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Summary

The Water Framework Directive (2000/60/EC) in-
cludes the concept of ecological status as a meas-
ure of the level of health of aquatic systems. This is
largely evaluated by analysing the structure of bio-
logical communities, including habitat, physico-
chemical elements and the functionality of ecosys-
tems. Measuring ecological status makes it possible
to evaluate the effect of human activity on water
ecosystems, and it will be an essential tool for the
sustainable management of water resources. The
basic objective of the Water Framework Directive is
the achievement of good ecological status by the
end of 2015, except water bodies declared to be
strongly modified and artificial ones. This must be
achieved through programmes of measures and
management criteria appropriate for the environ-
mental objectives fixed for each ecosystem. The
River Basin District Management Plan (that must be
approved by the end of 2009) will be the document
that must be used to conserve and/or recover our
aquatic ecosystems.

Measurement of ecological status is a tool now being
developed, and it is in a process of inter-calibration
in which work is going on according to the European
Directives. The assessment of the ecological status
establishes the analysis of the structure of biological
communities of macroinvertebrates, fish and algae
(phytoplankton or phytobenthos, depending on the
environment). The status of the riparian woodland,
the morphometry and morphodynamics of the sys-
tems and the variety of habitats present have to be
measured, and physiochemical variables (general
and specific parameters) that affect the good quality
of the system have to be used. At the same time, the
measurement of ecological status has to be adapted
to each particular feature and functional character-
istic of the categories of ecosystem where the meas-
urement is being taken (lakes, rivers, reservoirs),
which will be divided into types according to the
characteristics that unite or differentiate them. For
each type, reference conditions must be established
with which the characteristics of the water bodies we
have marked out must be compared.

Generally, the knowledge we have in Catalonia
makes it possible to diagnose more or less accu-
rately the current level of alteration suffered by its
aquatic systems and to define the ecological status.
Nowadays, the first versions of measurements of the
ecological status of Catalan rivers provide us with a
rather negative view, particularly in the middle and
lower stretches of rivers, because of the moderate
and low quality of their waters, but above all because

of the degradation of the riparian woodland, the
strong alteration and reduction of the flow system
and, generally, the modification and loss of habitats
making it possible to keep the ecosystem working
well. We find good and very good ecological status
in rivers and ecosystems at their heads and on
stretches little affected by human beings — areas that
must be preserved because of their high ecological
value and as reference elements for the diagnosis
and management of water environments.

It becomes necessary to suggest a resource man-
agement model compatible with the protection and
regeneration of the environment that enables the
achievement and maintenance of the good eco-
logical and chemical status of aquatic systems. This
is one of the basic principles on which the Water
Framework Directive is based when it proposes
measuring ecological status as a basic tool in inte-
grated water management.

Introduction: The ecological
status of water bodies

The structure and composition of the communities
present in an aquatic ecosystem is the consequence
both of the characteristics of the environment and
of a series of biotic interactions (predation, compe-
tition, etc.), which can vary over time and space.
Meanwhile, the various effects resulting from human
activities considerably modify, to a greater or lesser
degree, the abiotic and biotic characteristics of riv-
ers. The study of aquatic ecosystems in Catalonia
(rivers, lakes, dams, wetlands, etc.) has developed
in such a way over the last few years that we now
have good knowledge of the structure of the com-
munities living in them and we can better understand
their operation and the effects of human activity.

In general, the best knowledge we have of Catalan
aquatic systems should make it possible to diag-
nose the level of alteration suffered by these sys-
tems more accurately and to suggest more appro-
priate management and protection models. This is
one of the basic principles on which the Water
Framework Directive is based when it proposes
measurement of the ecological status as a basic
tool in integrated water management. Water, as a
resource, must be managed taking into account the
fact that it forms an indispensable part of the envi-
ronment which must be preserved as a guarantee
of the resource and of quality of life within a frame-
work policy of responsible management of water
resources. The use made of water and its associ-



ated space (fundamental parts of aquatic ecosys-
tems) must be made compatible with the good state
of health of aquatic systems, making possible a
good structure and sustainable operation of eco-
systems over time. Under this principle, the diagno-
sis of the state of health of aquatic systems takes
on great importance, with the introduction of the
concept of ecological status, which is based on the
combination of biological, hydromorphological and
physico-chemical indicators (including priority sub-
stances) which are capable of providing the neces-
sary information and which, at the same time, fit the
structural and functional context of these ecosys-
tems. Once the ecological status of the different
water bodies have been analysed and the pressures
conditioning the impacts measured, the pro-
grammes of measures to make human activity com-
patible with the good ecological and chemical sta-
tus of water bodies will have to be drawn up.

Thanks precisely to the considerable research effort
made in the study of aquatic ecosystems, driven by
the pioneering work of Prof. Ramon Margalef more
than 50 years ago, in Catalonia we now have the
knowledge we need to be able to develop appropri-
ate management instruments concerning the obli-
gations imposed on us by the Directive. It is for this
reason that we particularly dedicate this chapter to
Prof. Margalef, a year after he passed on.

1. The Water Framework
Directive: from
physico-chemical quality
to ecological status

At the end of 2000, the so-called Water Framework
Directive (2000/60/EC) (DOCE, 2000; hereafter,
WEFD) was published by the Commission and the
European Parliament. As its name indicates, this
European regulation attempts to provide a frame-
work for common water management action for all
European Union member states. Water ceases to
be seen exclusively as a resource and is considered
as a basic element of aquatic ecosystems and a
fundamental part of the achievement of a good state
of health, defined by the Directive as ecological sta-
tus. In these regulations, biological and hydromor-
phological aspects become important in the integral
diagnosis of quality, together with the already tradi-
tionally used physico-chemical elements and prior-
ity substances or persistent harmful pollutants
(some newly included). The Water Framework Direc-
tive proposed regulation of the use of water and
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associated spaces based on the capacity they have
to receive the different types of impact they can
support. So, an attempt is made to promote respon-
sible, rational and sustainable use of the environ-
ment so the maintenance of the structure and op-
eration of the community belonging to the system,
or the most similar one possible within an accept-
able margin, can be guaranteed over time; the eco-
logical status is very good or good. The difference
between very good ecological status (an almost
natural state) and good status (a slightly altered
state but one that ensures sustainable structure and
functioning acceptable for the ecosystem) is the
margin of effects tolerated by the Directive in terms
of the repercussion of human activity and use of
resources on aquatic systems.

This community regulation stems from the will to
organise and manage the water available in its nat-
ural cycle in an integrated way, accounting for its
functionality in the environment and its use as a
resource and getting away from a sectorial and
over-utilitarian view. To a degree, it is a result of the
general dissatisfaction in Europe caused by the im-
plementation and coming into force of various sec-
torial regulations which, in many cases, have not
obtained the desired results in improving aquatic
systems. Although they limit discharges and ag-
gression towards the environment and improve the
physico-chemical quality through the application of
different directives, in many cases aquatic ecosys-
tems have not recovered their state of health (their
functionality). The idea of this Directive was to
change the trend of previous Directives to limit dis-
charges above certain parameters (91/271/EEC,
76/464/EEC), or to determine the quality of the en-
vironment depending on its uses (75/440/EEC,
76/160/EEC, 78/659/EEC and 79/923/EEC), and
introduces the following basic principles:

¢ Principle of non-deterioration and achieve-
ment of a good integrated condition of surface
water and groundwater bodies. The need to
limit uses, discharges or activities directly or indi-
rectly affecting the water environment, depending
on the receiving environment and its capacity to
stand these impacts, taking into account the
structure and operation of the associated aquatic
ecosystems at all times. So, aquatic systems will
have to be characterised and typified in order for
the monitoring and diagnosis programme and the
management model for the system to be better
adapted.

Principle of combined approach to pollution
and integrated management of the resource.
The Directive includes the objectives and purpos-
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es of previous directives and incorporates them
into an integrated view of the systems to be ana-
lysed — in our case, aquatic systems — with a com-
bined approach and from an ecosystem point of
view. Limitations on the use of water, discharges
or activities that could have an impact on aquatic
ecosystems are imposed based on an integrated
analysis of the environment which, as well as con-
sidering appropriate physico-chemical elements
for the maintenance of good quality, establish use
by the main natural elements making them up
(biological communities) and the quality of the
structure that supports them (the habitat). The unit
(part of the system) for which integrated manage-
ment, the monitoring programme and the pro-
gramme of measures for the achievement or main-
tenance of good ecological status are drawn up,
is called a water bodly.

Principle of full recovery of costs of services
related to water and the use of aquatic spaces.
The new directive introduces the concept of full
recovery and internalisation of costs, as well as
environmental costs and the costs of the resource
(opportunity cost) deriving from the services re-
lated to the use of water, and of the sustainable
maintenance of the good state of health of the
associated ecosystems. The cost of the use of
water and river space in a sustainable way must
be passed on to the beneficiary or owner of the
activity that generates it.

Principle of public participation and transpar-
ency in water policy. The management of re-
sources and programmes of measures and mon-
itoring have to be integrated into the new Man-
agement Plan (new Water Plan) to achieve the
good ecological status of river systems, which
has to be drawn up through participation and
social consensus, based on mechanisms of pub-
lic participation and under complete public trans-
parency.

As we have said, the main purpose of the WFD is
the achievement and maintenance of the good eco-
logical and chemical status of surface water, the
good ecological and chemical potential of bodies
declared to be strongly modified and the good
chemical and quantitative status of groundwater
through a series of commitments and work that
must be carried out before the end of 2015 (figure
3.1.). It is worth saying that the Directive itself in-
cludes mechanisms to postpone objectives and the
reduction in requirements based on the declaration
of various water bodies as strongly modified be-
cause of their high degree of hydromorphological
alteration and condition of irreversibility for eco-
nomic, social or environmental reasons in the

1. Marking out the Hydrographical De-
marcations and assignment of the
Competent Authority (Art. 3). Before 22
December 20083.

2003

2. Characterisation of the Hydrographi-
cal Demarcations, analysis of the sta-
tus of the environment (pressures and
impacts and risk of failing to comply
with WFD objectives), and economic
analysis (Art. 5). By the end of 2004,
revised before 22 December 2003 and
then every 6 years.

2004

2006 3. Monitoring Programme (Art. 8). Operative
before the end of 2006; it will be revised
together with the Management Plan.

2009 | 4. Programme of Measures (Art. 11). This
will be drawn up and approved before the
end of 2009, the measures will be opera-
tional before the end of 2012, and it will be
revised later before 22 December 2015;
subsequently, every six years.

5. Management Plan (Art. 13). The Man-
agement Plan will be published and will
come into force before 22 December
2009, it will be updated before 22 Decem-
ber 2015 and subsequently every 6 years.
To encourage public participation and
provide information, following the princi-
ple of transparency, a list of the main is-
sues to be dealt with in the Management
Plan will be drawn up and made public
two years before the plan’s publication,
by 22 December 2007 at the latest, and a
copy of the Management Plan must be
published a year before it is approved,
before 22 December 2008 at the latest, so
it can be consulted and revised.

2015 6. Achieving good status in water bodies
(Art. 4). This must be achieved by 22 De-
cember 2015.

<
-«

Figure 3.1. Schematic summary of the schedule of the main actions
to be implemented under the Water Framework Directive: (2000/60/
EC).

achievement of good ecological status (reservoirs,
heavily canalised stretches of river, etc.), or for the
justified impossibility of achieving the objectives of
the WFD under the established terms (two exten-
sions of six years or exemption).

The concept of ecological status is introduced by
the regulatory text of the Water Framework Directive
and appears as a key measurement element for the
analysis of the quality of the aquatic systems and
their management, including the vision of their state
of health (an expression of the structure and opera-
tion of ecosystems). This concept appears in Cata-
lan legislation (Act 6/1999, and the reformed text of



the legislation concerning water in Catalonia, Leg-
islative Decree 3/2003, 4 November), and has been
transposed into Spanish regulations (Act 46/1999,
the reformed text of the Water Act 1/2001, 20 July,
amended by Financial and Administrative Measures
and Social Order Act 62/2003, 30 December). In all
cases, the procedures and protocols for measuring
the ecological status are under full development and
discussion (Prat et al., 2000; Prat, 2002; European
Commission, 2003), where there are still uncertain-
ties to be cleared up, such as the establishment of
the measurement of the hydromorphological qual-
ity of aquatic systems (rivers, lakes, etc.), although
there are some approximations for Catalan rivers
(Munné et al., 1998; 2003; Gutiérrez et al., 2001),
lakes (Ventura and Catalan, 2003), and wetlands
(Quintana et al., 2004), or the specific way the dif-
ferent elements of analysis to measure the ecolog-
ical condition will be established and combined,
depending on the operation of each type and sys-
tem to be investigated.

The types of aquatic systems must first be defined.
It is understood that ecological status cannot be
measured in the same way nor can the same qual-
ity objectives be demanded, for example, for moun-
tain river waters as for lower river flows, or for karstic
lakes as for alpine ones, or for coastal salty wet-
lands as for temporary fresh water ones, or ponds,
etc., and the elements of the system that must be
used and the way in which they must be used to

Biological
parameters

Aquatic flora
Benthic invertebrates
Fish fauna

Hydromorphological
parameters

Water system

Flow quantity and dynamic

Connection with groundwater
Continuity of the river
Morphological conditions

Depth and width (ecohydraulic)

Substrate

Bank structure
Physico-chemical General
parameters Temperature

Dissolved oxygen

Salts (conductivity)
Acidification (pH, alkalinity)
Nutrients

Specific
Priority substances (toxic and
hazardous)
Substances discharged in
significant quantities

Table 3.1. Elements to be considered in defining the ecological
status of the different water bodies (for example, rivers) defined in
the European Framework Directive (Appendix V).
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measure ecological status must be decided for and
adapted to each case or type. The elements to be
taken into account are indicated in the Directive in
its Appendix V (table 3.1) and, gradually, initiatives
and studies oriented towards combining the differ-
ent elements and parameters for analysing the eco-
logical status of rivers are coming out (Prat et al.,
2000a; Jaimez-Cuéllar et al., 2002; European Com-
mission, 2003; Catalan Water Agency, 2005), lakes
(Burton et al., 1999; Sutcliffe, 2001; Ventura and
Catalan, 2003), wetlands (Burton et al., 1999; Simon
et al., 2000; Lillie et al., 2002; Quintana et al., 2004),
and reservoirs (Armengol et al., 2003; Ferreira et al.,
2004).

2. Types of water systems and
reference conditions

According to the criteria established in Appendix Il
of the WFD, the first step that must be taken is to
characterise the water bodies in each hydrographi-
cal demarcation and group them, depending on
whether they are rivers, lakes (including wetlands),
transition waters, coastal waters, highly modified
waters or artificial waters. Once included in a cat-
egory, the different water bodies are subdivided into
types according to the natural characteristics that
might condition the structure and operation of the
ecosystem and, therefore, the management model
and diagnosis protocol. A hierarchical approach
must therefore be taken, firstly establishing the cat-
egories of water bodies (rivers, lakes, etc.), and then
classifying them into types (typification). Finally, the
water bodies (belonging to a type within a category)
are defined as the functional and management unit,
taking into account: (i) the geographical and hydro-
morphological characteristics; (i) human pressures;
(iii) their ecological status; or (iv) the fact that they
have a particular protection status.

The ultimate objective of this process is to mark out
the appropriate management units (water bodies) to
achieve the environment objectives of good status
(or potential). For each type of water body, the Direc-
tive requires the establishment of specific reference
conditions that must correspond with the hydromor-
phological, physico-chemical and biological status
of an undisturbed water body (or one little affected
by humans) in order to adapt the diagnosis as an
element of reference for the management of re-
sources. For the establishment of the reference con-
dition and thresholds between classes of ecological
status there are the guidelines of the European Com-
mission working group on reference conditions (Wal-
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lin et al., 2003), and subsequent proposals for the
inter-calibration of procedures to determine quality
classes (Pollard, 2005), in the Common Strategy for
the Implementation of the Water Framework Direc-
tive of the European Commission.

In the case of river systems, the Catalan Water
Agency, together with the Department of Ecology of
the UB, has carried out the work necessary for de-
termining the types of rivers we can find in the in-
ternal basins of Catalonia (Munné and Prat, 2002;
Munné and Prat, 2004), in accordance with the cri-
teria established by the WFD. Concerning the Cata-
lan river basins of the Ebre, the river typology had
already been defined by studies carried out through
an agreement between the Ebre Hydrographical
Confederation and the Department of Ecology at
the UB (Munné and Prat, 2000), which have subse-
quently been revised and adapted by the Environ-
ment Ministry (CEDEX). River types are necessary
in order to establish quality objectives and adapt
the programme of corrective measures most ap-
propriate for each system. For the classification,

neither human activity nor the modified descriptive
factors deriving from it must be taken into account,
as the purpose of this typification is centred on clas-
sifying groups of rivers with homogeneous natural
environmental conditions and, therefore, with the
structures and operation of similar ecosystems in
unaltered conditions. This will allow us, based on
the analysis of the references in each river type, to
classify disturbances of human origin more accu-
rately (Bailey et al. 1998), and to specify the pro-
grammes of measures for recovering these environ-
ments and achieving and preserving at least a good
ecological status.

The environmental heterogeneity of Catalonia and the
availability of reliable data representing this condition
make it possible to adapt the level of discrimination
while, at the same time, maintaining coherent spatial
interpretation and justification. So, using multivariant
analysis methodologies to classify and organise the
different stretches of river, through the analysis of en-
vironmental variables unaltered by human activity or
restored to their natural state (where and when pos-

/N Major rivers
/\/ Great Mediterranean rivers
Large rivers with low mineralisation
/\/ Wet mountain rivers on limestone
#/\/ Wet mountain rivers on silica
/\/ Mediterranean mountain rivers on limestone

/N Limit of the main river basins

.+~ Autonomous community boundary
% Bl Dams
~ ,' Internal river basins
Inter-community river basins

/N High-flow Mediterranean mountain rivers
Mediterranean mountain rivers on silica
Variable-flow Mediterranean rivers

/\/ Mediterranean rivers on silica
Coastal torrents
Rivers with influences from karstic areas

Figure 3.2. Fluvial types in the Inland River Basins of Catalonia (Munné i Prat, 2002; Munné i Prat, 2004), and in the Catalan Basins of the Ebre

and Garona rivers (Munné i Prat, 2000).
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1a. Wet mountain rivers on silica

1b. Wet mountain rivers on limestone

2a. Mediterranean mountain rivers on silica
2b. Mediterranean mountain rivers on limestone
2c. High-flow Mediterranean mountain rivers
3a. Lowland Mediterranean rivers

3b. Mediterranean lowland rivers on silica
3c. Rivers with karstic influence

4a. Major rivers

5a. Coastal torrents

6a. Large rivers with low mineralisation

7a. Great Mediterranean rivers (lower stretch of the
Ebre)

Table 3.2. Fluvial types in the Internal River Basins of Catalonia
(Munné i Prat, 2002; Munné i Prat, 2004), and in the Catalan Basins
of the Ebre and Garona rivers (Munné i Prat, 2000).

sible), hydrological, morphometric, geological and
climatic variables, 12 “river types” have been defined
in Catalonia within a European contextual framework
useful in the sphere of river basin management and
operating at the level of river basin body (the Catalan
Water Agency) (table 3.2 and figure 3.1).

The reference water bodies for each river type must
be defined and the reference conditions assigned
through the analysis of the biological, morphometric
and physico-chemical quality. For this task, stretch-
es of river must be sought out within each river type,
which are very well preserved and natural, and al-
most no alteration by human activity (reference
stretches of river) (Bonada et al., 2002). Through the
analysis of the natural conditions of the selected
reference stretches, the quality objectives will be
set for each river type which, in some cases and for
some of the elements analysed, may be the same
for two or more types. In the case of the internal
river basins of Catalonia, the search for reference
stretches of river is quite complex, above all in the
case of some river types with strong human pres-
ence on their banks or in their drainage basins. This
is the case of the major rivers (lower stretches great-
ly affected by human action) or the high-flow Med-
iterranean mountain rivers (with many industrial
activities on their banks).

The typification of rivers and analysis of their refer-
ence conditions are the basis making it possible to
adapt the sectorial plans and action programmes
to the specific characteristics of the river areas of
the internal river basins of Catalonia, such as the
Sanitation Plan and its future revisions, Restoration
and Hydromorphological Recovery and Riparian

3. Ecological aspects of the Water Framework Directive

Woodland Plans or Zonal Plans for the implementa-
tion of environmental flows.

Concerning lakes and wetlands, prior to the typifi-
cation and characterisation of the systems, the cri-
teria making it possible to select them as water bod-
ies must be defined. The WFD, in Appendix Il, estab-
lishes the criteria of 50ha when it comes to selecting
lake systems to be considered as water bodies, but
this criterion is shown to be totally insufficient when
it comes to taking into account more singular and
representative systems of various surrounding areas
and aquatic environments, above all in the Mediter-
ranean area. In the Catalan river basins, the Catalan
Water Agency has proposed as water bodies all
lakes and ponds measuring more than 8ha, and lake
systems smaller than 8ha, but which come under
some protection system (PEIN, SAC, SPA, Partial
and Total Nature Reserves, Wildlife Reserves), con-
servation plans for threatened species such as the
otter, the Spanish toothcarp or the grey heron (wet-
lands of interest for the conservation of fauna and
flora), systems that ca be considered reference ones
(with very good or good ecological status) and those
with singular characteristics within Catalan aquatic
ecosystems defined according to the many studies
carried out up to now in Catalonia.

With this consideration, 9 different types of lakes
(more than 0.5ha in area and more than 6m deep)
have been differentiated in Catalonia (Ventura and
Catalan, 2003) (table 3.3), according to their origin
(alpine or karstic), their alkalinity (acid or alkaline wa-
ter), the size of the lake or the influence of the river
basin on the water body (small lakes with a great deal
of influence from the drainage basin or large ones
with little influence and contributions of organic mat-
ter). As an example, the following lakes are classified
into the different corresponding categories (the ac-
ronym for the different categories found in table 3.3.
is in brackets): Banyoles (CGG), Montcortés and
Basturs (CPP), Baiau superior (AAA), Romedo de
dalt (AAM), Sen6 (AAG), Garrabeia and Gerber
(ACG), Gran d’Amitges and Gran de la Pera (ACA),
Llong, Nere and Ratera (ACB), Llebreta (ALK).

For the typification of wetlands, understood as eco-
systems with (seasonal or permanent) shallow (less
than 6m) standing water, in comparison with lakes,
in the Catalan river basins, the Catalan Water Agen-
cy has based itself on the Inventari de zones humides
de Catalunya (Inventory of wetlands of Catalonia)
(202 wetlands) (Balaguer and Mufioz, 2001), and
studies already carried out on the Iberian peninsula
(Alonso, 1998; Trobajo et al., 2002). Alonso (1998)
defines as lagoons wetlands with a defined perimeter,
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Types of lakes

Characteristics

(CGG)  Large karstic lakes Karstic origin and larger than 50ha in area
(CPP) Small karstic lakes Karstic origin and smaller than 50ha in area
(AAA) Alpine lakes with very acid water Alpine origin (> 1,500m altitude) and less than Opeq./I alkalinity
(AAM) Alpine lakes with acid water Alpine orlglr.1 (> 1,500m in altitude), between 0 and 20 peq./I alkalinity, with
metamorphic rock
(AAG) Alpine lakes with very diluted Alpine origin (> 1,500m altitude), between 0 and 20 peq./I alkalinity, with
waters metamorphic rock
(ACG) Large alpine lakes Alpine origin (> 1.,500m altitude), between 20 and 200 peq./I alkalinity,
more than 10ha in area
(ACA) Typical alpine lakes Alpine origin (> 2.,300m altitude), between 20 and 200 peq./I alkalinity,
more than 10ha in area
i ) Alpine origin (between 1,500m and 2,300 in altitude), between 20 and
(ACB) Low-lying alpine lakes 200ueq./I alkalinity, more than 10ha in area
(ALK) Alkaline alpine lakes Alpine origin (> 1,500m altitude) and less than 200peq./| alkalinity

Table 3.3. Types of lakes (> 0.5ha in area) defined in the Catalan River Basins (Ventura i Catalan, 2003).

but whose maximum depth does not allow the es-
tablishment of a stable thermocline and where the
bottom is or can be covered with macrophytes. A
typification of these ecosystems has been drawn up
(Quintana et al., 2004) based on the exhaustive anal-
ysis of the communities and dynamics in 27 wet-
lands. It has subsequently been adjusted and verified
through the seasonal analysis of 40 more systems.
The result is the definition of 4 types of wetlands in
Catalonia, depending on the salinity of the water (av-
erage conductivity), its origin (marine or continental)
and the permanence of the water (the seasonality of
the system) (table 3.4). The fact that there are differ-
ences in the composition of the fauna and abundance
and diversity of taxons in the different (undisturbed)
wetland typologies means the quality of these groups
must be assessed separately.

Types of wetlands Characteristics

> 5mS/cm, of continental

(HTA)  Athalassohaline -
origin
(HTA)  Thalassohaline > 5mS/cm of marine origin
(HDP) E:&Tagfp;ailit < 5mS/cm and flooded > 6
fresh :/ater ’ months of the year
(HDT) Seasonal, fresh <5 mS/cm and flooded < 6

water months of the year

Table 3.4. Types of wetlands defined in the Catalan River Basins
(Quintana et al., 2004).

Forming part of lenitic epicontinental systems
(lakes), in Catalonia we find reservoirs - manmade
systems for regulating river flows and making use
of their water. Within the category of highly modified
water bodies, reservoirs are considered as highly
modified stretches of river, similar to lenitic ecosys-
tems (lakes). The analysis of some of the biggest
reservoirs in Catalan river basins has been being
carried out for some time in order to improve their
management, as is the case with Sau or Boadella,
but there is still much to be discovered in other res-
ervoirs. Because of this, at the Catalan Water Agen-
cy, through an agreement with the University of
Barcelona (Drs. Armengol and Navarro) and the Uni-
versity of Girona (Dr. Garcia-Bertou and collabora-
tors), seasonal sampling of the whole annual cycle
in Catalan reservoirs has been carried out in order
to characterise them and to put forward the appro-
priate protocols for analysing and monitoring them
(Armengol et al., 2003). In total, 21 reservoirs have
been analysed, seasonally sampling their main
physico-chemical characteristics and their water
column profiles, the main phyto-plankton pigments
and the fish populations (in 14 reservoirs). As a re-
sult, Catalan reservoirs have been classified into 6
different types (table 3.5), according to altitude cri-
teria (over or under 815m), size of the reservoir or
volume (over or under 20hm?), distance from the
coast (over or under 25km), concentration of chlo-
rides from the drainage of the river basin (over or
under 40mg/l) and size of entry flow or surface of
the drainage basin (over or under 10,000km?).
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Types of reservoir Characteristics

I.  Large reservoirs at altitude Altitude above 815m and capacity of more than 20hm?

Il.  Small reservoirs at altitude Altitude above 815m and capacity of less than 20hm?

Ill. Coastal reservoirs at low altitude Altitude below 815m and less than 25km from the coast

Altitude below 815m, less than 25km from the coast and with
chlorine concentrations of less than 40mg/I

IV. Reservoirs at low altitude whose water contains
few minerals

Altitude below 815m, less than 25km from the coast, with chlorine
concentrations greater than 40mg/I and with a drainage area of less
than 100km?

V. Small reservoirs with mineralised water

Altitude below 815m, more than 25km from the coast, with chlorine

VI. Large reservoirs with mineralised water concentrations greater than 40mg/l and with a drainage area of

more than 100km?

Table 3.5. Types of reservoir defined in the Catalan River Basins (Armengol et al., 2003).

3. The concept of bioindicator
and ecological status:
experiences in Catalonia

In the last few years, various studies of Catalan
river systems have been carried out aimed at en-
vironmental diagnosis using biological elements,
such as the community of benthic algae (Cambra
et al., 1991; Munoz and Prat, 1994; Merino et al.,
1994; Sabater et al., 1996), macroinvertebrates
(Mufioz et al. 1998; Munné and Prat, 1999; Prat et
al., 1999), or the fish community (Aparicio et al.,
2000). In addition, the competent administration
for the river basin’s of Catalonia (the Catalan Water
Agency) has established quality monitoring net-
works using indices based on macroinvertebrates,
such as the (Benito i Puig, 1999), deriving from the
Iberian IBMWP (Alba-Tercedor and Sanchez-Or-
tega, 1988; Alba-Tercedor et al., 2002), and the use
of indicators to measure the quality of riverbank
woodland is being introduced, such as the QBR
(Munné et al., 1998; Munné et al., 2003), and the
IVF (river vegetation index) (Gutiérrez et al., 2001),
the analysis of the fish community with using the
IBICAT index (Sostoa et al., 2003), the analysis of
the phytobenthic community using of diatom algae
(IPS, IBD and CEE indices) (Sabater et al., 20083;
Cambra et al., 2003), or the use of benthic mac-
roalgae (Cambra et al., 2003), and the analysis of
the river habitat (IHF index) (Pardo et al., 2002).
Work is continuing on the response of these indi-
ces to river typology, specifying the reference con-
ditions for each one of them, so that the value of
the diagnosis can be adjusted to make it compa-
rable between stretches of river.

In order to ensure that it is possible to compare dif-
ferent monitoring systems, the results must be ex-
pressed in the form of the ecological quality relativ-
ised index (EQR). This indicator is the quotient be-
tween the values of a biological parameter meas-
ured in a water body and the value of the same
parameter under reference conditions within the
same type. The EQR must expressed as a numerical
value between zero and one, where very good eco-
logical status is represented by values close to one
and poor ecological status by values close to zero.
A procedure for calculating the EQR needs to be
developed for each of the indicators used for ele-
ments of biological quality.

Using the different biological water quality indicators
and combining them in accordance with the proto-
cols established in the working groups for the inter-
pretation of the Water Framework Directive and its
Appendix V (Wallin et al., 2002; European Commis-
sion, 2003), together with the analysis of the hydro-
morphological and physico-chemical quality, it is
possible to design a procedure for analysing eco-
logical statuses. This is currently at the phase of
detailed adjustment before being definitively adopt-
ed as a protocol for analysing ecological status in
Catalonia (figure 3.3). This analysis protocol for eco-
logical status, adjusted to the river types existing in
Catalonia, must become the tool on which the future
programme of measures for achieving the objectives
of the Water Framework Directive is based.

Using the combination of measurements shown in
figure 3.3, an analysis is made of the ecological sta-
tus of the rivers and internal river basins of Catalonia
(figure 3.4). The results show that, despite the im-
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Figure 3.3. Combination of quality measurements and indicators of fluvial systems for establishing the ecological status of Catalan rivers.

provement in quality of the last few years, above all
since the implementation of the sanitation plan in
Catalonia, there are still approximately 40% of river
stretches whose status is below acceptable accord-
ing to the Water Framework Directive (good or very
good status). Along these stretches, programmes
of measures will have to be applied to improve the
health of the environment. In some cases this will
not only come through cleaner water but also
through ensuring a minimum circulation flow, im-
proving habitat diversity or restoring riparian wood-
land. The stations with biological water quality
similar to a natural, undisturbed state (very good
status) are at the heads of rivers and in areas with
little human activity, while the majority of river
stretches show moderate or deficient status, with
euthrophised water — above all stretches with dis-
charges from treatment plants and low natural flow
to dilute these, or river stretches with insufficient
clean-up systems — are in the lower reaches, near
the large urban concentrations. In the lower stretch-
es of rivers we find the most degraded quality
states, above all in the most urbanised stretches -

the Besos and the Llobregat beside Barcelona and
the lower stretches of the Francoli and the Anoia.
On these stretches the possibility and real viability
of improvement to good status will have to be ana-
lysed and, if this is not possible, the best possible
quality will have to be defined and adopted for each
location — what the WFD calls ecological potential.

The fish community is probably the one that has
suffered the sharpest and most progressive deterio-
ration in the last few years. Certain species, such as
the chub (Squalius cephalus), and three-spined
stickleback (Gasterosteus gymnurus), have suffered
a significant recession in their distribution areas,
above all in the last 50 years (Sostoa et al., 2003),
and invading species such as the carp (Cyprinus
carpio), the pumpkinseed fish (Lepomis gibbosus),
the roach (Rutilus rutilus), the bleak (Albustus albur-
nus) and the American perch (Micropterus sal-
moides), among many others, have proliferated, al-
tering the trophic network and the balance of the
ecosystem. Nowadays in Catalonia there is a conti-
nental fish fauna of about 47 species, of which 21
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Figure 3.4. Analysis of integral biological quality (using benthic macroinvertebrates, diatom algae and fish) in the internal river basins of Catalonia.

Data from the Catalan Water Agency (IMPRESS document, 2005).

(45%) are considered to have been introduced (most
recent unpublished data indicate that the percentage
is now over 50%). This situation has occurred not
only because of the lack of physico-chemical qual-
ity suffered in many stretches of river which, as they
have slowly recovered, have encouraged the invasion
of rapidly colonising introduced species, but also
because of the constant destruction of river habitats,
the lack of adequate circulating flows (above all be-
cause of the regulation of rivers by dams and the
action of mini-power stations), the absence of peri-
odic flooding, water pollution (Poff et al., 1997), and
the lack of quality of riparian woodland. However, as
well as the favourable conditions for the proliferation
of invading species, it must also be emphasised that
someone introduces them or encourages this prac-
tice. Fish density in the majority of Catalan rivers is
nowadays under 1,000 individuals per hectare and
only some well-preserved heads or stretches of riv-
ers show densities above 10,000 ind./ha. (Sostoa et
al., 2003). In the first approach to analysing river
quality in Catalonia using a fish index (IBICAT index),
out of a sample of 317 stations analysed, 193 (61%)

were considered affected and the rest — 124 stations
basically situated at the heads of the Fluvia, Ter and
Tordera and in the higher basins of the Nogueras and
the Segre (39%) showed a status of acceptable qual-
ity, that is, with fish communities showing good
structure and taxonomic composition.

Concerning the quality of the riverbank areas - ripar-
ian woodland - this has also suffered severe deg-
radation in the last few years (figure 3.5). At the
Department of Ecology at the UB, and with the sup-
port of the Environmental Service of the Barcelona
Provincial Council, the quality of riparian woodland
on the major rivers of the province of Barcelona has
been monitored since 1998, using the QBR index.
At the same time, at the Catalan Water Agency, the
information available on the use of the QBR index
at various places in Catalonia studies by different
organisations and local or supramunicipal bodies
has been collected and samples have been taken
at some stations (figure 3.4, table 3.6). The results
show us that almost 70% of the stations studied
show unacceptable status and this situation ap-
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pears to indicate a growing trend over the last few
years, probably because of various urban develop-
ment actions, occupation of the land closest to the
major rivers, canalisations and channels carried out
to gain land for development or the passage of line
services and infrastructures or forestry exploitations
on the riverbank and extraction of aggregates in a
way that does not respect the environment. Only
10% of the stations analysed are in excellent or al-
most natural state (table 3.6). The analysis of the
results indicates the great effort that will be neces-
sary to improve this situation and to be able to
achieve good ecological status, if we want to com-
ply with the European directives (WFD).

Concerning lakes or ponds, there are various stud-
ies and works bringing us closer to discovering the
dynamics and operation of Catalan lenitic ecosys-
tems, as is the case with karstic lakes (Miracle and
Gonzalvo, 1979), and specifically Banyoles (Planas,
1973; Abella, 1986; Bolds, 1986; Rieradevall and
Prat, 1991; Garcia-Bertou and Moreno-Amich, 2002)
and Montcortés (Margalef, 1950; Camps et al., 1986;

Quality Status Stations analysed %
Very good 57 12
Good 99 19
Mediocre 125 24
Deficient 127 25
Poor 104 20
Total 512 100

Table 3.6. Quality of riparian woodland using the QBR index in
internal river basins in Catalonia. The number of stations at each
quality level is indicated, as well as the respective percentages. Data
compiled from various sources.

Modamio et al., 1988), or the Pyrenean lakes (Ball-
esteros and Garcia, 1988; Catalan et al., 1993; Ven-
tura et al., 2000). Both the alpine and karstic lakes
and ponds of Catalonia are generally oligotrophic
systems, which greatly limits the abundance and
composition of the phytoplankton that can be found

Quality level according to QBR
s >095
® 75-90
55-70
30-50
® >25
. River network
"~ Limit of the main river basins
. Autonomous community boundary
Hl Dams
Internal river basins
Inter-community river basins

Figure 3.5. Quality of riparian woodland using the QBR index in internal river basins in Catalonia. The stations analysed are shown with the
colour identifying each quality level. Data compiled based on various sources (Catalan Water Agency, 2005).
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Analysis elements

Indicators or measurements used

Biological elements

Phytoplankton (composition and abundance)
Phytobenthic (Diatoms)

Macrophytes

Invertebrates
Fish

Concentration of chlorophyll a, index of algae groups (IGA)
Diatom index

Richness of macrophytes, percentage of helophytic vegetation on the
coast

Macroinvertebrate index
Richness of species, introduced species

Hydromorphological elements
Depth fluctuations

Relative measurement of the change in level (in cm) compared to a fixed
shore point. In lakes, use the terrestrial vegetation threshold

Physico-chemical elements

Transparency

Thermal, oxygenation and salinity conditions
State of acidification

State of nutrients

Secchi disc and turbidity

Temperature, Oxygen, TOC and Conductivity
pH and Alkalinity

TP, SRP, TN, N-NO,, N-NO,, N-NH,

Table 3.7. Analysis elements and indicators used for calculating the ecological status of lakes in Catalonia (Ventura and Catalan, 2003).

there (Ventura and Catalan, 2003). This means that,
rather than defining the species that should be
there, which can vary greatly from one place to an-
other and throughout the year in the same place, it
is necessary to define well the communities that
should not be found there, using the right indicators.
The singularities of each lake must not be taken into
account separately and individually, something that
is very clear in the case of karstic lakes, where the
phytoplankton in each one is often singular (e.g.
Ceratium cornutum in Basturs pond). Instead it is a
question of establishing an overall value for their
state of health. For this reason, it is important to
define an indicator for an appropriate quantity,
which will normally be the concentration of chloro-
phyll, accompanied by a general quality indicator
that makes clear any deviation from the reference
conditions (table 3.7).

Benthic algae are more seasonal than phytoplank-
ton, which means the result does not depend so
much on sampling at a particular time of year;
against it, there is the fact that there is high spatial
heterogeneity, which makes it more difficult to take
representative samples. Macrophytes form another
important element of aquatic fauna. In oligotrophic
lakes, where there is considerable light penetration,
they are common and constitute an element denot-
ing quality; however, in alpine lakes their presence
is limited at altitude, especially above 2,300m. Fi-
nally, the presence of a belt of helophytic vegetation
around these lakes is a characteristic feature of
them. This aspect, in alpine lakes, depends on many
factors and it is very difficult to take into account

with the general typology that has been established.
However, it is a fundamental feature of karstic
lakes.

As for fish, in alpine lakes these are usually intro-
duced (Mir6 and Ventura, 2003). Although from a
conservation point of view this is a very negative
aspect, from the point of view of ecological status,
in relation to water quality, the effect is less serious,
as in many cases it is difficult to show the conse-
quences of this alteration in the ecosystem (Ven-
tura and Catalan, 2003). The case of karstic lakes
is very different: each one can be a world of its own.
The most studied has been the one at Banyoles,
where the introduction of species has been a con-
stant and now these dominate the population (Gar-
cia-Bertou and Moreno-Amich, 2002), causing seri-
ous alterations to the environment.

In general, it can be stated that the ecological status
of lakes in Catalonia is good (figure 3.6). The major-
ity of alpine lakes are show very good status even
though the majority have several introduced or
translocated fish species (Salmo trutta and Phoxi-
nus phoxinus), except for those used for hydro-elec-
tric generation (deficient or poor status). As for the
karstic lakes of Basturs, Montcortés and Banyoles,
these show good status and their protection is es-
sential, given their singularity.

As for wetlands, there is relatively little information
about the application of biological indices to marsh-
es and lagoons (Burton et al. 1999, Veraart 1999,
Simon et al. 2000, Lillie et al. 2002, Pennings et al.
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Diagnosis of the ecological status of the lakes of Catalonia

Figure 3.6. Ecological status of the alpine and karstic lakes (> 0.5ha) of Catalonia (data from 2002) (Ventura and Catalan, 2003).

2002; Fano et al., 2003). All this is very recent and
often limited to geographical areas that have little
to do with Mediterranean climatology. On the Ibe-
rian peninsula, Cirujano et al. (1992) suggested the
use of vegetation for assessing marsh systems,
which has been a reference up to now, together with
other Spanish (Bayo et al., 2001) or international
studies (Adamus et al., 2001). Through the Euro-
pean ECOFRAME project (Moss et al., 2003), meth-
ods for analysing the qualitative status of wetland
areas have also been suggested. In Catalonia there
are few studies aimed at assessing water quality in
marshes (e.g. Bach et al. 1998), and still fewer sug-
gesting a system for monitoring water quality based
on aquatic organisms (Moreno-Amich et al. 1999).

The Catalan Water Agency, by agreement with the
University of Girona, has developed two indices for
establishing the ecological status of wetlands: the
QAELS index (Water Quality of Shallow Lenitic Eco-
systems), which assesses water quality based on
the composition, richness and abundance of inver-
tebrates, and the ECELS index (State of Conserva-

tion of Shallow Lenitic Ecosystems), which assess-
es the conditions of the whole ecosystem, (Quintana
et al., 2004). Each index provides additional infor-
mation about the ecological status.

The QAELS index is obtained based on the combi-
nation of two preliminary indices: one based on the
abundance of indicator taxons of cladocerans,
copepods and ostracods (ACCO index), and an-
other based on the richness of taxons of crusta-
ceans and insects present (RIC index). The ACCO
is calculated based on the relative abundance of the
quality indicator (sensitive) taxons, which are differ-
ent for each of the three types of aquatic system.
To obtain the ACCO index, a criterion has been
identified for each of the groups resulting from the
typification. The RIC index takes into account an-
other fraction of the community (macroinverte-
brates) as well as microcrustaceans and provides
additional information for assessing the water qual-
ity. Taxonomic resolutions at family level and above
are not suitable for calculating the ACCO index, be-
cause in the same family (in some cases even in the



same genus) there can be species corresponding
to very different water quality situations.

QAELS values vary over time, in accordance with
the intrinsic variability in shallow lenitic Mediterra-
nean ecosystems. To discover the variation in
QAELS values throughout the year in a water body,
it is necessary to take a sample every month. How-
ever, an approximate QAELS value for a water body
can be obtained with four seasonal samples. If the
purpose is to assess the water quality in the wet-
lands of an area, two samples can be taken: one at
the beginning of the spring and one at the end.

In the 91 wetlands studied in Catalonia (Quintana et
al., 2004) a different pattern in the relationship be-
tween the biological quality of the water and the state
of conservation or hydromorphological quality has
been made clear, depending on the typology (table
3.8). So, in thalassohaline water, most water bodies
show biological water quality between moderate and
very poor (categories from Ill to V), with very good or
good hydromorphological status (categories | and
I). In this same typology, a single water body has
shown “acceptable” biological quality and “deficient”
hydromorphological status. By contrast, in perma-
nent and semi-permanent salt or fresh water, a con-
siderable number of water bodies have shown “ac-
ceptable” biological quality and “deficient” hydro-
morphological status, while there are few cases of
the opposite type. Most temporary salt or fresh wa-
ter shows both good water quality and good hydro-
morphological status. A closer relationship between
water quality and hydromorphological status has
been observed in this group, as in more than 70% of
cases both aspects have been either “acceptable”
or “unacceptable”. It must be mentioned that in the
four types of wetlands, environments with very good
ecological status have been found.

Variations throughout the year in QAELS index val-
ues may be very great, especially for thalassohaline
water bodies, where there are three water bodies

3. Ecological aspects of the Water Framework Directive

varying throughout the year between categories |
and V (Fra Ramon, Bassa del Pi, Reguerons) or nine
water bodies (35%) that include categories between
I and IV or between Il and V throughout the year
(table 3.8). The values corresponding to the best
quality occur during autumn and winter, periods
when water usually circulates in the marsh. In the
summer, by contrast, lower quality values appear,
coinciding with periods of confinement, during
which most of the nutrients that have entered these
water bodies become concentrated. In permanent
or semi-permanent salt-fresh water bodies, the cat-
egory variations are not so great, although one wa-
ter body that takes values between category | and
V (Rec Madral at the middle bridge) is observed,
together with three water bodies (9%) with catego-
ries between | and IV or between Il and V. It is dif-
ficult to analyse the variability of the ponds in group
IIl because many of them are temporary and there
is only a single sample. Despite this, the variability
in this group seems relatively low, as indicated by
the degree of change in water bodies shown in more
than one sample.

Faced with this variability, which is the result of sea-
sonal changes in the concentration of nutrients in
wetlands and in the biological cycles of organisms,
it must be taken into account that a single value of
QAELS, measured during the year may not correct-
ly reflect the water quality. In this sense, the collec-
tion of samples at times of year when there are very
rapid changes must be avoided, such as during days
following a flood episode or on days immediately
before temporary marshes dry out. The QAELS in-
dex must be determined differently if the objective
sought is to study the water quality of a particular
pond or if the index is being used as one of the de-
scriptive factors for the environmental assessment
of an area. So, in order to assign a single QAELS
value to a body of water, it is proposed that the
QAELS value should be calculated once a month
throughout the annual cycle and the average of the
QAELS values obtained should be assigned to each

Thalassohaline Salt/fresh Salt/fresh

waters perm./semi-p. waters temporary waters

(28 cases) (39 cases) (24 cases)

QAELSe I /1l & ECELS I / 1l 7 (25%) 9 (23%) 12 (50%)
QAELSe I /1l & ECELS Il / V 1 (4%) 14 (36%) 2 (8%)
QAELSe Il /V & ECELS | /1l 14 (50%) 4 (10%) 5 (21%)
QAELSe lll /V & ECELS Il / V 6 (21%) 12 (31%) 5 (21%)

Table 3.8. Relationship between water quality and the state of conservation of the water bodies studied. Categories | and Il are considered as

“acceptable” and categories Ill, IV and V as “deficient”.
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water body. If, because of sampling difficulties, there
is a need to reduce the number of samples over
time, a minimum of one sample per season must be
ensured. If, however, the idea is to assess the water
quality in all the ponds and lagoons in an area (e.qg.
EIN, municipality, county or all Catalonia) it is sug-
gested that two samples a year should be taken, one
at the beginning of spring and the other at the end
of spring (always avoiding times of maximum flood-
ing and times of near drought) and the average
QAELS value calculated. The end of spring is also
the right time for calculating the ECELS index.

Concerning reservoirs, the Catalan Water Agency,
through an agreement with the University of Barce-
lona and University of Girona, has analysed 21 of
them (Armengol et al., 2003) in order to establish
the mechanisms and protocols for the integrated
analysis of ecological potential and to diagnose
their state of health. From the studies, it is conclud-
ed that the analysis of the chlorophyll together with
the presence and abundance or density of carp

(Cyprinus carpio) are the key biological elements for
determining the quality of the system, together with
the measurement of the turbidity of the water, the
concentration of oxygen in the hypolimnion and the
total concentration of phosphorus in the reservoir
(table 3.9). The presence of exotic introduced spe-
cies in reservoirs increasingly conditions the qual-
ity of the system as they alter the trophic chain,
destructuring the balance between predators and
prey, zooplankton and phytoplankton and causing
algae blooms, some cases of cyanobacteria and the
generation of toxic substances (e.g. microcystins,
etc.) (Armengol, com. pers.).

The quality or ecological potential of Catalan reser-
voirs shows great spatial variability and also, in
some cases, temporal variability (figure 3.7). Gener-
ally, the Ebre reservoirs show good status, together
with those of Noguera Ribagorcana, while in the in-
ternal basins (Llobregat, Ter and Muga) and Noguera
Pallaresa, the situation is more pessimistic. The OI-
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Figure 3.7. Ecological potential of the reservoirs analysed (data from 2002-2003) in Catalonia (Armengol et al., 2003). The types of reservoir

correspond to those described in table 3.5.

68



Indicators or measurements

Analysis elements
used

Biological elements
Phytoplankton Concentration of chlorophyll a

Concentration of chlorophyll
from cyanophytes

Fish Percentage of species with
anomalies

CPUE for shore carp
CPUE limnetic carp

Physico-chemical
elements

Transparency Depth of Secchi’s disc

Oxygenation conditions % saturation of hypolimnetic

oxygen

Concentration of
nutrients

Total phosphorus

Table 3.9. Analysis elements and indicators used to calculate
ecological potential in the reservoirs of Catalonia (Armengol et al.,
2003).

de Montgai reservoirs show deficient status, as
does the Rialb reservoir (although the latter shows
this status because it has recently been flooded and
is at a maturing phase). In the internal river basins
of Catalonia, the Foix reservoir shows worst status
in terms of quality, on the threshold between me-
diocre and deficient, while Sau reservoir has under-
gone a notable improvement in recent years.

4. Risk of failing to meet the
Water Framework Directive
objectives. Challenges and
problems in the immediate
future

In order to find out the problems suffered by our
river ecosystems and improve the design and crea-
tion of the appropriate corrective measures allowing
us to achieve the objectives of the Water Framework
Directive and good ecological and chemical status
before the end of 2015, the WFD, in its Art. 5, estab-
lishes that for each hydrographical demarcation an
analysis of the pressures and impacts on water bod-
ies and an assessment of the risk of not achieving
the objectives set by the WFD should be drawn up.

The analysis of pressures and impacts on internal
river basins in Catalonia has been carried out fol-
lowing the recommendations of Guidance Docu-
ment No. 3 (CIS, 2003) and is shown in the WFD

3. Ecological aspects of the Water Framework Directive

IMPRESS document (Catalan Water Agency, 2005).
In this way, the risk faced by certain river stretches,
based on the pressures assessed as significant,
taking account of the magnitude of the pressure and
the susceptibility or vulnerability of the receiving
environment (the river type and its capacity to with-
stand pressure) has been evaluated, and through
an analysis of the impacts measured in the environ-
ment (using biological, hydromorphological and
physiochemical indicators), the effect of the pres-
sures on the ecosystem can be specified. Based on
both analyses, the risk of not achieving the objec-
tives set by the Water Framework Directive can be
specified and assessed as being high, medium, low
or nil (figure 3.8).

The stretches of river (water bodies) coloured yellow
(low risk) and orange (medium risk) indicate that
programmes of measures must be drawn up to
make human activity compatible with the good sta-
tus of the water bodies. The water bodies coloured
red (high risk) indicate that greater effort and an
analysis of the viability of the corrective measures
is required. Some of the red stretches (high risk) are
candidates to be declared highly modified water
bodies in which the quality levels required will be
lower and adjusted to their ecological potential (as
established by the Water Framework Directive).

Some of the water bodies identified as low or me-
dium risk (coloured yellow or orange) can show
good or very good status (figure 3.8), which means
good management of the pressures on these river
stretches, at least in a wet year (data from 2003). In
these water bodies, the risk must be managed and
monitored and particular situations analysed.

40% of river water bodies show high risk of failure to
comply according to the analysis of pressures, while
this percentage is 9% according to the analysis of
impacts (figure 3.9). However, the lack of data for the
analysis of impacts has made it impossible to assess
the risk of non-compliance in 36% of water bodies.

The main effects detected in Catalan river basins
that could involve a significant risk of not achieving
the objectives set by the Water Framework Directive
and therefore require future action with appropriate
Programmes of Measures, can be summarised in
the following points:

¢ High density of dams and weirs, diversions for
mini-hydroelectric power stations and altered flow
systems. Zonal plans for implementing environ-
mental flows, compatibility of uses and sustain-
able hydroelectric production, resource manage-

69



The Water Framework Directive in Catalonia

{\ b Risk of failing to comply with the WFD
A~

2 Low
ﬂ \t ,’ LV P Medium
0 25 =" A N - High

Figure 3.8. River stretches (water bodies) with risk of failing to comply with the WFD objectives based on an analysis of pressures and impacts
on river water bodies in Catalan river basins. (Catalan Water Agency, 2005).
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Figure 3.9. Risk of failure to comply according to analysis of pressures (a) and analysis of impacts (b).
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ment plans, demand management and reservoir
exploitation rules are required.
Hydromorphological degradation, disappearance
of riparian woodland and morphodynamic altera-
tion. Loss of river habitats and occupation of ar-
eas subject to flooding. Hydromorphological res-
toration and riverbank protection plans or pro-
grammes must be implemented together with
planning of river spaces and areas subject to
flooding (PEF) (effect on regional planning).
Isolated biodegradable and industrial discharges
into sensitive stretches of river. (Review of the
sanitation plan for Catalonia. Implementation of
more efficient tertiary treatments and corrective
measures at origin).

Dispersed pollution, excess nitrogen of livestock-
rearing origin and herbicides (organic pollutants)
of agricultural origin. (Control of the application of
nitrogen and herbicides on farms. Control of
dumping from livestock farms).

Very low fish population quality. Heavy introduc-
tion of invasive, foreign species and loss of river
habitats. (Programme of monitoring and eradica-
tion of invasive species and recovery of river
habitats).

Low biological quality of the middle and lower
stretches of the major rivers. (Programme to reuse
regenerated water. Improvement of effluents, pro-
gramme to treat discharges from unitary systems,
programme to monitor priority substances).

High sensitivity to drought given the concentration
of capture of surface water in particular stretches
of river (Supply Plan for Catalonia).

5. Conclusions

The Water Framework Directive has the virtue of
integrating into the same management sphere (the
River Basin District or Hydrographic Demarcation)
surface water, groundwater, coastal water and sea-
water affected by continental water from the district.
The proper implementation of the concepts and
provisions established by the WFD become a com-
plex organisational diagram of actions in order to
achieve the required tools and appropriate criteria
for new water management based on concepts of
sustainability both from the environmental, eco-
nomic points of view including water resource main-
tenance, full transparency and public participation
in future plans and management programmes.

The ecological status of the aquatic systems is a
new tool for measuring the human effect on natural
systems that is provided to us by the new Water

3. Ecological aspects of the Water Framework Directive

Framework Directive (2000/60/EC) and which has
already been included in the Water Organisation,
Management and Charging Act (Act 6/1999) in
Catalonia. The ecological status measures for us,
in an integrated way, the operation and health of the
ecosystem and provides us with a reference for its
management and recovery. The programmes of
measures that must be included in the new Man-
agement Plan (Hydrological Plan) to achieve the
objectives of the Water Framework Directive (Plan
that must be drawn up before 2009) must make it
possible to achieve good ecological status by the
end of 2015 at the latest, and the analysis and sen-
sitivity of the receiving environment therefore be-
comes a key element conditioning the measures to
be implemented.

It must be taken into account, as the Water Frame-
work Directive says, that a cost/efficiency analysis
in order to define the most appropriate measures.
This means some of the “end of the pipe” measures
planned could be replaced by preventive measures
and action at source. Concentrating treatment at
the end of the process may turn out to be too cost-
ly and not very efficient if we compare it with the
results obtained by improving and recovering the
environment.

In the context of integrated water planning, the Na-
tional Plan for the Sustainable Management of Water
(announced by the Minister of the Environment and
Housing of the Government of Catalonia), future Pro-
grammes of Measures for achieving the objectives
set by the Water Framework Directive must be ana-
lysed and assessed, which must mean an important
change in strategy and in the use of resources and
spaces associated with aquatic ecosystems, making
the good health of the environment compatible with
the use of water as a resource. The studies carried
out to date by the ACA (summarised in the IMPRESS
document) form a very important document for draw-
ing up a future Management Plan following the WFD
guidelines (these studies can be found on the ACA
website: http://www.gencat.net/aca).
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(CEAB-CSIC) in the area of lakes and ponds; Drs.
Joan Armengol and Enrique Navarro (UB) and Drs.
Emili Garcia-Berthou and Ramon Moreno-Amich
(UdQ) in the area of reservoirs; Drs. Jaume Cam-
bra, Joan Goma, Roser Ortiz (UB), Sergi Sabater,
Elisabet Tornés and Manel Leira (UdG) in the area
of diatoms and river systems, and Drs. Adolf de
Sostoa, Nuno Caiola, Dolors Planas (UB) and Fre-
deric Casals (UdL) in the area of river fish are par-
ticularly worthy of mention. In addition, the studies
carried out by the ECOBILL team from the Univer-
sity of Barcelona (Maria Rieradevall, Nuria Bonada,
Carolina Sola, Mireia Vila, Rosa Casanovas, Marc
Plans, Cesc Murria and Tura Punti) have also been
very useful.
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