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Abstract: River areas are undoubtedly among the most valuable territorial areas in Europe, not only
in terms of their eco-landscape and use but also, culturally. However, there is currently a sharp
reduction in the extension and increase of deterioration of riverbanks around the world. A substantial
part of losses and deterioration are associated with the artificialization of the territories, derived
mainly from a less than respectful urbanization around these landscapes. Urban and peri-urban
riverbanks are landscapes in expansion due to the continuous growth of built-up spaces. Therefore,
they should be areas of preferential consideration, especially in territories with a marked tendency to
dryness, like the centre of the Iberian Peninsula. This article aims to contribute to our understanding
of these spaces through the study of four distinct cases in the centre of the peninsula, in particular:
the river Manzanares running through the city of Madrid, the river Tagus in Toledo and running
through Talavera de la Reina, and the river Henares in Guadalajara. Three of the four urban water
courses analyzed are zones of special interest for waterfowl: they sustain a winter population that
varies between 745 and 1529 birds and they provide a home to some globally threatened species.
The density of the riparian birds is also very high during winter, these values oscillating between a
mean of 141.16 and 240.12 birds/10 ha. It should be noted that the diversity of this group of birds in
the four regions studies is also high (H > 2.4 nats). The article also examines the interventions and
the urban planning criteria applied to these urban and peri-urban river spaces, inferring the need
to reassess urban planning in river areas to ensure it is compatible with their operation, values and
possible uses.

Keywords: urban rivers; urban planning; cultural landscape; natural landscape; waterfowl;
riparian birds

1. Introduction

River landscapes are among those most affected by human intervention around the world [1–4],
especially in historically longstanding urban areas where their alteration dates back many centuries [5].
All over the planet, rivers and their associated landscapes have been affected by intense fragmentation
processes, which cause significant simplification and a loss of connectivity. This circumstance limits
the river’s ability to flow uninterrupted and it affects many of their fundamental processes and
functions. Accordingly, it produces a rapid decline in biodiversity [6] and in essential ecosystem
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services [7]. Moreover, the occupation of areas near riverbanks by infrastructures often intensifies
these processes [8].

River areas are very valuable areas in terms of their use and ecology, as well as culturally [9–12].
Indeed, riverbanks are considered to be the most diverse, dynamic, and complex terrestrial habitats
on earth [13], and to be true accumulators of history. Like all landscapes, riverbanks are laden with
objective and subjective value, derived from the elements they contain and from the cultural references
they have accumulated [14]. These values are typical of the most natural spaces that are well-preserved
and only sporadically affected by human pressure. However, they are also characteristic of other less
well valued river areas, such as those located in areas that have received intense intervention and that
have been modified most significantly by human activity, the greatest example of which are probably
urban areas.

Urban river spaces, like other green areas and free spaces within cities, sustain species of fauna
and flora typical of non-urbanized environments [15], sometimes even rare or globally threatened
species [16]. The presence of these elements often reflects the complexity of these spaces, as well as
bearing witness to the persistence of natural remnants [17–19] and the density of the vegetation [20].
In terms of biodiversity, riverbanks are areas of particular interest, although except for some groups
of vertebrates like birds [21–24], their potential has not been widely explored [25,26]. However,
river ecosystems are also very vulnerable to invasion by non-indigenous species [27], the presence of
such exotic species generating problems for the conservation of biodiversity [28].

Although rivers and their banks are areas of special value, their proximity or position within
the built-up space generates multiple problems and tensions [29], which are generally associated
with a reduction in their area and the loss of specific values (environmental, territorial, landscape,
and cultural). In particular, the impact of human activities produces a significant homogenization
and a reduction of riparian vegetation [30], as well as reducing their possibilities to serve as spaces
for public use. Their conservation is justified for diverse reasons, including the preservation of local
biodiversity, the creation of transitional territories and areas of extra-urban habitats, or to understand
and facilitate responses to climate change [31].

The marked reduction in the extension of riverbanks is a widespread global process and it is
evidence of their deterioration. There have been very intense losses of this type of landscape in
Europe, with an estimated decrease of 12% (7508 ha) during the period 1987–2000. In Spain, this has
affected more than 2 million hectares, which represents approximately 4% of the Spanish territory [32].
A substantial part of these losses are associated with the artificialisation of these territories, mainly
derived from disrespectful urbanization of these landscapes [33]. In this sense, urbanization currently
represents the most relevant territorial action on the planet. In Europe, where 74% of the population
lives in urban areas [34], the extent of urbanization is quite dominant. Indeed, Spain has experienced
significant urban concentration in the 20th century [35], generating extensive and dense metropolitan
areas such as the administrative region of Madrid. This metropolitan area is the third largest in the
European Union in terms of the number of inhabitants, after Paris and London [36,37].

The continuous expansion of urban areas ultimately increases the extension of urban riverbanks.
These spaces are in many cases areas of risk that are difficult to integrate into the urban fabric due
to their configuration, characteristics, and hydrological and geomorphological nature. They are also
commonly areas of marginal use, often occupied by less-favoured social groups, living in substandard
houses on the river banks, and they are essentially residual spaces in part due to the threat and risk
posed by periods when the rivers are in full flow. In Spain, they have been, and still are, territories
separated from urban spaces in our minds, often existing at the limits of those urban spaces and with
no specific public use. Thus, they are poorly integrated in the best-case scenario, and often completely
abandoned. These circumstances have led to the non-formal occupation of flood plains in urban
and peri-urban areas [38], causing a marginal and often private use of these public spaces. In Spain,
the limited connection between the cities that border the rivers that flow through them has, in most
cases, generated strong social detachment [39]. This phenomenon is almost certainly associated with
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the perceived risk traditionally posed by proximity to river courses, which has traditionally manifested
itself in neglect and degradation of the fluvial territory, and its poor integration into the urban fabric.
To mitigate the impact of this situation, it would be useful to integrate societal considerations into
the management models of these spaces, as occurs in some river reserves in Europe and the United
States [40].

The tensions and threats that affect these spaces are also related to the profound alteration of river
systems, most notably, the poor water quality, the loss of water resources, the morphological alteration
of rivers, and modifications to the hydrological and hydraulic characteristics of the river course.
Water is the driving force upon which the operation of river systems depends, and the changes to the
hydrological and hydraulic behaviour of river courses in central Spain have been quite intense [41].
One example is the River Tagus that passes through the city of Toledo, where the average annual flow
contribution at the Toledo gauging station fails to reach 40% of the estimated contribution in a natural
regime (3256.93 × 106 hm3) [32], a value that decreases to 29.1% in the latest available data for the
hydrological year 2008–2009 [42].

The reduced flood risk in the centre of Spain has favored occupation of the flood plains associated
with river courses in urban areas, as well as the alteration of canals. In general, the environmental
and landscape value of these areas has generally diminished [43]. However, river spaces are also
areas of clear opportunity that must be properly considered, understood, and managed in urban
and territorial planning, both locally and regionally. This is particularly relevant in terms of public
use, intervention, landscape recovery, and conservation of environmental diversity. In Spain, fluvial
territories in general, and the urban river territory in particular, are largely public land integrated into
the Public Hydrological Domain (which governs the public water supply).

Despite the intense occupation of these areas, there are often semi-natural remnants lying
between infrastructures that are little occupied. Riverbanks are also key areas for the conservation
of environmental and landscape diversity, as indicated by the European Biodiversity Strategy [44]
or the European Landscape Convention [45], with significant environmental value and potential
and, in general, with a strong potential for regeneration, even in the case of heavily intervened
banks. They are undoubtedly key spaces for the recovery of ecological, landscape, and territorial
connectivity, in the sense specified in the EU Strategy on Green Infrastructure [46], and they are easy to
recover through low-cost interventions. In Spain, urban riverbanks, like all riverbanks, fall under a
specific regulatory framework for water courses and fluvial territories [47], which clearly provides
legal protection for many actions, especially those carried out under the governance of the Public
Hydrological Domain.

2. Materials and Methods

This study analyzes and assesses the treatment given to stretches of four Spanish rivers in four
projects that specifically centred on those fluvial territories. An environmental characterization of the
study areas was initially performed, considering the value of each area for waterfowl and riparian
birds during the winter 2019–2020, and also the general structure of the landscape and the presence of
habitats included in Annex I of the Directive 92/43. This characterization allows us to assess the impact
of the projects undertaken by applying objective criteria, and to estimate their potential impact while
they are still in the design phase.

2.1. Study Area

The four stretches of urban river (Figure 1, Table 1) selected for study were situated in the Tagus
Hydrographic Basin on the banks of the rivers Manzanares, Henares, and Tagus, lying in the provinces
of Madrid and Castilla-La Mancha (Central Spain). These four river sections were chosen based on
our interest in analyzing comparable urban river spaces in similar or assimilable landscape contexts,
which are also representative of the characteristic of the urban river landscapes in central Spain
(Figure 2). All the cases analyzed are situated in the same climatic (Continental Mediterranean) [48] and
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morphostructural context (Tertiary Sedimentary Tagus Basin or Madrid Basin) [49], passing through
large (Madrid) or intermediate cities (Guadalajara, Toledo, and Talavera) that are representative of
the different urban and demographic configurations and dynamics in Central Spain [50]. The rivers
analyzed are courses of different hydrological entities that are subject to disparate regulation at their
headwaters, as already indicated, and all are integrated into the Tagus Hydrographic Basin.
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Table 1. Basic characteristics of the river stretches analyzed. Source: demographic information [51],
hydrological data [43].

River Length of Stretch
Analyzed (km) City Population

2019 Region Annual 106 m3

(1987–2008)

Manzanares 6.86 Madrid 3,266,126 Madrid 66.92

Henares 1.47 Guadalajara 85,871
Castilla-La

Mancha

291.13

Tagus (Toledo) 4.56 Talavera 84,417 1338.26

Tagus (Talavera) 6.36 Toledo 84,873 1126.05
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Figure 2. The rivers analyzed. Upper left, (a) Populus alba forest on the Henares river (5/12/2017).
Upper right (b), the Manzanares river channel at the Segovia Bridge (14/1/2020). Lower left (c), the
Tagus river in Toledo at the level of the “Artilleros“ dam (16/1/2018). Lower right (d), a mixed forest of
Populus alba and Salix alba on the Tagus river in Talavera de la Reina (25/2/2020).

2.1.1. River Manzanares in Madrid

The stretch of the river Manzanares chosen for study was a 6.86 km urban section channelled over
5.57 km and limited by a breakwater over 1.29 km after intense intervention from 1946 [52]. Associated
with this canalisation, 9 small dams were built that transformed the river into a succession of bound
water canals, thereby eliminating sections of rapid-flow. After the opening of the dams, the canalisation
of the river course has become the main reason for the loss of its natural aspect, as well as provoking
alterations to its hydrological and hydraulic characteristics. The closest gauging station is located 7 km
upstream from the starting point of the river stretch studied, where an average annual contribution of
66.92 × 106 m3 was recorded (1987–2008). The last gauging station is situated 19.6 km downstream of
the southern limit of the study area, where the Manzanares reaches 410.12 × 106 m3 after receiving only
4.9 × 106 m3 from the “Culebro” stream or arroyo. This increase, six times higher than the contribution
of the river in the city of Madrid, is due to water discharge from the city and the sanitation system in
its immediate metropolitan area. In the section studied, the river lacks forest and riparian vegetation
on its banks as it borders urbanized or landscaped areas. There are also nineteen footbridges and four
historical bridges: the Queen Victoria (1908–1909), King’s (1815–1816), Segovia (1574–1577), and Toledo
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(1715–1722) bridges [53]. After the completion of the “Madrid Río” landscaping project, the whole
section became an area of intense recreational use.

2.1.2. River Henares in Guadalajara

A 1.47 km urban stretch of the river Henares in the city of Guadalajara was studied. This section
was very well preserved until 2019, protected on its entire left bank by a continuous embankment
that separates the free zone of the river from the urban territory. Both riverbanks are occupied by an
authentic Populus alba forest, a habitat included in Annex I of Directive 92/43/EC. There are no structures
spanning this section, which today is an urban park. Unlike the section studied, the river sections
located outside the limits of the Guadalajara municipality, upstream and downstream, are included
in the ZEC Ribera de Henares ES4240003 [54], all of which share similar values. The average annual
contribution at the closest gauging station reaches 29.12 × 106 m3.

2.1.3. The River Tagus in Toledo

The urban river section studied was a 6.36 km stretch, open in sedimentary materials, and partly
embedded in granitoids, leukogranites, and pegmatites (Carboniferous-Paleozoic) [55]. The entire
riverbank maintains a narrow and discontinuous canopy of Populus alba, Populus nigra, Salix alba,
Tamarix africana, and Tamarix canariensis, a habitat included in Annex I of Directive 92/43/EC, as well
as dense masses of marsh vegetation (Phragmites australis and Typha domingensis). There are remains
of 14 water mills preserved along this section, some originating from the 9th century [56], and seven
weirs that reduce the course of the river to a slow flow. There are river islands of great interest
downstream of three of the weirs, one a refuge to an interesting heron colony (Ardea cinerea, Bubulbus
ibis, and Nycticorax nycticorax). There are five bridges along this stretch of the river, including the
historical bridge of “Alcántara” (of Roman origin but rebuilt in the 10th century) and the bridge of San
Martín, for which an exact date of construction has not been established but that was cited as long ago
as 1165 [57]. The average annual hydrological contribution in the section is 1126.05 × 106 m3 for the
period 1987–2008. The entire stretch analyzed is a space used intensely by the local population for
recreational activities and also, by a significant number of visitors since Toledo is a World Heritage
City [58] (913,796 overnight stays in 2019) [59].

2.1.4. The River Tagus in Talavera de la Reina

The section studied here is a 4.56 km urban and peri-urban stretch that houses four weirs,
which reduce the flow of the river to predominantly slow. The urban façade occupies 2.95 km of the
right bank and 565.2 m of the left bank. There is intense recreational activity on both margins, a historic
pedestrian bridge (Puente Viejo “the Old Bridge”, XIII century) [60], and three bridges for vehicles
along this section. The section houses two large islands (47.65 ha, 66.47 ha), on which 35% of their
surface area is covered by alluvial forests and mosaic forests, dominated by Populus alba, Populus nigra,
Salix alba, Tamarix africana, and Tamarix canariensis, and structured into three large groves (18.34 ha,
14.98 ha, and 6.8 ha). The remaining 65% (74 ha) is covered by open woodland (tree density ≤25%),
pastures of diverse nature, and masses of marsh vegetation. The banks of the bankfull channel maintain
a meagre arboreal–arborescent canopy made up of the aforementioned species.

2.2. Data Collection from the Natural Environment

The analysis of the natural environment provides data from the wintering waterfowl and
forest–marsh communities, as well as the basic structure of the vegetation. Monthly censuses were
carried out between December 2019 and February 2020 to study the bird communities. The censuses
of forest–marsh birds was carried out using “census itineraries” [61], with a main counting strip of
25 + 25 m, the results of which are expressed as global numbers (abundance, a), number of species
(richness, r), and birds/10 ha (density, d). Waterfowl censuses are global counts performed in accordance
with the “field protocol for water bird counting” [62], expressed as the global figures (abundance
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a: total number of waterfowl; richness r: number of species) or as birds per km of river (density
d: birds/km). The length of the stretches examined did not extend over the entire river sections
analyzed, except for the river Manzanares, whereas the waterfowl censuses did cover the entirety
of the sections (Table 2). The diversity of the communities is calculated according to the Shannon
index [63] (H), using a Napierian logarithm (expressed in nats). The values of abundance and density
in the different zones were compared using a Kruskall–Wallis Test (K). To only compare two series of
values, a Kolmogorov–Smirnov (D) Test was used in the case of independent samples and a Student
t-test (t) for paired simples. The Statgraphics Centurion 18© software and Microsoft Excel 2016©were
used to manage the data and to perform the aforementioned tests.

Table 2. Characteristics of the census sections.

River Length of the Waterfowl
Section Analyzed (km)

Length of Riparian Bird
Section Analyzed (km)

Riparian Bird Area
Analysis (ha)

Manzanares 6.86 6.86 34.31
Henares 1.47 1.47 7.35

Tagus (Toledo) 6.36 4.23 21.15
Tagus (Talavera) 4.56 1.18 5.90

Total 19.25 13.74 68.71

For each species, its Status and SPEC Category in Europe is indicated, and the categories recognized
in the study area were [64]:

European Population Status Category [65]:

• Vulnerable (VU), European population meets any of the IUCN Red List criteria for VU.
• Near Threatened (NT), European population close to meeting the IUCN Red List criteria for VU.
• Declining, European population has declined by ≥20% since the 1970s (when the Birds in Europe

series began), and has continued to decline since 2001.
• SPEC Category (Species of European Conservation Concern):
• SPEC 1, European species of global conservation concern, i.e., classified as Critically Endangered,

Endangered, Vulnerable, or Near Threatened at global level [66].
• SPEC 2, Species whose global population is concentrated in Europe, and which is classified as

Regionally Extinct, Critically Endangered, Endangered, Vulnerable, Near Threatened, Declining,
Depleted, or Rare at European level [67].

• SPEC 3, Species whose global population is not concentrated in Europe, but which is classified as
Regionally Extinct, Critically Endangered, Endangered, Vulnerable, Near Threatened, Declining,
Depleted, or Rare at European level [67].

The species included in Annex I of the Directive 2009/147/EC (Birds Directive) are also cited [68],
“Those that shall be the subject of special conservation measures concerning their habitat in order to
ensure their survival and reproduction in their area of distribution.” (Article 1.4). To determine the
structure of the vegetation and the landscapes, a basic analysis was carried out to identify 16 categories.

• Water areas.

• Sandbanks and water cover.
• Rockfill/sandbanks with scattered trees.
• Marsh vegetation: dense masses of Typha domingensis, Phragmites australis, at times with

Schoenoplectus lacustris, often accompanied by hygrithrophilous species (Rumex cristatus,
Rumex crispus, Polygonum persicaria, and Polygonum lapathifolium).

• Sandbanks with marsh vegetation.
• Wooded areas: arboreal–arborescent groves and canopies with at least 40% coverage,

dominated by Populus alba, Populus nigra, Salix alba, and Tamarix canariensis, sometimes with
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Tamarix africana, Fraxinus angustifolia, Salix purpurea, and Salix salviifolia. Allochtonous or
hybrid elements often appear (Platanus × hybrida, Robinia pseudoacacia, Gleditsia triacanthos,
Ailanthus altissima, Ulmus pumila, Populus × canadensis, and Eleagnus angustifolia).

• Wastelands: areas occupied by herbaceous vegetation, from hygrophilous to mesophilic,
sometimes nitrophilous, with or without wooded areas (coverage ≤10%). Among many other
communities they include grassland-rushes of Scirpoides holoschoenus, pastures of Brachypodium
phoenicoides-Elymus pungens, hygrithrophilous pastures (Rumex cristatus, Rumex crispus,
Polygonum persicaria, and Polygonum lapathifolium), and many ruderal communities dominated
by Gramineae, Brassicaceae, or Asteraceae.

• Rocky areas.
• Mosaic of wooded areas and marsh vegetation.
• Mosaic of wooded areas and wasteland: a mix of dense wooded areas and wastelands.
• Mosaic of scattered trees and wasteland: mixture of low coverage wooded areas (40–10%)

and wastelands.
• Mosaic of scattered trees and marsh vegetation: mixture of low coverage wooded areas

(40–10%) and marsh vegetation.
• Mosaic of scattered trees and rocky areas.
• Garden areas.
• Artificial land.

• Gravel pits: (extraction of aggregates and sand).

These areas were defined by a buffer of 200 meters on each side of the central axis of the
channel, which in the case of a canalized channel was adjusted to the canalised banks (i.e., river
Manzanares). Within this buffer the land use was photointerpreted, generally involving the area of the
floodplain nearest to the main channel. This process was carried out on the 1:5000 orthophotographs
obtained as part of the Spanish National Plan of Aerial Orthophotography by the National Geographic
Institute, available in ECW file format from 2012. The information was coded on the basis of the
estimated proportion of the covered space dedicated to each use, differentiating a total of 16 categories,
where single-use or mosaic polygons were also contemplated. The ArcGis 10.5© software was used to
perform digitization, coding, and topological validation, and to produce the shapefile format for the
layer of results obtained (Figures A1–A4).

The habitats included in Annex I of Directive 92/42/EC [69] were also considered for each
study area.

2.3. Project Reviews

In the case of the work carried out between 2016 and 2019 on the river Manzanares in Madrid, the
plan for Naturalization of the Manzanares as it passes through the city of Madrid was examined [70],
while some complementary field work was also carried out. In the case of Toledo, the initial document
of the Environmental Impact Assessment for the project to integrate the river Tagus into the city of
Toledo was examined [71]. The information analyzed in the study of the River Henares in Guadalajara
came from the city’s Strategy for Sustainable Urban Development [72], which was complemented
by field work as the project is currently being carried out. Finally, for the actions proposed in
Talavera de la Reina, the report and plans that form part of the technical proposal that adjudicated the
project following the international call for ideas were consulted [73]. In addition, abundant auxiliary
information was evaluated, such as news reports in the press, debate forums, consultations with the
European Parliament, etc. [74–76]. A synthesis of the collected data is available in Appendix B.
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3. Results

3.1. Analysis of the Cases

In May 2016, the Madrid City Council began to implement the measures included in the “Plan for
Renaturalization of the River Manzanares as it passes through the city of Madrid.” This was a plan
based on the proposal that the group “Ecologists in Action” sent to the City Hall in January of that
same year. The measures undertaken did not involve large construction work and no new structures
were built (Table A1). The techniques employed in the canals were based on bioengineering principles,
which involve using natural materials or those that are biodegradable in the short or mid-term.

The Integrated Strategy for Sustainable Urban Development of the municipality of Guadalajara
was approved in December 2016, and it included a set of actions aimed at, “Recovering the land
occupied by the right bank of the River Henares from the neighborhood of ‘Los Manantiales’ to the
‘Finca de Castillejos’ [72].” Under this undefined objective, “Recovery” work on the right bank of the
river Henares, between the “Arab bridge” and the “Julián Basteiro bridge” was proposed and executed.
Among the work undertaken, urbanization and gardening actions were implemented under the
auspices of the Public Hydrological Domain between October 2018 and May 2019 (Table A2). This work,
with a total cost of €1,438,277.90, was 80% co-financed by the European Regional Development Fund.
According to various publications in the media, the action implemented is far from that indicated in
the application submitted to the European Union for co-financing, in which the main objective was
the environmental recovery of the river Henares and the increase in its biodiversity. In this sense, on
25 October 2018, the Equo European parliamentarian, Florent Marcellesi, registered two questions in
the European Parliament related to the legitimacy of the actions undertaken with the co-financing of
ERDF funds. In December of the same year, the Parliament responded by stating that, “According
to the Spanish authorities, the project implemented by the City Council received authorization from
the Tagus Hydrographic Confederation, yet it does not currently meet the requirements necessary to
obtain EU funding”. At the time this response was registered, the works were fully underway, and the
site had put up a sign indicating the European co-financing received.

The notification by the Tagus Hydrographic Confederation of the results of the “International Call
for Ideas and Projects aimed at integrating the river Tagus into the city of Toledo,” presided over by
a panel of judges, took place in December 2009 (BOE no. 289, 1 December, 2009). However, it was
not until 2014 that the project chosen was released into the public domain [71]. The project proposed
an extensive, intense, and ambitious program of actions along 43 km of the river’s course as it runs
through the municipality of Toledo. However, it is in the urban section of the city of Toledo where the
project is most intense, in part due to the profound modifications to the existing configuration of the
river’s course, considering the implementation of important interventions, such as earth movements
and the construction of concrete structures (Table A3).

The final criterion to define the appropriate actions was to protect this space against floods over a
100-year return period, with reference to other considerations like the volume of earth filling required
or the degree of transformation of the current environment. Likewise, the landscape relevance in the
intervention was prioritized over its integration into the environment, as witnessed by the choice of the
geometry of the river walk, which was built using concrete flagstones with an angular broken geometry
that will intentionally be perceived as a clearly artificial and autonomous element of the landscape [71]

In January 2018, the Tagus Hydrographic Confederation unveiled the winning proposal in the
“International Call for Ideas and Projects aimed at recovering the banks of the rivers Tagus and Alberche
in the municipality of Talavera de la Reina.” It was the so-called "When the river sounds" (“Cuando el
río suena”) idea, submitted by a temporary union of three architectural and engineering consultancy
companies [73]. The action proposed covers an extended stretch of the river, from the mouth of the
river Alberche to the natural site known as the “Charca del Cura”, passing through the urban section of
the city of Talavera. The actions are quite diverse in nature and scope, depending on the proximity to
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the urban nucleus, although in general terms they involve a permeation of flow towards well-preserved
river spaces that are currently difficult to access (Figure 3, Table A4).Sustainability 2020, 12, x FOR PEER REVIEW 10 of 32 

 

Figure 3. Interventions proposed in the planned rehabilitation project for the riverbanks and islands 

of the river Tagus in Talavera de la Reina [73]. 

3.2. Basic Structure of the Landscape 

When the 16 landscape categories identified were considered (Appendix A), the river landscape 

at the four study areas did not show significant differences (K = 4.57; p > 0.05). The landscape of the 

Tagus river bank in Talavera was the most diverse (H = 1.95), followed by that of the river Henares 

(H = 1.83), of the river Tagus in Toledo (H = 1.59), and finally, that of the river Manzanares (H = 0.83). 

Nevertheless, all have low values of diversity. 

Due to its structure and composition, the landscape of the river Manzanares as a whole differs 

from the other river landscapes analyzed, with the proximity between the two sections of the river 

Tagus representing the maximum. In the river Henares, landscaped and artificial surfaces occupy a 

large area (49%), along with wooded areas (20%). The wooded areas, in their different categories, are 

precisely the larger areas in the two sections of the river Tagus analyzed. The river Manzanares is 

quite different to the other river courses in terms of landscape. This is largely due to the dominance 

of the categories, “Sandbank and water cover” (>60%) and “Sandbanks with marsh vegetation” 

(>25%), that developed on the canalised river bed after the opening of the nine dams that exist in the 

section analyzed. 

3.3. Waterfowl and Riparian Birds 

The three study areas are not equally important to waterfowl, as reflected in the significant 

differences between the mean values of abundance (K = 36.20; p < 0.005) and density (K = 31.09; p < 

0.005). The Manzanares river maintains the largest (a = 1528.00 ± 523.51) and most dense (d = 222.7 ± 

94.94) wintering population of waterfowl, followed by the river Tagus in Talavera (a = 1131 ± 859.53; 

d = 178.85 ± 86.10) and in Toledo (a = 745.33 ± 358.04; d = 178.29 ± 56.12). The river Henares was always 

the river course with the lowest waterfowl values, with very low global figures below 20 birds. As 

expected, there were no significant differences in the wintering populations at the two stretches of 

the Tagus analyzed (D = 0.25; p = 0.2710). 

There was a marked variability in the density and abundance values (see Tables A5–A7). This is 

because the values for the month of February, quite late in winter, were included in the analysis. The 

highest global figures were always obtained in January: 1915 birds for the Manzanzares, 1110 birds 
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3.2. Basic Structure of the Landscape

When the 16 landscape categories identified were considered (Appendix A), the river landscape
at the four study areas did not show significant differences (K = 4.57; p > 0.05). The landscape of the
Tagus river bank in Talavera was the most diverse (H = 1.95), followed by that of the river Henares
(H = 1.83), of the river Tagus in Toledo (H = 1.59), and finally, that of the river Manzanares (H = 0.83).
Nevertheless, all have low values of diversity.

Due to its structure and composition, the landscape of the river Manzanares as a whole differs from
the other river landscapes analyzed, with the proximity between the two sections of the river Tagus
representing the maximum. In the river Henares, landscaped and artificial surfaces occupy a large area
(49%), along with wooded areas (20%). The wooded areas, in their different categories, are precisely
the larger areas in the two sections of the river Tagus analyzed. The river Manzanares is quite different
to the other river courses in terms of landscape. This is largely due to the dominance of the categories,
“Sandbank and water cover” (>60%) and “Sandbanks with marsh vegetation” (>25%), that developed
on the canalised river bed after the opening of the nine dams that exist in the section analyzed.

3.3. Waterfowl and Riparian Birds

The three study areas are not equally important to waterfowl, as reflected in the significant
differences between the mean values of abundance (K = 36.20; p < 0.005) and density (K = 31.09;
p < 0.005). The Manzanares river maintains the largest (a = 1528.00 ± 523.51) and most dense
(d = 222.7 ± 94.94) wintering population of waterfowl, followed by the river Tagus in Talavera (a =

1131 ± 859.53; d = 178.85 ± 86.10) and in Toledo (a = 745.33 ± 358.04; d = 178.29 ± 56.12). The river
Henares was always the river course with the lowest waterfowl values, with very low global figures
below 20 birds. As expected, there were no significant differences in the wintering populations at the
two stretches of the Tagus analyzed (D = 0.25; p = 0.2710).
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There was a marked variability in the density and abundance values (see Tables A5–A7). This is
because the values for the month of February, quite late in winter, were included in the analysis.
The highest global figures were always obtained in January: 1915 birds for the Manzanzares, 1110 birds
for the Tagus in Talavera, and 915 birds for the Tagus in Toledo. The values for the river Henares are
irrelevant as they never exceeded 55 birds a month.

The mean richness values were high for the river Tagus in Talavera (r = 19.67 ± 1.53) and Toledo
(r = 19.00 ± 2.65), they were in the mid-range for the river Manzanares (r = 10.67 ± 2.52), and very
low for the river Henares (r < 4). This distribution approximates very well to the H diversity index,
although in this case the river Tagus is the river registering the highest values (H = 2.06 ± 0.24),
which are very close to those of the river Tagus in Talavera (H = 2.03 ± 0.14). There is a very strong
positive correlation between richness and diversity (rs = 0.99; p < 0.05), and a moderate positive
correlation between density and diversity (rs = 0.59; p < 0.05). For the river Manzanares, the high
density (birds/km) of Chroicocephalus ridibundus (d = 99.95 ± 60.03), Anas platyrhynchos (d = 40.38
± 4.40), Gallinula chloropus (d = 20.85 ± 6.35), and Larus fuscus (d = 54.86 ± 43.69) was particularly
notable. For the river Tagus in Toledo, Fulica atra (d = 17.92 ± 14.38), Anas platyrhynchos (d = 17.61
± 11.87), Chroicocephalus ridibundus (d = 16.77 ± 14.95), and Phalacrocorax carbo (d = 16.93 ± 6.49)
were dominant. For the river Tagus in Talavera, the dominant species were Fulica atra (d = 45.10 ±
31.49), Phalacrocorax carbo (d = 34.87 ± 14.67), Anas platyrhynchos (d = 26.32 ± 16.86), and Chroicocephalus
ridibundus (d = 60,67 sd > X).

The natural and semi-natural spaces of the four fluvial territories studied host important
populations of forest and marsh birds. Unlike waterfowl, there were no significant differences
in the abundances of these species (K = 1331; p > 0.05). The maximum density values (birds/10 ha)
were registered on the banks of the river Tagus in Talavera (d = 240.12 ± 80.88), followed by those on
the banks of the river Manzanares (d = 172.64 ± 27.11), the river Henares (d = 151.02 ± 27.18), and the
river Tagus in Toledo (d = 141.16 ± 27.11). The richness values range from a maximum of 28.33 species
(Toledo) to a minimum of 21 species (Henares). In terms of diversity, the maximum was recorded
in Talavera (H = 2.9) and the minimum in the river Manzanares (H = 2.44). These values were on
the whole strongly positively correlated with the structural diversity in the areas studied (rs = 0.87;
p < 0.05). The dominant species on the banks of the river Henares were Columba palumbus (d = 31.29 ±
8.92), Turdus merula (d = 11.34 ± 3.42), Erithacus rubecula (d = 11.34 ± 1.57), and Aegithalos caudatus (d =

11.79 ± 5.66). Those on the banks of the river Manzanares were Columba livia domestica (d = 52.75 ±
11.73), Passer domesticus (d = 27.79 ± 8.67), Sturnus unicolor (d = 9.72 ± 6.35), and Pica pica (d = 7.58 ±
4.31). On the banks of the river Tagus in Toledo, Columba livia domestica (d = 20.79 ± 5.73), Columba
palumbus (d = 16.38 ± 2.43), Passer domesticus (d = 13.07 ± 0.98), and Phylloscopus collybita (d = 11.97 ±
1.44). On the Tagus river banks in Talavera, Passer montanus (d = 30.41 ± 9.96), Columba palumbus (d =

20.87 ± 11.91), Passer domesticus (d = 19.68 ± 1.79), and Sturnus unicolor (d = 19.08 ± 16.91). In general,
these are species typical of humanized environments, except for those on the banks of the Henares
where forestry elements dominate.

3.4. Sensitive Species and Habitats Included in Annex I of the Habitat Directive

Sensitive species, according to the Annex I of the Birds Directive, represented 17.01% of the
21 species identified in the four study areas, which fall within the unfavorable or threatened SPEC
category in Europe (Table 3). In addition, seven habitats were recognized as corresponding to those
in Annex I of the Habitat Directive, although only three were cited in the official cartography of the
Spanish Inventory of Terrestrial Habitats [77] (Table 4).
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Table 3. Protected, threatened, or declining bird species in the study areas during 2019–2020 wintering:
(1) Annex I Bird Directive; (2) Status in Europe—VU Vulnerable, D Declining, and NT Near Threatened;
and (3) SPEC (Species of European Conservation Concern).

Annex I (1) European Status (2) SPEC (3) River

Waterfowl

Actitis hypoleucos D 3 TTO, TTA

Alcedo atthis * VU 3 MNZ, TTO, TTA

Aythya ferina VU 1 TTA

Ciconia ciconia * MNZ, TTO, TTA

Circus aeroginosus * TTO, TTA

Egretta garzetta * MNZ, TTO, TTA

Fulica atra NT 3 TTO, TTA

Gallinago gallinago D 3 MNZ, TTO, TTA

Ixobrychus minutus * 3 TTO TTA

Nycticorax nycticorax 3 TTO, TTA

Porphyrio porphyrio * TTO, TTA

Porzana porzana * MNZ

Other Species

Delichon urbicum D 2 TTA

Hirundo rustica D TTA

Passer domesticus D 3 HNR-MNZ-TTO-TTA

Passer montanus 3 HNR-MNZ-TTO-TTA

Picus sharpei 1 HNR-MNZ-TTO-TTA

Serinus serinus D 2 HNR-MNZ-TTO-TTA

Sturnus vulgaris 3 MNZ

Troglodytes troglodytes * HNR-MNZ-TTA

Turdus iliacus 1 TTA

Table 4. Habitat of Annex I of the Habitat Directive and communities: [EUc] Habitat code of the
European Union [69], (Sc) Spanish habitat code [77]. HRN, Henares river; MNZ, Manzanares river;
TTO, Tagus river in Toledo; and TTA, Tagus river in Talavera (*) [78].

[EUc 3250] Constantly flowing Mediterranean rivers with Glaucium flavum
(Sc 225011) Andryaletum ragusinae Br.-Bl. & O. Bolòs 1958: HNR, TTO, TTA.

[EUc 3280] Constantly flowing Mediterranean rivers with Paspalo-Agrostidion species and hanging curtains of Salix and
Populus alba

(Sc 228012) Ranunculo scelerati-Paspaletum paspalodis Rivas Goday 1964 corr. Peinado, Bartolomé, Martínez-Parras &
Ollala 1988: HNR, MNZ, TTO, TTA.

[EUc 7210] Calcareous fens with Cladium mariscus and species of the Caricion davallianae
(Sc 621123) Reedbeds with Schoenoplectus lacustris: HNR, TTO (*), TTA.

[EUc 92A0] Salix alba, Salix sp. and Populus alba galleries
(Sc 82A056) Salicetum salviifoliae Oberdorfer and Tüxen in Tüxen and Oberdorfer 1958: MNZ.
(Sc) Salicion salviifoliae Rivas-Martínez, T.E. Díaz, F. Prieto, Loidi & Penas 1984: HNR.

[EUc 92D0] Mediterranean riparian galleries (Nerio-Tamariceteae) and south-west Iberian Peninsula riparian galleries
(Securinegion tinctoriae)

(Sc 82D013) Tamarix canariensis, Tamarix gallica and Tamarix africana Grove: HNR*, TTO (*), TTA.

[EUc 6420] Mediterranean tall humid grasslands of the Molinio-Holoschoenion
(Sc 542015) Holoschoenetum vulgaris Br.-Bl. ex Tchou 1948: HNR, TTO, TTA.
(Sc 54201P) Trifolio resupinati-Holoschoenetum Rivas Goday 1964: MZN.

[EUc 6430] Hydrophilous tall herb fringe communities of plains and of the montane to alpine level
(Sc 543135) Myrrhoidi nodosae-Alliarietum petiolatae Rivas-Martínez & Mayor ex V. Fuente 1986. HNR, TTO, TTA.
(Sc 543110) Convolvulion sepium Tüxen 1947: HRN, TTO, TTA.
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4. Discussion

The recovery of river spaces in urban areas is one of the most useful tools for the conservation of
biodiversity [79], particularly due to their intrinsic value and importance as a functional connector
between residual natural elements. However, the treatment given to urban riverbanks, frequently
proposed in terms of “restoration”, does not usually consider the intrinsic value of these areas,
their characteristics or their singularities. While the environmental and socio-economic objectives of
any such intervention should be mutually beneficial [38], they are often disconnected.

Three of the four cases considered here are good examples of this, as they cause or will cause a
high degree of artificialization and an objective loss of value in the affected river territories. Like other
far-reaching interventions [80,81], these have completely ignored the local river landscape, its value,
dynamics, and its ecoterritorial and landscape context. Indeed, as indicated in various studies [8–84],
the concept of "river restoration" is used to refer to projects of a quite diverse nature, and not always
focused on their protection and improvement.

The same is true for the projects proposed for the banks of the river Henares or those of the
river Tagus in Toledo and Talavera de la Reina. It is not possible that, "Respect for the natural
values of the river, its fauna and flora, with the aim of safeguarding existing ecosystems and bringing
them closer to their status prior to the negative man-made alterations” [85] is among the project’s
objectives in the case of the river Tagus in Talavera. Indeed, a substantial part of the actions considered
will cause the destruction of one of the most valuable river landscapes in the centre of the Iberian
Peninsula if implemented under the terms established in the proposal. Thus, as indicated previously,
it is fundamental that these projects, whose principles and effects are contrary to the recovery and
integration of river areas, are not formally presented as such.

The most expensive projects usually incorporate a good number of elements linked to structures
that make the riverbanks and flood plains resilient and waterproof. This is the case for the “Salón
fluvial”, proposed for the banks of the river Tagus in Toledo, which is nothing but concrete terraces,
like tiered seating, that artificially modifies the original morphology of that stretch of the river
considerably. On the other hand, the four projects analyzed have the common and legitimate objective
of permitting the use and enjoyment of riparian spaces by citizens. However, these projects make the
conservation of space subject to this consideration, without differentiating valuable spaces that should
remain inaccessible or with limited accessibility. In particular, the river Tagus projects in Talavera and
Toledo serve to “thematise” the river space, with a variety of construction proposals that will stimulate
activities that induce a greater influx of people, including a hostel and a restaurant in a flood zone in
the case of the river Tagus in Talavera. The opening of multiple trails and of dog parks, in hitherto
well-preserved river spaces, increases the risk of their degradation due to the problems derived from
affluence, such as noise, garbage, and direct predation in the case of pets running around leash-free, etc.

The projects studied did not analyse or consider the value of river spaces in terms of diversity.
How is it possible that projects of high environmental impact are implemented without previously
determining the value of the territory affected? The sections of the river Tagus analyzed in Toledo and
Talavera are areas of great interest for wintering water birds, with average densities above 140 and
240 birds/km, respectively, and with high values of diversity (H > 2). The value of the community
parameters for passerine species and related communities is also very high, especially the diversity
values (H > 2.8). Both riverbanks also maintain a good number of habitats included in Annex I of
the Habitats Directive, as well as rare, threatened, or sharply declining species in Europe (Figure 4),
in particular Circus aeroginosus, Nycticorax nycticorax, Ixobrychus minutus, Passer montanus or Picus sharpei.
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Figure 4. Some sensitive species. Above, Lymnocryptes minimus (a) (river Manzanares, 5/12/2019), Alcedo
atthis (b) (river Manzanares, 26/12/2019), Nycticorax nycticorax (c) (river Tagus in Toledo, 27/2/2020).
Below, Picus sharpei (d) (river Manzanares, 28/2/2020), Passer montanus (e) (river Manzanares, 26/12/2019).

In the specific case of the project developed on the banks of the river Henares (Figure 5), we were
able to verify the extent of the damage caused by the implementation of the project supposedly aimed at
achieving the “Recovery of the right bank of the Henares river, between the Arab bridge and the Julián
Besteiro bridge”, 80% co-financed, to the tune of €1,150,622, by the European Regional Development
Fund under the “Operational Program for Sustainable Growth 2014–2020” [86]. Indeed, the average
density values for the forest–marsh bird communities in the winter of 2019–2020 were significantly
lower than those in the winter of 2013–2014, with a 45% decrease of the average values in the winter
of 2019–2020. Diversity values also fell, although they were only 2.5% lower in 2019–2020 than in
2013–2014. In terms of waterfowl, despite the limited interest of this group of birds in this stretch
of the river, the 60.4% drop in the figures for 2019–2020 relative to those registered in 2013–2014 is
particularly striking.
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Any project whose objective is the recovery of river spaces in urban or peri-urban areas must
initially locate the remnants of any existing natural landscape. The priority should be to protect these
areas in order to try to extend these habitats [87], not least as they are source areas and host habitats of
great value to wildlife [88]. Indeed, the rapid recovery of the river Manzanares in the city of Madrid
can be largely attributed to the existence of upstream river spaces currently undergoing restoration
that maintain extensive natural remnants [89]. Furthermore, the planning of this space was based on
criteria of diversity, coherence, and continuity, which are basic elements to guarantee the quality of the
landscape [90]. As such, a space of great value in terms of biodiversity has been created within an
intensely urbanized area ex novo, and following a behavior observed in other river areas [22,91,92].

Of the four projects analyzed, only the re-naturalization of the river Manzanares meets one of
the basic requirements of the Water Framework Directive: to situate environmental concerns at the
centre of any interventions [93]. Of all the cases studied, this is the one that started from a more
precarious environmental situation and with limitations in terms of the scope of the actions undertaken,
particularly due to the physical constriction of the river space and its disconnection with its former
banks and its hyporheic medium, the latter due to the burying and waterproofing of the circular M-30
urban motorway. In absolute terms, even after the re-naturalization intervention, the urban section of
the river Manzanares exhibits environmental values lower than those of the other sections, which can
be attributed to the limitations described above, limitations that hinder the full development of the
river’s natural behavior. However, the intervention has explored and taken advantage of the margins
for improvement provided by this stretch of the river, resulting in an exponential increase in riparian
quality. All this has been achieved at low cost and of the four actions analyzed, this action has exhibited
the lowest cost per linear meter.

At present, the average wintering values of waterfowl exceed 1500 individuals and the average
density of passerine and related species is 220 birds/10 ha. Both are dominant generalist species,
but they also include rare, threatened, or declining common species such as the Porzana porzana,
Lymnocryptes minimus or Passer montanus species. This is without doubt a good example of how an
urban sector of a river of no value has become a valuable space within a city for both the birds in the
river area and for ecological diversity in general, contributing to the permeation of a high-density
urban space and promoting regional connectivity. Moreover, the restoration measures applied were
low impact, causing a re-naturalization of a river course highly valued by society. In this respect, it is
interesting to note that rivers where only mild restoration measures have been implemented and that
maintain clear features of their natural state are socially more valued than artificialized rivers [94].
Furthermore, the bond established between the resident population and the restored space has a
positive effect on the valuation of the new river landscape, as reported previously [95]. This may have
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occurred because thanks to its re-naturalization, this space provides new possibilities of use, as has
been the case with other rivers located in high-density urban areas [96].

Another major problem with most interventions in river spaces is the consideration of these spaces
as independent sectors [97]. Like all river spaces, urban river spaces must be considered as part of a
complex system of interconnected units that have to be managed at both the river and drainage network
level [98]. Furthermore, urban and peri-urban river landscapes can be internalised and understood
as “Third Landscapes” [99]: residual spaces of high value in terms of environmental and landscape
diversity, the evolution—and disappearance—of which is usually associated with urban planning
and development. For this reason, it is important to highlight the need to consider principles, values,
criteria, objectives, and actions that differ considerably from those usually contemplated. That is,
the essence of urban and peri-urban river landscapes must be founded on an understanding of its
value, dynamics, and possibilities of use. A major challenge for the conservation of urban green
spaces—including river spaces—is perhaps understanding how they can be developed, remodelled or
restored whilst favoring natural processes, and conserving functional ecosystems [21]. That would
enhance models of intervention that often do not consider environmental improvements [100].

In the current climatic scenario, with a clear tendency towards aridity, there is a clear increase in the
value of river areas as “environmental corridors”. The importance of river corridors as priority elements
within the “European Green Infrastructures” must also be taken into account [101]. The European
proposal points out the need to improve the connectivity between natural areas, using river corridors to
counteract the effects of fragmentation of these territories. In particular, there is a growing importance
placed on rivers in urban and peri-urban areas to maintain biodiversity due to the steady increase in
the extension of these spaces [102–104].

5. Conclusions

Before undertaking any actions involving urban river courses, it is essential to understand the
environmental and landscape interest of the spaces under consideration. This is especially important
when these interventions highlight sustainability among their objectives, and they establish “activities
of environmental recovery or integration”. At three of the sites analyzed in this study interventions
were presented that will cause important modifications, yet the environmental interest of the areas in
which they will be carried out was not analyzed. Nor was their capacity to integrate into the urban
landscape evaluated. These are expensive projects, with costs lying between 900,000 and €2 million
per linear km. Nevertheless, it is noteworthy that of the cases analyzed, the project that best integrated
the river into the city, respecting and potentiating its natural value and interest as a landscape, is that
which cost the least money: €162,000 per linear km. Specifically, we refer to the project to recover the
natural habitat of the river Manzanares in Madrid. This project set out to convert this urban fluvial
stretch into an area of interest for wintering aquatic birds. It also hosts some globally threatened species
and it maintains habitats that are included in Annex I of the Habitats Directive. In addition, it is also a
highly valued social and leisure area for the local population.
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Appendix B

Table A1. Analysis of the actions on the river Manzanares.

City Madrid

Length 7.5 km; of which only 6.86 km are accessible

Character Urban

Total cost €1,216,054

Unit cost (per linear meter) €162.14/m

Action status Implemented May 2016–May 2019

Promoter Madrid City Council, following a suggestion by Ecologists in Action

Funding Municipal budgets

Overall aim of the action

The plan aims to recover and preserve, to the extent possible, the functions of the ecological corridor that the river Manzanares
defines as it passes through Madrid relative to the upper and lower sections, and to manifest its value within the urban
environment, in line with the guidelines set out in the relevant European legislation (Water Framework Directive) and the
National Strategy for River Restoration.

Actions with an impact on the hydrological regime and their effects

Actions:

• Opening of all the gates that regulate the water flow along the section stipulated.

Effects:

• Partial recovery of the natural sedimentation and erosion processes, as well as those of natural colonization of riparian
species of flora and fauna.

• Improvement of the longitudinal continuity of flow.

Actions and Effects on the morphology of the channel and its bank

Actions:

• Partial removal of the breakwaters at the ends of the section and the conditioning of its embankment.
• Preparation of the banks employing bioengineering techniques.
• Creation of deflectors using bioengineering techniques to create a meandering river course in the central section.

Effects:

• Improvement of riparian environments.
• Improvement of the lateral connectivity of the channel with its banks.
• Landscape integration.
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Table A1. Cont.

Actions and Effects on vegetation and fauna

Actions:

• Revegetation of breakwaters.
• Planting of autochthonous species of riparian trees and shrubs (more than 5000 specimens).
• Elimination of exotic species.
• Installation of nesting boxes.
• Release of stripe-necked terrapin (Mauremys leprosa).

Effects:

• Increase in biodiversity as a consequence of the improvements of the riparian habitat for many species of fauna, especially
birds, but also for other relevant elements like otters (Lutra lutra).

Table A2. Analysis of the actions on the river Henares in the city of Guadalajara.

City Guadalajara

Length 1.47 km

Character Urban

Total cost €1,438,277.90

Unit cost (per linear meter) €978.42/m

Action status Implemented October 2018–May 2019

Promoter Guadalajara City Council

Funding European Regional Development Fund

Overall aim of the action

The overall objectives included in the Strategy for the Sustainable Urban Development of Guadalajara were the:

• Creation of new spaces for leisure and recreation.
• Aesthetic improvement of the river.
• Improvement of pedestrian safety.
• Preservation of environmental conditions.
• Establishment of a new park alongside the existing one in the area known as “La Chopera”.

Actions with an impact on the hydrological regime and their effects

Actions: Non-existent
Effects: -

Actions and Effects on the morphology of the channel and its bank

Actions:

• Construction of viewpoints by remodelling the terrain of the banks and advancing it towards the channel.
• Actions to compact and waterproof a trail, which will have a width of 2.5 m along most of the route and that runs

through a Public Hydrological Domain (P.H.D.).

Effects:

• Artificialisation of the riverbank.
• Increased pedestrian traffic in the P.H.D.
• Compaction and waterproofing of part of the riverbank, which by definition is a permeable area.
• Direct effects on the riverside vegetation due to land clearing and filling in the levelling works.

Actions and effects on vegetation and fauna

Actions:

• Clearing and felling of large poplar trees on the riverbank to permit the construction of roads,
parks and viewpoints.

• Installation of illumination.

Effects:

• Increase of traffic and use in the P.H.D.
• Increase in nocturnal illumination affecting the riparian fauna.
• Artificialisation of the riverbank.
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Table A3. Analysis of the actions on the Tagus river in the city of Toledo.

City Toledo

Length 43 km; of which 6.36 are in urban and peri-urban sections

Character Urban, peri-urban and rural

Total cost €90,648,611.94

Unit cost (per linear meter) €2108.11/m (although the actions focus on the urban section)

Action status Call for tenders pending

Promoter Tagus Hydrographic Confederation, with the collaboration of the Toledo
City Council

Funding General State Budget

Overall aim of the action

According to the call for tenders, the overall objective was the harmonization of the urban environment of
Toledo with the river environment, recovering the riverbanks and its adjacent spaces, as well as improving
pedestrian connections between the city and the river.

Actions with an impact on the hydrological regime and their effects

Actions:

• Rehabilitation of historical hydraulic infrastructures.

Effects:

• Increased longitudinal fragmentation of the river.
• Possible modification of the hydraulic regime of the river channel based on the management of the

infrastructure and on the final provisions laid down in the rehabilitation project.

Actions and Effects on the morphology of the channel and its bank

Actions:

• “Salón fluvial” in an urban section of 4 ha, involving terracing with concrete walls filled with earth.
• Construction of longitudinal mounds on both banks along the entire section.
• Opening of compacted or paved roads in riparian areas and through rarely frequented slopes.

Effects:

• Artificialisation of the river course and its bank. Waterproofing of the bank affected by the action named
the “Salón fluvial”.

• Loss of lateral connectivity between the river channel and its surrounding areas.
• Alteration of the natural dynamics of river flooding, avoiding the dispersion of nutrients and energy to

its flood plains, increasing the flow speed and therefore, the risk of downstream flooding.
• Increase of pedestrian traffic and use in the P.H.D.
• Loss of landscape quality.

Actions and effects on vegetation and fauna

Actions:

• Night lighting.

Effects:

• Increase in nocturnal illumination affecting the riparian fauna.
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Table A4. Analysis of the actions on the Tagus river in Talavera de la Reina.

City Talavera de la Reina

Length 14 km; of which 4.56 are in urban sections

Character Urban, peri-urban and rural

Total cost €14,033,300.00

Unit cost (per linear meter) €1002.38/m

Action status Call for tenders pending

Promoter Tagus Hydrographic Confederation, with the collaboration of the Talavera de la
Reina City Council

Funding General State Budget

Overall aim of the action

• To respect the natural values of the river, its fauna and flora, with the aim of safeguarding existing ecosystems and
bringing them closer to their status prior to negative man-made alterations.

• To recognise the historical value of the heritage and constructions in order to avoid their deterioration through
functional rehabilitation, either for their original uses or for other uses that guarantee their adequate conservation.

• To perform interventions on the banks and islands aimed at promoting the use and the enjoyment of the river,
making recreational and cultural activities compatible with its natural life. A proposal for preventive measures to
ensure that river does not pose a natural barrier to communications and the functioning of the city, and to mitigate
the negative effects of these activities on the existing ecosystems.

• Control the flooding of various streams that are tributaries of the river Tagus.

Actions with an impact on the hydrological regime and their effects

Actions:

• Functional rehabilitation of weirs and canals associated with hydroelectric plants.

Effects:

• Increased longitudinal fragmentation of the river.
• Possible modification of the hydraulic regime of the river channel based on infrastructure management and the final

provisions established in the rehabilitation project.

Actions and Effects on the morphology of the channel and its bank

Actions:

• Expansion of the sections of “La Parra” and “Cornicabral” tributary arroyos.
• Opening of paths facilitating access along the entire area of action, even to Mill Island.
• Creation of an artificial lagoon in the park used as a nursery.

Effects:

• Profound alteration of the structure and composition of the streams affected.
• Artificialisation of the river space.
• Compaction of the soil in the Public Hydrological Domain.
• Increase in the influx of passers-by and opening of large isolated spaces that have been well preserved to date.
• Alteration of the local phreatic level as a consequence of the opening of an artificial lagoon.

Actions and effects on vegetation and fauna

Actions:

• Clearing and felling of spontaneous vegetation in the urban front.
• Clearing and felling of vegetation in the “La Parra”, “Cornicabral” and “La Portiña” streams.
• Selective plantation of autochthonous species.
• Access for domestic animals (canine park) and access to highly frequented spaces (restaurants; hostel, etc.).
• Installation of recreational fishing zones in protected and hitherto non-accessible areas, such as the “Charca del

Cura”.

Effects:

• Artificialisation of large well-preserved spaces, such as the “Isla Grande”, where the construction an urban park
is planned.

• Increased pressure on relevant elements of flora and fauna, as a consequence of the influx of people and
predatory animals.

• Risk of introduction of exotic species linked to recreational fishing
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Appendix C

Table A5. Average Waterfowl Abundance (± SD): HRN, River Henares; MNZ, River Manzanares; TTO,
River Tagus in Toledo; and TTA, River Tagus in Talavera.

HNR MNZ TTO TTA

Actitis hypoleucos 11 ± 7.55 7.67 (*)

Aix galericulata 0.33 (*)

Alcedo atthis 2.00 (*) 2.33 (*)

Alopochen aegyptiaca 19.33 ± 7.09 0.33 (*)

Anas clypeata 1.33 (*) 5.00 (*)

Anas crecca 16.33 ± 16.01 23.33 ± 11.72

Anas platyrhynchos 24.00 ± 20.95 277.00 ± 30.20 112.00 ± 75.50 120.00 ± 76.86

Ardea cinerea 1.00 ± 1.00 0.67 (*) 39.67 (*) 15.00 ± 7.00

Aythya ferina 1.00 (*)

Bubulcus ibis 5.33 (*) 2.33 (*)

Cairina moschata 0.67 ± 0.58

Charadrius dubius 0.33 (*)

Chroicocephalus ridibundus 685.67 ± 411.78 106.67 ± 95.10 276.67 (*)

Ciconia ciconia 1.33 (*) 1.67 ± 0.58 4.00 ± 3.61

Circus aeroginosus 0.67 ± 0.58 0.67 ± 0.58

Egretta garzetta 8.67 ± 1.15 2.00 ± 1.73 2.33 ± 1.53

Fulica atra 114.00 ± 91.43 205.67 ± 143.60

Gallinago gallinago 1.67 ± 0.58 37.33 (*) 22.67 (*)

Gallinula chloropus 1.67 ± 0.58 143.00 ± 43.55 43.33 ± 37.65 53.67 (*)

Ixobrychus minutus 3.00 ± 1.73 3.67 ± 1.15

Larus fuscus 376.33 ± 299.74 101.00 ± 92.83 163.33 (*)

Lymnocryptes minimus 2.00 ± 0.00

Mareca strepera 25.00 (*) 36.33 (*)

Netta rufina 0.33 (*)

Nycticorax nycticorax 7.33 ± 5.51 7.00 ± 6.56

Podiceps cristatus 1.33 ± 1.15 1.67 ± 0.58

Porphyrio porphyrio 0.33 (*) 3.00 ± 2.65

Porzana porzana

Phalacrocorax carbo 1.00 (*) 9.00 ± 1.00 107.67 ± 41.31 159.00 ± 66.90

Rallus aquaticus 1.50 ± 0.71 5.50 ± 3.54

Tachybaptus ruficollis 6.00 ± 5.29 8.67 ± 4.93

Tringa ochropus 1.67 ± 1.15 2.50 ± 0.71

Medium Abundance 28 ± 24.27 1528.00 ± 523.51 745.33 ± 358.04 1131 ± 859.53

(*) Standard deviation (SD) higher than the average values (X).
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Table A6. Average density (± SD) of Waterfowl (birds/km): HRN, River Henares; MNZ,
River Manzanares; TTO, River Tagus in Toledo; and TTA, River Tagus in Talavera.

HNR MNZ TTO TTA

Actitis hypoleucos 1.73 ± 1.19 1.68 (*)

Aix galericulata 0.45 ± 0.393

Alcedo atthis 0.29 (*) 0.5 (*)

Alopochen aegyptiaca 2.82 ± 1.03 0.05 (*)

Anas clypeata 0.21 (*) 1.10 (*)

Anas crecca 2.57 ± 2.52 5.12 ± 2.57

Anas platyrhynchos 22.7 ± 16.1 40.38 ± 4.40 17.61 ± 11.87 26.32 ± 16.86

Ardea cinerea 1.13 ± 0.393 0.10 (*) 6.24 (*) 3.29 ± 1.54

Aythya ferina 0.22 (*)

Bubulcus ibis 0.84 (*) 0.51 (*)

Cairina moschata 0.10 ± 0.08

Charadrius dubius 0.07 (*)

Chroicocephalus ridibundus 99.95 ± 60.03 16.77 ± 14.95 60.67 (*)

Ciconia ciconia 0.19 ± 0.34 0.26±0.09 0.88 ± 0.79

Circus aeroginosus 0.10 ± 0.09 0.15 ± 0.13

Egretta garzetta 1.26 ± 0.17 0.31 ± 0.27 0.51 ± 0.33

Fulica atra 17.92 ± 14.38 45.10 ± 31.49

Gallinago gallinago 0.24 ± 0.08 5.87 (*) 4.97 (*)

Gallinula chloropus 1.13 ± 0.393 20.85 ±6.35 6.81 ± 5.92 11.77 (*)

Ixobrychus minutus 0.47 ± 0.27 0.80 ± 0.25

Larus fuscus 54.86 ± 43.69 15.88 ± 14.60 11.84 ± 10.54

Lymnocryptes minimus 0.29 ± 0.00

Mareca strepera 3.93 (*) 7.97 (*)

Netta rufina 0.07 (*)

Nycticorax nycticorax 1.15 ± 0.87 1.54 ± 1.44

Podiceps cristatus 0.21 ± 0.18 0.37 ± 0.13

Porphyrio porphyrio 0.05 (*) 0.66 ± 0.58

Porzana porzana 0.10 ± 0.17

Phalacrocorax carbo 1.36 ± 1.18 1.31 ± 0.15 16.93 ± 6.49 34.87 ± 14.67

Rallus aquaticus 0.16 ± 0.16 0.80 (*)

Tachybaptus ruficollis 0.94 ± 0.83 1.90 ± 1.08

Tringa ochropus 0.26 ± 0.18 0.37 ± 0.33

Global Average Density (birds/km) 19 ± 16.5 222.74 ± 94.93 117.29 ± 56.12 177.85 ± 86.10

Global Average Richness 3.67 ± 1.53 10.67 ± 2.52 19.00 ± 2.65 19.67 ± 1.53

Diversity 0.55 ± 0.17 1.37 ± 0.12 2.06 ± 0.14 2.04 ± 0.13

(*) Standard deviation (SD) higher than the average values (X).
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Table A7. Average density values (± SD) of Riparian birds (birds/10ha): HRN, River Henares; MNZ,
River Manzanares; TTO, River Tagus in Toledo; and TTA, River Tagus in Talavera.

HNR MNZ TTO TTA

Aegithalos caudatus 11.79 ± 5.66 0.78 (*) 4.88 ± 1.19 16.10 ± 4.73

Carduelis carduelis 1.46 (*) 4.25 ± 2.95 10.14 ± 2.73

Certhia brachydactyla 4.5 ± 2.08 1.17 ± 0.77 0.95 ± 0.00 5.96 ± 2.07

Cettia cetti 9.07 ± 3.42 5.63 ± 1.94 7.88 ± 2.89 4.77 ± 5.47

Chloris chloris 1.89 ± 1.89 3.58 ± 3.58

Cisticola juncidis 0.47 ± 0.00

Coccothraustes coccothraustes 0.32 (*) 11.33 ± 3.72

Columba livia 52.75 ± 11.73 20.79 ± 5.73

Columba oenas 6.80 (*)

Columba palumbus 31.29 ± 8.92 4.76 (*) 16.38 ± 2.43 20.87 ± 11.91

Corvus monedula 0.39 ± 0.34

Cyanistes caeruleus 6.35 ± 5.50 3.21 ± 0.87 10.24 ± 0.27 12.52 ± 4.73

Delichon urbicum 0.79 (*) 2.39 (*)

Dendrocopos major 1.81 ± 0.79 0.29 (*) 0.16 (*) 1.19 (*)

Dryobates minor 1.79 ± 0.00

Emberiza cirlus 0.68 (*)

Emberiza schoenichlus 0.10 (*)

Erithacus rubecula 11.34 ± 1.57 3.30 ± 1.71 2.84 ± 1.70 7.75 ± 2.73

Fringilla coelebs 1.36 ± 1.36 0.10 (*) 2.99 ± 1.36 6.56 ± 2.73

Hirundo rustica 3.46 ± 1.65

Motacilla alba 1.81 ± 0.79 7.48 ± 3.38 0.95 ± 0.00 2.39 ± 1.03

Motacilla cinerea 0.45 (*) 1.65 ± 0.89 0.47 ± 0.47 2.39 ± 1.03

Myiopsitta monachus 4.08 ± 1.05 1.79 (*)

Parus major 4.99 ± 0.79 0.68 (*) 5.20 ± 1.25 10.14 ± 4.13

Passer domesticus 0.9 (*) 27.79 ± 8.67 13.07 ± 0.98 19.68 ± 1.79

Passer hispaniolensis 0.45 (*) 2.52 ± 1.44

Passer montanus 4.54 (*) 11.17 ± 3.98 7.88 ± 5.44 30.41 ± 9.96

Periparus ater 0.91 (*) 2.14 ±1.50

Phoenicurus ochruros 1.46 ± 1.34 0.95 ± 0.00 1.79 ± 0.00

Phylloscopus collybita 7.26 ± 5.50 7.48 ± 4.38 11.97 ± 1.44 10.14 ± 2.73

Pica pica 7.71 ± 6.28 7.58 ± 4.31 2.05 ± 0.27 2.39 ± 1.03

Picus sharpei 0.45 (*) 1.07 ± 1.02 0.47 ± 0.00 0.60 (*)

Prunella modularis 0.91 (*) 0.58 (*) 0.16 (*)

Psittacula krameri 0.29 ± 0.29

Ptyonoprogne ruspestris 4.66 (*)

Regulus ignicapillus 0.10 (*)

Remiz pendulinus 1.36 (*) 0.32 (*)

Serinus serinus 6.35 (*) 3.40 (*) 5.67 ±1.89 13.12 ± 7.23
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Table A7. Cont.

HNR MNZ TTO TTA

Spinus spinus 0.19 (*)

Streoptopelia decaocto 3.17 ± 1.57 0.16 (*) 3.58 ± 3.58

Sturnus unicolor 6.80 ± 2.72 9.72 ± 6.35 2.68 ± 0.72 19.08 ± 16.91

Sturnus vulgaris 0.10 (*)

Sylvia atricapilla 0.45 (*) 0.39 ± 0.17 3.78 ± 1.25 1.79 ± 1.79

Sylvia melanocephala 0.19 (*) 0.79 ± 0.27

Troglodytes troglodytes 3.17 ± 0.79 0.29 ± 0.29 0.60 (*)

Turdus iliacus 0.45 (*)

Turdus merula 11.34 ± 3.42 6.22 ± 3.37 5.99 ± 0.55 12.52 ± 1.79

Turdus philomelos 2.72 ± 2.36 1.26 ± 0.27 1.19 (*)

Upupa epops 0.16 (*) 0.60 (*)

Global Average Density
(birds/10ha) 151.02 ± 27.18 172.64 ± 27.11 141.16 ± 8.74 240.12 ± 80.88

Global Average Richness 21 ± 1.73 27 ± 0.47 28.33 ± 2.49 24.67 ± 2.49

Diversity 2.65 ± 0.48 2.44 ± 0.13 2.86 ± 0.09 2.90 ± 0.09

(*) Standard deviation (SD) higher than the average values (X).
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