Mire ecosystems in Latvia

M. PakaLNE & L. KALNINA

Abstract: In Latvia mires comprise 4.9 % of the total land area. Pear deposits, i.e. peatlands bigger than
1 ha and with more than 0.3 m peat, cover 10.4 % of the land and include, next to mires with thick
peat layers, also some forest types, drained mires, and peat extraction sites.

Both minerotrophic (fens and transitional mires} and ombrotrophic (raised bogs) mires occur in Latvia.
Mires are distributed throughout the country but the area covered differs among the nature regions of
Latvia. Distribution of mires and diversity of mire vegetation are determined by geology of area, origin
of mires and climatic differences between coastal and continental parts of Latvia.

Fens, started to develop in the early Holocene in the Preboreal 10.000 years BP in the lower areas of
the lowlands and in the small glaciocarstic depressions of uplands. Later, during the Atlantic many fens
transformed into transitional mires and gradually into raised bogs. About 35 % of mires have formed as
a result of filling-in of basins, but others are formed in the result of land paludification. During the Bo-
real, when climate became warmer, the formation of mires became more extensive. In the largest mires,
like Kemeri Mire, Teici Mire raised bog vegetation developed. During the Atlantic Time mire forma-
tion conditions became favourable for mire development and witnessed the most extensive mire for-
mation in Latvia. During that time the area was significantly influenced by the Baltic Sea stage Litto-
rina Sea, when the water level was higher about 5-6 m than at present and large coastal areas of the
present Coastal Lowland were covered by water. Fluctuations and decrease of the Littorina Sea level
caused the formation of shallow lagoon lake basins where lake terrestrilization took place and large ar-
eas developed into mires (Sarnate Mire, areas around Kanieris, Engure and Babite Lakes).

Mires are protected in the North Vidzeme Biosphere Reserve, National Parks (Slitere, Kemeri and Gau-
ja), Strict Nature Reserves (Teici, Krustkalni and Grini), Nature parks and nature reserves, as well as
in protected landscape areas. There are six Ramsar sites in Latvia — Kanieris Lake, Engure Lake, Teici
and Pelecare Bogs, Northern Bogs, Lubana Wetland Complex and Pape Wetland Complex.

In Latvia pristine and undamaged mire complexes are still found, most of which now are state protect-
ed. In total about 12 % from the Latvian mires are under state protection. On the other hand, about
half of mires are influenced by various human activities, like drainage, peat cutting, eutrophication and
fire and the degradation of the mires influenced by drainage continues.

Key words: Minerogenous mires, ombotrophic mires.

Introduction This has resulted in a high atmospheric hu-

. L midity and a moderate temperature regime,
The natural conditions and biological ] ) o )
o ) . i which determines the mild climate. The cli-
diversity of Latvia are determined by its geo-

graphical location near the Baltic Sea (55° mate becomes more continental towards the

40’ and 58° 05’ northemn latitude and 20° 58’
and 28° 14’ eastern longitude), variable geo-
logical conditions, relief, hydrology and cli-
mate (Fig. 1) Total area of Latvia comprises
64.635 km?. Geobotanically, Latvia belongs
to the hemiboreal (boreo-nemoral) vegeta-
tion zone (AHTI et al. 1968) characterised by
deciduous-coniferous (mixed) forests.

The climate is influenced by the At-
lantic air masses and the near-by Baltic Sea.

eastern part of Latvia.

Southwest, south, southeastern winds
prevail, but in summer western and north-
western winds are the most frequent. Annu-
ally Latvia is crossed by an average of 120-
140 cyclones. In January range of tempera-
ture varies from 2.6 °C to -6.6 °C. In July,
correspondingly varies from +16.8 °C to
+17.6°C. Annual precipitation is 500-800
mm per year. The vegetation period (the
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Fig. 1: Location of Latvia in
Europe.

daily average temperature above +5°C) be-
gins approximately in April 15 and last for
180-200 days (KALNINA 1995).

In Latvia mires comprise 4.9% of the to-
tal land area. Peat deposits, i.e. peatlands of
more than | ha large and with more than
0.3 m peat, cover 10.4% of the land and in-
clude, next to mires with thick peat layers,

also some forest types, drained mires, and
peat extraction sites (Fig. 2).

The degree of paludification in Latvia
shows that the main factors promoting this
process are geological processes, relief and
characteristics of surface deposits. Most
paludified areas are located in the inland
lowlands with gently undulating relief of the
till and glaciolimnic clay and silt. Many
mires have formed as a result of rerrestrial-
ization of shallow lakes and ancient rivers or
its' meanders, as well as filling-in of the for-
mer lagoons. Approximately 28% of raised
bogs initially formed as a result filling-in of
some basins and comprise gyttja layer in the
very botrom.

The present surface topography of
Latvia was mainly formed in the result of
the last — Weischelian (Latvian) glacier and
its’ melting warter processes. Then main re-
lief macroforms — uplands and lowlands
formed. Glacial deposits cover almost the
entire territory of Latvia. Exception are
coastal areas that were greatly changed dur-
ing the Late Glacial period after the retreat
of glacier and the Holocene when the area
was significantly influenced by the basins of

PEATLANDS IN LATVIA

Fig. 2: Distribution of peatlands in Latvia
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Baltic Sea stages, mainly the Baltic Ice Lake
and the Littorina Sea. The water level of
these basins was higher than at present and
farge coastal areas were covered by waters
and influenced by its’ dynamics, e.g. erosion
and sedimentation. The plains were formed
by Baltic Ice Lake and Littorina Sea and oc-
cupy the largest part of the Coastal Low-
land, where marine sediments may be cov-
ered by eolian sands. The present relief of
Latvia over several thousand years in addi-
tion to the geological processes was influ-
enced by human activities, and has changed
due to the increase of human population,
more intensive use of natural resources and
agriculture development.

Mires are distributed throughout the
country but the area covered differs among
the nature regions of Latvia (PAKALNE &
KALNINA 2000). The largest raised bogs oc-
cur in the East and Middle Latvia Lowland
and North Vidzeme Lowland, as well as in
Tireli Plain, central part of Latvia. Raised
bogs are most widespread, although fens oc-
cur as well.

The oldest mires in Latvia were fens
that formed in the lower areas about 10.000
years ago, during the Preboreal. During that
time fens originated also in many small
glaciokarstic depressions in the uplands due
to filling-in of small basins.

During the Boreal, when climate be-
came warmer, the formation of extensive
mires commenced. Largest part of mires in
Latvia has been developing since the Boreal
Time. During the Atlantic Time climatic
conditions became favourable for for mire
development and witnessed the most exten-
sive mire formation in Latvia. The broad-
leaved forests surrounded mires.

In the early stages of mire development
Phragmites and Carex species dominated,
e.g. Phragmites australis, Carex dioica, C. ni-
gra, C. panicea while trees and shrubs, such
as Betula pubescens, Frangula alnus, Pinus
sylvestris, Myrica gale and Salix species dom-
inated in fens. When the raised bog devel-
opment started, particularly during the At-
lantic, many of the currently rare plant
species, like Myrica gale, Cladium mariscus,
Trapa natans, Salix myrtlloides and Hammar-
bya paludosa, were common.

During the Atlantic Timefens gradually
transformed into transitional mires and lat-
er into raised bogs. Development of raised
bogs was associated with a rapid increase of
various Sphagnum species in mire vegeta-
tion. During the Subboreal Sphagnum fus-
cum, Scheuchzeria palustris and Eriophorum
vaginatum often dominated in raised bog
vegetation, but during the Subatlantic
Sphagnum magellanicum, Andromeda polifolia
and Calluna vulgaris became more wide-
spread. Microclimate primarily determined
species composition in these raised bogs
{KALNINA 1998).

Mires in geobotanic
districts of Latvia

According to the differences in geologi-
cal development, vegetation and soil fea-
tures Latvia is divided into eight geobotani-
cal districts (KABUCIS 1995). Differences in
mire types, distribution, floristic peculiari-
ties and representation are observed among
the geobotanical districts.

The Coastal Lowland is situated along
the coast of the Baltic Sea and Gulf of Riga.
Here mire vegetation covers quite large ar-
eas and includes raised bogs as well as poor
and rich fens. Rich fens have developed
near coastal Littorina Sea lagoon lakes, like
Kanieris and Engure Lakes, situated in this
area. In similar location is located also area
of Sarnate Mire, where Littorina Sea la-
goonal lakes were formed during the final
stage of this sea.

Raised bogs of the Coastal Lowland be-
long to the western type, where Trichopho-
rum cespitosum occurs. Raised bogs can be
dome-shaped and plateau-type bogs with a
level centre, but occasionally with steep
slopes (developed from shallow ancient la-
goon lakes). Mire types, characteristic for
the Coastal Lowland are calcareous fens and
inter-dune mires. Sulphur springs with Cla-
dium mariscus and Schoenus ferrugineus occur
in the mires of the Kemeri National Park.
Also Slitere National Park and Engure Na-
ture Park including valuable mire vegeta-
tion are located in the Coastal Lowland.

The North Vidzeme is characterised by
a high presence of mires and the dominance
of vast raised bogs. In the western part of
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this district there is the border of distribu-
tion of Chamaedaphne calyculata. This bor-
der is considered to split raised bogs of west-
e and eastern type. Also fens occur in the
region. Tall-sedge fens with Carex appropin-
quata, C. caespitosa, C. diandra, C. lasiocarpa
are most widespread. Also small-sedge fens
with Carex nigra, C. panicea and C. flava oc-
cur there. There are also fens with Salix lap-
ponum, S. rosmarinifolia, S. myrsinifolia and
S. cinerea in the shrub layer and mires with
Betula humilis and Betula nana. Betula nana
occurs mainly in the raised bogs located in
the northern Latvia.

The North Vidzeme Biosphere reserve is
situated in this area and is especially rich in
raised bogs.

The Central Vidzeme, Zemgale and
Central Latvia geobotanic districts are
much poorer in mires than other regions of
Latvia. In Central Vidzeme mires cover
small areas. During the latest decades they
have been drained and used for agricultural
purposes. Raised bogs are rare. Fens and
transition mires occur near lakes and in-
clude mire communities with Carex rostrata,
C. diandra, C. elata, C. lasiocarpa and C.
acutiformis. In such mires Salix myralloides
and several rare orchids like Corallorhiza eri-
fida, Hammarbya paludosa, Liparis loeseli,
Epipactis palustris occur. Communities with
Carex appropinquata are typical in river val-
ley mires.

In Central Vidzeme, mires cover small ar-
eas. Raised bogs are very rare. Fens dominate
and occur mainly near lakes in the eastern
part of the district. The common species of
fens include Carex rostrata, C. diandra, C. ela-
ta, C. lasiocarpa. In the fens and transition
mires rare species, like Salix myralloides,
Corallorhiza trifida, Hammarbya paludosa, Li-
paris loeselii, Epipactis palustris occur.. Wooded
mires and mires with very dense shrub layer
occur in this region as well.

In Central Latvia fens and transition
mires dominate and appear mainly near the
lakes as have developed as a result of lake ter-
restrialization. They include sedge vegetation
with C. acutdformis, C. acuta, C. rostrata, C.
riparia, C. vesicaria. Suda Mire including
raised bog vegetation occurs in this district
within the area of the Gauja National Park.

The West Latvia geobotanical district is
not rich in mires. The minerotrophic mires
that do occur in the in the depression be-
tween morainic hills and hillocks and may
include lakes as well. Fens on calcareous
soils comprise plant communities with Myri-
ca gale, Schoenus ferrugineus, Liparis loeselii
and Carex hostiana. Abava Nature Park and
Stikli Mires Nature Reserve are located in
this district.

Most common species in fens are Carex
diandra, C. appropinquata, C. caespitosa and
C. vesicaria. There are also fens with a shrub
layer consisting of Salix cinerea, S. rosmarini-
folia, S. lapponum and Betula humilis. In
raised bogs Trichophorum cespitosum occurs.

The East Latvia is one of the richest in
mires areas in Latvia. Both ombrotrophic
and minerotrophic mires occur there.
Raised bogs belong to the eastern type with
Chamaedaphne calyculata in the shrub layer.
The largest mire in Latvia — Teici Mire with

" the total area of 16.000 ha is situated in the

Jersika Plain and has developed both in the
result of lake terrestralizarion and soil palud-
ification (BAMBE 1993). Raised bogs are
mostly covered with pine, more rarely they
are of open type. Lubana Wetland Complex
that is a Ramsar site is located in this area.

In the South-East Latvia geobotanic
district mires are situated between hills near
the lakes. These mires have developed as a
result of the filling-in of lakes. Ombrotroph-
ic mires do occur in this district, although
minerotrophic mire vegetation dominates.

In the fen vegetation with Carex rostra-
ta and C. lasiocarpa dominates and may be
accopmnied by Menyanthes erifoliata and Co-
marum palustre. Some of the mires of the
area characterise by tall sedges — Carex ap-
propinquata and C. elata. In some sites Salix
rosmarinifolia, S. cinerea and Betula humilis
occur, as well as Betula pubescens and Alnus
glutinosa. Also Betula nana is found in this
district. Several rare moss species — Moerck-
ia hibernica, Bryum neodamense and Meesia
triquerra are distinguished in the mires. In
the South-East Latvia transition mires with
Oxycoccus palustris and Sphagnum teres and
S. wamnstorfii occur. Liparis loeselii is the pro-
tected orchid growing there.



State of the art and history
of investigations, mappings,
usage and conservation

In Latvia the most important peatland
studies started in the 1926 by Mire and Peat
Research Laboratory of the University of
Latvia under the supervision of Professor P.
NOMALS. As a result, 6.763 peat deposits
were recorded. Studies dealing mainly with
mire distribution, structure, peat properties
(botanical composition, ferrum, ash con-
tent, decomposition degree, etc.) and mire
water chemical characteristics were carried
out in mires throughout Latvia. P. NOMALS
published results of the studies in a number
of books that contain summary reports on
mire characteristics and evaluation for peat
extraction. Since that time mire research by
means of pollen compostion, mire stratigra-
phy and development was carried out by P.
GALENIEKS and M. LININA-GALENIEKS. Lab-
oratory for Peat Studies was established at
the University of Latvia. Group for mires
worked also at the Ministry of Agriculture.
Later, mire studies were devoted mainly to
mire geology, flora in a scope of overall in-
vestigation of flora in Latvia. Mires have
been often the study areas for ornithologists
as for professionals, as well as for amateurs.

A number of organisations and re-
searchers (geologists, geographers, botanists,
ecologists, ornithologists, hydrologists, etc.)
are involved in mire research of Latvia.
Most valuable peatlands of Latvia are iden-
tified, also those of international impor-
tance and meeting Ramsar Convention cri-
teria. The value of the studied mires was de-
tected and their conservation status evaluat-

ed (PAKALNE et al. 2004).

Mire studies in protected areas are per-
formed by its staff or by other scientists. Since
the establishment of the Teici Strict Nature
Reserve in 1992 mire studies are carried out
there that includes research of flora, vegeta-
tion, birds, insects and mammals, geological
development. Plankton communities have
been investigated in bog lakes by a group of
hydrobiologists (DRUVIETIS et al. 1998)

In the Slitere, Kemeri, Gauja National
Parks, North Vidzeme Biosphere Reserve
and Gauja National Park, Engure Nature
Park mire researchers from University of
Latvia have studied mire vegetation.

A number of mire related studies are
carried out — study of metal concentration
in moss species and peat, paleobotanical
peat analysis, studies of mire insects, study of
bryophyte flora in the mires, evaluation of
plankton communities in mire lakes, study
of mammals. Plant species monitoring in-
cluding mire habitats is performed in the
Slitere National Park.

Research in Latvia has been carried out
mostly in the protected mires of Latvia. Still
new localities of protected plant species are
being discovered, like the habitats with
Schoenus ferrugineus, Carex davalliana and
Saxifraga hirculus.

In 2004 Swertia perennis was found in a
spring mire, close to the border of the Gau-
ja National Park. This is a plant species that
has not been found in Latvia for the last 50
years. In the same area also another very
rare species in Latvia Ligularia sibirica was
discovered.

Mire terminology and
classification systems

Mires in Latvia include minerotrophic
mires (fens and transition mires) and om-
brotrophic mires (raised bogs).

Minerogenous (minerotrophic) mires:
fens

Fens presently are widely distributed in
Latvia, wherever waterlogged conditions are
maintained, in part at least, by ground wa-
ter. They range in a size from extensive fen
complexes to small sites only of a few square
metres.

Fens frequently occur as a zone of vari-
able extent around lakes, in waterlogged
hollows and raised bog margins, and in river
floodplains and are typically dominated by
sedges, like Carex lasiocarpa and C. rostrata.
Other associated plant species include
Menyanthes trifoliata, Comarum palustre,
Eriophorum angustifolium, Lysimachia vulgaris,
Peucedanum palustre, and Succisa pratensis.
Fen vegetation is rich in bryophytes, e.g
Campylium stellatum, Calliergonella cuspidata,
Fissidens adianthoides, Bryum pseudotri-
quetrum, Drepanocladus revolvens and Scor-
pidium scorpioides. One can distinguish be-
tween rich and poor fens. The Scheuchze-
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: Fen vegetation in Bedne Mire.

rio-Caricetea fuscae communities often oc-
cupy these fens, like, Caricetum rostratae,

C. lasiocapae and C. diandrae.

Where fens have developed over a lime-
stone substrate, rich fens have developed.
One of the most distinct features of calcare-
ous fens is that they are very rich in plant
species, a number of which are rare and pro-
tected. Schoenus ferrugimeus is a characteristic
species of calcareous fens and can be accom-
panied by a range of plants, including Primu-
la farmosa, Pamassia palustris, Pinguicula vul-
gans, Carex hostiana and Sesleria caerudea. Or-
chids, like Dacrylorhiza incamata and Epipactis
palustris are well represented in calcareous
fens. Rich fens are characterised by high
species diversity. Another rich fen communi-
ty includes Carex davalliana that may occur

also in spring mires near the flushes.

Vegetation of fens can be open or cov-

ered with shrubs, like Betula pubescens and

Salix cmerea (PAKALNE 1998). Sedge species

such as Carex lasiocarpa, C. rostrata, C. pan-
icea are characteristic for minerotrophic
mires. Other associated species are Menyan-
thes mfoliata, Comarum palustre, Enophorum
polystachion, E. latfolium, Lysimachia vulgans,

momn halucrye andd Sucrries Brrrenc
WM PAIUSTTe and MuUCCISa Pratensis

Reedswamps and tall-sedse communi-
ties, e.g. Phragmitetum australis and Carice-
tum L"|;'4r.'w Olten OCCur near '..'ii\'t:~ The J- M-
inant species here include Phragmites aus-

: g %
tralis associated with Scirpus lacuseris and Ty-

When peat accumulates above the min-
eral groundwater, it becomes increasingly iso-
lated from this nutrient source. In transition
mires the influence of groundwater has
strongly diminished and precipitation water
starts to prevail. Transition mires are marked
by the appearance of Sphagnum species that
make up most of the moss layer. In transition
mires common species include Carex limosa,
Carex rostrata, C. lasiocarpa and Rhynchospora
alba that are accompanied by Eriophorum
polystachion, Scheuchzeria palustns, Andromeda
polifolia. In the bryophyte layer Sphagnum
teves, S. wamstorfi, and S. flexuosiom are
amongst the dominants. The Rhynchospore-
tum albae and Caricetum limosae communi-

ties occur there.

Protected species in fens

Mammals: Lutra lutra

Invertebrates: Acicula polita, Pupilla musco-
rum, Hirundo officinalis, Papilio machaon,
Dolomedes plantarius, Catocala adultera,
Vertigo alpestris, Vertigo angustior, Vertigo
genesii, Carabanus menethriesi, Carcharo-
dus _ﬂm‘u_r‘ems

Vascular plants: Carex davalliana, Carex he-
leonastes, Carex scandinavica, Cladium ma-
riscus, Eriophorum gracile, Juncus stygius, ,
Schoenus  ferrugineus, Carex buxbaumii,
Saussurea esthomica, Utricularia ochroleuca,
Hydrocotile vulgaris, Primula farinosa, Dac-
tylorhyza cruenta, D. baluca, D. fuchsu, D.
maculata, D. russowii, D. incarnata, Gym-
nadenia conopsea, Liparis loselii, Ophrys in-
sectifera, Pinguicula vulgaris, Hammarbya
paludosa, Malaxis monophyllos, Pmguicula
vulgaris, Saxifraga hirculus

Bryophytes: Moerckia hibernica, Riccardia

Riccardia

chamaedryfolia, Cinclidivm stygium, Byum

multifida, Riccardia mcurvata

neodamense, Trichocolea tomentella, Hama-
tocaulis vernicosus, Calliergon trifarium, Pa-
ludella squarrosa, Meesia triquetra, Drepan-
ocladus Ivcopodioides, Meesia longiseta,

ha, Meesia miguerra

Meesia hexastic

Protected species in transition mires
Vascular plants:, Hammarbva paludosa
Dactylorhiza maculata, Drosera miermedia
Saxifraga hrrculus, Carex paupercula, Rhyn-

CROSPOTA fusca, Salix
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Lophozia

Bryophytes: Calliergon trifarium,
rutheana, Splachnum yubrum, Sphagnum

pulchrum, S. obtusum

Ombrogenous (ombrotrophic) mires:
raised bogs

Raised bogs are present all over Latvia
(Fig. 4). Two regional raised bog types are
recognised, namely the western type with
Trichophorum cespitosum and the eastemn
type with Chamaedaphne calyculata. These
bogs can be dome-shaped or of the plateau-
type and may be open or wooded. The cen-
tral parts of the bogs are often open bur the
margins are wooded. The most common mi-
crorelief feature of raised bogs is the alterna-
tion of relatively dryv hummocks and ridges
with wet hollows and open-water bog pools,

Bog pools are mainly large and elongated.

Vegetartion of ombrotrophic mires has a
significant cover of dwarf shrubs with the
dominance of Sphagnum species in the
bryophyte layer. Sphagnum magellanicum, S
rubellum and S. fuscum often occur on hum-
mocks. Calluna vulgaris, Empetrum nigrum,
Oxycoccus palustris, Andromeda polifolia and
Drosera rotundifolia are prominent on hum-
mock ridges. Between the hummocks are
hollows where bryophytes, like Sphagnum

cuspidatum and S

tenellum are common
while Scheuchzeria palustris, Rhynchospora al-
ba and Drosera anglica are typical vascular
plants in these microhabitats. Also lakes oc-

cur in the raised bogs.

Communities of Oxyce 'ccn-.“p}'n.mm'h-u
are well presented in the raised bogs. The
Sphagnetum magellanici often occurs on
hummocks as well as Empetro nigri-Sphag-
Larvia

netum fusci. In the eastern

Chamaedaphne-Sphagnetum  magellanici
community is common, but in the western
and northern part Eriophoro-Trichophorum

cespitosi occurs.

Protected species in raised bogs

Mammals: Nyctalus noctula, Vespertllo mun-
nus, Pipisorellus nathusii, Myots daubento-
ni, Lutra lutra, Eptesicus nilssonii, Ursos
arctos

Bird species

On the margins of raised bogs: Aegolius fu-
nereus, Columba oenas, Circaetu gallicus,

Haliaetus albicilla

Dryocopus  martius,

Aquila chrysaetos, Ciconia nigra, Caprimul-

gus europaeus, Pandion haliatus

Nesting and feeding: Lagopus lagopus, La-
nius collurio, L. excubitor, Circaetu gallicus,
Pluvialis apricaria, Grus grus, Aquila chry-
saetos, Gavia arctica, Numenius phaeopus,

Circus aeruginosus, C. pygargus, Numenius
arquata, Falco columbarius, Asio flammeus,
rare — Cygnus cygnus, Limosa limosa, Trin-
ga totanus, Larus ridibundus, very rare —
Gugamis Philomachus pugnax

Reptiles: Coronella austriaca, Lacerta agilis

Invertebrates: Vertigo ronnebyensis, Clossia-
na frigga, Clossiana freija, Evebia embla,
Carabanus menethriesi

Vascular plants: Trichophorum caespitosum,
Drosera intermedia, Lycopodiella inundata,
Betula nana, Salix myrtilloides

Bryophytes: Calypogeia sphagnicola, Odonto-
schisma sphagni, Sphagnum lindbergi,

Sphagnum molle, Odontoschisma denuda-

tum, Splachnum pensylvanicym, Splachnum

sphaericum

Mire protection in Latvia

According to the Latvian legislation
mires are protected in a wide range of pro-
tected nature areas, like Teifi and Krust-
kalni Nature Reserves, Slitere, Kemeri, and
Gauja National Parks, North Vidzeme Bios-
phere Reserve, nature reserves, nature parks
{Encure Narure Park, Abava Nature Park),
and protected landscape areas. These sites

include raised bogs, fens and lakes

Fig. 4: Raised bog vegetation in

Janisu-Dainu Mire in the North Vidzeme

Biosphere Reserve.
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At presently 6 Ramsar sites are designat-
ed in Latvia: Teici un Pelecare Mires, En-
gure Lake, Kanieris Lake, the Lubana Wet-
land Complex, Northern Bogs, and Pape
Wetland Complex.

There are 336 prospective Natura 2000
sites that include a wide diversity of forest,
freswater, coastal, grassland habitats, in ad-
dition to all the mire types of Latvia.

There are protected habitats of Europe
(according to Habirats Directive) that occur
in the mires of Latvia:

¢ Active raised bogs

¢ Degraded raised bogs still capable of natu-
ral regeneration

¢ Transitional mires and quaking bogs

¢ Fennoscandian mineral-rich springs and
spring fens

® Calcareous fens with Cladium mariscus
and species of the Caricion davallianae

¢ Petrifying springs with tufa formation
(Cratoneurion)

® Natural dystrophic lakes and ponds

* Bog woodland

According to the legislation of Latvia
protected mire habitats of Latvia are distin-
guished:

® Mineral rich springs and spring fens

® Petrifying springs with tufa formation

¢ Sulphur springs

# Calcareous fens with Carex davalliana

# Calcareous fens with Schoenus ferrugineus
¢ Fens with Juncus subnodulosus

e Calcareous fens with Cladium mariscus

* Transition mires with Rhynchospora fusca

Mires in specially
protected nature areas

Mires in the Gauja National Park

Mires in the Gauja National Park in-
clude raised bogs, fens, transition mires.
Suda Mire is the largest mire in the Gauja
National Park with the total area of 2.575
ha from which 2.339 ha includes raised bog
vegetation, 188 ha transition mire vegeta-
tion and 48 ha fen vegetation.

Suda Mire has developed as a result of
ground paludification during the second part
of the Preboreal (aproximately before 9200-
9400 years), when reed-wooden-cotton grass
peat has formed in the area under the wet cli-

matic conditions. Paleobotanical studies re-
veal that upwards in peat botanical sequence
increases the number of Sphagnales. Gradual-
ly fen and transitional peat layers are covered
by raised bog peat. During the first half of the
Atlantic Time the largest part of Suda Mire
has developed into raised bog.

Nowadays Suda Mire is a typical raised
bog with a number of bog lakes and pools.
There are open bog areas as well as wooded
ones. There are a lot of smaller and larger
lakes in the mire. In the southemn part sul-
phur springs occur, as well as several miner-

al islands.

Transition mire vegetation with Carex
rostrata and C. lasiocarpa occurs on the mire
margins and near some of the bog lakes.
Rare species include Sphagnum balticum and
Salix myrtlloides. Typical species of hum-
mocks are Empetrum nigrum, Calluna vul-
garis, Eriophorum vaginatum, Rubus chamae-
morus, Polytrichum juniperinum but in hol-
lows and near bog pools Rhynchospora alba
and Scheuchzeria palustris are accompanied
by the bryophytes, like Sphagnum cuspida-
tum, S. tenellum, Cladopodiella fluitans and
Calypogeia sphagnicola.

The presence of mineral islands with
different types of forest adds to the species
richness of the mire. The mire supports a pe-
culiar species composition, having together
species of western and eastern distribution
in Latvia, such as Trichophorum cespitosum
and Chamaedaphne calyculata.

Sphagnetum magellanici and Empetro
nigri — Sphagnetum fusci characterise the
bog hummocks, but Rhynchosporetum al-
bae, Caricetum limosae and Scheuchzerio—
Sphagnetum cuspidati are found in the hol-
lows. Sphagnum magellanicum lawns with Tri-
chophorum cespitosum occur also. Suda Mire
includes a rare mire community in Latvia
the Eriophoro-Trichophoretum cespitosi.

In the Gauja National Park communi-
ties of the Class Montio-Cardaminetea are
widespread and occur near springs and along
flushes. Springs that have developed at the
foots of river ravines, like on the left bank of
Amata River or near Perlupe River.

Springs in the Gauja National Park oc-
cur on the river ravine slopes. When the slo-



pes are steep the sites are characterised by
the dominance of Cratonoeron filicinum, Pa-
lustriella commutata, Plagiomnium ellipticum,
Fissidens adianthoides, Bryum pseudotrique-
trum, Pellia endivifolia and Conocephalum co-
nicum. At the foot of river ravines slopes
and in forest springs with Cratonoeron filici-
num, Palustriella commutata, Plagiomnium el-
lipticum and other plants species like Cirsium
oleraceum, Caltha palustris, Chrysosplenium
alternifolium, Myosotis palustris, Galium pa-
lustre, Crepis paludosa Cardamine amara, Ver-
onica beccabunga, Myosoton aguaticum, Chry-
sosplenium alternifolium, Geum rivale, Crepis
paludosa, Plagiomnium undulatum, P. elatum,
Plagiochila asplenoides occur. Some sites in-
clude also protected bryophyte species Tri-
chocolea tomentella.

Davida Springs are located on the left
bank of Vaive River. It is a place where from
the Plavinu Formation deposits 34 springs
run out (SKRUPSKELE 1994). Small waterfalls
are located on the steep slopes. From the
spring water iron hydroxides are deposited.
It is a complex including Montio-Car-
daminetea communities on the steep slopes,
Phragmito-Magnocaricetea and fragments
of Scheuchzerio-Caricetea fuscae mire vege-
tation. Here springs, streams, fen communi-
ties occur near the flushes.

Characteristic species include Cirsium
oleraceum, Deschampsia cespitosa, Veronica
beccabunga, Myosoton aquaticum Equisetum
palustre, Chrososplenium alternifolium, Caltha
palustris, Cratonoeron filicinum, Cono-
cephalum conicum, Plagiomnium ellipticum
and Bryum pseudotriquetrum.

In the area of Davida springs on the
slopes with springs and streams, spring mire
vegetation has developed. The characteris-
tic species in the fen vegetation are Carex
hostiana, C. panicea and Epipactis palustris. In
separate places in the fen springs reach the
surface and include other species like Cirsi-
um oleraceum and Cratonoeron filicinum.

The steep slopes of the Kazu Ravine in-
clude springs, streams and flushes. In the
Kazu Ravine mire vegetation has developed
and includes also springs. Spring vegetation
is a part of mire that is characterised by
Scheuchzerio-Caricetea fuscae vegetation
(Caricetum rostratae). On the ravine slopes

there are rheocrenes (gushing springs) the
water spurts out of a horizontal or down
sloping strata and immediately races down
into the valley. There are also limnocrenes
(spring basins) the water wells up from be-
low. In the ravine itself helocrenes (seepages
or spring fen) has developed where the wa-
ter seeps up through the ground. The mar-
gins lead to the mire vegetation.

In Kazu Ravine rich fen vegetation is
characterised by Caricetum rostratate and
includes Carex rostrata, C. panicea, Epipactis
palustris, Dactylorhyza incamata, Cirsium ol-
eraceum, Galium palustre, Equisetum palustre,
Primula farinosa and mosses Bryum pseudotri-
quetrum, Calliergonella cuspidata, Calliergon
giganteum, Fissidens adianthoides, Campylium
stellatum and Plagiomnium ellipticum. Springs
in Kazu Ravine are rich in calcium.

In addition to the common spring
species, also other bryophytes like Thuidium
pfiliberti, Rhyddidelphus subpinatus, Cir-
riphillum piliferum and Eurhynchium pulchel-
lum occur. There is also an ecotone zone
that leads to the spring fen vegetation. This
marginal zone between the spring vegerta-
tion and mire vegetation includes both typ-
ical spring species, like Cirsium oleraceum,
and Pellia endivifolia and fen species, like C.
lepidocarpa, Cirsium palustre and Equisetum
palustre.

From the all the above mentioned sites
differs the spring mire located near Suda
River not far from Suda Mire (PAKALNE &
CAKARE 2001). It is a complex of springs
that includes mire vegetation. The spring
area is characterized by Cirsium oleraceum,
Poa palustris, Menyanthes orifoliata, Chrysos-
plenium alterifolium, Caltha palustris, Poa
palustris, Crepis paludosa, Galium palustre,
Menyanthes trifoliata, Cirsium palustre and
Myosotis palustris associated with Callier-
gonella cuspidata and Bryum pseudotri-
quetrum. It borders with vegetation that
passes into transition mire vegetation with
Betula humilis, B. pubescens, Salix rosmarini-
folia and Frangula alnus in the schrub layer,
but Eriophorum vaginatum, Comarum palus-
tre, Equisetum palustre and Potendlla erecta
occur in the herb layer. Sphagnum teres and
S. squarrosum grow in the moss layer and ap-
pear together with Aulacomnium palustre
and Calliergon stramineum. In this case the
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Fig. 5: Pollen diagram from Lielais Kemeri
Tirelis Mire,
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mire vegetation development is clearly ob-
served in this spring area and there is not a
sharp boundary between the springs and ad-
jacent mire vegetation.

Springs and spring mires in Latvia are
associated with rare and protected plant spe-
cies, such as Ligularia sibirica, Swertia peren-
nis, Saxifraga hirculus, Liparis loeselii, Malaxis
monophyllos, Primula farinosa, Epipactis palus-
tris, Schoenus ferrugienus, Carex davalliana,
Cladium mariscus, Dactylorhiza incamnata, D.
ochroleuca, Malaxis onophyllos and Epipactis
palustris as well as bryophytes, like Hamato-
caulis vernicosus, Paludella squarrosa, Tricho-
colea tomentella, Helodium blandowii and Bry-

um weigelii.

Mires in the Kemeri National Park

The Kemeri National Park is rich in
mires and includes three raised bogs. The
largest is Lielais Kemeri Tirelis Mire with
the total area of 6.192 ha (GALENIEKS &
Kraukiis 1995). Zalais Mire (1.586 ha)
(NusBauMS 1998) and Raganu Mire (1.129
ha) (KRAUKLIS 1997) are smaller. Mire veg-
etation occurs also near Kudraine, Dunu
and Kanieris Lakes.

Lielais Kemeru tirelis Mire

Lielais Kemeru tirelis Mire is one of the
largest raised bogs in Latvia. Since 1977 the
largest part of the mire (5.762 ha) is a pro-
tected nature area, but since 1997 is includ-
ed in the Kemeri National Park. Lielais Ke-
meru tirelis Mire is the one that orinated be-
fore the other mires of the Kemeri National
Park and has been developing since the Bo-
real Time. It has formed mainly as the result
of ground paludification. Before 8500-7500
B.P fen vegetation started to develop and
fen peat accumulated except some areas
where small lakes were located, which be-
came terretrialized.

Lielais Kemeri Tirelis Mire has devel-
oped in the area that was covered by the
Baltic Ice Lake (NIKODEMUS et al. 1997).
After the retreat of the Baltic Ice Lake, fine
sand deposits formed the surface of the area.
Gradually, climate became milder and more
humid and paludication processes of miner-
al sediments started in large areas of gently
sloping and undulated plain, because of non
permiable dolostone formations close to the
surface, as well as ancient dunes have
stopped water flow to the Gulf of Riga. Peat
sedimentation started during the Boreal
about 8500 years ago. Sedges, reeds and
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grasses grew in the flar area declined to the
north, but pine forests dominated in vicini-
tv. The sedge, wooden sedge and pine-
sphagnum peat has been formed, which
nowadays has level of decomposition varied
from 30 to 50 % (KALNINA 1998).

During the Atlantic Time the climate
became favourable for more intense mire de-
velopment. As a result, mesotrophic plants
were replaced by eutrophic ones and Erio-
phorum-Sphagnum, Sphagnum angustifolium-
Scheuchzeria peat deposited, degree of de-
composition varied from 20 to 40%. During
the Subboreal and Subatlantic less inten-
sively decomposed (~20%) Sphagnum fus-
cum and Sphagnum magellanicum peat
formed.

A pollen diagram shows that since the
Atlantic Time there is a very rapid increase
in Sphagnum spores, but pollen composition
indicates about the broad-leaved forest max-
imum distribution in the surrounding (Fig.
5). Pollen, spore and botanical composition
of Sphagnum fuscum peat formed in the mid-
dle of the Atlantic Time (about 6000-5000
vears BP) and testifies that already at that
time there was a raised bog vegetation in the
Lielais Kemeri Tirelis Mire that has not sig-
nificantly changed until present. In the At-
lantic the hummock-hollow complex devel-
n]'\t:d.

During the Atlantic Time Due to the
humid and warm climate the raised bog de-
veloped rapidly and the thickest peat layers
(2.5 — 3.0 m) were formed. A second very
intensive period of peat formation was the
Subatlantic (since 2500 years BP), when
Sphagnum fuscum and later Spagnum magel-
lanicum peat formed (~2 m) under humid
and cool climatic conditions.

Paleoboranical studies of the Lielais Ke-
meri Tirelis Mire peat sequence proves that
vegetation was original from the very initial
- fen phase, when Myrica gale and Tri-
chaphorum cespitosum pollen and plant re-
mains are found since the end of the Boreal
Time. The insignificant presence of the an-
thropogenic indicator and Cereales pollen
suggest weak influence of ancient human
activities and natural change of vegetation
composition (KALNINA 1998). However, at
the level of 60-70 cm, together with the in-

crease of pollen of ruderal plants and ereales

pollen the increase in concentration of
heavy metals is observed.

At present, the largest part of this mire
includes raised bog vegetation and only the
northern and western bog margins there is
transitional mire vegetation. The mire is
characterised by a hummock-hollow com-
plex and lakes. Ancient dune formations
separate the Lielais Kemeri tirelis Mire from
the Gulf of Riga (ZELCA et al. 1990).

Raganu Mire

Raised bog vegeration dominates in Ra-
ganu Mire. In the northern part fen vegeta-
tion appears fed by ground waters rich in nu-
trients. Peculiar feature of the mire are sul-
phur springs surrounded by raised bog vege-
tation but still including fragments of earli-
er rich fen vegetation with Schoenus ferrug-
ineus. Cladium mariscus is observed near sul-
phur springs growing together with Phrag-
mites australis, Myrica gale, Menyanthes trifo-
liata, Comarum palustre (Fig. 6). In the
bryophyte layer Calliergonella cuspidata, Scor-
pidium scorpioides, Sphagnum wamstorfii, Cal-
liergon  stramineum, Cladopodiella  fluitans,
Bryum pseudotriguetrum occur. Also protect-
ed plant species, like Saxifraga hirculus,
Schoenus ferrugineus, Primula farinosa and
Paludella squarrosa occur there as well.

Sulphur springs and rich fens appear al-
so near Dunieris Lake where large growths
of Cladium mariscus are known. The schrub
layer is characterised by Pinus sylvestris, Be-
tula pubescens, Myrica gale, but the herb lay-
er includes Phragmites australis, Sesleria
caerulea, Schoenus ferrugineus, Primula fari-
nosa, Pinguicula vulgaris, Triglochin palustris,
Potentilla erecta, Molinia caerulea, Succisa
pratensis, Cladium mariscus, Oxycoccus palus-
tris, Calluna vulgaris, Potentlla evecta and
Drosera rotundifolia.

Fig. 6: Sulphur springs in Raganu Mire.
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Fig. 7: Inter-dune mire complex in the
Slitere National Park.
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Mires in the Slitere National Park

The Slitere National Park is located in
the far north of the western part of Latvia
and it stretches along the coast of the Baltic
Sea. All main types of forests and mires of
Latvia are represented there (SEILE & RERI-

HA 1983).

Most peculiar is the zone of Littorina
Sea Plain accumulation, represented by se-
ries of alternaring long narrow walls (beach
barriers with cover of eolian deposits) and
narrow depressions between ridges (usually
occupied by mires and lakes). This forms the
bottom of the inter-dune mire complex. In
some cases, when depressions have been
filled- in up to to top of ridges, mire has con-
tined to grow and has covered also the
ridees, and converged with other interdune

¢ an continous raised bog cov-

mires creatir
r like Razi Mir
Ll ;!l\t [\:_. IVLITE

The above mentioned alternat

a unique landscape. The complex of

.{TLi E['iTL‘T-LI:IJ!'lL' mires

between them

Before the mire vegetation started to de-
\\']l'}" !}l('FL" :}n-n- was open water }‘t_'T\\L'i_"IE
the dunes and the terrestrialisation process-
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Inter-dune mires are a specific mire type
that occurs only in the western part of
Coastal Lowland. It is the most peculiar

zone of Litorina Sea Accumulation Plain
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(Caricetum limosae). The communities in-
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Eviophorum polystachion, E. gracile, Menyan-
thes trifoliata, Carex limosa, C. chordorrhiza, (

lepidocarpa, Stellaria  alsime, S. palustre,
Scheuchzeria palustris, Drosera anglica, D. inter-
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with Spagnum papillosum. Also Myricetum
gale indicating the previous minerotrophic
mire conditions, but is presently already sur-
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dominated bryophyte carpet.

Conservation value of the inter-dune
mire complex is associated with the geolog-
ical development of the area. It is connect-
ed with mire development and a high plant
species diversity including a considerable as-
semblage of g'rnn-m'-_i _[‘-|:mT of Latvia, like,

fusca (one of four known |

| W I P
VICLAXTS

Hammarbya paludosa,
Larex heleonastes, Juncus

TRl o = iy
wamaltd, Lipans wesel,



with Schoenus ferrugmeus and other rare

like Carex davalliana, incus subn-

(the only

Specues,

] 1 1
odulosus known locality in
The rich fen includes also

]—h\ !

1] . tal s
are  Parnassia  palustris,

Latvia). springs
aind flushes.

ther typical fen species
P,

mguicuia  vudgars,

P sa, Carex hostiana, (

nmuld Jc

panicea,
D --L'J'l:'- leuca, Gym-
“Tr.'j' 17
Campylisem stellatum, Call
Ph

.

Cratonoeron filicinum grow near the flushes.

Dactylorhyza incarn

ocladus Tevolvens,

nadenin . .
naderia conopsea,

1l tadara
oneud cuspaata

2 3.] 1 P g
onons caicarea, f aiustrella commutat,

Bazi Mire

Inter-dune mire complex in the Slitere
National Park borders with Bazi Mire that is
a raised i\nu of a coastal ype with a total
area of 1.880 ha. The largest ridge is up to
15 km long and crosses the Bazi Mire. Mires
_H‘hi even ~l1'l:i” !.EL'L'?\ are 'i‘ cated between

the ridges.

Bazi Mire has formed in the area where
elongated eolian sand dunes change by de-
pressions where inter-dune mires are locat-
ed. Bazi Mire

which depends from situation of the dunes,

has the three angle form,

both in the mire bortom as well bordered
dunes, which has been not covered by peat

vet (Fig. 8).

This mire has formed at the very end of

the Atlantic Time, when due to compara-
tively high groundwater level in the depres-
sions between high ancient dunes there
were wet conditions favourable for fen veg-

etation development.

Large biomass of these plants after decay
promoted fen peat formation. “C data for
the very lower fen peat layer indicate it for-
mation on the sandy surface before the year

4429 (Fig. 9) during the Subboreal Time.

Fen type peat sequence has formed only
in the lower part of the depressions, and in
some places it has sand admixture, which
indicate owerblowing of the dunes. Presence
of the Equisetum spores in the very lower
peat layer indicates wet conditions. In the
vicinity of the present Bazi Mire there were
distributed Pinus-Betula-Alnus forests with
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Fig. 8: Satellite image from Bazi Mire in
the Slitere National Park.

Fig. 9: Pollen diagram from Bazi Mire in
the Slitere National Park.
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some Quercus and and Ulmus. Number of
Urtica, Chenopodiaceae, Plantago pollen and
a large amount of charcoal dust particles in
the lower peat layer point out to the ancient
human presence in the surrounding area.
Number of broad-leaved trees gradually de-
creased during that accumulation of the fen
peat layer with sand admixture. Upward in
the peat section the increase of Picea has
been noted. When depressions were filled
by peat, it covered also dunes and formed a
continuous peat cover. Peat formation be-
came more intense and gradually changed
from fen and transition peat to raised bog,
where Sphagnum and Eriophorum vaginatum
- Sphagnum dominated. The very upper
Sphagnum peat layer of 1 m thickness has
been forming during 740 years or aproxi-
mately 1,3 mm per year. This layer is main-
ly represented by low decomposed (5%)
Sphagnum peat. Pollen diagram indictes to a
very sharp increase of Sphagnum spores at
the same level when the start of Sphagnum
peat development was determined. At pres-
ent Bazi Mire includes the typical raised bog
vegetation of coastal type with the hum-
mock-hollow complex.

Cena Mire Nature Reserve

Cena Mire is located in the Coastal
Lowland. It is specially protected nature

area with the total area of 2.133 ha, an Im-
portant Bird Area (IBA) with the total area
of 2.826 ha.

Geological studies reveal that Cena Mi-
re has started to develop about 6000-6500
years ago. At present, peat thickness can re-
ach almost 6 m, but mean layer thickness is
about 3 m.

Cena Mire developed in the Holocene
in the depression of the Baltic Ice Lake,
where wide depression occured just 6.8 to
7.2 m above sea level, with some elevation
in the borders (9.0 ~ 9.5 m as.l) (LAcis
2003). Bottom of the depression is located
close to the sea level. Due to groundewater
level rise, it caused water accumulation in
the depression and ground paludification.
Humid and warm climate, as well as high
groundwater level during the Atlantic Time
resulted in very wet conditions in the de-
pression, which were favourable for fen spe-
cies, like Carex and Phragmites. “C datings
indicate that the very lowest wood-fen peat
layer has formed before 4331+66 years. Pol-
len diagram shows the gradual decrease of
the broad-leaved tree pollen, which indica-
te also to the deteoration of climate, parti-
cularly decrease of the mean year tempera-
ture (Fig. 10).
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Since the origin of the mire it has been
growing vertically and horizontaly and co-
vered large areas and until first half of the
20th centuary. It became one of largest (mo-
re than 10.000 ha) raised bogs in Larvia
with well- expressed humock-bog pooll mi-
crorelief and raised bog domes reaching 4-3
m height (KALNINA et al. 2005). At present
a large part of Cena Mire has been degraded
due to peat cutting, but the areas around all
three dome are preserved and now is a spe-

cialy protected nature area.

Due to the peat growth the influence of
the groundwater diminished and the mire
was fed mostly by nutrients obtained from
the precipitation. [t caused changes also in
the vegetation composition — sedge, reed
and tree species decreased and oligotrophic
plants appeared, represented by different
Sphagnum species and Eriophorum vaginatum.
Decomposition of the Shpagnum peat is low
and rarely exceeds 15%. According "C
dates raised bog peat has been accumulating
at least since before 2464+64. Rate of raised
bog peat accumulation reached 1,3 mm per

vear in the Cena Mire.

Paleobotanical studies indicate that dur-
ing the late Atlantic Time in the area of Ce-
na Mire due to rising of groundwater level
there were favourable conditions fen plant
growths and afterwards wood-fen peat for-
mation (KaLniNa 2003). Conditions were
also favourable for the broad-leaved forest
disribution in the surrounding of Cena Mire
area at the f‘::uinm_u of mire tormation,
which promoted large grass biomass forma-
tion in this area and decomposition process-
es. The climatic changes during middle part
of the Subboreal (SB2) caused replacement
of the fen and transition mire vegetation by
the raised bog vegetation and the main peat
forming plant during that time is Sphagnum
fuscum, except some intervals where impor-
tance of the Sphagnum angustifolium and
Eriophorum vaginatum increased. The initial
changes appear in the very upper peat laver,
where in the peat composition Sphagnim
magellanicum is dominating. Pollen compo-
sition and "*C datings indicate human activ-
ity traces during three separate time spans:
the Neolithic Age, Iron Age and since Me-
dieval Time untill nowadays.

At present Cena Mire includes raised

bog vegetation of the Classes Oxycocco-

Sphagnetea and fen vegetation of the
Scheuchzerio-Caricetea fuscae. The vegeta-
tion of the intact part of Cena Mire has a ty-
pical hummock - hollow complex and in-
cludes labyrinths of bog pools and ridges.
Bog pools have a concentric pattern and are
located on both sides of the soak area that
comprises transition mire vegetation (Fig.
11). Cena Mire is surrounded by bog wood-

land and pine forests.

Cena Mire is a unique bog because it is
one nf' l‘hv tew r:llnuf }‘mu.\ tlt' L;!l\'!;l llmr pos-
sess the features of the coastal raised bog ty-
pe as includes Trichophorum cespitosum, and
also the features of the eastern bog type as is
the habitat for Chamadaphne calyculata. Ce-
na Mire comprises the typical raised bog
communities, like Sphagnetum magellanici,
Rhynchosporetum albae, as well as fen vege-
tation of Caricetum rostratae, Caricetum la-

siocarpae.

Cena Mire is the habirat for three pro-
tected vascular plant species of Latvia — Be-
tula nana, Dactylorhiza maculata and Tricho-
phorum cespitosum and two bryophyte spe-
cies — Calypogeia sphagnicola and Sphagnum
pulchrum. Still, the main value of the site are
raised bog habitats that are highly important
for 19 protected bird species of Latvia -
Aguila pomarina, Pandion haliaetus, Haligetus
albicilla, Circaetus gallicus, Circus aerugino-
sus, Tetrao tetrix, Numenius arquata, N
phaeopus, Pluvialis apricaria, Ciconia nigra,

C. ciconia, Tringa glareola, Dryocopus mar-

Fig. 11: Raised bog vegetation in Cena
Mire.
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silt with plant remnants

tius, Grus grus, Crex crex, Tringa totanus, La-
rus ridibundus, Lanius excubitor and L. collu-
rio. Cena Mire is an important overnight
area for Anser fabalis and A. albifrons and is
one of the best nesting areas of Grus grus in
Latvia .

Sarnate Mire Nature Reserve

Sarnate Mire is located in the western
part of Castal Lowland, western part of
Latvia. At present, about 2.5 km wide main-
land belt, that has been a former coastal bar
occurs between Sarnate Mire and the Baltic
Sea. The protected area of the mire reaches
2.368 ha.

In the Younger Dryas, with the fall in
the level of the Baltic Ice Lake, silt and silty
sand with a small amount of organic matter
was laid down in the area of the present-day
Sarnate Mire. In the Preboreal this area was
in the coastal zone of the Yoldia Sea
{MURNIECE et al. 1999). The 20-30 cm
thick Hypnum peat layer immediately over-
lies the sandy clay in the large part of pres-
ent mire area, while in the northem partsilt
with plant remains were deposited. The sed-
iments described have pollen spectra (Betu-
la maximum) characteristic of the Prebore-
al, which is confirmed by the date of 8900+-
90 (LE-901, DoLuKHANOV 1977).

The level of the Ancylus Lake was about
4-5 m higher than the present sea level, and
the area contained one or more shallow
coastal lakes which were cut off from the
open water of the lake on the western side by
a narrow (0.3-0.5 km wide) spit of land. The
upper layer of freshwater lime evidently accu-
mulated during the time of the Ancylus Lake
in larger part of area, except northern part,
where gyttja overlay fen peat. The pollen
spectra show the Pinus maximum (Fig. 12).

The northern part of Sarnate Mire has
formed by ground paludification already
during transgression and regression phases of
the Ancylus Lake. Raised bog peat started to
accumulate there during the Atlantic Time
but the largest part of mire at that time was
an ancient lagoon, because during the Litto-
rina Sea transgression, seawater entered the
low area between Ventspils and Sarnate
through the area of the Venta River mouth.
As a result, large and shallow lagoon
formed. Pollen composition from sediment
sequences deposited at that time reflects
largest distribution of the broad-leaved trees
(pollen zones Ulmus-Tilia-Alnus, Corylus-
Ulmus-Poaceae) in the area.

Transgression and regression of the Lit-
torina Sea has significantly influenced the



mire development. Sediment sequences in-
dicate the changes from lake to mire and
back as in Sarnate several sections from the
central and southern part of area, where two
transgression waters of Litorina Sea were ob-
served (KALNINA & PAKALNE 2003). During
Littorina Sea regression phase the lagoon
was cut off from the sea through the process
of long-shore drift, the salinity of the water
decreased progressively, the water level fell
and the lagoon rapidly was divided into sep-
arate lakes. The gyttja layer formed in these
shallow lakes. This produced pollen spectra
with significant proportions of Quercus and
Alnus pollen, and Carpinus (KALNINA
1998).

Sarnate Mire is a paleobotanically inter-
esting place with a macrofossil record of Tra-
pa natans in the gyttja under the fen peat.
During the Atlantic Time Trapa natans grew
in the lake and was used for food by Ne-
olithic people. At this time it was situated
on a narrow strip of land between three
lakes, which at present are almost entirely
terrestrialised.

The shallow lagoon lakes during the
Subboreal Time were separated by low,
paludified flat lands. Since the second part of
the lakes have gradually terrestrialised and
filled-in with fen peat and latrter also raised
bog vegetation. Raised bog vegetation occurs
at that time in the northern part of mire.

The Subboreal was characterized by a
warm, dry climate, and during this period
the Sarnate lagoon lake became terrestri-
alised and fen vegetation developed. In the
pollen diagram we may trace a significant
increase in herb pollen, as well as the Picea
maximum, indicating the Subboreal Time.

During the Subatlantic period, as the cli-
mate became cool and wet, the raised bog
vegetation developed and Sphagnum peat
formed in almost entire area of Sarnate Mire.

Pollen diagram from Sarnate Mire re-
flects vegetation development since the Bo-
real Time when pine forests were distributed
in the area before the climatic maximum.
The data obtained and compared with that
from earlier studies allow us to find out that
raised bog vegetation earlier developed in
the northern part of the Sarnate Mire than
in the largest par of area, which was occu-

pied by lagoon during Littorina sea trans-
gression phase. Fluctuating pollen curves in-
dicate the impact on the vegetation by the
Neolith man.

Nowadays, the largest part of the an-
cient lagoon area is replaced by raised bog
although fen vegertation in Sarnare Mire al-
though occurs as well, mainly in the area of
the earlier lakes.

Raised bog vegetation dominated in Sar-
nate Mire and has typical hummock-hollow
complex with Sphagnum magellanicum, S.
rubellum, S. fuscum in the bryophyte layer.
Hummocks are the driest place in the mire
expanse and include Calluna vulgaris, Oxycoc-
cus palustris, Andromeda polifolia and Drosera
rotundifolia, Empetrum nigrum.

In the hollows Rhynchospora alba domi-
nates and bryophytes, like Sphagnum cuspi-
datum and S. tenellum are common while
Scheuchzeria palustris, Rhynchospora alba and
Drosera anglica are typical vascular plants in
these microhabitats. Cladina stygia, C. niss,
C. portentosa appear on higher hummocks.
Calluna vulgaris, Eriophorum vaginatum, An-
dromeda polifolia, Rubus chamaemorus are
common species in the mire. In lawns occa-
sionally Trichophorum cespitosum occurs. Pi-
nus sylvestris is scarce in the mire expanse.

Raised bog communities, like Sphagne-
tum magellanici, Empetro nigri-Sphagne-
tum fusci, Rhynchosporetum albae are com-
mon in Sarnate Mire.

The central part of Sarnate Mire is in a
natural status, but the margins in some parts
are influenced by drainage and due to the
changes in hydrology soil erosion takes
place. In areas with the influence from the
artificial drainage the dense cover of Callu-
na vulgaris and the decrease of Sphagnum
carpet are observed. Bryophyte species, like
Pohlia sphagnicola, Calypogeia sphagnicola,
Kurza pauciflora, Mylia anomala become rare
or disappear near the ditches. It results in
the change and even degradation of the
species composition of raised bog communi-
ties. Invasion of birch and pine takes place.
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Fig. 13: Klani Lake.
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Klani Mire Nature Reserve

Klani Mire Nature Reserve is situated in
the Coastal Lowland geobotanical district
Klani Mire Nature Reserve with the toral
area of 1.615 ha is located in abour abourt 9-
12 km south from the coast of the Baltic

Seéa.

Klani Mires Nature Reserve includes
two raised bogs (Klani Mire covers 442 ha,
Punu Mire 325 |'1.I'L forests, meadows, rich
and poor fens and Klani Lake (67 ha). Klani
Lake (Fig. 13) is one of the few ancient la-
poon lakes of the Litrorina Sea in Latvia and
is characterised by high species and habitat

diversity.

According palynological analysis Klani
Mire started to develop as a result of the ter-
restrialization of Klani Lake abour 6000
years ago after the regression of the Littori-
na Sea. Klani Mire has originated from the
coastal lu,;- ¥Om ].sLL' and f‘.'u_'rci- e (ransgres

of Litt

nificantly influenced
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iquatic plant and un-differentiated herb
pollen (Fig. 14). Presence of Trapa natans
{‘\-Hd‘. it the late course of the climaric
maximum is similar as in the Sarnare and
indicates favorable growth conditions for-

Trapa natans, which was widely distributed

in the lakes during end of the Artlanric

Time

During the Subboreal, under condirions
of warm and dry climate the terrestrialisa-
tion of Klani Lake rtook place. Shallowest
places of the lake have filled- in with Carex
peat during that time. Pollen of aquatic
-

creased, but Picea was widely distributed in

ants as well as of br !I[]L l'w\] trees de-

the forests. Ericales, mainly Calluna vulgans
increased as well as was Juniperus was pres-
ent in the surrounding of the site. Sharp de-
crease in Picea and Ericales and increase in
Pinus and Betula indicate the change of the
climate and hydrological conditions towards

the upper part of the section.

Presence of cultivated plant pollen
(Hordeum, Triticum, Cannabis type) indicate
human activities in the surrounding areas of

the Klani Lake already since climatic opti-

mum, when there were favourable condi-

tions for growing of broad-leaved trees.

At present, development of mire vegeta-
tion can be still observed near Klani Lake
where reed swamp and rall-sedge vegeration
(Phragmitetum communis); fen vegetation
(Caricetum rostratae, Caricetum lasio-
carpae) is present. Fen vegetation leads into
raised bog communities, like Sphagnetum
magellanici, Eriophoro-Trichophoretum ce-
spitosi, Emperro nigri-Sphagnetum  fusci,

Rhynch sporetum albae

On sandy shores of Klani Lake plant

r Bl :
communities with f\f‘.‘.:id:m;" md Jusca

= n r
OCNAarts muwocawis as well as Lobela aom

manna are characteristic

Klani Lake is the only locality of

lticaulis in Latvia and one of
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bog hummocks Calluna wvulgaris, Ledum
palustre, Rubus chamaemorus, Eriophorum
vaginatum, Empetrum nigrum, Oxycoccus
palustris and Drosera rotundifolia occur in
herb layer. Sphagnum magellanicum, S. rubel-
lum and S. fuscum are the most common
bryophytes; the other species on hummocks
include Dicranum affine, Pleurozium schre-
berii, Mylia anomala, Calypogeia sphagnicola,
Kurzia pauciflora and Pohlia sphagnicola. In
hollows Rhynchopora alba, Andromeda polifo-
lia, Oxycoccus palustris and Drosera anglica
appear, while in the bryophyte layer Sphag-
num cuspidatum, S. flexuosum and Cladopo-
diella fluitans are common.

Stikli Mires Nature Reserve

Stikli Mires Nature Reserve is the
largest raised bog complex in the West
Latvia geobotanic District. It includes five
raised bogs. The largest raised bog is Stikli
Dispurvs Mire with the total area of area of
724 ha. The others include - Vasenieku
Mire (497 ha), Vanagu Mire (354 ha) and
Zvagulu Mire (244 ha), Pumpuru Mire (283
ha). The raised bog vegetation has the hum-
mock-hollow complex and the bog pool
labyrinth. The bogs are mostly open with
sparse pine belts on the bog margins. The
mosaic of mires with small lakes in their
centre, surrounded by wet forests, has pro-
duced a large diversity of mire communities
and species. The characteristic species of

20 4 & ° 2 2 40

western bog types, Trichophorum cespitosum,
occur there. Bog hummocks are charac-
terised by Empetro nigri-Sphagnetum fusci
and Sphagnetum magellanici. In bog hol-
lows communities with Rhynchosporetum
albae and Caricetum limosae occur. Transi-
tional mire vegetation covering rather sig-
nificant areas in the marginal parts of Stikli
Mires includes Caricetum rostratae. Small
fen fragments with Caricetum lasiocarpae
occur also on mire margins. The rare
bryophytes Bryum cyclophyllum and Sphag-
num lindbergii grow on this raised bog.

Drainage ditches in Vasenieku Mire still
damage the mire hydrological regime. This
has resulted in the degradation of the raised
bog habitats on mire margins. In Vasenieku
Mire the drainage ditches are even up to 2
m deep.

Raised bogs, forests and grasslands in the
Slikli Mires Nature Reserve are important
habitats for 24 protected bird species of
Latvia — Aquila pomarina, Crex crex, Cygnus
cygnus, Ciconia ciconia C. nigra, Aquila po-
marina, Grus grus, Pluvialis apricaria, Tringa
glareola, Columba oenas, Circaetus gallicus,
Numenius arquata, Circus pygarcus, Glaucidi-
um passerinum, Pandion haliaetus, Aegolius fu-
nereus, Tringa glareola, Columba oenas, Glau-
cidium passerinum, Caprimulgus  europaeus,
Picoides tridactylus, Dryocopus martius, Picus
canus and Lanius excubitor. Stikli Mires Na-
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Fig. 14: Pollen diagram from Klani Lake.
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Fig. 15:
Satellite image
from Engure
Lake Ramsar
site.
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ture Reserve is considered as an important
resting and overnight site for the migrating
Anser fabalis [A. albifrons and Grus grus

species

Ramsar sites in Latvia

Currently there are 6 Ramsar sites in

Latvia — Kanieris Lake ake, Teici

Kanieris Lake |

spp- During growing season, rich emergent

vegetation ( Phragmites, Typha) cove

40% of the lake, which is surrounded by
sedge meadows, fens, and both wet and dry

coniferous torest.

Sulphur springs, rich fens and swamps
wccur near the lake. In the northern part of

3 2 :
the lake very dense Phragmites australis

stands occur, but in the western .m-_] south-

ern parts they are separated by water. Tl

eastem ;'-H'r 1S mainily llrL".nl walter

torming large stands
(Cladietum marisci). Rich fen vegetation
Schoenetum ferruginei and Caricetum lasio-
carpae occurs there as well. The rich fen
vegetation includes Schoenus ferrugineus,
Primula farinosa, Pinguicula vulgaris, Epipactis
palustris, Carex panicea, C. hostiana, C
buxbaumii, Scorpidium, scorpioides, Fissidens
adianthoides, Campylium stellatum, Callier-
goinella cuspidata and Drepanocladus revol-

vens.

Kanieris Lake is recognised as one of the
most important coastal wetlands in Latvia
ind has been idenrified as an international-
ly significant nature conservation area by
HELCOM, the World Conservation Union
(IUCN), the World Wide Fund for Nature
(WWF) and BirdLife Inrernarional. The

territory supports an appreciable assemblage

of rare, vulnerable or endangered species or

subspecies of plants including All
schoenoprasum, A. ursinum, Carex buxbaumii,
C. scandinavica, Ceratophyllum submersum,
Cladivum mariscus, Dactylorhiza incarmata,
Dentaria bulbifera, Lemna gibba, Liparis loe-

and Schoenus ferm

N .
selit, Najas me

UIphrys

and breeding water-
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va, Fulica atra, Philomachus pugnax, Larus
ridibundus, Sterma hirundo, Bubo bubo and
Ficedula parva.

Engure Lake

Engure Lake covering 3.500 ha (Oper-
MANIS 1998) is located in the western part
of Latvia, in the Coastal Lowland geobotan-
ic district. Engure Lake is situated at the
western coast of the Gulf of Riga, from
which it is separated by 1.5 to 2 km wide
dune area. Protected nature area was estab-
lished there in 1957 but the status of the
Ramsar site Engure Lake obrained in 1995.
The lake is included in the List of Important
Bird Areas with the toral area of 11.433 ha.

It is the largest relict lake in the coastal
area and has remained there since the Litto-
rina Sea time (Fig. 13). During the first and
the second regressions, a 20 km long sandy
buried split with dunes separated a wide in-
let from the open sea (EBERHARDS &
Savtupe 2000).

Engure Lake is connected ro the Gulf of
Riga through the canal thar was built in
1842. Construction of this canal lowered
the water level for 1.5 m and the area and
depth of Engure Lake abruptly decreased,
causing the terrestrialisation of the free from
water areas. The area of Engure Lake was re-
duced from around 90 km? to 45-52 km?.

Reedbeds formed by Phragmites australis,
Typha angustifolia, Scirpus lacustris and rich
submerged vegetation dominate in the lake.
Also Cladium mariscus and Myrica gale oc-

curs on lake shores.

The silty lake-bottom is covered with al-
gae (stonewort Chara). Engure Lake is shal-
low, filled with organic deposits, with the
depth which during the growing season does
not exceed 2.5 m. To the west of the lake,
there is a 1-3 km wide zone of wet, mixed
forest. To the east, there are Pius forests be-
tween the lake and the sea. In the lower de-
pressions rich fen vegetation with Schoenus
ferrugineus has been developing since 1842

when the water level in Engure was lowered.

The rich fen vegeration surrounding En-
gure Lake is characterized by high species di-
versity and includes tall-sedge vegetation as

well as rich fens.

After the lowering of the water level in

1842 on higher ridges of the exposed area
Pinus sylvestris forest started to develop
while in lower areas extremely rich fen veg-
etation with Schoenus ferrugineus originated
between the former coastal formations of
the Litorina Sea.

In the western part of the in the terrestri-
alised area of Engure Lake rich fens with have
developed on more thick peat layer than in
the eastern part where they are located in the
depressions of the ancient formations of the

Lirtorina Sea on the on lake sediments.

Schoenus ferrugineus tussocks is a common
feature in this rich fen vegetation which in
places have united forming larger hummocks
where bryophytes such as Campylium stella-
tum, Calliergonella cuspidata and Scorpidium
scorpioides are common (Fig. 16).

Rich fen community Schoenetum fer-
ruginei is most typical in the area surround-
ing Engure Lake (PAKALNE 1994). Schoenus
ferrugineus often is together with Phragmites
australis and other species, like Primula fari-
nosa, Epipactis palustris, Carex panicea, C.
flacca, Dactylorhiza incamata, D. cruenta, Li-
paris loeselii, Parmassia palustris, Pinguicula
vulgaris, Ophrys insectifera and Equisetum
variegatum. In the bryophyte layer Scorpidi-
um scorpioides, Campylium stellatum, Callier-
gonella cuspidata, Fissidens adianthoides,
Bryum pseudotriquetrum, Preissia quadrata,
Riccardia multifida and Anewra pmguis appear.
Bryophyte species, such as Moerckia hiberni-
ca firstly was found in Latvia near Engure
Lake in the rich fen. It is still one of the few

known habitats of this species in Latvia.

Fig. 16: Rich fens
near Engure Lake.
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The lake itself and the surrounding
buffer zone meets all the requirements of the
Ramsar convention: holds high biodiversity
(more than 800 vascular plant species, 170
nesting bird species), high number of threat-
ened species (40 threatened vascular plant
species, 2 bird species globally threatened,
38 bird species threatened in Europe), holds
simultaneously much more than the neces-
sary 20.000 specimens of waterfowl, repre-
sents a specific group of water bodies, i.e.
remnants of Littorina Sea being at the same
time unique as the only of them still rela-
tively unpolluted.

Teici and Pelecare Mires

Teici and Pelecare Mires are located in
the East Latvia geobotanic district. The to-
tal area of the Ramsar site reaches 24.000
ha. The mires are a part of the Teici Narure
Reserve with the total area of 19.047 ha.
The area is recognized as an [IUCN Manage-
ment Category I: a protected area managed
mainly for science or wilderness protection
(BERGMANIS 1996).

transitional grass peat

L. Kalnipa
Carex-Hypnum peat clayey gyttja clay

Teici Mire is a typical raised bog of east-
ern type. Raised bog vegetation is most
common, fens occur fragmentary, mainly
near lakes and on mire margins. Its origin
has begun already in the Preboreal and had
passed the minerotrophic phase of mire de-
velopment to reach the ombrotrophic phase
of a raised bog (LAcis & KALNINA 1998).
During the Atlantic period, raised bogs had
already developed in the large mire com-
plexes, but during the Subatlantic they also
developed in the smaller ones. Teici Mire
has developed both as a result of lake terres-
trialization and ground paludification.

The base of the raised bogs formed about
10.000 years ago during the de-glaciation
phase of the latest ice age. Peat formation
started some 8000 years ago. Sand and grav-
el and lacustrine clay underlie the peart lay-
er, which has a mean depth of 3.5 m (with a
maximum peat layer of 9 m). Today all 19
larger bog lakes cover more than 400
hectares. The bog is situated in an elevated

position between the Rivers Daugava and
Aiviekste and therefore the direction of all



water flow is out of the bog. The site fulfils
an important role in groundwater filtration,
and in providing local hydrological stability.
The climate is continental when compared
to other parts of Latvia.

Teici Mire is a typical raised bog of east-
emn type. lts origin has begun already in the
Preboreal and had passed the minerotrophic
phase of mire development to reach the om-
brotrophic phase of a raised bog (LACiS &
KALNINA 1998). During the Atlantic period,
raised bogs had already developed in the
large mire complexes, but during the Subat-
lantic they also developed in the smaller
ones.

During the final stage of Late Glacial,
dead ice blocks covered the area of Teici
Mire (ZELCS et al. 2003). After complete
melting, about 12.000 years ago, the glacier
and its melting waters had left an undulat-
ing relief in the area with well distinguished
hollows and ridges. The position of different
events is regarded as rough estimations using
pollen data. The diagram obtained from
spore-pollen data (LAcis & KaLNiNa 1997,
1998) reveals that sand and clay in the mire
bottom have accumulated during the older
Dryas (DR2) period under arid and cold sub-
arctic climatic conditions (Fig. 17). Domi-
nance of Betula nana and Artemisia pollen,
Bryales spores as well as presence of Ephedra
and Selaginella are noticed.

About 10.300 years ago at the beginning
of the Preboreal, climate became milder and
in the bottomland sites around lakes and in
other depressions fen peat and gyttja started
to accumulate in narrow zones. It is formed
by plant remnants that have been growing
under excess humidity. Hypnum, Carex- Po-
aceae, Carex- Poaceae-Hypnum, more sel-
dom wood- Carex- Poaceae and wood peat
cover the mineral bottom of the depres-
sions, the absolute elevation of which ran-
ges within 95-103 m a.s.l. In the surroun-
ding area very scanty woodland dominated.

About 9000 years ago when the Boreal
climate became warmer and less humid, the
ground-water level lowered (LaCis &
KALNINA 1998). The mire vegetation was
fed more by precipitation. The eutrophic
plant species were gradually replaced by
mesotrophic ones. Hypnum moss was re-

placed by Sphagnum species, Eriophorum
vaginatum appeared. In the woody stands Pi-
nus became important, then alder and some
broad-leaved trees appeared on the mire
margins. The mire rose vertically and water
streamed away to its edges promoting a hor-
izontal widening of the bog and paludified
the lowest sites (100-104 m a.s.l.). Lake ter-
restrialisation started on silty gyttja. Transi-
tional peat is formed by well-decomposed
(36%) grass-Sphagnum peat, where Sphag-
num angustifolium, S. fuscum and S. subse-
cundum comprise 35-80 %. According to the
pollen dara, the upper limit of Boreal is
marked in pollen diagram by a sharp raise of
Alnus and Ulmus pollen curves that demon-
strates significant changes in regional vege-
tation.

About 7400 years ago the climate chan-
ged and warm and humid Atlantic climatic
conditions commenced. In the central areas
of the mire where 2-3 m thick layer of peat
had accumulated ombrotrophic vegetation
developed.

During the Atlantic Time a 1-2 m thick
layer of Eriophorum-Sphagnum peat accumu-
lated, where Sphagnum residues comprised
55-70 % in the peat. Pollen data indicates
more favourable climatic conditions for up-
surge of broad-leaved trees in the region.
Although, during the Atlantic Time, partic-
ularly during its second part, the raised bog
conditions and microclimate in the mire
had already formed and regional climate and
vegetation changes did not effect the mire
vegetation. Such feature allows explaining
also the maintenance of Betula nana through
the Atlantic climatic optimum until the
present time.

The Subboreal set in before 4800 years
ago, when climate became slightly cooler
and in the surroundings of the mire spruce
forests became dominant. During this period
Sphagnum and Eriophorum basically formed
bog vegetation that produced Sphagnum
magellanicum peat. In this period an inten-
sive accumulation of peat occurred all over
the mire.

About 3000 years ago the climate be-
came cooler and more humid. During the
Subatlantic Time Sphagnum fuscum peat de-
veloped, occupying the upper part of peat.
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Sphagnum fuscum constitutes 45-90 % the
residue of peat. The other part of peat con-
sists of Sphagnum angustifolium and S. magel-
lanicum remnants and Eriophorum. Sphag-
num fuscum peat occupies a layer of 3-6 m.
During the Subatlantic Time raised bogs be-
came dynamic systems, growing rapidly in
both vertical and horizontal directions, ex-
erting considerable effect on dynamics of
the landscapes with 3-6 m high domes in
central part of some mire.

During the Subatlantic period smaller
mires joined rogether and some lakes be-
came terrestrialised. Filling-in of the lakes
was facilitated by their disposition close to
the bog’s edge, and they received waters rich
in mineral substances. In those areas transi-
tional Sphagnum angustifolium peat covers
the gyttja.

The most typical mire communities are
representative of the Oxycocco-Sphagnetea
and Scheuchzerio-Caricetea fuscae. The
raised bog vegetation dominated, fens occur
mainly near lakes where terrestrialisation
processes take place.

Teici Mire supports an appreciable as-
semblage more than 20 rare or threatened
plant species of Latvia. Betula nana grows
near the bog lakes and near bog pools. Salix
myrtilloides occurs in transitional mires.
Nymphaea alba and N. candida are associated
with lakes. Utricularia ochroleuca, Carex he-
leonastes, Liparis loeselii, Hammarbya paludo-
sa, Carex aquatilis, Dactylorhiza incamata, D.
maculata, Sphagnum  submitens, Helodium
blandowii, Cynclidium stygium and Scapania
irrigua grow in fens and transition mires. Co-
rallorhiza trifida, Eviophorum gracile, Drepano-
cladus vernicosus and Preissia quadrata occur
in fens. Sphagnum molle, Calypogeia sphagni-
cola and Sphagnum papillosum grow in raised
bog vegetation {BAMBE 1993).

The Mire is particularly good represen-
tative example of a near-natural bog. The
site plays a substantial hydrological biologi-
cal and ecological role in the natural func-
tioning of its locale. Teici Mire is the largest
intact raised bog in the Baltic region.

Teici Mire is especially rich in wetland
bird species: both quantitatively and quali-
tatively. It is a highly significant area for
birds, not only in Latvia but also in Europe.

Great numbers of bird species breed there.
For some bird species Teici Mire is one of
the most important nesting sites in Latvia.
The area also supports an important assem-
blage of nesting birds, including a number of
species of European conservation concern
(e.g. Gavia arctica, Ciconia nigra, Circaetus
gallicus, Aquila pomarina, Grus grus, Tetrao
tetrix and Limosa limosa. The territory regu-
larly supports substantial numbers of indi-
viduals of waterfowl. More than 8.000 geese
and 1,200 cranes use the site during their
migration. Most of the rare and important
bird species breed at the bog pools. Domi-
nant species there are Anthus pratensis,
Alauda arvensis, Anthus trivialis, Saxicola ru-
betra and Fringilla coelebs.

Northern Bogs

Northern Bogs (Kodu Mire and Saklau-
ra Mire) are located in the North Vidzeme
Biosphere Reserve. They include two raised
bogs with the total area of 5.318 ha. Kodu
Mire is the largest mire in the North
Vidzeme Biosphere Reserve. The northern-
most part of the mire is about 1 km from the
Estonian mire reserve Nigula. It is an open
raised bog, with a large bog lake in the mid-
dle of the mire, surrounded by a bog pool
labyrinth and hummock-hollow complex.
Small mineral islands within the bog are
covered with pine forest. Transitional mire
vegetation is characterised by Caricetum la-
siocarpae and Caricetum rostratae occurring
on the mire margin.

Raised bog species include Calluna vul-
garis, Rubus chamaemorus, Eriophorum vagi-
natum, Drosera rotundifolia, Oxycoccus palus-
tris and Andromeda polifolia accommpanied
by typical bryophytes, such as Sphagnum
magellanicum, S. rubellum, S. fuscum, S. an-
gustifolium, Mylia anomala, Kurzia pauciflora,
Polytrichum juniperinum, Aulacomnium palus-
tre and Pleurozium schreberi. The most com-
mon mire communities are Sphagnetum
magellanici on hummocks and lawns and
Empetro nigri-Sphagnetum fusci on hum-
mocks. Rhynchosporion  communities
(Rhynchosporetum albae, Sphagnerum cus-
pidati) occur in bog hollows. Kodu Mire
supports the rare plant species Trichophorum
cespitosum, forming a good example of Erio-
phoro vaginati-Trichophorenum  cespitosi



community characteristic for this western
raised bog type.

Saklaura Mire is a typical raised bog,
comprising two bog lakes — Lielezers Lake
(170 ha) and Mazezers Lake (25 ha) and a
labyrinth of bog pools. Raised bog vegeta-
tion includes mainly Sphagnetum magel-
lanici, Empetro nigri- Sphagnetum fusci
and Rhynchosporetum albae. Species diver-
sity is supported by a number of lichen
species, for example, Cladina rangifering,
Cladonia sylvestris and Cladonia stellaris,
sometimes occurring in great abundance. It
differs from the other mires of the North
Vidzeme Biosphere Reserve owing to the
presence of species both of northern and
north-eastern distribution, Betula nana, and
species of western distribution in Latvia, Tri-

chophorum cespitosum.

Northern Bogs are one of the most valu-
able mires in Latvia, both from the point of
view of mire vegetation and bird species.
The raised bogs are characterised by large
bog pools. Protected plant species, like Tri-
chophorum cespitosum and Dactylorhiza incar-
nata, as well as Betula nana are known there,
as well as protected bryophytes, such as Ca-
lypogeia sphagnicola. Northern Bogs is an In-
ternationally Important Bird area (RACIN-
skis & STIPNIECE 2000).

Northern Mires are a part of a UN-
ESCO Biosphere Reserve. They support an
appreciable assemblage of rare, vulnerable
and endangered species of birds and plants,
some of them occurring in great numbers or
densities especially during migration. In au-
tumn, at least 10.000 Anser fabalis and A.
albifrons are roosting. Breeding species in-
clude Circus pygargus, Falco columbianus,
Grus grus and Philomachus pugnax.

Pape Wetland Complex

The total area of Pape Lake and Nida
Mire reaches 6.800 ha (OPERMANIS 1998)
but that of Pape Lake comprises 1.200 ha.
Pape Lake and Nida Mire are included in

the Internationally Important Bird areas
(RaciInskis & STIPNIECE 2000).

The Pape Wetland is unique in the di-
versity of ecosystems concentrated in rela-
tively small territory, including coastal la-
goon, oligo-mesotrophic waters, natural eu-

trophic lakes, coastal dunes and raised bogs.
The area is an internationally significant
breeding, migrating and wintering site for

birds.

Pape Lake and Nida Mire Complex is
situated in the very south-western part of
Latvia. The area has a high natural history
value, representing the Baltic Sea develop-
ment history records in detail from the very
beginning of the Littorina transgression up
to the present day. A series of more ancient
Baltic Ice Lake coastal terraces and accumu-
lative landforms are located in the neigh-
bourhood of the mire and the lake, subdi-
vided by ancient mires, which are partly
buried by the Litorina Sea and present
dunes.

Pape Lake and Nida Mire represent the
southern part of a large terrestrialised Litto-
rina coastal lagoon chain that extends along
the entire Latvian coast of the Baltic Sea.

The area comprises raised bog, transi-
tional mire and fen vegertation. Part of Nida
Mire includes a considerable area of rich fen
vegetation dominated by Caricetum lasio-
carpae, C. diandrae and includes a large
population of Dactylorhiza ochroleuca.
Amongst the bryophytes Scorpidium scorpi-
oides, Drepanocladus revolvens and Campyli-
um stellatum are in great abundance.

Raised bog vegetation of Nida Mire is
represented mainly by Sphagnetum magel-
lanici on hummocks and Rhynchosporetum
albae in hollows. The species diversity is
supported by diverse lichen species. A lawn
community with Trichophorum cespitosum
occurs there. Transitional mire communities
are characterised by the dominance of Carex
rostrata and Sphagnum flexuosum.

Fens near Pape Lake contain Caricetum
elatae, Caricetum distichae, Caricetum ros-
tratae and Caricetum lasiocarpae. Other
communities with Cladium mariscus and
Myrica gale cover large areas around the
margins of Pape Lake.

The narrow strip of land between Lake
Pape and the sea is important for migratory
birds such as the goose Anser fabalis and sup-
ports thousands of bats, notably the Myotis
dasycneme. The site is an important place for
other species considered as vulnerable or en-
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dangered within international frameworks
like Lynx lynx, Castor fiber, Lutva lutra and
Lampetra fluviacilis .

Lubana Wetland Complex

The Lubana Wetland Complex (48.020
ha) is located in the Eastern Latvia and the
largest wetland in Latvia, with a shallow
freshwater lake — Lubana Lake, seven raised
bogs, transition mires and fens, inundated
grasslands, fishponds and wet forests.
Lubana Lake, the largest lake in Latvia
(80.7 km?) is a part of this complex. Lubana
Wetland Complex and includes good exam-
ples of almost all types of wetlands found in
Latvia - raised bogs, transition mires, fens,
wet forests, river floodplain meadows and
lakes, where a wide range of plant commu-
nities occurs.

The most valuable mires of this complex
are Lagazu-Snitku Mire, Berzpils Mire, Sala
Mire and Lubana Mire. Large open raised
bogs, bogs covered with pine and diverse
minerotrophic mires support a high diversi-
ty of plant species, including rare ones.
Hummock-hollow complex, bog pools and
lakes occur in the raised bogs of the Lubana
Mire Complex. Mire margins and mineral
islands covered with forest are characteristic
of some of the mires.

Mires in the around the Lubana Lake
have originated due to the terrestrialisation
of shallow water basins that remained from
the ancient Lubana basin formed by glacier
and its melting waters. Bottom of this an-
cient lake was very undulate and usually
were covered by lake sediments — clay and
gyttja. Filling-in of the basins took place in
different times starting from the Boreal to
the Atlantic Time. The favourable condi-
tions for mire formation (relief, low perme-
able sediments and relicts of shallow glacier
melting water basins in the depressions, as
well as, warm and wet climate) in the sur-
roundings of the Lubana areas resulted fill-
ing-in of shallow water basins and fen de-
velopment in the Berzpils Mire (at the end
of the Boreal) and in the Lielais Mire area
(at the very beginning of the Atlantic
Time). At the end of the Atlantic Time
both the raised bogs occupied large area.
The fen peat has been gradually replaced by
raised bog peat (LOSANS 2004).

The eastern bog community Chamae-
daphno-Sphagnetum magellanici occurs
there, characterised by the presence of
Chamaedaphne calyculata. Plant species with
northern and north-eastern distribution, for
example, Salix myrtilloides and Nuphar pumi-
la also grow in these mires.

Lubana Wetland Complex supports a
wide range of protected plant species of
Latvia, like Platanthera bifolia, Salix myr-
tlloides, Nuphar pumila, Hommarbya paludosa
and bryophytes including Sphagnum lind-
bergii (one of the few known species locali-
ties in Latvia).

The site is important for maintaining
bog-specific and rare bird species and wet-
land characteristic plant species and com-
munities. More than 26,000 waterfowl birds
rest in the area during spring migrations.
The site supports some particularly protect-
ed bird species like Haliaeetus albicilla, Aquila
clanga, Gallinago media, Crex crex and pro-
tected mammals such as Castor fiber, Lutra
lutra, Canis lupus, Ursus arctos and Lynx lynx.

Zusammenfassung

Moor-Okosysteme in Lettland - In
Lettland bedecken Moore 4.9 % der Landes-
fliche. Zu den Torflagern, das sind Torfvor-
kommen, die gréBer als | ha sind und eine
Torftiefe von 30 cm iiberschreiten, gehéren
neben den Mooren mit michtigen Torf-
schichten auch manche Waldtypen, entwis-
serte Moore und Torfstiche.

In Lettland gibt es sowohl minerotrophe
Moore (Nieder- und Ubergangsmoore) als
auch ombrotrophe Moore (Hochmoore). Sie
sind im gamzen Land verbreitet, allerdings
ist ihre GroBe in Abhingigkeit von der re-
gionalen Verbreitung sehr verschieden. Die
Moorverbreitung und die Diversitit der
Moorvegetation werden durch die geologi-
schen Verhiltnisse ebenso bestimmt wie von
der Art der Moorbildung selbst und den
Unterschieden zwischen dem ozeanischen
Klima im kiistennahen Bereich und dem
kontinentalen Klima im Landesinneren.

Im Tiefland und in den kleinen Karstde-
pressionen des Hochlandes begannen sich

die Niedermoore im frithen Holozin - dem
Praeboreal etwa 10.000 Jahre vor heute - zu



entwickeln. Im Atlantikum wurden aus vie-
len Niedermooren dann Ubergangs- bzw.
Hochmoore. Etwa 35 9% der Moore entstan-
den aus Verlandungen, viele aber auch aus
Versumpfungsprozessen. Wihrend des Bore-
als, als das Klima langsam wirmer wurde,
stieg auch die Moorbildungsrate deutlich an
und in den gréBten Mooren, wie z.B. im Ke-
meri-Moor oder im Teici-Moor, begann sich
zu diesem Zeitpunkt die Hochmoorvegeta-
tion zu entwickeln, aber die Phase der stirk-
sten Moorentwicklung in Lettland war das
Atlantikum. Wihrend dieser Zeit spielte das
Littorina Stadium der Ostsee mit seinem 5-
6 m hoheren Wasserspiegel als heute eine
bedeutende Rolle; groBe Kiistengebiete la-
gen damals unter dem Meeresspiegel. Die
Schwankungen und schlieBlich der Riickzug
der Littorina See hinterlieBen Flachwasser-
lagunen, aus denen sich in der Folge Moore
entwickelten (z.B. das Sarnate-Moor, die
Bereiche um Kanieris, Engure und die Babi-
te Seen).

Die lettischen sind Moore in unter-
schiedlichen Kategorien geschiitzt:  Im
Nérdlichen Vidzeme Biosphirenreservat, in
Nationalparks (Slitere, Kemeri und Gauja),
in strengen Naturschutzgebieten (Teici,
Krustkalni und Grini), Naturparks, Naturre-
servaten und  Landschaftsschutzgebieten.
Dariiberhinaus gibt es in Lettland sechs
Ramsar-Gebiete — der Kanieris See, der En-
gure See, Teici und Pelecare Hochmoor, die
Nordlichen Moore sowie die beiden Feucht-
gebietskomplexe Lubana und Pape. Immer-
hin gibt es in Lettland noch urspriingliche,
unberiihrte Moore und die meisten davon —
etwa 12 % der lettischen Moore - stehen
heute unter statlichem Naturschutz. Ande-
rerseits sind etwa die Hilfte aller Moore
durch die verschiedensten menschlichen
Einfliisse wie Torfstich, Entwisserung, Feuer
und Eutrophierung geschadigt, und ihre Zer-
storung durch Entwisserung geht immer
noch weiter.
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