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ed an intercalibration exercise to ensure harmonized definitions of the status of water bodies, reflecting the
deviation of their properties (mainly biotic assemblages) from a minimally disturbed state, termed the “ref-
erence condition”. One of the major challenges of the WFD has been to find common approaches for defining
reference conditions and to define the level of anthropogenic intervention allowed in reference sites. In this

gﬁ?gﬁ;ﬁi condition paper we describe how river reference sites were selected in the Central-Baltic region of Europe. A list of
Europe pressure criteria was provided and 14 Member States (MSs) categorized each criterion according to the
Rivers method (i.e. measured, field inspection, etc.) used for reference site screening. Additionally, reference land-
Pressure criteria use and water-chemistry thresholds were agreed among countries in order to base reference site selection
Thresholds on objective criteria. For land-use criteria, a reference threshold and a rejection threshold were established.
Invertebrates Sites with all criteria below the reference threshold were considered to be reference sites; sites having

most criteria below the reference threshold and only some parameters between the reference and rejection
threshold were “possible reference sites”. These sites were retained only after carefully checking the cumu-
lative effects of the pressures using local expertise, and a posteriori water-chemistry evaluation was neces-
sary. In general, the most widespread method for defining a reference site was the measurement of
pressures, followed by field inspections and expert judgment. However, some major pressures (e.g. hydro-
morphological alteration) were evaluated in a number of different ways (e.g. measured, field inspection, ex-
pert judgment). Our meta-analyses reveal a need to reinforce standardization in the application of pressure
criteria by Member States. The pressure criteria identified in this exercise should be refined and tested with
biological data to help in the further validation of minimally disturbed sites (i.e. the WFD “reference condi-
tion”) and to provide a firm foundation for ecological status assessment. This in turn would ensure that
there is pan-European comparability when evaluating the achievement of environmental objectives.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Assessment of water quality in rivers during the 20th century fo-

cused on establishing links between pollutants and biota, generally

) o . ) ) reinforcing the theory that stressors reduced biological diversity
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and Wright, 2000; Stoddard et al., 2006; Wright et al., 1984; Wright,
2000). Reference conditions refer to the “naturalness” of the biota,
in the absence of human disturbance or alteration (Stoddard et al.,
2006) and, as such, represent a target for remediation and restora-
tion. This philosophy underlies the European Union's Water Frame-
work Directive (WFD: Directive, 2000/60/EC), which requires
assessment of “ecological status” of a water body; defined as the dis-
tance its biota has moved from an undisturbed state. Early attempts
to define reference conditions were based on the identification of bi-
ological attributes assumed to characterize the undisturbed state
(Plafkin et al., 1989; Wright et al,, 1984). The concept of reference
conditions for quality assessment in water bodies has been widely de-
veloped since this point (Bailey et al., 2004; Hawkins et al., 2010;
Hughes et al., 1986; Reynoldson et al., 1997; Stoddard et al., 2006;
Sweeting et al., 1992; Wright et al., 1993), and has been previously
adopted in legislation in various parts of the world, e.g. the Clean
Water Act in the USA and the Water Reform Framework in Australia.
Strict application of this approach is a challenge in Europe, where
pristine or nearly pristine examples of many types of aquatic ecosys-
tems are absent or rare (Nijboer et al., 2004; Noges et al., 2009).

The WEFD defines reference conditions as the values of biological,
hydromorphological and physical-chemical quality elements at high
ecological status (WFD, Annex I, clause 1.3). “Reference sites” are
characterized by minimal changes in their hydromorphological and
physical-chemical characteristics so long as these do not have a sig-
nificant effect on the ecosystem (Wallin et al.,, 2003). This state is
akin to “minimally disturbed condition” (sensu Stoddard et al.,
2006) and should be found in places that have escaped all but the
broadest-scale human disturbances (Stoddard et al., 2006). Such
sites should provide objective benchmarks for ecological status as-
sessment. By selecting reference sites primarily on the basis of non-
biological measures, it is possible to ensure the absence of significant
human pressures (Wallin et al., 2003; Bailey et al., 2004; Stoddard et
al., 2006) whilst ensuring that preconceived notions about the “natu-
ral” structure and composition of biotic assemblages do not influence
the process (Bailey et al., 2004; Stoddard et al., 2006).

A big challenge for those involved in implementation of the
WEFD has been to find common approaches for defining reference
conditions in aquatic ecosystems (Noges et al., 2009). This reflects
the large natural variability in aquatic ecosystems across Europe,
even in the absence of human disturbance (Hering et al., 2010).
The WFD partly solves this issue by requiring that water bodies
are grouped according to their characteristics and the region
they are located in. This enables “type-specific reference condi-
tions” to be defined and should ensure like-with-like comparisons
of biological communities. More importantly, there is ambiguity in
the operational definition of reference conditions (Moss, 2008), in
which the level of anthropogenic intervention that can be allowed
is not clearly established. Unclear understanding of what
minimally-disturbed conditions represent may lead to the selec-
tion of reference sites with some anthropogenic impact (Whittier
et al,, 2007), precluding comparisons as the denominator in ob-
served/expected equations is not constant. As a result, ecological
assessment would not be consistent between Member States
(MSs). Early guidance on screening reference sites in Europe
(Wallin et al., 2003) provided a list of general types of pressures
(i.e. point source pollution, morphological alterations) but lacked
recommendations on how these should be specifically evaluated
and quantified. As a result, expert judgment was allowed to influ-
ence the selection of reference sites (Basset, 2010). Whilst an ex-
perienced limnologist should be able to differentiate high/good
from moderate from poor/bad status (Davies and Jackson, 2006;
Moss et al., 2003), expert judgment can also be a source of error
(Whittier et al., 2007), particularly on the large spatial scales nec-
essary for the WFD. Another list of pressure criteria for streams
was provided by Hering et al. (2003), and further refined by

Nijboer et al. (2004); however, this proved to be too stringent to
be practicable and, therefore, a further quantification of the cri-
teria was necessary (Nijboer et al., 2004).

However, whilst agreeing a set of quantitative criteria by
which reference sites may be screened should allow all countries
to adopt a consistent approach to reference screening, there are,
to our knowledge, no studies which provide an indication of the
level of pressure that may be acceptable. Ideally, these should be
based on the concept of ecological thresholds i.e. the point at
which there is a change in an ecosystem quality, property or phe-
nomenon (Groffman et al., 2006) and, on evidence of a lack of sig-
nificant impact on the biota.

In this paper, we describe an exercise to agree pressure criteria
for the identification of riverine reference sites. Our objective was
to provide guidelines for Member States (MSs) to select reference
sites in a harmonized way, ensuring comparability in the criteria
which need to be fulfilled by any water body proposed as a refer-
ence site. These have now been agreed by countries within the
European Central-Baltic region. We: (i) propose a list of criteria
which reference sites should fulfill; (ii) compare how countries
have evaluated such criteria in their screening and (iii) set the
pressure level (non-impact threshold) that should be used to
screen candidate reference sites, taking into account river typolo-
gy. Non-impact thresholds are proposed both for critical drivers
and pressures (i.e. artificial land-use or intensive agriculture in
the basins) and stressors that may demonstrate the existence of
a pressure not previously identified within the catchment (i.e. nu-
trients and dissolved oxygen). There is ample knowledge on the
impact of land use on stream health (see review in Allan, 2004)
and, in particular, on aquatic invertebrate communities (i.e.
Donohue et al., 2006; Harding et al.,, 1998; Hilderbrand et al.,
2010; Utz et al.,, 2009). However, fewer studies have addressed
the link between nutrients and the ecological status of macroin-
vertebrate assemblages (see Townsend et al., 2008; Wang et al.,
2007) and there are many other pressures, whose effects still
need to be addressed and quantified. The list we present, though
no more than a “work in progress” has, at least, been agreed
among the participating countries as a workable basis for compar-
isons between methods.

2. Methods

The Central-Baltic Geographic Intercalibration Group (CB GIG) and
the steering group on reference conditions were facilitated by the Eco-
logical Status working group (ECOSTAT) which was mandated by the
Commission and the Member States to coordinate the European inter-
calibration exercise of WFD.

2.1. Geographical extent

Countries from the Central, Baltic and western parts of Europe,
collectively known as the Central-Baltic Geographic Intercalibration
Group (GIG), participated in this exercise (Fig. 1). “Intercalibration”
is a key component of the WFD, ensuring that concepts of high and
good ecological status are harmonized throughout the EU. Seventeen
European countries (the two regions of Belgium both have their own
assessment method and are considered separately) participated in
this study, and fourteen provided data from reference sites: Austria,
Belgium-Wallonia, Czech Republic, Estonia, France, Germany, Ireland,
Italy, Lithuania, Luxembourg, Poland, Spain, Sweden and United King-
dom. Netherlands, Belgium-Flanders and Denmark acknowledged the
absence of reference sites within their territory. Streams and rivers
within these countries belonged to six WFD intercalibration common
types, defined by their basin size, dominant geology, altitude and sub-
strate (Table 1).
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Fig. 1. Countries participating in the Geographic Intercalibration group of the Central and Baltic rivers.

2.2. Data collection and analysis

2.2.1. Pressure criteria used to identify reference conditions

In order to compare views on national reference conditions, we
assembled a list of pressures criteria (see the Central-Baltic (CB)
GIG reference screening questionnaire in Annex 2.1.1.3 in van De
Bund, 2009) that can be used to evaluate anthropogenic impacts
in rivers. These criteria covered all pressure types identified in
the EU's “Guidance on establishing reference conditions” (Wallin
et al, 2003) and allow a thorough and objective characterisation
of pressures at different scales (i.e. basin, reach and site). For
some pressure criteria, two thresholds were defined: i) a “refer-
ence” threshold, below which a site was considered as “probably
reference” and ii) a “rejection” threshold, corresponding to a
high likelihood of significant impact, above which a site was elim-
inated. Sites that have all criteria below the reference threshold

Table 1

Central-Baltic (CB) rivers common intercalibration types for reference condition (RC).
The CB Geographical Intercalibration Group river types were defined within the WFD
Common Implementation Strategy (van De Bund, 2009).

Type River Catchment Altitude and geomorphology Alkalinity
characterisation area (meq/1)
(km?)
RC-1 Small lowland  10-100 Lowland, dominated by sandy <04
siliceous-sand substrate (small particle size),
3-8 m width (bankfull size)
RC-2 Small lowland  10-100 Lowland, rock material 3-8 m <04
siliceous-rock width (bankfull size)
RC-3  Small mid- 10-100 Mid-altitude, rock (granite)- <04
altitude gravel substrate, 2-10 m width
siliceous (bankfull size)
RC-4 Medium 100-1000 Lowland, sandy to gravel >04
lowland mixed substrate, 8-25 m width
(bankfull size)
RC-5 Large lowland  1000- Lowland, barbel zone, variation >0.4
mixed 10,000 in velocity, max. altitude in
catchment: 800 m, >25 m width
(bankfull size)
RC-6 Small, lowland, 10-300 Lowland, gravel substrate >2

calcareous (limestone), width 3-10 m

(bankfull size)

were considered as reference sites; sites having most criteria
below the reference threshold and a few variables between the
reference and rejection threshold were “possible reference sites”.
For these sites, no more than 10% of the criteria should exceed
the reference threshold level. These sites were retained only
after careful checks of the cumulative effects of pressures using
local expertise together with checks against water chemistry ref-
erence thresholds. If a site exceeded the rejection threshold on
any one criterion it was eliminated.

Member States were asked to categorize each criterion in the
Screening Questionnaire according to the method they used for
reference sites screening (Measured, Field inspection, Expert judg-
ment, Alternative criterion or Missing information). The category
“measured” implies that a value that has been quantified on a
continuous scale using an objective method; “field inspections”
corresponds to in situ visual evaluations that are either categorical
or semi-quantitative; “expert judgment” is based on opinions from
the scientific community; “alternative criterion” includes all other
ways of evaluating a pressure not indicated in the criteria list; and
“missing information” indicates either a lack of information or no
response by the countries. A final category (“OK”) was added
when a country did not specify the method used but just indicat-
ed that the specific criterion was applied. To analyze the re-
sponses, we selected 47 criteria which were most relevant and
generally answered (Table 3), covering all different pressures.
We discarded those criteria that were only assessed by a few
countries.

The relevance of each method for the evaluation of major pres-
sures for reference site screening across Europe was evaluated by
principal components analysis (PCA, command: dudi.pca, package
ade4, R software). For this analysis, the list of criteria was consid-
ered as study cases and the methods as variables. The raw values
in the matrix were the proportion of countries applying a given
method to evaluate a criterion. In order to assess differences in
the number of required criteria and in the methods used to eval-
uate major pressures, we conducted a between-class analysis
(command: between, package ade4, R software) using major pres-
sure type as the grouping factor. This method represents an ellipse
that includes all assessment methods within a given major pres-
sure and computes its centroid.
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Fig. 2. Proportion of 282 total responses provided in the “Screening Questionnaire” for
all major pressures.

2.2.2. Establishment of non-impact threshold values to identify reference
sites

The percentage of artificial land use was extracted from level I
Corine Land Cover (Coordination of Information on the Environ-
ment, Land Cover 2000), including urban areas continuous and
discontinuous, industrial and commercial zones, communication
infrastructures and networks, mines. Intensive agriculture was
the sum of the Corine categories corresponding to a high potential
impact from agricultural activities: arable land (including irrigated
land), permanent crops (with associated annual crops), vineyards,
orchards, olive groves, and complex cultivation patterns. Artificial
(reference threshold <0.4% and rejection threshold >0.8%) and in-
tensive agriculture (reference threshold <20% and rejection
threshold >50%) thresholds, were derived as agreement within
the CB GIG supported by the review of existing studies on the ef-
fect on land use on biotic communities at the time of the agree-
ment. The GIG agreed that proposed thresholds for artificial land
use 0.4-0.8% were very protective, when compared with results
from preliminary studies from France (Wasson et al., 2005). A
higher variability in the results obtained by Wasson et al. (2005)
on the thresholds for intensive agriculture influencing streams
depending on the French region and on the valley floor occupa-
tion, led CB GIG to agree in a safe reference threshold (20%), but
extended the rejection threshold to the maximum value of 50%.
The high upper thresholds should only be accepted provided
that other conditions were met (absence of erosion in the basin,
the valley floors were mainly occupied by low intensity agricultur-
al area (mainly pastures) and/or semi-natural areas), the riparian
corridors were intact at the reach and site scales, and the water
chemistry fulfilled their reference thresholds.

Reference thresholds were also agreed for water-chemistry
variables related to organic and nutrient enrichment disturbances
(N-NH4, N-NOs, P-PO, (P-PO, was converted by consensus to
Total-P with an approximate ratio of 2), O, and BODs)
(Table 3). Water chemistry parameters are considered as stressors
that indicate pressures within the catchment area that had not
otherwise been identified. A water chemistry check was used to
evaluate the existence of an impact on water quality for those
sites having land use values between reference and rejection
thresholds. The methods used to set the national water quality
thresholds were:

1. Identification of “no impact thresholds” by means of a linear re-
gression between the macroinvertebrate Intercalibration Common
Metric index and the pressure/stressor of interest (Wasson et al.,
2006). The non impact threshold corresponds to the maximum
pressure level at which the relationship is not significant;

2. Application of normative values from national water quality classi-
fications (France, SEQ Eau, 1999; Italy, DL 11.05.1999, N. 152,
1999; Germany, LAWA 1998) that corresponded to “very minor”
biological impact; and

3. Comparison with chemical values from reference sites (or high sta-
tus sites) in similar river ecosystems (Annex 2.1.1.2. CB Chemical
thresholds values in van De Bund, 2009). In some cases, expert
judgment suggested that a common threshold might not be ade-
quate for all stream types because of their different environmental
characteristics. In these cases, a different value was set (broad river
types defined and used for intercalibration, see Table 1). Similarly,
in some cases different thresholds were provided for diatoms and
invertebrates, based on their different sensitivities to nutrients.
Reference thresholds were based on mean and/or spot values (in-
stantaneous measurements), as available, as some countries had
scant data and, thus, proposed thresholds had to cover the variety
of existing data.

3. Results
3.1. Comparison of pressure criteria used to identify reference conditions

The most common method used to evaluate the level of pres-
sure at a reference site was by a measurable criterion (34% of
the total 282 answers), followed by field inspection (19%) and ex-
pert judgment (10%). The application of an alternative criterion
corresponded to only 2% of the answers. No response (i.e. missing
information) accounted for 20% of the answers and an imprecise
answer (“OK”) was given for 13% of the answers. Major pressures
differed in the methods most frequently used for their evaluation
(Figs. 2 and 3). The first PCA axis accounted for 37.77% of total
variance and discriminated pressures that had been evaluated
mainly by measured criteria (e.g. point and diffuse source pollu-
tion, Fig. 3) from pressures evaluated by means of field inspec-
tions (e.g. morphological alteration (34.2% of the answers) or
other pressures). The pressure criteria for riparian zones were
clearly differentiated along the second PCA axis (23.55%) (Fig. 3),
probably due to the high proportion of answers for “alternative
criterion” (Fig. 2).

Most countries used a combination of different methods to evalu-
ate the potential impact on riparian zone vegetation (Fig. 2), which
comprised mainly measured criteria (34.7%) followed by field inspec-
tions (22.4%). Water abstraction and river flow regulation pressures
were measured in 52.4% and 36.9% of cases, respectively although
the application of expert judgment and field inspections was notable
(Fig. 2). Biological pressures were evaluated predominantly by mea-
sured criteria (30.4%) and expert judgment (26.8%). The category
“other pressures” was characterized by a high proportion of missing
information (35.2%); where it was evaluated, it was predominantly
by field inspection (32.1%).

3.2. Criteria used to quantify each major pressure

Criteria used to assess major pressures influencing stream and
river ecosystems, defined in general terms by Wallin et al. (2003)
are described in Table 2.

Point and diffuse pollution sources were addressed by criteria
established mainly at the basin level, indicative of the large scale cu-
mulative influence of land use (Table 2). Similarly, water abstraction
and regulation pressures were identified by hydrological criteria, of
relevance for the maintenance of near-natural flow regimes, using
criteria on water abstraction levels and flow dynamics at the basin
scale (Table 2). The local impact caused by any water regulation
structure was taken into account by the evaluation of various criteria
established at the lower reach scale.
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Fig. 3. Results from Principal Component Analysis using the list of the 47 criteria as study cases represented by dots, and the proportion of countries’ answers for each assessment
method as input variables. Cases related with the same major pressure are grouped, and their centroid and embracing circumference represented.

Morphological alterations were assessed by criteria ranging from
the basin to the site scale (Table 2). At the basin scale the criteria
addressed the influence from sediment transportation, whilst at the
reach and site scales, morphological modifications had to maintain
all longitudinal, lateral and vertical water connections to ensure the
integrity of the river channel. At more local scales (reach-site) inten-
sive recreational activities should be avoided. The integrity of the ri-
parian vegetation was evaluated by criteria addressing the
maintenance of its natural structure and composition. Local impacts
from non-invasive alien species or fish management and/or aquacul-
ture were allowed provided they had no significant impact on native
fish populations (Table 2).

3.3. Reference thresholds for water-chemistry to validate land use rejec-
tion thresholds

Reference thresholds were set for water-chemistry variables relat-
ed to organic and nutrient enrichment (N-NH4, N-NO3, P-POy, O,
BODs) (Table 3). The mean value for all parameters was proposed
as this the most robust statistic when few data are available. Addi-
tionally, the 90th-percentile was suggested for those with a potential
acute toxic effect (BODs, dissolved oxygen and N-NH,), but to be
used only when enough data were available (at least 12 monthly
chemical samples).

A distinction was made for the more sensitive river types RC-2 and
RC-3 (small siliceous streams), for which N-NH,4, and P-PO, refer-
ence values were more stringent (Table 3). The RC-3 type (mid-
steep gradient streams) was considered to be the most sensitive, so
N-NOs; and P-PO4 thresholds were most stringent (2 mg/l and
20 pg/l, respectively, see Table 4). For RC-2, N-NO3 thresholds were

differentiated for diatoms (4 mg/I) and invertebrates (6 mg/l), recog-
nizing the greater sensitivity of phytobenthos to nutrients.

4. Discussion
4.1. A consistent view of reference conditions across Europe

In ‘Alice's Adventures in Wonderland’ (Carroll, 1865), Humpty
Dumpty says ‘ When I use a word.. it means just what I choose it to
mean — neither more nor less’. This is roughly the situation that pre-
vailed in Europe with respect to reference conditions in the decade
following the adoption of the WFD. Despite the efforts of Nijboer et
al. (2004), Wallin et al. (2003) and others, practical implementation
of this theoretical concept proved to be difficult. The guidelines pre-
sented here represent the “art-of-the-possible”, rather than a defini-
tive account of reference conditions in Europe. They do mean that
biologists throughout the EU can now work to a single definition of
riverine reference conditions, which translates into explicit and ob-
jective criteria, rather than to 27 different variations on a theme.
Moreover, outcomes have been discussed and agreed by representa-
tives of the competent authorities in all countries.

A consistent approach to reference conditions, in turn, under-
pinned the first European intercalibration exercise, which com-
pared national approaches to defining high and good status. The
results of these exercise are now legally binding (COM Decision
2008/915/CE; Bennett et al., 2011; Kelly et al., 2009; van De
Bund, 2009).

Although these criteria were initially applied only within Central-
Baltic GIG, they were later adopted by the other GIGs: Alpine, Eastern,
Mediterranean and Nordic, although not in very large rivers (basin
area greater than 10,000 km?), because the pressure criteria and
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Table 2
Most relevant pressure criteria selected from the “Screening Questionnaire” for establishing reference conditions. The type of pressure and scale relevant for each criterion is shown.
For criteria in which a threshold value is shown, a justification is provided.

Pressure type Scale Criterion
Point source Basin “Reference” threshold <0.4% of artificial land use in the catchment area (estimated from Corine data).
pollution “Rejection” threshold >0.8% of artificial land use in the catchment area.

Artificial land use between 0.4% and 0.8%: Validation with physico-chemical parameters at the site scale.

Small streams: No known point source discharge, or very localized impact with self purification.

Larger streams and rivers: Very low point source discharge level. If point sources are present, a validation with chemical

parameters is necessary.
Diffuse source Basin “Reference” threshold <20% of intensive agriculture in the catchment area. “Rejection” threshold >50% of intensive agriculture in the
pollution catchment area (estimated from Corine data).

Intensive agriculture between 20% and 50%: Validation with physico-chemical parameters at the site scale.

Cattle breeding: Only non-intensive (outdoor) cattle breeding; <1.25 animal (cattle) units per ha of the catchment area.

Vineyards, orchards <1% of the catchment area, and not situated in the riparian zone.

Irrigated fields <10%

Forestry <30% tree plantations (i.e. coniferous, Eucalyptus...).
Water Basin No dams or water storage significantly altering the low flow regime; low flow alteration<20% of the monthly minimum flow.
abstraction Reach Only very minor reductions in flow level changes having no more than very minor effects on the quality elements.

No significant water abstraction in the reach. The cumulative effect of water regulation and abstraction at the basin and reach scales is <20% of

low flow discharge.

River flow Basin No dams which significantly modify the natural hydrological flow regime (i.e. suppression of frequent floods (<5 years) with anomalous
regulation development of vegetation in the channel), or low flow alteration (< to + or —20% modification of the natural monthly minimum flow
discharge).

The total storage capacity of the reservoirs in the catchment is <5% of the mean annual discharge at the site.
No change of the natural (type specific) annual flow characteristics (seasonality of high and low flow).
Reach No by-passed section with residual flow (legal minimum discharge)
No significant hydropower peaking effect (ratio Q hydropeaking/Q baseflow <2)
Absence of flow regulation (dam) on the reach itself.
Morphological Basin Sediment transport: No dams which significantly modify the sediment regime (sediment retention), evidenced by signs of incision of the river
alterations bed (e.g. incision>0.2 m * stream order, bare bed rock appearing...).

Reach Flow impedance: < 10% of the reach is affected by flow impedance, due to hydraulic effects of weirs, sluices, etc.... The % of the reach affected by
flow impedance can be evaluated by the ratio of the sum of weirs' heights (in meters) to the total difference in height (slope length, in meters)
between the upper and lower end of the reach.

Channelization: <10% of the reach is affected by “hard works” (i.e. modification of longitudinal and/or transverse profiles, narrow
embankment, loss of lateral connectivity...), otherwise, bed and banks composed of natural materials

Stabilization: <20% of the reach is affected by “soft works” (i.e. bank protection on one side, distant dikes, bank maintenance, not affecting the
longitudinal and/or transverse profile, and lateral connectivity globally maintained...).

If both types of works are combined (“hard works and soft works”) <10% of the reach should be affected.

Siltation: Reaches with suspected anomalous siltation, due to agricultural soil erosion, should be avoided.

Connection to groundwater: Total lateral and vertical connection to groundwater.

Substrate conditions: Correspond to related typology

River profile and variation in width and depth: Correspond to related typology

River continuity: At the reach scale, the continuity of the river is not disturbed by anthropogenic barriers and allows undisturbed migration of
aquatic organisms (including resident fish populations).

River continuity: At the reach scale, the continuity of the river is not disturbed by anthropogenic barriers and allows free sediment transport.

Site The site is not situated in a zone directly or indirectly impacted by a nearby (upstream or downstream) artificial structure.

Lack of instream structural modifications (weirs or dams) that affect the longitudinal and lateral connectivity, and natural movement of river
bed, sediment load, water and biota (except for natural waterfalls).
Only very small artificial constructions with very minor local effects can be accepted.
Riparian vegetation Reach In agricultural landscape (intensive agriculture between 20% and 50%): intensive agriculture land cover <10% of the reach scale. Semi natural or
modification low intensity agricultural areas >90% of riparian corridor land use > 90.
In non agricultural landscape (intensive agriculture <20%): Valley floor and riparian corridor occupied by semi natural or low intensity
agricultural areas.
Artificial areas <10% of the reach scale.

Site The riparian zone of the site is entirely bordered by the type specific natural vegetation or semi-natural land cover, with the possible exception
of access to the river site.

Riparian vegetation zone continuity: uninterrupted or with few interruptions (i.e. access to the site).
The lateral connectivity between river and riparian corridor is maintained along the site.
No direct impact of cattle trampling.

Biological Site No invasive species, but alien species which are not at the invasive stage are tolerated.
pressures Reach-  No intensive (commercial) fishery.
Site No or very limited direct pollution by aquaculture plants.
No biomanipulation.
Other Site No intensive use for recreation purposes (no intensive camping, swimming, boating, etc.)
pressures No nearby intensive recreational use at the site scale: No regular bathing activities or motor boating. Occasional recreational uses (such as

camping, swimming, boating, etc.) should lead to no or very minor impairment of the ecosystem.

Basin scale: area of land above a site. Reach scale: part of the river representative of the water body. Site scale: place where sampling occurred.
Reach length: Small rivers (stream order [s.0.] = 1-3) > 1 km; medium size rivers (s.0.=4-5)>5 km; large rivers (s.0.>6)>10 km
All criteria are reference/rejection thresholds, except for some indicated rejection thresholds.

thresholds are only rarely fulfilled. A revision of the criteria and The range of pressure criteria agreed for reference screening ad-
thresholds is required for very large river basins although it will be dresses all the relevant structural aspects for the preservation of biot-
difficult to scale-up the results obtained from small reference water- ic integrity in stream systems. The criteria embrace all major

sheds as many aspects of ecosystem functioning are quite different pressures affecting surface water body types (Wallin et al., 2003) al-
(Junk et al., 1989; Thorp and DeLong, 1994; Vannote et al., 1980). though the impact of multiple pressures and the evaluation of
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Table 3
Agreed threshold for chemical values in reference sites within the Geographical Inter-
calibration Group of Central-Baltic rivers.

RC-1 RC-2 RC-3 RC-4 RC-5 RC-6

BODs (mg/1) Mean 24 24 24 24 24 24
90th percentile 3.6 3.6 3.6 3.6 3.6 3.6
0, (%) Mean 95-  95- 95— 95- 95-  95-
105 105 105 105 105 105
10th-90th 85- 90- 90- 85- 85-  85-
percentile 115 110 110 115 115 115
N-NH,4 (mg/l)  Mean 010 005 005 010 0.10 0.10
90th percentile 025 0.2 012 025 025 025
N-NOs (mg/l)  Mean for 6.00 600 200 600 600 6.00
invertebrates
Mean for diatoms 4.00 4.00 2.00 4.00 4.00 4.00
P-PO, (or SRP) Mean 40 30 20 40 40 40
(ng/h)

synergisms have not been specifically addressed. These criteria were
initially developed for benthic invertebrates but should also be appli-
cable to benthic flora (macrophytes and phytobenthos), as the same
pressures influence diatoms (organic/nutrients) (Kelly et al., 2009)
and macrophytes (organic/nutrients/regulation) (Lacoul and
Freedman, 2006; O'Hare et al., 2006; Szoszkiewicz et al., 2006). De-
spite the different sensitivities to nutrients of invertebrates, algae
and macrophytes, a single protective nutrient threshold should be
adopted for reference sites, focused on the most sensitive component,
in order to protect the entire trophic pyramid. Aquatic invertebrates
are suitable indicators of pressures at varying spatial scales (Hering
et al., 2006; Johnson et al., 2007). Macrophytes are most suitable at
large spatial scales, i.e. river sections (e.g. Robach et al., 1996), but
can also indicate changes at a local scale (Armitage and Pardo,
1995). Although these pressure criteria have not been evaluated for
fish, those reflecting morphological alterations at the basin scale
may be applicable. Fish tend to respond to large-scale hydromorpho-
logical pressures (Bain et al., 1988), as they require longitudinal con-
nection within the basin in order to access spawning or nursery areas.
However, basin-scale reference conditions for fish probably do not
exist anywhere in the EU due to widespread stream regulation and
fish stocking.

4.2. Questionnaire results

The most widespread method for reference site screening was
measurement of pressures, which allows objective quantification
and, as a consequence, reliable comparison of reference sites among
countries. Measurements were mainly applied to evaluate diffuse
source pollution, point source pollution and water abstraction. Pollu-
tion estimation is mainly based on land-use parameters, which may
be measured using widely-available Geographic Information Systems
(GIS: Basnyat et al., 1999; Wasson et al., 2010). Similarly, water ab-
straction rates are usually recorded by governments and are readily
available. As a consequence, the results of this process suggest that
screening of reference sites is biased toward readily available mea-
sures of pressures.

Strict quantification may not be necessary for major pressures for
which the critical issue is the absence of damaging human interven-
tion, independent of its magnitude. This may be the case for morpho-
logical or riparian zone alterations for which field inspection is the
most widely used evaluation approach. Despite the large number of
criteria provided in relation to alterations of riparian zone vegetation,
some countries employed different criteria for its evaluation suggest-
ing further refinement of these criteria may be required. Subjective
criteria, such as expert judgment, played an important role in the
evaluation of morphological alterations, water abstraction, river
flow regulation and water abstraction. Expert judgment should be
used in combination with other types of objective criteria, in order

to ensure that the process of selecting reference sites is consistent
and transparent.

4.3. Land use and water chemistry thresholds

Ecological thresholds show good potential as tools for watershed
management. Our proposed thresholds sought to identify non-
impact thresholds (“initiation -of -impact thresholds”, Hilderbrand et
al., 2010), i.e. the thresholds above in which there is a detectable neg-
ative response in the biota, for pressure variables. Although land use
is a key driver of nutrient loading and sediment loadings to surface
waters, the extent to which it influences water quality will vary
depending on the transport capacity of the watershed (Fraterrigo
and Downing, 2008), the influence of riparian buffers (Lowrance et
al., 1984a, 1984b), climatic and geomorphological basin features and
the existence of additional pressures. Thus a two-fold threshold for
land-use was employed: The more conservative threshold being to
categorize sites as reference where the level of confidence was high-
est, and the rejection threshold where sites were substantially differ-
ent from reference. Sites with values between the reference and the
rejection threshold were subject to a posteriori checks against nutri-
ent and oxygen criteria. A posteriori checks using water chemistry
data can be assessed both with mean values and 90th percentile
values (10th percentile for O,). Whenever possible, the use of values
of a few discrete spot measurements should be avoided in water qual-
ity assessments, as they may not be representative of the water body
character (Goémez-Rodriguez et al., 2009). Percentiles for N-NO3 and
P-PO4 were not provided because they do not have acute toxic effects
(Wasson et al., 2006), even though other deleterious effects may
occur.

The European reference condition was defined as a state in the
present or in the past corresponding to very low pressure, without
the effects of major industrialization, urbanization and intensification
of agriculture, and with only very minor modification of physical-
chemical, hydromorphology and biology (Wallin et al., 2003). The
proposed reference and rejection thresholds for artificial land use
(0.4% and 0.8%, respectively) appear somewhat conservative in com-
parison with those previously established for North American
streams (5% of urbanization following Baker and King, 2010; 5-10%
of impervious cover following Brabec et al., 2002). However, it has
been shown that invertebrate deterioration occurred at lower thresh-
olds along urbanization gradients in Maryland (0.8%-3.4% of water-
shed urban land following Baker and King, 2010; 0.5%-2%
impervious cover, following King and Baker, 2011). Such protective
thresholds were agreed in this study because of the historical extent
and development of urban areas in Europe. Subsequent checks
using biological data from reference sites around Europe indicated
that the proposed 0.4-0.8 artificial thresholds did not result in signif-
icant ecological impact (Pardo et al., 2011).

Agricultural systems can either be intensive (i.e. agricultural yield
is increased due to the use of fertilizers and irrigation), or extensive
(i.e. agriculture practices increase the land under cultivation and
rely on natural soil nutrients). Although both types of agriculture
may affect stream properties, only intensive agriculture was consid-
ered in this process because of its greater potential to alter stream
water quality. A review of the effects of agriculture in streams con-
cluded that streams in agricultural basins usually remain in good con-
dition until the extent of agriculture (including intensive and
extensive) is greater than 30%-50% (Allan, 2004). Both reference
and rejection thresholds for intensive agriculture were agreed within
the GIG, but there was a clear understanding that the use of the rejec-
tion threshold (up to 50%) was only applicable if other pressure cri-
teria and water chemistry showed that the ecological status was not
likely to be impaired. The intensive agriculture thresholds were the
weakest of all pressure criteria established, as the subsequent check
with biological data indicated a significant reduction in EQR below
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both reference (20%) and rejection (50%) thresholds (Pardo et al.,
2011). Future revisions of the reference pressure criteria must ad-
dress the lowering of the thresholds for agricultural activities within
basins, based on such evaluations. Most European monitoring pro-
grams are targeted at impacted sites and thus there was a lack of
long term monitoring data for minimally disturbed sites from which
water chemistry thresholds could be derived. Nutrient reference
values were instead compiled from existing water quality standards
from several European countries (Austria, Germany, France and UK)
and then compared with available data from reference sites. In
some cases, the thresholds were adjusted using expert judgment.
For total phosphorus, the proposed threshold values ranged from
mean values of 40 to 80 ug TP/l. The upper value (80 ug TP/1) for
mixed and calcareous rivers corresponds with the reported range of
natural background concentrations for the U.S. (e.g. 12-84 pg TP/l in
Robertson et al., 2006; 6-80 yug TP/l in Smith et al., 2003) for arid ba-
sins. The lowest TP value (40 pg TP/1) for siliceous gradient streams is
comparable to the median value reported by Robertson et al. (2008)
(35 pg TP/1) for reference conditions in non-wadeable rivers in Wis-
consin. However, these thresholds may not be stringent enough to
protect diatoms in reference condition waters: Stevenson et al.
(2008) advised thresholds of 10 (average value) — 12 (75th percen-
tile) pg TP/I to protect high quality biological conditions in streams
of the Mid-Atlantic U.S. Highlands.

Reference thresholds for N-NOs varied from a mean value of
2 mg N-NO3/1 for the RC-3 river type (diatoms and invertebrates),
to 4 mg N-NOs/I (diatoms) and 6 mg N-NOs/I (invertebrates) in the
other RC types. Nitrate-N thresholds used results from an ecotoxicol-
ogy review paper by Camargo et al. (2005); where long term expo-
sures to 10 mg/I N-NOs; were shown to adversely affect some
invertebrates and fish (mainly salmonids in low alkalinity water).
Consequently, a protective threshold of 2 mg N-NOs/l was used in
this exercise accounting for the most sensitive freshwater species (Di-
atoms) in low alkalinity streams and rivers. The mean reference
values proposed for N-NH, varied between 0.05 and 0.1 mg/I. In gen-
eral, the thresholds agreed for nitrogen compounds are less stringent
than those proposed in a study of this type carried out by Robertson
et al. (2008) in Wisconsin (U.S.). They defined median reference
values of 0.061 mg/I for dissolved nitrite plus nitrate, 0.022 mg for
N-NHy4/1, and 0.514 mgj/!1 for total nitrogen (TN). Natural background
concentrations for TN in the U.S., range from 0.02 mg/l in the xeric
west ecoregion to more than 0.5 mg/I along the south-eastern coastal
plain (Smith et al., 2003). Validation by Pardo et al. (2011) in inverte-
brate independent datasets showed a significant but weak effect of
nitrate below the threshold set here, although nutrient thresholds
still need to be checked on larger datasets from minimally impaired
sites covering all biological quality elements.

Defining different nutrient threshold for different types of rivers
addresses natural spatial variation in geomorphology and climatic
conditions across Europe. A similar approach exists in the U.S.,
where the regional variations in nutrient criteria are used to divide
the nation into 14 nutrient ecoregions based on climate, physiogra-
phy and vegetation cover (Omernik, 1987). Within the Central Baltic
European region, regional variation was accounted for by classifying
rivers into types based on underlying geology, altitude and river
size. Different reference nutrient thresholds for lowland siliceous
streams and small, mid-steep gradient siliceous streams were defined
because of their oligotrophic character compared to calcareous or
mixed geology stream types. The lowest nitrate and phosphorous
limits were set for lowland siliceous streams because of their highly
transient character.

The definition of reference thresholds for this exercise constitutes
an initial step in the process of setting quantitative pressure criteria to
aid the management of stream ecosystems. Further refinement for
some of the proposed pressure criteria thresholds is needed, ideally
based on sound ecological evidence to better understand the links

between drivers, pressures, stressors and status in European rivers
and streams. Current scientific knowledge on these ecological links
lacks practical integration in management measures.

One omission from the present list of criteria is an appreciation of
the role of atmospheric deposition in a few regions. This may be an
issue in soft water regions, particularly in northern Europe where sur-
face water acidification is a problem. At present, ad hoc solutions are
being developed, based on MAGIC, and similar models (de Vries and
Posch, 2003) and these could be incorporated into future schemes.

5. Conclusions

This study represents an initial attempt to establish comparable
reference condition criteria for the selection of minimally disturbed
rivers in 17 countries from the Central, Baltic and western parts of Eu-
rope (“Central-Baltic Geographic Intercalibration Group”). The refer-
ence condition concept has proved extremely difficult to translate
from theory to practice: the absence of truly pristine freshwaters in
Europe necessitates establishment of no-effect thresholds for pres-
sures which, themselves, are limited by a lack of strong relationships
due to interactions with confounding variables. At a more basic level,
even apparently simple tasks such as merging national datasets of
chemical and biological variables are complicated by methodological
differences. The outcome is, necessarily, a mixture of evidence-
based science and expert judgment, facilitated by a group of scientists
closely involved in the EU's intercalibration exercise. As such, this
represents the “art-of-the-possible” rather than a definitive account
of conditions associated with pristine rivers in Europe. Having been
agreed by representatives from all EU Members, we believe that, for
the sake of transparency, publication will ensure that others working
on ecological status in Europe are aware of the thresholds and criteria.

“Reference conditions”, as defined in the WEFD, are open to various
interpretations, from the stringent view espoused by Moss (2008), to
the more pragmatic views outlined here. Our view is that a concept
that is rooted in an understanding of how a truly pristine freshwater
ecosystem functions needs to be balanced by the need to have
enough sites that meet the desired state — for each ecoregions and
stream/river type - to allow meaningful statistical relationships to
be developed (without resorting to “pseudoreplication”). We respect
the view of Moss (2008) and others but believe that the approach
outlined here is the only way to gather sufficient data from the entire
EU to ensure that ecological status assessment can be calibrated and,
therefore, that results can be compared within and between
countries.
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