














































































































































































































































































































Economic use

The area has been transformed after the implementation of the recultivation measures,
it is included in organic soils and becomes an intensive agricultural area that gives
further economic and social benefits.

Deficiencies

Perennial herbaceous plants are an area intensively used in agriculture and is a GHG
emitter.

Descriptions of peatland recultivation types have been elaborated within the framework
of project “Sustainable and responsible management and re-use of degraded peatlands
in Latvia” (LIFE REstore, LIFE14 CCM/LLV/001103) with the financial support of European
Commission LIFE Programme and the Administration of Latvian Environmental
Protection Fund.










104

ALTERNATIVE USE OF PEAT

Traditions and their significance

Our future depends on our level of responsibility, knowledge, skills, determination, and
culture. Over the course of more than 10 years gaining experience in research and
innovative use of peat, new traditions were born in Latvia that are unique and to be
found nowhere else.

The opportunities our land provides should be studied and appreciated to facilitate
future development. The use of peat in art and design has defined a wide range of
brand new opportunities for application and research principles. Peat has defined
a new culture that requires a more deeply evaluated and conscious attitude to the
developments of our time.

Peat Workshop. Riga, 2018

Art and innovations

Art and innovation are in absolute harmony and they are dependent on each other.
Creative work can change perceptions and experimental and practical aspects
drastically. | believe that innovation cannot be planned and defined ahead. Instead it
should be discovered and practically substantiated step by step. An artist, as opposed
to a scientist, works on an emotional level and tends to achieve emotional enjoyment.
Those are basically natural processes that facilitate research which is dependent on
emotion.

The peat extraction and swamp management industry of today is still quite primitive.
It is fairly recent and based on historically accepted principles that are stagnating and



do not match the age. Historically, the experience of the West and the Soviet Union
point to an unwelcome scenario in swamp and peatland management. Latvia is at a
starting point to become a role model in the management of swamp and peat extraction
areas. In this industry innovation can only be anticipated and developed in carefully and
responsibly prepared areas.

Restaurant L' Ecorce Concept Store / France / Courchevel 1650 (Moriond) / 2016
Alternative use of peat

Ever since 2008 | have been using peat in my creative process and have got to know
this unique material from a whole different perspective. Alternative ways of using peat
were created — from geological research to preparation work. Ways to use peat in the
production of premium products:

® Peat coated plywood

® Peat composite materials

® Decorative peat plaster
were studied.

These materials have been used in a number of projects in Latvia and abroad, their
practical endurance is inspected. It has been proven that peat may be used in the
production of finished materials, furniture and decorative items.

In order to use the full potential of peat as a resource it is extremely important to
assess the swamp industry as a whole and define its strategy on a national level. Peat
extraction should be supported by products with the highest added value and adapted to
consumer demand. Currently, peat extraction areas have been prepared experimentally
and technologies have been developed specifically for this alternative use in Latvia.

Education and culture

It surprises me how it is still possible to discover a natural resource with potential that
has not yet been tapped into. Technologically-it could have been possible centuries and 105




even millennia ago, however, the human mind can only grasp the true meaning and
value of nature today. It points to the cultural level of the 21st century that encourages
an in-depth study of this industry. Nowadays the survival instinct has changed and it
is in balance with nature.

Peat Art Studio / Gallery / Riga / 2018

In order to prepare peat material for use in art and design all the underlying processes
had to be acquired anew. There was no advice or educational information available.
These circumstances define a brand new and unique work culture that may be acquired
only through practical learning from mistakes. Public opinion plays a significant role
in this process. Educational cultural events are organized to this end. Peat allows one
to learn about nature and technical skills. This material can be processed easily and
fast using only one's skills and manual work. This technique is especially effective and
suitable for the new generation development. The phenomenon of peat is a never-
before-seen contrast determined by its texture, content and qualities. Moreover, there
is currently a lack of understanding in society regarding the material itself and its origin,
consequently new knowledge about our rich natural resources and their influence is
imparted.

The influence of peat on art is especially significant. The unique material palette is
defined as the artist’s original technique and raises great interest in the process as a
whole. Conceptually all artwork made from peat is primarily positioned as the human
understanding and responsibility towards nature. The pieces are very fragile and the
slightest physical touch breaks them down. It means this artwork can be affected
negatively by human beings just like nature. These items show one’s cultural level and
attitude.



Mission

To develop the significance of peat and its impact on education, culture, science,
and art. The philosophy of peat sets higher standards for subordinated fields and
one's responsibility. Participation in international projects and events clearly points
to the impact of peat as a significant resource in education and culture. The rapid
development of peat innovation shows that a considerable contribution is required for
the development of the industry. In the context of Latvia, the potential of this resource
should be assessed and a strategically substantiated action plan should be developed.

External links
® https://www.edgarsameriks.com
® https://www.pinterest.com/edgarsameriks/
® hitps://www.facebook.com/NoliktavaNol
® https://www.linkedin.com/in/edgars-ameriks-85b11960/
® https://\v.wikipedia.org/wiki/Edgars_Ameriks
[ ]

https://www.youtube.com/channel/UCtxf4nUYilFiZNflsr-ySqA?view_
as=subscriber

® https://www.discoverthepeat.com

CHARACTERISTICS OF DEPOSIT AND WATER CHEMICAL
COMPOSITION AND POLLUTION FROM LAUGA BOG

Janis Dreimanis, Laimdota Kalnina, Liga Paparde
University of Latvia, Faculty of Geography and Earth Sciences
janis.dreimanis85@inbox.lv

The mire is an important part of the water cycle in nature as it accumulates water,
thus affecting the microclimate and hydrological regime of the surrounding area, and
also cleans up contaminated rainwater and surface waters. One of the drivers of the
degradation of the Lauga Bog is the drainage system, which influence bog waters
runoff. There is also a significant impact of the agriculture processes, that is, the
cultivation of large cranberries. It is one of the methods of rehabilitation of former
peat extraction fields, which resulted increased in the bog water level with blockage
of drainage system by dams built on ditches. In some cases dams cause a problem
because they can be damaged, insecure and unsafe, and built using inappropriate
materials, including railway track sleepers and polyethylene bags, which are potential
environmental pollutants (DAP 2017).




By intervening in the natural hydrological regime of bogs, for example, when ditches are
installed, intensive drainage of water from the bog is achieved, the balance between the
accumulation of atmospheric precipitation in the bog and the amount of natural runoff
from the bog is disrupted. As a result of changes in the hydrological regime of the bog,
not only the hydrological and ecological conditions in the bog are disturbed, but also
the condition of the surface water courses supplemented by the bog waters (Heather
et al. 1996). Therefore, measures for the restoration of the hydrological regime of
the bog are important not only from the point of view of the conservation of the bog
habitats, but also to ensure the natural hydrological and ecological conditions of the
surrounding area (Nomals 1930). At the same time, it should be taken into account that
the restoration of the hydrological regime of the bog is an interference in the already
changed water regime. Before taking such measures, it is necessary to investigate in
detail the disrupted regime, to predict the expected results of the restoration measures
and only then to decide on the necessity of such measures.

The aim of the research is to find out, characterize and compare the chemical
composition and pollution of bog water and sediments in various parts of the mire.

Field studies, including geological drilling and sampling for laboratory analysis will be
carried out to determine the chemical composition of the bog water and sediment
and to carry out pollution characterization. Laboratory analysis include: determination
of chemical composition by liquid-gas chromatograph and metal composition
determination. Using computer software (MS Excel, GCMS Solution Version 4.3, etc.),
data processing and visualization, as well as interpretation of results will be performed.

Comparison of chemical composition analysis results from the bog deposits and water,
allows to conclude that peat contains significantly higher amount of pollutants, including
metals, than bog water, which indicates peat higher absorbing properties.

References

DAP, 2017. Dabas lieguma ,lLaugas purvs” dabas aizsardzibas plans 2017.-2029.
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Heather L., Wind-Mulder H. L., Rochefort L., Vitt D.H., 1996. Water and peat chemistry
comparisons of natural and post-harvested peatlands across Canada and their relevance
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CULTIVATION OF LARGE CRANBERRIES IN PEAT BOG IN LATVIA

Dr.agr. Liga Vilka, Dr.agr. Dace Silina
Latvia University of Life Science and Technologies, Faculty of Agriculture
liga.vilka@gmail.com, dace.silina@llu.lv

Keywords: large cranberry, growing technology, peat bog.
Introduction

The large cranberry (Vaccinium macrocarpon Ait.) is evergreen Ericaceae plant
and approximately 200 years has been cultivated in North America (since 1816).
Inthe seventies of the 20" century Dr.biol. A. Ripa introduced large cranberries in Latvia,
but first plantations startedto plant more than20 years|later (attheend of the 1990s). For
cultivation of large cranberries must fallow up the basic rules: a sour environment
(soil pH 3-4,5) and a high organic content must be provided. In North America, large
cranberries are cultivated mostly in mineral soil but in Latvia uses our resources - peat
bogs. In recent years, producing cranberry plantations exceed 170 ha in Latvia, of which
only approximately 2 ha have been planted using basis of mineral soil but in upper layer
used peat and sawdust, mainly plantations are in peat bogs. The berries of Vaccinium
macrocarpon contain many vitamins and minerals (C, B1, B2, B3, Fe, Na, K, Ca, etc.) and
other biologically active substances (antocyanins, flavonoids, pectin, benzoic acid, etc.).
It has been scientifically proved that large cranberries are more valuable than local
small cranberry (Vaccinium oxycoccus).

Aim

To compare growing conditions of large cranberry in North America and Latvia.
Methodology

The monographic method (literature studies) was used to find out different growing
conditions of large cranberry in North America and used results from investigations of
Faculty of Agriculture (Latvia University of Life Science and Technologies), when few
years ago were inspected plantations - growing conditions, diseases and insects in
plantations of large cranberry in Latvia.

Results

The cranberry growers in North America create artificial beds - “bogs” using basic
of any type of mineral soil (sandy loam, loamy sand or clay) and 20-30 cm organic
soil layer (peat, muck, renovation sediments, yard compost, decomposed wood waste).
Usually cranberry plantations are near water bodies, because water is necessary all the
year, mainly in North America. There are water confining layers (dams) and ditches,
where is possible to hold a flood to cover the cranberry vines at harvest and usually
before winter (protect from frost). Therefore, cost for create new plantation is very high
(48 500-74 000 USD). The Latvian growers for creating new plantations, use areas in
raised bogs (peat moss) after peat extraction, if a peat layer is at least 50-60 cm after
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peat cutting. The cranberry fields in Latvia could be a more stable, if there would be
layer of mineral soil, but in Latvia sand pH is very high (pH >7) and in sand has many
seeds of weeds, therefore sand in peat bog is not usable.

Like in North America, also in Latvia the field before planting must be specifically
prepared: ditches, dams, roads, etc., remove upper layer (roots of trees or forest plants),
if it is necessary. The fields must be even, but with a slight slope towards the edges of
the field to drain the excess water.

Around the field, there must be a bigger ditch, where can regulate a level of water. Along
the edges of the dam surface, 4,5 m wide roads shall be constructed from the mineral
soil, at a height of at least 0,75 m above the cranberry field, but in North America the
dam high is 2-3 m, because there must hold a water over the cranberry vines and
after freezing, can drive by tractors. The cranberry fields in North America and Latvia
consists of several smaller fields (0,4-0,5 ha) and between smaller fields are 0,6-1,0 m
deep ditch (width 1,0-0,5 m). The level of groundwater should be 0,4-0,6 m. The large
cranberries tend to suffer more from a moist than dry soil conditions. Scientists have
observed that the level of groundwater during vegetation can affect a yield.

The sprinkler irrigation system is necessary after planting to provide a better rooting
of new plants, while in the coming years to protect plants from frost in spring and
autumn, as well as in summer hot weather (for plant cooling). In North America they
use sprinkler system also for application of chemicals (chemigation). In cranberry
plantations in USA mainly have 15 - 16 sprinklers in a row (14 m between rows), but in
Latvia between sprinklers have distance 15 x 18 m.

The best time to create new cranberry plantations is beginning of summer (till middle
of June). Before planting of cranberry vines, the surface of the soil is crushed, basic
fertilizers may also be incorporated at the same time. For planting mainly in North
America and Latvia use vines (15-25 cm long sections) from older plantations but
there are also disease-damaged vines (uprights too) which increase the incidence
of diseases to uprights, but when plants will start to produce a berry, berry rot will
develop on them. For one hectare of new field requires 2,5-3 t of large cranberry vines
or an average 30 plants per m?. The distance between plants is approximately 5x10 cm.
The vines shall be planted so deep as to remain 2,5 cm above the ground from the cut
sections. In peat soil, the vines are harder to stuff into soil, so can a strew with a 2-3
cm thick layer of peat or sawdust. If necessary, can roll or the vines incorporate with a
cutter. To provide a formation of new roots, in USA use flood, for a twenty-four hours
the water is until surface of the soil, but can use sprinkler irrigation system as well.

Rooted cuttings can also be used for planting, then per hectare will need 20 000 plants,
but the cost will be higher. None plant nursery in Latvia can offer rooted cuttings or
rooted plants for creating a new cranberry plantation. If the vines are used for planting,
during the next year roots and some vines and uprights will be formed. The vines



will be formed also in the second year and perhaps can expect the first yield (0,5-1,0
t ha™). In the third and fourth year, the yield could be 3-5 t ha”, but below 15-40 t ha-
! In Wisconsin (USA) also yields are much higher: 20-40 t ha'. The yield potentially
obtainable is 56t ha.

The optimal soil for large cranberry is acid - pH KCl 4-5 (can grow also at pH 3,9-5,9).

The cranberry growth and development are not particularly affected by temperatures
ranging from 21 to 32°C, but necessary 110-150 days without frosts. The growers in
USA have observed, the yield of cranberry is lower in years after extremely cold or hot
weather conditions. If the average air temperature in April is higher than 6,1°C and 11°C
in May, good cranberry yields are expected. If the air temperatures in May and June are
10-18,3°C, the yields will also be good, but if in October or November maximum daily
temperature is below -3,9°C, the yield will be low in next year.

Approximately 200 large cranberry varieties have been created in North America, of
which three ‘Stevens’, ‘Bergman’, ‘Ben Lear’, less ‘Pilgrim’, ‘Franklin’, ‘Early Black’,
‘Howes’ and ‘Lemynion’ are grown more frequently also in Latvia. In Latvia, A. Ripa
has bred several hybrids. Only 7 varieties are registered - ‘Kalnciema Agra’, ‘Kalnciema
Tum3a’, ‘Kalnciema Raziga’, ‘Septembra’, cross-species hybrids of cranberry and
lingonberry - ‘Dizbraklene’, ‘Salaspils Agra’ and ‘Tina’. The Latvian varieties have a
shorter vegetation period, a harvesting time is earlier compared to American varieties,
while the size and yield of berries are similar to the imported varieties of large cranberry.

For reaching a high yield, is necessary ensure the optimal growth conditions for
cranberries all the year and year by year: balanced fertilizing, control of weeds, insects
and diseases, vine cutting, watering, mulching, etc.

The disease control is very import in North America, because many pathogens can
cause upright dieback, field rot and storage rot of berries as well. In North America
is not possible to grow cranberries without fungicides. In Latvia, the incidence of
cranberry diseases is low, but 9 pathogens were detected, and they are common in
North America as well. Mostly in older plantations some fungicides are used in Latvia.
Only three fungicides for using in cranberry plantations are registered in Latvia: Candit
(active ingredient kresoxim-methyl 500 g kg™), Signum (active ingredient pyraclostrobin
67 g kg'and boscalid 267 g kg™. Since 2018 one biological product Serenade Aso
(Bacillus subtilis QST 713, 13.96 g1") is registered. In Latvia is necessary an investigation
to find out the most effective time for fungicide applications. The fungicides should be
used as little as possible in peat bogs in Latvia.

In North America, more than 20 fungicides are registered for disease control in
cranberry plantations, some of them can use even 3 days before harvest, because more
than 150 pathogens are known in North America, which cause damages for uprights,
blossoms, leaves and roots, but mainly berries (field rot at harvest and storage rot after
harvest). The 32 pathogens can cause fruit rot in North America, most common are




10-15 of pathogens. The incidence of field rot can reach 80-100% in Massachusetts
and New Jersey, if during the season no fungicides are used.

More than 10 insects can cause serious damages in cranberry plantations in North
America, one of them is cranberry tipworm (Dasineura vaccinii) what is also found in
plantations in Latvia. No insecticides are registered in cranberries in Latvia, but more
than 20 insecticides are in USA.

The issue of weed control is more important than insects in Latvia. No herbicides
are registered in cranberry plantation in Latvia. Weeds from plantations are removed
mechanically by hand, what is physically very hard work. In USA 18 different herbicides
can use in cranberry plantations.

The are other methods, how to reduce the damages and protect the cranberries under
anaerobic conditions the most part of weed seeds, insects and pathogens are died. The
mulching, sanding and flooding can reduce the applications of pesticides in cranberry
plantations in North America and Latvia as well but the investigations of this are
necessary in Latvia.

From beginning of September (early varieties) to end of October (late varieties) is
harvesting time for large cranberries in Latvia. The Latvian growers use dry-harvesting
method, berries are picking by hands or use combines. During a day using specials
combines for cranberries can harvest 0,4 ha of area, but 20% of berries left on field.
In North America, where plantations are created in artificial bogs, there use wet-
harvesting method. The fieldis flowed ataheight of 40-50 cm and hold a water for many
days covered the cranberry vines. The special combine is plucked the berries and then
berries come to the surface of the water. Then merged the berries together and, by
a conveyor, the berries are bundled into trailers and transported to a warehouse or
processing plant. As a berries are in water for several hours or days, during this time a
large part of the berries are infected by diseases, so the berries cannot store in a fresh
way after the wet- harvesting method, berries should processed or freeze.

During a few days after harvesting, the number of rotting berries and mechanically
damaged berries increase rapidly, and it is significantly more than after dry harvesting.

In comparison with frequency of using the pesticides in cranberry plantations in USA,
cranberries in Latvia can cultivate using a minimum necessity for fungicides than in
North America, so cranberries which have grown in Latvia are healthier.

Conclusions:

® The climate and growing conditions are suitable for large cranberry in
Latvia and berries are healthier than grown in North America.

® Latvia is the only country in the European Union where large cranberry
is cultivated, this would be good export opportunities.

® |n Latvia is needed studies to improve cultivation technologies of large
cranberry to increase the yields as North America.



EU PROTECTED MIRE HABITAT MAPPING AND QUALITY
ASSESSMENT BY AIRBORNE REMOTE SENSING DATA

Rata Abaja, Dainis Jakovels, Jevgenijs Filipovs, Juris TaSkovs, Gatis Erin$
Institute for Environmental Solutions

Various reasons require precise habitat mapping and quality assessment. For European
Union countries it is obligatory each sixth year to report of EU protected habitat
distribution and their quality. Habitat mapping and quality assessment is important for
habitat restoration actions to monitor the habitat improvement results and for evaluation
of human impact on nature values. Mostly, habitat mapping and quality assessment is
done by habitat experts in field studies. However, mire habitat assessment in field
studies can be challenging and time consuming due to habitat complexity especially for
large peatland ecosystems. Remote sensing data analysis has great potential to ease
and shorten the process, reduce subjectivity of various habitat expert decisions or
experience level and increase the result accuracy. Satellite remote sensing techniques
has already demonstrated their potential to establish the extent of peatlands, their
elevation and topographic characteristics, the land use/land cover change history,
the diversity of the vegetation, the fire disturbance impact and various measurements
associated with the atmosphere, such as emissions, smoke and air quality (Tansey
2018).

The study aim was to develop standardised method for EU protected mire habitat
mapping and quality assessment based on airborne remote sensing data analysis. The
method potentially could ease, shorten and improve accuracy of habitat expert field
work to map and assess mire habitats.

Five EU protected habitat types was studied in two peatland areas in Latvia during
2014:

1. MeZole Nature Reserve (7110* Active raised bogs; 7120 Degraded
raised bogs still capable of natural regeneration; 7140 Transition mires
and quaking bogs);

2. Lake Engure Nature Park (7210* Calcareous fens with Cladium
mariscus and species of the Caricion davallianae; 7230 Alkaline fens).

During vegetation season 2014 high resolution airborne remote sensing data was
collected over study areas (10th of July in Lake Engure Nature Park and 25th of July
in MeZole Nature Reserve) with airborne surveillance and environmental monitoring
system (ARSENAL). ARSENAL is aircraft equipped with hyperspectral data sensors,
LIDAR and high resolution visual camera. For vegetation analysis the most informative
spectral bands of visible and near infrared spectral region were obtained. LIDAR data
was used to estimate vegetation structure. Visual, high resolution images were acquired
for validation purposes and sample data collection in field expeditions. On each study
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area one field expedition that consisted of habitat expert with remote sensing data
usage experience and several voluntary students of nature sciences was organised for
reference data collection. Experienced mire habitat expert Liene Aunina prepared list
of criteria for habitat mapping and quality measures.

The remote sensing data analysis succeed with two habitat maps of 7110* and 7140
habitats and following maps of mire habitat quality measures: reductions of terrain,
classified tree height, density of three and shrubs, raised bog micro-relief structure,
open water, classification of coniferous and deciduous trees and maps of specific
indicator species such as C. mariscus and Schoenus ferrugineus.

The created maps of mire habitats or their quality measures were compared with
previous habitat maps made by habitat experts. The comparison indicated that the
remote sensing data method is suitable and accurate for open mire landscapes to
detect habitat and mire structure spread. It detected analysed species highly accurate
and therefore can help to define more precise habitat borders. Disadvantage of the
method is detection inability of ground vegetation under tree cover. However, advantage
is precise mathematical calculations of tree cover, high and the structure spread which
is usually done by habitat expert guess in field conditions. Such expert measure cannot
be repeatable, remote sensing data analysis allow to standardize, repeat the measure
and the same data analysis and calculation method to apply for another peatland
which gives more accurate comparison. The developed method can improve accuracy
of habitat mapping and quality assessment and significantly ease, shorten field job
of habitat experts and could be cost-effective especially for large, complex peatland
areas. The developed airborne remote sensing method for habitat mapping and quality
assessment is adjustable also for other habitat types.

The study was part of a project “Inovativas attalas izpétes metodes adaptésana ES
nozimes aizsargajamo biotopu karté$anai un stavokla novertédanai” (No. 1-08 /159/
2014) that was supported by Latvian Environmental Protection Fund.



EVIDENCE OF CLIMATE CHANGES IN LUBANS WETLAND DEPOSITS:
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Introduction

The research area is located in the Austrumlatvija (East Latvia) Lowland, Lubans Plain
and Lubans Wetland. The characteristics of Lake Lubans are its complicated geological
structure, hydrographic network and large areas covered by peatlands. Wetland area is
also rich with Stone Age settlement sites. Palaeoclimate and palaeogeographic condition
changes have influenced palaeovegetation composition and sediment accumulation
processes during the development of Lake Lubans.

Research about Stlagols and Asne took place in overgrown and paludificated areas
of ancient Lake Lubans. During the late glacial Lubans palaeolake was at least three
times larger in size as in nowadays. Around ancient and present days lake's shores
and many nearby rivers many Stone Age settlements have been discovered and 24
of them are nationally protected archaeological sites (Loze 1990). Researches about
any archaeological site’s environmental changes are significant to obtain overall
understanding of geological development and palaeoenvironmental changes during
ancient lake shore overgrowing processes peatland formation. The aim of this research
is to find out evidence of climate changes during the formation of Salagols Bog and
Asne Fen which characterize diverse development conditions.

Data and methods

During the research different types of data and materials were collected and used,
including sediment samples obtained during field works, author’s prepared cartographic
materials, performed laboratory analysis and visualised results in corresponding
diagrams and charts. In addition to get samples for further investigations during field
works geological coring and probing was carried out. All sediment monoliths were well
obtained, documented and transported to the laboratory of Quaternary Environment at
the University of Latvia.

A combination of different laboratory methods like loss on ignition and macroscopic
remain analysis was used to get the best results. Loss on ignition analyses of the
Quaternary lake sediments provides an opportunity to investigate changes in the past
environment. Curve fluctuations in diagrams indicates water level fluctuations, sediment
accumulation condition changes, lake shore overgrowing and paludification processes.
Loss on ignition analyses was used for understanding of sediment composition, to
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estimate ratio of organic, mineral and carbonate matter. With these method two
geological cores were analysed: Sdlagols — U1 and Asne - U1 with a total length of 6.0
m of sediment samples. Each sediment monolith was analysed with 1 cm accuracy,
meaning 600 samples in total.

Macroscopic remain analysis reveal important information about changing local
palaeovegetation and palaeoclimate. Results of this method also give evidence about
early human impact on vegetation and the beginning of agriculture (Paparde et al.
2017). Samples from two sediment cores were analysed: Salagols - U1 and Asne - U1.
In total 120 sediment samples with 5 cm intervals were studied by macroscopic remain
analyses.

Results

According to the results of loss on ignition analyses, changes in percentage values of
carbonates, mineral and organic matter are indicating sediment accumulation condition
changes in the southern (Sdlagols) and western (Asne) part of Lake Lubans. Depending
on the changes in sediment composition four zones (I-IV) were subdivided for Salagols
and also four for Asne. Both borehole results for this method show similar tendencies.

In both boreholes zone | is represented by highest mineral matter content - fine
sand and clay. Possibly these sediments accumulated during the late glacial. Zone ||
represents sharp increase of organic matter that shows the evidence of warm climate
conditions and rapid development of vegetation. Zone Il is dominated by peaty gyttja
and peat where organic matter keeps increasing. That may have been influenced by
fluctuations of lake water levels. While zone IV is dominated by peat that shows the
evidence about intensive lake's overgrowing and paludification processes.

Based on macroscopic remain analysis results borehole Salagols - U1 and Asne - U1
in general also show similar tendencies. The smallest amount of macroscopic remain
variety was found at the bottom of the core while the biggest - at the top. The lowest
sediments in both sites contain similar remains of lake flora and fauna. Aquatic plant
and animal remains were found: cattail Typhaceae, moss mite Oribatida, sponge Porifera
and insect Insecta. Covering sediments are more rich in organic matter that represents
rapid increase of aquatic plant and animal variety. It is represented by Typhaceae, water
lily Nymphaeaceae, sedge Carex, sorrel Rumex, water flea Cladocera, ostracod Ostracoda
and Porifera.

The middle part of sediment section is characterised by the biggest variety of
macroscopic remains. Mostly this interwal is dominated by aquatic plant and animal
remains but also dryland plant seeds were found. In both sections Typhaceae, rush
Juncus, arrowhead Sagittaria, water-plantain Alisma, buzzer midge Chironomus, fungus
Fungi, Porifera, Cladocera and charcoal was found. Also many water chestnut Trapa
natans remains were found in Asne — U1 borehole sediments. Upper part of a section is



represented by typical bog and fen macroscopic remains, like moss Sphagnum, fungus,
wood, leaf and charcoal remains.

Conclusion

® The results of sediment studies in southern and western parts of Lake
Lubans allow to find out changes in sediment accumulation condition
dynamics and vegetation caused by climatic changes.

® |ossonignition analyses results show that in lower part of both sections
sediment composition is dominated by mineral matter. Differences are
only in larger carbonatic content in the Asne section.

® The results of loss on ignition analysis show that in all investigated
sections in the upper layer the amount of organic matter increases,
which is related to coastal overgrowing intensification processes in the
surrounding areas of nowadays Lake Lubans.

® Macroscopic remain analyses results represents changes in aquatic and
coastal species that have been influenced by palaeoclimate variations
and palaeohydrological regime revealing changes from lake conditions
to peatlands.
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INNOVATIVE METHOD OF GREENHOUSE GAS EMISSION
ASSESSMENT FOR PEATLANDS BASED ON REMOTE SENSING DATA
AND GEST ANALYSIS

Rata Abaja’, Jevgenijs Filipovs', Liga Strazdina?, Mara Pakalne?,
Dainis Jakovels'
!Institute for Environmental Solutions
ZUniversity of Latvia
ruta.abaja@videsinstituts.lv

Peatlands account for only 3% of terrestrial surfaces worldwide, but they store
nearly 30% of the soil carbon thus playing significant role in global climate mitigation.
Knowing amounts of carbon stored and emitted through both natural and human
induced processes from model-areas, data can be extrapolated to wider regions,
e.g. country borders. Consequently, the importance of peatlands to the total carbon
budget of individual countries can be evaluated. Direct greenhouse gas (GHG) emission
assessment methods are expensive and time consuming, especially for peatlands. Soft
and wet soil conditions burden carriage of the expensive GHG assessment equipment
in peatlands. The commonly used direct GHG assessment methods are complicated
to use for large and complex peatland ecosystems where are various processes and
habitat types. It is approved that GHG emissions are related to particular vegetation
type on peatlands that indicates also the natural or human caused environmental
processes like water level, nutrient availability, etc. Based on this principle in 2008
in Germany for first time was developed peatland vegetation classification approach -
Greenhouse Emission Site Types (GEST) according to particular GHG emission
measures (Couwenberg et al.,, 2008, Couwenberg, 2011). Remote sensing (airborne
and satellite) techniques provide large area coverage in short time and possibility of
automatic data processing. High resolution remote sensing data has demonstrated their
potential to assess various vegetation types, habitats, their structure and even quality
for different ecosystems.

The study aim was to combine high resolution spectral and LIDAR data with GEST
analysis approach of peatland vegetation to develop new method for GHG assessment
as an alternative and potentially less resourse consuming GHG assessment method.
The study included four different peatland areas in Latvia:
1. Péterezera Inter-dune Mire and KukSupes Inter-dune Mire in Slitere
National Park (include habitats: fens; 7140 Transition mires and quaking
bogs; 7110* Active raised bogs);
2. Lake Engure Nature Park (7210* Calcareous fens with Cladium
mariscus and species of the Caricion davallianae; 7230 Alkaline fens);
3. Sudas-Zviedru Mire in Gauja National Park (7110*, 7120 Degraded
raised bogs still capable of natural regeneration; 7140);



4. Madie$énu Mire and Namiténu Mire in Augstroze Nature Reserve
(T10*; 7120; 7140).

Remote sensing data of the project areas was collected in 03.06.2018. with airborne
surveillance and environmental monitoring system (ARSENAL) that includes aircraft
equipped with hyperspectral data sensors, LIDAR and high resolution visual camera.
From the hyperspectral data, 27 most informative spectral bands of visible and near
infrared spectral region were obtained for vegetation analysis. LIDAR point cloud was
used to estimate vegetation structure differences and visual high resolution images
were acquired for validation purposes. During summer period two peatland habitat
and restoration specialists collected field data in project areas of GEST vegetation
classes as a refence data for further remote sensing data analysis. Final process was to
reclassify GEST maps as CO,, CH, and global warming potential (GWP) maps according
to previous GEST analysis that defined GHG values for each GEST class.

As a result of the remote sensing data analysis, the produced GEST classification of
the peatland areas approved to be detailed and presented accurate peatland vegetation
types. Created CO,, CH, and GWP maps presented complexity and diversity of peatland
GHG emission process among various peatland areas and inside of large areas as
Sudas-Zviedru Mire or Madies$éni Mire in Augstroze Nature Reserve. In total, ten GEST-
types were identified in the study sites. Dominating GEST-type in both studied raised
bogs is Wet peat moss lawn with patches of Oligotrophic peatland - Moderately moist
Forest and shrubberies covering the degraded area along drainage ditches. The inter-
dune mire relief is suitable for Wet tall sedges reeds and Very moist Meadows, forbs and
small sedges reeds, whereas Wet calcareous Meadows, forbs, .. have developed in Engure
fens. Different forest GEST-types are common on bog islands and on margins of inter-
dune mires. Spatial structure of GEST-types is partly consistent with mapped habitats
in studied peatlands, however minor differences indicating to water level and vegetation
structure properties were found.

During the study developed GHG emission assessment method of combination between
GEST and remote sensing data analysis demonstrated promising results which can be
applied for further GHG emission studies in peatlands especially for complex and large
areas with high peatland habitat diversity and mixture. The method is appropriate for
GHG emission modelling and assessment before and after peatland restoration actions.
Advantage of the method is visually attractive GHG emission maps that can help in
communication with various audience to raise awareness and increase understanding
and knowledge of peatland importance on global climate stability.

The study is part of a project “Attalaja izpété balstitas SEG monitoringa metodikas

izstrade purviem” (No. 1-08 /146/ 2018) that is supported by Latvian Environmental
Protection Fund.
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MAPPING OF ECOSYSTEMS AND THEIR SERVICES - LATVIAN
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Introduction

In the context of Latvia the concept of ecosystems and their services and researches
of ecosystem services (ES) are relatively new. Assessment of ES in Latvia was started
within several projects and one of them is LIFE EcosystemServices within which Latvian
coastal ecosystem and their services assessment methodology has been elaborated
and verified in two pilot implementation areas - coastal areas Jaunkemeri (90.85 ha)
and Saulkrasti (132.86 ha).

The aim of the paper

is to present the approach applied to mapping ecosystems and their services in Latvia
coastal areas - two pilot implementation areas.

Methods

The paper focus on verified mapping methodology appropriate for specific Latvia
condition and introducing with developed indicators for ecosystem services (ES)
biophysical assessment. The ecosystem services identification and classification was
based on the Common International Classification of Ecosystem Services (CICES).
Expert method for identifying and biophysical assessment appropriate ES was used
combine with available data. Experts of different fields were involved and worked on
more than 20 indicators. One or more criteria were used describing each ecosystem



service indicator. To generate an aggregated assessment of ES - an index was
calculated for each spatial unit as a sum of the average assessment values of each ES
category (provision, regulation and cultural).

Results

Finally overall matrix for multi-layered ES assessment and multi-layer map for each
pilot implementation area were developed. The assessment values are used to create a
map for each ES, to incorporate in ES economic valuation and for the project impact on
ES supply in pilot areas monitoring.

Conclusions

According to the mapping and assessment of ecosystem services the forest ecosystem
has been assessed as most valuable, followed by sandy beach, dunes and river
ecosystems.

NATURE CENSUS IN LATVIA

Irisa Mukane, Gita Strode, Anita Namateva
Nature Census project, Nature Conservation Agency
skaitamdabu@daba.gov.lv

Since November 2016, the EU Cohesion Fund co-financed project ‘Preconditions for
better biodiversity preservation and ecosystem protection in Latvia', or the ‘Nature
Census, is being implemented in Latvia. The aim of this project is to establish
preconditions for the preservation of biological diversity and protection of ecosystems
by carrying out analysis of acquired basic information, as well as to develop twenty
specially protected nature conservation plans and five specially protected species
protection plans. As a result of the project implementation, the data obtained are entered
in the nature management system «Ozols» and can then be used in the development
of various planning documents, as well as in the processes of environmental impact
assessment, territorial planning, etc.

The identification of the distribution and quality of specially protected habitats of
European Union importance in Latvia is implemented in the period of three years from
2017 to 2019, determining the area and quality of these habitats. 60 habitat types
of EU importance are identified for six habitat groups - grasslands, forests, swamps,
coastal areas and sand dunes, rivers, lakes, exposed rock formations. The total area
surveyed by experts is less than 2 million hectares, which includes land of the state and
municipalities and private owners.

To facilitate the transparency of mapping works, the whole territory of Latvia is divided
into a grid of 12.5 km x 12.5 km squares. Mapping is carried out in accordance with
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the “Methodology for the Distribution and Quality Identification and Work Organization
of Protected Habitats of EU Importance” of the Ministry of Environmental Protection
and Regional Development and approved by the Ministry of Agriculture. Field work is
carried out by experts from April to October, while digitalisation, verification, refinement
and data review for fieldwork in the coming seasons is ongoing. Land owners (legal
possessors) whose property is being surveyed are informed about habitat identification.

As a rule, bogs develop in areas with persistent or prolonged humidity, as well as in
areas where groundwater is close to the surface of the soil or is discharged on the
surface. In such areas, the following bog habitats are found: Active raised bogs (7110
*), Degraded raised bogs still capable of natural regeneration (7120), Transition mires
and quaking bogs (7140), Depressions on peat substrates of the Rhynchosporion (7150),
Alkaline fens (7230), Calcareous fens with Cladium mariscus and species of the Caricion
davallianae (7210 *), Petrifying springs with tufa formations (cratoneeurion) (7220 *),
Fennoscandian mineral-rich springs and springfens (7160 *).

When analysing the areas of mapped bogs, the most frequently found habitat of EU
importance was active raised bogs.

Preliminary data from all EU bog habitat surveys show that 40% of habitats are in
good quality, 40% medium, 7% of habitats are in excellent quality, while 13% are in
low quality.

A more comprehensive analysis of the distribution and quality of habitats of EU
importance will be carried out in 2021, when the data received will be checked,
compiled and digitized. However, at present, based on preliminary data, a report has
been prepared for the European Commission on the assessment of habitats of EU
importance in the country. According to this report, one can conclude:

1. Areas of habitat 7110 * and 7120 in the country after the identification
of habitats of EU importance are likely to be smaller than estimated
to date. The 7110 * area reduction is mainly due to more accurate
data. The reduction of habitat 7120 can be explained by clarification
of interpretation, incl. mapping that now excludes degraded bog areas
where no natural regeneration is possible - i.e. all abandoned peatland
fields that need to be recultivated and which are currently not significant
from the economic or biodiversity point of view.

2. The area of alkaline fens in the country can actually be larger than
estimated so far, but the quality of these habitats is also on the decline.

3. Natural dystrophic lakes and ponds (3160) is most directly associated
with active raised bogs and their conservation. In the future, their
conservation status will depend on whether and how much it is planned
to develop bogs so far little affected by human activity.



PEATLAND RESTORATION FOR CARBON SEQUESTRATION AND
CLIMATE CHANGE MITIGATION IN THREE LATVIAN PEATLANDS -
LIFE PROJECT “PEAT RESTORE"
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Introduction

During the previous decades the Latvian peatlands are influenced by drainage and
peat harvesting. To restore the drained and degraded peatlands and to diminish the
greenhouse gas (GHG) emissions, within the LIFE Peat Restore project (LIFE15 CCM/
DE/000138) re-establishment of natural carbon sink function of peatlands is planned
in three sites in Latvia. Additionally, GHG emissions are being measured before and
after restoration to demonstrate the role of peatland restoration in mitigation of climate
change. Since the LIFE Peat Restore project is international (involves partners from
Latvia, Estonia, Lithuania, Germany, and Poland), the results can be compared at
international level.

The aim of the LIFE Peat Restore project is improving the functioning of mire
ecosystems, including carbon sequestration capability.

Materials and methods

Restoration of peatland ecosystems will be performed in three sites: Lake Engure
Nature Park, Baltezers Mire Nature Reserve, and Augstroze Nature Reserve. In all sites,
drainage ditches will be blocked. In Engure site, overgrowing of an alkaline fen will be
prevented by cutting shrubs and trees in 20 ha area. On the same time, fluctuations of
water table will be reduced by blocking of two ditches using plastic piling. To eliminate
the drainage impact in transition mire in Baltezers Mire, eight peat dams will be built on
ditches in the mire periphery. Since the tree cover in the restoration area has established
mostly due to drainage impact and considerably contributes to evapotranspiration, it is
planned to cut the trees and shrubs in 34 ha area. In the restoration area of degraded
raised bog habitat in MadieSénu Mire, 23 peat dams will be built on drainage ditches in
total length of 6.2 km.

To evaluate the efficiency of restoration actions, vegetation and water table monitoring
was established in summer 2018 in all project areas in Latvia. Vegetation in each site is
monitored in 3-4 square-shaped sample plots of size 100m? (10 x 10 m) located close
to transects of water table monitoring wells (piezometers). For detailed description of
vegetation, the large plots are subdivided into small units, 1 x 1m internal subplots, in
total nine within each large square. To measure the groundwater fluctuations, in total
29 water table piezometers were established at different distances from the ditches
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where building of dams is planned. Each piezometer is equipped with automatic data
logger that measure the groundwater table each hour, i.e. 24 times per day.

LIFE Peat Restore is testing an innovative indirect method to assess GHG emissions
in all project sites. Based on the recently developed GEST (Greenhouse gas Emission
Sites Types) approach (Cowenberg, 2012; Ginther et al., 2018), GHG are quantified
before, during and after restoration. This approach allows rapid and cheap assessment
of GHG emissions (including Global Warming Potential) on basis of vegetation maps.
Vegetation forms, integrating flora as well as environmental parameters (soil moisture,
trophic level, etc.), can be categorised as particular GEST-types. It is expected that the
data provided by monitoring will demonstrate the potential of peatland restoration for
climate change mitigation.

Furthermore, GHG samples will be collected for laboratory analysis using closed
chambers in all project sites, thus supplementing the results from the GEST approach.
Additionally, there are three data loggers, one in each project site, that measure air
temperature, air moisture and light intensity. Linking the relevant data on hydrology,
peat depth, pH, trophic level and land use will enable the project experts to develop and
improve the present GEST catalogue and fill existing gaps.

Results

Detailed description of necessary and planned actions to restore peatlands is given
in three plans prepared by the LIFE Peat Restore project: Mire Restoration Plan for
Alkaline Fens in Lake Engure Nature Park, Management Plan of the Baltezers Mire
Nature Reserve, and Management Plan of Augstroze Nature Reserve. According to
these plans and technical designs, dam building in project sites will be performed in
2019 and 2020.

All three Project restoration areas have distinct vegetation, and are characteristic with
different hydrological regime, peat properties, land use history and impacts. Engure
site represents alkaline fen communities, Baltezers Mire - transition mire communities
with elements of alkaline fens and raised bogs, and Augstroze site - typical raised
bog communities at different degrees of degradation. Monitoring plots of Engure
and Baltezers show similarities in species composition regarding the soil/peat pH
parameters, whereas Engure and Augstroze share similar light conditions opposed to
half-shaded and shaded plots in Baltezers. In total, 127 species were found in all 90
subplots. The species richness was significantly higher in Baltezers than at both other
sites.

Water table in all project sites during first year (2018) was low, mostly due to low
amount of precipitation. It was the highest in spring, but dropped down during the
vegetation season. Water table fluctuations in Engure site are quicker than in raised bog
and transition mire with larger peat deposits. In all sites, the largest amplitude in water
table fluctuations was observed near the drainage ditches.



GEST mapping, first time used in Latvia, showed wide range of GEST-types. In total 14
GEST-types were identified (Table 1). Similar to large EU habitat diversity, the highest
number of GEST-types was found in Augstroze Nature Reserve (11 types). In this site,
the largest area is covered by Wet peat moss lawn (analogue to habitat 7110* Active
raised bogs) followed by Wet peat moss hollows resp. flooded peat moss lawn (=
7140 Transition mires and quaking bogs). Eight GEST-types were found in Baltezers
Mire Nature Reserve. Dominant types are Oligotrophic moist forests and shrubberies
(= 9010* Western Taiga), Wet tall reeds (represent water vegetation of the Lake
Baltezers), and Wet meadows and forbs (= 7140 Transition mires and quaking bogs).
Two GEST-types are common in restoration area of Engure site — Wet calcareous
meadows, forbs,... (include two habitat types of EU importance: 7230 Alkaline fens, and
7210* Calcareous fens with Cladium mariscus..) and Wet tall sedges reeds. Six GEST-
types might be directly affected by restoration actions within the project. Comparing the
baseline scenario with post-restoration scenario (after 50 years), the total predicted
amount of GHG emissions in Baltezers and Madie$énu Mires (Augstroze) is significantly
smaller after restoration, thus reaching the project goals. In Engure site, in short term
no significant changes in GHG emissions are expected.

Table 1. Classified GEST-types in project sites with their corresponding habitats and
protected habitats of EU importance (Annex | of the EU Habitats Directive).

GEST-type Corresponding EU habitat type Project site

Open peatland areas (unused)
6270* Fennoscandian lowland species-rich
Moderately moist (forb) dry to mesic grasslands, 6510 Lowland

meadows hay meadows (Alopecurus pratensis, Augstroze
Sanguisorba officinalis)
Very moist meadows, forbs 7140 Transition mires and quaking bogs;
Augstroze

and small sedges reeds fens
Wet meadows and forbs 7140 Transition mires and quaking bogs Baltezers
7230 Alkaline fens, 7210* Calcareous fens
with Cladium mariscus and species of the  |[Engure*

Wet calcareous meadows,

forbs,.. Caricion davallianae
Wet tall sedges reeds - Engure*
3130 Oligotrophic to mesotrophic standing
. . . Baltezers,
Wet tall reeds waters with vegetation of the Littorelletea
) . Augstroze
uniflorae and/or of the Isoeto-Nanojuncetea
Wet peat moss lawn 7110* Active raised bogs Augstroze
Wet peat moss hollows Baltezers
resp. flooded peat moss 7140 Transition mires and quaking bogs '
Augstroze

lawn
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Oligotrophic peatlands

. 19050 Fennoscandian herb-rich forests with |Baltezers,

Dry forest and shrubberies | _. .

Picea abies Augstroze
Moderately moist forests Baltezers,

. * l

anq shrubberies 91D0" Bog woodland Augstroze
Moist forgsts and 9010* Western Taiga Baltezers,
shrubberies Augstroze
Mesotrophic and eutrophic peatlands

9020* Fennoscandian hemiboreal natural

old broad-leaved deciduous forests
Moderately moist forests Eiﬁeirnczs'i Tr:llf’esAC; (;é';ia);zr?r?ozrc:nl;?:i) Baltezers,
and shrubberies piphytes. Augstroze

deciduous swamp woods, 9160 Sub-Atlantic
and medio-European oak or oak-hornbeam
forests of the Carpinion betuli

91EO0* Alluvial forests with Alnus glutinosa

Moist for('ests and and Fraxinus excelsior (Alno-Padion, Alnion Baltezers,
shrubberies . . Augstroze
incanae, Salicion albae)
Very moist forests and 9080* Fennoscandian deciduous swamp
Augstroze

shrubberies

woods

*For Engure site, only project restoration area (fens) was analyzed.
Conclusions

Restoration activities in project sites in Latvia will significantly eliminate GHG emissions
and improve the mire ecosystem functions including carbon sequestration capability.
According to GEST estimation, successful restoration can reduce emissions by more
than one half in Madie$énu Mire in Augstroze (raised bog). Additionally, restoration
will improve the quality of protected habitats of EU importance and environmental
conditions for many threatened species. In Engure site, though the estimated GHG
emissions might remain similar to the baseline scenario, the drainage effects will be
eliminated, thus ensuring the peat formation and carbon sequestration in the future.

GHG measurements in peatland rewetting projects, including LIFE Peat Restore,
contribute to understanding the importance of hydrological restoration. Though it
is well known that blocking the drainage ditches and removal of trees contribute to
reduction of GHG emissions, still direct measurements are necessary for quantitative
evaluation of rewetting actions. Therefore, the results of LIFE Peat Restore will improve
the understanding of GHG emissions in peatlands of northern and north-eastern
European countries.

However, direct GHG measurements are not always possible due to limited funding.
Hereby, theoretical emission assessment methods are useful. Testing GEST approach



in five countries within LIFE Peat Restore project will allow assessment of the suitability
and further use of this approach in similar rewetting projects.
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RESTORATION EXPERIMENT OF SPHAGNUM MAGELLANICUM IN
THE PYRENEAN MIRES

Jordina Gili, Aaron Pérez Haase, Jaume Espuny
University of Barcelona, Faculty of Biology, Diagonal 643, Barcelona, Spain

Introduction

Mires landscapes have a high conservation interest, hold various Habitats of Community
Interest (HCI) and occur in temperate and boreal regions, however, in Catalonia (Spain)
are exclusively in the Pyrenees, linked to places where the topography or circulation of
water is favorable (Pérez-Haase & Ninot, 2004). In the case of the Pyrenees, these
habitats are often altered by flocks. On the other hand, they have also been locally
affected by the construction of hydroelectric dams in their basin that have altered the
natural hydrological cycle (Ventura et al., 2014). Given the degradation of the mires, the
restoration of these systems has become an important issue over the last decades. The
restoration of mires seeks to restore a vegetation cover and hydrological conditions
dominated by peat mosses (Sphagnum spp.), which play an important role in this
process.

The aim of the study is to identify in which experimental conditions a greater response
is obtained in the survival and growth of Sphagnum magellanicum, a vulnerable species
(VU) according to the Red List of threatened bryophytes in Spain and included in the
Catalog of threatened flora of Catalonia and to establish the bases for the restoration
of their populations.

Materials and methods

Based on the combination of different flood situations (three different water levels)
and the interaction of species (intraspecific and interspecific), it is desired to identify
under which experimental conditions a greater response is obtained in the survival and




growth of S. magellanicum. In order to carry out the objective of this work and to study
interspecific interaction we selected two Sphagnum species that often share part of
their habitat with S. magellanicum: S. teres and S. capillifolium.

In order to carry out this experiment and to carry out the replication a total of 675
individuals distributed in 225 outbreaks of S. capillifolium, 225 of S. magellanicum and
225 of S. teres were randomly selected from different systems of mires located around
Trescuro (Peguera Valley - Espot).

To create situations of interspecific interaction three individuals of each species
were planted in an interspersed manner in the same container, obtaining a total of
three containers; one for each combination of species - S. capillifolium with S. teres,
S. capillifolium with S. magellanicum and S. magellanicum with S. teres. In order to be
able to differentiate the effect of the density of individuals with respect to the effect
of the interaction between different species we created the intraspecific interaction
treatment, where six individuals of the same species were planted, obtaining three
more containers (one for species). Finally, in the control situations three individuals
of the same species were planted, also obtaining three containers more. In total, nine
combinations of containers for each block was created. Peat as a growth substrate
was used, since in natural conditions the Sphagnum species develop on this substrate.
Regarding the depth of the water, three levels with respect to the surface of the
container were established: dry level (-5 cm), level at the height of the container (O
cm), and a flood situation (+3 cm). So, in order to control the depth of the water, we
used a total of 15 trays, that is, five replicas of each situation of interaction for each
water level. Each tray contained the 9 containers with the different combinations of
species interaction.

The distribution of the containers in the trays was random, and every month a swap
of containers was made, also random. Once a week the random exchange of the trays
was made, to which each exchange we changed orientation. Finally, maintenance of the
water levels of the experiment in order to maintain the water level initially established
was carried out.

The water to create the different flood situations tried to simulate the concentrations
of elements contained in the precipitation water of the Pyrenees (Camarero & Catalan,
1996). The same water was used to water the tubes by means of a spray gun.

The experiment was conducted in chambers 16 and 17 of the Experimental Fields of
the Faculty of Biology of the University of Barcelona. We established conditions of
22°C for 16h and 15°C at 8h rest of darkness. These conditions correspond to summer
temperatures favorable for the growth of Sphagnum species. The duration of the
experiment was 119 days, from the end of December 2017 until the end of April 2018.



Results

In order to analyze the data, three response variables that could explain the growth of
Sphagnum magellanicum were selected: (i) Final length; (i) Final dry weight and (iii)
Number of final total shoots. All variables were measured at the individual level and
were treated statistically with the mixed linear models (Linear Mixed-Effects Models)
through program R.

i. Of the three levels of water depth, the growth in length of Sphagnum
magellanicum is significantly higher in the conditions of level O (75.53
+ 7.20 mm) compared to treatment with a higher water level (53, 31
+ 17.41 mm) and treatment with a lower water level (43.47 + 8.31
mm). The differences between the three treatments are statistically
significant. Regarding the interaction, the growth in length of Sphagnum
magellanicum has not been significantly affected in any treatment.

ii. In this case, the growth of Sphagnum magellanicum in dry weight is
significantly higher at level 0 (0.02 + 0.01 g) compared to the lower
water level (0.01 + 0.00 g) and level Higher water (0.01 + 0.00 g).
Regarding the interaction, the growth of Sphagnum magellanicum in dry
weight is not significantly affected in any case.

iii. Regarding the level of depth of the water, Sphagnum magellanicum
makes more shoots in the highest water level (2.82 + 2.20) and in
level 0 (2.36 + 1.33) respect of the lowest water level (1.57 + 0.98)
with marginally significant differences. The differences in the total
number of outbreaks between levels O and 3 are not significant.
Regarding the interaction, Sphagnum magelllanicum did not significantly

increase any outbreaks in any treatment.
Conclusions

Significant effects were observed on the growth of Sphagnum magellanicum with
regard to the water level, although interaction between species did not cause growth
differences in the study cases. We conclude that the growth of Sphagnum magellanicum
is significantly favored by the intermediate water level. However, it has shown a wide
ecological niche through response mechanisms that have facilitated its adaptation
both in flooded and dry water levels showing a very high survival in all the proposed
treatments.

Looking to the restoration of Sphagnum magellanicum we propose to reinforce their
populations in hummocks that are nourished by the precipitation of water. In addition,
since it has not responded negatively to any situation of interaction, we propose to
reinforce their populations through their incorporation in existing carpets of Sphagnum
teres and in existing hummocks of Sphagnum capillifolium.
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Introduction

In Latvia, abandoned harvested peatlands cover ~18 thousand hectares (recent results
provided by LIFE REstore project™). They represent areas that are extracted or partly
extracted and abandoned without any rehabilitation measures mostly during the
soviet period. These are problematic areas both from biodiversity conservation and
landscape perspective, as well as contribute to climate change with large greenhouse
gas emissions.

In practise, spontaneous recovery of any vegetation type after abandonment is sometimes
misinterpreted as “renaturalisation”, a term that covers solely re-creation of mire
conditions in the Latvian national legislation. On the other hand, our own observations
and some studies suggest that such areas can be valuable from biodiversity point of
view, though rarely, e.g. serve as important bird areas or habitats for rare plant species
and communities if the drainage systems do no function any longer. Sometimes lack of

17 Project “Sustainable and responsible management and re-use of degraded peatlands in Latvia” (LIFE REstore,
LIFE14 CCM/LV/001103).



knowledge and experience in assessing the actual condition of such areas in terms of
biodiversity and ecosystem functioning might lead to wrong decisions on after-use, e.g.
a self-regenerating alkaline fen, a rare habitat in Latvia, might be considered as area
for afforestation.

The aim of this study was to explore the actual condition of these degraded peatland
areas from the biodiversity perspective and their capability of recovery as functioning
wetland ecosystems. We attempted to identify simple indicators that would help land
managers to distinguish between well-recovering peatland and degraded peatland in
terms of “renaturalisation” in Latvia. This is related with identifying the major drivers
that allow recovery of mire ecosystem successful and those which make it impossible.
Here, we present the major factors that differentiate the development of either one, or
another mire type in harvested peatlands.

Material and methods

The field work was done in 11 harvested peatlands (milling and peat cutting fields, peat
quarries were excluded) within framework of PUREST project (No. 1DP/11.1.2.0/13/
APIA/VIAA/044) in 2014-2015. Peatlands represented different types of remaining
peat in the upper layer, different time period since abandonment and different area.
However, all of them were abandoned, and peat extraction was ceased for at least 10
years (the age varied from 10 to 60 years).

In each site, vegetation in 30-60 (depending on the peatland area) 25m?2 (5 x 5m) plots
was sampled: all taxa of vascular plants, bryophytes and lichens were identified and
their cover (%) evaluated. The sample plots were located in transects crossing the peat
field. In only in site the number of sample plots was smaller (five plots). In total 365
sample plots were described. In each plot, the following environmental variables were
recorded: age (time since abandonment), moisture, decomposition of upper peat layer,
peat depth, micro-relief (all four variables were estimated in relative units, classes),
litter (%), and pH and EC of peat water (measured using portable pH/EC meters).

The data were analysed using Canonical Correspondence Analysis (CCA), Non-metric
Multidimentional Scaling (NMDS) with Jaccard method.

Results

The vegetation types in the study areas were differentiated primarily by pH (related
with peat type) and moisture. Thus, the plant communities (and consequently also
site conditions) could be differentiated by dominant residual peat type — either bog,
or fen peat, and then classified according to the species composition and relevant
environmental variables. The species richness was greater and the number of
characteristic species of natural mire habitats was higher in harvested peatlands that
were abandoned several decades ago.

Our results suggest that some species can be used as simple indicators of degradation
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and success of rehabilitation of harvested peatlands. However, always the background
information (especially hydrological conditions), the abundance of the particular
indicator species and the combination with other species must be taken into account.

The vegetation in post-harvested peatlands with remaining bog peat is less variable
than in fen sites, and the sites with remaining bog peat are more similar to each other
than those with fen peat. Basically, the dry peat fields with functioning drainage systems
lack species characteristic for intact raised bogs (e.g. Sphagnum spp.). The areas are
dominated by few species of dry conditions and species which tolerate large water table
fluctuations, e.g. Eriophorum vaginatum, Calluna vulgaris and some other dwarf shrubs,
few moss and lichen species indicating dry conditions. This species-poor stage can last
for several decades. By time, within few decades, these areas tend to overgrow with
secondary forest vegetation, whereas the diversity of ground vegetation remains low,
and the peat formation process does not recover because of too dry conditions. This
is one of the “bad scenarios” which does not lead to recovery of mire ecosystem and
its functions, and represents very low species diversity of decades. For identification
of too dry conditions of peat fields with remaining bog peat the following species can
be used: Eriophorum vaginatum (in combination with Calluna vulgaris, both dominating),
Pleurozium schreberi, Dicranum polysetum, Campylopus introflexus, Cladonia spp.

Wet peat fields with residual bog peat may have slightly more variable vegetation
which is defined by wetness, most probably also by fluctuations of water table, and
physical and chemical properties of water. Successful recovery of mire vegetation is
indicated by presence of bog, transition mire and poor fen plants, e.g. Rhynchospora
alba, Oxycoccus palustris, Drosera spp., Carex rostrata, Eriophorum polystachion. also the
key species - Sphagnum spp.

The character and vegetation of secondary fens which develop after peat harvesting
differed from site to site, only in few sites similarities were found. Therefore,
generalisation of such areas is problematic. The variation of vegetation in dry peat
fields with residual fen peat was low, the sites were sparsely vegetated with few grass
species (most commonly, Agrostis canina) and few moss and lichen species including
the invasive Campylopus introflexus which may form thick “blankets” outcompeting the
native species. Slightly wetter sites may overgrow with Molinia caerulea accompanied
by few other species. By time, the dry peat fields transform into forest with species-
poor vegetation. Secondary fen communities in peat fields with high water table
which were found in more than one site were small-sedge communities with Carex
flava group, Trichophorum alpinum, Juncus articulatus, Epipactis palustris, Schoenus
ferrugineus, etc. and brown mosses (predomiantly Campylium stellatum, Dreponocladus
spp., Scorpidium scorpioides, Fissidens adianthoides), and Cladium mariscus stands with
some brown moss species. Other vegetation types were represented in only one site
which highlights the importance of local abiotic conditions and distinct surrounding



vegetation. All secondary plant communities recorded on wet peat fields with residual
fen peat are considered rare and valuable in Latvia.

We found also some rare, threatened species included in the national protected species
lists (e.g. Schoenus ferrugineus, Cladium mariscus, Primula farinosa, Pinguicula vulgaris,
Taraxacum palustre, Myrica gale, Lycopodiella inundata), as well as Liparis loeselii, listed
in the Annex | of the EU Habitats Directive. Though presence of protected species
cannot be unambiguously interpreted as “success”, as some of them indicate dry
conditions, i.e. functioning drainage systems (e.g. Lycopodium spp., Huperzia selago,
Carex ornithopoda), it suggests that harvested peatlands can become valuable habitats
for threatened species if the areas are rewetted and properly managed.

Conclusions

® The results of our study show that abandoned harvested peatlands can
be both degraded and valuable from biodiversity point of view. High
water table without large fluctuations is the basic requirement for mire
vegetation development, i.e. peatland function recovery.

® The species indicators suggested by this study can be used also by
land managers in simple field assessments to understand the success
of failure of post-harvesting rehabilitation measures. Many of them are
excellent indicators that characterise the environmental conditions,
both degradation and recovery of mire.

® Rewetted post-harvested peatlands can be important refuges for rare
plant species, which can be both remains of the pristine mires or
established in the new environment. However, it is important that these
sites are rewetted to be important for biodiversity.

® Rehabilitation of harvested peatlands is essential in conservation of
rare mire habitats, especially alkaline fens which are highly threatened
and fragmented in Latvia. This study suggests that re-creation of rare,
valuable mire habitats in harvested peatlands is in some cases possible,
though time-consuming process.
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The areas where peat has accumulated or is still accumulating cover more than 10%
of Latvia's territory. Although part of peatlands is overgrown with forests, or they are
drained for agricultural purposes or used for peat extraction and these areas became
degraded. Degraded peatlands are areas that have lost ecosystems functions and peat
formation possibility as a result of adverse effects.

Over the last hundred vyears, the development of many mires has been halted by
mire drainage (15% for agricultural use and 3.9% for peat extraction), and by their
overgrowth with forest, both naturally and in result of human activity. Peatland areas
degraded by drainage were the research objects of project “Sustainable and responsible
management and re-use of degraded peatlands in Latvia” (LIFE REstore, LIFE14 CCM/
LV/001103). In these peatlands it was necessary to determine their geological structure,
peat parameters, properties, which is very important to choose the most appropriate
complex of management measures for the reasonable use of land resources and for
climate change mitigation.

Degraded peatlands have been studied both by field and laboratory methods. Defined
78 peatlands were studied within LIFE Project include both chamber and field research
methods, including geological coring and sampling. Pre- and post-field work information
is compiled and obtained results are collected and analysed. Peat monoliths obtained in
boreholes were studied in field, but 5 peatlands: Lauga Mire, Lielsala Mire, Kaigu Mire,
Drabinu Mire and Kemeri Mire were additionally investigated in research laboratories
of University of Latvia. Analysis included: loss-on-ignition analysis to determine the
content of organic matter and ash; analysis of peat decomposition degree and botanical
composition; peat pH values; peat density.

As a result of the peatland inventory in the project, it was found that among all the
degraded peatlands surveyed in the upper layer is dominated by raised bog peat - 37
peatlands, slightly less degraded areas with fen type peat in the top layer - 29 peatlands,
and only one case with peat bog peat transition, but in 7 of the sites surveyed, peat has
been removed to mineral deposits (LIFE Restore, 2018).



The study results show that peat properties in residual peat layers are changed.
Mainly it is related to pH value, increase of peat density, changes in peat composition,
including fluctuations in amount of mineral substances which can be explained by peat
mineralization due to mire hydrological regime changes. In some cases, an increase
of peat density was observed in upper part of the sediment section where peat was
more dry and compacted. Often, pH values in upper peat layer of degraded peatlands
do not correspond to pH values of the particular peat type, which indicates a change
in environmental conditions due to various influences. Changes in mineral content and
carbonate content indicate on changes in sediment accumulation environment - on
influence of groundwater which likely introduced carbonates and mineral substances
into peat layers.

In areas degraded by peat extraction, where residual peat layer is several meters thick,
changes in peat composition can be explained mainly by natural processes. Higher
proportion of mineral substances in lower parts of mire sections is determined by the
fact that peat has accumulated directly on mineral ground in peatland bottom, and it is
influenced by minerogenic sediments and by groundwater flow.

Peat decomposition degree in degraded peatlands in general are similar, and usually vary
between 15% and 35%, however, the peat formed directly on the mineral deposits can
has higher decomposition reaching 40 to 45%. The upper pest layer can be composed
by low or medium decomposed peat. In some cases, changes of this indicator are
associated with erosion processes, especially on the top of peat section, where peat is
mineralised and dry.

The thickness of the layer thickness in different degraded peatlands changes from zero
to those areas where peat was not found at all, up to 4.9 m in Ozolmuizas-Bambiski
Bog in the Latgale Highlands and 5.5 m in RobeZnieku-Purmali Mire and Zaku Bog in
North Vidzeme According to the research carried out within the LIFE Restore project,
information the average thickness of the peat layer, depending on the peat type, is as
follows: for raised bog type peatlands the average peat layer thickness is 2.5 m and for
fen type peatlands - 1.4 m. The thickness of the peat layer found in the only transitional
peatland is 3.23 m. In peatlands of different peat types, the average peat layer thickness
is 1.9 m. In order to ensure the rational use of peat resources, peat extraction is the
best way to further utilize degraded peatlands containing peat for industrial production.

At the base of the studied 78 peatlands, the results show that sapropel has been found
only on 7 sites under peat bed, which can be explained by the fact that peat extraction
most often started sequentially from the edge of the peatland and thus, if the whole
field is not extracted and the degraded peat fields are located in the periphery of the
bog where peat formation was due to paludification processes on mineral deposit. Silt
or clay has been found most frequently below the peat layers in the bog suggesting that
these sediments have formed in the aquatic environment, as it has been for some time
before the formation of the peatland, which has been subject to change due to climatic
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and geological conditions. At the bottom of the fen type peatlands, sand has been found
only in 4 cases, but clay sediments - clay, till and clayey till have been found only in 7
peatland areas, mainly in highlands.

All geological information about the degraded peatland, properties of the remaining
peat layer is important to assess what type of recultivation is most appropriate for
the area. However the studied degraded peatlands in detail in the frame of the project
obtaining information about their condition, peat thickness, peat type, pH and other
properties are informative. During the inventory of degraded peatlands they were
not investigated according to the procedure established by the Cabinet of Ministers
Regulation No.570 “Mining Procedures”. This means that in the future, prior to the
selection and implementation of the degraded peatland recultivation measures the
necessary additional information should be obtained through detailed site research.
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Introduction - Ecosystem services (ES) are the benefits that people obtain from
using ecosystems and can be divided into the following three categories: provisioning,
regulating and supporting and cultural services. Basing on economic valuation of
ecosystem services, it is possible to compare different territories and different
management scenarios. A strategical importance of ecosystem services is set by EU
Biodiversity Strategy, which put ecosystem services firmly on the EU policy agenda.

The aim of the research is to present and discuss the model for ecosystem economic
valuation for the socio-economic development planning in Latvian coastal areas.
Methods

When assessing the ecosystem services, a concept of economic values has to be taken

into account, which involves Total Economic Value (TEV). TEV consists of direct and
indirect values, and the non-use values.



To assess the monetary value of the ES, different methods are used: Direct pricing/
Market price method; Production function method; Avoided cost method, Replacement
cost method; Contingent valuation method; Travel cost method; Hedonic pricing method;
Benefit transfer method; Other methods or their combination.

There is carried out collection of primary data, aggregation and comparative assessment
of secondary data by using approbated scientific research methods and ES assessment
indicators. The obtained data is adapted to Latvian social-economic situation by using
correction factors. Depending on ES category there were used following assessment
methods:

® for assessment of provisioning services - direct market pricing method;

® for assessment of regulating services - benefit transfer method and
direct market pricing method;

® for assessment of cultural services - benefit transfer method and travel
cost method.

The study was based on the data of Baltic Sea coastal Saulkrasti and Jaunkemeri pilot
areas in Latvia using standardized assessment, which provides different ecosystem
services indicators’ units to transform into one monetary unit of measurement, such as
EUR/ha per year, which makes it possible to compare different services.

The two pilot areas in the coastal zone - Jaunkemeri and Saulkrasti - have been selected
to test the approach of economic valuation the ES for the Latvian coastal conditions.

Pilot area Jaunkemeri is located within the city and is part of Kemeri national park. It
includes sandy beach and biologically valuable habitat of EU importance — wooden
dunes. The area is not much transformed and relatively poorly visited (90,85 ha).

Pilot area Saulkrasti is located in Saulkrasti municipality. It includes sandy beach and
biologically valuable habitat of EU importance — wooden dunes and remarkable cultural
and nature monument - White Dune. The well-maintained nature object is frequently
visited and subjected to excessive anthropogenic pressure and erosion (132,86 ha).

Results

The ES mapping and assessment in Jaunkemeri and Saulkrasti pilot areas resulted with
selected and assessed 23 ES classes based on the Common International Classification
of Ecosystem Services (CICES). According to the overall ES assessment the forest
ecosystem has been assessed as most valuable, followed by sandy beach, dunes and
river ecosystems. The regulating services have the largest monetary value in both
territories — Saulkrasti and Jaunkemeri and it is mainly provided by forest areas.




Conclusions

In the result of ES monetary assessment, the following priorities and recommendations
can be outlined

® The largest monetary value of all Ecosystem services for both pilot areas
has regulating services and it is mainly provided by forest areas. The
forest areas are the most valuable areas from ES monetary assessment
perspective. Therefore, the priority should be given to management
scenarios and measures which are directed to maintain and protect
forest ecosystem

® The second priority from ES monetary assessment perspective is
given to cultural services assuming that development of tourism and
recreation activities would not create additional anthropogenic load
on ecosystems but on the other hand will be directed toward nature
education and decrease of negative impacts on ecosystems.
® The lowest priority is for provisioning services considering that both
territories are located in coastal areas and there are legal and physical
restrictions to obtain these services (for example restriction of tree
felling and fishing).
The study underlying this manuscript has been conducted within LIFE
“EcosystemServices” (LIFE13 ENV/LV/000839) project, co-finansed by European
Union.
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