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Biological monitoring data from aquatic ecosystems are collected from European
countries on a yearly basis by the European Environment Agency (EEA) through
the Water Information System for Europe (WISE). The WISE-SoE (State of
Environment) data flows provide indicators of pressures, states and impacts of
surface waters and groundwaters on a pan-European scale. The WISE-2 Biology
was established to obtain a harmonised flow of biology data reported annually as
Ecological Quality Ratios (EQRs) from European surface waters, as a supplement
to the mandatory 6-yearly reporting of ecological status of water bodies for the
Water Framework Directive. The purposes of this paper are 1) to describe the
compilation of national aquatic biology monitoring data indicators and to inform
about the public availability of these data, 2) to give an overview of the reported
data and indicate the potential for assessments based on these data, and 3) to
illustrate the potential for further use of the underlying species abundance data in
biodiversity research and assessment. WISE-2 data are reported for the following
biological quality elements: phytoplankton, phytobenthos, macrophytes,
macroalgae, angiosperms, benthic invertebrates and fish in rivers, lakes,
transitional and/or coastal waters. The EQR values represent the deviation from
reference conditions. The final processed and quality-checked data are published
in EEA’s databaseWaterbase - Biology, which currently holds data frommore than
13,000 waterbodies in 26 countries from the reporting years 2011–2021.
Examples of time series aggregated by geographic regions give an indication
of the type of trends that can be obtained from the reported data at the nEQR
scale. However, the current results are representative only for certain geographic
regions with high coverage of water bodies. Within the European research project
EuropaBON (Europa Biodiversity Observation Network), the use of WISE-2 data
can be leveraged to support biodiversity policy and conservation planning.
EuropaBON’s online database provides an overview of how biodiversity
monitoring schemes across Europe flows through different integration nodes,
to produce Essential Biodiversity Variables and other policy-relevant indicators.
Here, we use the EuropaBON visualisation tool to illustrate the WISE-2 as a
European integration node for 157 biology datasets via the national integration
nodes.
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1 Introduction

The European Water Framework Directive (WFD) requires
monitoring and assessment of the ecosystems of surface water
bodies in rivers, lakes, transitional and coastal waters in all EU
member states (European Commission, 2000). The ecological
status assessment should be based primarily on metrics
representing a selection of biological quality elements (BQEs)
and supported abiotic quality elements (physical, chemical and
hydromorphological variables) (Hering et al., 2015). Ecological
status of water bodies is reported according to river basin
management plans (RBMP) every 6 years through the Water
Information System for Europe (WISE); the 3rd WFD
reporting cycle was completed in 2022.

In addition to the mandatory reporting to WISE-WFD,
biological data from monitoring of aquatic ecosystems are
collected and integrated by the European Environment Agency
(EEA) through the voluntary State of the Environment reporting
(WISE-SoE). The data are collected on a yearly basis through the
European Environment Information and Observation Network
(EIONET), and used by EEA in State of the Environment reports
which are published every 5 years (EEA, 2019). Since the
reporting to WISE-SoE is voluntary, the selection of water
bodies often constitutes a subset of those reported to the
WFD. Still, the WISE-SoE data flows aim to provide a
representative set of indicators of pressures, states and impacts
of waters on a pan-European scale.

Within the WISE-SoE system, the WISE-2 Biology data flow
(https://cdr.eionet.europa.eu/help/WISE_SoE/wise2) was

established to obtain a harmonised flow of biology data reported
as ecological quality ratios (EQRs) from all surface water categories;
rivers, lakes, transitional and coastal waters.

The added value of the WISE-SoE biology data in comparison
to other main relevant data sources is illustrated in a conceptual
diagram (Figure 1). Other data sources such as national
monitoring data can provide even longer time series and
higher resolution of information, such as abundance per
species. However, compilation of raw species data is beyond
the scope of EEA. While the WISE-2 data flow has a lower
spatial coverage than the WFD reporting, the former has
several benefits in the context of biodiversity information:

(1) more frequent reporting: annual SoE data calls vs. WFD
reporting every 6 years.

(2) higher resolution: EQR (Ecological quality ratio) values on
continuous scale (0-1) vs. categorical (5 status classes) (see
Section 2.1 below).

(3) the biological determinands of SoE can be related to physical or
chemical pressures and impacts (e.g., eutrophication vs. general
degradation).

WISE-2 Biology data is the most recent of the four current
WISE-SoE data flows: chemical emission (WISE-1), water
quantity (WISE-3) and water quality (WISE-6). In this
context, the WISE-2 data can fill the gap in the DPSIR
(Drivers—Pressures—States—Impacts—Responses) model used
for water management in Europe (EEA, 2018), by representing
the biotic states and impact part of the DPSIR cycle (Moe et al.,

FIGURE 1
Schematic diagram of the spatial and temporal extent and resolution of WISE-SoE biology data, compared to alternative monitoring data sources
(national data and WISE-WFD data). Note: the position and extent of the text boxes do not represent exact values.
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2016). These data can provide an important building block
towards the development of a new aquatic biology indicator
(sensu EEA) with relevance for the WFD as well as other EU
directives and policies. EEA indicators are designed to answer key
policy questions and to support all phases of environmental
policy making from policy monitoring and evaluation to
communicating to policymakers and the public, and to inform
the reader about the trend or status of the phenomenon being
investigated over a given period of time.

The assessment of SoE biology data is also relevant for the
focus on Biodiversity in the new EU Commission. An assessment
based on the biological data can be expected to give added value
compared to the assessment of the overall ecological status for
river and lake water bodies reported in the RBMPs in several
ways:

• Good ecological status is an objective of the WFD for rivers
and lakes and should be assessed primarily by using BQEs and
secondarily by physico-chemical quality elements. While the
assessment of ecological status of water bodies according to
WFD should be based on several different BQEs (e.g.,
phytoplankton, macrophytes, macroinvertebrates and fish in
lakes), only a subset of the BQEs are requested by reporting to
EEA (e.g., phytoplankton, macrophytes and fish in lakes). The
selected BQEs are typically those for which assessment
methods are best developed by the countries implementing
the WFD.

• Most of the biological indicators can provide direct information on
the impacts of specific pressures, e.g., nutrient enrichment and
organic pollution, hydromorphological pressures, acidification
etc., and can therefore provide a link to the underlying causes
for change in the ecological status of river and lake water bodies.

• The normalised EQR values (ecological quality ratio on a
scale from 0 to 1) provide more accurate measurement of
ecological status than the categorical status class given in
the WFD-RBMP reporting and can be used to assess
changes within a status class, as well as between status
classes.

While the WISE-2 data are publicly available in tabular format,
further evaluation and context is needed for these data to become
useful to support biodiversity policy and conservation planning.
This is an ongoing activity of the European Horizon 2020 project
EuropaBON (Europa Biodiversity Observation Network:
integrating data streams to support policy) (Pereira et al., 2022).
The project’s mission is to overcome existing data gaps and
workflow bottlenecks by designing an EU-wide framework for
monitoring biodiversity and ecosystem services (Santana et al.,
2023). EuropaBON has set up a web-based platform to collect and
record the current biodiversity monitoring data workflows across
Europe in a database (Figure 2) (Morán-Ordóñez et al. 2023). This
database is in essence a metadatabase, which will provide an
overview of how biodiversity data collected in monitoring
schemes across Europe flows through different institutions and
programs and is processed to produce Essential Biodiversity
Variables (EBVs) (Pereira et al., 2013), Essential Ecosystem
Services Variables (EESVs) (Balvanera et al., 2022), and other
EU policy-relevant indicators. This database will also provide
more detailed information on the individual national
biodiversity datasets, underlying monitoring programs, species
lists, contact information and other metadata, which can be
relevant information for scientists interested in accessing the
original monitoring data. As such, the EuropaBON monitoring
database will provide useful information on aquatic biological data

FIGURE 2
The EuropaBON biodiversity monitoring database: Schematic diagram of the dataflow across an integration initiative. The European node
corresponds to WISE-2; the Sub-EU level nodes corresponds to national data compilation for reporting to WISE-2. Modified after Figure 1 in Morán-
Ordóñez et al. (2023).
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at all levels from the national monitoring programs to European
indicators of ecosystem state and services.

The objective of this paper is to provide information on the
WISE-2 biology data, how they can be accessed and used, and to
illustrates current or planned applications and indicator
development for European-scale assessments. Moreover, we
describe how information on these dataflows are used in the EU
project EuropaBON, which can in turn provide more detailed
information on the original monitoring data underlying the
WISE-2 data flow.

2 Reporting and processing of WISE-2
biology data

2.1 Biological quality elements (BQEs)

Response to stress differs between organism groups, water types
and stressors. A conceptual model from the EU project WISER
(Hering et al., 2013) summarises how the individual organism
groups respond to different types of degradation in rivers, lakes,
transitional and coastal waters. A recent comprehensive study across

TABLE 1 Number of waterbodies reported per country and water category, by one or more BQEs (see Table 2) for one or more years. Countries are grouped into
geographic regions for assessment of trends. Abbreviations: RW = river water bodies, LW = lake water bodies, TW = transitional water bodies, CW = coastal water
bodies. “Status class” is the count of waterbodies with status class reported (mandatory). “nEQR” is the count number of waterbodies with normalised Ecological
Quality Ratio values, either reported or calculated based on the reported national EQR values and classification systems. Note: For countries that have not
implemented the WFD (e.g CH), the national classification is not necessarily WFD-compliant.

Country code Geographic
region

RW status
class

RW
nEQR

LW status
class

LW
nEQR

TW status
class

TW
nEQR

CW status
class

CW
nEQR

Austria (AT) Southeast 242 242 156 26 — — — —

Belgium (BE) West 3,942 3,942 6 6 10 10 — —

Bulgaria (BG) Southeast 831 831 2 2 — — — —

Switzerland (CH) West 108 — — — — — — —

Cyprus (CY) South 160 139 3 — — — — —

Germany (DE) West 28 — 89 — — — — —

Denmark (DK) West 144 — — — — — — —

Estonia (EE) East 394 392 13 7 — — — —

Spain (ES) South 7,617 7,375 118 118 173 157 257 80

Finland (FI) North 67 67 48 48 — — — —

France (FR) West 1,681 1,681 — — — — — —

Croatia (HR) Southeast 156 156 8 8 — — — —

Ireland (IE) West 498 458 325 186 — — — —

Italy (IT) South 5,130 5,034 382 317 601 499 914 887

Lithuania (LT) East 2,422 2,420 946 946 24 24 6 6

Luxembourg (LU) West 19 18 — — — — — —

Latvia (LV) East 89 89 35 35 11 11 21 21

Netherlands (NL) West 158 127 349 343 — — — —

Norway (NO) North 442 270 137 35 — — 210 128

Poland (PL) East 4,293 3,781 2,124 1,845 4 4 — —

Portugal (PT) South 53 — 1 — — — — —

Romania (RO) Southeast 1,060 885 10 10 — — — —

Sweden (SE) North 324 314 2,563 2,437 — — 4 —

Slovenia (SI) East 112 — 65 10 — — — —

Slovakia (SK) East 272 252 — — — — — —

United Kingdom
(UK)

West 7,570 6,373 326 235 — — — —

Sum 37,812 34,846 7,706 6,614 823 705 1,412 1,122
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spatial scales and water categories reported that nutrient enrichment
was the overriding stressor for lakes, while for rivers the effects of
nutrient enrichment were dependent on the specific stressor
combination and biological response variable {Birk, 2020 #24}.

The WISE-2 data include data from rivers, lakes, transitional
and/or coastal water bodies in 26 countries (Table 1). The data are
reported for the following biological quality elements (BQEs)
(Table 2): phytobenthos and macroinvertebrates in rivers;
phytoplankton and macrophytes in lakes; phytoplankton,
macroalgae, angiosperms and invertebrates in coastal and
transitional waters; as well as fish in rivers, lakes and transitional
waters. Specific information on pressure-response relationships for
the different BQEs and water categories can be found in the overview
by (Birk et al., 2012) and the references within.

For rivers, phytobenthos is used as an indicator for the impact of
nutrient enrichment, based on changes in taxonomic composition of
diatoms or non-diatom algae. Macroinvertebrates in rivers respond to
several pressures, e.g., organic enrichment, hydromorphological
pressures, acidification, or general degradation, which is usually a
mixture of point source pollution causing organic enrichment and
hydromorphological pressures causing altered habitats. For lakes,
phytoplankton is a sensitive indicator for the impact of nutrient
enrichment caused by diffuse and point source pollution.

Macrophytes are also responding to nutrient enrichment caused by
diffuse and point source pollution. In addition, macrophytes respond to
siltation and to hydromorphological pressures, but the metrics selected
for reporting to WISE-2 are those responding to nutrient enrichment.
Likewise, the determinands for coastal and transitional waters have been
selected as those most suitable to indicate the ecological status of water
bodies in these water categories.

The biology data include the status classes (high, good,
moderate, poor, bad) for each determinand, as a mandatory
element in the SoE data reporting. The ecological status
assessment is based on the ecological quality ratio (EQR values)
as required by the Water Framework Directive (WFD). Reporting of
EQR values is not mandatory but strongly encouraged. The EQR is a
measure of the deviation from reference conditions for each
biological quality element (BQE). The national metrics used to
measure the EQR are normally based on a general response to
increasing pressure seen as a decrease of the sensitive taxa usually
dominating under reference conditions and an increase of tolerant
taxa, and a change in abundance for some of the metrics (e.g.,
increase in phytoplankton chlorophyll). The national EQR values
reported by each country are normalised to a common scale, either
by the reporters or by the EEA as part of the data processing (see
section Calculation and processing of normalised EQR values).

TABLE 2 Number of records per determinand reported to WISE-2 and published in Waterbase—Biology 2021. Each determinand represents a biological quality
element (BQE), as well as a specific impact type (for rivers and lakes). Retired determinands are not included in the table. Abbreviations for water categories: RW =
river water bodies, LW = lake water bodies, TW = transitional water bodies, CW = coastal water bodies: Abbreviations for water BQEs: PB = phytobenthos, MI =
benthic macroinvertebrates, FI = fish, PP = phytoplankton, MP =macrophytes, MA =macroalgae, AN = angiosperms. Abbreviations for water impact types (suffixes
to determinand labels): _E = eutrophication, _A = acidifiction, _G = general degradation, H = hydromorphological pressures.

Water
category

Biological quality
element

Determinand
code

Determinand
label

No. of status class
values

No. of normalised EQR
values

RW PB EEA_124-04-9 PhytobenthosEQR_E 15,670 9,925

RW MI EEA_13-03-6 InvertebrateEQR_A 470 469

RW MI EEA_13-01-4 InvertebrateEQR_G 20,548 13,106

RW FI EEA_14-01-7 FishEQR_G 554 479

RW FI EEA_14-02-8 FishEQR_H 570 400

LW PP EEA_11-04-1 PhytoplanktonEQR_E 5,788 5,030

LW MP EEA_123-04-6 MacrophyteEQR_E 1,571 1,416

LW FI EEA_14-01-7 FishEQR_G 281 275

LW FI EEA_14-02-8 FishEQR_H 66 0

TW PP EEA_11-08-5 PhytoplanktonEQR 253 51

TW MA EEA_121-01-7 MacroalgaeEQR 193 65

TW AN EEA_122-02-1 AngiospermsEQR 45 4

TW MI EEA_13-05-8 InvertebrateEQR 288 163

TW FI EEA_14-05-1 FishEQR 44 36

CW PP EEA_11-08-5 PhytoplanktonEQR 731 361

CW MA EEA_121-01-7 MacroalgaeEQR 186 107

CW AN EEA_122-02-1 AngiospermsEQR 94 29

CW MI EEA_13-05-8 InvertebrateEQR 401 138

Total 47,753 32,054
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Biological data can also be reported to WISE-SoE in absolute
scale (original metric scale) for certain determinands for
phytoplankton: Chlorophyll a, Cyanobacteria biomass,
Cyanobacteria proportion and Total phytoplankton biomass.
These determinands are also relevant for an aquatic biological
indicator, but are subject to another data flow (WISE-6 water
quality) for data-technical reasons. Therefore, these data will not
be presented further in this paper.

2.2 Data sources

Waterbase is the generic name given to the EEA’s databases on
the status and quality of Europe’s rivers, lakes, groundwater bodies
and transitional, coastal and marine waters, on the quantity of
Europe’s water resources, and on the emissions to surface waters
from point and diffuse sources of pollution. Waterbase data is
collected and published to produce comparable indicators of
pressures, state and impacts on European waters. Waterbase is
intended for a European-wide scale of analysis. It is not intended
for assessing compliance with any European Directive or any other
legal instrument. Information on the national and sub-national
scales should be sought from other sources.

Data reported to WISE-2 Biology are published in Waterbase
Biology (https://www.eea.europa.eu/data-and-maps/data/waterbase-
biology-1), which comprises four tables: EQR values by site, EQR
values bywater body, classification procedures, and spatial data (derived
fromWFD and fromWISE-5). The WISE-2 Biology data presented in
Section 2 were downloaded from the 2021 version of Waterbase
Biology, published 16.05.2022 (see Data Availability Statement). This
database contains all officially reported and quality-assured biological
data from the first reporting cycle in 2011 until the 2021 reporting cycle,
which ended in January 2022. Additional data may have been delivered
but not passed the automatic quality checking in the Central Data
Repository (https://cdr.eionet.europa.eu). The overviews reported here
used data from the following tables:

1) Waterbase_v2021_1_T_WISE2_BiologyEQRData. Data
reported by monitoring site. Mandatory values: determinand
status class, i.e., status class at the determinand level (impact-
specific BQE). Recommended values: national EQR values and/
or normalised EQR values (nEQR).

2) Waterbase_v2021_1_T_WISE2_
BiologyEQRDataByWaterbody. Data as above but aggregated to
waterbody level before reporting.

3) Waterbase_v2021_1_T_WISE2_
BiologyEQRClassificationProcedure. National class boundaries
used for calculation of nEQR values from the reported national
EQR values for each determinand. (Some countries have
multiple impact-specific determinands for the same BQE, e.g.,
for invertebrates’ responses to acidification and general
degradation).

4) Waterbase_v2021_1_T_WISE4_MonitoringSite_DerivedData.
This table provides a link from monitoringSiteIdentifier to
waterBodyIdentifier and coordinates (longitude and latitude).

Spatial information for the water bodies of biology data includes
information on water category, water body type, natural/artificial/

highly modified water body, and coordinates. This information was
extracted from theWISE-WFD database as far as possible (i.e., for all
water bodies already reported to theWFD). For the remaining water
bodies (e.g., for EEA member states not reporting to the WFD), the
spatial information was extracted from EEA’s WISE-5 Spatial
data flow.

The overview of the four tables (https://www.eea.europa.eu/data-
and-maps/data/waterbase-biology/#tab-european-data) contains a
definition of each element (i.e., table column), including additional
metadata information for individual records such as the status and the
reliability of the record. Further information for all tables, elements
and allowable values (codes) are available from the WISE-2 data
dictionary (https://dd.eionet.europa.eu/datasets/latest/WISE-SoE_
Biology). The published data furthermore contains fields with
metadata information such as the version ID, status code,
observation status, and statements from expert-based quality
checking.

The metadata associated with this dataset (https://www.eea.europa.
eu/data-and-maps/data/waterbase-biology-1/#tab-metadata) provides
more information on the reporting obligation (WISE SoE Biology
data), the rights to use, disclaimers, methodology and data sources.
For more detailes, see the Data Availability Statement.

As a more user-friendly alternative to downloading tables
from Waterbase with additional functionalities, the Discodata
server (https://discodata.eea.europa.eu/) is a public tool and
service where anybody can access data published by the
European Environment Agency (EEA). It offers two
functionalities: A human-readable web application to inspect
and query databases using Structured Query Language (SQL),
and a machine-readable application programming interface
(API) to get data from databases, using SQL queries, as
JavaScript Object Notation information.

Biological data in EQR scale were extracted from the tables
BiologyEQRData and BiologyEQRDataByWaterbody. The number
of status class values and normalised EQR values available for each
determinand is shown in Table 2. Data reporters have also been
encouraged to report more of their existing monitoring data to
WISE-2 to fill the gaps both in space, time and taxonomy (biological
quality elements).

2.3 Calculation and processing of
normalised EQR values

All countries reporting to WFD have developed national
classification systems for assessment of ecological status based on
EQR values. However, the boundaries defined between status classes
(e.g., Good/Moderate) in national EQR scale vary among countries,
as well as among determinands and water body types (Birk et al.,
2012). For example, the Good/Moderate boundary of a given BQE
could be 0.62 in one country and 0.66 in another case; an EQR value
of 0.64 would then mean Good status in the former case but
Moderate status in the latter case. This means that national EQR
values are not directly comparable between countries, without
considering the distance to their respective class boundaries (Birk
et al., 2013). Therefore, the national EQR values are being
normalised to a scale of 0–1, in order to obtain a consistent scale
across all countries (Figure 3). On the normalised scale, the status
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class boundaries are identical for all countries (high: 0.8–1.0, good:
0.6–0.8, moderate: 0.4–0.6, poor: 0.2–0.4, bad: 0.0–0.2). An EQR
value identical to the boundary between two status classes belongs to
the worse of the two status classes.

The conversion from national to normalised EQR requires the
information on class boundaries (in EQR scale) which can be
specific for the determinand and for the national water body
type, as well as for natural vs. artificial and highly modified water
bodies. The normalised EQR are calculated using the formula:

normalisedEQR � EQR − LowerBoundaryEQR( )

× 0.2/ UpperBoundaryEQR − LowerBoundaryEQR( )

+ LowerBoundaryNormEQR

where LowerBoundaryEQR and UpperBoundaryEQR are the lower
and upper status class boundaries in the national EQR scale,
respectively, the factor 0.2 is the width of any status class at the
normalised EQR scale, and LowerBoundaryNormEQR is the lower
class boundary in the normalised EQR scale. The calculation can be
performed by the WISE-2 reporters before reporting, or by EEA
after reported if sufficient information is provided on the national
classification system.

To maximise the number of so-called indicator values for
aggregated time series plots and for trend analysis, missing yearly

values were replaced with imputed values as far as possible. Gaps of
up to 3 years within a data series have been interpolated as the average
of the previous and following years. Likewise, gaps of up to 3 years at the
beginning or end of a series were extrapolated to be identical as the first
or last available value. This procedure follows the methodology used for
the EEA indicator “Nutrients in Freshwater”, as described in its
Supplementary Material section (https://www.eea.europa.eu/ims/
nutrients-in-freshwater-in-europe).

3 Overview of data reported to WISE-2
biology

3.1 Quantity and quality of data reported to
WISE-2

The official biology data reporting started in 2011 (with records
from sampling year 2010), after 2 years of test reporting in 2009-
2010. The published dataset Waterbase - Biology 2021, which is
based on WISE-2 reporting from 2021, now contains more than
47,000 indicator values in the form of ecological status class, and
more than 32,000 indicator values quantified as normalised EQR
values. These data are reported from more than 11,000 river
waterbodies, 1,800 lake water bodies, 260 transitional water

FIGURE 3
Example of calculation of normalised ecological quality ratios (EQRs) from national EQRs. Colour codes represent ecological status classes: blue =
H(igh), green = G(ood), yellow = M(oderate), orange = P(oor), red = B(ad). REF = reference condition, defined as the metric value of unimpacted water
bodies. Note that the maximum value of the metric scale can exceed the reference condition, therefore the national EQR value can exceed 1. Source:
https://dd.eionet.europa.eu/datasets/latest/WISE-SoE_Biology/tables/BiologyEQRData.
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bodies and 440 coastal water bodies, in 26 countries (Table 1). The
dataset from rivers is dominated by Spain, Italy, Poland and
Lithuania, while the dataset from lakes are dominated by Sweden
and Poland. Italy is currently also the dominating country in
reporting from transitional and coastal waters.

The biological data described in this report are available from
approximately 13,500 waterbodies. The majority of waterbodies
have values from 1–5 years (Figure 1), while a few water bodies
have series lasting 15 years. The number of waterbodies in the WFD
database is an order of magnitude higher, but so far only from three
reporting years. For the WISE-SoE data, the longer series and the
more detailed data type both contribute to higher probability of
detecting temporal trends with statistical significance.

Normalised EQR values are now available for the majority of
water bodies with status class reported (Table 1). A few countries
have still reported only status class (e.g., Switzerland, Germany,
Denmark and Portugal).

WISE-2 contains >3,000 indicator values (reported or imputed)
for each of the sampling years from 2009 to 2020 (Figure 4). The
latest year of reporting in 2021 (sampling year 2020) resulted in
more than 6,000 reported indicator values, and almost
12,000 indicator values when imputed values are included.

3.2 Spatial patterns in reported ecological
status class

The maps (Figure 5) display the latest BQE status (or potential)
class of each waterbody (from Waterbase Biology 2019). The left
panel shows the reported determinand status class for valid
determinands and aggregated to the BQE level, while the right
panel shows the BQE status class calculated based on available
nEQR values. The lack of coloured points in the right panel is due to
lack of reported EQR data or class boundaries in only a few cases
(e.g., Switzerland, Germany, Denmark). The missing values are
usually due to missing coordinates, inconsistencies in the spatial
information or other technical issues. The map of invertebrates in

rivers does not include the determinand InvertebrateEQR_A
(response to acidification), due to the limited geographic
representativity (United Kingdom, Germany, Norway, Sweden).

Earlier versions of WISE-SoE Biology maps have been published
previously (2015, last modified 2019):

• https://www.eea.europa.eu/data-and-maps/explore-interactive-
maps/phytobenthos-in-rivers

• https://www.eea.europa.eu/data-and-maps/explore-interactive-
maps/macroinvertebrates-in-rivers

• https://www.eea.europa.eu/data-and-maps/explore-interactive-
maps/phytoplankton-in-lakes

• https://www.eea.europa.eu/data-and-maps/explore-interactive-
maps/macrophytes-in-lakes

3.3 Temporal patterns of normalised EQR
aggregated to European level

This section shows one example of how the time series for
individual water bodies can be aggregated to trans-national level
in different ways - here by the geographic regions of Europe
(defined in Table 1). Other types of aggregation that has been
explored for these data are by initial ecological status class as well
as to the pan-European level (not shown here). The selection of
data series includes only waterbodies nEQR values for all 8 years
2011–2018 after the imputation of missing values (described in
the section Calculation and processing of normalised EQR
values).

When all indicator value series are aggregated to the European
level, the time series so far display only weak tendencies (not shown
here). Invertebrates in rivers show a decrease from the upper range
to the lower range of good status, which is the WFD management
target. This tendency would not have been possible to document
from reporting of ecological status class only. For the three botanical
BQEs, the aggregated time series do not display any clear or
monotonous trend.

FIGURE 4
Number of indicator values reported and imputed for the years 1990–2020. Indicator values are unique combinations of water bodies (Table 1) and
determinands (Table 2). Imputed indicator values result from interpolation and extrapolation of time series (described in Section 2.3). Data source:
Waterbase Biology 2021.
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The time series aggregated by geographic region (Figure 6) reveal
more differences. For example, the invertebrate nEQR values reported
from Eastern Europe show a decreasing trend from the mid-range to
the lower range of Good status, approaching the Good/Moderate
boundary. Moreover, invertebrates nEQR values reported from
Southern Europe show a decreasing trend from High to the upper
range of Good status, but this trend is based on 3 series only. (More
series of invertebrates have been reported from Southern Europe
recently, but most series have length up to 5 years, and are therefore
not yet included in this figure). The average invertebrate nEQR values in
Western Europe, which is the region with the highest number of series,
has been fluctuating below the Good/Moderate boundary until
2015 and remained just above boundary since 2016.

As another example, phytoplankton values reported from
Eastern Europe started in the upper range Moderate status, and

barely reached Good status in the period 2013–2016. Since 2017, the
nEQR values have returned to the upper range ofModerate status. In
this example, reporting ofWFD status classes only showGood status
for the period 2013–2016, without revealing that the ecological
status was still very close to the Good/Moderate boundary,
implying a high risk of decline back to Moderate status.

The number of complete series per BQE is unevenly distributed
among the regions of Europe. Western Europe has the highest
number of both phytobenthos (n = 230) and invertebrates (n =
221) in rivers. A high number of series from rivers are also reported
from East (phytobenthos: n = 199) and Southeast (invertebrates: n =
70). Northern Europe has the most series of lake phytoplankton (n =
117). However, the count of complete series depends on the criteria
set; for example, setting the start year to 2012 will result in a higher
number of series.

FIGURE 5
Spatial patterns in ecological status: Reported ecological status class for a selection of biological quality elements: (A) phytobenthos in rivers, (B)
invertebrates in rivers, (C) phytoplankton in lakes, (D)macrophytes in lakes (see also Table 2). For eachwater body, the latest reported value is used. Colour
code: blue = High, green = Good, yellow = Moderate, orange = Poor, red = Bad. Colour code for artificial and highly modified water bodies with
incomplete class boundaries: green = good potential, orange = moderate/poor/bad. Data source: Waterbase Biology 2019.
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Obtaining a representative picture of pan-European trends across
will require time series from a higher number of waterbodies than what
has reported until now, and better representativity both across
geographic regions and across the different status classes. For the
version of Waterbase Biology presented here (published 2019),
assessments can only be representative for certain geographic
regions with high coverage of water bodies. Nevertheless, these
figures give an indication of the type of results and trends that can
be obtained from the reported SoE biology data at the nEQR scale.

4 Potential use of WISE-2 biology data

4.1 Development of an aquatic biological
indicator for EEA

The biological data (normalised EQR values) accumulated in
Waterbase since 2010 have the potential to be applied as an
indicator of environmental status and trends in regions of Europe,
in a similar way as nutrients data reported toWISE-6. Assessment of the
nutrients data show that nutrient conditions in European surface waters
have improved in recent decades, as the average nitrate and phosphate
concentrations in rivers and total phosphorus concentration in lakes

have decreased (https://www.eea.europa.eu/ims/nutrients-in-
freshwater-in-europe). The data reported to WISE-2 Biology can be
supplemented by the phytoplankton data reported in original metric
scale stored in WISE-6 (Water quality), including data on chlorophyll
and cyanobacteria in originalmetric scale, as these are clear indicators of
eutrophication in lakes (Ho et al., 2019). Moreover, the biology data can
be analysed as responses to the chemical data in WISE-6 representing
specific pressures (Phillips et al., 2008). Preliminary analyses (not
shown) suggest that the biological determinands show significant
relationships with the selected general physico-chemical quality
elements, such as total phosphorus representing eutrophication, and
biological oxygen demand representing general degradation. However,
these estimated relationships also contain large variation, which
warrants more detailed analysis.

As the biology data provide longer time series with each reporting
year, analysis of the series can be used to address questions such as:

• Can we see any progress in ecological status for biology in
rivers and lakes, in response to the decrease in nutrients
and BOD concentrations reported for freshwater
indicators?

• Are further measures to reduce pressures needed to achieve
progress in the biological conditions in rivers and lakes?

FIGURE 6
Temporal patterns in ecological status: Time series of normalised EQR values for the years 2011–2018 aggregated by geographic regions of Europe
(see Table 1). The numbers above the plots show the total number of water bodies for each BQE. The number of water bodies per geographic region for
each BQE is given below the figure. Data source: Waterbase Biology 2019.
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• Is there a time lag in the biological response to the decrease in
nutrients and organic pollution?

• Will the European Green Deal make progress towards
restoration of biodiversity in rivers and lakes?

A biological indicator can be developed with a similar structure
as the existing indicator “Nutrients in freshwater” (https://www.eea.
europa.eu/data-and-maps/ indicators/nutrients-in-freshwater/
nutrients-in-freshwater-assessment-published-6), but could be
specific to regions or and/or broad water types, which may have
different levels of environmental pressures (Lyche Solheim et al.,
2019). However, dynamic tableaus with an online user interface will
be preferable to static pictures. Further work on an aquatic biological
indicator based on the WISE-2 data is planned to take place within
the European Topic Center on Biodiversity and Ecosystems (ETC
BE, 2023–2026) (https://www.eionet.europa.eu/etcs/etc-be).

The indicator outlined here is related to specific policy targets of the
Water Framework Directive (WFD) “good ecological status” of rivers
and lakes and prevention of deterioration of ecological status, also
including no deterioration from high to good or worse. The indicator
can also be linked to other water related directives, e.g., the Nitrates
Directive (91/676/EEC) dealing with pollution pressures from
agriculture and the Urban Wastewater Directive (91/271/EEC), as
well as to the Habitats Directive target of favourable conservation
status for freshwater habitats and species and the EU Biodiversity
strategy 2020. Diffuse pollution from agriculture is still one of the most
important pressures on European rivers and lakes (EEA, 2018).
Indicators showing the biological impacts of this pollution are
essential to plan pollution reduction measures and assess their
effectiveness in terms of improvements of ecological status. Most of
the BQEs included in this dataflow are particularly sensitive to nutrients
and/or organic pollution.

The biological data would provide a better aquatic SEBI
(Streamlined European Biodiversity Indicator) (Feest, 2013) than
the currently used abiotic indicators. The overall ecological status
class is not a good option because it is less comparable across
countries than the BQE status class, due to different combination
rules for BQEs vs. supporting quality element, and since overall
ecological status class is reported only once every 6 years. In
addition, the uncertainty associated with the classification of each
individual BQE is accumulated at the water body level (Moe et al.,
2015).

4.2 Use of WISE-2 biology data through
EuropaBON

The project EuropaBON (https://europabon.org/) work package
3.1 has developed a web-based platform to collect and record the
current biodiversity data workflows across Europe, with the
underlying database (https://monitoring.europabon.org/
monitoring). The purpose of this database is to give an overview
of existing biodiversity datasets and describe the major workflows
used to generate and use these data in policy and research
environments. The focus of WP3.1 is not to map all monitoring
initiatives in Europe, but to ensure that those monitoring initiatives
providing data for current biodiversity workflows are well
represented in the underlying database. This database will help

understand how biodiversity data collected in monitoring
schemes across Europe flows through different institutions and
programs and gets processed to produce Essential Biodiversity
Variables (EBVs) and Ecosystem Services Indicators (ESS) other
EU policy-relevant indicators. The term “integration initiatives”
refers to each one of these full biodiversity data workflows. The
priority is to collect integration initiatives at the European level, but
integration initiatives at lower levels (e.g., National) are also be
accommodated.

The compilation of national datasets and reporting toWISE-2 as
a European integration node is illustrated in (Figure 7), using the
EuropaBON database’s visualisation tool. In total 157 national
biology datasets from WISE-2 are reported in the EuropaBON
database, where each biological quality element constitutes a
separate dataset (Table 2). The European-level integration node
(WISE-2; by EEA) and the national-level integration nodes (national
WISE-2 deliveries; typically by national environmental agencies)
have so far been completed with the information that is publicly
available for all countries. The national integration node for Norway
has been elaborated with more details on the underlying biodiversity
data, monitoring methods and indicator calculation from three
ecological monitoring programmes, as well as contact persons for
the national data flow. These types of information can also be
registered for other countries, if made available to the
EuropaBON project Additional information on the national
dataset that can be extracted from Waterbase Biology, such as
the number of water bodies per dataset, as well as the first and
last sampling year of sampling, has also been registered in the
EuropaBON database. This additional information is displayed in
the Supplementary Material.

The concept of Essential Biodiversity Variables (EBVs) was
introduced to structure biodiversity monitoring globally, and to
harmonize and standardize biodiversity data from disparate sources to
capture a minimum set of critical variables required to study, report and
manage biodiversity change. (Kissling et al., 2018). The list of EBVs has
been used as an analytical framework to help bridge the gap between
biodiversity data and policy reporting needs (Geijzendorffer et al., 2016).
Within EuropaBON, EBVs have been defined for terrestrial, freshwater
and marine ecosystems by the research partners in close dialogue with
stakeholders (Moersberger et al., 2022), and is currently being further
specified in another deliverable from the EuropaBON project (D4.1)
(Junker et al., 2023). Three of the groups of EBVs are particularly relevant
to WISE-2 Biology data:

1) Species distribution and abundance, incl. macrophytes,
invertebrates, fish.

2) Community composition, including EQR values for all BQEs.
3) Ecosystem structure, including distribution of EUNIS inland

water habitats, which are mostly comparable to broad surface
water body types (Lyche Solheim et al., 2019).

A fourth group of EBVs is Ecosystem function, which includes
harmful algal blooms (i.e., cyanobacteria biomass) is reported to
WISE-6.

Regarding the need for data on community composition
(group 2 above), the data flow through WISE-2 is already
established and the normalised EQR values are comparable
across countries. However, the spatial and temporal
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resolution is currently insufficient for assessing representative
spatial status and trends in biodiversity. The EQR data are based
on taxonomic analysis of samples from stations used for WFD
surveillance and/or operational monitoring. If these underlying
data could become accessible, they would support the EBV
group 1 above as a basis for further species modeling at the
European scale.

4.3 Conclusion and outlook

Biological data have been reported as EQR values from
26 countries, mostly from river and lakes, and to a lower
degree from transitional and coastal waters. The growing
number of records and water bodies, as well as the growing
length of the time series, suggest that these indicator values can
become useful in assessments of ecological status and trends in
Europe. The use of normalised EQR values enables both analysis
of geographical and temporal patterns, as well as statistical trend
analysis, with higher resolution than the status class data
reported to WFD. However, the WISE-2 Biology data still
show large variations in number of sites and years among
countries, which indicate challenges concerning geographical
representativity in the context of a European-scale
indicator. To obtain more representative data, reflecting the
actual distribution of status classes, the countries should
report more data from water bodies in less than good status,
which are mainly included in the operational monitoring
programmes.

While the normalised EQR values presented here can serve as
essential biodiversity variables, as they show the deviation from
natural aquatic biodiversity at the community composition level, the
underlying georeferenced species data could provide an added value
for biodiversity modeling and assessment, if those data were
accessible. We hope that the information provided on the
national WISE-2 data flows in the EuropaBON monitoring
database, currently and in future updates, can help to provide a
connection from these national data resources to support
assessment and conservation/restoration of biodiversity in aquatic
ecosystems.
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FIGURE 7
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represent national integration nodes (e.g., databases at national environmental agencies). Red lines represent original biological monitoring data
compiled at the national integration nodes; dashed green lines represent indicator values (EQR values) compiled at the European integration node.
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