO L., STANKO R. 2015b. Ecohydrological studies as a
base for alkaline fens conservation planning in Poland. International Congress
for Conservation Biology, Montpellier 2015. Access on 08.07.2017 [Ettp://alk-

fens.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, SEFFEROVA STANOVA V., JANSEN A. (red.) 2012 Calcareous
Mires of Slovakia: Landscape Setting, Management and Restoration Prospects,
|KNNV Uitgeverij.

HAJEK M., HAJKOVA P. 2011. Vegetation of fens, transition mires and bog hollows.
In: CHYTRY M. (Ed.). Vegetace Ceské republiky. 3. Vodni a mokiadni vegetace.
Vegetation of the Czech Republic 3. Aquatic and wetland vegetation. Academia,
Praha: 614-660.

HAJEK M., JIROUSEK M., NAVRATILOVA J., HORODYSKA E., PETERKA T,
PLESKOVA Z., NAVRATIL J., HAJKOVA P. & HAJEK T. 2015. Changes in the
moss layer of Czech fens indicate early succession triggered by nutrient enrich-
ment. Preslia 87: 279-301.

HAJKOVA P, GROOTJANS A.P, LAMENTOWICZ M., RYBNICKOVA E., MA-
DARAS M., OPRAVILOVA V., MICHAELIS D., HAJEK M., JOOSTEN H.,,
WOLEJKO L. 2012. How a Sphagnum fuscum-dominated bog changed into a
calcareous fen: the unique Holocene history of a Slovak spring-fed mire. J. Qua-
ternary Sci. 27, 3: 233-243.

HEDBERG P,, KOTOWSKI W.,, SEATRE P,, MALSON K., RYDIN H., SUNDBERG S.
2012. Vegetation recovery after multiple-site experimental fen restorations. Bio-
logical Conservation 147: 60-67.

HERBICH J. (Ed.) 2004. Poradniki ochrony siedlisk i gatunkéw Natura 2000. Tom 2:
Wody stodkie i torfowiska. Ministerstwo Srodowiska, Warszawa.

HERBICHOWA M. (red.) 2014. Renaturalizacja siedlisk i roélinnosci na zdegrad-
owanych torfowiskach wysokich wojewddztwa pomorskiego. Fundacja Rozwoju
Uniwersytetu Gdanskiego, Gdansk, p. 126.

HERBICHOWA M., PAWLACZYK P, STANKO R. 2007. Ochrona wysokich tor-
fowisk battyckich na Pomorzu. Do$wiadczenia i rezultaty projektu LIFE04NAT/
PL/000208 PLBALTBO GS. Klub Przyrodnikéw, Swiebodzin. Access on 8.06.2018
(http://www.kp.org.pl/pdf/ear.pdf].

HERBICHOWA M., WOLEJKO L. 2004. Gorskie i nizinne torfowiska zasadowe o
charakterze mlak, turzycowisk i mechowisk. In: HERBICH J. (Ed.). Poradniki
ochrony siedlisk i gatunkéw Natura 2000. Vol. 2: Wody stodkie i torfowiska Wyd.

el 162

h:- {l/ fg }

RATTLL 200 * ok *


http://www.mitraji.lv/wp-content/uploads/2017/07/mitraju-konference-BUKLETS-iekslapas-A5.pdf
http://www.mitraji.lv/wp-content/uploads/2017/07/mitraju-konference-BUKLETS-iekslapas-A5.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/2013/01/2_Ecohydrological-studies-as-a-base-for-alkaline-fens-conservation-planning-in-Poland.pdf
https://www.nhbs.com/publisher/knnv-trade
http://www.kp.org.pl/pdf/ear.pdf

Ministry of environment, Warszawa: 178-195.

HEWELKE E. A., GRACZYK M. 2016. Ustugi ekologiczne jako instrument wspi-
erania decyzji w gospodarce przestrzennej i ochronie srodowiska. Inz. Ekol. 49:
33-40.

HORABIK D., JERMACZEK A., STANKO R. 2015. Do$wiadczenia Klubu Przyrod-
nikéw w planowaniu i realizacji ochrony obszaréw Natura 2000. Przegl. Przyr.
26,4:17-48.

HUMICZEWSKI M. 2017. Przyszto$¢ gospodarowania wodami. In: DURKOWSKI
T. (Ed.). Zlewnia rzeki Iny. Budowa niebieskiego korytarza ekologicznego
wzdluz doliny rzeki Iny i jej doplywéw. Zachodniopomorski Zarzad Melioracji
i Urzadzenn Wodnych w Szczecinie. Szczecin: 141-157. Access on 20.02.2018.
[http://www.lifeina.zzmiuw.pl/index.php?option=com_content&view=article&{
d=161&Itemid=217&lang=pl].

ILNICKI P. 2002. Torfowiska i torf. Akademia Rolnicza, Poznan.

Instytut Ochrony Przyrody PAN 2018. Monitoring gatunkoéw i siedlisk przyrodnic-
zych. Internetowa baza danych. Access on 08.06.2018. [http://www.iop.krakow]
pl/cn2000/Monitoring/].

JABLONSKA E., FALKOWSKI T, CHORMANSKI J., JARZOMBKOWSKI F,
KLOSOWSKI S., OKRUSZKO T., PAWLIKOWSKI 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). Wet-
lands 34, 4: 815-828.

JANISZEWSKI P. HANZAL V., MISIUKIEWICZ W. 2014. The european beaver
(Castor fiber) as a keystone species — a literature review. Balt. For. 20, 2: 277-286.

JANSSEN J.A.M., RODWELL J].S., GARCIA CRIADO M., GUBBAY S., HAYNES
T., NIETO A., SANDERS N., LANDUCCI E, LOIDI J., SSYMANK A., TAH-
VANAINEN T., VALDERRABANO M., ACOSTA A., ARONSSON M., ARTS
G., ATTORRE E, BERGMEIER E., BIJLSMA R.-]., BIORET E, BITA-NICOLAE
C., BIURRUN L, CALIX M., CAPELO J., CARNI A., CHYTRY M., DENGLER
J., DIMOPOULOS P, ESSL E, GARDFJELL H., GIGANTE D., GIUSSO DEL
GALDO G., HAJEK M., JANSEN E, JANSEN J., KAPFER J., MICKOLAJCZAK
A., MOLINA J.A., MOLNAR Z., PATERNOSTER D., PIERNIK A., POULIN B,
RENAUX B., SCHAMINEE J.H.J., SUMBEROVA K., TOIVONEN H., TONTERI
T, TSIRIPIDIS 1., TZONEV R., VALACHOVIC M. 2016. European Red List of
Habitats Part 2. Terrestrial and freshwater habitats. Publications Office of the Eu-
ropean Union, Luxembourg. Access on 15.06.2018. [https://portals.iucn.org/li]
brary/sites/library/files/documents/2016-079-vol.2.pdfl].

JERMACZEK A., WOLEJKO L., CHAPINSKI P.2012. Mokradta Sudetéw Srodkowych
ich ochrona. Klub Przyrodnikéw, Swiebodzin.

JIMENEZ-ALFARO B., HAJEK M., EJRNAES R., RODWELL J., PAWLIKOWSKI P,
WEEDA E. J., LAITINEN J., MOEN J., BERGAMINI A., AUNINA L., SEKULO-
VA L., TAHVANAINEN T,, GILLET E, JANDT U,, DITE D., HAJKOVA P,, COR-
RIOOL G., KONDELIN H., DIAZ T. E. 2014. Biogeographic patterns of base-rich
fen vegetation across Europe. Applied Vegetation Science 17: 367-380.

163 -4 B

h:'-- W4 fz }

NATUEL 2000 * ok *


http://www.lifeina.zzmiuw.pl/index.php?option=com_content&view=article&id=161&Itemid=217&lang=pl
http://www.lifeina.zzmiuw.pl/index.php?option=com_content&view=article&id=161&Itemid=217&lang=pl
http://www.iop.krakow.pl/cn2000/Monitoring/
http://www.iop.krakow.pl/cn2000/Monitoring/
https://portals.iucn.org/library/sites/library/files/documents/2016-079-vol.2.pdf
https://portals.iucn.org/library/sites/library/files/documents/2016-079-vol.2.pdf

KIASZEWICZ K., STANKO R. 2010. Charakterystyka roslinnosci i siedlisk Natura
2000 zlewni Czarnej Orawy (z wylaczeniem obszaru Natura 2000 Torfowiska
Orawsko-Nowotarskie). In: Warunki zarzgdzania obszarem dorzecza i ochrona
réznorodnoséci biologicznej dla zapewnienia zréwnowazonego rozwoju ob-
szarow cennych przyrodniczo na przykladzie zlewni Czarnej Orawy stanowiacej
cze$¢ transgranicznego dorzecza Dunaju. Klub Przyrodnikéw. Commisioned by
Regionalny Zarzad Gospodarki Wodnej w Krakowie [ms.].

KLIMKOWSKA A., VAN DIGGELEN R., BAKKER J. P, GROOTJANS A. P. 2007.
Wet meadow restoration in Western Europe: A quantitative assessment of the ef-
fectiveness of several techniques. Biol. Conserv. 140: 318-328.

KLIMKOWSKA A., KOTOWSKI W,, VAN DIGGELEN R., GROOTJANS A. P, DZI-
ERZA P, BRZEZINSKA K. 2009. Vegetation re-development after fen meadow
restoration by topsoil removal and hay transfer. Restor. Ecol. 18, 6: 924-933.

KLIMKOWSKA A., DZIERZA P, BRZEZINSKA K., KOTOWSKI W.,, MEDRZYCKI
P. 2010a. Can we balance the high costs of nature restoration with the method of
topsoil removal? Case study from Poland. J. Nat. Conserv. 18: 202-205.

KLIMKOWSKA A., DZIERZA P, GROOTJANS AB. P, KOTOWSKI W, VAN
DIGGELEN R. 2010b. Prospects of fen restoration in relation to changing land
use. An example from central Poland. Landscape Urban Plan. 97: 249-257.

KLIMKOWSKA A., DZIERZA P, KOTOWSKI W., BRZEZINSKA K. 2010c. Meth-
ods of limiting willow shrub re-growth after initial removal on fen meadows. J.
Nat. Conserv. 18: 12-21.

KLIMKOWSKA A., VAN DIGGELEN R., GROOTJANS AB. P, KOTOWSKI W.
2010d. Prospects for fen meadow restoration on severely degraded fens. Per-
spect. Plant Ecol. 12, 3: 245-255.

KOCZUR A. 2012. Gérskie i nizinne torfowiska zasadowe o charakterze mlak, turzy-
cowisk i mechowisk. In: MROZ W. (Ed.). Monitoring siedlisk przyrodniczych.
Przewodnik metodyczny. Cz. ITI, GIOS, Warszawa: 137-151.

KOTOWSKI W., JABLONSKA E., BARTOSZUK H. 2013. Conservation manage-
ment in fens: Do large tracked mowers impact functional plant diversity? Biol.
Conserv. 167: 292-297.

KOTOWSKI W,, THORIG W.,, VAN DIGGELEN R., WASSEN M.]. 2006. Competi-
tion as a factor structuring species zonation in riparian fens—a transplantation
experiment. Applied Vegetation Science 9: 231-240.

KSIAZKIEWICZ Z. 2010. Higrofilne gatunki poczwardéwek péinocno-zachodniej
Polski. Poradnik ochrony siedlisk poczwardwki zwezonej Vertigo angustior (Jet-
freys 1830) i poczwardwki jajowatej Vertigo moulinsiana (Dupuy 1849). Klub
Przyrodnikéw, Swiebodzin.

KUJAWA-PAWLACZYK J, PAWLACZYK P. 2005. Ochrona mokradel. In:
GWIAZDOWICZ D. J. (Ed.). Ochrona przyrody w lasach. T. II: Ochrona szaty
roélinnej. Polskie Towarzystwo Lesne, Oddziat Wielkopolski, Poznan: 81-119.

KUJAWA-PAWLACZYK J., PAWLACZYK P. 2014. Torfowiska obszaru Natura 2000
»Uroczyska Puszczy Drawskiej”. Zasoby — stan — ochrona. Klub Przyrodnikéw,
Swiebodzin.

44 B 164

NLTTEL 2ol

* . o

*/f@*

h:'- WAL
* . *



KUJAWA-PAWLACZYK J., PAWLACZYK P. 2015. Torfowiska Drawienskiego Parku
Narodowego. In: WOLEJKO L. (Ed.). Torfowiska Pomorza — identyfikacja, och-
rona, restytucja. Klub Przyrodnikéw, Swiebodzin: 71-99.

KUJAWA-PAWLACZYK ]J., PAWLACZYK P. 2017. Torfowiska $rédlesne w krajo-
brazie sandrowym na przykladzie Puszczy Drawskiej. Stud. i Mat. CEPL 51, 2:
143-162.

LAIME B. (Ed.) 2017. Protected habitat management guidelines for Latvia. Volume 1.
Coastal, inland dune and heath habitats. Nature Conservation Agency, Sigulda.

LAMENTOWICZ M. 2007. Identyfikacja torfowisk naturalnych w lasach na
przykladzie nadlesnictwa Tuchola. Stud. i Mat. CEPL 9, 2-3: 571-583.

LAMENTOWICZ M. GALKA M., MILECKA K., TOBOLSKI K., LAMENTOWICZ
L., FIALKIEIWCZ-KOZIEL B., BLAAUW M. 2013. A 1300-year multi-proxy,
high-resolution record from a rich fen in northern Poland: reconstructing hy-
drology, land use and climate change. J. Quarternary Sci. 28, 6: 582-594.

LIFE05 NAT/D/000053. LIFE database. Access on 15.05.2018 [http://ec.europa.eul
Environment/life/project/Projects/index.cfm].

LIFE07 NAT/LT/000530 WETLIFE ,,Restoring Hydrology in Amalvas and Zuvintas

Wetlands” Access on 08.06.2018 [bttp://www.wetlife.gpf.lt/ed .

LIFE11/NAT/PL/422 ,Ochrona siedlisk mokradtowych doliny Gérnej Biebrzy”. Ac-

cess on 08.06.2018 [bttps://www.gorna.biebrza.org.pl/ redir.indezl].

LIFE12 NAT/EE/000860 LIFE Springday “Conservation and restoration of petrify-
ing spring habitats (code *7220) in Estonia”. Access on 08.06.2018 [
loodushoid.ee/SPRINGDAY 348.htn]].

LIFE13 NAT/LV/000578 Wetlands ,,Conservation and Management of Priority Wet-
land Habitats in Latvia”. Access on 08.06.2018 [http://www.mitraji.lv/].

LIFE13 NAT/PL/000032 ,W zgodzie z naturg- LIFE + dla Lasow Janowskich”. Access
on 08.06.2018 [http://janowskie.rdos.lublin.pl/].

LIFE13 NAT/PL/000050 ,,Renaturyzacja sieci hydrograficznej w Basenie Srodkowym

doliny Biebrzy. Etap IT”. Access on 08.06.2018 [https://www.renaturyzacja2.bie|

LIFE14 NAT/EE/000126 LIFE Mires of Estonia ,,Conservation and Restoration of
Mire Habitats”. Access on 08.06.2018 [bttps://soo.elfond.ee/end .

LIFE15 CCM/DE/000138 “Peat Restore” - Reduction of CO2 emissions by restor-
ing degraded peatlands in Northern European Lowland” Access on 08.06.2018
[https:/ /life-peat-restore.ed].

LACHACZ A. 2000. Torfowiska zrédliskowe Pojezierza Mazurskiego. Biuletyn Nau-
kowy UWM w Olsztynie 9: 103-119.

LACHACZ A. 2006. Transformations of spring mires in the Borecka Primeval Forest.
Polish Journal of Environmental Studies, 15-5D): 199-206.

MADARAS M., GROOTJANS A., SEFFEROVA STANOVA V., GALVANEK D,
JANAKOVA M., DRAZIL T., WOLEJKO L., PAVLANSKY J. 2012. Calcareous
spring fen Belianske luky Meadows; the largest spring fen in North Western Eu-
rope. In: GROOTJANS A.P, SEFFEROVA-STANOVA V., JANSEN A. (Eds.).
Calcareous mires of Slovakia; landscape setting, management and restoration
prospects. KNNV Publishing, Zeist: 41-66.

165 ~csl

h:'-- 4 [{z }

NLEUEL 200 * ko *


http://ec.europa.eu/environment/life/project/Projects/index.cfm
http://ec.europa.eu/environment/life/project/Projects/index.cfm
http://www.wetlife.gpf.lt/en
https://www.gorna.biebrza.org.pl/redir.index
https://www.loodushoid.ee/SPRINGDAY_348.htm
https://www.loodushoid.ee/SPRINGDAY_348.htm
http://www.mitraji.lv/
http://janowskie.rdos.lublin.pl/
https://www.renaturyzacja2.biebrza.org.pl/
https://www.renaturyzacja2.biebrza.org.pl/
https://soo.elfond.ee/en/
https://life-peat-restore.eu

MADARAS M., GROOTJANS A., SEFFEROVA STANOVA V. 2011. Belianske Liiky
Meadows. Newsletter IMCG 4: 25-31.

MAKLES M., PAWLACZYK P, STANKO R. 2014. Podrecznik najlepszych prak-
tyk w ochronie mokradel. Centrum Koordynacji Projektéw Srodowiskowych,
Warszawa. Access on 15.06.2018 [http://www.bestpractice-life.pl/aktualnosci/
podreczniki-najlepszych-praktyk-do-pobrania.htm]].

MAKOWSKA M. 2018. Funkcje ekosystemu w krajobrazie. In: WOLEJKO L.,
STANKO R. (Eds.). Torfowiska alkaliczne 7230 - monografia siedliska. Klub
Przyrodnikéw, printing pending.

MALSON K., BACKEUS I, RYDIN H. 2008. Long-term effects of drainage and initial
effects of hydrological restoration on rich fen vegetation. Appl. Veg. Sci. 11, 1:
99-106.

MALSON K., RYDIN H. 2007. The regeneration capabilities of bryophytes for rich
fen restoration. Biol. Conserv. 135: 435-442.

MATUSZKIEWICZ W. 1984. Przewodnik do oznaczania zbiorowisk roslinnych Pol-
ski. PWN, Warszawa.

MATUSZKIEWICZ W. 2018. Przewodnik do oznaczania zbiorowisk roslinnych Pol-
ski. Vademecum Geobotanicum, wyd. III. PWN, Warszawa.

MAZUREK M., DOBROWOLSKI R., OSADOWSKI Z. 2014. Geochemistry of de-
posits from spring-fed fens in West Pomerania (Poland) and its significance for
palaeoenvironmental reconstruction. Géomorphologie 20, 4: 323-342.

MOSS D., DAVIES C. E. 2002. Cross-references between the EUNIS habitat classifica-
tion and habitats included on Annex I of the EC Habitats Directive (92/43/EEC).
Cross-references between the EUNIS habitat classification and the Palaearctic
habitat classification. Centre for Ecology and Hydrology, Huntingdon, Cambs.

MCBRIDE A., DIACK I., DROY N., HAMILL B., JONES P, SCHUTTEN J., SKIN-
NER A., STREET M. (Eds.). 2011. The Fen Management Handbook. Scottish
Natural Heritage, Perth. Access on 15.06.2018 [https://www.nature.scot/fen ]
management-handbooK].

MICHALSKA-HEJDUK D., KOPEC D. 2012. Ocena skutecznosci zintegrowanej
ochrony czynnej populacji motyli i roslinnosci nielesnej w Kampinoskim Parku
Narodowym. Ekologia i Technika 20, 1: 34-40.

NILSSON K. 2015. Alkaline fens - valuable wetlands but difficult to manage. Te-
maNord 2016: 515, Nordic Council of Ministers. Access on 15.06.2018 [ﬁttps:/;i
horden.diva-portal.org/smash/get/diva2:918221/FULLTEXT02.pdf]].

PAKALNE M. 2017. Wetland conservation and management in Latvia. In: BAU-
MANE M. (Ed.). Guide for the Conference on Conservation and Management
of Wetland Habitats. July 11-12.2017: 12. Access on 22.05.2018 [Ettp://www.mi-

fraji.lv/wp-content/uploads/2017/07/mitraju-konference-BUKLETS-iekslapas-

A5.pdﬂ].

PANASIUK D., MILASZEWSKI R. 2015. Koszty $rodowiskowe réznych wariantow
eksploatacji suchego zbiornika Racibérz Dolny. Gosp. Wodna 1: 9-12.

PATZELT A., WILD U., PFEADENHAUER J. 2001. Restoration of wet fen meadows
by topsoil removal: Vegetation development and germination biology of fen spe-
cies. Restor. Ecol. 9: 127-136.

4-4 ESR 166

h:- {l/ fg }

RATTLL 200 * ok *


http://www.bestpractice-life.pl/aktualnosci/podreczniki-najlepszych-praktyk-do-pobrania.html
http://www.bestpractice-life.pl/aktualnosci/podreczniki-najlepszych-praktyk-do-pobrania.html
https://www.nature.scot/fen-management-handbook
https://www.nature.scot/fen-management-handbook
https://norden.diva-portal.org/smash/get/diva2:918221/FULLTEXT02.pdf
https://norden.diva-portal.org/smash/get/diva2:918221/FULLTEXT02.pdf
http://www.mitraji.lv/wp-content/uploads/2017/07/mitraju-konference-BUKLETS-iekslapas-A5.pdf
http://www.mitraji.lv/wp-content/uploads/2017/07/mitraju-konference-BUKLETS-iekslapas-A5.pdf
http://www.mitraji.lv/wp-content/uploads/2017/07/mitraju-konference-BUKLETS-iekslapas-A5.pdf

PAWLACZYK P. 2015. Alkaline fens in Poland as a target of Natura 2000 manage-
ment planning & impact assessment. International Congress for Conservation
Biology, Montpellier 2015. Access on 15.06.2018 [http://alkfens.kp.org.pl/wp-

content/uploads/2013/01/10_Alkaline-fens-in-Poland-as-a-target-of-Natura-

P000-management-planning-impact-assessment.pdf].

PAWLACZYK P. 2018. Prawne i strategiczne ramy ochrony torfowisk w Polsce. Klub
Przyrodnikéw, LIFE PeatRestore documents [ms.].

PAWLACZYK P, HERBICHOWA M., STANKO R. 2005. Ochrona torfowisk
battyckich. Przewodnik dla praktykéw, teoretykéw i urzednikéw. Klub Przyrod-
nikéw, Swiebodzin.

PAWLACZYK P, KUJAWA-PAWLACZYK J. 2017. Wybrane problemy monitoringu
i oceny stanu torfowisk oraz ich ustug ekosystemowych. Stud. i Mat, CEPL 51,
2:103-121.

PAWLACZYK P, WOLEJKO L., JERMACZEK A., STANKO R. 2002. Poradnik
ochrony mokradet. Klub Przyrodnikéw. Swiebodzin.

PETERKA T., HAJEK M., JIROUSEK M.,JIMENEZ-ALFARO B., AUNINA L., BER-
GAMINI A., DITE D., FELBABA-KLUSHYNA L., GRAF U, HAJKOVA P,
HETTENBERGEROVA E., IVCHENKO T. G., JANSEN E, KOROLEVA N. E,,
LAPSHINA E. D., LAZAREVIC P. M., MOEN A., NAPREENKO M. G., PAW-
LIKOWSKI P, PLESKOVA Z., SEKULOVA L., SMAGIN V. A., TAHVANAINEN
T, THIELE A., BIT-NICOLAE C., BIURRUN 1., BRISSE H., CUSTEREVSKA
R., DE BI, E., EWALD ]J., FITZPATRICK U.,, FONT X., JANDT U., KACKI
Z., KUZEMKO A., LANDUCCI E, MOESLUND ]J. E., PEREZ-HAASE A.,
RASOMAVICIUS V., RODWELL J. S., SCHAMINEE J. H., SILC U., STANCIC
Z.,CHYTRY M., SCHWABE-KRATOCHWIL A. 2017, Formalized classification
of European fen vegetation at the alliance level. Appl. Veg. Sci. 20: 124-142.

PETERS J., UNGER M. 2017. Peatlands in the EU Regulatory Environment. Survey
with case studies on Poland and Estonia. BN Skrpiten 454: 1-103. Access on
06.06.2018. [https://www.bfn.de/en/service/publications/bfn-skripten.html].

PIDEK L.A., NORYSKIEWICZ B., DOBROWOLSKI R., OSADOWSKI Z. 2012. In-
dicative value of pollen analysis for deposits of spring-fed fens. Ekoldgia (Bratis-
lava) 31, 4: 430-458.

PRIEDE A. (Ed.). 2017. Protected Habitat Management Guidelines for Latvia. Vol-
ume 4. Mires and springs. Nature Conservation Agency, Sigulda.

PRUS P, POPEK Z., PAWLACZYK P. 2017. Dobre praktyki utrzymywania rzek.
WWFE Polska. Access on 27.12.2017 [http://www.kp.org.pl/pdf/2017-08-01_do]
bre_praktyki_utrzymania_rzek.pdf|].

PRZEMYSKI A., WOLEJKO L. 2011. Calcareous fens of the Nida basin. In: GROOT-
JANS A. P. (Ed.) International Wetland Conservation Group Newsletter 4: 44-48.
Access on 15.06.2018. [http://www.imcg.net/media/newsletter/nl1104.pdfl].

RACINSKA I. 2004. Implementation of management plan for the Lake Engure Na-
ture Park — Project LIFEO0/NAT/LV/7134. Final technical activity report. Dostep
08.06.2018 [pld.Idf Iv/upload_file/28157/Final%20report1.dod].

167 ~cal

h:'-- W4 fz }

NATUEL 2000 * ok *


http://alkfens.kp.org.pl/wp-content/uploads/2013/01/10_Alkaline-fens-in-Poland-as-a-target-of-Natura-2000-management-planning-impact-assessment.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2013/01/10_Alkaline-fens-in-Poland-as-a-target-of-Natura-2000-management-planning-impact-assessment.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2013/01/10_Alkaline-fens-in-Poland-as-a-target-of-Natura-2000-management-planning-impact-assessment.pdf
https://www.bfn.de/en/service/publications/bfn-skripten.html
http://www.kp.org.pl/pdf/2017-08-01_dobre_praktyki_utrzymania_rzek.pdf
http://www.kp.org.pl/pdf/2017-08-01_dobre_praktyki_utrzymania_rzek.pdf
http://www.imcg.net/media/newsletter/nl1104.pdf
old.ldf.lv/upload_file/28157/Final%20report1.doc

RATYNSKA H., WOJTERSKA M., BRZEG A. 2010. Multimedialna encyklopedia
zbiorowisk roslinnych Polski. Narodowy Fundusz Ochrony Srodowiska i Gospo-
darki Wodnej, Warszawa, CD 1-2.

Regulation 2010a. Rozporzadzenie Ministra Srodowiska z dnia 17 lutego 2010 r. w
sprawie sporzadzania projektu planu zadan ochronnych dla obszaru Natura 2000
(O.J. 2010 no 34, zm. O.]. z 2012 no 506, O.]. 2017 no 2310).

Regulation 2010b. Rozporzadzenie Ministra Srodowiska z dnia 30 marca 2010 r. w
sprawie sporzadzania projektu planu ochrony dla obszaru Natura 2000 (Regula-
tion on drawing conservation measures plan for Natura 2000 sites) (O.J. 2010 no
401,0.]J. 2012 no 507, O.J. 2017 no 2311).

Regulation 2010c. Rozporzadzenie Rady Ministréw z dnia 9 listopada 2010 r. w
sprawie przedsiewzig¢ mogacych znaczaco oddzialywaé na $rodowisko (Regu-
lation on project that might have significant impact on the environment) (O.J.
2010 no 1397).

Regulation 2014a. Rozporzadzenie Ministra Srodowiska z dnia 9 pazdziernika 2014
r. w sprawie ochrony gatunkowej roélin (Regulatoin on plant species protection)
(O.J. 2014 no 1409).

Regulation 2014b. Rozporzadzenie Ministra Srodowiska z dnia 9 pazdziernika 2014
r. w sprawie ochrony gatunkowej grzybow (Regulation on fungi species protec-
tion) (O.]J. 2014 no 1408).

Regulation 2015. Rozporzadzenie Ministra Rolnictwa i Rozwoju Wsi z dnia 9 mar-
ca 2015 r. w sprawie norm w zakresie dobrej kultury rolnej zgodnej z ochrona
srodowiska (Regulation on standards in good agriculture in line with environ-
ment protection) (O.]. 2015 no 344).

Regulation 2016. Rozporzadzenie Ministra Srodowiska z dnia 16 grudnia 2016 r. w
sprawie ochrony gatunkowej zwierzat (Regulation on fauna species protection)
(O.J. 2016 no 2183).

Regulation 2017. Rozporzadzenie Ministra Srodowiska z dnia 18 grudnia 2017 r. w
sprawie wymagan dobrej praktyki w zakresie gospodarki lesnej (Regulation on
standards in good practice in forest management) (O.]. 2017 no 2408).

SIMILA M., AAPALA K., PENTTINEN ]J. (eds). 2014. Ecological restoration in
drained peatlands - best practices from Finland. Metsdhallitus, Natural Herit-
age Services, Vantaa. Access on 31.065.2018 [https://julkaisut.metsa.fi/julkaisut/
phow/1733)].

SNOWDEN R.E.D., WHEELER B. D. 1993. Iron toxicity to fen plant-species. Journal
of Ecology 81: 35-46.

SOLON J., ROO-ZIELINSKA E., AFFEK A., KOWALSKA A., KRUCZKOWS-
KA B., WOLSKI J., DEGORSKI M., GRABINSKA B., KOLACZKOWSKA E.,
REGULSKA E., ZAWISKA 1. 2017. Swiadczenia ekosystemowe w krajobra-
zie mlodoglacjalnym. Ocena potencjalu i wykorzystania. Instytut Geografii i
Przestrzennego Zagospodarowania PAN @ SEDNO Wydawnictwo Akadem-
ickie, WARSZAWA.

STANKO R., Horabik D. 2015. Siedliska podmokte. In: CZARNOTA P,, STEFANIK
M. (Eds.). Gorczanski Park Narodowy. Przyroda i krajobraz pod ochrong. Gorce
National Park.

44 B 168

NLTTEL 2ol

* . o

*/f@*

h:'- WAL
* . *


https://julkaisut.metsa.fi/julkaisut/show/1733
https://julkaisut.metsa.fi/julkaisut/show/1733

STANKO R., JARZOMBKOWSKI E, DZIENDZIELA K. 2015a. International Con-

gress for Conservation Biology, Montpellier 2015. Access on 15.06.2018 [Ettp:/

plkfens.kp.org.pl/wp-content/uploads/2013/01/5_Water-conditions-of-selected

alkaline-fens—in—Poland_small.pdﬂ] .

STANKO R., KUJAWA-PAWLACZYK J., PAWLACZYK P,, BOCIAG K. 2015b. Po-
jeziorne torfowisko alkaliczne w rezerwacie ,,Rado$¢”. In: WOLEJKO L. (Ed.).
Torfowiska Pomorza - identyfikacja, ochrona, restytucja. Klub Przyrodnikdw,
Swiebodzin.

STANKO R., WOLEJKO L., JARZOMBKOWSKI E, MAKLES M., HORABIK D.
2015c¢. Ochrona torfowisk alkalicznych w Polsce. Przeglad Przyrodniczy 26, 4:
76-85. Access on 30.05.2018 [http://www.kp.org.pl/pdf/pp/pdf2/pp_stanko.pdf]]

STANKO R., WOLEJKO L. 2016. Efekty aktywnej ochrony torfowisk alkalicznych
w wybranych rezerwatach Polski p6éinocno-zachodniej. Przeglad Przyrodniczy
27, 4: 98-119. Access on 15.06.2018. [http://kp.org.pl/pdf/pp/pdf2/PP_XXVII |
[ Sankopd]

STANKO R., L. WOLEJKO L. (Eds.). 2018. Ochrona torfowisk alkalicznych w Polsce.
Tom I. Ochrona torfowisk alkalicznych (7230) w mlodoglacjalnym krajobrazie
Polski pétnocnej (LIFE11/NAT/PL/423). Klub Przyrodnikéw, Swiebodzin.

SUCCOW M., JESCHKE L. 1986. Moore in der Landschaft. Urania-Verlag Leipxig-
Jena-Berlin.

SZMUC]. 2017. Ekosystemy wodne w obrzedowosci o kulturze — wybrane aspekty ze
szczegdlnym uwzglednieniem Podkarpacia. Przegl. Przyr. 28, 4: 270-285.

SZPACZYNSKI J. A. 2003. Zabezpieczenie terenu przed dziatalnoscia bobréow.
Urzadzenia przelewowe, ochrona przepustéw, zabezpieczenie drzew. WR&P,
Ottawa. Access on 15.06.2018 [http://bagna.pl/images/biblioteczka/zabezpiec]
Izenie_terenu_przed_dzialalnoscia_bobrow.pdﬂ] .

SEFFEROVA STANOVA V., SEFFER J., JANAK M. 2008. Management of Natura
2000 habitats. 7230 Alkaline fens. European Commission. Access on 15.06.2018
[http://ec.europa.eu/environment/nature/natura2000/management/habitats|
bdf/ 7230_A1kaline_fens.pdﬂ] .

THALMEINEROVA D. 2007. Guide to Sur. Restoration of Water Regime in Na-
tional Nature Reserve Sur. State Nature Conservancy of the Slovak Republic
(SOP SR) and Association of Industry and Nature Protection (APOP). Access
on 5.05.2018 [http://ec.europa.eu/environment/life/project/Projects/index

cfm?fuseaction=home.showFile&rep=file&fil=LIFE03_NAT_SK_000096_LAY

MANTLpdf].

TOBOLSKI K. 2000. Przewodnik do oznaczania torféw i osadéw jeziornych.
Panstwowe Wydawnictwo Naukowe, Warszawa.

VAN DIGGELEN J. M. H., BENSE I. H. M., BROUWER E., LIMPENS J., MARTIJN
VAN SCHIE J. M., SMOLDERS A. J. P, LAMERS L. P. M. 2015. Restoration of
acidified and eutrophied rich fens: Long-term effects of traditional management
and experimental liming. Ecol. Eng. 75: 208-216.

VAN DIGGELEN R., BAKKER J.P,, KLOOKER ]J. 1997. Topsoil removal: New hope
for threatened plant species? In: COOPER A., POWER J. (Eds.). Species dispersal
and land use processes. Proceedings of the 6th annual conference International

169 - SO
h-‘:-:
NLEUEL 200 * ko *


http://alkfens.kp.org.pl/wp-content/uploads/2013/01/5_Water-conditions-of-selected-alkaline-fens-in-Poland_small.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2013/01/5_Water-conditions-of-selected-alkaline-fens-in-Poland_small.pdf
http://alkfens.kp.org.pl/wp-content/uploads/2013/01/5_Water-conditions-of-selected-alkaline-fens-in-Poland_small.pdf
http://www.kp.org.pl/pdf/pp/pdf2/pp_stanko.pdf
http://kp.org.pl/pdf/pp/pdf2/PP_XXVII_4_Stanko.pdf
http://kp.org.pl/pdf/pp/pdf2/PP_XXVII_4_Stanko.pdf
http://bagna.pl/images/biblioteczka/zabezpieczenie_terenu_przed_dzialalnoscia_bobrow.pdf
http://bagna.pl/images/biblioteczka/zabezpieczenie_terenu_przed_dzialalnoscia_bobrow.pdf
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
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=home.showFile&rep=file&fil=LIFE03_NAT_SK_000096_LAYMAN1.pdf
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=home.showFile&rep=file&fil=LIFE03_NAT_SK_000096_LAYMAN1.pdf
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=home.showFile&rep=file&fil=LIFE03_NAT_SK_000096_LAYMAN1.pdf

Association for Landscape Ecology (9-11 September 1997), University of Ulster,
United Kingdom: 257-263.

VENTERINK H. O., KARDEL I, KOTOWSKI W., PEETERS W., WASSEN M. J.
2009. Long-term effects of drainage and hay-removal on nutrient dynamics and
limitation in the Biebrza mires, Poland. Biogeochemistry 93: 235-252.

VICHEROVA E., HAJEK M., SMILAUER P. HAJEK T. 2016. Sphagnum establish-
ment in alkaline fens: Importance of weather and water chemistry. Science of The
Total Environment 580.

WASSEN M. J., OLDE VENTERINK H., LAPSHINA E. D., TANNEBERGER E 2005.
Endangered plants persist under phosphorus limitation. Nature 437: 547-550.

WASSEN M.J.,, VAN DIGGELEN R., WOLEJKO L., VERHOEVEN ].T.A. 1996. A
comparison of fens in natural and artificial landscapes. Vegetatio 126: 5-26.

WOLEJKO L. 2000a. Dynamika fitosocjologiczno-ekologiczna ekosystemow
zrodliskowych Polski poinocno-zachodniej w warunkach ekstensyfikacji rol-
nictwa. Rozpr. AR w Szczecinie 195: 5-112.

WOZLEJKO L. 2000b. Roslinnos¢ mechowiskowa z klasy Scheuchzerio-Caricetea fus-
cae kompleksow zrodliskowych Polski péinocno-zachodniej. Fol. Univ. Agric.
Stetin., Seria Agric. 213 (85): 247-266.

WOLEJKO L., GROOTJANS A.P. 2004. An eco-hydrological approach to peatland
management in Poland. In: WOLEJKO L., JASNOWSKA J. (Eds.). The future of
Polish mires. Monogr. AR w Szczecinie: 49-59.

WOLEJKO L., GROOTJANS A., PAKALNE M., STRAZDINA L., ALEKSANS O,
GRABOWSKA E. 2018. The biocenotic values of Slitere National Park, Latvia,
with special reference to inter-dune mires. Mires & Peat, w druku.

WOLEJKO L., PIOTROWSKA J. 2011. Roslinnos¢ torfowisk alkalicznych rezerwatu
“Wielkopolska Dolina Rurzycy”. Folia Pomer. Univ. Technol. Stetin. Agric., Ali-
ment. Pisc., Zootech. 289 (19): 91-116.

WOLEJKO L., STANKO R. (Eds.). 2018. Monografia siedliska 7230 Gérskie i nizinne
torfowiska zasadowe o charakterze mlak, turzycowisk i mechowisk. Klub Przy-
rodnikéw Swiebodzin [in preparation].

WOLEJKO L., STANKO R., PAWLIKOWSKI P, JARZOMBKOWSKI E, KI-
ASZEWICZ K., CHAPINSKI P, BREGIN M., KOZUB L., KRAJEWSKI L.,
SZCZEPANSKI M. 2012. Krajowy program ochrony torfowisk alkalicznych
(7230). Wyd. Klubu Przyrodnikéw, Swiebodzin. Access on 15.06.2018 [http:/

lvww.kp.org.pl/images/publikacje/KRAJOWY-PROGRAM-OCHRONY-TORI

FOWISK-ALKALICZNYCH-7230.pdf]].

ZADRAG M., SZALANSKI P, LACHMANN L. 2011. Ochrona wodniczki w Polsce
i w Niemczech. Osiagniecia projektu Life Wodniczka. OTOP.

ZUREK S., TOMASZEWICZ H., 1996. Badanie bagien. In: GUTRY-KORYCKA M.,
WERNER-WIECKOWSKA H. (Eds.). Przewodnik do hydrograficznych badan
terenowych. Wyd. Nauk. PWN, Warszawa: 190-210.

44 B 170

NATTEL 2l

* Ly *
*/f@*
h:'- WL
)


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

