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INTRODUCTION

Groundwater dependent terrestrial ecosystems (GDTE) are ecosysiteneety upon groundwater, e.g.

fens, spring flahes, swamp forests. Significant changes in groundwater chemical composition (quality)
and/or groundwater levels (quantity) can damage the quality of GDTE or even destroy it. GDTEs provide
important ecosystenservices such as regulation of water cyclenking water and other resources,
pollution filtering, peat and carbon accumulation, unique biodiversity, interconnection with other
ecosystems (landscape functioning), recreational and scenic value, andhthétitage.

According to the EU Water Framewobirective (2000/60/EC), the whole groundwater body (GWB, a
management unit set by each Member State) is considered in poor status if anthropogenic pressure on
groundwater causes significant damage to GDTE. Then, spetibics (in WFRQ programmes of raasures)

must be planned and carried out to improve the status of GWB and thereby, restore the quality of damaged
GDTE.

Groundwater is a dynamic system which cannot be divided by human drawn boundaries such as country
borders, and many valuable GDTEs dapen the quality of these water resources. From a hydrological
viewpoint, the transboundary Gaujéoiva river basin has a joint water cycle. It means that human induced
activities (e.g. water extraction or pollution) on erside of the border can affect gundwater and
associated ecosystems on the other side. Thus, without joint activities and cooperation it is impossible to
sustainably manage transboundary natural resources in the long term.

A theoretical approach on howtidentify, assess, and monitor GBs has been previously developed in
Estonia. Similar climatic and hydrogeological conditions allowed us to adapt the methodology to Latvia and
jointly update it to fit the needs of both neighboring countrigEstonia and.atvia. During Interreg Estonria
Latvia project Esf F ich aW2Ayd YFyF3aSYSyid 2F 3ANRdzyRgl GSNI R
GaujaY 2 A @ NRAGDSNJ ol aAyé 2NJ DNRdzyR90O2 LINRB2SOGx 22Ay
GDTEs was developed whialas used to identify GDTEs inrsboundary Gauj&oiva river basin. The
methodology and best GDTEs assessment techniques were tested in two pilot &@és spring fen in
Estonia and Kazu leja valley in Latvia. Finally, recommendations for bettes GDMmEoring and future
works weredeveloped. All results will be used to support the development of 3rd cycle River Basin
management Plans (2022027) for Estonia and Latvia.
We hope that this report will be useful for many habitat and hydro(geo)expeotking with assessment
of GDTEs itine with European Water Framework Directive as well as serves as a good starting point for
better understanding of GDTEs functioning and linkage with groundwater resources.
Authors:
Retike, 13> Y I { @ Pyeder AD) Tarros, $), Terasmaa, @~ ¢ NOE| = AW dD&riidkoWh
Koit, 0@ Y NG DALYIE, E25d t NWIPApovsVK), Vainu, M@, Valters, K, Abreldaal, 2,
Babre, A% . o @ CauheZKY, IMdrandi, A, Polikarpus, M, Raidla, V), Rieksta, M, Sisask, K

1. Latvian Environment, Geology and Meteorology @e(jt | GOA2Ia xARSaz fS2t2fA

YSUS2NREf 2 A2l a OSYyuN&A
2. Tallinn University, Institute dicologyd ¢ | £ £ Agly |  « £ A1 2

3. University of Latvia, Faculty of Geography and Earth Sciefice 4 gA 21 & | yASSNEA G
%SYSa | Ayni@ada) FI {dzf GdndSov

4. Ministry of Environmen{KeskkonnaministeeriungEstonia)

5. Nature Conservation Agenéy5 + 6 & | AT &l Bvap ol & LIn NI f RS0

6. Vidzeme Planningregian+ A RT SYSa LI n/avi@l yI & NBIA2Yy a0

7. Geological Survey of Estorfizesti Geoloogiateenistus) (Estonia)

This document reflects the views of the authors. The managing authority of the programme is not liable for how
this infomation may be used.
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1. Description of GroundEco project

Project&Joint management of groundwater dependent ecosystems in transboundary -Gaiya river

basin (GroundEdpé A& 0SAy3a AYLI SYSy i SR-A #&Esoni# atvia KrésbarddrLILJ2 NI
cooperation programme 2012020.

Total budget of the project is EUR 411,764.72. Interrefy Estonia_atvia croséorder cooperation
programme contributes EUR 350,000.00 EUR and partnerstatibution is EUR 61,764.72. Project
duration is 26 months (10.0801809.07.2020). Main matials developed during the project are available

at the project homepagéttps://www.bit.ly/GroundEco

The objective of GroundEco projee to enhance sustainable management of coomrgroundwater
resources and associated ecosystems in the transboundary Baiya river basin.

The project's main activities are:

identification and exchange of data necessary for project implementation;

devdopment of a joint methodology and its implemtation in Gaujaoiva river basin;

pilot studies and development of conceptual models (Matsi spring fen in Estonia and Kazu leja valley
in Latvia);

recommendations for better management of transboundary Ga{ga/a river basin and project
result dissemiation.

The project partnershionsists of seven partners from Latvia and Estonia:

1. Leading partner is Latvian Environment, Geology and Meteorology Centre (LH@M{HY Vides,
fS2t2fA2l & dzy trxBtisFa@viBnetofiviiZl & KESYINR 2S5 0iG 02 2 NRA
(inga.retike@Ivgmc.ly

2. Tallinn University, Institute ofdlogy (TU)X I £ f A Yy I «-fjakepvBetehduste[irdtRuit dz
https://www.tlu.ee/eco), the coordinator from TU side is Jaanus Terasmaa
(jaanus.terasmaa@tlu.ge

3. University of Latvia, Faculty of Geographyldrarth Sciences (UL) (l @A 2 & | YA BSNRBRA (n
dzy »%SYSa 1 A yhttp$:Fudew.deb. iz B nii €S O22NRAYIF 2N FNRY |
(andis.kalvans@|iy);

4. Ministry of Envirament of EstonigMEE) (Keskkonnaministeeriutitips://www.envir.ee/et), the
O22NRAY I (2N FNRY keStburkerRiGerA a YSNRBRGA ¢NNJ] 6

5. Nature  Conservation Agency, tha (NCA) XKl ol & AT &F NRf ool &
https://www.daba.gov.lv/publicj, the coordinator from NCA sideis leva + SA {1 OA Y|
(ieva.veiksina@daba.qgowv

6. Vidzeme Planning Rieg, Latvia (VPRY(A RT SYS & LI nyhtpOwwhilvidzeneB/j, the v &
coordinator from VPR side is MaiRieksta nfaija.rieksta@vidzeme Jv

7. GeologicalSurvey ofEstonia (GSEEé€sti Geoloogiateenistusttps://egt.ee/et), the coordinator
from GSE side is Siim Tarrsignf.tarros@egt.ep
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GroundEco activities in a nutshell:

transboundary GaujKoiva river basin

WP

Descriptionof activities

Main results

WP1 Data exchange,
mobilisation and
collection

Data exchange and
mobilisation;

Pilot studies and data
collection (Matsi spring fen anc
Kazu Leja valley).

Data exchange report provides an insight into
the data identification, secification, exchange
and storage processes during the GroundEco
project. Duing pilot studies tools and
approaches were tested to find best parameter
and data analysis techniques for GDTE
assessment, as well to collect data necessary
GDTE identific&n and assessment
methodology testing (including assessment
schemes).

WP2Development of
joint methodology and
implementation

Development of common
structure of groundwater and
habitats data;

Development of joint
methodology;

Identification of groundwate
dependent ecosystems in
GaujaKoiva river basin;
Development of conceptual
models and assessment of pilc
groundwater dependent
ecosystems.

As a result, a joint methodology for GDTE
identification and assessment was developed
including quantity and quali assessment
schemes. According to the methodology, GDTI
were identified in the Gauj&oiva river basin.
Conceptual models were developed for pilot
areas (Matsi spring fen and Kazu Leja valley) &
their status was assessedcacding to

developed joint nethodology. All results are
incorporated in this report.

WP3
Recommendations and
dissemination of
results

Recommendations for
transboundary groundwater
monitoring and groundwater
dependent ecosystem
assessment;

Development and
dissemination of informative
materials for target groups;
2 2N] AK2LJ aLydn
development of conceptual
Y2RSt aeT

Seminar on groundwater
dependent ecosystem
assessment;

Special conference session fol
groundwater dependent
ecosystems;

Knowledge exchange and
training at European
Geosciences Union General
Assembly 2019.

The recommendations for better GDTE
assessment and monitoring, and future
prospects are incorporated in this report. Durin
the project 3 main public events were organize
to introduce target groups with project progss,
main results and to train to usé¢ developed
methodology. Experience exchange and
presentation of main results to the experts all
around the world was done during the EGU201
conference in Vienna, Austria. Additionally,
materials were developed fdarget groups to
raise awareness of gopmdwater and associated
nature protection. Main project materials and
organized/ attended events are available at

bit.ly/GroundEco
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2. Background for identification and assessment of groundwater
dependent terrestrial ecosystems (GDTEsS) according to tlki¢ater
Framework Directive (WFD)

2.1. Role of groundwater dependent terrestrial ecosystems in the Water Framework
Directive

Water Framework DirectiveVFD, 2000aims to protect all water resources, including groundwater. For
groundwater, environmental objectives are set in Article 4 and the main goal is to achieve good
groundwater status which is a combination of both, good quantitative and chemical status.

Terrestrial ecosystems that are directly dependent on groundwaterT@&Dcan affecthe status of
groundwater body (GWB). If a significant damage to GDTE is caused by anthropogenic alterations of
groundwater level or chemical composition (groundwater chemistry or concentrations of any pollutants), a
whole GWB is in poor dizs.

In orderfor the terrestrial ecosystem to be a part of GWB status assessment, it must be directly dependent
on GWB. This means that existence and quality of such terrestrial ecosystems relies on groundwater input
(flow, level, certain chemical comptein). Criticd dependence upon a GWB is most likely where
groundwater supplies GDTE for a significant time period of a year (continuously or for most part of the year)
(EC 2011)

2.2. How to determine whether a terrestrial ecosystem directly depends on
groundwater body

There are cases when the dependence of GWB is easy to identify, for example where a spring is clearly
visible. Still there are many situations where terrestrial wetland ecosystems depend or partly depend on
other water sources such as surface araprecipitaton or distance from the sea.

Member States might use available knowledge base ftooalizedsite assessments for thElabitats
Directive (1992)If it is unclear whether the site is GWB dependent, a staged approach for screening out
the ecoystems usingcologicaland hydrogeological information as wellexpert judgementmay be used

to rank them in terms of likely dependence on groundwater.

First step in such a screening approach is to identify whether certain terrestrial ecosystems tladigretic
can be @pendent on groundwater resources. Member States may use lists of vegetation communities and
habitat types under Habitats Directive to rule out sites which do not have groundwater dependent
vegetation. Then a conceptual model of a GWB mayskeel to identfy if groundwater in a GWB is likely to

be discharging to and supplying a GDTE.

Conceptual modeléEC, 201Pmay include information on habitat type, the ecosystem and the GWB and
their linkages, or approximate understanding of the linkagesyall as thalegree of dependence on the

GWB. Considering the large number of GDTES, conceptual models may never be developed for all sites. The
priority should be given to significantly damaged ones and to GDTEs in GWBs with significant pressures. The
conceptual modéremains open to revision, as more data becomes available.

When no monitoring results or conceptual models are available, expert judgement may be used. Member
States may have lists of plant communities occurring in the particular countrythairddependnce on
groundwater can rely on expert knowledge using certain principles. If no data is available, adaptation of
existing knowledge base fromeighboringcountries with similar climatic and hydrogeological conditions
may be considered.
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If anecosystem isurrently no longer groundwater dependent, due to lowering of groundwater levels, but

has been dependent on groundwater in the past, it should also be considered as GDTE. GDTEs can be
damaged also by rising groundwater tables, for exampéewiétland idlooded after construction of a dam

that obstructs the discharge of groundwater. Article 4 \&fD (2000)requires that all bodies of
groundwater are protected, enhanced and restored. However, priority should be given to preventing
deterioration of sites wiich are currently considered groundwater dependent, to avoid damage in the
future (EC, 2011).

UKTAG (2004uggest two simple complementary techniques which may be adapted to identify GDTES:

identify ecosystem types that depend upon groundwatend then ientify which of these
ecosystems are most ecologically significant in the particular country;

identify points where groundwater interacts with the land surface and assume that any terrestrial
ecosystem present igtilizingthis water.

2.3. How to determine whether there is a significant damage to groundwater
dependent terrestrial ecosystem

According toEC (2003¢xpressio@ A Ay A FAOF yi RIFYF3S¢ A& o6F &SR dzalkRy
the ecological or socieconomic significance of thterrestrial ecosystem. The magnitude of damage
depends on whether GDTE continues to fulfill its ecological or satpnomic function. A GDTE which is
crucial for regional tourism might be considered to have secionomic significance, thus any changes in
groundwater quality or quantity supplying the GDTE may lead to its damage and reduced visitor numbers.

If a GDTE belongs to the Natura 2000 network, the failure to meet its conservation target can be interpreted
as significant damage (as far as groundwatmtusis concerned). For GDTESs that are not part of Natura
2000 network, formulation of targets and derivation of groundwater requirements (chemical and
gquantitative) may be developed by Member State and then comparison between actual and desirable
situations @n be performed.

Member States are strongly encouraged to carry out analysis of significant damage to GDTEs in
multidisciplinary teams as both good ecological and hydrogeological understanding of the sites is required.

2.3.1.Threshold values and triggeralues

To protect groundwater, quality standards and threshold values (TVs) should be established, and
methodologies based on a common approach developed, in order to provide criteria for the assessment of
the chemical status of GWBs. The requirements detting up of threshold values (TVs) are fixed in
Groundwater DirectivGWD, 2006 NJ a2 OF f £t SR 4aRI dzZAKGSNJ RANBOGABS¢
establishment and application of TVs is set out in European Commission guidance do@@)ez109)

TVsmust beestablished in such a way that any exceedance at representative monitoring point will indicate

a risk that environmental objectives under Article 4 of WFD are not being met in GWB. When establishing
TVs Member States must consider not only pressumhydogeological conditions and geochemical
pathways, but also the extent of interactions between groundwater and associated aquatic and dependent
terrestrial ecosystems. When establishing threshold values, it is particularly important to consideapathw

as br example, reducing conditions may remove nitrate, but high calcium content mayecipitate
phosphate.

C2NJ adzNFI OS 4+ GSNJ adzOK ljdz- €t AGeé ONRGSNREF | NB O ff
GKS SELINB & & A 2 gfentost cahndayubkd. @ krijgdeSalués are exceeded in the GDTE (not
GWB), significant damage to it could be caused. To determine trigger values, it is necessary to understand
the levels that different types of GDTEs can tolerate in terms of chemicalsinghithdo not result in
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significant damage. After that TVs for GWB can be determined by taking into account dilution and
attenuation between the GWB and the dependent terrestrial ecosystem through understanding of the likely
pollutant linkage.

Annex Il ® GWD (B06) states that for the purposes of investigating whether the conditions for good
groundwater chemical status are met, Member States should (where relevant and necessary) on the basis
of relevant monitoring results and developed conceptual mdoelGWB,assess: a) the amounts and
concentrations of pollutants being or likely to be transferred from the GWB to GDTEs and b) the likely
impact of the amounts and concentrations of the pollutants transferred to the GDTEs.

2.3.2. GDTEs that depend on concentratis of raturally occurring substances above threshold
values

Some ecosystems are adapted to higher concentrations of naturally occurring substances and according to
WFD this is not pollution. Faxample,in a region of the Netherlands, zinc naturally occurs ghhi
concentrations and local ecosystems have adapted to those conditions and differ from ecosystems
elsewhere. Such ecosystems may also develop if high zinc concentrations come from anthropogenic
pollution, but such a case should be considered pollutiondardage to the currently existing ecosystem.

2.4. How to determine the groundwater quantity and quality needs of groundwater
dependent terrestrial ecosystems

When GDTE has been identified, there makely will be key periods during a year when groundwater
input is critical to the functioning of the individual GDTESs. Ecologists in Member States may understand the
water quantity needs of specific GDTESs, but as quantitative requirements are speciéicht&®TE, the
necessary knowledge base may be absent. Whrantitative information is available, hydrological
modelling can be used to link groundwater resources to a GDTE.

Characterizatiorprocess should determine what groundwater chemical pressures lmeagcting on the
GDTE. The information from chemical growatler monitoring should be used to identify pollutants. If such
data are lacking, then potential pressures from the initial GetiBracterizationprocess may provide
necessary information. For exgha, if the area is intensively used for agriculture therstiikely pollutants
will be nitrates and phosphates.

However, different GDTE categories can have large tolerance ranges to specific pollutants. Some GDTE
vegetation types only occur in certaincktions due to the unique chemistry of water supply in theaa

still others are more or less tolerant to elevated concentrations of substances such as nutrients. Further
investigation is needed to understand the effect of elevated pollutant concentratmm each GDTE
category. This information can further be alst® develop trigger values and help to establish TVs for GWB.

The information exchange between Member States is strongly encouraged to identify both, quantity and
quality requirements of specifiéDTEs.

2.5. Characterizatiorand risk assessment

Typically characterizationof GWB is &wo-steprisk assessment procedure. During iniihhracterization

the uses of GWBs and the degree to which they are at risk of not meeting the environmental objectives set

in Article 4 of WFD are assessed. If GWB is conside@Bto ¢ & NRA&1é¢ 2F y20 YSSGA
further, more detailedcharacterizationprocess is needed. In many cases it would be appropriate to
combine both risk assessment procedures into one stage.

Initial characterizatioomay gather available infmation on diffuse and point source pollutiocharacterize
overlying strata (define vulnebdlity to pollution) and assess the pressures from water abstraction and

10
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artificial recharge. One of the outcomes of this process should be identification of @Giddgs for which
there are GDTEs. It is recommended to use GIS techniques in cases wheretrasny possible GDTEs.

If a GWB is at risk due to negative effects of GWB pressures on GDTES, an inventory of terrestrial ecosystems
with which the GWB is dynanailty interlinked is needed. Even though Wgilbritizes ecosystems, in

practice it might benecessary, if large numbers of GDTEs are connected to GWB. Guieahce003)
provides practical guidelines farioritizing terrestrial ecosystems. Stepwise appoh suggests firstly
focusing on Natura 2000 sites and those ecosystems which may expesigmifcant damage (either
ecological or socieconomical). Inclusion of anthropogenic pressures analysis can focus the risk
assessment, for example for furtheharacterizationa sourcepathwayreceptor approach could be used

to conceptualizegroundwaterflows and anthropogenic pressures.

Classification of the status of GWBs under the GDTE test, for both quantitative and chemical status, is a
decision based on thaformation and data from the monitoring networks, gathered in the previous 6 years
(reporting period under WFD). There might be different levels of certainty in the risk assessment depending
on the amount of available evidence available about each sitkages to GWB and pressure action on
GWB. Only those defined as being at risk of failing-\W&bvironmental objectives undeharacterization
process should be considered as potentially putting GWB at poor status. For those GWBs where there is
significantdamage of a GDTE after tbhkaracterizatiorprocess, additional investigation and monitoriisg
required according to WD and GWD.

2.5.1. Stepwise approach

Firstly, a screening process should identify those terrestrial ecosystems which are (likely) interatting wit
GWAB, which are significantly damaged and the damage is caused by pressures dnv@§tBations may

be used to provide evidence if GDTE is significantly damaged and if this is caused by pressures on GWB.
During investigations a magnitude of damage éassdamage magnitude in combination with ecological
studies), linkage between GWB aB®TE and relative importance of groundwater for particular ecosystems
should be identified. Where there are many GDTEs, it is suggested to use already available oriprmati
undertake simple ecological walkover surveys of the site or use expert judge®elytfor significantly
damaged sites a more detailed investigation should be carried out to design measures for status recovery.

There may be GDTESs interacting with th&B5 where there is not sufficient information to allow for clear
distinction whethetthese are significantly damaged or not and/or environmental supporting conditions are
not quantifiable with a significant degree of confidence. In that case GDTE wilinreineisk of being
significantly damaged and could hwioritized for further investigation. Where the information and
knowledgeare insufficient, the status assessment procedure can be stopped and GWB is classified as of
good status under this test, butill remain to be at risk.

If the first step confirms that GDTEsignificantly damaged and interacting with GWB, then the second step
should identify whether environmental supporting conditions are not met due to anthropogenically
induced changes in theWB and if that is the case, which ones are not being met. lfi¢parture from

the environmental conditions is the result of groundwater abstraction, then GWB is classified to be at poor
status. For chemical assessment developed GWB TVs can be usednakitie based on GDTE trigger
values.

Many GDTEs may have not bemibject to rigorous status assessments and could be damaged by a wide
range of pressures such as afforestation and land development, many of which may be unrelated directly
to the quality o quantity of groundwater supplfKTAG, 2004)

11
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2.5.2. Consideration of gpundwater threshold values

When ecosystems with different sensitivities for a certain substance depend on one GWB, the TV used is
proposed to be based on the most sensitive GIHE, 2009)f in the first step of status assessment all
monitoring resultsfall under TV, all GDTEs in a GWB are deemed protected. If there are exceedances at
some monitoring points, this does not automatically lead to poor status. Appropriate investigations can
confirm that the objectives of WFD are still being met and suggestededure is:

Derive TVs based on most sensitive GDTE based on GDTE trigger values and dilution and attenuation
along the flow path;

Compare monitoring results from points where the GDTEp&endent on the GWB to this TV (based

on conceptual understandg);

If the average of concentrations in each of these monitoring points is lower than the TV, the GWB
is of good chemical status for that particular substance in relation to the GDTE test;

If the average of concentrations in these monitoring points ar@édrighan the TV, an investigation

is needed. Depending on the result, assign either good or poor chemical status for this substance
for the GDTE test;

If a single GWB contains ecosystemshwlitigh sensitivity for certain substances as well as
ecosystems wth low sensitivity for the same substances, the investigation should focus on the high
sensitivity GDTE.

If a GDTE has been identified as significant and is significantly damaged fronvgaimatessures, GWB
is at poor status independent of the size@¥B or GDTE.

2.5.3. Investigations

For GWB where TV is exceeded, but significant uncertainty exists, more detalsplesitic assessment or
expert judgment may be used. It is also important &org out detailed site investigation in the most cost
effective way. The investigation showbivays be guided by the conceptual mo¢eC, 2010)

Some methods that are considered to be ceffective are:

targeted ecological surveys (vegetation survegsdetect changes in abundance of species
indicative of chemical damage such as nutrient enrieht or significant drop in groundwater
table);

walkover hydreecological surveys to determine the locations of springs and seepages in relation
to critical groumlwater dependent ecological features and hydraulic relationships between
groundwater and surface water (e.g. ditches, ponds, watercourses);

establishment of shallowlip wellsto measure water levels in the neaurface deposits and their
hydraulic relatioships with the underlying GWB;

remote sensing data to predict water leggh GDTES.

Other suggested techniques are geophysical surveys (resistivity, gpmnedrating radar to predict
stratigraphic relationships and location of wateearing/conductive sata; drilling of deeper piezometers
into underlying GWB and measuremeot other sources of chemical pressure such as atmospheric
nitrogen.

12



,////4,” interreg o GroundEco .
9% Estonia-Latvia @oint managementdf groundwater dependent ecosystems in

European Reglonal Development Fund

transboundary GaujKoiva river basin

EUROPEAN UNION

3. Methodologies used for assessment of groundwater dependent
terrestrial ecosystems in the European Union

3.1. Results fom joint questionnaires

LY HAaMH | 1jdzSadA2yyFANS gFa RSOSt2LISR YR RAAGNRG
the member states of the European Union in order to gather information on how the member states have
assessed their GDTEs. Thepmse of it was to sharexperiences and to learn from best practices
(EC,2014) Neither Estonia or Latvia responded to the questionnaire because GDTEs had not been
determined nor assessed yet. In the GroundEco project these experiences and best praetedasken

into accountfor the development of the joint methodology for GDTE identification and assessment.

A total of 21 countries responded to the questionnaire. From these 19 were Member States and two were
non-Member States, who indicated that théyave national GDTE desaions and have an interest in
sharing their knowledge and experience. Although the majority of Member States responded (19 from 28),
the compilation of answers does not currently provide a complete overview of the situationapézand
the work should b continued as there are still many uncertainties and knowledge gaps among the countries
(EC, 2014)
In TABLE & compilation of the most significant results from the joint questionnaire and approaches used
in Member States are psented. Full answers froeach country are available BC (2014)

TABLE

Summary of responses to joint questionnaire on national GDTESs identification
and assessment approach¢EC 2014)

No. Question Summary response
1 How GDTESs were identified UsingNatura 2000 (90% or 19 respondents)
in yourcountry? Using additional protected sites (48% or 10 respondents)

All 19 Member States rely on Natura 2000 designations when identifying Gl
Approximately half of the countries indicated they had additional lared
designations in addition to those declared under Natura 2000 and that tt
were also considered for GDTE assessments.

Seven countries identified the Annex | habitats typologies that they used v
selecting GDTEs for assessment.

2 How has yourcountry Expert judgement (100% or 21 respondents)
identified that terrestrial All countries indicated that expert judgement played a key role wil
ecosystems were determining groundwater dependence. Few countries struggleddtermine

groundwater dependent? groundwater dependence, but included wetlands in country GDTE assessn

Four countries have elear assessment criterioend other four countries use
field assessments (bottom up approach) to carry out dependency analysis.
half of the countries relyon the combination of field studies and general wetla
characterizatiorcriteria to determine groundwater dependency.

3 How has your country Use of nationaimonitoring network (71% or 15 respondents)
assessed if GDTEs were Specific habitats studies (19% or 4 respondents)

damaged and what criteria. Many countries responded that this assessment was rather complicated to «

were used to determine the out and in most cases was subjective. Eight countiée®loped specific damag

magnitude ofdamage? criteria for wetland assessment. Other countries rely on the conservation st
from Habitats Directive reporting, sigpecific assessments of damage (if a
where available) and expert judgement.
Five countries were not able tdetermine significant damageoBr countries
have considered abiotic factors (pressures, trends) to determine if groundw
has the potential to cause damage to a GWDTE, rather than focus on dam.
the wetland itself.

4 How has your country Using information coming from differentrganizations (76% or 16
coordinated gathering of respondents)
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No. Question Summary response
relevant data ard who was Local level (33% or 7 respondents)
responsible for The assessment coordination wagmarily undertaken at a national level. Sevi
coordination? countries indicated tht the assessments were undertaken by working groi

and three countries did not have any specific coordination approach.

5 What are the lessons Developing significant damage, gralwater dependency anc
learned from the first prioritization criteria and/or assessment methodologies (43% o1
assessment of GDTEs and respondents)
what changes will be made? Gathering additional monitoring data (33% orespondents)

Better coordination (19% or 4 respondents)
To sum up, further work is required regarding: deyghg significant damage
and groundwater dependency criteria; improving GDTE condition assess
methodologies and developing abiotibreshold criteria; gathering additiona
monitoring data; improving knowledge of the pressure source and groundw
pathways to the wetland and then linking this back to measures.

6 What are the remaining Lack of shared methodologies (52% or 11 respondents)
constraints to GDTE Exchange of experience within working groups (52% or 11 respond

assessment in yourountry?  Most of the countries report that there is a lack of supporting guidal
documents at EU level. Better linkagestween ecologists and groundwate
experts at EU level and greater sharing of experiences between countrie
necessary.

There were requestsof sharing on how GDTEs were selected, criteria
determining groundwater dependence and significant damage, the overall
assessment approaches, the use of screening criteria and monitoring dai
GDTE assessments.

In particular there were requestsr the establishment of baseline conditions fi

GDTEg what are the reference conditions in terms @fology and the abiotic
factors that countries should achieve.

The main outcomes from the questionnaire cansoenmarizedas follows:

3.2.

All countries relyon Natura 2000 designations when identifying GDTESs. About half of the countries
also consider additicd wetland designations;

Expert judgment plays a key role in GDTE identification process and only a few countries have clear
criteria for identificationprocess;

Most countries acknowledge that the assessment of the significance of damage to GDTE is
subjective. Countries rely on the conservation status from the Habitats Directive reporting, site
specific assessments of damage (if and where available)egpert judgement. Some consider
abiotic factors (pressures, trends) to determine if groundwater hagptitential to cause damage;
Majority of countries admit that there is a lack of guidelines at EU level on how to perform
assessments and not enough coogiion between ecologists and hydrogeologists. The necessity to
share knowledge and good experience weén countries is also highlighted. Some countries
request to establish joint baseline conditions for GDTEs.

Methodology for identification and assessménof groundwater dependent
terrestrial ecosystems in Estonia

In Estonia a preliminary methodology for identification and assessment of groundwater dependent
terrestrial ecosystems was developed in 2@TBrasmaa et al., 2015)he report on the methodologyas
written in EstonianTherefore,the following section presents the translation of the relevant parts of the
report, which have not been published in English before. Thespigting Estonian methodology was taken

as a strting point in the GroundEcorgject for the development of joint methodology for Estonia and

Latvia.

14
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3.2.1.1dentification of terrestrial ecosystems depending on groundwater bodies

Two principal mechanisms for the dependency between GDTEs were consielgs&s ).
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FIGURE Conceptual maels for two main types of terrestrial ecosystem dependence on groundwater in
Estonia (and also in Latvia): (A) the ecosystem is fed by the groundwater body, (B) the ecosystem is
supported by the groundwater bodyTerasmaa et al., 2020)
Thesetwo mechanisms may be combined and may be absolute or partial and can affect different parts of
the ecosystem (wetland) differently. For example, a mire that is mostly fed by precipitation may have a
section that is fed by springs.

In the case of Estonithe ecosystera considered depending on groundwater are mires, including paludified
forests and grasslands, but not alluvial forests and grasslarfiz)systems that depend fully on
groundwater are spring fens, which have formed on the locations of peaésaepagesprings. Although

some spring fens are probably fed by Quaternary aquifers that do not belong to groundwater*boties

larger spring fens are totally or partially dependent on water coming from GWBs. Spring fens may be
affected both by chages in the quatity and quality of the groundwater bodies. All the largest spring fens
and spring fen groups were selected to the list of Estonian GDTESs.

Minerotrophic mires also have a significant connection with GWBs, as their water regime and
hydrochemistry depend mdy on groundwater. The dependency is more significant in the alkaline fens of
western and northern Estonia, as the Quaternary cover is thinnest tfigensition mires and bogs are
usually not fed by groundwater, and therefore they are assumed to not &awect dependency. However,

the water in the peat layer may not be fully isolated from the groundwater aquifer. A drop in the
groundwater level mayause a drop in the bog water level, if the peat layer is not separated from the
aquifer by a continuousnpermeable aquitard. That theory is supported by modelling results in some bogs
in the vicinity of olshale mines in northern Estonjalm & Kohv, 2B; Marandi et al., 2013)The list of
GDTEs includes all mires (including bogs) with the size ovafr Ba that are located on GWBs in a bad and
endangered status (Quaternary Vasavere @wdovician O K £ S 6F dAy0®d hy &KS vd
Pelgurannagroundwater body all mires, including bogs, were included. On Ordov&iiarian Pandivere

I Y R t pafAdasiereGWBSs (designated nitrate vulnerable zones accordMiytdes Directive (199))
larger minerotrophic mires with higher ecological value evéncluded. On other GWBs only larger
minerotrophic mires (also some transitional mires) with highenegical value were included in the list of
GDTEs.

! Since 2019, all Quaternary aquifers have been joined to groundwater bodies in Estonia
15
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Identification was fully based on thexpert judgement. Altogether 71 mires, mire systems or groups of
mires were identified as GDTEs depending on GWEBSJRE)2 Some of thentould be dependent on
severalGWBs. In many cases the dependency is hypothetical because of the lack of hydrogeological data.
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FIGURE Rientified terrestrial ecosystems dependent on groundwater bodies in Estofuialy the
groundwater bodies mentioned in the text are showifJerasmaeet al., 2015)

3.2.2. Indicators and criteria for the evaluation of quantitative and qualitative effects of
groundwater bodies (GWBs) on groundwater dependent terrestrial ecosystems (GDTES)

According to theVFD (2000kriteria have to be set for GDTESs in orderwaluate the effect of GWB on
the ecosystem. In order to maintailavorableecological status, GDTEs need to maintain groundwater
discharge. If a GDTE is inuarfavorableecological status and it is causedthg pressures on GWBs, then

it affects the satus of the whole GWB.

Groundwater body can have a negatiygantitativeand/or qualitativeeffect on the GDTE:

Quantitative effectc human influence has lowered groundwater levels, so that the GWB does not
provide enough water to sustain the GDTE $miatural state.

Qualitative effect¢ human influence has affected the GWB in such a way that its chemical
composition causes the deterioration of the ecological value of the GDTE.

3.2.2.1. Indicators and criteria forhe assessment of the quantitative effect

Thefirst step to assess whether the contributing GWB could have a negative effect on the GDTE, is to
determine the status of the GDTE. If the statusrifavorable then potential other causes have to be ruled

out first. Often theunfavorablestatus is causetly surface drainage and not lwfavorablechanges in
groundwaterbody. In the case of spring fens, the impact of surface drainage is usually smaller than in
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minerotrophic mires. In sprindens, the effect of drainage is mitigated by the constant inflow o

groundwater.

The negative quantitative effect of a GWB on a mire nagxpected if there have been no changes in the
surrounding surface drainage network and other surface water bodies, but the mire water level has
dropped, and discharge from the mirea$ decreased. It is important to also take into consideration
meteorologh OF f O2yRAGA2y &Y gKAOK F2NJ a2YS LISNA2R 27
Groundwater dependent mires are affected by the amount of water in the GWB. Suitable ardiéat a
potential change are mire water level and annual minimal wkeel compared to longerm average levels
(TABLE) For spring fens, the amount of groundwater flow is also an important indicator. It can be assessed
by measuring the dischargessfrface water bodies (streams) that originate from the fen. The watel |

EUROPEAN UNION
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dynamics in wells of the GWB that feeds the mire can also be used as an indicator. If the groundwater level

drops, then it could result in a decrease of groundwater inflow to @&TE and the deterioration of its

status.

3.2.2.2. Indicators and criteria for tle assessment of the qualitative effect

There is no data suggesting that groundwater quality has led to the deterioration of the status of terrestrial
ecosystems in Estonia. Generalllge amount of nutrients in spring fens and minerotrophic mires is
O2YLRaAlA2y 2F YANBQa
consequent release of nutrients, assimilation of nutrients by vegetation and outflowdghreurface water
discharge, also by the dilution ¥fA NB Q &

relatig S f &

KAIKDd ¢KS OKSYAO!I ¢

& | preipitationk NP2 dz3 K

Threshold values (TVs) for nitrates in GWBs have been developed in the United Kingdom to assess their

effect on various types of wetland ecosystefd&KTAG, 2012)n terms of phosphates, the development of
TVs is still ongoing. In Estonia, there is not enough relevantatathe hydrochemistry of groundwater
dependent mires to develop TVs. The role of nitrates and other substances in groundwater in the
functioning of e@systems and their effects on biota is also uncl&aerefore thorough hydrochemical and

ecological studies have to be conducted if these TVs are to be develbpEd )2

TABLE 2

Criteria for assessing the status of GDTES

Terrestrial ecosystems

Effect - — Comment
Indicator Criteria
itati A) Mire water level A) Annual mean or In orderto determine possible lonterm
Quantitative
A piezometric well is installec Minimal water level effects, changes in biota have to be
to the centerof the mire compared tolong-term monitored even before permanent
massif, where mire water average water level. monitoring of water level is started.
level is measured. If the status of the habitat is
B) Groundwater level athe B) Annuamean water Qeflterloratlrg, tthebnaéu;e of_the d. Th
same location level compared to long g‘ﬁ:;ngfetrhe Zaci)na(;e i;srtrgir?ecﬁanges i
i term averagewater level. . " '
I t?here IS kngwn fl ¢ g meteorological conditions have to be
31“ é(\)/sggemc n uengs 0 assessed. If there are no lotgym
gr?)undwaiﬂé\r?ellr;eih Ojg be measurements, then proxy methods
. have to be used to determine
mgasured .?J.SO k? Utj.' de qf thg approximate historical water levels
tmhgein::l?:r?cel?t e direction o (maps, photos, wtien sources).
Qualitative A) Nutrient content(nitrates, Currently none Based on current knowledge it is not

Pot, Not) both in surface and
groundwater

possible to define criteria for
determining theeffect of changes of
groundwater quality to GDTESs. Bent
studies to produce such criteria have to
be carried through.
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3.2.3. Evaluation schemes of quantitative and qualitative effects of groundwater bodies on
groundwater dependent terrestrial ecosystems

It isnot possible to develop a simplistic and universaleation scheme that gives a higéliability answer
without the acquisition of additional datarherefore,the developed schemes enable to pinpoint the
ecosystems for which the effect of GVW&Bnnot beruled outas the cause for thenfavorablestatus. In
thesecasesmore thorough studies have to be performed to determine the actual effect of the GWB, the
size of the effect and suitable mitigation measures.

3.2.3.1. Quantitative effect

The assessmersicheme for the potential quantitative effect of a GWB on GDTEsists of the following
steps(FIGURE)3

1. GDTEs depending on the evaluated GWB have to be determined.

2. National monitoring and inventory programmes for terrestrial ecosystems do not incluter wa
level monitoring.Therefore there is no data on their watdevel and its dynamics. Generally, the
deterioration of the status of mire habitats is caused by a decrease in the mire water level.
Therefore, the only possible indicator currently availdledetermining the potential water level
decrease is the detasration of the conservation statugccording to the assessment of habitats
listed in Annex | of the Habitats Directive (hereafter Annex | habitats). As repeated inventories have
been performel only in some mires and permanent monitoring is also carriealtin only in some
areag, then it is difficult to find trends in the status of a specific miftaerefore,the most
reasonable solution in this step is to select areas, whose ecologicas stdess than good (B). These
areas move to the next step.

3. The perequisite for changes caused by groundwater is the occurrence of intensive groundwater
abstraction in the vicinity of the GDTE and the subsequent drop in the groundwater head. As the
sizeof the cone of depression depends on the properties of the aquiféensity and time since
commencing the pumping and depth of the wells, it is impossible to give a universal radius of threat.
For the evaluation scheme the following solution is proposett a 10 km radius of the GDTE at
least 1000 /d of groundwate is abstracted, then the effect of abstraction on the water level drop
in the ecosystem cannot be ruled out. The limits are rather conservative in order to assure that no
potential case ofhe negative effect is ruled out in this step.

4. The next step is tassess if the annual average groundwater level in the aquifer feeding or
supporting the GDTE is lower than its ledegm average water level. A groundwater level drop in
the recharge area fothe GDTE will likely cause a drop in the amount of water regcttie
ecosystem. On the other hand, a drop in the groundwater level downstream of the GDTE, could
cause an increase in the amount of water seeping out from the ecosystem. In both casgs,jm@ dr
GKS SOz2aeaisSyQa gl (SN t Ssgsfin dogsinbt feedlidbhgiolindviater, T 2 f f
but its water level is kept high because of the pressure from the underlying aquifer, then also, in
that case, a drop in groundwater level couldcause RNR LI Ay (G KS SOz2aedaidisSyQa
level).

5. If the assessment shows that the water levels in the ecosystem and in the groundwater aquifer that
the ecosystem depends on, are lower than they should be, and groundwater abstraction is taking
place in the vicinity, then it is possible that the groundwater ledrelp is caused by the abstraction.

To prove or deny it, a preliminary, fieldork based study should be carried out, in order to evaluate

2 Since 2017 permanent monitoring in Estonian mires has Baspended (see Chapter 4.3.4)
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whether the water level drop in the ecosystem coblel caused by groundwater abstraction and a
decrease of the wateelel in the GWB.

6. If the preliminary study proves that groundwater abstraction and a water level drop in the
groundwater body most likely have affected the ecosystem, a thorough situclyding fieldwork
and analysis of meteorological data, should beiedrout to determine the functional connections
between the GDTE and the GWB.

7. After that a monitoring and action plan should be prepared and applied in order to survey possible
FdzZNIIKSNJ OKFy3aSa Ay (KS SO2aeadSyQat Thatidtep dzd | Y F
especially important for GDTEs situated in nature protecticeas of national importance and
Natura 2000 areas.

1. Are there GDTEs that are located on the
groundwater body or in its vicinity?

'YESJr

2. Is the annual mean or minimal water level of
some GDTE considerably lower than it has been
previously or is typical to analogous ecosystems,
or the status of the biota indicates water level

decrease? NO

YESL

3. |5 there groundwater abstraction in a 10 km
radius of the GDTE with abstraction rate of at = NO
least 1000 m’ per day?

YES|

4. I= the annual mean water level in the GDTE's
groundwater level menitoring well lower than the | — | N O
leng term mean water level?

YES

effect on the GDTE.

>
5, Conduct a preliminary study to determine
wheather the water level drop of the GDTE could NO

be caused by groundwater abstraction.

The quantity of the groundwater body does not have a negative

YES
&. Conduct a thorough study to determine the
functional connections between the GODTE and 7. Preparation and
groundwater body. \ application of monitoring
and action plans.

FIGURB Assessment scheme for the quantitative effect of groundwater on groundwater
dependent terrestrial ecosystems

3.2.3.2. Qualitative effect

The assessment scheme for the potential qualitative effect GVdB on GDTESs consists of the following
steps(FIGURB):
1. GDTEs feeding from the evaluated GWB have to be determined. GDTESs that are only supported by
the groundwater body are lebut in this step.
2. National monitoring and inventory programmes for terréatrecosystems do not include water
chemistry monitoringTherefore,there is no data on water and peat chemistry and its dynamics.
The only possible indicator currently availafide determining the potential negative effect of the
water chemistry, is theleterioration of the conservation status according to the assessment of
Annex | habitats. As repeated inventories have been performed only in some mires and permanent
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monitoringis also carried through only in some argahken it is difficult to find tends in the status

of a specific mire. As the quality of GWB cannot have had a negative effect on the ecosystem, if the
SO24884i8yQa o! yySE L KI 0 fefork theéymost teastndtde sdludion Inti £ S
this step is to select areas, whoseodpgical status is less than good (B). These areas move to the

next step.

3. The next step is to assess whether the deterioration of the status of the ecosystem could be caused
by changes in the water chemistry (increased concentrationsig@fdfand Ro, nitratesetc.). That
step is impossible to perform, because of the lack of data. Additionally, there are no TVs for nutrients
set for mires and other terrestrial ecosystems. Atke,relations between the chemistry of different
types of mires and their atus are not clear enough. If such TVs existed, then ecosystems where
they are exceeded would move to the next step. But even without the TVs, the ecosystems whose
worse than goodstatus could be explained by other effects then changes in groundwater body
(drainage, peat extraction, alkaline pollution etc.), may be removed from the assessment in this
step.

4, ¢KS 3INRdzyRgl GSNJ ljdzt t AGe Ay GKS SO2ak#&ihsyQa (
concentration of TotN, TotP, nitrates or other relevant substaincthe groundwater monitoring
well of the GDTE is two times or higher than the threshold value for the specific ecosystem type
(2*TV), then the GDTE moves to the next step. Thékothreshold value is proposed to take into
consideration potential dilutio of groundwater, as groundwater might not be the only water source
for the GDTE.

5. If it has been determined that the water quality in the ecosystem and inféleeingaquifer, is
inadequate, then it is possible that the inadequate quality of the water in the ecosystem is caused
by the quality of the groundwater. To prove or deny it, a preliminary,fiedtk based study should
be carried out, in order to evaluate whether the gethan the good status of the ecosystem could
be caused by loading from the groundwater.

6. If the preliminary study proves that the water quality of the groundwater most likely has affected
the ecosystem, a thorough study, including fialdrk and hydrochmical analysis should be carried
out to determine the functional connections between the GDTE and the GWB.

7. After that, a monitoring and action plan should be prepared and applied in order to survey possible
FdzZNIIKSNJ OKIFyasSa Ay { Kfifd oStGreans farlindphowng it. Thiat stepzds | Y F
especially important for GDTEs situated in nature protection areas of national importance and
Natura 2000 areas.

3 Since 2017 permanentonitoring in Estonian mirelsas been suspended (see Chapter 4.3.4)
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1. Are there GDTESs that feed from the [
groundwater body? > NO

YESl

2. Is the ecological status of the GDTE worse than
good according the assessment based on the
Habitats directive (Natura habitats)?

—|NO
YES'

3. Has the deterioration of the ecological status of '
the GDTE been caused by changes in the water
chemistry (TotN, TotP, nitrates etc,)?

YES|
4

4. |5 the concentration of TotP, TotN, nitrates or

some other harmful chemical substance in the

GDTE's groundwater level monitoring well higher NO
than two times the typical level for the ecosystem

type?
YES

L
5. Conduct a preliminary study to determine
whether the bad ecological status of the GOTE * NO
could be caused by loading from groundwater.

—| NO

effect on the GDTE.

The quality of the groundwater body does not have a negative

YES
T
8. Conduct a tharough study to determine the :
functional connections between the GDTE and 7. Preparation and
groundwater body. \‘ application of monitoring
and action plans.

FIGURE Assessment scheme for the qualitative effect of groundwater on groundwadependent
terrestrial ecosystems

3.2.4. Application of the evaluation schemes and conceptual models of groundwater dependent
terrestrial ecosystems

The assessment schemes were tested on the 70 significant GDTESs in Estonia, but none of them reached the
end ofthe scheme.

In sane cases, groundwater abstraction was identified in the vicinity of GDTEs with worse than good status.
But because of the lack of water level monitoring wells in the GDTEs and also lack of adjacent groundwater
level monitoring wells, the gtential effect d groundwater level lowering could not be detected. Still, most
probably there are GDTESs in worse than good status because of too low groundwater level.

The qualitative effect could not be assessed at all because there are no keimtiic thresholds ©
OKSYAOIf &addzmadlyO0Sa Ay 9altz2yAiAl o 1faz2xy GKS OKSYAO
According to the existing knowledge, there are no GDTEs in Estonia whose status is worse than good
because of groundwater quality.

Based on the testsgonceptual models were compiled for two mires (Selisoo mire and mire near Kurtna

{ dzdzZNENNIO GKF G | NBE LINBidity GWB an® Soull$ sufes fyoin arghyopogenick A 3 K
influence via the GWB (by the water removal fromsbiale nines and groundwiar abstraction from an

intake).

3.2.5. Monitoring scheme for groundwater dependent terrestrial ecosystems

Determination of GDTEs and assessing the effects of GWBs on the ecosystems is complicated in Estonia,
because the present monitoring netw@ have not beeestablished with the goal to enable determining
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interactions between groundwater and surface water. Currently, the parameters monitored from surface
water or terrestrial ecosystems are relevant only for these ecosystems and parameter®mdrirom
GWBs ee relevant only for groundwater. Also, groundwater monitoring points are located mostly in places
that are not representative from the perspective of dependent ecosystems.

Monitoring of the quantitative dependency/effect of GDTEs (mig#g)uld be basedro observations of

mire water level and their ecological status. Mire water level should be monitored in piezometers equipped
with automatic loggers. That data enablesaialyzewater level dynamics and to compare the data with
meteorologcal data. In addion to the mire water level, also the water level in deeper peat layers and in
the underlying Quaternary sediments is a good indicator and should be monitored in piezometers equipped
with data loggers. If the water levels in the deepeapkayers or inle mineral sediments are lower than

the mire water level, then it is an indication that water is seeping into the underlying groundwater body.

In parallel to mire water level monitoring, the groundwater level in the influencing groundwadidy
should be nonitored as well. That should be preferably done in monitoring wells as close as possible to the
mire. In addition to the establishment of the monitoring network, the ecological status of the mire
ecosystem has to be determined, based be methodology deeloped for Annex | mire habitat types. If

the drop in the mire water level has already been determined, the habitat status assessment has to be
made regularly, in order to determine the actual effect of water level drop on3l@2 & & Btat&GSQ &
possble, these mires should be included in the national monitoring programme for Annex | mire habitats.
¢CKS ydzYoSNJ 2F YANBAQ 4FGSNI Y2YAG2NAYy3 adFdAzya |
the monitored mire, for example: isize, distributdn of different habitat types, the location of pressure(s)

etc. For a small and compact area, probably one station would suffice. If the pressure affects the mire
through the groundwater body only from one direction, then the monitorirggishs should bénstalled to

the side of the mire that is closest to the pressure and to ¢kater of the mire. For larger mires, the
monitoring stations should be installed on transect(s) leading fromcémter of the mire towards the
pressure(s).

In the selection proess of mires that have to be equipped with monitoring networks for observing the
effects of GWBs, areas that have the highest ecological value, are located in nature protection areas of
national importance and/or Natura 2000 areas and vadopfesumably suéir most, have to be preferred.

These areas include mires that potentially depend on the OrdoviciawitdeOitShale Basin groundwater

02R& 06adzNI} 1+ YANB O2YLX SEX {StAaaz2 YANB:Z tdKlI idz
already beenesiaf Aa KSR Ay {StAd22 YANB |yR Ay adaNI 1t YANEF
Y2NIKSNY LI NG 2F tdzKlFddz YANBQa O2YLX SEX Ay 2NRSN
opencast mine on the mire ecosystems.

As a scond priority anonitoring network should be established in the mires depending on the Quaternary

+ Al SNB 3INRdzy Rl GSNI 602Re& OYANB ySIN YdzNIy Il { dzd
bpYYSZ2NNIIZI (NI yaA-iorestsyatodnd ke NKBriuTheyyare srivaft Bid have lower
ecological value, but are a part of the Kurtna Kame Field landscape complex, belong to the Kurtna Landscape
Conservation area, and partly to the Kurtna Natura area. It is reasonable to develop a common monitoring
network for the mires andakes.

¢CKS YANBa 2y (KS-PalgdrannaSOWBInbER anc iN Tafliin]adz likely affected by its

jdzt yGAGEFGABS STFSOGd ¢KSNBF2NBX Fa | GKANR LINR 2N
bog, where relatively natal mire habitatst § A f f SEA&AGZ | yR Ay t NN&{Nfl 02
but is under municipal protection.

Other groundwater dependent mires are most likely not significantly affected by groundwater quantity.
According to the current knowledgehere are no valable or protected mires depending on other
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groundwater bodies that are threatened by groundwater level decrease caused by groundwater
abstraction.

The proposed scheme for monitoring the potential effect of groundwater on a GDTBvarigt
Determinethe groundwater catchment of the GDTE.
Establish at least one groundwater monitoring well (level and quality) on the groundwater
catchment and preferably also one monitoring well (only level) downstream of the GDTE. If the
GDTE isnly supported by the G®/ then the well should be established in the direction of the
potential pressure.
Establish monitoring well(s) for mixgater level and quality on the GDTE.
Measure water quality in the wells four times a year. If the GDTE ieddiyfthe groundwater bay
but is just supported by it, the water quality measurements are not needed.
Measure the water level in the wells using automatic sensors every 3 hours or manually at least
once a month.

3.2.6. Conclusions

Based on existing data, a total of 71 mires, mire caxgd or groups of mires were determined that
probably depend on GWBs. 26 of these depend on GWBs that had the highest priority according to
the project scope statement (in northeastern Estonia andiirate vulnerable zones according to
Nitrates Directivg1991). A map layer and attribute table for GDTEs were compiled.

Criteria for evaluating the effect of GWBs on the mires were developed. In the case of the
guantitative effect of the GWBSs, the critarare annual average or annual minimum mire waterlleve
compared to longerm average mire water level and annual average groundwater level compared

to longterm average groundwater level. In the case of qualitative effect, there are no monitoring
dataofY ANBAQ 461 G§SNI OKSYA &l NB Statls bf¥aious riir8 tydeSand-thieih 2 y &
hydrochemistry are unknown. According to currently available data and the level of knowledge,
there are no terrestrial ecosystems in Estonia that are in a batlistbecause of groundwater
quality.

Methodology and ealuation schemes for assessing the potential quantitative and qualitative effect

of groundwater bodies to GDTEs were developed.

Tests on the potential effect of groundwater bodies on GDTEs were peaxtbas far as there was
available data.

Conceptual modél ¢ SNB O2YLIAT SR F2N) g2 YANBa o{StArazz2
are probably dependent on a higiriority groundwater body and could suffer from anthropogenic
influence via the GWB (kthe water removal from oishale mines and groundwatebstraction

from an intake).

Principles for monitoring schemes for GDTESs were given.

3.3. Delineation of threshold values for groundwater dependent terrestrial ecosystems
in United Kingdom

Threshold valuegl'Vs) are needed to determine the limits for pollutsmthich, if exceeded, would indicate

a pressure that could be or is causing damage to GDTE. A combination of damaged GDTE (such as the failure
to meet conservation objectives) and exceedance of themaait TVs may require further investigations to
confirmwhether damage has occurred, to define hydrogeological and hydrochemical pathways between
GWB and GDTE and finally assess the status of GWB.
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UKTAG (2012have derived GDTE TVs for British wetlands and sets out how these values should be
improved in the fture and what kind of information and knowledge is lacking. At the beginning it was
proposed to develop TVs for nitrates and phosphates as the macrontgiffieand P are the major chemical
pollutants that impact GDTEs, and nutrient pressures are the magspread pressures in UK GWBs.
Standards for other pollutants may be developed in the future as more information (monitoring data)
becomes available.

3.3.1. Nutrients as a risk for GDTEs damage

In general, higher nature conservation value is given to wetlandeacteristic of low nutrient settings as
they tend to be associated with a high species diversity per unit area and support more rare species that
wetlands in higher nutrient settings.

Changing nutrient conditions may change the relative competitive pliliindividual plant species and can
result in degradation or complete loss of high value species and communities; may change plant
communities wihin GDTE; may increase dominance of particular plant species that are responsive to
elevated levels of nuteints (for example, common reed, nettle) and may change the structure of particular
plant communities (such as reedbeds) that affect their functiera habitat for birds or insects.

Nutrients can enter GDTEs by various pathways: aerial deposition, suvédee (during flooding) and
through lateral water movement in the soil, groundwater, direct deposition (such as spreadattjlizfer)
and remineralizednutrients within GDTE.

Main factors affecting the sensitivity of wetlands to nutrients are: vegetathanagement (cutting and

removal of biomass will remove nutrients); water management; reversibility impact (it is very costly and

time consumingi 2 NBGJSNI SO2aeéaid S yYmmmobikzatian{for letampke,iphosplieied Ty d
immobilizationby ironand calcium).

3.3.2.  Nutrient related wetland categories

Different wetland types will have different dominant water sources and thus different exposure t
nutrients. For example, wetlands fed by regular eiapping of rivers in comparatively fertile lowland
situations tend to support productive vegetation dominated by a relatively few nutrient responsive species.
Groundwater fed wetlands are less liketytie exposed to high nutrient pressure and willdbaracterized

by less productive vegetation. Finally, poadinantly by precipitation fed systems (such as bogs) are not
naturally exposed to elevated nutrient concentrations thus will tend to be highdytilef and acidic.

UKTAG (2013roups wetlands into 11 broad categories that take into account trophicedaasd ecology
according to the following criteria:

Dominant water source (precipitation/ surface and groundwater);

Landscape setting (valley bottg slope etc.);

Intrinsic wetland sensitivity (based on expert judgement).
The categories are: 1) quaking lsog. wet dunes; 3. fens (mesotrophic) and fen meadows; 4. fens
(oligotrophic) and wetlands at tufa forming springs; 5. wet grasslands; 6. wehd$ie@t peatbogs and
woodlands on peatbogs; 8. wetlands directly irrigated by springs or seepage; 9. swaaspsr@phic) and
reedbeds; 10. swamp (oligotrophic); 11. wet woodlands.
These categories are adapted from a functional wetland typology developegtfiiland SNIFFER009)
and relate to the more detailed National Vegetation Classification and wider &l2Q00 feature types.
The resulting wetland classes are still quite broad and it is therefore possible that the same category can
contain adifferent set of species or species dominance at different altitudes.
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3.3.3. Factors affecting the relationship between ntient and wetland conditions

Large variability around the mean nitrates or phosphates concentrations and its associated condition for
each \egetation category was observed. Initial analysis of such a large variance pointed out differences
between countrieswhereby nitrate values in GDTEs of the same type were often much lower in Scotland
and Wales than they were in England.

It was decided tatudy if the variability was due to catchment related factors such as catchment size, land
use and geology. As thgossible reasons for a variance were identified: dominant land use (arable,
woodland, grassland, heath, urban, coastal); mean altitude @fwhtland above ordnance datum (above

or below 175 m); catchment geology (using WFD generic geology types; categoganic, calcareous,
siliceous and salt); catchment size (using WFD generic catchment size types; categories (extra small, small,
mediumand large)); mean annual recharge to the groundwater (used categories: {2@0(hm/annum);

medium (206400 mm/annum); high >400 mm/annum).

Several reasons were pointed out why some GDTEs were observed to have a good status, though they were
fed bygroundwvater containing nutrient concentrations that looked elevated at first sight:

Wetlands at lower altitudes have chasdydue to historic nutrient changes;

The wetland categories used were broad and included a range of National Vegetation Classification
communities within the categories;

Groundwater nitrate and phosphate concentrations were lowered in the pathway fronfeadoi
wetland in situ groundwater due to chemical processes, and the potential GWB pressure had
therefore not been transferred to the wettal vegetation;

Phosphate may be limiting plant growth. Probably GDTEs in the lowlands that experience elevated
nitrate concentrations in the groundwater feeding the site were not ecologically impacted because
the low phosphate concentrations curtail growdind restrict ecological change;

Probably some wetlands under elevated nitrate concentrations were already damageadeast
approaching a point where ecological enrichment would become apparent, but this was not yet
recognizedn the site condition assessment.

3.3.4. Development of thresholdralues for groundwater dependent terrestrial ecosystems

Threshold values were dewgled using three sources of information: 1) empirical correlation between
wetland condition and chemistry data for hydrogeologically linked GWBs across the UK; 2) site specific
investigations and 3) other published databases ditetature. Step by step dmeation approach is
described iITUKTAG (2012)
TABLE 3
Proposed groundwater nitrate (N©mg/l) threshold valueUKTAG, 2012)

Altitude

GDTE category
<175m AOD  >175m AOD  Anyaltitude

Quaking bog 18 4
Wet dune 13
Fen(mesotrophic) and fermeadow 22 9
Fen (oligotrophic andvetlands at tufaforming springs) 20 4
Wet grassland 26 9
Wet heath 13 9
Peatbog and woodland opeatbog 9
Wetland directly irrigated byspring or seepage 9
Swamp(mesotrophic) and reedbed 22
Swamp (oligotrophic) 18
Wet woodland 22 9
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The analysis of phosphate concentrations was more problematic due to low variability of phosphate
concentrations between wetlands in good and poor conditions and mighber of values under detection
limit. The main factors or theicombination leading to such results are: the wetland ecology might be
predominantly impacted by nitrate coming from the groundwater, whereas phosphates are more likely to
be transported thraigh surface waters and the wetlands investigated may be nitréigated.
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4. Development of joint methodology for identification and assessment of
groundwater dependent terrestrial ecosystems in Gatlaiva river
basin

4.1. Groundwater monitoring in Estonia and Latvia

4.1.1. Groundwater monitoring in Estonia

In Estonia regular obseations of groundwater regime were started in 1946, the planned development of
a hydrogeological observation network began in 1960. The general coordinator of the monitoring
programme is the Ministry of the Environment in cooperatiwith the EnvironmentaBoard, the
Environmental Inspectorate, the Environment Agency and the Environmental Investment Centre.

The water monitoring programme prepared for the second period (22081} of the river basin district
management plans help® tmonitor the achievemenof environmental objectives, assess the impact of
human activity and gain reliable data on the actual environmental status of water bodies. The water
monitoring programme is an activity plan prepared in accordance with the WHRDlisking a framework

for Community action in the field of water polic¢WFD article 8, Annex 5, and the requirements from the
legislation Water Act and Minister of the Environment regulation no 49 Sampling methods. Monitoring is
used to evaluate the cheical and quantitative sttus of groundwater. The monitoring programme provides

an overview of the methods used for planning monitoring and the planned monitoring locations, monitoring
frequencies and indicators to be monitored.

4.1.1.1. Monitoring of the quantitative status of groundwatebodies

The number and location of monitoring points for the quantitative status of groundwater bodies is chosen
in the following manner:

1) it allows to consider the lonrgnd shortterm changes in the recharge of groundwater bodidslev
measuring the groudwater body water levels;

2) the number and location of monitoring points for the quantitative status of groundwater bodies at
risk must additionally allow to evaluate the impact of water abstraction and water discharge on the
groundwder levels;

3) the number ad location of monitoring points for the quantitative status of transboundary
groundwater bodies must additionally allow to evaluate the direction and quantity of groundwater
flow across the state border.

On the basis of the abovemtoned, the spatialdeda A 1 & 2F GKS 3ANBdzyRglF GSNJ 02F
depends most directly on the level of human impact on groundwater (water abstraction, intensity and
nature of industrial activity, including mining and agriculture) in differeniaes}

For this reason, denser network of groundwater monitoring wells has been designated for the Ordovician
IdaViru and the Ordovician lediru oilshale basin groundwater bodies, where the pressure on
groundwater is the highest due to oil shale miniAgelatively dense mdtoring network is also designated

for the Cambriarvendian type groundwater bodies, as these are subject to the most intense consumption
of groundwater which have caused the formation of extensive cones of depression in groundWater
cones of depressiomay increase the risk of saltwater intrusion from the Baltic Sea or from the underlying
crystalline bedrock.

The gquantitative status of the Cambridfendian, the Cambriakendian Gdov, the Cambriafendian
Voronka and the Ordovai-Cambrian groundwatebodies from the WesEstonian river basin, the

4 http://www.envir.ee/et/vesikondadeveeseireprogramn?016-2021
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OrdovicianCambrian groundwater body from the Ed&stonian river basin, the SilurkmNR 2 @A OA | Yy  t |
and the Quaternary Vasavere body are at risk because of groundwater overdraffdreethe changes in

the groundwater levels of these layers need to be monitored meticulously to avoid saltwater intrusion or
RSGSNA2NI GA2y 2F D2.Qa ljdz yaAGlrGA@S aidl Gdza O2y RA
groundwater overdraftThis allows us to impleemt timely measures to maintain a good quantitative status

of the groundwater body and to avoid overdraft of groundwater.

If the good status of a GWB or a group of GWBs is not at risk and the GWBs have similar hydrogeological
conditions, the monitoring ofhe quantitative status of groundwater may loptimized This means that

not all GWBs need to have at least three moniigripoints. This is why the Egsti 1 2 Y A 'y NR @S N,
Quaternary aquifers (except for the Quaternary Vasavere and Quaternary Mskisgreundwater bodies

which are in a bad state) have one bore well each for the monitoring of quantitative status. The GW
Quaternary Prangli, Middle and Lower Devonian Kihnu and Middle and Lower Devonian Ruhnu located on
islands also have one bore liveach for monitoring the quantitative status of groundwater.

In general, the monitoring wells were chosen from the eéxgsbnes. The reliability of evaluating the status

of groundwater bodies with the existing monitoring network was evaluated, conamgléine heterogeneity

of groundwater bodies and spread of monitoring points. As a result, it was decided to restore stivae of
monitoring wells conserved during previous years in areas with insufficient coverage and add additional
monitoring wells. The véical coverage of groundwater bodies is ensured with groups of monitoring wells
with different open intervals.

The monitomg of the quantitative status of groundwater bodies includes measuring the water levels of
groundwater bodies and, if necessary, tpgantity of water flow in springs and gaining watercourses.

For monitoring of groundwater bodies quantitative status thare 247 monitoring wells where water level

data is gathered with the frequency of 1 time per year, 1 time per month (manual measotenoe with
automatic sensors 8 times per day (in 163 monitoring wells). To ensure that the water level data collected
during the monitoring of the quantitative status of groundwater bodies is comparable with meteorological
measurements, the automatic ssors are set to measure simultaneously in every three hours.

4.1.1.2. Monitoring of the chemicalstatus of groundwater bodies

The dectrical conductivity of groundwater and its chemical composition need to be measured for the
evaluation of the chemical status ofagmdwater. Before taking samples, water needs to be pumped out
of the bore well at least until the values of field paramest (pH, electrical conductivity, dissolved oxygen
concentration, temperature) havstabilized This ensures that samples are takeonirgroundwater and

not from the water that hasemained in the well. However, it is desirable that at lea6twell volumes are
pumped out of the observation well to ensure that sampled water originates from thieagund not from
stagnant water in thewell casing. According to the regulation .M® of the Minister of the Environment

a{ I YLI Ay 3P the BilokiryRn@asurements must be taken on site, together with water samples:
water temperature; contents oflissolved gases.g.oxygen,; electrical aauctivity; pH, i.e. the negative
logarithm of hydrogen ion concentration.

The network for monitoring the chemical status of groundwater is prepared in a way that would allow a
reliable evaluation of the chemicalatus of each groundwater body. The momit@ network must also

allow to describe the natural and anthropogenic changes in the chemical composition of groundwater and
the significant and constant changes in pollutant concentrations, and to evaluate thevaoient of
environmental objectives fasreas that are dependent on groundwater and need protection.

5 https://www.riigiteataja.ee/akt/108102019001
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Furthermore, the monitoring points must be evenly spread across the groundwater body vertically as well
as horizontally. The evaluation of the chemicaltss of groundwater deptiwise has been rsured in
Estonia with groups of monitoring wells with different open intervals. The representability of monitoring
points is ensured by choosing an appropriate open interval at an observation point typical of the
groundwater body, i.e. with the bore wetlonstruction and water abstraction. The layouts of monitoring
points must consider the size of the area that an observation point is representative of. Local sources of
pollution (point source pollution) need indétal monitoring.

Water samples for moniting the chemical status of groundwater bodies are taken during the summer
minimum period of groundwater levels in shallow groundwater bodies and at any time from the confined
groundwater bodies formed in the CamémniVendian, Ordovicia®Cambrian, LoweMiddle Devonian and
Silurian GWBs underlying the Lowdiddle Devonian GWBS.

According to the recommendations of the European Commission, the following elements are considered as
the main elements of groundwater, whiallow to designate the hydrogeochemictdss of groundwater

and check the quality of monitoring analysis: Na, K, Ca, Mg, LNGOHCQ, Fe, Mn, NiH Changes in the
hydrogeochemical type of groundwater is the first indicator for changes in grourdwatised by either
anthropogenic or natral factors. The abovementioned ions also allow us to check whether the analysis
results of water samples are reliable. This is why these indicators are monitored in each and every
groundwater body.

In each groundwizr body, the following data is collected least once per year: electrical conductivity, pH,
dissolved oxygen concentration lOhardness, chemical oxygen demand on the basis on Mn-{{QD
concentration of ammonium ions (M, nitrate ions (N®), cHoride ions (C) sulphate ions (S8), macro
components characteristic of the chemical composition of groundwater ¢HC@&*, Mg?*, Na and Fe),
which are necessary for establishing the chemical type of groundwatesin@INd-ions serve as indicators
of saltwater intrusion and increase elfectrical conductivity.

Annex | of the Groundwater Directive establishes groundwater body thtéstadues for nitrates (50 mg/l)

and the concentration of pesticides, including their metabolites, degradation and reaction products (0.1
x 3kt | YR tomkdappliedzerdss theylnion. The concentrations of these pollutants need to be
monitored in d groundwater bodies.

According to Annex | of the groundwater directive, the concentration of pollutants in groundwater bodies
formed from the deeper well mtected layers of groundwater, may be measured once in every two water
management plan periods (y2ars).

In Estonia, the threshold values for monophenols, petroleum products, benzene and sum of PAHs have
been designated on the basis of pollutant concatibns in some groundwater bodies. Therefore, water
samples must be taken from these groundwatedkes to measure the concentrations of these pollutants.

Pursuant to Part B of Annex Il of the Groundwater Directive, at least once during the duratioratdra w
management plan, data about the following pollutants must also be collected from each graterdwdy:
arsenic, cadmium, lead and mercury, and also trichloroethylene, tetrachloroethylene and other synthetic
substances.

For monitoring of groundwater ddies qualitative status there are 227 monitoring wells where water
chemical analysis is gatheredth the frequency of 1 time per year.

4.1.1.3. Additional monitoring of groundwater bodies in nitratesensitive areas

Additional monitoring of groundwater bodiesiiitrate-sensitive areas is carried out in the main monitoring
points (in 53 locations) as well asglditional monitoring points (in 72 locations) which differ in terms of
monitoring frequencies. Koiva water basin is not considered as a ngmtsitive ara.
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2 KSy GF1Ay3 ANRdzy Rl GSNI &l YLX Sa (SY L)SpoMaria Btkdsal 6 (i c 0 =
conductivity is measured on site. In nitradensitive areas the monitoring frequency for nitrate compounds

(NH; and NQ) is }4 times per year, fophosphates (P£) 1-2 times per year and for pesticides2ltiimes

per one water management plandg (6 years). In 8 main monitoring points petroleum products, benzene

and sum of PAHs analysis are taken once per one water management plan cycle. Théatoteof

other relevant chemical substances are measured once per year for the main and ralditionitoring

points.

The concentration of pesticides, pesticide ingredients, including their metabolites, degradation and
reaction products is measured eyeyear in relevant main or additional monitoring points for groundwater
bodies located in nitratesensitive areas.

To ensure the reliability of the monitoring data, the parties fulfilling their contractual obligations are
required to hold a certificate ohttestation for taking water samples in order to guarantee that water
samples are taken as requiteAll water samples must tanalyzedn a laboratory which has accreditation

for the analysis of the given water type and indicators. A quality system Hikeshall guarantee the
reliability of data from the moment of taking the samples till the analysis results of data, as the attestation
and accreditation system shall guarantee control and supervision over the entire data supply chain.

Groundwater monitomg in the Koiva River Basin District is carried out in 7 wells. Of these, groundwater
quality observations are made in 5 wells, whiteughdwater quantity is monitored in @ells ANNE)G).

4.1.2. Groundwater monitoring in Latvia

Regular surveys of groundwaterality in Latvia have been conducted since 19898 objectives and scope

of the groundwater monitoring network varied over timaainly due to changes in regulatory documents

as well as global trends in groundwater monitorifipe groundwater monitoring nevork was mainly set

up between 1959 and 1991, initially to assess the water quality of deep pressurized aquifers and their
changes, as these aquifers began to be used intensively for centralized drinking water supply not only in
cities during this periogbut alsoin populated rural areasGradually, it was supplemented by the addition

of "level principle"” monitoring stations, whicconsist of welplaced boreholes with filters at various
intervals up to a depth of 20800 meters, and the installation dbdlance stations" with shallow boreholes.
From 2004, the groundwater monitoring network also includes springs. Thidrigpantant improvement

in the monitoring network, as springs with high water flow mostly represent water quality in much larger
catchment areas than wells and are an important indicator of diffuse pollution.

In Latvia, groundwater monitoring simultaneouglifills the requirements of the Nitrates Directive and the
Water Framework Directive (WFD, 2000/60/EC). The primary objective affenitronitoring in Latvia is to
detect any nitrate contamination to ensure good drinking water quality throughout the cguas well as

to reduce the impact of nitrate pollution on small and large rivers whose waters flow into the Baltic Sea. In
the current reporting period (report of the Nitrates Directive 262015), 68% of all monitoring observation
points represent confied aquifers which in Latvian hydrogeological conditions are less vulnerable to
nitrates pollution compared to shallow Quaternary aftectured aquifers. Thus, regarding the Nitrates
Directive, sampling of shallow wells and springs should be the prioritglaeper wells could be monitored

in cases when pollution is found in the upper aquifers.

Under the constraints of limited fundingaé¢ groundwater monitoring programme is being adapted to the
requirements of the two directives (Nitrates Directive and \)/RBhich are not equivalent. The WFD
requires the identification of the background level of natural chemical composition and trenithe in
aquifers used in the main water supply of underground water bodies, which in the case of Latvia are deeper
confined water. The current groundwater monitoring programme is more adapted to fulfill the
requirements of the WFD than to fulfill the requiremts of the Nitrates Directive.
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Groundwater monitoring provides data on the status of the groundwater body. It is the andistrategic

goal of monitoring in any year of the monitoring programme period. Achieving good groundwater status in
all groundwaterbodies and assessing the risk of failing to achieve this goal is the main objective of
groundwater resource managementr@sindwater monitoring is primarily done at groundwater body level,
while integrating river basin management into a common strategyafdrieving environmental quality
objectives.

Groundwater status within the monitoring network is observed in 311 welBlattations and 30 springs.

Of these, quality (chemical composition) observations are provided at 53 stations in 218 wells and 30
springs, while quantitative (water levels) observations at 60 stations in 305 wells. Accordingly, groundwater
monitoring in the Gauja River Basin District is carried out at 6 stations in 23 wells and 12 springs. Of these,
groundwater quality observations areade in 21 wells and 12 springs, while underground water quantity

is monitored in 23vells ANNEX B

The frequency of motoring observations during the sipear cycle of monitoring of river basin districts
includes a detailed breakdown of monitoring stats by groundwater bodies and types of monitoring.
Monitoring points that are monitored each year and observable paranseter groundwater quality can

vary according to the annual monitoring plans developed. The frequency of groundwater monitoring is
variable: the frequency of quantitative observatiogéwvo times a day (automatic level measurements) up

to four times a yearand the frequency of groundwater chemical observations is four times a year, up to
once a year (over a spear period, it changesdm one time in six years to one time each year).

Groundwater quality monitoring parameters are traditional field measuretse key ions, nitrogen
compounds and their ionic forms, heavy metals, chemical pollutants, and pesticides (atrazine, simazine,
bentazne, MCPA, promethrin, propazine, 24 MCPB, isoproturon, aclonifene, bifenox, aldrin, dieldrin,
heptachlor, heptachlorepoxide, dimethoate, cypermethrin, alpteypermethrin, trifluralin). Chemical
pollutants are monitored only in urban areas, artifiiakeplenishing groundwater resources, as well as in

the areas of water extraction and associated potential cones of dspra. Pesticides are monitored in
agricultural areas, including monitoring stations that coincide with the nitrate vulnerable zoinearly
pesticides are analyzed in the first sensitive and unprotected ldyieg aquifer, and in the case of pesticide
detection, the deepest aquifers are sampled. Other observable parameters are observed at all monitoring
points (both wells and springs).

The frequency of monitoring observations and its determination in the following years may change, taking
into account thenew monitoring data obtained, experience gained, developed scientific projects in
connection with the implementation of the WFD, anew requirements of EU and regulatory enactments

in the Republic of Latvia. This will be assessed by developing a ngipdein for each specific year.

4.1.3. Comparison of groundwater chemical monitoring in Estonia and Latvia

In general, Estonian and Latviammgndwater monitoring programmes are quite similar, but there are some
differences in the observed water quality indicaqif ABLE ¥4 The main difference is that in Estonia until
now, total phosphorus and nitrogen are not measured in the groundwater.i§ ko problematic from

the GDE (groundwater dependent ecosystems) point of view because in surface water monitarégg, th
are one of the main parameters for deciding the ecological status of the habitat (Terasmaa et al., 2020).
Marandi et al., (2019)dve suggested that threshold values of total phosphorus and nitrogen should be
established in the GWBs strongly influericithe GDEs in the area and that these parameters should be
gradually integrated into the existing monitoring strategy.
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TABLE 4

Theaggregated list of observed water quality indicators of GWBs in Estonia (EE) and Latvia (LV)
(Terasmaeet al., 2020)

Parameters LV EE Parameters LV EE
Traditional measurements Nitrogen compounds and their ionic forms
Temperature Yes Yes NHg+, mg/l Yes Yes
Conductivity 20 ¥ « { k O Yes Yes NGOy, mg/l Yes Yes
pH index Yes Yes NG, mg/l Yes Yes
Eh, mv Yes Yes Niot., mg/l Yes
Faot., mg/l Yes Yes TOC, mg Cl/l Yes .
O dissolved, mg/| Yes Yes DOC, mg Cl/| Yes
Key ions UV absorption, cri Yes .
Na', mg/l Yes Yes Permanganate index, mg/l Yes Yes
K+, mgl/l Yes Yes Heavy metals
ca&*, mgll Yes Yes / R x3«kt Yes Yes
Mg?*, mg/l Yes Yes toX x3Ikft Yes Yes
Ct, mgl/l Yes Yes bAXZ x3kf Yes -
SQ%, mg/l Yes Yes | 3% x3kf Yes Yes
HCQ, mg/l Yes Yes lax x3kf Yes Yes
ays x3Ikf Yes Chemical pollutants
Pot., mg P/l Yes. ¢ NAOKE 2NB(GKet Sy Yes Yes
PQ3, mg/l Yes Yes ¢ SGNI OKf 2 NRPSGKef Yes Yes
Total hardness, mmol/l Yes Yes ¢ NAOKE 2NRYSGKLI Y Yes Yes
1,2-dichloroethan& « 3 K f Yes Yes
.9 X x3IkE Yes Yes
Pesticides Yes Yes
4.2. Groundwaterassessment in Estonia and Latvia

Groundwater body (GWB) is a management unit established in the Water Framework Directive (WFD) to
ensure good groundwater status and to protect grounderatesources and associated ecosystems from
further deterioration. Dudo large heterogeneity of European aquifers, there is no unified methodology on
how to delineate GWBs. The approaches vary between Member States and often also be¢igdroring
countries with similar hydrogeological conditions. According to WFD, compriogiples are needed to
manage groundwater resources in transboundary areas. Within a transboundary river basin, water
management activities should be jointly coordinated for the wholehe river basin district between
involved Member States.

At the beginning of WFD implementation, it was encouraged to harmonize approaches how each Member
State delineate GWBs. However, the harmonization process could lead to not only changed baunfdarie
GWaBs, but also to changes in lelegm monitoring networks, whichonsequently would increase the need

for extra investments in new monitoring stations and review of whole RBMPs. Now Member States do not
plan to harmonize GWBSs, but only exchange GWlBehtion strategies to take that into account when
analyzing GWB gtas differences in transboundary areas.

This section contains a summary of the implementation of groundwater monitoring in Estonia and Latvia,
paying more attention to monitoring of growlwater quality (chemical composition). The aggregated list of
observale parameters for groundwater quality between countries is attache@NINEX 3
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Currently there are 31 GWBs delineated in Estdri&URE). From these 8 GWBs are at r{skGURE).

In Estonia the GWB status assessments have been made in62814 | | NI | f abhdN@B®] ( =
(Perens et al)In the Gauja&oivariver basin there are 2 GWBs that have a good status based on both
guantity and chemical compositiof(GURE)5At the monent (20192020) there is in progress a new GWB
status assessment report that is prepared by GSE as conducted by Estonian EnviabAgenty.

215019143 o 15 i
1 p o G f 1

i Pdjaves ssisud 2014 halb ) ) J

2 o D © &km
¢ 5 3 " IriesTy i m N USGS,
ioo.o.! PHjaves ssisurd 014hea Py NS NACAN Gerthtes 10N Kechmr N Geberes Suni £t

Jepen NET), Esil Orira (Horg Korg), (© QrerStresfdpartinuos ardte
ty

heskkoTERCET LY
Esl, FAQ NOWA |

FIGURE Status of groundwater bodies in Estonia, based on 2014 assessment
(orange color marks GWBs in bad sta)
In Latvia, the status assessment of the GWBs was updated in 2015, taking into account the old boundaries
of GWBgpreviously 16 GWBs have been identified). Based on this assessment, all GWBs were in good
gquantitative status and three regional areas hiit those GWBs (which were not identified as separate
GWBs but as part of the respective Pos) were in poor quaktatatus.

In 2018, the boundaries of the GWBs were reviewed and a total of 25 GWBs were delineated, of which 3
GWBs were assessed beingaor quality status (GWBs at risk) and the remaining 22 GWBs will be assessed
within the 39 period River Basin Management Plan cycle (22@27). Currently, there is only one GWB at

risk in the Gaujdoiva river basin, where poor quality status is noteee(Chapter 2.2, FIGURE )0

4.2.1. Groundwater body delineation approaches in Estonia

The methoalogy used in the delineation of Estonian GWBs is based on the guidance documents by
European Commission on the common implementation strategy of the WFD and @ratendirective.

A detailed description about the Estonian delineated GWBs and their boigsdean be found in a GSE
published reportPerens et al (2012)n 2018 and 2019 GSE, as commissioned by the Ministry of the
Environment, synthesized informatiomliected on Estonian GWBs and updated their conceptual models
according to the new datas¢iMarandi et al, 2019)
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In general, the delineation of GWBs in Estonia was carried out by taking into account the following general
criteria: natural baseline qualitof groundwater, hydrogeological parameters of aquffaming rocks, the

extent of vertical water exchange betwedlifferent aquifers, possible anthropogenic pressures and socio
economical aspectéerens et al. 2012)The delineation of the GWBs wasrged out by combining the
borders of the existing hydrostratigraphic units (aquifer systems), the coastline, &stanid border and

the limits of river basin districts in Estor{lid.). In deeper aquifer systems the chloride concentration of
350 mg/L vas chosen as a limit to the extent of GWBs due to the fact that more saline waters do not comply
with drinking wate quality standardglbid.).

GWBs in Estonia are delimited in three dimensions, which means determining the aquifers overlying and
underlyirg strata, surface elevations and the overall thickness of the groundwater bodythiée
dimensional nature has le& achieved by creating cressctions for each GWB.

In most cases, the aquifers that form the GWB are separated by aquitards. In the elodenc aquitard
between different GWBSs, the boundary between them is defined by different lithological compacesittbn

the resulting water type differences. Due to the different nature of groundwater flow, a distinction is made
between porous aquifers, védre groundwater flows mainly through the pores of granular rocks
(sandstones), and fissurddrstic aquifers (carbmate rocks), where groundwater flows along fissures and
interconnected crevices. This different behavior of the hydrogeological systemesatisrin different
measurement frequencies for groundwater monitoring and determines the need to distinguish GWBs
composed of carbonate and siliciclastic rocks in the hydrogeological section. As the geological setting of
Estonia is characterized by widatdral distribution of different bedrock formations and similar
hydrogeologic conditions in aquifers in differenarfs of the country, the GWBs comprising bedrock
aquifers have quite a wide lateral exteftlGURE, FIGURE, FIGURRB).

From the EstoniategislationWater Acf it is predefined that GWB has to be delineated if one of the
following conditions isnet: (1) a groundwater resource allocation has been calculated and approved for a
part off or for the whole of the aquifer; (2) the aquifer suppléggking water to at least 50 people; (3) at
least 10 M of water per day can be abstracted from the aquiéé present or are planned to be abstracted

in the future; (4) the natural chemical composition of groundwater is such that it can be used fkingrin
water. Marandi et al. (2019) have suggested that due to a large number of GWBs that would have to be
edablished (mostly in Quaternary aquifers of local extent) when these conditions are followed by the letter,
the legislations should be changed saitlthe GWBs can be determined if one of the above conditions is
met but there is no obligation for it.

Amongmany smaller changes to the existing GWB network in Estonia, Marandi et al. (2019) suggested two
general ones to the initial GWB delineation deyed by Perens et al. (2012). The first concerns the deep
OrdovicianCambrian GWB in the East Estonian rivasin district. It was recommended that this GWB
should be split up into two separate GWBs due to different anthropogenic pressures affectingrdiffer
areas underlain by the GWB (potential effects of current oil shale and future phosphorite mininghin nort
eastern Estonia and groundwater abstraction in sea#istern Estonia).

The second general change to the GWB delineation is broader and conber@uiaternary aquifers in
Estonia. In the delineation developed by Perens et al., (281%[113 Quaternary GWBs were established
based on the areas where groundwater from the Quaternary aquifers forms an important source of water
supply. Other Quaterngraquifers were not considered as part of the GWB framework in Estonia. However,
as Quaternary guifers all over the country can affect the formation of groundwater quality, the infiltration
rates and the transmission of anthropogenic pollution from thedlaurface to the subsurface, it was
suggested that all Quaternary aquifers should be considasea part of the Estonian GWB framework. The

6 https://www.riigiteataja.ee/en/eli/527122019007/consolide
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delineation of all Quaternary aquifers with a potential for water abstraction or having an important
influence tothe groundwater dependent ecosystems as separate GWBs would have led to formation of
hundreds oreven thousands of new Quaternary aquifers, which would not have been administratively
manageable. Thus, simplerapproach was implemented. All Quaternary dqts were joined with the
underlying bedrock GWB. This approach is justifiable, because incasest the Quaternary aquifers form

a unified hydrogeological system with underlying bedrock aquifers and have the same anthropogenic
pressures affecting themt &also greatly facilitates the calculation of groundwater budgets for different
GWBs. Four Quateary aquifers which have a more regional importance to the water supply systems or
which are located on islands and do not have an underlying bedrock GWBkeyeras separate GWBs in

the new delineation. In the future new independent Quaternary GWBsheadelineated when water
abstraction from an aquifer increases or when it is shown that they exert an important influence to the
groundwater dependent ecosystgs in the area. However, before such new GWBs can be delineated, a
comprehensive monitoring netwrk has to be put in place in the area in question, so that the quantitative
and chemical status of the GWB can be properly asséséacndi et al., 2019)

01 Cambrian-Vendian Gdov GWB 11 Silurian-Ordovician Matsalu GWB 22 Middle-Lower Devonian GWB in East-Estonian RBD
02 Cambrian-Vendian Voronka GWB 12 Silurian-Ordovician Parnu GWB 23 Middle Devonian GWB in West-Estonian RBD
03 Cambrian-Vendian GWB 13 Silurian-Ordovician GWB in East-Estonian RBD 24 Middle Devonian GWB in East-Estonian RBD
04 Ordovician-Cambrian GWB in West-Estonian RBD 14 Silurian-Ordovician Pandivere GWB in West-Estonian RBD 25 Middle Devonian GWB in Koiva RBD

05a Ordovician-Cambrian Virumaa GWB in East-Estonian RBD 15 Silurian-Ordovician Pandivere GWB in East-Estonian RBD 26 Upper Devonian GWB

05b Ordovician-Cambrian Tartu GWB in East-Estonian RBD 16 Silurian-Ordovician Adavere-Pdltsamaa GWB 27 Quaternary Vasavere GWB

06 Ordovician Ida-Viru GWB 17 Silurian-Ordovician beneath Devionian in West-Estonian RBD 28 Quaternary Meltsiveski GWB

07 Ordovician Ida-Viru oilshale basin 18 Silurian-Ordovician beneath Devionian in East-Estonian RBD 29 Quaternary Ménniku-Pelguranna GWB

08 Silurian-Ordovician Hiluma GWB 19 Middle-Lower Devonian Ruhnu GWB 31 Quaternary Prangli GWB

09 Silurian Saaremaa GWB 20 Middle-Lower Devonian Kihnu GWB

10 Silurian-Ordovician Harju GWB 21 Middle-Lower Devonian GWB in West-Estonian RBD

HGURE &roundwater bodies in EstonidMarandi et al., 1997
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FIGURE Geological map of Estonia and hydrogeological cresstion of Estonian bedrock together with the
distribution of major aquifers and aquitards. Modified after NN}~ HAamy
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[J 19 middle-Lower Devonian GWB in Ruhnu island
20 Middle-Lower Devonian GWB in Kihnu island
21 Middle-Lower Devonian GWB in West-Estonian river basin
22 Middle-Lower Devonian GWB in East-Estonian river basin
23 Middle Devonian GWB in West-Estonian river basin

24 Middle Devionian GWB in East-Estonian river basin

25 Middle Devonian GWB in Koiva river basin

26 Upper Devonian GWB in Koiva river basin

50 100 km

OO000OMEO

FIGURB Ddineated groundwater bodies in Devonian aquife(Marandi et al.,1997)
(two GWBSs (No0.25 and No.26) are located in the Koiva river bhasin

4.2.2. Groundwater body delineation approaches in Latvia

In 2018 Latvia has started GWB and GWB at risk review processdiAgcto WFD, GWB delineation
process should be iterative and ongoing considering new knowledge base and new monitoring data. Step
by step national GWB delineation approach is presenteéd GlJRE.9

The firststep FIGURE,Step 1) in GWB review procesas initial identification of aquifers and their vertical
boundaries according to the existing national knowledgeational hydrogeological stratification set in
national legislatio{MK roteikumi Nr.696)and freshwater distribution map&_evins et al. 998) This step

is a common first step in the GWB delineation process in most Member States, because all national
monitoring networks are built considering the national knowledge base. &ger of existing groundwater
management principles would resulttime need for installation of many new wells and monitoring stations
which would be economically unreasonable and loss of-tenm data series. As well basic hydrogeological
conditions do ot change over time and are still valid.

Second stedFIGURE ,%tep 2a) was identification of aquifers in terms of WFD. This means that only
aquifers providing significant quantities of water should be considered as aquifers. For that reason, two
mainassessments were carried out. Firstly, the water abstraction fietde wiapped to identify the areas
where aquifers currently provide more that 100%ch of water and supply largest cities and villages.
Secondly, the wells which currently supply or canvite more than 10 riid of water should be mapped.

As we currently cdd not use such data due to database development, a stricter approach was chosen to
select wells which might be used for more than 18din the future.

Then(FIGURE,Step 2b) aquifersvere identified according to freshwater distribution. According t&BV
only freshwater or water which are used for drinking water supply after the traditional treatment processes
(e.g. iron removal with aeration) should be considered as aquifer and laetapGWB. In this step the
areas which contain low water qualityreanot used for water supply and there are better groundwater
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quality aquifers above them, were not considered as aquifers and were excluded from GWBSs. In some cases,
low quality water aeas were kept as a part of GWB as there are no better water resoavedsble in the
territory at the depth which is economically reasonable to install water supply wells.

1 Initial identification of aquifers
and vertical boundaries of GWBs

-national hydrogeological stratification
>
-freshwater distribution maps

2a ldentification of aquifers
(significant quantity)

Aquifer exploitation potential
data pre-treatment

Y -limitto aquifers ofinterest
2b Identification of aquifers
ROIMOaeheos Eie Il CONpoRY -removal of sites with missing information

data pre-treatment

- groundwater hydrochemistry -well status assessment

-limitto aquifers ofinterest )
- abstraction purpose

-removal of sites with missing
information
3
. Groundwater abstraction
- Charge Balance calculation ) )
; —abstractionvolumes inwell fields

¥

Areas with low water quality Y
3a Initial identification of horizontal

-i i 2 and Cl'v :
interpolation of SO,# and Cl values boundaries of GWBS

-identification of areas with SO and

CI' concentrations >250 mal -watershed delineation based on modelled
conc §=25 af

piezometriclevels
4 4
4 |dentification of GWBs in three dimensions

- exclusion of areas with low potential to supply drinking water in future
- groundwater assessment possibilitiesin the future

v
final delineation of GWBs

FIGURE Schematic flowchart illustrating main steps and data preatment
procedures for groundwater body delineation in Latvia

In the third step(FIGURE, Step 3a) watersheds were modelled using 3D hydrogeological modelling results
(Virbulis et al., 2013 This allowed us to take into account horizontal hydrogeological conditiAnd it

could be observed that initial GWB delineation carried au2008 provided more or less similar results at
least for the upper aquifers. As there was a limited amount of data in 2008 and the process was mostly
manual, then more differences weiobserved in deeper aquifers as was expected.

Finally, GWBs in threerdensions were delineated based on all previous steps and considering existing
monitoring networks. This was an essential step as delineation of GWBs should not be carried out only
statistically and scientifically, but should take into account national opmities to further monitor and

assess the quantitative and chemical status of GWBs. For that reason, some of the watersheds were merged
into larger GWBs only based on groundwater iitaiing network distribution. In the future, when more
funding is availale for installation of new monitoring sites, the GWBs could be split.

As a result, initially 22 GWBs in good status were identified and after additional data analyzes also three
GWBsat risk were identified; altogether 25 GWBs were identified in LatvéiinBation approach of GWB
at risk F5 (seawater intrusion) and methodology for establishing background levels and threshold values is
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described by, A { OS I YR an8Refikt S8R 6.HMMQ.P +dHasd m yalasaribey delineation
approach of GWB atgk All (Sulphuric Goudron pollution), Hutt Ha / aescribeg delineation
approach of GWB at risk Q2 (artificial recharge in Baltezers) and also methodology for establishing
backgraind levels and threshold values for two GWBs at risk A11 and Q2.

Currentboundaries of GWBs in Latvia and Gajava river basin are representéd FIGURE 10n the
GaujaKoiva river basin altogether fiveN@®Bs are located: four GWBs (Q1, D6, A8 and P) in good status and
one GWB atrisk ALY dzf LIK dzNJKA O D 2 dzR N Moretd@add inforthationlalyodt 68 GWBsS
isavailable iPANNEX 1

A2

GAUJA RIVER BASIN DISTRICT

A3

£ , e
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LEGEND:
Groundwater body at risk in Quaternary water table aquifer and its code
A7
Groundwaler body at risk in Famenian-Permian multi-aquifer system and its code
Groundwater body at risk in deep part of Middle-Upper Devonian multi-aquifer system and its code
Especially important eroundwater body in Quaternary water table aquifer and its code
Groundwater body in Famenian-Permian multi-aquifer system and its code
Groundwater body in Plavipas-Amula and Middle-Upper Devonian multi-aquifer systems and its code
ater body in deep part of Middle-Upper Devonian mult fer system and its code
in Lower-Middle Devonian multi-aquifer system and its code
river basin districts
I Gauja River basin 0 25 50 100
I N L
FIGURE 1Groundwater bodies in Latvia and Gauf€oiva river basin

4.3.1. Availability and quality of habitat data in Estonia

The description andassification of the habitats of Estonia started in the 1930s. After joining the European
Union, the habitats were reclassified based on the habitat types listed in Annex | of the European Council
Directive 92/43/EEC of 21 May 1992 thve conservation of atural habitats and of wild fauna and flora
(Habitats Directive) according to the national interpretat{®aal, 20079f these habitat typesThe national
interpretation manualPaal, 2007Avas compiled according to the Interpretatiddanual of European tdon
Habitats(European Commission DG Environment, 2@h8) the detailed vegetation site type classification

of Estonia(Paal, 1997)Fiom the habitat types listed in Annex | of the Habitats Directive, 60 are found in
Estonia. Majorig of habitat types a coastal, forest, mire and grassland habitats; the number of
freshwaters, rocky and marine habitat types is lower. For collecting the habitat data and for inventories,
the guidelines and data formisave been prepared for each habitat class (e.gedty mire, grassland). In
addition to data relevant for the characterization of Annex | habitat types, vegetation siés ggrording

to Paal(1997)are usually determined during inventories as well.
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A number of nationwide inventories have been conducted sineestablishing independence of Estonia in
order to ascertain the occurrence and condition of various habitat typesr example, natical-scale
inventories on the distribution and status of efglowth and natural forests; valuable forest habitats;
coastal, floodplain, alvar and wooded meadows; and wetlands were performed in the 1990s. For the
designation of Natura 2 network, this infomation was used in addition to a natiorsdale inventory of
Annex | habitat types performed in the early 2000s.

After the establishment of the Natura 2000 network, the process of inventorying continued, new areas
important for biodiersity were identifiecand the already known areas were-iresentoried. For example,
marine habitats were inventoried within inventories performed from 2007 to 2011 and 2014 to 2016. A
nationatscale mire habitat rénventory was made from 2008 to 2011 aadollowup project sarted in

2017 to amend and refine collected data. That inventory will be finalized in 2020. A nattaalcoastal
habitat inventory was carried out from 2014 to 2016.

The main aim of the inventories is to elaborate the protectiegime and managementlans for the
protected areas. Therefore, habitat inventories have been performed in a number of protected areas since
2009. For example, over the last ten years, the forest habitats weigventoried in 84,000 hectares.

The dataset of Annex | habitatare stored in the Estonian Nature Information System (EELIS). EELIS is the
main database in Estonia for naturelated data, which was initiated in 1999 and it is maintained by the
Estonian Environment Agency. In its essence, itgeagraphical informatin system that consists of a
desktop application working with Microsoft Windows, which is linked to a PostgreSQL geodatabase in a
central server. Most of the data are added and managed via the desktop application by the specialists in
the Environment Agenc The main users of EELIS are environmental officials, but rights for using the
software for viewing and downloading spatial data may also be obtained by scientists and specialists
working in the field of nature via specific contract

Habitat data in EES is being constantly updated in cooperation between the Environmental Board and the
Environment Agency. The Board orders inventories and the Agency enters the data to the database. The
RFGF FTNRBY KFoAdll ia@omatyaddupdikiatkes (the mationabdat@sétiSamhabkay § K
polygon or its attributes are updated according to a newer inventory, then the old polygon is archived and
also the adjoining polygons are updated, therefore there are no overlapping polygtms dataset.

NnalRAGA2Yy G2 GKS ayl GdzNI ¢St dzLJ A | ¢ -naRitalifhngxg tiabitatd td S NB
help site managers to manage these habitats in protected areas. This dataset differs from the
Gyl GdzNI ¢St dzLJ A | datasets indy havaiodiaping Solygonsiididférent habitat boundaries

and/or habitat code. Currently, the work to include the sefmk G dzNJ € KroAadldaQ RI
Gyl GdzNY ¢St dzZLJ A1é¢ RFEGEFEASG A& Ay LINE 3INE dncobsistedeg S @3S NI
of these two datasets is manageable and combining these does not create significant problems. Generally,
habitat polygons in the national and the sevhi G dzZN> f O2YYdzy AGASAQ RIGF&aSiha
their status (representativitygdegree of conservationf structure, degree of conservation of functions,
restoration possibilities and global assessment). Occasionally, though, no status information at all or only
the representativity is given. Lack of status information is more tyficadatches that aréocated outside

of protected areas and have been inventoried a long time ago,-as/emtories have mostly been made in
protected areas.

Besides these two datasets, there are datasets from differentgmrernmental organizations (NII3), e.g.
9[ CX ntaning hakitat data that are also stored in EELIS. The mainréR@ained dataset that
contains groundwater dependent habitats is the dataset of mires. It includes data from various national

"Table 5. Estonian habitat inventories from 1991 to 2007 in
https://www.keskkonnaagentuur.ee/publications/329 PDF.pdf
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scale mire inventoriesViost of the hahiat data from that dahset has not been transferred to the national
dataset yet. That issue complicates the usage of the dataset of mires with the national habitat dataset for
identifying GDTEs. Specific methodology would have to be developed in ordemioine these two
datasets, as polygon configurations, coverage and sometimes also habitat information differs significantly
between them.

Altogether, knowledge on the distribution and status of Annex | habitats in Estonia is quite good and is
constantly inproving. Also, the datis readily available for users.

4.3.2. Availability and quality of habitat data in Latvia

In Latvia, the habitats are being identified according to the national interpretation manual of the Annex |
habitat types( dzy' A & O dadditshabest amendments i2016, published in therebsiteof the Nature
Conservation Agency, www.daba.gov.lv). The national interpretation manual hasechaegeral times,
because it was gradually improved, as the knowledge on the habitat types, their characteristid¢g{esp
species, etc.) and their geographical distribution constantly increase. In Latvia, 61 habitat types listed in the
Annex | of the Hbitats Directive haveeen identified, out of these two are marine and 59 terrestrial and
freshwater habitat types. The largest number of the habitat types are coastal, forest, grassland and mire
habitats.

Habitat inventories are being done for varioustura conservation andplanning purposes (e.qg.
development of nature management plans, monitoring of Natura 2000 sites, inventories ohatural
(biologically valuable) grasslands to implemeagri-environmental scheme, different ecosystem
restoration projects, e.g. under [HFprogramme). There had been also hab#pécific inventories, e.g.
inventories of semnatural grasslands in 20gR002, 20052009, and 2013; national scale and asgeecific
inventories ofwoodland key habitats in 19¢%996 and in the early 2000s. Witkry few exceptions, only
protected habitat types (i.e. Annex | habitat types) are being mapped.

During the time period from 2017 to 2020, habitats are being inventoried and mapped withisotlfer

largest national scale inventory that covers the entirel®A G 2 NE 2F [Fd@ALFLY GKS L
0SHGSNI 0A2RAGSNEAGE LINBASNIFGA2Y | WRureSE@EFHNA(GISY L
5.4.2.1/16/1/001). Since 2017, all surveyed habitat patches are attributed with a standard data field form
which includes the basinformation on the particular patch (habitat type accordingite codes and names

listed in the Habitats Directive, structures, functions and processes, impacts, characteristic species,
protected species). The national scale inventory, both within@utdide Natura 2000, is being carried out

by certified habitat ad species experts who are specially trained and have -raébrated their skills.

Similarly, the habitat experts who contribute to nature management plans for protected nature areas, must

be certified which means that certain qualifications and knowleaigerequired and must be improved on

a regular basis.

All the habitat data and large amount of species data are stored in the National Biodiversity Information
Data System OZOLBtp://ozols.daba.gov.lv/pub), full information available for authenticated users
including data downloading and updating options, whereas unauthenticated users can view the habitat and
some other data online. Habitat tain GlSormats are available also from the Nature Conservation
Agency, the national public authority responsible for biodiversity data, upon request.

In 20192020, the habitat data in the National Biodiversity Information Data System OZOLS did not yet
cover the entire territory of Latvia, as all inventory data arénigedoublechecked before uploading into

the database that is a timeonsuming process. All the data from the Nature Census project will be available
in the OZOLS data system around #2021.However, the data in the data system are constantly being
improved, e.g. after local, detailed inventories, surveys for various purposes, as well as the situation is

41


https://www.daba.gov.lv/public/lat/dati1/vides_monitoringa_programma/#inventmetodika
https://www.skaitamdabu.gov.lv/public/eng/about_the_nature_census/
https://www.skaitamdabu.gov.lv/public/eng/about_the_nature_census/
http://ozols.daba.gov.lv/pub/

GroundEco
&Joint managementf groundwater dependent ecosystems in
transboundary GaujKoiva river basin

%
20, inerreyg
“ZI Estonia—Latvia

uropean Regional Development Fund

EUROPEAN UNION

constantly changing (e.g. protected habitats are being restored, replaced by other dentypes, etc.).
Therefore, the habitat data layer is nevisomgf S SR ¢ @

In 20192020, the quality of habitat data in Latvia was varying and uneven. The National Biodiversity
Information Data System OZOLS contains both older information from earlier amnie=ti.e. habitats
mapped before 2017 (mostly without data fieform information, only habitat code and stjpe, rarely

some notes). In cases when the mapping has been done when developing nature management plans, more
detailed, though descriptive, infmation can be found in the nature management plans (all availatthe

website of Nature Conservation Ageneww.daba.gov.lyin Latvian). Habitat patches mapped after 2017
mostly contain field data forms and cover areas outside Nat0@02

Since numerous Natura 2000 sites or parts of them have been surveyed several times during the last decade
and there had been slight differences in the national EU habitat interpretagimmetimes the data layers

are overlapping with each other, i.eertain habitat patches might be named with different codes or might
have different patch configuration.

Considering the varying habitat data quality, at the current stage (€20120) beforedeeper analysis or
further application the data user should ccidilly revise the original data sources and, in the case of
overlapping, use the newest data layers, which are of higher precision and contain more detailed
information.

Vegetation studies and maps of plant communities may provide deeper insight into ieeblmgcesses in
D5¢9ad +S3ASGFdA2y YI LA yR NBfS@Sa ¢gAlGK 3IS2aLl GA
their quality. However, up to now, there havedrefew studies on the vegetation and ecological processes

of GDTEs, i.e. spring ecogyss, fens and other. The vegetation might be a useful indicator to identify
GDTEs, however, currently the data and knowledge on the vegetation variation in Latviadertying

drivers (groundwater dependent and other) are insufficient.

Several studies cwerning vegetation diversity in groundwater dependent ecosystems (springs, fens,
wetland forests) have been conducted in Latvia: foredby Prieditis (1997a, 1997bspringsg by Pakalne
OMppn 0 tF1FEySs 2F71F NS 6Hn mkahelet ah (ROOWThereis a private t y S >
TURBOVERGased Mire Vegetation Database of Latvia (GIVD HDME02) that comprises more than 1900
NBf S@Sa 0AYy seisbeingantidukiSly BRingiupdated) described in mires (including GDTES,
odzi y2i0 2yfed0 Aunipa; IDPAThereda®® stlidids whidayfodcySéd orocertain species
groups, e.g. bryophytes and algae in spring ecosystems' (&dg2 { 10&8} Pakalne etl.a2007; Medne,
2015. In many cases, the sprimglated vascular plant species have been explored (data available in
different published and unpublished sources, e.g. OZOLS data system). The studies arlspethgpecies

do notanalyzethe relation with groundwaterrelated parameters and groundwatglependency of these
species. Sdar, no inventories focused on GDTE locations have been carried out in Latvia-demthn
analysis, vegetation data can be extracted also from the tegige monitoring dda sets, i.e. if monitoring

was carried out in areas that can be considered GIQTiEmost cases, such monitoring is/was conducted
in nature conservation areas before and after restoration (grasslands, mires, rarely forests). Theme dat
owned by the Mture Conservation Agency, scientific institutions or private owners.

Only one ecohydrological study carried out in Latvia is known. The authors have explored the groundwater
habitat-vegetation dependency in Slitere National P&Esh& | 6 A = H n mdiTal., 20230 e | 2
currently available published data can be used in identifying some GDTE areas, figuring out the diversity
potential (vegetation variation) and, in a few cases, the data can be used ifielondandscapescale
monitoring of vegetation change in GDTEs.
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4.4. Joint methodology
4.4.1. GDTE identification methodology for Estonia and Latvia

During the GroundEco project, GDTE identification was carried out both in Estonia and Latvia, but only in
the GaujaKoiva river basin. The Koivasirain Estonia covers 1,309 krthe Gauja basin in Latvia is nearly
10 times larger with the total area of 13,039 km

In identification of GDTES, only the existing habitat and other available data were used. No special surveys
(except for pilot areassee Chapter pwere carried out. Thus, the results may also reflect the data quality,
though the impact of data deficiency on the result cannot be fully quantified. However, we assume that
also in the future, the GDTE identification will be base@&xistingdata sets, thus it will always depend on

the habitat and other data quality and availability, unless special GDTE field inventories will be carried out.

In the GroundEco project, it was decided that the joint methodology for the identificaticdBFES in
Estonia and Latvia will be based on the classification of habitats listed in Annex | of the Habitats Directive
(hereinafterc Annex | habitat types). It is the path taken by most other EU cour{Eies2014and it is the

only common classificath that has been applied in both countries. The Annex | habitat types are all of
Community interest and require protection according to the Habitats Directive, therefore they help to
narrow down all potential groundwater dependent ecosystems to valuabtrgiwate dependent
groundwater ecosystems, which should receive increased attention in terms of their status aitingll

To identify the GDTE locations in Estonia and Latvia, from the list of all terrestrial Annex | habitat types the
ones were chosetthat critically depend on groundwater input according to their definition in the EU
manual for Annex | habitat identification and/or the national habitat interpretation. Each habitat type and
its potential groundwater dependency was discussed by the egpeyvbhed in the GroundEco project. It
was concluded that the habitat types that can be automatically considered GDTESs in Estonia and Latvia are:

Humid dune slacks (2190)

Fennoscandian mineraich springs and springfens (7160)

Calcareous fens wit@ladium maiscusand species of th€aricion davallianaé7210%);

Petrifying springs with tufa formatiorC¢atoneuriof (7220*)

Alkaline fens (7230)

Fennoscandian deciduous swamp forests (9080%).

Some habitat types are considered GDTESs only in exceptiases gher in both countries, or only in one
of the countries. These are as follows:

Molinia meadows on calcareous, peaty or clagéifladen soilsNlolinion caeruleag(6410),
Hydrophilougall herb fringe communities of plain and of montane to alpine le(@s0),
Active raised bogs (7110%),

Degraded raised bogs still capable of natural regeneration (7120),

Transition mires and quaking bogs (7140),

Bog woodlands (91D0*JABLE %

In Esbnia and Latvia, in most cases the habitat type 6410 has developédtitlysdrained fens that have
been used for hay making and/or pasturing in the past, i.e. these arersaomial habitats. Therefore, 6410
habitats are only considered GDTEs if theguoin larger GDTE habitat complexes, i.e. are part of a habitat
complex which is predominantly fed by groundwater.

Habitat types 6430, 7110*, 7120 and 7140 are considered GDTEs under certain circumstances only in
Estonia. This is due to different natiomatlerpretations of Annex | habitats in both countries and different

8 Except forCladium mariscustands in lakesas they cannot be considered terrestrial
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degrees of impacts on groundwater. In Estonia, the habitat type 6430 includes fens (national vegetation
site type 3.1.1.), paludified grasslands (2.4.1.), and floodplain grasslands)(@c2drding to the Estonian
national interpretation Paal, 2007) The first two habitat subtypes depend on groundwater input,
therefore these sites of habitat 6430 are considered GDTES, whereas sites that contain floodplain grasslands
are not.Habitat types 7110*, 7120 and 7140 are considered GDTESs only in Northeasteria Estbe oil

shale mining region{{GURE i Chapter 3.2.}, and the dependence is only quantitative not qualitative.
They are not critically dependent on groundwater undermal circumstances, but are considered GDTEs
as a precautionary measure, asidies have shownk@alm & Kohv, 20Q@arandi et al., 201Bthat the
groundwater drawdown caused by extensive subsurface mining could lower the water level both in
transition mres or bogs. Both in Estonia and Latvia, the habitat type 91D0* includes gpatamsition mire

and bog woodlands, which are not critically dependent on groundwater, but also coniferous fen woodlands,
which are critically dependent on groundwater. Thiere, the sites where habitat 91D0* consists of fen
woodlands should be consideteGDTES in both countries, whereas other subtypes of 9XDé@vly in
Northeastern Estonia, similarly as other habitats related with bogs and transition mires. In Estonia the
distinction can be made if habitat inventories include data of national vegetaitentypes (fen forestg
4.1.1). In Latvia, similar information is almost absent and currently it is not possible to make the
distinctior?.

Other terrestrial habitat type related to waterlogged soils were not included in the list of groundwater
dependent habitat types, because the experts involved in the GroundEco project assessed them to be more
dependent on surface water or precipitation. These include the habitat Bgreal Baltic coastal meadows
(1630*) that critically depends on seawater; Wet tea (4010) critically dependent on precipitation;
Northern Boreal alluvial meadows (6450), Alluvial forests (91E0*), Riparian mixed forests (91F0%) that
critically depend omegular flooding.

In Estonia and Latvia, the selection of GDTESs is not limitéa tatura 2000 network of protected nature
areas, but refers to the entire territory of both countries. In the identification process, all mapped Annex |
habitat polygons ithe official habitat datasets in both countries should be used. In Estonialutlies both

the official habitat dataset and the sematuralcommunitiesdlataset but not the mire datasesée Chapter
3.2.2.1)

In order toprioritize GDTES, to select the most important sites, to limit their number and subsequent
financial burden relted to monitoring, a minimum areal limit is fixed to 10 ha or 20 ha for the habitat
polygons (the minimum area is habitaind countryspecific) {ABLE)> The exceptions are very rare habitat
types, which, in most cases, are naturally confined to sme#isa For these the minimum area considered

is 1 ha: habitats 2190, 7160, 7220*. The minimum areal limits were differentiated according to the actual
coverand level of fragmentation of specific habitat types in both countries.

® The groundwater dependent 91D0* subtypes cobtldistinguished in the habitat inventory data since 2017,
however, not in older inventory data. Thus, these criteria cannot be fully applied in Latvia yet
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TABLB

Selected Annexabitat types and additional criteria for selecting significant groundwater dependent
terrestrial ecosystems in Estonia and Latvia

Habitat types listed inAnnex |
of the EU Habitats Directive
(European Commission 1992)

Additional criteria used
(Latvia/Egonia)

Considered as GDTEs

Humid dune slacks (2190),
Fennoscandian mineraich springs and
springfens (7160), Petrifying springs
with tufa formation Cratoneuriof
(7220%)

Single polygon with 1 ha area or smaller if part of a habitat complex w
the total area of at least 1 ha.

Calcareous fens wit@ladium mariscus
and species of th€aricion davallianae
(7210%)

Single polygon with 10 ha/20 ha area or smaller if part of a habitat
complex with the total area of at least 10 ha/20 i@adium mariscus
stands in lakes are excluded.

Alkaline fens (7230)

Single polygon with 10 ha/20 ha area or smaller if part of ataabi
complex with the total area of at least 10 ha/20 ha.

Fennoscandian deciduous swamp
forests (9080%)

Single polygon with 20 ha area or staalf part of a habitat complex
with the total area of at least 20 ha.

Considered as GDTEs in exceptional cases

Molinameadows on calcareous, peaty o Considered as GDTE if part of a GDTE habitat complex (e.g. 7210*, 72
clayeysilt-laden soils (6410) with the total area of at least 20 ha.

Hydrophilous tall herb fringe
communities of plain and of the montane
to alpine levels (6430)

Single polygon with 20 ha area or smaller if part of a habitat complex wi
the total area of at least 20 ha (only in &sia where the habitat type,
according to the national habitat interpretation, includes poor fens and
poor paludifed grasslands).

Active raised bogs (7110*), Degraded
raised bogs still capable of natural
regeneration (7120), Transition mires an
quakingbogs (7140)

Single polygon with 20 ha area or smaller if part of a habitat complex wi
the total area of at leas?20 ha (only in NE Estonia in oil shale mining regi
and only quantitative dependence), not considered GDTE in the rest of
Estonia and in Luia.

Bog woodlands (91D0*) Transition mires and bog woodlands (only in NE Estonia in oil shale mir
region andonly quantitative dependence)single polygon with 20 ha area
or smaller if part of a habitat complex with the total area of at least 20 h
Coniferous fen woodlands (included in 91D0%*) (in both countrieg)gle
polygon with 20 ha area amaller if part of a habitat complex with the

total area of at least 20 ha

An additional criterion is the@resence of GDTi€lated specieghat include pecies of the protection
categories | and Il in Estonia (according to Paal & Leibak, 2011), andsghatiely on groundwatefed
habitats listed in Annex Il of the Habitats Directive in La#t(the list of species is given IABLE 6 The
presence obuch species makes the site a significant GDTE, even if it does not meet the areal threshold.

D5¢ 9

Hereinafter the sites that comply with trebovementionedcriteria are calledd A Iy A FA O y i

10 The diferent criteria of GDTHelated species are based on different principles of listing tlequted species

AY 020K O2dzyiNASad ¢2 F@2AR 0AlFaSR asStSOGAzy 2F &L
species lists, though the actualmber of species, including threatened species, that depend on GDTE habitats

may be higher.
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TABLB

GDTEs related species (additional criteria inmtiéying GDTE sites)

Important species relying on GDTEsEstonia
(Protected species of the categories | and Il. Specie
selection according to Paal & Leibak (2011), protectic
categories according to Government regulation
No0.195)

Important species relyig on GDTEs Latvia
(Species listed in Annex Il of the Habitats&xitive
present in Latvia)

Angelica palustris, Carex heleonastes, Carex irrigua,
Coralorhiza trifida, Dactylorhiza incarnata ssp. cruenta,
Dactylorhiza russowii, Eriophorum gracile, Gamia
pneumonanthe, Gymnadenia odoratissima, Hammarbye
paludosa, Herminium monorchis, Hydrocotyle vulgaris,
Juncus squarrosus, Juncus subnodulosus, Juncus stygi
Ligularia sibirica, Liparis loeselii, Lycopodiella inundata,
Malaxis monophyllos, Ophrys inséeta, Pedicularis

Sausurea alpina ssp. esthonica, Ligularia sibiricegrisp
loeselii, Saxifraga hirculus, Vertigo geyeri, Vertigo gene
Vertigo moulinsiana, Vertigo angustior

sceptrumcarolinum, Pinguicula pina, Rhinantus
rumelicus subsp. osieliensis, Rhynchospora fusca, Rubt
arcticus, Saussurea alpina subsp. esthonica, Saxifraga
hirculus, Schoenus nigricans, Selaginella selaginoides,
Swertia perennis

Areas that have been highly damaged a long time ago and have a very low or no ecosystemy recove
potential may be excluded from the GDII$E. The criteria to select GDTEs are focused on areas that still
have the quality to reach the minimum criteria of the GDTE habitat types listed above. Again, the exceptions
are rare habitat types that have vefgw locations and cover very small arebstograms of GDTE sites
coverage are suggested to be made in order to assess the need for that criterion.

Sites consisting of multiple hydrologically or geomorphologically related patches (habitat complex) either
from the same, or different habitat typemay be merged into a single polygon (if the patches share a
common border) or multipart (if the patches are separated) GDTE polygon with a single ID in the database.
In that case the areal limit (10 ha/20 ha (Liatizstonia), or 1 ha in the case of rare TwDtypes) applies for

the whole merged polygon. The size of each individual patch should still be not less than 0.1 ha. Moreover,
marginal fens and groundwater dependent woodlands around bogs or around bog wdedtam be
approached as one site GDTE (goly), but not the bog or bog woodland itself, as the latter are not
considered GDTEs (unless in Northeastern Estonia). If the merged polygon consists of different habitat
types, then these are described in therditite table of the polygon.

In the processof testing the applicability of the GDTE identification methodology, several data
insufficiencies were distinguished both in Estonia and Latvia that hinder a smooth identification process.
When mapping Annex | baats, the habitat patches are being idéigd on the basis of compliance of
vegetation and abiotic conditions with the habitat description in the national Annex | habitat interpretation
manuals. The area should meet certain criteria, e.g. presencetaircendicator species, minimum number

of certain species, vegetation structure, processes. It means that the habitat patches depending on
groundwater influence may be fragmented across landscape, e.g. spring mires may be fragmented by forest
patches or many spring discharges can occur in rivdieyaand ravine complexes, although feeding from

the same aquifer. Thus, in perspective of GDTE identification, many habitat patches may belong to the same
ecosystem and should be considered as a single GDTHioAadly, the habitat maps may be with low
precision or some GDTE habitat locations may be missed when carrying out inventories, or habitat types
may be misinterpreted as neBDTE habitat types (or vice versa). The habitat patches may overlap (mapped
in different years with different quality of b&ground information).

Therefore, the GroundEco project experts agreed that the selection of GDTE sites may not be based solely
on habitat data, but also involve other types of data (e.g. relief, soils, peat dgpiosest types). Selection
of GDTE siteis largely affected by data quality, i.e. precision of habitat data and other supporting data. In

46



GroundEco
&Joint managementf groundwater dependent ecosystems in
transboundary GaujKoiva river basin

%"fzw
‘,7[ stonia-Latvia

European Regional Development Fund

EUROPEAN UNION

some cases, some important data layers might not be available or are outdated. For example¢02019
detailed elief data, based on LiDARita, were not &ailable for the entire Gauja basin in Latvia, soil data

is available almost only for agricultural lands and the maps are based on field inventories in the 1960s. In
Estonia, relief and soil data are more readilyailable, as LiDAEevation data has beecollected three

times for the whole country and a digital soil map covering whole Estonia exists as well. The field inventories
for the soil map were made between 198W90. Therefore,these layers support the tétat complex
delineation process in Estanwell.

Topographic data help to identify geomorphologically related habitat polygons that should be approached
as one GDTE. For example, all polygons of habitat 7220* that are inside one valley should beecbasider

a single GDTEIGURE )10rganic siband peat deposit data help to identify hydrologically related habitat
polygons, for example various separated ribitat polygons that are situated on a single peat deposit
should be considered as a singleT&EFIGURE )2

FIGURE 1An example of separate habitat polygons in a valley system and a suggestion how to combine
them as a habitat complex for the identification of significant GDTEs

FIGURE 12n example of separate habitat polygons on a singlganic soil (peat) deposit polygg the
habitat polygons should be considered as a habitat complex for the identification of significant GDTEs
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It means thatthe GDTE site selection process cannot be entirely automated and cannot rely only on
strictly defined criteria (e.g. habitat typesrad patch area), thus the expert judgement is still needed to
take the final decisionAlso due to varying data availability in Estonia and Latvia the additional information
that can be used to assist delineating habitatngiexes will remain countrgpecific.

In addition to the varying availability of supportive data, the interpretatibonex | habitat types in both
countries varies slightly as well. Two main differences concerning habitat types considered GDTEs were
identified:

a) Habitat type (Alkaline fens 7230) includes only bask (calcareous) fens in Latvia, but in Estonia
it covers both rich (calcareous) and poor fens (acidic, oligotrophic). Poor fens do not have any
protected habitat status in Latvia. Therefopgor fens cannot belistinguished a&DTES in Latvia
from the Annex | habitat data, although they may be importantamts of ecosystems services
and biodiversityconservation. However, by nature these are considered GDTEs also in Latvia;
however, duringdevelopment of this methodology (2042020) they could not be identified on
the map due to lack of data.

b) In Latvia, tle habitat type Hydrophilous tall herb fringe communities (6430) includes only alluvial
riverbank communities and dry and sedry forestedges and therefore does not meet the criteria
of GDTEs. In Estonia, the habitat type includes not only riparianeiddl dommunities, but also
speciespoor fens and paludified grasslands, which both are considered GDTEs.

4.4.2. Results of the identification osignificant GDTESs in Estonia and Latvia in Ga{gava basin

According to the developed joint methodology, the delineatof significant GDTES in the Koiva basin
Estoniaresultedin 18 polygons in total covering an area of 570 &(URE )3Their aras range from 1.9

ha to 92 ha and include six habitat typ@®\BLE)/ Eight sites include more than one habitat typhe most
common GDTE in Koiva basin is the habitat Fenoscandian deciduous swamp woods (9080*), which is
represented in 11 sites and alsovers the largest area. The habitat type Hydrophilous tall herb fringe
communities (6430) is represented in eight $iigant GDTESs, Alkaline fens (728 seven, Mineratich

springs and springfeng160)¢ in two, and Bog woodland (91D0%)n one sinificant GDTE. Twelve of the

sites are fully inside Natura 2000 areas and 13 fully inside nature protection areasonfah importance.

On four occasions the additional criterion of presence of rrated species in the protection categories

I and llwere applied to polygons that otherwise would not have fulfilled the areal threshold. The-GDTE
related protected planspecies detected in potential GDTEs in the Koiva basin Mala&xis monophyllos,
Corallorhiza trifida, Dactylorhiza russowii, Liparis@itgand Saxifraga hirculus

Ten significant GDTESs include habitat polygons whose conservation status has nagsessed and seven
of the significant GDTEs include habitat polygons whose conservationlétatéis ¢ 2 NES G KIF Yy G-
(TABLE)Y?

All significant GDTES but onie presumably dependent on the MiddiBevonian groundwater body in the

Koiva basin and oneld E is presumably dependent on the Uppewvonian groundwater body in the Koiva
basin TABLE )/ The dependencies on groundwater bodies weetermined only based on spatial
information. The uppermost groundwater body below the GDTE was considered tcebménthat the

GDTE depends on. Actual dependence could be verified using water level and chemistry data from both the
groundwater body andhe ecosystem. Before 2019 the verification would have been more important in

11 Conservation status is a term used in the Habitats Directive for the assessment of the status of habitats. It
combines three criteria¢ degree of conservation o$tructure, degree of conservation of functions, and
restoration possibilities (Explanatonptes, n.d.). It can be provided at site level (field data forms, the Natura
2000 database) or nationally at country level in the Article 17 report under the HalRiteective (mandatory for

the EU Member States). Here, it applies to site level.
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Estonia, because there were severalependent Quaternary GWBs and most of the Quaternary aquifers
were not considered as GWBs or parts of GWdee (Chapter £2.1). Therefore, itwould have been
necessary to determine whether the water in the GDTE originates actually from a Quaternary GWB, a
bedrock GWB below it or from a ngBWB Quaternary aquifer, as ecosystems depending orRGWIB
aquifers are irrelevant in terms of the requiments posed by the WFD. Since 2019 almost all Quaternary
aquifers in Estonia have been joined to the uppermost bedrGWB and only four have remained as
independent GWBs. Therefore, in most of Estonia (including the Koiva basin), using only spatiatioriorm

for determining the GWB that the significant GDTE depends on, is reliable enough.

[ 5430 Hydrophilous tall herb fringe communities
[ 7160 Mineral-rich springs and springfens
| | 7230 Alkaline fens
m I 9080* Deciduous swamp woods

[ 91D0* Bog woodland

0 5 10 20 30 40k

FIGURE 1Significant GDTEs identified in the Koiva river basin in Estonia. The colors of the polygons indicate
the largest habitat type in the GDTE polygons (ligitey color represents all Annex | habitat polygons in the
Koiva river basin on November 90 2019).Numbers of the polygons overlap with the order numbers in

TABLE 7
TABLH
Attributes of the significant GDTEs identified in the Koiva river basin
Natura
. . . Rare 2000/  Conserv. Area
No Main habitat type Secondary habitat types species National status  (ha) GWB
PA

Fennoscandian deciduous Hydrophilous tall herb fringe

! swamp woods (9080%*) communities 6430) 0 Yesives  AB,C 326 D2
. . Fennoscandian deciduous
2 ?gﬂ:ﬂﬂ:‘llt?;: (t;lllg;rb frige swamp woods (9080%), 0 Yes/Yes A'NB;\ ¢ 68,4 D2
Alkaline fens (7230)

Fennoscandian deciduous Hydrophilous tall herb fringe
3 swamp woods (9080%) communities (6430) 0 Yesives  NA,A 301 D2

Fennoscandiadeciduous Hydrophilougall herb fringe
4 swamp woods (9080) communities (643)) Alkaline 0 Yes/Yes C, NA 81,2 D2

P fens (7230)

9080* Fennoscandian Hydrophilous tall herb fringe
5 deciduous swamp woods  communities (643)) Alkaline 0 Yes/és NA,B 249 D2

(9080%) fens (7230)
6 Hydrophilous tall herb fringe 0 No /Yes NA 391 D2

communities (6430)
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Natura
. . . Rare 2000/  Conserv. Area
No Main habitat type Secondary habitat types species National status  (ha) GwB
PA
Hydrophilous tall herb fringe Fennoscandian mineraich
! communities (6430) springs and springfens (7160) 0 No/No B, A 350 D2
Fennoscandian mineraich
8  springs and springfens 0 No/No B, C 45 D2
(7160)
9  Alkaline fens (7230) 0 No /No C 25,1 D2
10 Alkaline fens (7230) 1 Yes/Yes NA 1,9 D2
11 Alkaline fens (7230) 0 No/No C 356 D2
12 Alkaline fens (7230) 0 No/No NA 242 D2
Fennoscandian decidus
13 swamp woods (9080%) 0 Yes/Yes A 209 D3
Fennoscandian deciduous Hydrophilous tall herb fringe
14 swamp woods (9080%) communities (6430) 0 Yes/ves C,NA A 919 D2
15 Fennoscandian deciduous 1 ves/Yes B, NA 10,2 D2

swamp woods (9080%)

16 Fennoscadian deciduous 1 Yes/Yes NA 10,1 D2

swamp woods (9080%)

17 Fennoscandian deciduous 1 Yes/Yes A 2.7 D2

swamp woods (9080%)

18 Bog woodland (91D0%) ;‘f’g’r‘;’pﬁ‘g:éi”(ggggﬂ‘)ms 0  YesYes AB 317 D2

PA( protected area

Conserv. statug conservation status values according to the Annex | habitat status assessment

GWAB the groundwater body the ecosystem is dependent on {DMiddlecDevonian in the Koiva basin; @3JpperDevonian
in the Koiva basin)

NA( status not available

As the GDHs may consist of several habitat polygons of the same or different types, there may be several conservation
values for a single GDTE

The GDTE delineation in the Gauja basihatviaresulted in 42 polygons (includimgultipart polygon$

with the total area 162 h&IGURE J4Significant GDTEs in Gauja basin include only two Annex | habitat
types: Fennoscandian minenath springs andpringfens (7160) and Petrifying springs with tufa formation
(Cratoneurioi (7220%).

- Petrifying springs with tufa formation (Cratoneurion) (7220*)

- Fennoscandian mineral-rich springs and springfens (7160) / N\, w

FIGURE 18ignificant GDEs identified in the Gaujaver basin in Latvia. Light grey color represents all
mapped Annex | habitat polygons in the Gauja river basin in November 2019.
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The areas of single patches or multipart polygons (considered as a single GDTE) range froifd11Haato

In all cases usinthe existing habitat data (inventories until November 2019) the significant GDTEs occur in

Natura 2000 sites (overlap with protected nature areas of national importance or{m@sesves), majority

of them in Gauja National Fapn the slopes of River Gja Valley and sidealleys and ravines. The largest

D5¢9 | NBI ¢6F& ARSYGAFTASR Ay aS02tS8 bl idNBE wSaSND

+SOf I AO0OSYyS tNRUSOGSR [FyYyRAOI LIS !atikald miovdeseywe and { G 0
nynOdz T St ddsenle.dn2mipst cades, ® didgle GDTE consists of one of these habitat types, only

in Raunas Staburags Nature Reserve both spring habitat types (7220* 7160) form a significant GDTE.

However, in some areas characteristics of bgphing habitat types (7220*, 7160) are mixed and overlap

OTHHNFY TMcnLXE GKdzda Ay (GKS KFEoAGFEd Ay@SyG2NRSa (K

I g2GAZ .nynOdz 1StdF | @g2Gao0d

According to the available data, in the Gauja basin in ndnth® cases presence species that rely on

groundwaterfed habitats were found in GDTE habitat patches which were smaller than the minimum area

(TABLE )X The reasomay be insufficient species data, especially concendergigospp.

Although the Koiva basin Estonian side is almost 10 times smaller than the Gauja basin in Latvia, the total
area of identified GDTEs is larger in Estonia (570 ha) than in Latviza)1&2imarily, this may be explained

by differences in the national interpretation of Annéxhabitat types concerning the habitat type
Hydrophilous tall herb fringe communities (6430), as in Estonia this includes poor fens that cover relatively
large areas in the Koiva basin. In Latvia, such habitats are, most probably, present in the Gaujhltas

are not identified in the habitat inventories, because they are not considered as protected habitats. In the
Koiva basin in Estonia, relatively large araes covered by single patches of Fennoscandian deciduous
swamp woods (9080%), a habitat typleat is also present in the Gauja basin in Latvia, but the swamp woods
are highly fragmented and thus continuous patches do not reach the minimum area. On theaEstioe
several significant GDTEs were identified as Alkaline fens (7230), which ayerargdnabitat type in the
Gauja basin in Latvia and in none of the cases reached the minimum area. Similarly, in none of the cases
Bog woodlands (91D0*) were nobrsidered significant GDTES in the Latvian side. In the Koiva basin, the
spring habitats (780, 7220*) are very rare and cover small areas, while on the Latvian side they are more
common. Differences in both countries may be related also to land useuksnthtensity and history (e.g.
drainage intensity), degree of naturalness and proportioprotected nature areas.

Since the habitat data quality and quantity are constantly improving in both countries, the first attempt to
apply the joint methodology iatvia cannot be considered the final result. The GDTE maps should be
revised if significamew habitat or other relevant data become available. In Latvia, the GDTE identification
should be repeated after the country scale habitat inventory (the dathheilavailable after mi@021).

After completing the inventory, the number of GDTEs and tittal area of significant GDTEs may
considerably increase.

4.4.3. Assessment schemes of groundwater dependent terrestrial ecosystems
4.4.3.1. Assessment schemes for the quantitaéeffect

After the identification of a GDTE in the landscape, and preferably verifyingefpendence on the GWB
using water level and water chemistry data, the next step is to assess whether the GWB could have a
negative effect on the GDTE.

The assessnmt scheme for the negative quantitative effect of the GWB on the GDTE consists of five steps
(FIGURE )5The scheme was developed during the GroundEco project based on the preliminary Estonian
assessment schemé&IGURE)3YTerasmaa et al., 201%nd the pocedure suggested by the European
CommissiorfEC, 2009)
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leve| of the GDTE is considerably lower

than it has been previously or is typical to NO,_
analogous ecosystems, or the conservation status
of the GDTE is worse than ,,good” according the
assessment based on the Habitats directive!

A 4
: 2 Is there relevant groundwater abstraction in

1 Is there any piece of evidence that water

kY

Anthropogenically induced changes in the quantity of the GWB do not have a

the vicinity of the GDTE? Groundwater
abstraction rates considered relevant
depend on the distance from the GDTE.

NOJ

———
; Are there ditches reaching mineral sediments

YES

below the peat, mines or any other human NO
activites which may affect GV level in the
vicinity of the GDTE?

YESy

Is the annual mean water level in the GDTE'sf NIO
—— groundwater level monitoring well lower »

A\ 4

negative effect on the GDTE.

than the long term mean water level?

Conduct an appropriate investigation to
determine whether the significant damage to NO
the GDTE is caused by anthropogenically

induced changes in the quality of the GWB?

YES

v

A 4
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i
—
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Z
L
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Anthropogenically induced changes in the quality of the GWB
have a negative effect on the GDTE. Prepare the monitoring
and action plans.

FIGURE 1Broposed scheme for agssment of significant damage to GDTE
causel by quantitative pressures in GWB

Combination of water level measurements in groundwater monitoring wellSGBTEs and their
surroundings are typically used indicators for quantitative changes. For exammenaédynamics of mire
water levels compared to shoerand longterm average levels will indicate already occurring negative
effects in GDTE-(GURE 15ep 1). Significant groundwater abstraction, dense abstraction well network
or known human activitiegowering the groundwater levels near GDTE can also result in a decrease of
groundwater inflow to GDTE, thus deteriorating its conditibhiGURE 155tep 23). Groundwater level

drop in the monitoring well of GWB feeding the mire or the change of spritalige providing the base

flow for spring fen will indicate the first negative tendenciesE3URE 1%Step 4). Still, appropriate measures
may stop the neative influence, but timely actions may prevent potential damage to GDTE. The proposed
assessment seme IGURE J)Fequires often limited longerm monitoring datad Y f DS Sior | f X
missing water level targets for different GDTE types (Whiteman et al. 2010). Thus, the most common
indicator is actual evidence of damage in GOHIEWRE 155tep 1pbserved as an ecological response to
groundwater depletior(Rohde et al., 2017)

Commonly used groundwater quantitative management approaches in the GDTE management area are
volumetric allocations, buffer/well exclusion zones, groundwater level triggerd,groundwater rate of
decline triggers. Their advantages and disadvantages frarohaical and implementation perspective are

well described byNoorduijn et al., 2019)Three groups of management approaches were identified:

Volumetric approach.Abstraction limits are often set as fraction of natural recharge for groundwater
catchment @ as historicalong-term average abstraction rate, assuming that the system is already in a new
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steady state. In management plans the term "Environmental water allatat{g@WA) issometimes
included explicitly reserving a share of groundwater for mainitag the GDE. Definition of EWA gives the
environment the same legal status as other (human) water users. The approach requires reliable estimation
of groundwater rechage. It can be useful for sustainable exploitation of groundwater resources in a
catchment, but individual GDE sites, located close to groundwater abstraction sites can be permanently
damaged.

Buffer zone approacHoreseesdefining buffer zones around GDE#ere groundwater abstraction is
limited. It is one of thesimplestmeasures. A numbef analytical equations have been developed to model
the buffer zone approach. The buffers zones will provide short term protection to GDE from groundwater
abstraction;therefore, they should be used in combination with other approaches. It can be aplied
combination with volumebased allocationg & & ® ®HiF T S NgwhetehiBt#aétion in close proximity to
GDE can be limited by volume or season.

Groundwater respone triggervalues such as groundwater level or rate of groundwater head decline can
be predefined indicating the need for initiating groundwater conservation measures. The problem with the
trigger approach is that even in the event when trigger value isetked and groundwater abstraction is
stopped completely, the groundwater table wilbntinue to decline for some time. The trigger approach
requires identification of adequate observation locations and threshold values and establishment of
monitoring infrastructure.

In the assessment scheme we recommend a simplamebasedassessment @proach. This approach
should help to identify cases when groundwater abstraction can potentially have impact on GDTEs and in
depth investigation is needed. More sophistiedtmeasures should be elaborated on a ehg&ase basis

in line with existing redations.

Step 1.National monitoring and inventory programmes for terrestrial ecosystems in Estonia and Latvia do
not include water level monitoringTherefore,there is nodata on their water level and its dynamics.
Generally, the deterioration of the dias of mire habitats is caused by a decrease in the mire water level.
Therefore the first step is to find out if there is any piece of evidence that the water level 0GIDEE is
considerably lower than it has been previously. For that historical magtsir@s, oral descriptions or any
other means of information can be used. Comparison with analogous ecosystems known to be in good
condition is also one possible solution fietermining the potential water level decrease and deterioration

of the ecosystemlf the given ecosystem already has conservation status determined and it is less than
good (B) according to the assessment of habitats listed in the Habitats Directsy&§DTE also moves to
step 2. If the habitat status is at least good and therecigwidence about water level lowering, the GDTE
will be not assessed further.

Step 2.1t is proposed that simple as possible assumptions are used to initially assesantigater
abstraction can have impacts @DTESHIGURE 155tep 2). One possibility to estimate the area needed
for the groundwater recharge to compensate for groundwater abstraction.

The decline of groundwater head within an aquifer due to water ausion is triggering enhanced inflow

of the water from aquifers above and below arecharge from the surface. The rate of this additional
groundwater inflow is controlled by local hydrogeological and hydrological conditr@refore, it can vary
signifcantly from place to place. Provided that groundwater abstraction is sustainable, in a certain distance
from the abstraction site enhanced water flow to the aquifer (recharge) will compensate for the water
abstraction. In a simplifiedase it can be assurdethat there is a circular area around the abstraction site
that is affected by it. Groundwater abstraction rates considered relevant depend on the distance from the
GDTE according to the following equation:
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wherex is the distance from the water abstraction or group of wells (m)is@bstraction from the GWB

(m3 yrY), Ry is averagerecharge rate(m® m2yr?). It is recommended to use local value fgr. ’ the
information is not available use the followinglue: R; = 0.07 i m2yr®. If the GDTE is closer to the
abstraction site than the value of the x, groundwater abstraction is considered relevant to the GDTE. More
complex methods such as a combination of mostrappate tools or locakcale mathematial models
should be used to conduct investigations when there is evidence for the possible threat to BOURIE

15, Step 5).

Step 3If there is no relevant GW abstraction in the vicinity, also other means of hasiafities may lower

the GW level and have a negative impact on the GDTE. Deep ditches reaching the mineral sediments below
the peat and mines (both opepit and undergroungicould be the reasons. Appropriate investigation (using
maps, database#-situ observations) of the presence of such stressors has to be carried out.

Step 4.The next step is to assess if the annual average groundwater level in the aquifer feeding or
supporting the GDTE is lower than its lelegm average water level. A groundwatkavel drop in the

recharge area of the GDTE will likely cause a drop in the amount of water reaching the ecosystem. A drop

in the groundwater level downstream of the GDTHRild@ause an increase in the amount of water seeping

out from the ecosystem. If thecosystem does not directly feed from groundwater, but its water level is

kept high because of the pressure from the underlying aquifer, a drop in groundwater level smubdiase

I RNRL) Ay GKS SOz2aeaidsSyQqa ¢l (SN afplintarythrdgsint ¢ G SN
monitoring network has to be set upde Chapter 5 for best practige3 his data helps to evaluate whether

the water level drop in the ecosyswh could be caused by groundwater abstraction or other human
activities in the vimity of the GDTE that have lowered the groundwater level.

Step 5.1f the negative effect on the GDTE by the Go¥Bnotbe ruled out in the first four steps of the
assessmet) a more thorough appropriate investigation has to be conducted. A thorough ety
Chapter 5 for best practicgsncludes a detailed water level network in and around GDTE, and collection of
the hydrogeological and meteorological data, to determihe functional connections between the GDTE
and the GWB.

After that a monitoring ad action plan should be prepared and applied in order to survey possible further
OKIFIy3aSa Ay (KS SOz2aeaidisSvyQa aidl Gdza | yR allyfnpcftany R 2 dzi
for GDTEs situated in protected or Natura 2000 areas.

The proposedjuantitative assessment scheme GURE )$provides more concrete steps, than the initially
proposed scheme by the European Commission (2009). At the same time, it leaeeBaxibility by also
considering indirect data (such as analysis of any evidenee&GURE 15tep 1 and 3) and assigning the
confidence levels. The reason for that is reporting deadlines set by WFD (European Commission 2000) and
the high probability tlat many necessary data will remain missisggatheringt takes a long time.

Unfavorable status of GDTEs is often caused by surface drainage. Due to a typically smaller area of the
spring fens in comparison with minerotrophic fens, the area affected bystirface drainage is usually
smaller in the spring fens, and the drainage causeter deficit might be more intensively mitigated by

the constant inflow of groundwater. As highlighted Kiroy et al. (2005)the delineation of catchment

areas for GDTES an essential step to carry out an appropriate assessment of quantitative peessu

UKTAG (2004¢mphasizes that many GDTEs could be damaged by a variety of pressures such as
afforestation and land development which are not directly related to groundwater supply, and
identification of main pressures requires detailed assessmentss, Ther potentiakcauses must be ruled

out at first. The negative quantitative effect from GWB is expected if there have not been any changes in
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the surrounding drainage network and other surface water bodies, but the water level in the mire has
dropped and discharge fromthe mire has decreased. It is important to consider also meteorological
conditions which may have a considerable effect on the water regime in the mire. When the linkage degree
between GDTEs and GWB is not well understood, then GWB celadsified as ofood status but may
remain at risk. These cases maypbieritizedfor further investigation European Commission, 2011)

4.4.3.2. Assessment schemes for the qualitative effect

The chemical status of GWB is determined based on established T\dstbember State required by
Groundwater DirectivéEuropean CommissipB006) The criteria for establishment and application of TVs

are set in the guidance document (European Commis2@®9), and it is based on the outputs of European
Union research p@® SOl & 0w N5 D $ 82006 Derivatioof groundwater TVs for GDTEs is a
complex task and requires a good knowledge of ecological needs and responses to various pollutants of
each GDTE type. Also the information about the influencing area exptess&DTE catchment area and
domination pressures, as well as a good understanding of the main physical, chemical and biological
processes occurring in the pathway from groundwater faiiorain GWB to groundwater inflow into GDTE

is needediflinsbyetal. A ny T YAt NR& SO Ft®d wnnpT .YEDDBS SiG o

Many EU Member States struggle with the derivation of TVs for GDTE and have set limits for nitrates mostly.

In terms of mosphates, the derivation process is ongoing in the United King#aropean Commissign

2015; UKTAR012) GDTEs are often not considered when establishing national groundwater monitoring
networks, and lack of lonagerm integrated monitoring programmes combining the needs for both
groundwater and nature protection has léa poor understanding of GWB and GDifteractionso Y f DS S i
al. 2011b) Thus, Estonia and Latvia have not established TVs for GWBs considering GDTEs.

Similarlyto the quantitative assessment schent@ GURE J)ba qualitative or chemical assessment scheme
(FIGURES), applied to terrestriabcosystems identified as being groundwater dependerts developed
during the GroundEco project. It consists of five steps as well and was developed based on the preliminary
Estonian assessment schenmfedGURE )4(Terasnaa et al., 201pand the procedure igygested by the
European CommissioikC, 200Q The following analysis should be carried out only if there is any evidence
of GDTE not having a good sta(e§5URE 1@&tep 1). Consideririge fact that groundwater TMer GDTES

are missing in many countries (Rohde et al. 2017) and their establishment is-tedongrocess which
includes the negotiation between various experts, managing authorities and deuoisikers, the proposed
secondstep FIGURE 165tep 2) suggesusage of indirect data (such as fertilization amounts, location of
polluted sites and land cover data). Such analysis will indicate if there are any significantindozed
chemical pressures, their type, and will pommit the relevant parameters tbe monitored andanalyzed

After that the national monitoring should provide necessary data for comparison with the established TVs
(FIGURE 16step 5)Againthere are certain proposed strategies on how to set GWB chestiatals in case

the groundwatemonitoring results exceed the derived TVs (European Commission 2009). Still the chosen
approach is a matter of each Member State.

Step 1 National monitoring and inventory programmes for terrestrial ecosystems in Estonibavid do

not include water chmistry monitoring.Therefore,there is no data about water chemistry and decisions

have to be made based on indirect evidendéthe GDTE is in considerably worse conditions than it has
been previously or is typical for dogous ecosystems because oétivater quality of the GWB. For that
historical maps, pictures, oral descriptions or any other means of information can be used. If the given
ecosystem already has conservation status determined and it is less than goodc@Blirrg to the
assessment ofdbitats listed in the Habitats Directive, this GDTE also moves to step 2. If the habitat status

is at least good and there is no other evidence about changes in ecosystem, the GDTE will be not assessed
further.
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4 Is the concentration of P_and N_, nitrates
in the GDTE’s groundwater level monitoring —p

negative effect on the GDTE.

YES,

—
! Conduct an appropriate investigation to

the GDTE is caused by anthropogenically

determine whether the significant damage to NO .

induced changes in the quality of the GVWB!?

‘
Anthropogenically induced changes in the quality of the GWB do not have a

YES

h 4

CONFIDENCE LEVEL

have a negative effect on the GDTE. Prepare

and action plans.

Anthropogenically induced changes in the quality of the GWB
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FIGURE 1Broposed scheme for assessmerftsignificant damage to GDTE
causel by qualitative (chemical) pressures on GWB

&Joint managementf groundwater dependent ecosystems in
transboundary GaujKoiva river basin

Step 2.This step evaluates whether there are any relevant and possibly polluting human activities (e.g.
agriculture-fields, cattle farms; wastvater treatment systems; indusal complexes) ithe vicinity of the
GDTE which may affect the given ecosystem through the GWB. Appropriate investigation (using maps,

databasesin-situ observations) has to be carried out.

Step 3.This step assesses wher the deterioration of the situs of the ecosystem could be caused by
changes in the water chemistry (increased concentratiohsPtot, No:, nitrates or other relevant
substances). As groundwater threshold values for GDTEs are missing and their establishinagtém
process, he usage of indirect data (such as fertilization amounts, location of polluted sites and land cover

data)issug§a i SR® LF¥ (GKS 3IAPSyYy

SO02aeaisSvyQa

g2NBRS (GKIyYy

(drainage, peat extraction, alkaline pollution gtand not by impact from the GWB, the GDTE will be not

assessed further.
Step 4 After that the groundwater qua A G & A Y

iKS S02aeaidsly

YR $023a@a

determined. If the water chemistry data is not available, a preliminary moniganetwork has to be set up
(see chapter 5 for best practicesThese data help to evaluate whether the worsertlgmod status of the
ecosystem could be caused by poor water quality of the groundwater. If the concentratiag, dfid,
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nitrates or otherrelevant substance in the groundwater monitoring well of the GDTE is higher than the level
typical for the speci€ ecosystem type, then the GDTE moves to the next step.

Step 5.1f the negative effect on the GDTE by the GigBnotbe ruled out in the firsfour steps of the
assessment, a more thorough appropriate investigation has to be conducted. A thorough stedy (
Chapter5 for best practicesincludes a detailed water sampling network in and around the GDTE to
determine the functional connections bgeen the GDTE and the GWB.

After that a monitoring and action plan should be prepared and applied in order ¥v@pwossible further
OKIyaSa Ay (KS S0O02aeadsSvyqQa aidliddza FyR (2 FTAYR 2dz
for GDTEs siated in protected or Natura 2000 areas.

The proposed qualitative assessment schemé&URE J&iffers slightlyfrom the one proposed by the
European Commission (20G&ain providing more flexibility to conduct preliminary analysis using indirect
data to identify if the damage to GDTE potentially could be a result of chemical pressures on GWB
supporting theGDTERKIGURE 165tep 2). In the case of missing knowledge, the GWB is considered to be
still ingood status but with low confidence, thus allowingpiioritize such cases for further investigations.
Only then the use of appropriate groundwater TVs, andsequently, derivation of them is suggested
(FIGURE 165tep 4). Theeason is the same as for the quantitative assessment schem®@JRES) that

the Member States must report results in a certain timelig€, 2000)

4.4.4. Monitoring of GDTEs in Estonia andtlia

Assessing the effects of GWBs on groundwater dependent ecosystems in Estonia and Latvia is complicated
because monitoring networks often have tnbeen established to determine interactions between
groundwater and surface water. Often the parameteronitored from surface water or terrestrial
ecosystems are relevant only for these ecosystems. Parameters monitored from GWBs are relevant only
for groundwater and monitoring points are located mostly in places that are not representative for GDTES.

In Latvig potentially threatened GDTEs and other mires occur in some areas in the surroundings of quarries
where groundwater table is lowered (e.g. surralimgs of Lielie Kangari Nature Reserve, surroundings of

1 LJISY adzZNNRB dzy RAy 3a 2 Fserve} InBages Whenitdnayl thieldtEnSsigriifitaiit gzdidstedy S
habitats and/or Natura 2000 sites, the mining companies are obligated to carry out groundwnaéoring

and, in most cases, also vegetation monitoring. As the monitoring should be establishetbstarting

the mining activity, this approach could potentially provide useful data for estimating the impacts of GDTEs
and consequently GWB, as Wwab the adaptive measures should be taken if the ecosystem condition is
worsening. However, in 2082020 no cases were known with available data and/or data series that
represent data from several years. According to the national legislation, the dateoardinated and
administered by several institutions, but there are no clear mechanisms how to acises when the
groundwater abstraction or groundwater table lowering causdgavorableimpacts on ecosystems. The
data are not available for public use.

Onafew2 OO &sinaygioOndwater and mirater monitoring obligations have been put to mining
companies also in Estonia. Currently such monitoring is performed in two protected bogs and adjacent
areas (Muraka bog and Selisoo bog) in Northeastetonizs close to underground eslhale mines.
Vegetation monitoring is performed as well. The data is eaublicly available once a year. It is established

Ay GKS YAYAYy3 LISN¥AGE GKFG AT GKS Y2y Ad2Nkedd NBEOD
areas, then the Environmental Ministry has the right to change the mining permits.

In assessing thquantitative effect of groundwater supply on GDTES{URE )5the first step is evaluating

whether the mean or annual water table of the GDTE is idenably lower than it has been before or in
analogous ecosystems, or the status of biota indicatesenttble decrease. It means that if no special
monitoring programme for GDTES is developed at national level (currently does not exist neither in Estonia
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nor in Latvia), the impacts caused by the drop of water table might be first detected within habitat
monitoring programmes, i.e. in case of Estonia and Lagvimonitoring of Annex | habitats. In both
countries, such national monitoring programmes exiBhe same applies for the assessment of the
qualitative effect of groundwater on GDTESs. In the firspgiEthe assessment scheme the ecological status

of the ecosystem is the main indicator of potential negative influence from the GWB. As no separate
evaliation system exists and most likely will not be developed neither in Estonia nor Latvia, then the
congervation status of habitats obtained in the framework of habitat monitoring programmes provides the
necessary information.

In Estonig habitat monitorirg is a part of the national environmental monitoring programme and belongs

to the biodiversity and landscape monitoring splogramme Only Annex | habitats are being monitored.

In March 2019 a new national environmental monitgyiprogramme was approved and therefore also the
A0NHzZOGdzZNBE 2F KFoAdGFG Y2YyAG2NAY3 41 & NBEG2N] SR® t NI
2YYdzyAGAS&aEd AyOf dzRSR aSLINFX¥GS adaNwSea FyR YSGiK2R
alluvial and paludified meadows (6450, 7230); c) forest habitats (2180, 9010, 9020, 9050, 9060, 9070,
9080*, 9180, 91D0*, 91E0 and 91F0); d) dry mead@u80*, 6210*, 6270%); e) coastal meadows (1630);

f) mires (7110%, 7120, 7140, 7160, 7210*, 7230). &R@19 monitored habitats have been divided into five

groups with specific methodologies: forests, grasslands, wetlands, coastal habitats and martats.habi

Under each habitat group the following Annex | habitat types are considered:

foresthabitats: 2180, 9010, 9020, 9050, 9060, 9070, 9080, 9180, 91D0*, 91EO0 and 91FO0;
grassland habitats: 6280*, 6530*, 1630, 4030, 6210*, 6270*, 6450 and 7230;

coastal habats: 1210, 1220, 1230, 1310, 1640, 2110, 2120, 2130*, 2140*, 2190 and 2320;
wetlands: 710*, 7120, 7140, 7160, 7210*, 7230;

marine habitats; the division and specific methodology has not yet been outlined.

Therefore, out of six habitat types considerasl GDTES ABLE ); only four (excluding Humid dune slacks

(2190*) and Petrifying springs with tufa formation (7220*)) have been monitored in Estonia. Habitat types
7160, 7210*, 7230 have been monitored as mires and habitat type 9080* as forests. Cf tlabisit types
considered GDTESs in exceptional cases, only four (exclMbiigiaY S R26aX 6cnmn0 | yR |
tall herb fringe communities (6430)) have been monitored in Estonia. Habitat types 7110* 7120 and 7140
have been monitored as mires andtit@at type 91D0*as forests.

Neither under the previous nor the current version of the monitoring programme, the sites chosen for
monitoring were/are not restricted to Natura 2000 sites (i.e. sites of special community interest or special
areas of conarvation), but wee/are chosen from the whole list of the mapped habitat polygons. However,
the quality of mapping varies among different regions in Estonia. In some areas, exhaustive inventories
have been carried ouind, in some areasnostly known habgts in protectedareas have been mapped.
Therefore, because the original samfdeorsprotected areas, then the monitoring sample is not entirely
representative of unprotected sites.

Mire habitats were monitored between 2068016 in rotation in &-yearcycle. During thdirst cycle (2006

2011) ca. 120 mires were monitored in total. Most of them were revisited during the second cycle. The
mires were not chosen randomly, but it was attempted to distribute the sites proportionally over the
country. During te firstyearssep NI 4§ S LINRP AN YYSa daY2yAid2NRAy3 2F 0623
10 bogs and 10 fens were visited every year. Later also transition mires and spring fens were included.
Therefore, habitat types 7110* and 7230 dominated over other mitored mire haliat types. The
methodology of mire monitoring consisted of two parts: a) qualitative estimations of the status, structure,
functions of mire habitats and various humaeaused impacts, and b) vegetation analyses on 2 x 2 m
(divided into fow 1 x 1 m subpla) permanent plots. On each monitored mire, the permanent vegetation
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plots wereanalyzedand the qualitative assessment was made around the plot for each existing habitat
type. Also,parts of the habitat in different conditions or with wang character wee assessed.

Since 2017, that kind of monitoring has been suspended and the aim of the new methodology is to collect
information from more areas but with a longer time step. In addition to national monitoring, a full scale
mire inventory &ll areas largethan 0.5 ha, but not mirdorests) was performed in Estonia by the Estonian
Fund of Nature i”008:2011. Among other parameters, it included determination and evaluatbAnnex

| habtat types in the mires. As of 2020, the results of that inventory are not yet fully included in the
Ayl GdzNY ¢St dzLJ A1¢é¢ RFEGFASG Ay GKS 99[L{ RFGFO0lI&assz
(see Chapter 8.1.). There are fans to incorporte that data to the EELIS database, though. The next similar
inventory is planned 15 years after the previous one and that is supposed to provide all the data necessary
to assess the status of Annéxnire habitats. As mires are naturallyveryslowly changing habitat, that
interval is considered sufficient for detecting meaningful changes in their status.

Forest habitats are monitored on the site around a randomly placed point and not in permanent monitoring
areas (methodology availableere, in Estonian). The evaluated criteria are assessed in a circle with a 20
40 m radius. Monitoring sites for the period 2@2®18 were randomly seléad from the full list of all

forest habitat polygons, taking into consideration the areal proportion of specific habitat types in Estonia
and setting the minimum number of monitoring sites for a specific habitat type to 75. Every year a selection
of thesesiteswasvisited. For the new monitoring period 2042024 a new random selection was made,
therefore each monitoring site is visited only once. The main purpose of forest habitat monitoring is to
collect enough data from all forest habitat types in ordermllow general statistical analysis of the status

of these habitat types in Estonia. As monitoring of the status of specific habitat polygons is not its main
purpose, it does not result in automatically updated status of the polygons in the EELISsdataba

Information about the status of specific Annex | habitat polygons is more often derived from habitat
inventories that are ordered by the Environmental Board and usually cover all habitat types of some
protected areas. These inventories do not havegutar imestep and therefore all elements of the status
assessment of some habitat polygons may not have been assessed at all yet, but some habitat polygons
have been inventoried several times already. Additionally, datéected during monitoring is usefor
planning inventories and remapping of polygons, when they indicate a significant change (see Chapter
43.1).

Vascular plants that are listed under protection categories | and Il are also monitored undévdheersity

and landscape monitoring syirogramme (methodology availableere, in Estonian). Assessed parameters
include population size, population condition, community structure, #tseandpressures etc. Monitoring

sites are randomly selected from all known localities of specific species. During a six year monitoring cycle
12¢30 localities (depending on the total number of known localities) of each species are visited. There are
no permanen monitoring sites.

All monitoring data and reports from the national monitoring programme (except for species under
protection categories | and Il) is made publicly available through the Environmental Monitoring Information
System KESE KESE does not yet include data from the habitat inventories ordered by the Environmental
Board, but these data will also be included in KESE in the future.

As a conclusion, data on the status oh&x Ihabitats has been collected in Estonia with various means and
will also be collected with various means in the future, but the coverage of status data has and probably
will be norruniform.

In Latvig the national habitat monitoring programme and rhetology for Natura 2000 is a sub
programme of the national environmental monitoring programme. The methodology (avaltabée in
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Latvian) was developed in 2007 (methodology improved several times in the period from 2008 t.2013)

It is aimed at identifying the changes in the conservation of all habitat types listed in Annex | of the Habitats
Directive within theNatura 2000 network of protected nature areas. However, the monitoring is not aimed

at certain areas, rather than habitat types. The first step in establishing the monitoring network is mapping
of all protected habitats within Natura 2000 sites. The magjsmot completed yet, though most Natura
2000 sites (>95%) were mapped until 2012.

In the methodology, the habitat monitoring is based on two approaches: (1) field surveys (randomly
selected transects aimed at covering all the habitat types listed irHtistats Directive at national level,

not the quality of certain habitat types in certain Natura 2000 sites) with filling in special field data forms,
and (2) monitoring the changes in habitat patch areas and configuration using ortophotomaps ancksatellit
images. However, since the habitat mapping has not been completed yet (iqZTA®, and the national
interpretation and monitoring methodology for EU importance habitats have been changed several times,
a stable monitoring scheme does not exist. Thandects established in 202012 have been surveyed
only once, thus longerm data of dynamics are not available. It is planned that the habitat monitoring
system will be critically revised after completion of natiesedle mapping within thelatureCensugproject

(from 2022).

In Latvia, only two transects (GDTE habitat types 7160 and 9089)cated in the Gauja basin, which is
insufficient to cover this vast area. The current monitoring data are not representative neither for the Gauja
basin, nor the particular habitat types at national or Gauja basin level.

The habitat monitoring programenunder Natura 2000 habitat and plant monitoring splogramme in

Latvia should be revised and updated. SinceNbh&ure Censuproject will provide new, ufio-date habitat

data, it will allow better planning of monitoring and selecting representative areas to be monitored. Need
for GDTE assessment is one of the aspects that should be taken into account when revising and improving
the national Natura 2000 monitoring programme

Additionally, GDTE related plant and invertebrate species listed in Annex Il of the EU Habitats Directive are
monitored under the same Natura 2000 monitoring programme with special methodologies that include
estimation of population size, habitat conditi, threats, etc. For very rare species, all locations are visited

on a regular basis, whereas for more frequent species a certain number of sites are visited at least once in
a 6year period. Monitoring methodologies are available at the websiteast (in Latvian). The species
monitoring results might provide applicable information for GDTE quality assessment.

2http://biodiv.daba.gov.lv/fol302307/fol6347&/natura-2000+eritoriju-monitoringametodikas2007 -qgada
redakcija http://biodiv.daba.gov.Iv/fol302307/ft634754/natura2000-teritoriju-monitoringametodikas2013-
gadaredakcijaaktualizetagbiotopi
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5. Methodology validation and testing of best tools and parameters

5.1. Matsi spring fen pilot site in Estonia
5.1.1.  Study site description

The Matsispring fen was chosen as the pilot study site in the Estonian side of the transboundary Gauja
Koiva river basin. It is locatedy {9 9& 02y Al X +pNMz / 2dzyieéz wpdza$S t
situated in a sapping valley in the left slope of hé f £ S& 2F G(KS adzaG2p3IAr wi SNI
of 66 m as(FIGURE )}7The valleyhas been incised in the plateai sandstone of the Gauja formation.

¢ KS a deivérZcatéhinent area 1820 km2) is the largest tributary of the transboundary Gauja River
basin (basin area 9800 Kjrin EstoniaKIGURE )7

Bedrock geology River
[ Aruktia fm. [ ] study site
[ Burtnieki fm. [ cauja River Basin

[ caujafm. | Groundwater body nr 25
[T Amatafm. T state border

| | Piavinase fm. Potentiometric contours (m asl)
|| Dubniki fm.

Daugava fm.

Conceptual model > S 5 ~ g .
cross-section(C-D) Bt h - Monitoring stati Piezometer
|| Matsi spring fen KA S @ BorewellinD2giar @

Surface watershed of ? .
I the M1 fen polygon | 4 ©  DugwellinQ Stream

Spring

FIGURETLThe regional geology of the study site (a), maptbé study site (b) and map of the M1 fen polygdn);
beavers in (c) indicate the location of the dams 1 and 2 (orthophotoHstonian Land Boars, 2020

The fen consists of three polygons (M1, M2 and M3) (areas 0.7, 3.4, and 0.4 ha respectively) ddyyarate
road dams and ditche$(GURE )}7The fen has been previously inventoriediloynets et al. (20123s an
important groundwater dependent terrestrial ecosystem with a very representative botanical community
belonging to the Fennoscandian minergh springs and spring fens (code 716Mks Directive Annex |
habitat type). There are tufa deposits present in the spring fen accordifigpo?2 { Sy S It liamapeny 0
hypothesized that the Matsi spring fen is dependent on the Middle Devonian groundwadlsr i the
GaujaKoiva River Basiflerasmaa et al., 2015; Marandi et al., 2019).
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The hydrogeology of the study area is generally determined by the Middle Devonjaan(Cthe overlying
Quaternary (Q) aquifer systems which constitute the Middle Devonianngiwater body in the Gauja
Koiva Rier basin(Marandi et al., 2019)As of 2019, the general status of the groundwater body has been
assessed as good accordingMarandi et al. (2019).

The Quaternary glacial, glaciolacustrine and glaciofluvial depuss#isthe Q aquifer system in the styd

area. Therefore, the lateral and vertical variation of the wdiearing properties of the Q aquifers is
significant. Generally, the layers and lenses of more conductive (sand and gravel) glaciolacustrine and
glacioflvial sediments form the uppermostaliow Q unconfined or confined aquifer (if between till layers)

that receives dominantly meteoric recharge. The shallow Q aquifer seemed to be perched on the underlying
glacial till layer functioning as a weak aquitédimmisaar, 1967; Vallneretal., 96 WI f a4 X wmdpT ¢
et al., 2016)The groundwater of the shallow Q aquifer is usually abstracted through the shallow dug wells

(up to 6 m deep) of small households.

The Middle Devonian aquifer system (D2) is bddy the sandand siltstones withriterlayers and lenses

2F Ofle 2F (GKS DlFEdz2lX . dzNIYyASTA FYR ! Nzl NfIl &adl 3
likely forming several confined water bearing intervals of local distribution, whichri@Jgeen delineated

in detail. Thusthe aquifer system is generally regarded as the Gaupbz] Nt | | -§rdverfeSIBE50 5 H 3 2
t SNBya g =z fftySNE wmTheD2dar agufdr iR @goNdBy reghiargéd frapithe averlyiogd @

Q and/or Snataya GoraAmata aquitard of the Uppdbevonian (D3) aquifer system in the Haanja Upland
O0+xFtfySNI SG FfdX mpecyT t SNBya Si I ™h&D2gpnaguifér t pf R
RAAGOKI NHS&E Ay (KS af2LARRYIEKBPpptNEf pdamdB 8Bp 38 |
2019 ! OO2NRAyYy3 (2 (KS 02 NBK?2Tf -&raquifeacouldye up  $88 m phigkh & G S
in total in the vicinity of the study area. The prevalent groundwater type in the-&2ajjuife is CaHCO3,

with the approximate TB range of 20800 mg/I(Perens et al., 2012; Marandi et al., 2019)

5.1.2. Methods
5.1.2.1. Geological and botanical survey

A shallow sediment coring survey with a Russjgoe peat corer and spiral auger was carried out in the
Matsispring fen M1 and M2 polygons. In atilgh, a ground penetrating radar (GPR) survey was carried out
in both polygons. The GPR profiles were tied with the shallow sediment coring results.

Borehole geophysical survey was conducted in one bore well 10846ngptdre D2gjar aquifer. Survey
provides a single continuous log of different physiclaémical parameters in a bore well, to aid in
determining rock types and layer boundaries. Measurement methods included natural gamma ray (detector
125mm x 17.5mnCs T), caliper (boreholaliameter recorded by three mechanically coupled arms in
contact with the borehole wall), water temperature and electrical conductivity measurements. All
equipment used is manufactured by Robertson Geo.

Natural gamma ray measurementseébased on scintilléadn gamma detectors. The detectors measure the
natural gamma radiation released from potassium and the decay products of uranium and thorium in the
surrounding rocks.

The vegetation of both M1 (n = 30) and M2 (n = 18) polygons wdgzaadby 50 x 50 cmaik in midJuly

2019. In parallel to recording the coverage of all vascular plant and moss species, the mean water table in
relation to the ground surface was measured from PVC tubes (d = 2.5 cm) installed to the plots. The patchy
M1 polygon was divided ragghly to subcommunities, and sampled by establishing at least three plots into
each subcommunity. M2 as a more uniform area was sampled along two crossing transects, still aiming to
cover the diversity of the area as much as possiBRS coordinates of el plot were recorded as well.
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5.1.2.2. Monitoring network and hydrological survey

To verify and characterize the interaction of the Maggpring fen and the groundwater body, a
comprehensive hydrodynamic and hydrochemical monitoring studypleamed and carried out. The Matsi

M1 fen polygon as the most representative polygon was chosen as the central object of study.

In total 22 monitoringstations wereestablished (seé~IGURE 1and TABLEB), including 9 shallow
piezometers, 3 dug wells imé shallow Q aquifer, 4 borewells indpar aquifer, 3 springs and 3 stream
stations. The selection and construction of the stations was generalfdbas the principle of a transect
along the likely preferential flow path of the M1 spring fen polygamfrthe local recharge area to the
discharge point of the polygon. During the study, additional monitoring stations (dug wells in the Q aquifer
and spmgs etc.) were spontaneously included (also in the neighboring fen polygons M2 and M3) to better
identify and delineate the potential enrthembers.

In the core of the M1 spring fen, two piezometer nests (M1PA2/M1PA1l and M1PA4/M1PAS3 respectively)
were constucted (for location se€IGURE )y7each consisting of one PVC piezometer in peat (screen depth
<1.5 m) ad one steel piezometer in below peat stratum (screen depth >1.5 m). Two steel piezometers
(M1PA6 and M1PAGS respectively) were constructed at the edfjiee M1 fen polygon, at the bottom of

the N and S slope of the sapping valley respectively. In soseschaybrid steel piezometers (M1 and
M2PAL1), screening both the peat and the below peat stratum, were installed (for locatidfi GEERE )7
Twelve nonitoring stations were equipped either with water level (HOBO OnSet-02@Ind Van Essen
TDDiver 10 m)temperature (HOBO OnSet TidbiT v2) or electrical conductivity data logger (HOBO OnSet
U24001) 6ee TABLE 8 HOBO OnS&@G3M Automatic rain gauge was installed next to the Hansi_sk
monitoring station FIGURE J)7uringa period of abovdreezing air tenperatures (period). In addition,
LINBOALMAGEFGA2Y YR AN GSYLISNY (GdzNB R 4 Fian3v@athérKS ¢ d
Service was also uséHstonian Weather Service, 2020he discharge of the M1 polygon was measured
during each samplingampaign in the M1_outflow monitoring station with SonTek FlowTracker2 ADV.

TABLB
The list of monitoring stations in tB Matsi spring fen study site (for locations see FIGURE 17)
_ Datum Depth Meang SD ‘
# Station elevation (m) water level Station type Group  Datalogger*
(m asl) (m asl)
1 10846 93,43 110,00 T H X 0 MK N1 Borewell in D2gar D2gjar  WL/T/
2  Hansi_pk* 90,00 65,00 Tnxcygn Borewellin D2gar D2gjar
3 10890 85,25 123,00 70,73 Borewell in D2ggar D2gjar
4 10948 90,64 76,00 70,72 Borewell in D2gjar D2gtar
5 Liivamae_sk 88,34 3,55 ycXncpn DugwellinQ Q
6 Hansi_sk 90,26 5,57 yy Zcnpn DugwellinQ Q WL/T
7  SKO4 95,08 2,50 o > ¢y p n Dugwellin Q Q
8 Q1 spring 69,00 Spring Q
9 Q2 spring 68,00 Spring Q
10 ML 65,18 1,81 c p X0 o0k n Piezometer (hybrid) M1 WL/T
11 MI_spring 65,30 Spring M1 T
12 MI1PAl 65,54 2,87 CpXTp N2 Piezometer (below peat) M1 WL/T
13 MI1PA2 65,55 0,77 CpZpHEB N Piezometer (peat) M1 WL/T
14  MI1PA3 66,25 2,51 c c XnHp N Piezometerbelow peat) M1 WL/T
15 MI1PA4 66,27 1,13 C CXHY R N Piezometer (peat) M1 WL/T
16 MI1PAS5 67,77 2,03 C T XHMB N Piezometer (fen edge) M1 WL/T
17  MI1PA6 67,31 2,55 c ¢ X p n gk n Piezometerfen edge) M1 WL/T
18 Ml outflow 65,30 Stream M1 WL/T/SEC
19 Ml Inflow 67,00 Stream M1
20 M2PAl 64,40 1,94 cnXn Mmp N Piezometer (hybrid) M2 WL/T
21 M2PA4 64,39 1,60 C 0 X (pH K N Piezometer (peat) M2
22 M3 _spring 64,50 Spring M3

*WL - water level; T- temperature; SE€specific conductance; **Water treatl for iron removal
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5.1.2.3. Water sampling campaigns and analysis

A total of 86water samples (n=86) were collected during six sampling campaigns in the period of April 2019
March 2020 TABLEY

TABLBEB
Description of sampling campaigns
Sampling campaign Date Qollected samples
S1 April 2019 11
S2 May 2019 14
S3 July 2019 14
S4 September 2019 16
S5 November 2019 15
S6 March 2020 16
Total 86

Water samples were abstracted either by using a SoRweststaltic Pump Model 410 in case of shallow
piezometersdug wells and streams, or a Grundfos MP1 submersible pump in case of borewells. The in situ
physiccOK S YA O € LI N} YSGSNB 6 LJ 0l OOdzNI OeéH o,k gpekific dzy A (i
conductat©S o6 { 9/ 0 ol OOdzNI} 08 pnodnnm Yk{OYOZ RA&&2f BSR
LIRGSYGALFE ohwtO O6F OO0OdzN>y O8 pHAN Y+00 ¢-BakbetdR Balel NIY A Y ¢
quality meter with an idine flow @ll. Carbonate hardnesmnd alkalinity (as CaCO3) were determined in
AAl0dz 608 @2ftdzYSGNARO GAGNI GA2Y dzAAYy3 L{h/h[hwt 19

The water samples were filtered in situ by using adirie 47 mm filter assembly Wik | ndnp >Y
(regeneated cellulose) filter bypassing the flow cell (except in the case of the Ptot samples). Each water
sample was divided into six individual MilliQ and agakhed Nalgene HDPE bottles to be shipped to the
laboratories of the Tallintniversity or Universitgf Latvia. Following parameters were determined in the
laboratories of the Tallinn University: major ions {\¥H,; K; Mg?*; C&*; F; Cl; Br; NGQ; SQ%); nutrients

(DOC; Ntot; Ptot); and in the laboratories of the UnivgreitLatvia: tracelements (Al; Ba; Fe; Mn; Sr; 810

YR adGrofS Aaz2d21L)54a8 64myh YR 41LHI VDD

2 §SNJ al YL Sa T2NJ OlFGAaz2yasr yaz2yasr GNI OS St SYSyia
ml HDPE bottles. The cation and trace metal samples were acidified down fovgith concentrated HN©

The samples for cations and anions were analyzed in the laboratories of the School of Natural Sciences and
Health at Tallinn University by using hghNB & & dzZNB € Alj dzZi R OKNZER Y I §12AddI LIK &
CDDB10A conductivity dtectors with Shodex IC ¥8 andShodex IC S0 4E columns.

¢N»YOS StSYSyil IyR adlofS A&az2G2LI o6+t myh YR +tHIO |
of Latvia, Faculty of Geography and Earth Sciences by using a Thermo Scient@iaR@000 ICBES
(inductively coupled plasmaptical emission gectrometry) at Department of Environmental, Sciences
Environmentally quality laboratory and Picarro Isotopic Water Analyzer LR21B@vity Rindgpown
Spectroscopy) respectively at Departmen@G#ology, Environmental Dating Laboratory. Isotope ratios are
SELINB & & SR -hofatich telatifed ViERna Standard Mean Ocean WateBINOW). For creating

GKS 20t YSGS2NRO 61 GSNItAYS oO6[ a2 02 raie)2058a 2 ( 2 LY
2018), Riga (2018018) and Ramata (20417) d the IAEA/WMO GNIP database were used (IAEA/WMO,
2020).

The water samples for dissolved organic carbon (DOC) and total nitrogen (Ntot) were collected in 60 ml
HDPE bottles and acidified downltdl ~ v gAGK |/ f® ¢KS g GSNJ weteYLIX Sa
02ttt SOGSR Ay wmtp Yf 15t9 02450 9k sdmplés for TODCRACFME R R
and Ptot were analyzed in the laboratory of the Institute of Ecology at Tallinretditivby using Analytik

Jena multi N/C 3100 TOC/TNb analyaad in the case of Ptot, by using standard meth@dsrphy & Riley,

1962; SFS 3025, 1986; SFS 3026, 1986; Method 365.3 ah@7&Shimadzu U1B00 spectrophotometer.
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lonic chargebalance eror (CBE), saturation indices of calcite and dolomite (Sleatsid Sldolomite
respectively) and the partial pressure values of, iGPCO2) were calculated using the Geochemist
22N] 0SYOK mnt &az2f¥is6l NBo

5.1.3. Results and discussion

The following chapters characterize the Matsi spring fen study area while focusing priomathe M1
polygon. Some data from the M2 and M3 fen polygons are also provided for comparison.

5.1.3.1. Vascular plant and bryophyte communities in the spring fen

M1 and M2fen polygons are flat with minor microtopographic variation and aspect. Water table isajgne
close to the ground surfac& ABLE 1)) except in the wooded parts of the M2 polygon. The M1 polygon is
open and devoid of tree cover; M2 is open in the cahkower part, with a transition to spring fen forest in
the higher part. The communities bbth polygons are rich in species and generally characteristic to spring
fens, which is supported by high water tables even dusinmgmer [ABLE 10 The most abutiant vascular
plants are Menyanthes trifoliataand several sedge species (e@arex rostra, C. lasiocarpa, C.
acutd). Rumex acetosa, Galium uliginosamd Myosotis scorpioidesan be frequently found as well.

TABLHEO

The number of vascular plant and bryophyte species, their cover (percent) and water table (cm)
within the vegetation plots n Matsi spring fen

M1 M2 Total
(n=30) (n=18) (n=48)
Vascular plant species 53 40 70
Bryophyte species 10 11 13
Total spp 63 51 83
Vascular plant cover 42 50 44
Bryophyte cover 34 79 51
Total cover 76 129 95
Mean water table -3.5 -8.8 -5.5
Min water table -18 -30 -30
Max water table +17 0 +17

Five vegetation clusters were distinguished in the pdllygon and two in the M2 polygoR(GURES). The
water level in the M1 polygon was higher than in MABLE 10 The plant communities in the rtbern
and central parts of the M1 polygon were similar to the open part of the M2 fen polygenyanthes
trifoliata and typical spring fen bryophytes (eBlagiomnium elipticulndominated in both.Saxifraga
hirculusg arare and protected (Il categorgpring fen specific plant speciesvas present in that part of
the fen. In the southern and eastern part tie M1 polygon, but also in its northern margin, the plant
communities were not characteristic of pristine spring fens. In the seastern end ofM1 the full
domination ofCarex acutgrevents the formation of moss layer and the overall plant diversitpw. In
other parts of M1, Carex paniculataussocks have rarely left much space to other species, and moss layer
is absent. These issues coukel due to high water level in the fen, but also from the unfavorable nutrient
loading in water for the naturapring fen communities.

The M2 polygon vegetation was rather uniform, and thus subclustered to open (lower) and wooded (higher)
parts. Wooded clusr also included the transitional areas from the open to wooded aBedh subclusters

of M2 are clearly dminated byMenyanthes trifoliatawith a frequent cedomination ofEpipactis palustris

a protected species (Il category). AdditionaBalium ulginosum, Carex rostrata, Festuca rubra, Poa
palustrisand Agrostis stoloniferaan be frequently found fromdth sub-clustersof M2. WhilstLychnis flos
cuculiis frequent in open clustergquisetum fluviatile, Pedicularis palustiied Cirsium palustrare more
abundant in wooded or transitional areas, where the ground surface elevation is higher and wageistabl
lower. The Moss layer was almost continuous and consisted mostly of typical spring fen species, e.g.
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Plagiomnium ellipticum, Paludella squasamnd Calliergonella cuspidatal he biggest disturbance in the
M2 polygon seemed to be drainage surroundihg polygon that had initiated the expansion of the tree
cover at the edges. The ditches are old but still functioning. The higher areas at therngrart of the fen
are indeed still open at the historical mafisstonian Land Board, 2020).

Fen status

Plant communities in the Matsi spring fen
D Menyanthes - Plagiomnium community
E Myosotis - Rumex - Galium community (with little moss)
D Mixed edge communities

High water - tall sedge community
D Carx acuta community without moss
|:| Wooded Menyanthes community

FIGURESLIPlant community clusters (a) and fen ecosystem status (b) in the Matsi spring fen
polygons M1 and M2

According to the inventory of peatland habisain EstonigPaal & Leibak, 2011)e conservation value of
Matsi spring fen was goodThe evaluation of the inventory is, however, supported only partly by our data
on the community composition, plant cover and the water table of the spring fens.
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5.1.3.2. Geneal hydrodynamics

Water level and temperature variations were automatically monitored in eleven monitoring stations in the
Matsi spring fen study area from November 2018 to March 2628 (RE )9The hydraulic head variations

in M1 and M2PA1 monitoring dians were monitoed from September 2018. During the study period the

mean annual sum of precipitation in Estonia varied from 508 mm in 2018 to 671 mm in 2019 respectively
Estonian Weather Service (2020). Compared to the nationaltEnmg norm of precipiation (672 mm),

2018 was one of the driest years since 1964 according to Estonian Weather Service (2020). The dryness of
2018 was also reflected in the modest spring flood of 201&URE )9In contrast to the neanormal

annual rainfall sum in 2019, theear was abnormfaf @ g NY O6HAMp | Y ytdrmimea¥ Sy T
c c/ 03X a2 GKSNB ¢gla ftyz2ald y2 aAayAFAOIYyld ayz2s Of
The autumn flood of 2019 expanded into the spring of 2020.

The hydraulic hads in the BRgj-ar borewells generally fluctuated within 30 cm throughout the study period
(TABLE )3 Theinitial hydraulic head time series observed in the borewell 10846 representing-tijeaiD

aquifer, referred to the aquifer being confinectlGURE )9The elevatiomf the potentiometric surface of

the Dugj-ar aquifer in the Matsi spring fen study was estimated to range from 74 to 62 m asl, with-a east
$6Salid RANBOUGA2yIlf aft2L)S (261 NRa (G(KS @I fftSeytRef GKS
dug wellswas found to be perched in the plateau surrounding the sapping valley. The water table surface

of the Q aquifer ranged from 84 to 92 m asl. As previously stated in the study area chapter, the shallow Q
aquifer was expected to lie on a gialctill layer. & seen in the case of the Hansi_skFIGURE 139he

amplitude of water table fluctuations in the Q aquifer could reach approximatglynl

The hydraulic heads in the M1 and M2 fen polygon core piezometers generally fluctuated withim 10 c
throughout the study period. Head fluctuations were somewhat bigger in the fen edge piezometers M1PA5
and M1PAG6, where the range of fluctuation was abou2D5cm. In the case of the two M1 fen polygon
piezometer nests, the hydraulic heads in the belosapstratum piezometers (M1PA1 and M1PA3) were
above the ground surface. Moreover, the heads in the below peat stratum were also higher compared to
the heads in the peat piezometers (M1PA2 and M1PA4). This was likely due to artesian flow conditions
below the fen that could be associated with the underlying confinedj@ar aquifer.

The water level in the M1 fen polygon was at times regulated by beaver dams as $6&UIRE 19wo

larger beaver dams can be identified in the M1 area (SE@URE7). In mos$ cases, the removal of the
dams by the landowner caused the water levels to drop abruptly. Only the dam 2 in the upstream part of
the fen between M1PA5 and M1PA3/M1PA4 remained intact until the end of the monitoring period
(FIGURE )9During the study p#od, the water level in the M1_outflow fluctuated within 70 cm. The
damming seemed to have little effect on the SEC of the M1 fen polygon outflow at M1_outflow gS&an
=nynpnT BURDML o

The discharge in the M1_outflow was relatively staliimtighout the study period (meampSD=13y b,3

I/s), reaching up to 18 I/s during high flow conditions in March 2020 (S&URE )9 The minimum
discharge (1Y I/s), being only 15% lower than the mean, was observed during low flow conditions in July
2019 (S3). The beaver dams seemed to have little dongterm effect on the outflow discharge of the

M1 fen polygon. The stability of discharge values alsoatelitthat the spring fen is likely to be fed by an
artesian aquifer.
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FIGURE 1Pailytme SNA S& 2F NBIA2Yy Il f 6¢dzdzf SYNS 2{0 IyR 20! f
water table and water level fluctuations in the selected monitoring stationsthre Matsi spring fen study
area(for location see FIGURE 17)

5.1.3.3. Hydrochemical characteristics

TheOKI NHS ol ftlyOS SNNRBNJ 6/.90 GKNBaK2f R @It dzS I LILX
made for two water samples with CBE valuesldf1 and-11.2% respectively. The megrsD CBE of the
assessed water samples wlsc p,%%.

The major aniorcomposition of the studied waters was dominated tne HCG, followed by (in the
decreasing order of abundance)£B@' > NQ*> Br> P (FIGURE 2FIGURE 24ndFIGURE J2Among
cations, C# was the most abundant, followed by (in the decreasinder of abundance) Mg> N& > K >
NHs* (FIGURE 28nd FIGURE 32The abundance of other reported minor components occurred in the
order of SiIQ@> Fe> Ba > Mn > Sr > AIGURE J1Dominant water type in the study area wasdMgO3 to
CaMg-CO3 FIGUE 22.
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FIGURE 2Boxplots of physicochemical parameters, major ions and saturation indices of carbonate minerals

in the studied water samples bynonitoring stations (see TABLE 8)
¢KS YSIY B {5 ¢5{ O2yOSYyiGNI GA2Yy aherespéchve rargelZR5 SR 4
577 mg/l FIGURE 0 ¢ KS NBALISOGAGS YSIy p {5 @I ftdzS652F {9/
> { k BIBURE )0Thehighest mean values of TDS and SEC were observed in the degjgar librewells
(10890 and 10846) and the sfpeam monitoring stations of the M1 fen (M1_inflow, M1PA5, M1PA4 and
M1PA3) FIGURE 30 The lowest TDS values were generally observed in the gQweilis (Hansi_sk,
Liivamae_sk and SK04) and in the Q1_ and Q2_springs but occasionally also in M1PAS beateargin
of the M1 polygonIGURE 30The TDS and SEC values (Figure 3 and 5) of the monitoring stations in M2
(M2PA4) and M3 (M3_springgr polygons roughly fell in line with those of thegpar group. As a
generalization, the stations with high TDS had higher minor component (Fe, Ba, Mn, Sr) concentrations,
and on the contrary, the ones with lower TDS had higher macronutrient concemtsaDOC, ¥, Rot, K,
NOy).
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FIGURE 2Boxplots of minor ion concentrations, stable isotopes signatarna the studied water samples
by monitoring stations (see TABLE 8)

Themearp{ 5 2F LI 2F (GKS &a0§dzZRASR g4I i St (@GURE JOtowey n ®n X
valueswere observed in the Hansi_sk, a dug well screening the shallow Q aquifen #mel @1_ and
Q2_spring TABLE @nd FIGURE 20Based orkKnutsson (1994)he acidification of shallow groundwater

can occur due to numerous natal factors namely due to the acidity of precipitation, soil respiration, the
dissociation of humic acids atloe occasional lack of carbonate minerals in the spatially variable, primarily
terrigenous,Quaternary aquifer material. However, the acidifioatcan rise also from the use of fertilizers
(Jolley & Pierre, 1977; Knutsson, 19@djch is likely on the aigultural lands on the plateau.

10846
I 10890

#* Hansi_pk
¢ Hansi_sk
i Lilvamae_sk
[2]

|

Q7_spring
Q2 _spring
SK04
M1
M1_inflow
M1_outflow
7 M1_spring
* MTPA1
M1PA2
M1PA3
M1PA4
M1PAS
< M1PAG
¥V M2PA4
M3_spring

$

FIGURE 2Riper plot showing the major ion composition of the studied water samples
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The dissolved oxyggO) concentration of the studied waters was generally moderate to low (rp&dn
=3,0 B, ppm) FIGURE J0Conditons were predominantly oxic in the Q aquifer dug wells, Q1_spring,
Q2_spring and in surface streams; and occasionally or constantly stibarioxic in the Bpj-ar boreholes,

M1 and M2 fen polygon piezometers.

The sampled waters were predominantly of t8aHCQ type, whereas the water in M1PA5 (for location

see FIGURE )y a shallow piezometer under the slope of the sapping valley, waseoMgHCQ type
(FIGURE 2. Despite the fact that siliciclastic material prevailing in the terrigenous aquiferixnatr
carbonate minerals were the major contributor to the hydrochemistry of the waters in the study site. The
occurrence of carbonate cemenprimarily dolomite and in less cases calcite, is common in the Middle
Devonian siliciclastic rock&leesment, 1995Kleesment & MarKurik, 1997; Kleesment & Shogenova,
2005; Kleesment et al., 201Rjoreover, carbonate material can also be abundar@uaternary glacigenic
sedimentO wl dz] I &3 mM@pTy T WNNISEI mpprT.wlkdaddlra g YIEY:

5.1.3.4. Nutrient dynamics

The primary macronutrients (DOCi:Nand Ryt) observed in the monitoring stations are presented in
FIGURE 2and FIGURE 23he mean macronutrient values of the monitoring station groUgs3LE )8are
shown INnFIGURE 23 The mearg SD concentratiorof DOC of all of the studied water samples was
3,0 5,9 mg/l, with the respective value of\l 5,61 mg/l in the M1 fen polygon gup FIGURE 23The
highest and the lowest mea;mSD DOC concentrationsi{8s,%1and Qn o ©7mg/l) were observed in the

Q ard Dygj-ar groups respectively. Over time, the mean and median values of DOC in the M1 polygon
lowered graduallyKIGURE 24
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FIGURE3 Boxplots of assessed macronutrients (on the left) and their mean concentrations (on the right) in
the studied water samles by monitoring stations (see TABBE
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The mearg SD concentrations ofi\, Rot of all of the studied water samples (n=68) wer&®, j¥1 mg N/I

YR nomdbdpndnu Y3 t kft NBA&LSOG s SDIonéedtratibris for bisthddakdS & G |y
Pot were observed inthe Q {1 5, 3:mgN/land (p @ mgP/)andj-aré n dopndm NEDDkE Y
mg P/l) groupgespectively FIGURE 23 The respective meap SD N and Rot values for the M1 fen

polygon group (fp 5,21img N/land 01 y €9 1mg A respectively) fell irbetween the latter two. Within the

M1 fen polygon, the highesti\ and R, mean values were gerally observed in the slope piezometers
(M1PA5 and M1PAG6), and/or the M1_inflow and the neighboring downstream monitoring staftlGi$RE

23).

According to thresholds set for Estonian fluvial water bodies the M1 fen polygon was in a very good trophic
status regarding mean: values, and from very good to very bad status regarding rRfgavalues FIGURE

24). In three cases, the maaN:P ratios of M1 polygon were below the 16:1 ratio defined by Redfield (1958),

and only in one case (in September 20%9)) the median ratio was above the 16:1 line, indicating prevailing
nitrogen limitation and phosphorusxcessKIGURE 24Accordindo Reddy & DelLaune (2008he general

cause for nitrogen limitation in wetlands is usually increased upleading of phosphorus, commonly due

to the use of fertilizers.
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FIGURE 2Boxplots of mean concentrations of DOCpfNRot and the N:P ratio irthe M1 fen polygon,
grouped by sampling campaigns -Sb (seeT ABLE P Dashed lines indicate the ecological status thresholds
for Estonian fluvial water bodies.

As a generalization, the highest and the lowest mean values @dbessed macronutrients weobserved

in the Q and Bpj-ar group respectively. Similar trends as in the case of DQ@nHN Rt could be also seen
when assessing the' End Clvalues amongst the station groups. Based on the above, a general hypothesis
can be proposed that the Q@up was the primary source of macronutrients in the Matsi spring fen study
site. The latter is evident due to intensive agricultural activities carried out on the plateau surrounding the

72



,////4,” interreg o GroundEco .
9% Estonia-Latvia @oint managementdf groundwater dependent ecosystems in
transboundary GaujKoiva river basin

European Reglonal Development Fund

EUROPEAN UNION

sapping valley. To a lesser extent, éxample regarding the conceations of Cl the impact from road
salting could also be the case. The highest nutrient concentrations within the M1 fen polygon group were
generally observed in the slope piezometers (M1PA5 and M1PAG), and in the morstatiogs capturing

the upsteam inflow from the sapping valley and the upland (M1_inflow, Q1_spring and Q2_spring). The
patterns of the macronutrient dynamics also agree with the specificities of the distribution and status of
plant communities in the M1eh polygon. Communities thaare characteristic to nutrient rich
environments rather than pristine spring fens, were usually found HENErt (near the slopes and inflow)

of the M1 polygon, but also at the SW margin, along the open water section chamttedi upstream inflow

to the M1_outflow FIGURE 18

5.1.3.5. Water stable isotopes

The meamp{ 5 2hT I §HRalues of the sampled waters in the Matsi spring fen study wiéxg r,p -

and-77H p@':  NB 4 LIFICHREQSIGBRE g5falling close to ther S I y8h + | yYHRvalwes for
PNBOALIAGEGARZ2Y 2F (GKS ¢p NI SROREBZ -¥6R3I I NBYERISWIIXIGEE &Disd
overview, the monitoring stations were divided into initial groups based on presumed stratig@pbgdn

in TABLE B
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FIGURE ZBhe isotopic compé A (i A% y' @%&ixf the precipitation and the LMWL based on the data of
GKS L!9!'k2ah DbLt adl A2y atho G h&stidied vadisaniiiie Olatd 2 Y LI2 &
spring fen study site (b).

The studied wadrs generally plotted along®$h [ a2 [ 6 RHBIF7) y1¥ORG3;an@an)compiled from

i K & + | yYHRprecipitation data of the IAEA/WMO GNIP (IAEA/WMO, 2020) Tartu, Riga and Ramata
stations, indicating their meteoric origin in general. The latter was also supported by the majority o
deuterium excesg¢Dansgaard, 1964)alues (shown iffIGURE Jffalling in the range of 8- n ®1:': I (i K dzz
agreeing with regional value ranges for shalgnmundwater estimated bicortelainen & Karhu, (2004nd
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Raidla et al. (2016)n two cases deuteriumeOSaa @ £ dzSa t 26SNJ G Ky y::
monitoring stations, significant deviation from the LMWL was observed, most likely due toratiapaf
the shallow Q groundwater.

5.1.3.6. Hydrogeochemical conceptualization of the study site

Clustering aproach

To define and characterize the major em@mbers involved in the hydrochemical system of the Matsi
spring fen study site, a combined multivariagtatistical analysis approach, including agglomerative

& S NJ

hierarchical cluster analysis, discriminant gs& and principal component analysis, was conducted on the

hydrochemical data. A more detailed overview of the combined statistical analysis methodofdayned
to be published in a research articlehe main emphasis here was placed on the M1 fenguoly In total
86 observations with 28 variables (pH; SEC; ORPKNMg*; C&*; F; Ci; Br, S@*; HCQ; DOC; DIC;\
Pot; Al; Ba; Fe; MnSiQ; Sr; TDS; Slcalcite; Sldolomite; logHC®1 T2H}were assessed in the further
multivariate statisical analysis.

In the agglomerative hierarchical cluster (AHC) analysis, the assessed monitoring stations were clustered

into three clusters, based on automatic truncation: Q, A and B clusters respecttl&lRE J6The Q
cluster included all the motaring stations that were initially grouped into the Q groupABLE )3 The A
cluster included the M1 group stations located in theashstream half of the M1 fen polygon and the
D.gj-ar group stations. The B cluster included the monitoring stations iruppsdream half of the M1 fen

polygon.

The AH&erived three cluster distribution{{GURE 2J@vas validated by carrying odtscriminant analysis
(DA). The discriminant model classified 98% of the assessed observations into the correfrigetC

clusters(FIGURE 236This means that the Art&rived cluster distribution could be assumed to be reliable

according to the DA.
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HGURE 2Bendrogram of the Matsi spring fen study site monitoring stations (n=20) clustered by the mean

values of 28 physicochemicphrameters obtained from agglomerative hierarchical cluster analysis (a). The
red phenon line represents the clusters deéated by automatic truncation. The M3_spring and M2PA4 are
also presented for comparison. Class centroids for the cluster distribat{b).
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The Q cluster observations were characterized by higher ORP and loglt@€3 (oxiconditions), high
macronutrient loading (DOC . Rot and K), but also higher Al concentrations. In nature Al is known to
originate primarily from gibbsite dislution, and its mobility is related to soil acidity and organic matter
abundance. Like manother trace metals, Al forms organometallic complexes with organic matter
enhancing its mobility, and thus could be abundant in shallow groundW@tetd et al.1981).By all means,

the Q cluster observations were strongly affected by the agricultutaliies on the plateau.

The A and B cluster observations generally featured higher mineralization (higher TDS), were rather anoxic,
more saturated with respect toarbonate minerals and featured higher concentrations of ions associated
with longer residace time in the aquifer (Mg, Ba and Sr), when compared to the Q cluster. Furthermore,

the A and B clusters allowed the M1 fen polygon to be divided into BA®QRE 2§ This was also evident
based on the initial assessment of macronutrient dynamicdhégrevious chapters. In addition to the
higher macronutrient concentrations, the upstream B cluster observations also featured elevatéd Mg
halogen (F ClandBr) and S& concentrations when compared to the downstream A cluster observations.
The oigin of elevated concentrations of halogens (Hand Br), Mg?* and SG could be explained by the
agricultural activities on the plateaidriano and Donery2mp T | N NR i S Nde Bwier prebeticE  H 51 11 |
of Mg?*, halogens and S®in the Q cluster, when compared to the B cluster, could be justified by the fact
that the dug wells primarily forming the Q cluster, were mostly located upstream of the arabletkatds

were surrounding the sapping valley.

Moreover, it is likely that tB arable lands also had a hydmelioration system, which in turn would
enhance the drainage of soil water/surficial groundwater to the sapping valley. Thus, in addition to the
typical groundwater of the Q aquifer (Q cluster), the sapping valley and caesdly the upstream part of

the M1 spring fen polygon would exclusively receive anything applied to the arable fields, most likely in a
form of dilute interflow component as occasialty observed in M1PA5 and Q1_spring.

The A cluster combined the obsenats of the downstream stations of the M1 fen polygon with thgjD

ar observationsHIGURE 26The A cluster also included the observations of the M1_outflow monitoring
station, whth represented a mix of all the inputs to the M1 fen polygon. This sugtiestthe mean water
quality of the M1 fen polygon as a whole (as represented by the M1_outflow) seems to be more affected
by the Dgj-ar aquifer groundwater.

Endmember mixing analsis

To verify and quantify the presumed mixing of three hydrochemicalreathbers (Rgj-ar aquifer, Q
aquifer and dilute interflow) and the evolution of the final water quality in the M1 spring fen polygon
outflow (M1_outflow), the endmember mixing anabis (EMMA), as proposed Ihristophersen and
Hooper (1992)was performed. Based on the list of phys@ttemical parameters that were previously
included in the AHC and DA, six conservative or -semservative tracers (Ba, SrzF%@, SiQ, Al)
characteristic for the presumed endembers were selected for furén analysis.

The results of EMMA suggest that on average thgj-B I I dzA T SNJ O2 Yy i NR 6 dzi SR cTp M
mixture in the M1_outflow FIGURE 37The respectiveneang SD values for the Q aquifer and interflow
O2YLRYSyld 6SNB wmp gletetwo endrRemiveys gaulg:te gendrally addressed together

as the baseflow and the interflow components of the shallow Q aquifer. The proportional contribution of

the D.gj-ar endmember was the greatest during the leflow period in July and Septembg3S4) and the

lowest in the case of the high flow period in March (S6). Althddugjjrar is the dominant contributor to

the M1 fen polygon, the Q aquifer, when the bdeef and interflow components were combined, may

provide up to 59% of the water tilve polygon.
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FIGURE 2¥he M1_outflow mixtures and potential enagnembers projected in the Uand EMspaces
respectively (a). The dpace is defined by the two principal cgmonents U1 and U2. The final mixing model
is defined with pink lines. Factor loadgs for the selected variables (b). Contribution proportions of

end-members in the M1_outflow mixture during sampling campaigns-S8 (c).

5.1.3.7. Conceptual model of the study site

The botanical, hydrogeological and hydrochemiicedwledge obtained in the framework of this study was
combined in the conceptual hydrogeological model of the Matsi sgengFIGURES8). The conceptual
model aims to characterize the hydrogeology of Matsi spring fen on the example of the M1 fenyupbn.

The combined interpretation of hydrodynamics, thermal/isotopic signatures and hydrochemistry allowed
to confirm the dependence of the Matsi spring fen on the Middle Devonian groundwater body in tfe Gau
Koiva River basin. In the Matsi spring ferdstsite, this groundwater body included the shallow Q aquifer
and the underlying Ej-ar aquifer. The shallow Q aquifer, providing a cumulative 33% of recharge to the
M1 fen polygon on average, was the primaource of macronutrients and pollutants due itdensive
agricultural activities on the plateau. Thegpar aquifer, on the other hand, was found to be providing the

YE22NAGEe ocTtpmMdz0 2F (KS NBG-& laduiSvadiatsdound td beathe T Sy

primary contributor to the M2and M3 fen polygons.
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FIGURE Z8he conceptual hydrogeological model of the Matsi spring fen study site.
For crosssection location sed~IGURE 17

The groundwater of the fj-ar aquifer on average featureddtier mineralization when compared to the
Qaquifer, likely due to longer residence time but also slightly different mineral composition of the aquifer
material. The Byj-ar groundwater dilutes the nutrient load originating from the Q aquifer to some extent
as it flows downstream in the M1 fen polyg However, the occasional high mean values:@faid N:P
ratio (FIGURR4) suggesthat the dilution of the upland pollution in the M1 fen polygon was not always
sufficient. Consequently, the dominance ofjar aquifer discharge in the northern anerdral part of the
M1 polygon hasavoredthe formation of characteristic spring fen vegetation. This part of the fen is valuable
in its current state. To the contrast, the nutrient load from the Q aquifer in doatlon with high water
level has alteredhe plant communities at the upstream part of the M1 fen polygon. The movement of
water might have its impact on the vegetation as well.

During the short period of this study, the impact of beaver activity to tHeféh polygon status was found

to be mainlyquantitative, and shorterm. Due to the dominant artesian discharge of thayjEar aquifer,

the quantitative effect of damming was mainly limited to the period of construction and destruction of the
dams. Due tdhe shortness and the relatively low regtibn of our time series, the only significant physico
chemical effects rising from the beaver activity were mainly limited to changes in thermal characteristics of
the surface water in ponds. In sormasesalsominor alterations in local flow directions could be observed.
The beaver damming has likely contributed to the distribution of figlter-dwelling plant species in the

SE part of the M1 polygon.
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