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ABSTRACT

Seven attributes of riparian systems are proposed to be considered for assessing the ecological status of riparian zones.
They can be easily evaluated by taking into consideration some features of the structure and functioning of riverine systems,
largely determined by their hydromorphological dynamics.

The structure of riparian zones could be characterized by the longitudinal continuity of vegetation, the lateral dimensions (width) of
the channel containing natural riparian vegetation and the composition and structure of riparian vegetation communities. These attri-
butes basically define the morphology of riparian areas, reflecting a static view of the river. They also define the spatial dimensions
where riparian functions take place, indicating the possibilities of carrying on riparian restoration activities at short time scales.

The functioning of riparian systems may be assessed considering the ratio of natural woody species regeneration, bank conditions,
lateral connectivity and permeability of riparian soils. These attributes indicate the temporal behaviour of riparian zones, that is
showed in a more dynamic or video view of the river. They are more related to the potential of achieving riparian restoration at
longer time scales, representing key elements to guarantee the self-maintenance of fluvial processes and riparian biodiversity.
The aforementioned attributes provide a framework to assess the ecological status of riparian zones, and offer a minimum
checklist of criteria to evaluate strategies for restoring and preserving river ecosystems.

Keywords: Riparian zones, ecological status, environmental assessment, river restoration.

RESUMEN

El estado ecologico de las riberas fluviales puede quedar caracterizado a través de siete atributos. Dichos atributos pueden
ser facilmente evaluados teniendo en cuenta diferentes aspectos de la estructura y del funcionamiento de los sistemas riparios,
los cuales estan fuertemente determinados por la dinamica hidromorfolégica fluvial.

La estructura de las riberas queda caracterizada por la continuidad longitudinal de la vegetacion, las dimensiones laterales
(anchura) del espacio fluvial conteniendo vegetacion riparia natural y la composicion y estructura de las comunidades vege-
tales riparias. Estos atributos definen basicamente la morfologia de las riberas, y quedan reflejados en una vision estdtica o
Jfotografia del rio. A su vez, dichos atributos definen las dimensiones espaciales donde tienen lugar las funciones riparias, e
indican las posibilidades de llevar a cabo la restauracion fluvial a corto plazo.

El funcionamiento de los sistemas riparios queda reflejado a través de la tasa de regeneracion natural de las especies lefiosas
riparias, la condicion de las orillas, la conectividad lateral del cauce con sus riberas y la permeabilidad de los suelos ripa-
rios. Estos atributos indican el comportamiento en el tiempo de las riberas, y su evaluacion requiere una vision dindamica,
reflejada en un video del rio. Dichos atributos estan mas relacionados con las posibilidades de lograr la restauracion fluvial a
mads largo plazo, representando elementos claves para garantizar la sostenibilidad de los procesos fluviales y la biodiversidad
de los sistemas riparios.

Los atributos mencionados representan en su conjunto un esquema para evaluar el estado ecolégico de las riberas fluviales, y
sirven como criterios para evaluar las propuestas de estrategias de restauracion y conservacion de los ecosistemas fluviales.

Palabras clave: Riberas, estado ecoldgico, evaluacion ambiental, restauracion fluvial.

INTRODUCTION happened not only because of scientific reasons

related to the development of Riverine Landscape
The interest in the hydrological and ecological Ecology (Tockner et al., 2002), but also as a con-
functioning of riparian systems has increased sequence of riparian areas being one of the main
considerably in the last decades. This has targets in environmentally-sound river manage-
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ment. Nowadays, riparian and floodplain systems
are seriously degraded by different human activi-
ties, and the scientific understanding of their
hydrological and ecological functioning is greatly
needed for their restoration.

The scientific knowledge of riparian systems
has evolved relatively fast, since the early meet-
ings held in the 1970s (see Johnson &
McCormick, 1978), when riparian zones were
first considered to be well-defined landscape
features, distinct enough to warrant special
consideration (Odum, 1978). Since then, ripa-
rian systems have been the main topic of a lot
of research and many scientific meetings and
publications (e.g., Warren & Hendrix, 1984;
Johnson et al., 1985; Naiman & Décamps,
1990; Malanson, 1993; Wigington & Beschta,
2000), and they have been rapidly incorporated
in the integrated watershed management appro-
ach (e.g., Naiman, 1992; Doppelt et al., 1993;
Naiman & Bilby, 1998). Today, riparian
systems are included in nearly all aspects of
water management (Garcia de Jalon &
Vizcaino, 2004; European Declaration for a
New Water Culture, 2005) and their restoration
is considered an essential step in water resour-
ces planning and ecosystem sustainability.

In Europe, the implementation of the Water
Framework Directive has promoted the study
of riparian zones, since they are included as
“quality elements” of the hydromorphological
conditions that have to be evaluated in the
assessment of the ecological status of water
bodies. This requirement of the Water
Framework Directive makes having easy and
rapid methods to evaluate riparian conditions
necessary, in order both to characterise the
ecological status of riparian zones and to assist
in diagnosing their main problems. Such
methods can also provide useful guidelines for
proposing restoration strategies.

There are several methods and indexes for
assessing the quality and integrity of river eco-
systems. The protocols proposed by Barbour et
al. (1999), Bjorkland et al. (2001), Ward et al.
(2003) and Jansen et al. (2004) are good exam-
ples of methods to evaluate the physical and
biological elements of the channel and the

riparian areas of rivers. The work of Platts et
al. (1987) and Winward (2000) are devoted
directly to riparian resources.

In Spain, Munné et al. (1998) have proposed
the QBR (Biological Quality of the Riparian
zones) index to evaluate the ecological quality
of riparian habitats in rivers and streams. This
index has been frequently used in many studies
and reports (Gonzalez del Tanago et al., 1998,
Suarez and Vidal Abarca, 2000), although it
has some limitations when applied in some
regions (Suarez et al., 2002).

The QBR index place special emphasis on
evaluating the quality of the present riparian
vegetation in terms of percentage of cover,
connectivity with adjacent forest ecosystems,
number of native tree species, etc. However, it
does not take into account the seasonal and
successional dynamics of the vegetation, nor
the different natural potential of each river
reach according to the geomorphological con-
ditions of the valley or the type of the flow
regime. Furthermore, the taxonomic identifi-
cation of the riparian species is not necessary
when applying the QBR, as this index diffe-
rentiates only between tree and shrub species,
and native and non-native species (Munné et
al., 2003). This fact makes the QBR not very
well suited for evaluating the status of the
riparian areas in the context of the Water
Framework Directive, where the comparison
between the actual species composition and
structure of vegetation with those correspond-
ing to the reference conditions should form
the basis of the evaluation of the ecological
status of each river reach.

In this paper, the principles of a new system
to assess the environmental quality of the ripa-
rian areas are presented, as an alternative appro-
ach of the QBR. This new method takes into
consideration seven attributes that are related to
the hydrological and ecological functioning of
riparian systems, and it attempts to define opti-
mum conditions and their succesive stages of
degradation. Further, the analysis of these attri-
butes allows the establishment of the reference
condition for each river reach, which is not only
very useful for identifying the main causes of
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Figure 1. Physical structure attributes of riparian zones. Atributos que caracterizan la estructura fisica de las zonas riparias.

riparian degradation at different scales, but also
for proposing management alternatives to
improve and restore the riparian systems.

ATTRIBUTES OF THE HDYROLOGICAL
AND ECOLOGICAL FUNCTIONING OF
RIPARIAN ZONES

Seven attributes are proposed as necessary for
assessing the ecological status of riparian
zones. They can be easily evaluated by analy-
sing several elements of the structure and func-
tioning of riverine systems, which are largely
defined by their hydromorphological dyna-
mics. They are briefly outlined here and descri-
bed in more detail below.

In terms of the “structure” of the riparian
zones, we identify three essential components

(Fig. 1). First, the longitudinal continuity of the
vegetation is one of the main characteristics of
intact river corridors. The existence of conti-
nuous vegetated strips along the channel mostly
contributes to the control of the flow or move-
ment of water, nutrients, sediment and species
through the landscape (Forman & Godron,
1986). Second, the lateral dimension (width) of
the channel and floodplain containing natural
riparian vegetation defines the size of the area
where hydrological and ecological processes
and functions take place, and influences the
heterogeneity of the riparian zone. Third, the
composition and structure of the riparian vege-
tation reflects the ecological quality of one of
the main riparian elements, and this condition
should be evaluated relative to the composition
and structure of riparian vegetation defined by
the reference conditions for each river reach.
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In terms of the “functioning” of the riparian
zones as an integrated element of the river eco-
system, we recognize four elements as the most
representative of their hydrological and ecolo-
gical conditions (Fig. 2). First, the natural
woody species regeneration indicates the abi-
lity of the present vegetation to maintain suc-
cessful populations under the current flow
regime or riparian area management. Second,
bank conditions determine the quality, stability
and heterogeneity of physical habitat for many
species. Third, the lateral connectivity of ripa-
rian zones allows the natural exchange of
water, nutrients and sediments between the
spatial mosaics of the floodplain and the river
channel, which is essential to maintain the
riparian biodiversity (Junk, 2005). Fourth, the
permeability of riparian soils controls the types
of subsurface and groundwater flows and the-
refore the vertical dimension of the four-
dimensional river ecosystem (Ward, 1989).

These seven attributes could be visually eva-
luated according to several characteristics that
can be easily associated to the optimum, good,
fair and poor conditions. Taken together, they
represent a useful approach to score the ecologi-
cal status of riparian zones in the context of the
Water Framework Directive, helping to identify
at the same time the main causes and symptoms
of degradation and the general strategies to
follow for restoring the riparian zones.

The attributes associated with the “structure”
of the riparian areas basically define their mor-
phology, which can be considered as a static or
picture (snapshot) view of the river. At the same
time, however, these attributes represent the
spatial dimensions where the riparian functions
take place, and they therefore can be related to
the possibilities of doing riparian restoration
activities at short time scales.

On the contrary, the attributes related to the
“functioning” of the riparian zones define their
temporal behaviour and their evaluation requi-
res a more dynamic or video view of the river.
These dynamic attributes are more related to the
potential of achieving riparian restoration at
longer time scales based on time-varying fluvial
processes, and they thus represent key elements

needed to guarantee the self-sustainability of
riparian biodiversity and ecosystem processes.

1. Longitudinal continuity of natural riparian
vegetation (woody species)

One of the main characteristics of natural corri-
dors is their longitudinal continuity. This conti-
nuity creates a central habitat along which the
transport of matter, energy and biota takes place
(Forman & Godron, 1986).

In riparian areas, this continuity is essential for
maintaining the biodiversity and the functions
of the corridor. The riparian zones present
elongated shapes with very high edge-to-area
ratios, which make them more vulnerable to
human impacts, as they generally represent
narrow green belts crossing urban-industrial
and agricultural areas. Under this condition,
the amount of forest edge relative to forest
interior is very high, and the maintenance of
the longitudinal connectivity is crucial to ensu-
re the opportunities for the migration of plant
and animal species inside the corridor, and for
the gene flow between populations of tree spe-
cies (Malanson, 1993; Hughes, 2003).

The level of fragmentation of the riparian
vegetation corridor could be an indicator of its
degree of degradation or its level of risk for
losing certain species that are intolerant to human
impacts. Analysing the spatial dynamics of ripa-
rian forested patches, Hanson et al. (1990) show
a decrease of the number of species when the pat-
ches are separated more than 150 m, with signifi-
cantly less loss of species when patches are clo-
ser or maintain their connectivity. Also, bird
communities are affected by the increase of the
“edge” of the riparian forest, revealing a decrease
of richness in nesting species after the fragmenta-
tion of riparian forest (Décamps et al., 1987).

Human activities usually reduce the size of
riparian zones and their longitudinal connecti-
vity, due to the high value of this land for many
purposes. In many cases, the scarcity of riparian
vegetation makes the perception of the existence
of the river difficult loosing some aesthetic
values of the landscape; and this deforestation
diminishes the function of nutrient and sediment
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Figure 2. Hydrological and ecological functioning attributes of riparian zones. Atributos que caracterizan el funcionamiento hidro-

logico y ecologico de las zonas riparias.

filtration from adjacent agricultural lands
(Lovell & Sullivan, 2005).

A good measure of the “longitudinal conti-
nuity” of the riparian corridor (inversely related
to its fragmentation level) could be the percen-
tage of the longitudinal axis of the riparian
zone covered by woody species (trees and
shrubs). The vegetation density of the forested
patches and the distance between these patches,
which is related to the size of the open sites
without this woody vegetation, should be also
taken into account. The very good ecological
status in this case should correspond to a high
percentage of the length of the riparian zone
(e.g., more than 75 %) covered by a dense
woody riparian vegetation, whereas the very
poor ecological status would be indicated by
isolated trees or shrubs along the channel cove-

ring less than 25 % of the length of the riparian
zone, or the absence of woody species and the
predominance of the herbaceous communities
covering the lateral parts of the river channel.

2. Lateral dimensions (width) of floodplain
with riparian vegetation (woody species and
macrophytes)

This attribute is related to the size of the riparian
zone where the hydrological and ecological func-
tions of the riverine landscapes can take place,
such as flood energy dissipation, surface water
storage, infiltration and groundwater recharge,
and interchange of sediments, nutrients and biota
from the river channel to the floodplain. These
functions occur during floods, when water exce-
eds the channel and occupies the lateral parts of
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the river, connecting various landscape patches
where exchanges of matter and energy are possi-
ble (Ward, 1989; Amoros & Bornette, 2002).

The aim of evaluating this riparian attribute is to
know how much space the river has for maintain-
ing flood dynamics, taking into account that the
width of the riparian corridors together with their
longitudinal connectivity are essential for main-
taining their functions and biodiversity (Malanson,
1993). Wider and larger riparian areas would offer
more potential to perform these functions and pro-
vide more floodplain habitats for many species.

Many authors have tried to estimate the opti-
mum width of the riparian corridor necessary
for maximizing species richness, and estimates
vary depending on the considered biological
communities. As an example, Spackman &
Hughes (1995) found that a much smaller ripa-
rian width (between 10 and 30 m) was necessary
to maintain the 90 % of vegetation species,
meanwhile a much wider area (between 75 y
175 m) was necessary for having the 90 % of
bird species in a study in mid order streams in
Vermont (USA). Also a lot of research has been
conducted to determine the optimum width of
riparian vegetation for retaining nutrients from
agricultural lands (Osborne & Kovacic, 1993;
Schultz et al., 1997; Correl, 2005), being one of
the most critical variable in the design of buffer-
strips to reduce non-point water pollution.

In natural conditions, the width of the riparian
corridor depends on the geomorphological con-
ditions of the channel and the wvalley, together
with the size of the river, which changes along
the river corridor. In the headwaters of streams,
such as high mountainous river reaches, the
valleys are V-shaped, relatively confined, and the
channels are narrow and steep. The lateral
dimension of the channel receiving fluvial
influence is relatively small, and the optimum
width of the riparian area could be estimated
around 5m, which would correspond to a narrow
row of riparian vegetation. As the river goes
downstream, its valley generally becomes pro-
gresively broader, with gentle relief, and alluvial
terraces and floodplains are predominant land-
forms in the fluvial system, where a much wider
riparian forest can exist. In this case, the opti-
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mum width of the riparian area might be closer
to 10-15 m for the middle reaches or relatively
open valleys, and be more than 50 m for larger
rivers in broader and flat valleys.

Taking into account the morphology of the
valley and the channel, the optimum riparian
corridor width for each river reach, could be esti-
mated and compared with the actual dimensions.
According to the results, the quality of the ripa-
rian corridor could be evaluated in terms of the
amount of available width for the fluvial dyna-
mics. The width of the floodplain containing
riparian vegetation is also an indicator of the
available space for potential riparian restoration
without modifying the present land uses, and
should be evaluated separately in each reach,
according to its specific river valley morphology
and human land use pressures.

3. Composition and structure of riparian
vegetation

The composition and structure of riparian vegeta-
tion vary along the river corridor, due to differen-
ces in climatic and geomorphological valley con-
ditions and ecological gradients in the river
continuum and network dynamics (Vannotte et
al., 1980; Montgomery, 1999; Benda et al., 2004).

Each river reach has different ecological con-
ditions for riparian vegetation development,
according to its biogeographic region, altitudi-
nal range or geological condition. Flow regime
has also a critical influence on riparian vegeta-
tion patterns, leading to a high variability of
vegetation characteristics, with a critical
influence of environmental factors, such as
confluences of tributaries or climatic bounda-
ries, on their longitudinal zonation (Tabacchi ef
al., 1990) and significant effects of river regu-
lation (Nilsson et al., 2000).

The analysis of species composition and
relative abundance of the main woody species
of riparian vegetation could help us to evaluate
the naturalness of the river reach. Agricultural
practices, overgrazing or alteration of the natu-
ral flow regime and suppression of fluvial pro-
cesses are very frequent human-induced river
impacts that have caused dramatic changes in
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composition and structure of riparian vegeta-
tion. Pettit et al. (2001) have highlighted the
strong relationship between floristics, life form
structure and population dynamics with stream
hydrology. Water diversions also affect the
composition and structure of riparian vegeta-
tion, especially in arid zones where wetland
species that depend on shallow water tables can
decline or be replaced by upland species tole-
rant to drier conditions (Stromberg et al.,
1996). Declines in species diversity can also
occur due to flood disturbance reduction or
temporal and spatial diversity of flood distur-
bance decrease (Pollock et al., 1998).

The assessment of this riparian attribute
should be carried out comparing present con-
ditions with those considered natural or refe-
rence for the study river reach. Several indica-
tors can be used, such as height average of
native vegetation, shrub density, abundace of
nemoral species, absence of exotic or ruderal
species, etc. But these features should be
accompanied by an analysis of riparian vegeta-
tion communities to determine if the present
species composition and relative abundance
correspond to that considered natural for the
study river reach. For example, in temporary
or ephemeral streams, the composition and
structure of riparian vegetation is characteri-
zed by dense shrub formations of drought tole-
rant species (Zamarix sp., Nerium oleander,
Vitex agnus-castus, Securinega tinctoria, etc.),
and the presence of native species from other
river types such as Salix sp., Populus sp., etc.,
could indicate flow regime alteration (e.g.,
water transfers) or agricultural impacts.

In this case, works like those of Lara et al.
(1996, 2004), where compostion and relative
abundance of riparian species are described
for natural or reference conditions for the dif-
ferent river types, are needed to define the
optimum conditions for each river reach.
Succesive degradation stages can be establi-
shed from the reference riparian vegetation
community, taking into account the decrease
of quality of the vegetation corridor in
terms of reduced average height and density,
number of native species, changes in relative

abundances, invasion of species indicating
drier conditions, grazing effects, etc.

4. Natural woody species regeneration

Natural regeneration of the main riparian species
is necessary to ensure the maintenance of the
composition and structure of the present riparian
forest through time. Human activities can lead to
certain conditions under which this natural rege-
neration is reduced or not possible anymore, pro-
moting some successional trends that differ con-
siderably from those considered natural in the
respective area. For this reason, the assessment of
the composition and structure of riparian vegeta-
tion should be complemented with the analysis of
the ratio of the natural woody species regenera-
tion, which could be estimated by the age class
distribution of the main species.

Richards et al. (2002) consider the diversity of
age structure, which is defined as the frequency
distribution of ages of a species in an area or
habitat, an indicator of ecological diversity and
environmental value of floodplains. In these geo-
morphologically dynamic environments, flood-
driven erosion and deposition processes promote
the physical habitat heterogeneity that maintains
the age diversity of riparian woody species (Salo
et al., 1986; Ward & Tockner, 2001).

There is a clear evidence that natural regene-
ration of riparian forest greatly depends on the
flood hydrograph, which has been frequently
modified by different mechanisms (Zamora-
Arroyo et al.,, 2001; Lytle & Merrit, 2004).
Dams, water diversions and flow regulation
have disrupted the natural pulse-flood regime,
disrupting the natural ecology of riparian
corridors (Johnson, 2002). But other human-
induced impacts, such as overgrazing, agricul-
tural practices, fires, and channelization
works, also reduce the potential of natural
regeneration, by periodically eliminating seed-
lings, disrupting riparian soil structure, or
changing the soil moisture regime because of
channel incision after dredging.

Considering that natural woody riparian
communities should have a diverse age class
structure that reflects the dynamism and hetero-
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geneity of floodplain habitats, we could assume
that the optimum condition would correspond
to the presence of several age classes (seed-
lings, saplings, middle-aged and old trees),
which would reflect ongoing self-replacement.
This age diversity will indicate that current
flow regime and riparian management are
allowing an adequate amount of recruitment
and growth to sustain or recover the woody
riparian component. The opposite condition
would correspond to the absence of younger
elements, and the predominance of mature indi-
viduals with frequent mortality of old plants.
In less active floodplains, or in reaches with
few open sites where natural seedling establish-
ment can take place, the evaluation of natural
regeneration by this age-class diversity should
be complemented by taking into account the
intensity of the human pressure that may be
reducing the potential for natural regeneration.
Such pressures could include flow regulation
(decrease of flood frequency), agricultural prac-
tices (frequency and depth of plowghing, addi-
tion of herbicides, frequency and intensity of
fires, etc.), intensity of the overgrazing, etc.

5. Bank conditions

River banks are key features that influence
riparian conditions because they exert signifi-
cant control on river hydraulic geometry,
which itself controls flow and sediment routing
and thus physical habitat diversity and chan-
nel-floodplain interactions (Stewardson, 2005).
Bank length, bank stability and bank undercut
are current variables included in the standard
fish habitat inventories (Overton et al., 1997),
and they also have a deep control upon the
establishment, growth and distribution of ripa-
rian vegetation (Hupp, 1999).

Bank erosion is a main component of fluvial
dynamics. The natural disturbance regime which
constitutes this dynamic process is primarly res-
ponsible for the habitat mosaic renewal and
diversification in floodplains, and for the high
level of landscape diversity in river corridors
(Ward et al., 2002). The natural and inmediate
response to this erosion is the colonization of

the new habitats by riparian vegetation, which
takes place when these open sites have appro-
priate soil moisture and flooding conditions for
seed germination (Hughes, 2003).

But very often, bank erosion is accelerated by
human activities and the newly created sites can-
not be colonized by vegetation, due to their insta-
bility or their unfavourable soil moisture regime.
Severe channel degradation typically removes
most of the riparian zone from the influence of
fluvial processes for most of the time; this fact
reduces the connectivity of the channel with the
riparian zone and the ecological value of bank
habitats, leading to deterioration of the aquatic
ecosystem and the water quality (Hupp, 1999).

Many types of human intervention can cause
accelerated bank erosion and retreat, thereby
leading to a loss of physical habitat and riparian
biodiversity (Brookes, 1988; Gregory, 2002).
These include: agricultural practices or overgra-
zing that degrade or compact soils, flow regime
changes that cause large fluctuations of soil
bank moisture, and dredging or channelization
works that induce channel incision.

There are some field indicators of channel
stability that can be used in the assessment of
river bank conditions, such as large or frequent
eroding cliffs of unconsolidated sediments deli-
vering sediment directly to the channel; slabs,
blocks or overhangs indicating scour by fluvial
processes; collapse of fence lines, embank-
ments or arboreal vegetation, bare roots, etc.
(Sear, 1996). Beyond these, the shape of the
wetted perimeter of the channel should be taken
into account, to assess the naturalness of river
banks. In natural conditions, this perimeter is
very sinuous and irregular, and a small water
depth exists near the bank, between bed sedi-
ments and bankside vegetation. In realigned or
modified river banks, after dredging or bank
reveting, the perimeter of the water border is
much straight and shorter, and water depth near
the bank is greater and more uniform.

Taking into account the effect of riparian vege-
tation on stabilizing river banks (Thorne, 1990),
we could propose as optimum conditions when a
considerable dimension of the river bank length
(e.g., more than 50 %) is covered by woody spe-
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cies, macrophytes or rocks, there is no evidence
of bank instability or human-induced erosion
processes, and the water border is irregular with a
natural shape. Less favourable conditions should
correspond to a smaller ratio of river bank length
(less than 50 %) protected by riparian vegetation
or presence of rocks, with presence of instability
features in the open spaces, or when the river
banks are realigned, as a consequence of bank
revetments that have shortened the perimeter of
contact between water and channel banks. The
poorest conditions in this case should correspond
to the reaches where bank protection by vegeta-
tion is minimal, and there are indicators of severe
bank erosion affecting riparian vegetation esta-
blishment. or in cases where channelization
works have created hard concrete banks with
fixed water borders where dynamic fluvial pro-
cesses are largely precluded.

6. Lateral connectivity

Water level fluctuations in river channels asso-
ciated with flow regime variability, periodically
determine lateral expansions of the water surface
inundating the floodplains. This lateral connecti-
vity between the river channel and its floodplain
is an essential component of natural fluvial
hydrosystems (Ward, 1989; Amorés & Bornette,
2002). The lateral interactions between main
channel and its floodplain are responsible for
many biogeochemical and habitat processes that
support the biodiversity along river corridors.
The flood pulse is the primary driving force in
river-floodplain systems (Junk et al., 1989).
Periodic floods inundating floodplains allow
exchanges of biota, sediments, organic matter
and inorganic nutrients between landscape pat-
ches. At the same time, kinetic energy of flood-
ing water is responsible for periodic reshaping of
the area, causing erosion and deposition proces-
ses, creating new habitats for vegetation recruit-
ment, etc, that determine the physical heteroge-
neity at different spatial scales (Poole, 2002).
The transfer of sediment, nutrients and biota
that takes place by this lateral connectivity is
important not only during the flood rise, from
the river channel to the floodplain, but also
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during the flood recession, from the floodplain
to the channel. In this case, the release of dissol-
ved organic carbon and nutrients from surface
sediments and their transport back into the river
channel constitutes an important energy source
for aquatic organisms, forming the base of food
webs in the lotic ecosystems (Thoms, 2003).

Lateral connectivity of riparian zones could
be qualitatively estimated by the frequency of
floods that hydrologically link these areas with
main channel. In natural conditions, bankfull
discharge typically occurs with a recurrence
interval of 1.5 - 2 years in humid areas with per-
manent flow regimes (Dunne & Leopold, 1978)
and with a lower frequency, once in 5 - 10 years,
in Mediterranean rivers with a much higher flow
regime variability (Estrela, 1994). Flows slightly
larger than these “bankful” floods should inun-
date the riparian zones, which occupy a variable-
width floodplain-area according to the frequency
and magnitude of flooding.

Human activities change the lateral connecti-
vity of riparian-river systems not only by alte-
ring the natural hydrological pattern of flood-
plain inundation, but also by reducing reactive
floodplain surface areas. Flow regulation decrea-
ses annual maximum flows and frequency of
small to intermediate size floods; land use chan-
ges lead to bank elevation (e.g., soil leveling for
agriculture irrigation); construction of levees
and dykes, or dredging and deepening the river
channels, greatly reduce lateral connections of
floodplains, with severe implications on carbon
and nutrients exchange, reducing the producti-
vity of the entire river system (Thoms, 2003).

Optimum conditions of lateral connectivity
could be recognized when the channel banks are
low (at bankfull discharge), they are inundated
frequently (once between 2-8 years according to
the flow regime variability), and there is no res-
triction for flooding in the adjacent areas close
to the channel. Intermediate environmental sta-
tus could correspond to channel banks elevated
by human intervention, riparian zones inundated
with a periodicity less than once in 10 years, or
when there are restrictions for flooding due to
flow regulation, dredging or moderate channel
incision. The poorest conditions could be found
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when the banks have been elevated and are not
accesible for ordinary (1.5-2 to 8-10 years) flo-
ods, the frequency of inundation of riparian
zones is less than once in 25-30 years, or where
engineering structures or severe channel inci-
sion restrict lateral expansion of flood waters.

7. Permeability of riparian soils

Riparian soils generally have coarse permeable
materials, which come from alluvial processes
with succesive deposition events at different
channel migration stages (Leopold, 1973). These
permeable soils facilitate water infiltration and
groundwater recharge during floods, endowing
riparian systems with a high water storage capa-
city. Through these water flows, riparian areas
maintain a higher soil moisture content needed
by their vegetation, and control the physico-che-
mical characteristics of water reaching the chan-
nel, as stormflow or base flow (Hill, 2000).

Ecologically, these permeable riparian soils
play an important role on the ecosystem functio-
ning, enlarging the area where vertical connec-
tions between river beds and the hyporheic zone
take place, according to geological features and
directions of flow fluxes. The river’s vertical
dimension, which represents the hyporheic
zone, is often connected with a permanent
groundwater zone, and this zone can provide
refuge for many species during floods and
droughts and a nursery for benthic invertebrates
(Stanford & Ward, 1993; Ward et al., 1998) and
a thermal refuge for fish (Baxter &. Hauer,
2000). Also the hyporheic zone influences car-
bon and nutrient dynamics and microbial activi-
ties and is thus very important to nutrient trans-
formation and biodiversity in river corridors
(Ward, 1989; Malard et al., 2002).

Different human activities alter the surface-sub-
surface hydrological exchanges in river corridors.
Gravel extractions often change significantly
the granulometry (sediment size distribution) of
the riparian soil horizons, affecting their permea-
bility and soil moisture retention capacity for
vegetation establishment. Often the large holes
created by sediment extractions are backfilled
with unwanted impermeable soils removed from

urbanized areas, underground infraestructure
construction, etc., thereby dramatically changing
the water flows through the hyporheic zone under
the riparian areas and even the channel bed. The
chemical nature of the backfill can also affects the
quality of subsurface flows, in addition to the per-
meability and flow quantity.

But other human impacts on riparian zones
can also alter the vertical dimension of aquatic
ecosystems by soil compactation and sealing
caused by agricultural practices, overgrazing,
road construction, urbanization, etc. These acti-
vities reduce or prevent water infiltration,
decreasing the opportunities of soil moisture
replenishment under low-rain climate condi-
tions, which also occur in many urban areas.
Flow regulation and channelization also affect
vertical underground water flows by reducing
the frequency of floods or by enhancing incision
processes that cause the drying of riparian soils.

Evaluating this riparian attribute, the opti-
mum conditions would correspond to natural
riparian soils without compacted or sealed
areas, and without sediment extractions or alte-
rations of the natural relief. Fair or intermediate
conditions would be presented in the cases of
presence of paths or roads ocupying some per-
centage of riparian surface, compacted or sealed
areas preventing vegetation regeneration, gravel
extractions and changes of natural granulo-
metry, incorporating alloctonous less permeable
materials, building debris, and so forth. The
poorest conditions in this case would be found
when a high percentage of riparian soil has
became impermeable, or the soil profile has
been changed incorporating imported materials
containing salts or harmful chemicals, or when
the riparian natural surface drainage has been
disrupted by the presence of dykes, soil depo-
sits, rubbish dumps, etc.

APPLICATIONS

The attributes considered in this paper reveal
the main structure and functioning characteris-
tics of riparian systems, and represent useful
qualitative criteria for assessing their ecological
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status under current flow regimes and riparian
management practices. Furthermore, the analy-
sis of these attributes may help in diagnosing
causes and consequences of riparian degrada-
tion, as well as identifying restoration strategies
and evaluating post-project appraisals.

The systematic analysis of these seven attribu-
tes, if extended all over the basin and for several
years, and then delineated on appropriate maps,
could offer a consistent spatial and temporal
information about the locations of the best pre-
served riparian areas. Further, this information
would help identifying the main problems affec-
ting each river reach or watershed, as well as the
temporal trends of degradation or recovery.

The analysis of the aforementioned riparian
attributes can also help us infering the main pres-
sures that are limiting natural riparian functions,
and to define management options for riparian
restoration. Restoration or rehabilitation alterna-
tives can be defined more straightforwardly if the
main degradation causes are correctly identified
and the human pressures that are limiting natural
riparian functioning in each river reach are
known (Gonzalez del Tanago, 2004). Very often
the causes of riparian degradation are related to
disruption of hydrologic regimes, overgrazing or
direct conversion to irrigated cropland and urban
areas. These disruptions normally provoke loss
of lateral and vertical connectivity, channel inci-
sion and bank stability, change in native vegeta-
tion composition, and natural regeneration,
symptons that are directly evaluated by the ripa-
rian attributes already reviewed.

These riparian attributes can also serve as
succes criteria for post-project appraisals in
adaptive management of river restoration.
Downs & Kondolf (2002) emphasize the impor-
tance of these post-project appraisals to evaluate
the degree to which the proposed objectives
have been achieved with the restoration project,
and to assess the efficiency of resource invest-
ment. These appraisals should be based on
systematic data collection, that could be asso-
ciated in riparian restoration projects with the
status of the riparian attributes here discussed.

Also, Palmer et al. (2005) have recently
proposed five criteria for ecological success in

river restoration, one of which being the mea-
surable improvement of ecological conditions
of the river ecosystem. Following this princi-
ple, the riparian attributes presented here
would provide meaningful indicators with
which ecologically successful restoration pro-
cedures could be assessed.
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