=Y
=
g EST | RUS W, i
Sy, (@‘9 Cross Border Cooperation Co-funded by the European Union,
fhe Republic of Estonia and the Russian Federation

ENVIRONMENTAL INVESTMENT

f— Programme

Canxr-TlerepOyprekuii
HayuHblii uentp PAH

ADRIENNE

Report onGuidelines how to valuate biodiversity elements

Activity Outpufl1.1.2

Marina Orlova, Jonne Kotta, Kristjan Herkul, Robert SxaradsFilipp Leontiey
Lyudmilla FlyachinskayRobert Aps

*This publication has been produced with the financial assistance of the EgtBiasia Cross Border Cooperation Programme -2020. The
content of this publication is the sole responsibility of the University of Tartushindldunder no circumstancese regarded as reflecting the
position of the Programme, Programme participating countries alongside with the European Union.

*EstoniaRussia Cross Border Cooperation Programme-202@ aims to foster crodsorder cooperation between the Republic of Egicand

the Russian Federation to promote see@mnomic development in the regions on both sides of the common borders. The Programsiie web
is www.estoniarussia.eu.



'FA
Il :
e EST | RUS | ]
@, 1632 \\"'9
TALINVESTMENT

ENTRE

Contents

R 11 o [ o ) o S 3
2. Mapping and modelling nature values in the Gulf of Finland..............ccccoooiiie 4
3. CICES: a common classification 0f @COSYStEM SEIVICES........ccoiiuviiiiieeiiiiiiiiiee e e ee e 10
4. From the modelled maps of nature values to eCOSyStem SELVICES.........ccccvvvvvrivreriirieeeieeeeeeeens. 13
SO0 o3 013 (o o £ TR PPRRT 20
L =] (=] 1= o o 20



Il EST|RUS( =

1. Introduction

The seaecognizeso political borders¢ decisionson economic development and resource use in one
Baltic Sea country caffectall countriesbordering this alreadfighly+impacted marineegion Increasing
maritime activities in the Gulf of Finland area and the uncoordinated use of coastalaikt areahave
become problematic for the marine environment and maritim@sed economies.

The current EU directives set forth tlhequirement for unified and transboundary actions in order to
address common challenges in these marine environmental issues. Sintheritrilateralcooperation
between Russia, Estonia and Finland lea®aleda clearneed for a common management approach in
the Gulf of Finland region. Aindamental component for thelevelopmentof efficient policies and
effectivemanagement actionsiknowledgefthe spatial distributiorof biodiversity ecosystem functions
and related ecosystem serviceFhe entire Gulf of Finlandregion lacks harmonized biodiversity
information. Grossborder methods for mapping ecosystem structure, function andsises is clearly
fundamental toalleviaingthe adverseeffects of human activities arntd improving thestatus of marine
environment. Healthy marine ecosystems and their multg®evices, if integrated in planning decisions,
can deliver substantial beniés in terms of food production, energyrbanplanning,shipping, recreation
and tourism, climate change mitigation and disaster prevention.

AdrienneActivity Output 1.2.10Report on the harmonizing methods of field sampling, sample analysis
and spatial modelling deliveredharmonizedmethods to map and model various ecosystem indicators
(species and habitats) which can be effectiveiglementedto assess th&alueof biodiversity in the Gulf

of Finland Here, maps of ecosystem elements provideetcore data seto identify ecologically valuable
areas,map ecosystem services arabsess thepatial impact of sea use$ransboundary coperation
actionswere neededto harmonizemapping and modellinghethods includingthe exchange of maps of
abiotic and biotic environmentsjoint identification of key habitat types, ecosystem functioasd
associated services. Synchronized data sets and conmapproaches to produce maps of ecosystem
elements wouldlead to wellfounded decisions in resource managememd marine spatial planning
(MSB as well as to support transboundary-oadination andimpact assessment.

The benefits that the marine ecosystem provide to society are diversifying due to the increasing number
of human uses in theea space. In order toaintain richness in ecosystem benefitsfigiure generations,

there is a need to quantifihe naturalcapital and evaluate its resilience to change. The concept of natural
capital designates the potential and actual benefits thamans derive from ecological processes in the
form of ecosystem services.

The current reportprovides generic guidelines on how to valuateodiversity elements and thereby
support international and local policy efforts to regulate the use of ecosys&mices andassure their
sustainabilityin the Gulf of Finlandegion This is done by applying the existingncept on how
biodiversity elements manifest within ecosystem functi@msl how ecosystem functioning links to the
essentiakcosystem servicelVe then exhibithow toidentify andassemibd relevant data on biodiversity,
ecosystem functions and servicesthre Gulf of Finlandegion and offer feasiblemethods onhow to
obtain missing dat&.g. through spatial modellingJitimately, somerelationships between biodiversity
indicators, associated ecosystem functions and servidesivered by e.gunderwater habitatsare
explored in the Gulf of Finlamggion



Il EST|RUS( =

2. Mapping and modelling nature values in the Gulf of Finland

Modelling background

Describing marine ecosystems is challenging and ecosystem management is often confronted with data
deficiency because data on marine nature valaes availabldrom a limited number of research sites

that are sampledin situ The lack of data lies in tHact that marine environment is difficult, time
consuming, and costly to access. Generally, marine sampling networks are sparse and leave most marin:
areas unsampled and with no informatio@ommon seabed field sampling methqgdsuch as grab
samplers, traus, scuba diving or underwater videgsovide only pointwise dataon the marine nature
values yet spatially continuous seamless maps are needed for adequate management decisions.
However, there aranethodsto alleviate the lack of spatially continuouatd on marine nature values.
Specificallythe use ofemote sensing and mathematical modelling helpéill information gaps between

field sampling sitesH{gure 2.1)Remote sensing enables data collectipremployingoptical or acoustic
instruments onships, airplanesdrones or satellites. Optical or acoustic sigifidm the seabed or water
surfaceare recorded distantly, enablingmore rapid coveragef larger areashan point-wise in situ
sampling. Remote sensipgovidesgeoreferenced spatially cdéinuous data layers of optical or acoustic
properties of the marine environment. These properties of the seabed and/or water column can be
converted into ecologically meaningful data. However, the conversion from optical or acoustic signal to
ecological vaables is possible only if esite samples from the studsreahave also been collected.
Common examples of remote sensing in marine environment include acoustic scanning of seabed using
sonarsto mapseabed habitats and optical satellite imagéoyestimate water surface temperature and
chlorophyll content. Optical remote sensing (e.g. satellite imagatial photography) can also be used

to mapseabed habitats and vegetation in shallow waters. In addition to remote sensing, hydrodynamic
modellingcan be usedo produce spatially continuous layers of water parametarsh asurrent speed,
temperature,andsalinity. Regardless of the origin ofasially continuous environmental variablés,situ
ecological dataare needed in order to produce spatially continuous ecological data layers using
mathematical modelling. Models are used to formalize relationships between environmental predictor
variables and bioticesponse variables. Based on these relationships, the model is then used to predict
the distribution of the biotic variable (e.g. occurrence of a species) in areas where no biological samples
have been collected (Figure 2.1). This kind of nlodpapproach is called species distribution modelling
(SDM) and has gained popularitytandemwith the emergence of novel neparametric and machine
learning modelling methodsuch as boosted regression trees (BRT), random forests (RF) and generalized
additive models (GAM)which are superior irpredictive accuracythan more traditional parametric
methods e.g.linear multiple regression (Elith et al 2006, Elith & Leathwick 2009).
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Figure 2.1. Principle of the combined userositusampling, rema¢ sensing, and modelling in mapping
seabed biota and habitats.

Biotic data

The SDM approach was used in ADRIENNE in order to produce species distribution maps. The followin
sources were used to compile biological input data for modelling:

1 Macrobenthos database of the Estonian Marine Institute, University of Tartu

Dedicated biological fieldwork in the eastern Gulf of Finland during the ADRIENNE project
Data fromearlierstudies in the Russian waters of the Gulf of Finland

Finnishinventory Programme for the Underwater Marine Environment (VELMU)

Finnish macrozoobenthos database POHJE

Data fromearlier studies in the Latvian part of the Gulf Bfga and Baltic Propéstored in the
databases of the Estonian Marine Instituténiversty of Tarty

= =4 -4 A -8

Thedata sourceprovidedboth biomass and percentage cover (i.e. visual estimates). Sampling techniques
included bottom grab samplers, diveperated frame samples, and visual estimates by divers or from
underwater video recordings. In ordéo generate presencabsence data of species, only relevant
variables (coverage and/or biomass) and sampling techniques were selected. For example, for infaunal
bivalves only biomass data from grab samgtayuld be used, not visual coverage from videos.

Biological input datavereaggregated to k1 km gridsto match the resolution of environmental predictor
variables. The modelling grid included the full spatial extent of the Estonian marine waters, Finnish and
Russian waters in the Gulf of Finland aati/lan waters near the bordevith Estonia (Figure 2.2). The full
extent of the grid was the same as that of the simplified wave exposure model that was specially ordered
for the purposes of the ADRIENNE project (see section Environmental varialles)ghthe ADRIENNE
project focuses on the Gulf of Finlarmlmuch larger spatial extent was used to select biological input

5
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data. This was needed in orderabtainmore data points andb cover wider environmental gradients in
the modelling input datawhid in turn improved the modelshe full modelling grid included 77 495 cells,
6 770 of whictprovidedbiotic data (Figure 2.2).

Macrobenthos data from all these sources were transformed to unified table structure and merged. In
order to harmonize the names species and higher taxa anthintain consistencwith the most recent
taxonomy, an online Google She&ixonomy table was established. The taxonomy table was populated
with taxon names from all datasets and the AphialD and an accepted Latin namihé&dkforld Register

of Marine Species (http://www.marinespecies.org/) was manually added to each taxon. Operational
names were also added in order to group some specigisen needed. The operational name was the
lowest harmonized level adxonomical nomenclature. The taxonomy table included nearly 800 different
original names of taxa (incl. synonyms, sp, spp, juv, aggregations, spelling errprandtover 400
operational names. The species and groups of species for distribution mgde#ire selected based on
their occurrence rates and ecological relevance. A total of 57 species/groups were initially selected for
distribution modelling. Three levels of groups were generated:

1 Group 1 (n =42): lowest level, mainly species or genus
Amphikalanus improvisus, Ampullaceana balthica, Battersia arctica, Ceramium, Cerastoderma,
Ceratophyllum demersum, charophytes, Chironomidae, Chorda filum, Cladophora glomerata,
Cladophora rupestris, Coccotylus truncatus, Dictyosiphon foeniculaceus, Dreidyemarita,
Fucus, Furcellaria lumbricalis, Gammarus, Halicryptus spinulosus, Hediste diversicolor,
Hildenbrandia, Idotea, Jaera, Limecola balthica, Marenzelleria, Monoporeia affinis, Mya arenaria,
Myriophyllum, Mytilus trossulus, Najas marina, OligochaeRgtamogeton perfoliatus,
PylaiellaEctocarpus, Rhodomela confervoides, Ruppia, Saduria entomon, Stictyosiphon tortilis,
Stuckenia, Theodoxus, Ulva, Vertebrata fucoides, Zannichellia, Zostera marina

T Group 2 (n = 14): class, life form, freshwater groups
drifting macrophytes, epifaunal bivalves fresh, filamentous brown algae, filamentous green algae,
filamentous red algae, hydrozoa, infaunal bivalves, infaunal bivalves fresh, Bthgchaeta
snails, snalils fresh, thick brown algae, thick red algae, vasdal#asp

1 Group 3 (n = 1): filamentous algae
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50 km
Figure 2.2. Modelling grid (blue) and locations of grid cells with available biotic data (yellow).

Environmental variables

Several key environmental variables includibgthymetrica] hydrodynamic, and physiethemical
parameterswere designatedo be used as predictor variables in species distribution modelling. The data

on environmental variables originated from the following sources:

1 Baltic Sea Bathymetry Database (Baltic Sea Hydrogr@pinnenission 2013)

1 Copernicus Marine Services products: Baltic Sea Physics Reanalysis
(https://resources.marine.copernicus.eu/product
detail/BALTICSEA REANALYSIS_PHY_003 011/), Baltic Sea Biogeochemistry Reanal
(https://resources.marine.copernicus.eu/pdoict-
detail/BALTICSEA_REANALYSIS_BIO_003_012), Baltic Sea Wave Hindca
(https://resources.marine.copernicus.eu/product
detail/BALTICSEA REANALYSIS_WAV_003_015)

1 Wave exposure calculations for the Gulf of Finland (van der Meijs and Isaeus Q020ally
ordered for the purposes of the ADRIENNE project
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The final selection of variables used in modelling was as follows (unitsdkets; see Figure 2.3 for
overview maps)

1 Water depth (m)

1 Wave exposure based on simplified wave model ¢1): simplified wave model is calculated
based on mean wind speeds and directions and fetch lengths
Salinity (PSU)

Water temperature {Q

Secchi deptlfa measure of water transparencymn)

Wave height (m)

Concentration of nitrates (mmol #)

Concentration of pbsphates (mmol )

Concentration of chlorophyll a (mgn

t NELRNIAZ2Y 2F A0S O20SN)I 6nXmM0

The environmental variables were selected based on previous knowledtiee grotential relationships

with the distribution of the benthic species and data availilit must be noted that high resolution
depth datawere not available for Finnish and Russian waters due to national restrictions and publicly
availableat lower resolution (800 m) depth data (Baltic Sea Bathymetry Database) had to be used. Given
the reolution of depth data (800 m) and the original resolution of Copernicus data (4 ks) kin grid

was chosen to be used as the modelling grid. Copernicusaatinterpolated to 1 km grid using inverse
distance weighting method.
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Figure 2.3. Schematiwerview maps of environmental variables

Data management and modelling

The central platform of data management, analysis, and modelling was the open source programming
language RR Core Tear2021; Figure 2)4 Macrobenthos database of the Estonian Marine Institute,
University of Tartu was based on Microsoft Access database. Finnish, Russian, and Latvian data ws
received in Microsoft Excel format. Copernicus datae downloaded in NetCDF format and read ifRo
andthen processed to generate GeoTIFF raster layers. Shared online Google Sheets in the Google Driv
platform was used to facilitate the compilation of the taxonomy table. Species distribution modelling was
done in R and the predicted layers exportex GeoTIFF raster files. ArcGIS (ESRI 2020) geographical

9
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information system software was used to review and explore spatial data and to produce map layouts
(Figure 2.4.

@ Access R C®l GeoTIFF

0 ﬁ
_ * Project data
Estonian benthos « Data analysis

data - Modelling

« Environmental
variables
* Model predictions

A
E Excel oo le E:I S

Russian, Finnish, E Sheets « Spatial data
Latvian benthos exploration
data Taxonomy table .

Map production

Figure 2.4. General data flow, software platforms, and data formats used imaipping and modelling
tasks in ADRIENNE.

Boosted regression trees (BRE)ith et al. 2008and Shapeonstrained additivanodelling(SCAM)Pya

& Wood, 2015)were used to fit models and to predict the spatial distribution of the selected
species/groups. BT is an ensemble method that combines the strength of two algorithms: regression
trees and boosting (Elith et al. 2008). Regression treeseffeetive at selecting relevant predictor
variables and can model interactions. Boosting enables building of@ teumber of trees in a way that

each successive tree adds small modifications in parts of the model space to fit the data better (Friedman
et al. 2000). The algorithgontinues tatrees untilit findsthe optimal number of trees that minimizes the
predidive deviance of a model. The predictive performance of BRT has been shown to be superior to most
other modeling methods (Elith et al2006; Revermann et al. 2012Ylonotonicity (direction of
relationship: increasing, decreasing, arbitraryjas set for each speciesenvironmenal variable
relationship based on previous knowledge and/or partial dependence plots. Setting monotonicity for
known relationships helps to impve prediction accuracyLike BRT, SCAM allows for the defining of
specific monotonic relationships, based on theoretical knowledge or experimental evidence.

3. CICES: a common classification of ecosystem services

Conceptual background

Marine ecosystemesvices (MES) agenerally defined athe direct and indirect contributions of marine

ecosystems to human webleing This definition alone, however, does little to explain the complex task

of evaluating and quantifying the value of MES. This task has bedynamic process, having seen
10
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progressive advancement since its onsetis project employs th€ommon International Classification

of Ecosystem Services (CIGEShe basis for classifying MES. The use of CICES has important advantages
firstly, CICEBrovides a standardized platform, allowing comparison in and among MES; secondly, CICES

is recognized internationally, which conforms well to the international nature of this project.
Consideration ofhe direct or indirect nature of MES crucial to assssing MEfDe Groot et al., 2010
BohnkeHenrichs et al., 2093 and isrelevant to maritime spatial planning (MSP), ecosystmared
management (EBM) and decisiorakingby whichthe implications of different management measures
are evaluated.

A widelyused earlier version of CICB54.3) whose development began in 2009 awds published in
2013 (Potschin & Haine¥oung, 2016a)has since been superseddry CICES V5.HéinesYoung&
Potschin, 2018)SEM under the&CICE&amework classifiethe contributions that ecosystems make to
human wellbeing in three main categoriesl) provisioningincludesall nutritional, nonnutritional
material and energetic outputas well as abiotic outputs, 2¢gulation and maintenancencompasses
thoseways in which living organisms caffiectthe ambient environmentvith respectto human heith,
safety or comfortand 3) the culturalcategoryincludes ecosystem outpyboth biotic and abiotic) that
affectsthe physical and mental states of peoplhe cascade model (Figure 3.1) provides the conceptual
framework in CICHESBat determine MES.

Environment The Social and Economic System

K Supporting or \ Final services K Goods and Benefits \

intermediate services

Biophysical The ‘production
structure or ’
dedzae J _ \ boundary
oy 3\

(e.g. woodland
habitat or net
- — i Function
primary

(e.g. slow
productivity )

passage of water,

or biomass)

\ :‘I I".
\Uﬂ\it pl:nsures via ﬁz

———

Benefit R
(e.g. contribution to _/ )Y

aspectsof well-being

: Value
policy action? suchas ffe:u'm and (e.g. willingness topay
safety) forwoodland
U protection or for more

woodland, or
harvestable products)

. CICES K J

Figure3.1. The cascade model (Potschin & HaiiYesing, 2016b)

X Pressures

CICES V5dEfines ME&s thecontributionsecosystems make to human wking,which isdistinct from

the goods and benefits subsequenttielivered to people(HainesYoung & Potschin, 2018) These

contributionsreflect the idea2 ¥ Wg KI G S O 2séceti 16 Ghériworiszhenew varsidnmakes

distinctboth the purpose or use thatociety hador of ecosystem servicendthe particular ecosystem

attributes that support them¢ KA & RAAGAYyOGA2Y OFy 6S NB3IFNRSR
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Identification and mapping oMES

Ecosystem servicegxhibit a link between ecosystesneconomic and social benefitéds such an
assessment of ecosystem service supply is a crucial step in identification and mapping of ecosysternr
services.Ecosystemsare characterised bytheir biophysical structure and ecological processéke
ecosystem features (structure and functions) whilittate the ability of ecosystemso deliver ecosystem
servics NB  Wa dzLILR2 NI Ay 3 Q 2 Sdcatell Y T SyNByESa iséricBsare Th&ehdP A O S
manifest adirect benefitsto society.However limitations of data and knowledge hinder mapping and
assessingcosystem service supply.

The recentlydevelopedconcept of marine green infrastructure (Gd) establisha spatial network of
ecologically valuable areathat are important to maintaininghealth and resilience, biodiversity
conservation andhe delivery of ecosystem serviceSlencompasseboth the identification ofvaluable
ecologicabreas ad the potential supply of ecosystem services (Fig. 3.2; Ruskule et al.,. 2019)

LEGEND:
Value
[Jo-003
[]o04-009
[Jo1-016
[ ]o17-0.26
[ 027-033
I 0.34-042
I 0.43-054
I 0.55- 067
I 0.68-082
I o83 -1

Figure3.2. An aggregated map of the ecosystem service supply potemtitle Baltic Se@Ruskule et al.,
2019).The map indicates the multunctionality in relation to ecsystem service supghhigher valus
indicateareaswith potential to deliver more ecosystem services.

12
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4. From the modelled maps of nature values to ecosystem services

The Baltic Sea is a region of significant secionomic importance in the northern hemisphera.
systematic review athe primary literature on ecosystem services in the Baltic Sea region revealed good
gquantitative information on the ecological foundatiar ecosystem serviceslthough the associations
between ecosystems and thefESare poorly understoo@Heckwolf et al.2020) A recent study on links
between marine ecosystem components, functions and servicéiseiBaltic Seavaters reveatd high
importance of some keystone species (e.g. mussels, annual and perennial algae) in ecosystem servic
supplyandconcluces K I G & dzOK KAIKfe& @l fdz2ofS KroAdlraa 20
2020).1t is thereby important todentify such véuable ecosystem components or structures and assess
their role in maintainingnarine ecosystenmntegrity and service supply (Ruskule et al., 2019).

Moreover, these maps of valuable habitats can be also used to quantify multiple processes and services
these habitats are providingn this section we provide some examples of how the participants of this
project have implemented an international effort at establishing a geographic portrayal of different kinds
of MES. These efforts integrate a variety of mstturce® inputs (e.g., spatial species inventories, spatial
environmental measurements, experimental data), which are subsequently consolidated and analysed
and modelled by methods outlined in Section 2. These examefgssent a variety of MES applicati

such as measuring the current state of ecosystem health and mapping ecosystem suitability for particular
species, which in turn can be used to establish the degree and extent of species distribution, including
non-native species, the potential to impre ecosystem health by selective species introduction, possible
locations for new environmentalgustainable enterprise, and the sound continuation of existing
enterprise.

Plankton communities

Quantitativephytoplankton andzooplanktonsamples areoutinely collected in the Gulf of Finland regjon
which providesinformation on species abundancéBig. 4.1) Thisdata makes it possible te@alculate
different biodiversity indices to valuphytoplankton andzooplankton which in turn can be applied
quantitatively to spatial modelsMoreover, phytoplankton abundancealso servesan indicator of
eutrophication and toxic bloomshereby providing insight on the state of ecosystem heaitiportantly,
zooplanktonin the Gulf of Finlanadonsists ofmany nor-indigenous specie§ig. 4.2), which can be
indicative of negative MEGSso-called ecosystem disserviceghat must be considered in tandem with
beneficial services

13
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Figure 4.1. Sampling sites for benthos and planktahe Russian part of the Gulf of Finlan@021.

Figure 42. Native and noandigenous meroplankton in the eastern Gulf of Finland.
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