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] Background and Objectives

The AQUACROSS project seeks to improve the management of aquatic ecosystems, thereby
supporting the achievement of the EU 2020 Biodiversity Strategy targets and the Strategic Plan
for Biodiversity 2011-2020. The AQUACROSS assessment framework (AF) considers two
perspectives to analyse the interrelated sets of linkages between the ecological and the socio-
economic parts of the social-ecological system: the supply-side and the demand-side
perspective. The latter conceptualises how human activities result in demands of ecosystem
services and abiotic outputs that may trigger detrimental changes to aquatic ecosystems
through the pressures they exert over their components. This assessment level is essential to
understand how human activities and pressures affect ecosystems and biodiversity, and thus
the capacity of aquatic ecosystems to continue providing the services society depends on.

Deliverable D4.1 previously has established the conceptual basis for the analysis of drivers and
pressures on aquatic ecosystems by providing guidance for indicators and methods that could
be applied to assess drivers and pressures within the AQUCROSS case studies (CSs).
Accordingly, this report presents methods and evidence on how we can assess the demand-
side (Driver-Pressure-State (D-P-S) part) of complex social-ecological systems. In more detail,
Deliverable 4.2 (D4.2) addresses the application of D-P-S indicators and methods in the CSs
to analyse the connections within the demand-side.

This deliverable addresses the following objectives:

» Assessment of individual and combined direct, indirect and emerging drivers of change,
which, through introducing pressures, can cause change in the status and trends of
aquatic ecosystems, at different temporal and spatial scales within the CSs.

» Testing the AF by analysing the interactions and relationships between drivers and
pressures.

» Analysis of indicators and approaches to assess the key pressures in each CS.

The demand-side analyses are conducted at two levels:

» The linkage framework analyses covering all aquatic realms in one approach, evaluating
drivers through their manifestation as human activities that introduce pressures on
ecosystem components.

» Specific exploratory analyses of the CSs that take the CS-specific conditions into
account and allow for detailed quantitative (and qualitative) analyses and descriptions
of the social-ecological system.

Both, the linkage framework and the specific exploratory analyses contribute to developing a
common understanding of drivers and pressures across aquatic realms, thus supporting a
better implementation of ecosystem-based management (EBM) approaches.

2 Background and objectives
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The two levels of the demand-side analyses provide the basic structure of this deliverable.
Chapter 2 is dedicated to the linkage framework approach. After a short description of the
approach, we present results on connectance and weighting of the so-called impact chains.
Chapter 3 then addresses the specific D-P-S analyses performed within the CSs. Selected CSs
are presented in boxes as examples to introduce the analyses and application of the
AQUACROSS AF for different D-P-S elements. Furthermore, a number of methodical
approaches used in AQUACROSS are presented. Both sections conclude their findings and
formulate recommendations at the end.

Please note that this deliverable only includes selected summaries and conclusions from the

case studies, while full details are provided in the respective case study reports available at the
AQUACROSS website.

3 Background and objectives
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2  Assessing drivers and
pressures through a linkage
framework approach

2.1 The linkage framework

Linkage-based frameworks are used to characterise complex human and ecological relations
(Elliott 2002; La Jeunesse et al. 2003; Holman et al. 2005; Knights et a/2013). The AQUACROSS
linkage framework takes a Driver-Pressure-State (D-P-S) approach (EEA 1999), with the
framework consisting of interconnected matrices, linking the social demand-side, represented
by types of human activities, via pressures and their interactions with ecosystem components
(addressed in WP4), to the supply-side, represented by ecosystem services (addressed in WP5).
Thus, this describes aspects of the full social-ecological system. The WP4-relevant part of the
linkage framework consists of three elements:

» Human activities
» Pressures
» Ecosystem Components

To apply the linkage framework approach across all aquatic realms, a common typology of
human activities, pressures and ecosystem components had to be established. The definitions
of human activities that represent the manifestation of drivers in the social-ecological system,
is mainly based on the statistical classification of economic activities (EC 2006) supplemented
with activity types relevant to aquatic ecosystems from previous typologies (White et al. 201 3;
Smith et al. 2016). The pressures are based on classifications from the EU Habitats Directive
(HD, EC 1992), the EU Water Framework Directive (WFD, EC 2000), and the EU Marine Strategy
Framework Directive (MSFD, EC 2008). For further information see D4.1, where the linkage
framework and the established typology of human activities and pressures are described in
detail. The ‘state’ level is described through ecosystem components that are based on
definition of the EUNIS habitats (Davies et al. 2004) supplemented by mobile biota groups
(amphibians, birds, fish & cephalopods, adult insects, mammals, and reptiles) that are not
restricted to single habitats.

The EUNIS habitat classification is a comprehensive pan-European system to facilitate a
harmonised description for habitat identification. It is hierarchically structured covering
different levels of detail from EUNIST (broad categories) to EUNIS3 (more specific categories).
The classification covers habitats from natural to artificial, as well as from terrestrial to
freshwater and marine. In the linkage framework analyses, we only considered habitats that

4 Assessing drivers and pressures through a linkage framework approach
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are relevant for aquatic biodiversity and ecosystem services (see also D5.1 and D5.2). In D4.2
we show results based on the level EUNIS2, as this resolution is available for all CSs.

The established typology was used to identify the human activities, the pressures they cause,
and the ecosystem components they interact with, within the AQUACROSS CSs. This process
was conducted based on information from literature and expert judgement. Accordingly, a
network of impact chains was created, where one activity can cause many pressures; different
activities can cause the same pressures; and where the pressures can affect the same or
different ecosystem components. Thus, the linkage framework provides a complex and detailed
picture of how human activities are related to ecosystems (Figure 1, Knights et a/. 201 3).

Figure 1 Impact chains adapted from Knights et al. 2013.

'q N\
a) An impact chain b) LEGEND
a) A generic hierarchical
Activity impact chain from human

activity via pressure to
ecosystem component.

generates

=

b) A complex network of
Pressure activity-pressure impact
chains. A separate impact
chain is generated for
every combination of

impacts

Conceptual network of multiple impact chains activity (black circles),
ECOSvStem affecting one ecosystem component (white circle). pressure (gray ci rcles),
component Different activities (black circles) can generate the and ecological component

same pressures (grey circles) and each activity can (central white circle).

cause multiple pressures. L )

2.2  Methods: Introducing the linkage framework

Within D4.2, we present two approaches to further analyse the linkage framework. Firstly, we
present connectance, simply based on the number of linkages or impact chains in the network;
and secondly, we consider weighting impact chains. Connectance describes the percentage of
the number of linkages per category in relation to the total number of linkages (Gardner and
Ashby 1970). The higher the value, the better the connectance of the category throughout the
linkage framework. It is calculated for the different linkage framework elements on the level of
primary activity types, pressures types and the ecosystem components.

Secondly, results of the weighting of impact chains are shown. Piet et a/. (2017) underlined the
need to weight impact chains to increase the explanatory power of the identified linkages
between human activities, pressures and ecosystem components. The weighting of the single
impact chains according to different criteria enables a differentiation of more and less
important ones, thus highly relevant for management prioritisation. The impact chains were
weighted in five categories consisting of two spatial categories, two temporal, and one based
on severity:

5 Assessing drivers and pressures through a linkage framework approach



» Spatial extent (spatial): Describing the extent of spatial overlap of each activity and
pressure with each ecosystem component.

» Dispersal (spatial): Level of dispersion outside the original activity area.

» Frequency of interactions (temporal): Most likely number of times activity interacts with
an ecosystem component in an average year.

» Persistence (temporal): Time the pressure is affecting the system after cessation of the
activity.

» Severity of interactions: Level of severity of the activity-pressure on an ecosystem
component.

Details of the weighting categories are listed in Table 1. More information on the methodology
of the linkage framework is provided in Borgwardt et al. (2019) (see Annex Q).

Here, we selected impact chains for further consideration according to the most connected
activities, as identified by connectance. From these selected impact chains, we show their
contribution to each weighing category. All other weighted impact chains can be found in
Annex A, Table 15 to Table 19. In the selection process, we took the top five activities, which
showed the most links in each CS. Accordingly, we assigned a value from 1 to 5 to each activity.
A weight of 5 for the most linked activity to a weight of 1 for the fifth most linked activity of
the CS. In this way an equal number of impact chains was considered for each CS. Subsequently,
the values of the activities were added up across CSs and the seven activities with the highest
sums were selected to be presented in this chapter.

6 Assessing drivers and pressures through a linkage framework approach
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Table 1: Weighting levels of the five categories used to weight the activity-pressure impact chains

Spatial Spatial overlap of each activity-pressure combination with an ecosystem

extent component

Exogenous The activity occurs outside of the area occupied by the ecosystem component, but one
or more of its pressures would reach the ecosystem component through dispersal

Site The activity overlaps with the ecosystem component by up to 5% of the area occupied
by the EC in the case study area

Local The activity overlaps with the ecosystem component by between 5- 50% of the area
occupied by the EC in the case study area

Widespread The activity overlaps with the ecosystem component by between 50 - 100% of the area

Patchy occupied by the EC in the case study area, but the distribution within that area is
patchy.

Widespread The activity overlaps with the ecosystem component by between 50 - 100% of the area

Even occupied by the EC in the case study area, and is evenly distributed across that area

None the pressure does not disperse in the environment

Moderate the pressure disperses, but stays within the local environment

High the pressure disperses widely and can disperse beyond the local environment

Frequency Temporal overlap of each activity-pressure combination with an ecosystem
component

Rare occurs approximately 1-2 times in a 5 year period but may (or may not) last for several
months when it occurs

Occasional can occur in most years over a 5 year period, but not more that several times a year

Frequent (1) occurs in most years over a 5 year period, and more than several times in each
year, or (2) can occur in 1-2 years in a 5 year period but also in most months of those
years

Very Frequent occurs in most months of every year, but is not constant where it occurs

Continuous constant in most or all months of a 5 year period

Persistence Length of time that is needed that a pressure disappears after activity stops

Low 0to <2yr

Moderate 2to <10 yr

High 10 to <100 yr

Persistent the pressure never leaves the system or >100 yr

Severity Likely sensitivity of an ecosystem component to a pressure where there is an
interaction

Low an interaction that, irrespective of the frequency and magnitude of the event(s), never
causes a noticeable effect for the ecosystem component of interest in the area of
interaction

Chronic an impact that will eventually have severe consequences at the spatial scale of the

interaction, if it occurs often enough and/or at high enough levels

Acute a severe impact over a short duration

7 Assessing drivers and pressures through a linkage framework approach
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2.3 Results - Connectance

Over all CSs, we identified 12 broad primary activities with 49 more specified activities. In four
pressure categories (chemical, physical, biological, and energy pressures) a total of 31 single
pressures were found to affect 7 domains (i.e. Marine Waters, Coastal Waters, Freshwaters and
Mobile biota), 18 realms (including 6 mobile biota groups), and 45 ecosystem components (39
EUNIS2 habitats plus 6 mobile biota groups). In total, the linkage framework consists of 68,338
impact chains from a human activity through a pressure to an ecosystem component (Table 2).

Table 2: Number of impact chains per case study

Cs1 43,635
CS2 7,249
CS3 6,425
CS4 3,111
CS5 669
cs7 3,444
CS8 3,802
2.3.1 Connectance of Primary activities

As this section focuses on all CSs, we use the higher aggregation level of broad primary
activities to give an overview across the realms. Analyses of the finer sub-categories of
aggregated activities in each CS are shown in Annex A, Figure 19 to Figure 24.

The connectance of primary activities from all CSs is shown in Figure 2. A detailed description
of the considered activities can be found in D4.1. Overall, the activity types ‘Tourism/
Angling/Hunting’, ‘Environmental Management’, ‘Fishing’, ‘Services’, and ‘Agriculture &
Forestry’ were very influential across the CSs. The activity ‘Tourism/Angling/Hunting’ had the
highest connectance. On the one hand, this is due to the fact that these human activities are
extensively present, but also because many single activities have been summarised in this
category, resulting in a high number of linkages. Even though this activity is highly connected,
when compared to others, the influence of the pressures introduced by this activity can be
removed from the system relatively fast, thus having a high management potential (also see
Table 4).

‘Environmental Management’ also had a high connectance. However, the freshwater and coastal
CSs (CS3 Danube River, CS4 Lough Erne, CS5 Vouga River, CS7 Swiss Plateau) indicated a higher
level of connectance than mainly marine CSs (CS1 North Sea, CS8 Azores) with the exception
of CS2 Andalusia & Morocco, a case study that covers marine as well fresh water habitats. Even
though this CS includes freshwater habitats, it seems to be less affected by ‘Environmental

8 Assessing drivers and pressures through a linkage framework approach
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Management’. This connectance pattern of ‘Environmental Management’ between freshwater
and marine waters, is understandable if the many regulatory and flood protection measures
implemented in freshwater ecosystems are taken into account.

Figure 2: Connectance of primary activities in the AQUACROSS case studies (CS).

Agriculture & Forestry
Aquaculture

Env. Management

Fishing mCS1
Manufacturing mCS2
Mining/Extraction mCS3
CS4
Non-Renewable Energy
CS5
Renewable Energy m CS7
Resid. & Comm. Development mCs8

Services
Tourism/Angling/Hunting

Waste Management

o

5 10 15 20 25 30
Connectance [%]

The activity categories ‘Services’ and ‘Residential & Commercial Development’ were both
present in and relevant to all CSs. In contrast to ‘Environmental Management’, there were no
clear visible trends between realms.

‘Agriculture & Forestry’ had a low connectance in CS1 North Sea and CS2 Andalusia & Morocco.
The freshwater (plus coastal) case studies CS3-7 had a higher connectance for ‘Agriculture &
Forestry’, with the highest in CS5 Vouga River. Interestingly, CS8 Azores has the second highest
connectance for this activity. In turn, ‘Aquaculture’ and ‘Fishing’ showed higher levels of
connectance for CSs including marine and coastal habitats (CS1, CS2, CS8) compared to
freshwater (CS3-7).

Another difference that becomes visible between realms, that summarises the ecosystem
components, is one concerning the energy-related activities. CS1 North Sea has a high number
of pressures being induced by ‘Non-Renewable Energy’ compared to other CS. This is because
of the presence of fossil fuel related activities in this area. In contrast, hydropower related
activities are responsible for a high connectance in the primary activity ‘Renewable Energy’ in
CS3 Danube River and CS7 Swiss Alps. CS1 North Sea had a relative high connectance in
‘Renewable Energy’ as well due to the presence of wind, tidal, and wave energy power plants.

9 Assessing drivers and pressures through a linkage framework approach
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2.3.2 Connectance of Pressures

An overview of pressure categories for all CSs can be seen in Figure 3. A detailed analysis on
the level of single pressures in each CS can be found in Annex A, Figures 25 to Figure 31.

Figure 3: Connectance per pressure category in the AQUACROSS cases studies (CS)

Chemical changes, chemicals

and other pollutants mCsi

Physical change mCS2
W CS3

Biological disturbance €54
CS5

Energy mCs7

0 10 20 30 40 50 60
Connectance [%]

Chemical pollution & other pollutants showed the overall highest connectance across CSs.
Physical change pressures had the highest connectance in CS4 and CS7, followed by CS1.
Biological disturbance and energy pressures showed much lower connectance. Concerning
chemical pollution CS5 Vouga River and CS8 Azores had the highest values, while CS7 Swiss
Plateau had the lowest.

2.3.3 Connectance of Ecosystem components

The connectance results for ecosystem components are shown for EUNIS2 habitats in Figure 4
and for mobile biota in Figure 5. Results on a more detailed level of the EUNIS classification in
each CS are found in Annex A Figure 32 to Figure 38.

Over all AQUACROSS CSs, CS2 Andalusia & Morocco showed highest diversity of ecosystem
components with 40 out of 45 EUNIS2 habitats and mobile biota (Table 3). The lowest number
of ecosystem components was found in Azores.

Results indicated a clear separation in marine and freshwater case studies (Figure 4). Case
studies including marine and coastal habitats had high connectance for their habitats (CST1
North Sea, CS2 Andalusia & Morocco, CS5 Vouga River, CS8 Azores) in relation to the numbers
of activities and pressures interacting with them. Freshwater case studies CS3 Danube River,
CS4 Lough Erne, and CS7 Swiss Plateau showed a more even distribution of connectance that
was much lower across their habitats.

10 Assessing drivers and pressures through a linkage framework approach
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Table 3: Number of ecosystem components (and mobile biotic groups) in the AQUACROSS case studies

(CS)

Case Study

Number of ecosystem components

All CS
Cs1
CS2
CS3
Cs4
CS5
CS7
CS8

45
14
40
22
13
18
15
11

Figure 4: Connectance of ecosystem components (EUNIS2 level) in the AQUACROSS cases studies (CS),
Habitats with a connectance of 2% or higher are shown.

Al Littoral rock
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The mobile biota group with the highest connectance was clearly ‘Fish & Cephalopods’, but as
most CSs include freshwater, fish had higher relevance than cephalopods. CS4 Lough Erne and
CS7 showed the highest connectance for their relevant mobile biota across the groups, while
CS5 Vouga River showed the lowest (Figure 5).

Figure 5: Connectance of mobile biota groups in the AQUACROSS cases studies (CS)
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2.4  Results- Weighting impact chains

In the following section, we highlight results that show the proportion of the different weighting
categories within certain primary activities. In this way, all single impact chains (including the
pressures) are summarised in a way that is relevant to management as the activities introduce
the pressures. If an activity is managed, the resulting pressures and therefore the effects on
the ecosystem will change. However, this approach can also be used to explore management
that directly targets pressures (e.g. input of nutrients) or ecosystem components (e.g.
restoration of habitats), although this is not shown here.

2.4.1 Proportions of different weighting classes

The following chapter summarises the relative portions of assigned weightings for the different
weighting categories within the primary activities ‘Tourism, Angling & Hunting’, ‘Environmental
Management’, ‘Agriculture & Forestry’, ‘Fishing’, and ‘Residential & Commercial Development’.

Spatial extent of ‘Tourism, Angling & Hunting’ activities was mostly found to have a local extent
(5-50% of the study area) in CSs (Table 4). In CS1 and CS5, most impact chains were weighted
as widespread patchy, i.e. locally occurring but distributed widely across the CS area. CS8
identified most impact chains of this activity as exogenous. The weighting of frequency varied
between occasional (occurs in most years of a five year period), frequent (occurs in every year
of a five year period), and very frequent (occurs in most months of a year). Severity was mostly
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chronic across all CSs, which means the introduced pressure can build up over time (or with
intensity) to become severe for the ecosystem component. However, the persistence of the
impact chains is mostly low (0 to 2 years), which means most of the pressures will leave the
system once the related activities are stopped. Accordingly, management measures decreasing
the amount or fully stopping tourism activities, could allow the ecosystem components to start
recovery. Here, the exception is CS5 with a high persistence (>100 years dispersal weightings
varied between moderate (disperses in local environment) to high (disperses beyond local
environment).

Table 4: Proportion of the different weighting categories for the primary activity “Tourism,
Angling and Hunting” in the AQUACROSS cases studies (CS)

EXTENT FREQUENCY SEVERITY PERSISTENCE DISPERSAL
'_
=
9 a a =z 5 » W = w
3 S 03 z = 2 3 0 2 Z 2
= = w o > o = I~
S .izi |, 23882/ £..F% . B,
S » 3 858z|2 5 ¢ £ 2|z25|=53¢2|¢ 8§z
5 5 9 zfzz2|& o ® ¥ 3 § 2|9 5 £ &|2 S =
Total| 11% 37%  3%)|14% 24% 23% 3% 7% 18% 25% 4%
cs1|10% 0%| 10% 29% 16% 0% 8% 21% 19% 3%
cs2| 14% 0% 4% 2% 24% 21% 2% 16% 37% 1%
cs3| 2% 10% 14% 23% 0% 11% 9% 36% 8%
csa| 4% 33% 9% 32% 0% 8% 6% 34% 6%
css| 1% 0% 34% 14% 0% 24% 6% B8 0%
cs7| 3%l 2% 14%  14% 13% 7% 7% 5% 27% 11%
css OO0 27% 20% 0% 18% 28% 0% 6% 22% 25% 0%

Most impact chains related to ‘Environmental Management’ were weighted as having a local
extent with rare frequency, chronic severity and moderate dispersal (Table 5). Interestingly the
majority classes of persistence weightings varied between low in 4 CSs and persistent in 3 CSs
providing a rather contrasting picture. Looking into detail, the freshwater related CSs 2, 3 and
7 mainly allocated persistent. This reasonably underlines the important role of environmental
management, including activities related to flood defence, waterway construction and land
conversion, in freshwater ecosystems. These activities make enduring changes to the habitats
within these systems, e.g., by transforming floodplains in to arable land. On the other hand,
environmental management in marine systems can include beach replenishment, which is not
long-lasting.
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Table 5: Proportion of the different weighting categories for the primary activity “Environmental
Management” in the AQUACROSS cases studies (CS)

EXTENT FREQUENCY SEVERITY PERSISTENCE DISPERSAL
~ a o -
3 = = S = e 3 s E =
=} 2, 2 s 2 23| ¢ 5 Z =
& 2 035 ¢ 2 3 -3 E s & A 2lue B
c w S ok & S 2 xzdz|z £ 3|3 8 & 2|z 8 &
5 & 9 =23 =2 o & SfEo|l2 T |2 5 £ a|lz = =
Total| 21% 18% 24% 0% 1% 18% 10% 34%) 26%B30 20%
cs1|23% 19% 26% 0% 0% 22% 10% 25%)| 219 8808 23%
cs2|22% [ 29% 0% 0% 0% 14%|19% 17% 3% 41% 4%
cs3|25% 9% 14% 0% 0% 6%| 20% 12% 17% 58| 23% B0 25%
cs4| 0% 8% 3% 0% 0% 7% 11% 33%|36% JS0% 14%
css Bl 27% 9%  27% 0% 0% 12% 12% 13%| 23% 6404 15%
cs7| 3% 0% 0% 0% 1% 26% 5% 1%|HA 47% 3%
css|33% 0% 0% 16%  39% 20% 17% 25%)| 229 JI08 31%

Primary activities related to ‘Agriculture & Forestry’ were identified as mainly exogenous (Table
6). The weighting categories severity (chronic), persistence (low) and dispersal (moderate)
showed consensus across the CSs, with highest proportions within the mentioned classes. In
turn, frequency was heterogeneously distributed across the CSs.

Table 6: Proportion of the different weighting categories for the primary activity “Agriculture &
Forestry” in the AQUACROSS cases studies (CS)

EXTENT FREQUENCY SEVERITY PERSISTENCE DISPERSAL
[%) () () -
< [%2] 48] [ w
3 o 8x 3|, %3 2.2 3 Y 5 _&|lw 5 .
ZE SE&B 582 % 363 /3 3|8 £ &kls & &
g v Q9 ¥Eg a3 8 >58 2|2 2= 8 T2l =z § =
= S S Q £ 9 o s o s
= = 2 o ] o
10% 9% 7% 14% 21% 1%| 3% 27%
25% 0% 24% 13% 0%| 0% 32%
0% 0% 3% 17% 3%| 5% 21%
0% 17% 5% 29% 6%| 2% 24%
7% 30% 6% 35% 0%| 14% 24%
4% 1% 1% 3% 0%| 1% 0%
0% 36% 3% 36% 2%|11% 25%
0% 0% 22% 25% 0%| 0% 33%

The primary activity ‘Fishing’ (Table 7) was not identified in all CSs and was completely missing
in CS7 Swiss Plateau, because fishing here is exclusively recreational. Spatially, ‘Fishing’ is
distributed very unevenly among the case studies, ranging from exogenous to widespread
patchy. CS8 Azores has almost all its pressures introduced exogenously by fishing activities
(46%) or at a site extent (45%). The frequency maxima ranged from occasional to very frequent.
Persistence was low in CSs, indicating that if fishing activities are stopped, the pressures on
the ecosystem components will quickly leave the system. Dispersal was mostly high, with the
exception of CS5 (none) and CS8 (moderate).
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Table 7: Proportion of weighting categories for the primary activity “Fishing” in the AQUACROSS

cases studies (CS)
EXTENT FREQUENCY SEVERITY PERSISTENCE DISPERSAL
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cs3| 0% 0% 0% 13% 0% 38% 0%|19% 35%
csa| 0% 0% 0% 19% 2% 38% 0%|31% 31%
css|15% 24% 0%| 12% 0% 32% 1% 29% 0%|H0W 27% 33%
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0% ISR 0%
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15% 35%
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179 [ 20%

The majority of extent weightings for ‘Residential & Commercial Development’ (Table 8) ranged
from exogenous in 3 CS through local (3 CS) to widespread patchy in 1 CS.

Table 8: Proportion of weighting categories for the primary activity “Residential & Commercial
Development” in the AQUACROSS cases studies (CS)

Cs7
CS8

0%
0%

0%
34%

0%
0%

EXTENT FREQUENCY SEVERITY PERSISTENCE DISPERSAL
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Total| 34% 1% 28%  o%|28% 11% 11% 16% 23% 19%
cs1| 21% 0% 27% 23% 14% 19%
2 0% 1% o% 4% 32% 15%
cs3| 28% 5% 0% 34% 11% B0 17%
csa| 0% 0% 0% 5% 26% 18%
css| 7% 38% 0% 7% 5% |HoH 12%

0% 24% 32%

26% 179 [BI 20%

13% 37%

The frequency weightings were mainly identified as
two CSs finding equal proportions of rare and very frequent or continuous weightings. This
heterogeneity in the extent and frequency weightings can be attributed to a construction and
an operational phase of this activity. Construction rarely happens, but the related pressures
are mostly persistent. The operational phase on the one hand can introduce pressures like
chemical pollutants frequently or continuously, which are at the same time persistent, and on
the other hand nutrient input, which has low persistence. Severity was mainly weighted as
chronic. Persistence was either low (CS1, 2, 4, 7) or high (CS3, 5, 8) and dispersal was found to
be moderate and high.

rare, very frequent and continuous, with
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2.5 Conclusions based on the linkage framework
approach

The application of the AQUACROSS linkage framework in the CSs identified a multitude of
human activities and related pressures that affect aquatic ecosystem components across
Europe. Thus, this approach was successful to characterise the complex socio-ecological
systems and the causalities between the elements of the D-P-S sequence. The linkage
framework is highly valuable to provide a conceptual basis for stakeholder dialogues based on
the full linkage framework, to understand the complex social-ecological systems, or to discuss
parts of the system that are especially relevant to certain stakeholder groups.

The results of the linkage framework underline the importance of considering all relevant
human activities and related pressures in the management of aquatic ecosystems. In addition,
activities that may be spatially separated from the affected ecosystem component by a certain
pressure, should be considered in assessments to fully comprehend the complex relationships
in social-ecological systems, and thus, to help in prioritisation of biodiversity protection
actions.

The comparison of most relevant activities across the different aquatic realms indicated some
differences and realm specificities. Not surprisingly, fishing activities are highly relevant in
marine contexts as commercial fisheries are largely restricted to marine environments in
Europe. In the comparison of different aquatic realms, this also underlines the need to consider
such specificities and to keep context specific solutions in integrated management.

A commonality across the realms was the high connectance of tourism activities. This finding
is also emphasised by detailed analyses in CS8. Moreover, activities related to energy
production showed relevance across the aquatic realms. Although the renewable energy sector
played a role in freshwater as well as marine ecosystem components, the detailed activities are
different; in the former hydropower introduces a lot of pressures, whereas wind farms are
mostly relevant in the latter.

The results presented here clearly show the importance of considering the origins of pressures
that affect ecosystem components. The activity type environmental management proved to be
highly influential, especially for ecosystem components in freshwater. This can be related to
‘adaptations’ induced by the society that adjust ecosystems to its needs, such as flood control
or waterway construction. Both activities, flood control and waterway construction, are
addressed in specific analyses of CS3 Danube to investigate the trade-offs to establish an
integrated management of floodplains. Notably, for both activities there are several
possibilities to implement them in a way that meets the needs of human society, as well as
those of ecosystems.

However, such a potential win-win situation requires firstly a strong commitment to the
ecological needs in spite of economic interests, and secondly a comprehensive understanding
of how pressures introduced by those activities affect the ecosystem components and interact
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with other activities. Only with an awareness of such alternatives is the need for detailed data
on all these aspects highlighted. Management scenarios can only be compared in detail using
guantitative data. In this respect, the role of ecosystem services is a vital one, as this concept
provides a nexus to investigate the contribution of ecosystems to human wellbeing.

Furthermore, the linkage framework approach can help to identify activities that are dislocated
from the place where a related pressure occurs. Such impact chains that were weighted to be
exogenous often contained chronic severity and high frequency. Activities, which affect
habitats exogenously, are often not addressed in management measures across (aquatic)
ecosystems. As exogenous influence is often difficult to quantify in the presence of several
other local activity types introducing similar pressures, the dislocated causes are likely to be
overlooked; e.g. the deficit of sediment load in rivers caused by storage hydropower plants.

Activities not directly associated to aquatic ecosystems, such as agriculture, are treated with
less importance by policies related to aquatic ecosystems. In the EU WFD the associated
pressures are addressed, and symptoms of these pressures can be managed and mitigated.
However, in an EBM context an alignment of the policies concerning aquatic ecosystems and
agriculture activities would be necessary to manage agronomic practices, so that instead of
mitigating occurring pressures, the activity itself would not cause negative impacts to begin
with.

Our linkage framework can be seen as a follow-up initiative to the work in the ODEMM project
where the focus lay on impact chains in marine ecosystems. In AQUACROSS, we successfully
extended the approach to freshwater ecosystems providing a showcase for a comprehensive
assessment of impact risk across aquatic realms in Europe. The conceptualisation of human-
induced impacts is strongly dominated and skewed by the DPSIR approach in aquatic
ecosystems, as DPSIR supports mono-causal views. The prioritisation of single pressures
further drives the focus on relatively few elements within the complex and multiple linkages
that are found in social-ecological systems.

During the initial stages to implement the linkage framework approach it became obvious that
a common typology of human activities, pressures and ecosystem components across aquatic
realms that provides a solid basis for cross-realm comparisons was missing. This is probably
also related to fragmented policies relevant to the different aquatic ecosystem types and
different typologies therein. Such an alignment of typologies (and underlying nomenclatures)
represents a quintessential step for the integration of different EU policies across the aquatic
realms. Only a common nomenclature and typology can yield a common understanding that is
necessary in research and science, as well as in policy and decision-making.

The linkage framework provides a magnitude of further applications to investigate complex
social-ecological systems besides the results presented in this report. Therefore, we want to
highlight some of the further applications that have already been carried out. Firstly, we
calculated an Environmental Impact Risk score based on the impact chain weightings, which
combined the different weighting classes into one value indicating impact risk. This work was
part of task 4.2 and is published in the contributions of Borgwardt et al. (2019) in the
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AQUACROSS virtual special issue ‘EBM in aquatic ecosystems’ in the journal Science of the Total
Environment (see Annex C). Furthermore, the identified impact chains of the AQUACROSS
linkage framework do not only contain the dimensions of human activities, pressures and
ecosystem components but also cover ecosystem processes, functions and services by supply
chains (addressed in WP5 and D5.2 as well as a by Teixeira et al., subm). A combined analysis
of impact and supply chains is presented in Culhane et al. (subm.).

Furthermore, the full chains will be used to develop a tool, the so-called AqualLinksTool, that
will help identifying relationships between human activities and ecosystem services to be
considered in the management of the ecosystems, and will be available through the AQUACOSS
information platform. The AqualinksTool is introduced in more detail in D5.2. Finally, the
AQUACROSS linkage framework approach can support the implementation of EBM approaches.
It provides a conceptual basis that can be used in stakeholder dialogues by adjusting the
framework to relevant activities that should be discussed.

2.6 Recommendations based on the linkage
framework approach

In the following, we highlight four major recommendations that are based on the outcomes of
the linkage framework approach:

1 Managing aquatic ecosystems across realms implies multiple disciplines and policies. To
foster the understanding across these different entities a common nomenclature is highly
crucial to assess drivers and pressures in a comparable way, and subsequently clearly
communicate results. Thus, a common nomenclature also facilitates the communication
between research, policy and stakeholders.

2 An integrated management based on the application of EBM has to consider all relevant
aspects that influence the state of the ecosystem, i.e. drivers (human activities) and
pressures that may cause changes. The linkage framework provides a holistic assessment
considering all relevant elements that helps to understand the complex interactions of
social-ecological systems. The application of the linkage framework to the exploratory
analysis of the social-ecological system offers the possibility to examine the complexity
and connectivity of the linkages that affect ecosystem components deepening the
understanding of casual relationships.

3 Spatial separation of human activities and occurrence of related pressures has to be better
addressed in management, as well as in policies. This implies a clear communication on
the complex interactions and the difficulties to quantify them in real-world situations, as
multiple activities cause similar pressures and untangling the single effects is difficult. In
data poor contexts the linkage framework provides a valuable basis to identify influential
activities and pressures, as well as ecosystem components that are at risk and to highlight
the need to gather more data on the impact chains of interest.
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4 In terms of communication, the dialogue with stakeholders has to be emphasised.
However, the willingness of stakeholders is also related to the demands of underlying
policies. The linkage framework can support communication on the one hand to
conceptually describe the complex interactions of social-ecological systems advancing
from the mono-causal DPSIR view and on the other hand to underline potential synergies
of environmental (and economic) policies. A categorisation of the different elements along
the cause-effect chain, as implemented in the linkage framework, can provide a policy-
oriented tool linking different activities.

3 Use of D-P-S indicators

Following the linkage framework approach presented in Chapter 2, this chapter addresses the
specific exploratory analyses performed within the AQUACROSS CSs, as the second approach
taken to investigate D-P-S relationships in the aquatic realms.

Indicators and associated metrics and indices play a vital role to describe and quantify drivers
and pressures, as well as to identify relationships between drivers, pressures and ecosystem
states. In the previous D4.1, most commonly used, sensitive and cost-effective indicators for
D-P-S analyses have been identified and reviewed for their suitability to be used for the
assessment of the demand-side perspective. Following these recommendations, most of the
CSs followed a quantitative approach using the proposed indicators. Whereas most of the case
studies used already available indicators from sources from local to global scale, CS5 and CS3
developed additional indicators based on available data.

In most cases availability of status and species related data was more limiting than availability
of data related to drivers and pressures (Table 9). Where socio-economic and ecological
information was available, variables from both fields were integrated and best indicators were
selected. Thereby, the CSs were aware of the recommendations found in the AF “...that indices
and metrics usually can only represent individual parts of the framework at a time [...] that
metrics can only be used in data rich situations [...and] In [data limited] cases, qualitative
approaches can be used, starting from linkages, to make an assessment where relational links
are inferred but not quantitatively measured’.
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Table 9 Use, processing and development of indicators as well as sources used and limitations of D-P-S
indicators in the AQUACROSS case studies.

Process of indicator integration

CS

1
2

3

4
5
6
7
8

Use of available

Intense harmonisation, integration and mapping

Indicator development
No

For missing data

Pressure indicators related
to hydrology

Spatial indicators based on
satellite imagery

CS name indicators Indicator processing
North Sea yes

ik yes of multiple datasets
Danube yes Integration and mapping
Lough Erne no

Aveiro yes Integration and mapping
Ringsjon no

Swiss Plateau yes Integration and mapping
Azores yes

Limitations

1

N

0o N O [8)]

Human activities, pressures

North Sea Data related to main activities available
High data availability in Spain but low in
IBRM Morocco, where global and open data
sources were used
Good availability for the Danube River,
Danube : .
but low and heterogeneous for tributaries
Lough Erne Qualitative approach — data are limited
D . . ) )
Aveiro .ata partially ava|.|ab.|e, intense use of spa
tial data from aerial images
Ringsjon Qualitative approach — data are limited
Swiss Plateau  High data availability
Azores Qualitative approach — data are limited

Sources of indicators (examples)

Global scale European scale
1 North Sea WindEurope, EEA
OpenStreetMap, Glo-
bal Human Settlement
. EUROSTAT, EEA,
2 IBRM Layer, MODIS Coperni- EMEP, EMODnet
cus Africa land cover,
Global Fishing Watch
EEA, EuroNature,
3 Danube UNECE, Copernicus
4 Lough Erne
EarthWatch, GeokEye,
5 Aveiro ESRI, Earthstar Geogr- EEA
aphics, GetMapping
6 Ringsjon
7 Swiss
Plateau
8 Azores EEA, EUROSTAT
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Ecosystem state

Status information related to MSFD is widely available
For Spain from HBD and WFD and MSFD. For Morocco no
information for freshwater and marine environments
available. Local data on species is restricted and global
species distribution data available but heterogeneous.
Status information from HBD; WFD information partially
heterogeneous, Species data from literature and other
resources

Qualitative approach — data limited

Qualitative approach — data limited

Monitoring data available

Qualitative approach — data limited. Recommendations for
status indicators related to MSFD and HBD are provided

Other indicator
sources
Scientific studies

Case study scale

ICES

REDIAM, UCACITT Scientific studies

Danube River Basin Management
Plan, FAIRway Danube, WWF
Romania, WWF Bulgaria, Slovenian
Environmental Agency

Scientific studies

Portuguese Environment Agency,
Inst. for Nature Conservation and
Forests, Regional Direct. for Agric.
and Fisher., Hydrographic Inst.,

Direct. Gen. for Marine Resources

Federal authorities, cantonal
authorities and NGO’s

SREA, Statistics Portugal Scientific studies
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3.1 Driver indicators

This section addresses the driver dimension in the D-P-S sequence. The drivers are
represented by human activities that represent the manageable manifestation of drivers in the
social-ecological system. Table 9 illustrates that the CSs had varying levels of data availability
and types. Therefore, they often had to rely on relatively coarse indicator data for the major
human activities exerting pressures on the aquatic ecosystems and their components.

However, data availability significantly differed among countries within CSs, even among EU
member states, and in relation to the underlying environmental policy. Hence, the elaboration
of a uniform map of an important activity for a particular geographical area covering different
countries or even continents represents a major challenge, although this information is
quintessential to understand the effects of the society on ecosystem state. This challenge is
shown in the following examples originating from CS2 - the Intercontinental Biosphere Reserve
in the Mediterranean - (Box 1) and CS3 - the Danube River.

Among the AQUACROSS CSs, CS2 was especially challenging in respect of data availability as it
covered not only different countries but also different continents. For the Spanish part, data
was available from different European and national monitoring initiatives. In contrast, data for
the African part in Morocco was scarce. Thus, data was collected from global sources and
harmonised with the data from the Spanish section. This process was accompanied by a strong
stakeholder involvement to verify the results (Box 1).

The example from CS3 focuses on the human activity of renewable energy production.
Hydropower development represents a main driver of change in the tributary rivers of the
Danube in South-East Europe (SEE). Accordingly, this human activity is highly relevant for the
sustainable management of the aquatic biodiversity in this region. Information on the locations
of current and planned hydropower plants (HPPs) in SEE were collected and mapped to create
detailed spatial information on this activity (Box 2).

The results of the CS3 example raises the question whether public financial incentives on the
national level for small HPPs are efficient to increase the share of renewable electricity
production, as a high number of small HPPs only provide a small contribution to the total
electricity output to the renewable sector (Abbasi & Abbasi, 2011). Most planned HPPs in the
study region are small in size, although they cause significant environmental damage, as more
or less all river systems will be fragmented by the HPPs and their dams (Kelly-Richards et al.
2017; Schwarz, 2015).

In order to achieve the objectives from the EU Renewable Energy Directive, most EU member
states have established financial support schemes for renewable electricity production, such as
fixed feed-in tariffs and feed-in premiums. These financial incentives are most beneficial for
small HPPs (Bosnia and Herzegovina Government, 2016; Croatia Government, 2013;
Montenegro Government, 2014; Republic of Serbia Government, 2013; Slovenia Government,
2010), and seem to be sufficiently attractive to trigger the present boom of small HPPs in the
study area (Schwarz, 2015). According to a study of the International Monetary Fund (IMF),
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Serbia and Bosnia and Herzegovina are among the world’s top ten countries with the highest
percentage of energy subsidies in the Gross Domestic Product (Coady, Parry, Sears, & Shang,
2015).

Hence, this analysis shows that 98% of electricity is produced by only a small share of all HPPs.
This indicates a potential pathway for EBM by restricting hydropower production to medium-
sized and large dams. This goal could be supported by corresponding adaptation of energy
subsidy schemes by state institutions.

Box 1: Harmonisation of indices and metrics to map drivers and pressures across continents derived from
different sources including global datasets.

CS 2 (IBRM) covers Spain and Morocco. Consequently, available data to characterise the
social-ecological system differed. Thus, data harmonisation was necessary. The data
harmonisation process covered to following steps:

» Integration: combining different data sources complementing each other;

» Disaggregation: combining at least two sources to improve the detail of one, e.g. the thematic
details of the habitats;

» Aggregation: if data for one section was too coarse, aggregation enabled a good level of
consensus between both sections; finally, a 1km reference grid was used.

» Production: if no data was available, but digitisation was possible in a reasonable time, a new
dataset was produced, e.g. aquaculture infrastructures and coastal defence infrastructures in
Morocco.

Based on the linkage framework relevant activities have been identified and data to describe
them was acquired. In total, 70 metrics were used for mapping the activities and pressures
at the IBRM case study. Based on the spatial information on human activities that covered
the whole area of the IBRM a composite index, the human footprint index, was calculated.
Both, the spatial information on single activities as well as the composite index provided the
basis to compare the Spanish and the Moroccan sections of the IBRM.

Agriculture, livestock, forestry, urban development, and shore recreational activities are the
main terrestrial activities in the case study area.

Two important conclusions are I) that the Moroccan part clearly showed less human activities
(Figure 6), and ii) that this can be partly explained by the fact that much more information
was available for the Spanish part.
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Figure 6: Mapping of the land (left) and marine (right) based human activities in the Intercontinental
Biosphere Reserve of the Mediterranean (IBRM)

Box 2: Current situation and development of hydropower the human activity renewable productions based
on hydropower in South-East Europe

The spatial information of HPPs and created map shows the minimum extent of potential
effects of hydropower on rivers in SEE, which hence may hamper or prevent reaching the
goals of the EU Water Framework Directive (WFD) and EU Natura 2000 Directive. The spatial
information about current state and development of hydropower in SEE covers Slovenia,
Croatia, Bosnia and Herzegovina, Serbia, Montenegro, Bulgaria and Romania. A database with
information on 2,372 hydropower plants in different stages of approval, construction, or
operation was collated. The information as gathered from different sources, namely
Euronatur, Slovenian Environment Agency (www.arso.gov.si), WWF Romania based on
information  provided by the Romanian Environmental Protection Agency
(www.raurileromaniei.ro/harta/), Balkanka association (https://dams.reki.bg/ Dams/Map),
WWEF Bulgaria (www.wwf.bg/) and others.
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An analysis of the HPP database showed that from 1,044 operational HPPs, a total of 333
(32%) are currently located in Natura 2000 areas, and from 1,501 planned HPPs, 345 (23 %)
would be located in Natura 2000 or other protected areas (Table 10, Figure 7).

Although the “Sustainable Hydropower Development” approach from the International
Commission for the Protection of the Danube River (ICPDR, 2014) and the criteria listed in
the ‘Guidance on the requirements for hydropower in relation to Natura 2000’ (EU COM 2018)
highlight protected sites as “no-go” areas, 23% of the planned new HPPs are situated there.
Furthermore, the amount of protected areas in Bosnia and Herzegovina and Serbia is lower
than the European average indicating a need to nominate further protected areas there.

Further analyses of the human activity hydropower production showed that large HPPs
provide a highly dominant share (95%) of the total installed capacity in the rivers. These 95%
are contributed by only 7% of the total number of HPPs. In contrast, small HPPs represent 82%
of the total number and provide only 2% of total installed capacity (Figure 8).

Figure 7: Map of operating and planed hydropower plants in Slovenia, Croatia, Bosnia and Herzegovina,
Serbia, Montenegro, Bulgaria and Romania.

o, L

Czech/Republic

Cross

Dats source: e  Exsting hydropower plants

DEw for the

© WWF Romania for the hydropower plants in Romania +  Planned hydropower plants

© Ewonatur for the planned hydropower plants in Slovenia, Croatia, Bosnia and Herzegovina, Serbia and Montensgro

© Slovenian Environment Agency (2017), Hydropower plants in Slovenia [On-ine], [03/2017] Available at http:/www arso. gov. sifery ®  Hydropower plants in uncertain situation
© Balkanka association and WWF Bulgana for existing and planned hy dropower plants in Bulgara

© Protected Planet (2017), Protected areas in Serbia and Bosnia and Herzegovina. Avalable at hitps/fwww protectedplanet net - Natura 2000 and other protected areas
© Ewopean Envronment Agency (2017), Large rivers and tributaries, Natura 2000 data. Availlable at: hips/iwww eea europa eu/ [: Danube river basin

Due to gaps in official data the map is probably incomplete, especially for Romania.
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Table 10: Number of the operating and planned HP plants in 7 countries from South-Eastern Europe
(SEE) (based on available data)

Planned

In Natura 2000 :

SEE ,_ in Natura 2000 areas
: Existing Planned areas and other

countries and other protected

protected areas

areas

Bulgaria 84 82 51 42
Slovenia 419 150 110 67
Croatia 23 106 22 57
Romania 326 64 116 31
BiH 68 266 9 18
Serbia 113 780 25 126
Montenegro 11 53 0 4
Total 1,044 1,501 333 345

Figure 8: Country-specific distribution of installed electricity generation capacity (MW) among
hydropower size classes.
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Information available for Slovenia, Croatia, Bosnia and Herzegovina, Serbia and Montenegro
in 2017; no data available for Bulgaria and Romania.
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3.2 Pressure indicators

Following the D-P-S sequence, this chapter addresses the pressures dimension. Human
activities introduce pressures on aquatic ecosystems, which affect them to varying extents.
Moreover, many human activities even produce multiple pressures, which also interact with
pressures generated by other human activities. Hence, the development of EBM approaches
requires the analysis of all pressures produced by a certain human activity, in order to identify
mitigation approaches for each pressure. Such an effort has been undertaken in CS3 for a
pressure related to hydropower that introduces physical pressures in river ecosystems by
changing the hydrological regime.

The alteration of flow regimes is often claimed to be the most serious and continuing threat to
ecological sustainability of rivers and their associated floodplain wetlands (Sparks, 1995;
Tockner, Pennetzdorfer, Reiner, Schiemer, & Ward, 1999). However, assessments of potential
environmental effects of future HPPs in SEE are hampered by the fact that even the current
impacts of existing HPPs on the hydrology of rivers have barely been studied in that region
(Bonacci & Oskoru$, 2010; Bonacci, Tadic, & Trninic, 1992; Globevnik & Mikos, 2009; Zganec,
2012). These impacts usually result in the alteration and homogenisation of aquatic and water-
dependent habitats in the affected river corridor and in the loss of lateral and longitudinal
connectivity, thus affecting the ecosystem state by e.g. a decrease of typical, native species
and a spread of non-native species.

Knowledge on the pressures related to new HPPs on the hydrological regime of rivers in SEE
also represents a pre-requisite to develop approaches aiming at the mitigation or optimisation
of HPP operation to reduce environmental effects of flow regime alterations (B. Gao, Yang,
Zhao, & Yang, 2012). Flow regime was detected to be altered at all investigated river reaches
downstream of hydropower plants (HPPs). Further detail are found in Box 3.

The analyses showed that the total extent of flow alteration only becomes visible with the
availability and use of sub-daily hydrological data. As only a small share of all gauging stations
in the study area was actually recording at a sub-daily scale, the actual share of gauged river
reaches, which are affected by HPPs cannot be fully evaluated. The combination of several
methods provided benefits to perform an objective analysis of the pressures situation. The
hydropeaking flow alteration method could be complementary to the other two methods used
(Meile et al., 2011; Richter et al., 1998) in order to detect sub-daily changes.

Box 3: Analyses of a pressure on the ecosystem state - developing an indicator for South-Eastern
European rivers to identify hydrological alterations due to water storage and diversion at hydropower
plants

The study covered several sub-basins within the Danube Basin located in Slovenia and
Croatia, which were selected due to the relatively good availability of gauging data there
(Table 11) for 15 gauging stations, which enabled the assessment of hydrological pressures
related to 10 HPPs affecting 13 river reaches, including river reaches downstream of
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diversion storage HPPs, downstream of storage and Run-of-the-river HPPs. Additionally,
data from 7 unimpacted gauging stations were obtained, which represent reference
conditions.

Long-term hydrological gauging stations were chosen that are located downstream of the
HPP, with daily data before and after HPP construction, provided by Slovenian Environment
Agency (www.arso.gov.si/en/) and Croatian Meteorological and Hydrological Service
(http://meteo.hr/index_en.php). We applied the Indicators of Hydrologic Alteration model
and a method for the assessment of hydropeaking flow alteration.

Results showed that the various hydropower plant types have generally strong but varying
effects on flow regime, resulting in a flow regime greatly differing from the pre-impact
natural flow regime. Medium altered river stretches were located downstream of diversion
storage HPPs and run-of-river HPPs, while highly altered river stretches were located in
residual flow river reaches and downstream of storage HPPs (Table 11, Figure 9).

Table 10: Hydropeaking indicator values (HP1, HP2) and overall hydropeaking values for each gauging
station

DR = depleted reach, STW = Reaches downstream of storage dams either with or without water
withdrawal, STDW = Reaches downstream of diversion storage with water withdrawal, ROR = Run-of-
the-river HPPs, STD = Reaches downstream of diversion storage without water withdrawal

HPP Type > DR DR STW STDW STW STDW STW RoR STD  STD
HP1 02* 01 08  1.2* 1.3* 09*  12*  05% 13*  0.7*
HP2 31*  01*  52%  74*  156%  41*  122% 120% 94.2%  405*
Overall 2b 1 3 3 3 3 3 3 3 3

Figure 9: Degree of hydrological alteration of the Indicators of Hydrologic Alteration model's
flow categories of different HPP types
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3.3 Indicators of ecosystem state

This chapter completes the D-P-S sequence by addressing the state component. Although
information and analyses of drivers and pressures allow for an evaluation how ecosystems may
be impacted, the final assessment has to target the state. However, ecosystem states can be
described in multiple ways, and the impact of human activities and pressures on the state can
affect very different elements of the ecological system. Thus, the use of adequate indicators is
often context dependent. Here we show three examples, covering fresh and marine waters, of
how the state can be represented by biological information.

Firstly, a spatial approach to map ecosystem state is presented. This example is based on CS2,
where data sources with very different quality have been used to evaluate the ecosystem
condition of habitats in fresh and marine waters (Box 4). Structural ecosystem attributes
derived from the assessment of conservation status of habitats under the Habitats Directive
are particularly relevant for the estimation of ecosystem condition because they can be directly
linked to policy and decision-making (Maes et al. 2018).

Secondly, fish communities in rivers are used to evaluate the impact of HPPs in rivers (Box 5).
Upstream and downstream of HPPs the river reaches clearly showed fewer fish species than in
the reference state. Dominance of brown trout and European bullhead significantly decreased
upstream and downstream of HPPs. Notably, other human-induced impacts are unlikely to
occur in the studied river reaches. Thus, the effects on the fish communities (alteration of
presence and dominance) can be mainly attributed to the human activity of hydropower use.

Thirdly, marine biodiversity and state indicators for the marine ecosystem components of CS8
are presented (Box 6). This example represents a data-poor case strongly underlining the need
for further efforts in ecosystem monitoring to provide a robust assessment of ecosystem state.
In this example, a biodiversity index and data on conservation status of two species were used
to investigate biodiversity trends as well as the current ecosystem state. Interestingly, the
information used gave contradicting outcomes: while in official data there is no negative trend,
there are indications that biodiversity in the Azores is in fact declining (with high levels of
uncertainty). However, major data gaps on the actual species present, their number and
abundance in the CS area, make it difficult to assess the state. Data gaps also mean that trends
in biodiversity loss are not measured, and therefore, trends cannot be determined
quantitatively. However, local stakeholder groups (recreational fishers, commercial fishers, and
scientists) anecdotally report decreasing fish stocks (AQUACROSS 201 8).

This example therefore underlines two important aspects to be considered in the assessment
of ecosystem state: (1) definition of reference conditions. The MSFD established reference
condition from the year 1995 seems inappropriate, as fisheries very probably have already
changed the ecosystem fundamentally by this time; (2) Consideration of stakeholder knowledge
on changes in populations when quantitative monitoring data is missing.
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Box 4: Mapping ecosystem state in the International Biosphere Reserve of the Mediterranean (IBRM)

In the Spanish side of the IBRM, conservation status was based on Habitats of Community
Interest (Natura2000), according to the local partner (REDIAM information platform;
Regional Environmental Government of Andalusia) demand, whereas in Morocco and for the
marine habitats within the IBRM area, we used EUNIS habitat classification. Habitat
conservation status in Spain was derived from three main different parameters ranging
between 1-3:

» Area where the habitat occurs within the range (i.e. Andalusia region)
» Structure and function of the habitat
» Future prospects for the habitat

We considered three different classes of conservation status for all kinds of habitats, as
‘Favourable’, ‘Unfavourable-inadequate’ and ‘Unfavourable-bad’. A detailed protocol to
classify the conservation status is found in D9.2.

For habitats located in Morocco, spatial information of the human footprint index was used
and transformed into a proxy of ecosystem condition, assuming a strong causal relationship
between pressures and ecosystem condition (Maes et al. 201 8).

Results showed that aquatic habitats of community interest were only 1% of all habitats in
Spain. The proportion of habitats at an unfavourable conservation status was similar in
both countries (about 65-70%)(Figure 10). However, only 26% of the habitats were
classified at an unfavourable-bad conservation status (n=34,381). Habitats with the
largest surface area in bad ecosystem condition were marine habitats, heathland and
shrub related habitats, and inland salt steppes.

Figure 10: Relative ecosystem condition per each habitat in the IBRM
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Box 5: Using fish-based indicators to assess the impact of hydropower plants on the ecosystem state of
rivers

Due to several environmental effects, HPPs alter the aquatic habitats with cascading impacts
on stream biota. Here, we aimed to shed light on this cascade. Using reference and impacted
sites, change in the abundance and community structure of fish in response to hydropower
impacts was assessed. Based on literature search information (see Annex B), the presence
and dominance of fish species was collected for Romanian river reaches before the
construction of HPPs for 55 sites. The database was completed by data provided by personal
communication from the experts who published the mentioned studies (Banaduc pers.
Comm.). Out of the 55, 32 HPPs were located in the trout zone (Banarescu 1964) where
brown trout (Sa/mo trutta fario) and European bullhead (Cottus gobio) are the dominant fish
species under reference conditions.

The results confirmed that the two fish species brown trout and European bullhead were
characteristic for the trout zone. Brown trout was found in the reference state (based on the
historic data) in all 32, and bullhead in 21 (60%) sites. Analyses of presence-absence data
revealed that among the latter 21 sites, harbouring both species in the reference state, only
in 38% did both species remain after the construction of the HP plants. In total 24% - 43%
of the sites lack one fish species, and 62% lack both fish species (Figure 11), linked with
reduced dominance (Figure 12).

Figure 11: Comparative analyses of presence-absence fish data
Among the 21 stations harbouring both fish species in the reference state with upstream and
downstream reaches of hydropower plants

100 -

75 A .
mno fis

38

50 - 19 one species
m both species

25 A

0 . . .
Historic Upstream Downstream

30 Use of D-P-S indicators



9QquaCross

Figure 12: Dominance (average and standard deviation) of trout (Sa/mo trutta) (left) and bullhead
(Cottus gobio) (right).
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Dominance values were coded as follows: ED - eudominant (> 20% number) = 5, D -
dominant (10 - 20%)= 4, SD - subdominant (4 - 10)= 3, R - recedent (1 - 3%)= 2, SR -
subrecedent (< 1%)= 1, EX-extinct from that river streach = 0

Box 6: Ecosystem state indicators to describe biodiversity under data-scarce conditions

Detailed data from ecosystem monitoring were not available in CS8. Due to these data
restrictions, all available information was combined to assess the ecosystem state. Besides
the number of commercial fish species and the Simpson diversity, the conservation status
of the bird species Monteiro's storm petrel and the bottlenose dolphin were used for the
analyses.

At the local level, the available Faial-Pico Channel data showed that population indices are
falling for target commercial coastal species in the Channel (Afonso et al. 2014), which is
confirmed by anecdotal stakeholder reports (AQUACROSS 2017). Fish species abundances
and diversity have been assessed in the Faial-Pico Channel since 1997 in visual censuses
and partially been used for assessments for several biodiversity indices (see Schmiing et al.
2014) (Figure 13).

Commercially exploited fish and shellfish populations have been assessed for MSFD
descriptor 3 (commercial fish and shellfish) referring to a baseline in the year 1995, the
beginning of many monitoring campaigns for commercial fish. However, at this reference
point Azores fishing resources had already borne decades of intense exploitation. The
assessment of the MSFD descriptor 3 concludes that all assessed commercial fish species
are in a good environmental status, just indicating that the state has not significantly
worsened since 1995 (Governo dos Azores 2014).
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Based on Bottlenose dolphin data, biodiversity and ecosystem state is worse than in the
1950s and even 1980s, but still remains in a moderate to high state.

Table 11: Selected metrics and indices per indicator related to environmental state in the Faial-Pico

channel
Species Metric ‘ Indicator Source
Fish indicators
Commercial fish Commercial No. of commercial fish | Schmiing et al. 2014, Assessing
fish taxa taxa (57 in (Schmiing hotspots within hotspots to conserve
et al. 2014). biodiversity and support fisheries
management
Simpson diversity | Method to Simpson diversity is Schmiing et al. 2014, Assessing
index (1 - D) study weighed towards the hotspots within hotspots to conserve
diversity most abundant biodiversity and support fisheries
amongst species and is sen- management
species sitive to changes in

common species.

Birds as indicators under Descriptor 1! of the MSFD

Oceanodroma Conservation | Conservation status SRMCT (2014). Estratégia Marinha
monteiroi status assessed by national para a subdivisdo dos Acores.
(Monteiro's storm | Painho-de- authority according to | Diretiva Quadro Estratégia Marinha.
petrel) monteiro MSFD Secretaria Regional dos Recursos

Naturais. Outubro de 2014

Habitats Directive Annex Il (Marine

mammals and reptiles)

Tursiops Conservation | Conservation status Counts for MSFD assessment under
truncatus status according to HBD Descritpor D1 (Biodiversity)
(Bottlenose

dolphin)

The results underline that the Faial-Pico Channel

needs a consistent monitoring of

biodiversity as well as of commercial and non-commercial fish and other aquatic organisms.
Without these data, robust assessments to support ecosystem-based management seem
impossible. The understanding of biodiversity trends and the correct evaluation of the
current state are essential for setting and implementing policy targets.

These targets are in turn essential to measure the effectiveness and efficiency of
environmental protection measures.

! Biodiversity is maintained. The quality and occurrence of habitats and the distribution and abundance of species are
in line with physiographic, geographic and climatic conditions prevailing.
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