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ABSTRACT

Influence of catchment processes on fluvial morphology and river habitats

Fluvial morphology is conditioned by three basic elements: flow regime, sediment yield and valley characteristics. These
elements are controlled by factors operating at different spatial and time scales, within and outside of the basin. Moreover, the
great influence of human activities has to be considered as they presently constitute one of the main hydromorphological
factors. This paper synthesises the effects of different variables on fluvial morphology and structures the review around
the three basic elements mentioned above with examples from the Iberian Peninsula rivers. Understanding the factors
that affect channel morphology is of primary importance for assessing river habitat condition, considering that river reach
characteristics are the result of the interaction between upstream and downstream catchment and local conditions. Finally,
fluvial geomorphology is a key element in river ecosystems that creates geodiversity and heterogeneity of fluvial forms at
different spatial scales (i.e., river habitats) and should be considered part of our natural heritage and a valuable natural element
itself.

Key words: Fluvial morphology, flow discharge, sediment yield, valley characteristics, catchment variables, Iberian Peninsula
rivers.

RESUMEN

Procesos de cuenca como condicionantes de la morfologı́a fluvial y de los habitats fluviales

La morfologı́a fluvial está fundamentalmente condicionada por tres elementos: caudales lı́quidos, aportación sedimentaria y
las caracterı́sticas del valle; estando al mismo tiempo determinados por variables que operan fuera y dentro de la cuenca.
Finalmente, la actividad humana perturba de forma considerable la morfologı́a fluvial, siendo uno de los elementos con
mayor capacidad de alteración hoy en dı́a. En este artı́culo se presenta una sı́ntesis de las variables que condicionan la
geomorfologı́a fluvial, estructuradas en torno a los tres parámetros principales y se proporcionan algunos ejemplos de rı́os de
la Penı́nsula Ibérica para ilustrarlos. La comprensión de los factores que condicionan la morfologı́a de un cauce resulta
de mucha importancia para un buen diagnóstico de las condiciones del hábitat fluvial, considerando que las caracterı́sticas de
un tramo son el resultado de la interacción de las condiciones locales, ası́ como de la cuenca aguas arriba y la situación aguas
abajo del mismo. Finalmente, la geomorfologı́a fluvial es un elemento clave en los ecosistemas fluviales, crea geodiversidad
y heterogeneidad en las formas fluviales a diferentes escalas espaciales, como los hábitats fluviales, forma parte de nuestro
patrimonio natural y constituye un valor natural en sı́ mismo.

Palabras clave: Geomorfologı́a fluvial, caudal, disponibilidad de sedimentos, caracterı́sticas del valle, variables de cuenca,
rı́os de la Penı́nsula Ibérica.
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INTRODUCTION

Fluvial morphology results from the complex
interplay of all geomorphic processes that oc-
cur in a basin at different spatial and tempo-
ral scales (Schumm, 1988; Piégay & Schumm,
2003; Church, 2008; Schumm & Lichty, 1965;
Lane & Richards, 1997). The variables that affect
stream systems, such as climate, geology, veg-
etation, valley dimensions, hydrology, channel
morphology and sediment load, have different
causal relationships one with another, depending
upon the time scale of analysis (Amoros & Petts,
1993; Gilvear & Bravard, 1993). However, chan-
nel form in particular is mainly a result of the
interaction between river flows, sediment yields
(driving variables), valley characteristics (bound-
ary characteristics) and human activity upstream,
downstream and at the site (Newson, 2002). Any
change in these elements or processes results in
new dynamics and river forms.

Drainage basins have long been described
based on the main geomorphic driving pro-
cesses of erosion, transport and sedimentation
(Schumm, 1977; Gregory & Walling, 1973). Mo-
re recently, different authors have reviewed the
influence of the drainage basin in fluvial chan-
nels, relating reach hydraulic geometric charac-
teristics to these main geomorphological pro-
cesses and taking into account that hillslope
influences the variability of different variables
along the drainage system such as vegetation and
other ecological processes (Church, 2002; Brier-
ley & Fryirs, 2005). In this regard, Brierley &
Fryirs (2005) have proposed a scaled hierarchi-
cal approach to derive river style properties from
empirical geomorphological surveys of a basin’s
sediment dynamics, in which natural channels
are defined as those “dynamically adjusted” and
working within a range of “variability set by the
river style” and the “catchment context”.

Stream channels tend toward an equilibrium
state in which the inputs of mass and energy
equal the outputs. Thus, any change in sediment
yield, flows or slope leads to an adjustment of
the channel by means of changes in channel size,
shape and profile through erosion and deposition
of sediments (Montgomery & Buffington, 1998).

Rivers are subject to geomorphic thresholds of
several types that define significant changes in
the driving processes and river morphology and
delimit distinctive riverine landscapes and habi-
tats (Church, 2002). Short-lived states of dis-
equilibrium often result when a geomorphic
threshold is exceeded by changing the behaviour
of any variable or process inside or outside
of the system (Renwick, 1992).

The balance of Lane (1955) shows the rela-
tionships among flow, quantity and size of sedi-
ment and slope, according to which, if the sedi-
ment supply and size of bed material are higher
than the flow capacity needed for transport, depo-
sition and aggradation processes will occur until
the system is adjusted to a new equilibrium be-
tween discharge and sediment supply. In contrast,
if the amount of sediment is low, the bed ma-
terial size decreases or discharge increases, the
flow energy will exceed that needed for transport
and erosion and incision processes will dominate.
Finally, if sediment load and flow are in balance,
neither channel erosion nor deposition will oc-
cur. In this case, bed or bank erosion/deposition
could balance the sediment amount depending
on the material. However, Lane’s equation does
not indicate where exactly erosion or sedimen-
tation processes will occur and, therefore, how
the channel form might change (Simon & Castro,
2003). The balance of sediment supply and trans-
port capability, conditioned by gradient and dis-
charge (Leopold & Wolman, 1957) among other
characteristics, influences channel bed structure
and the style or planform of the channel, which
in turn create distinctive fluvial forms and physi-
cal habitats in different parts of the river network
(Church, 2002). In this regard, discriminant lines
between channel form planforms may be indica-
tive of key thresholds that determine different
morphologies and habitat features (Church, 2002).

The main objective of this paper is to review
the effects of basin-scale processes on the cre-
ation of fluvial morphology and provide illustra-
tions of different examples taken mainly from the
Iberian Peninsula Rivers but also from other ge-
ographical areas. This review emphasises the im-
portance of the balance between sediment yield
and water in fluvial morphology and pinpoints



Fluvial morphology and river habitats 171

how these variables are influenced by a wide ar-
ray of external and internal catchment processes
and human activities. Thus, the intention of the
review is to update and clarify the basic geo-
morphological concepts that need to be addressed
when managing and restoring fluvial ecosystems.

KEY FLUVIAL SYSTEM VARIABLES FOR
CHANNEL MORPHOLOGY

Fluvial geomorphological processes and channel
forms are determined by three main factors: dis-
charge and sediment yield, which are the main
drivers, and valley characteristics, which estab-
lish the boundary conditions (Newson, 2002).
These factors are influenced by other variables
within andoutside of the catchment andbydifferent
human activities that frequently dictate the charac-
ter of riverine landscapes (Church, 2002; Fig. 1).

Basin external factors

Climate, tectonics, base level and past environ-
mental conditions are all factors that operate

at a scale larger than the catchment (Fig. 1) but
that are very important as they control inputs
and rates of matter and energy. Therefore, any
change in these variables will lead to a complex
sequence of changes and adjustments within the
fluvial system (Charlton, 2008).

Climate

Climate is an important factor that controls
river hydrology. The climatic conditions, rainfall
regime, type of precipitation, extreme events, fre-
quency and magnitude of rainstorm and droughts
all determine flow generation and erosion capac-
ity and, thus, the delivery of sediments to the
channel and transport. Climate also has an im-
portant influence on the type and density of veg-
etation, soils and land use, all of which control
runoff generation and sediment yield.

As an example, the Iberian Peninsula consists
of a wide variety of fluvial regimes that respond
to the climate regime, principally to rainfall and
including regimes due to extreme events. For ex-
ample, rivers with nival regimes such as those
in the Pyrenees, “ramblas” or creeks with low

Figure 1. Schematic representation of the main factors that determine channel morphology in fluvial systems. Representación
esquemática de los principales factores que determinan la morfologı́a fluvial.
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and irregular flows that are common in the east-
ern and southern part and streams with oceanic
regimes that are common in the Atlantic basins.
Thus, in these cases, the morphologies are con-
ditioned by the competence to transport sed-
iments, which is mainly determined by water
discharge (Fig. 2). The discharge regime varies
seasonally and synoptically, from low flows that
decrease the water level to higher flows that
can overbank, leading to the “flood pulse” pro-
cess that is necessary for the exchange of matter
and nutrients between the main channel and the
floodplains (Junk et al., 1989).

Tectonics

Tectonic activity, including uplift, tilting or sub-
sidence, affects fluvial morphology and the river
planform directly by changing gradients and de-
termining topography, river profile and slope
and indirectly by altering the sediment budget
through changes in erosion, transport or sedi-
mentation rates due to new gradient conditions
or by mass movements that generate obstacles
in the channel (Schumm, 2005). The effects of
tectonic activity are not only given at the reach

level; they instead trigger changes that progress
upstream and downstream until the river chan-
nel establishes a new equilibrium profile. Several
authors have provided examples of the adjust-
ment of fluvial morphology in areas with high
tectonic activity, as illustrated by Schumm (2005)
for the alluvial plain of the Sindh River in the
lower Indus. For the Iberian Peninsula, Dı́ez He-
rrero (2003) described the influence of tectonic
activity on the morphology of the Alberche River
in central Spain, and Maher & Harvey (2008)
illustrated changes in the Alias River, which is
southeast of the Iberian Peninsula.

Base level

Lowering or raising the base level implies chang-
ing the equilibrium line. Base-level changes can
occur at a regional or local scale. At a regional
scale, the main causes include tectonic uplift or
subsidence,changes in sea level or isostatic uplift of
land masses (Schumm, 1993; Blum & Toèrnqvist,
2000; Florsheim et al., 2001; Friedman et al.,
1996; Rinaldi & Simon, 1998; Doyle & Harbor,
2003; Springer et al. 2009), while local base-
level changes can occur naturally when aggrada-

Figure 2. Monthly flow coefficient for snowmelt (A: Valira River), pluvial oceanic (B: Mino River), pluvial continental (C: Cabriel
River), pluvial Mediterranean (D: Matarana) and ephemeral (E: Rambla Algeciras) hydrological regimes of the Iberian Peninsula.
Regı́menes hidrológicos de la Penı́nsula Ibérica: nival (A: rı́o Valira), pluvial oceánico (B: rı́o Miño), pluvial continental (C: rı́o
Cabriel), pluvial mediterráneo (D: rı́o Matarraña) y efı́mero (E: rambla Algeciras).
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tion or incision in the main channel alters the base
level of its tributaries or by human activity, as for
example, with the construction of dams (Fig. 3).

The natural lowering of a river base level
could rejuvenate a drainage network, forcing re-
gressive erosion upstream to achieve a new equi-
librium line. However, a rise in base level would
lower energy and thus result in more deposi-
tional processes, mostly in lower reaches, and
in alterations of channel planforms (Lane, 1955;
Schumm, 2005). Some of the best understood ex-
amples of natural changes in base level are those
that occur as a result of glacioeustatic changes,
such as those that led to the formation of the Up-
per Ebro canyons during the end of the Tertiary.
The intense cold conditions at the beginning of
the glaciations led to important incision when the
Ebro River base level dropped, a process that was
accelerated by karstic processes (González Pelle-

jero, 1986). Recently Garzón et al. (2010) have
also shown the base level control of Tertiary de-
pressions on the Guadiana River incision.

Dams can also change the base level up-
stream and downstream. Upstream, aggradation
processes dominate, and the dam itself produces
lentic waters with their associated forms and
habitats. Downstream, decreased discharge and
sediment load result in incision, channel narrow-
ing and encroachment of plants. A good exam-
ple of this process can be seen along the Aragón
River downstream of the Yesa dam, and the pro-
cess is repeated due to the many hydropower
stations located along the entire reach down-
stream of the Yesa dam. The hydropower sta-
tions with their dams and derivation channels
create water diversions and alterations of sedi-
ment transport and, therefore, lead to different
processes in each part (Fig. 3). Upstream, the

Figure 3. Aerial picture showing a small hydroelectrical station sited in Mélida on the lower reach of the Aragón River (Ollero et al.,
2008) and a schematic representation of dam and water abstraction effects (Qs: solid charge, S: slope, Qa: discharge upstream of the
dam, Qb: discharge in the short-circuited reach, Qd: derived discharge, Qc: discharge downstream of the confluence of derived flow).
Fotografı́a aérea y esquema de los efectos hidromorfológicos de presas y detracciones de aguas en una minicentral hidroeléctrica de
Mélida situada en el tramo bajo del rı́o Aragón (Ollero et al., 2008). Qs: caudal sólido, S: pendiente, Qa: caudal aguas arriba del
azud, Qb: caudal en el tramo cortocircuitado, Qd: caudal derivado, Qc: caudal aguas abajo de la confluencia del flujo derivado.
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dam traps sediments, reduces the slope and slows
water velocity. Therefore, sediments are accu-
mulated, and the waters become stagnant, creat-
ing lacustrine forms and habitats. Downstream,
water discharge is considerably decreased, and
thus, sediment load and water transport capacity
are altered. The slope also increases downstream
producing vertical erosion and narrowing pro-
cesses; therefore, new bars emerge, and vegetal
colonisation increases. Finally, once the diverted
waters converge with the river, water discharge is
recovered but not sediment load, which produces
vertical erosion processes and a drop in sediment
load, affecting downstream processes and forms.

Past environmental conditions

Every drainage basin has a historical legacy re-
sulting from past environmental changes. This
legacy includes the cumulative effects of pro-
cesses such as erosion, transport and deposition
over long periods of time and the influence of
factors external to the basin such as climatic vari-
ations since the Last Glacial Maximum. This
past legacy has greatly affected fluvial systems
worldwide, and many existent river morpholo-
gies may have been constructed by these past
processes (Newson, 2002). Past climate condi-
tions, not only in relation to precipitation but also
to temperature, snow and glacial activity, have
shaped valley bottoms and left relict sediment de-
posits on hillslopes and floodplains, which can
easily be dragged to the channel. The form of
some braided rivers is a consequence of pre-
vious climate conditions, in which higher ero-
sion rates yielded more material than the amount
of sediment that these channels can transport
presently. There are many cases in the Iberian
Peninsula that illustrate this process. For exam-
ple, past glacial activity in the Belagua River val-
ley and the important weathering that the basin
experienced have produced a flat valley bottom
and an important sediment yield and delivery
to the channel, which has resulted in a braided
river planform. Another classic example is pro-
vided by the Mississippi River metamorphosis,
in which the supply of huge amounts of melt-
water and sediment from the ice sheet together

with the lowering of the base level as a conse-
quence of the subsidence of the sea level to ap-
proximately 150 m have repeatedly modified the
channel planform (Fisk, 1944). A similar exam-
ple is found in the Aguas River of southeast-
ern Spain, in which past climatic changes linked
to base level changes have given different flu-
vial dynamics and terrace levels (Schulte, 1996).
Thus, applied fluvial geomorphological surveys
and evaluations of the historical context of each
basin and site are vital contributions to the under-
standing of existing river forms (Newson, 2002).

Main channel morphology drivers

River channel morphology is mainly controlled
by the interaction between discharge regime and
sediment budgets, which are also influenced by a
wide array of factors from the reach, the valley
and catchment characteristics or external factors.

Flow, floods and sediment discharges

The interaction between discharge and sediments
governs erosion, transport or sedimentation pro-
cesses. Therefore, variation of flow regimes or
sediment budgets results in different river chan-
nel morphologies. Floods are a principal element
in fluvial functions as they accelerate the geomor-
phological dynamics of erosion, transport and
sedimentation processes as well as the ecologi-
cal interactions that depend upon these processes
(Junk et al., 1989). Ordinary floods and bankfull
discharges are extremely important for shaping
channel forms due to the high velocity of water,
while low flows and large floods give the chan-
nel its final form due to their high competence.
Sediment load is the other factor that controls
channel morphology, as erosion and sedimenta-
tion of material shape and form geomorphic fea-
tures. Sediment load changes according to deliv-
ery from the upstream basin. Once the sediments
get into the channel, their transport regime and
the character of alluvial deposits along the chan-
nel depend on the amount and size of sediments
(Church, 2002), and the transport is mainly clas-
sified as suspended, mixed or bedload. These sed-
iment transports are related in different ways to
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flows, and each gives different morphological re-
sponses (Schumm, 1977). Therefore, any factor
affecting the hydrological response and sediment
delivery of a basin and therefore discharge and
sediment yields will influence the channel geo-
morphological conditions. Finally, these factors
are also modified by human activity either di-
rectly, as occurs by water diversion, or indirectly,
as a result land use changes, for example.

Flow and sediment regimes are mainly influ-
enced by rainfall regimes. Rainfall conditions,
overland flow and the amount of water deter-
mine the erosive capacity of the water and the
availability of sediment. However, the runoff pro-
duced during a precipitation event and the hydro-
logical response of a river depend on the partic-
ular form of the rainfall event, and thus, rainfall
intensity, duration and type of precipitation also
play an important role. Higher sediment yield
rates are obtained during flood events in which
runoff increase erosion and transport of sedi-
ment. Moreover, higher runoff produces higher
dischargesthat are able to shapemorphological fea-
tures by remobilising, scouring or depositing them
further away. The relationship between discharge
and sediment concentration is, nevertheless, ex-
tremely complex, as sediment availability depends
on many factors and not simply on water runoff.

Physiographic or morphometric characteris-
tics of the catchment (e.g., shape or topography)
also determine flow and sediment regimes. These
characteristics control the way flow arrives to the
main channels, the time it takes, and the role
of tributary confluences. For example, large de-
bris flows can accumulate in the confluence of
ravines with similar compactness indices and in
highly erodible landscapes. One such large de-
bris flow occurred in the confluence of the Calcı́n
and Lopán ravines in the central Pyrenees, bury-
ing the church of the monastery of San Adrián de
Sasabe (Garcı́a-Ruiz & Valero-Garcés, 1997).

Catchment lithology constitutes the source of
materials that lay in the channel; thus, its re-
sistance is one of the principal factors that de-
termine sediment yield rates and the type of
solid flow, which are variables that control to a
great extent the hydrogeomorphological condi-
tion of river channels. Moreover, structural fac-

tors (such as faults) and riverbed lithology con-
trol drainage patterns and the density of river net-
works. Bedrock channels are generally narrower
(Turowski et al., 2008) because vertical incisions
that follow weakness lines such as faults prevail
over lateral movements. Many examples can be
seen in the rivers that cross the mountain areas
of the Iberian Peninsula, such as those in the
“Sierra de Guara”. However, rivers over granu-
lar beds are wider and have high sediment trans-
port, as braided rivers such as the Eska River in
Belagua mentioned previously. Moreover, lithol-
ogy (i.e., bedrock type) can also exert great con-
trol over water runoff. Permeable soils and rocks
such as karstic types have slower responses to
precipitation events and maintain flow longer
compared with impermeable types. In contrast,
drainage basins with impermeable or saturated
materials have faster responses to rainfall that
result in higher peak flows and often in more
extended droughts as well.

The type and density of vegetation has a
very important role on runoff generation and soil
protection. Vegetation cover reduces the impact
of raindrops, increases interception and allows
higher infiltration rates, which protects from soil
erosion and reduces sediment production and wa-
ter runoff. Therefore, in basins covered by dense
vegetation, runoff generation, flow peaks and
droughts tend to be less severe (Beechie et al.,
2006). Large impacts on river morphology due
to changes in vegetation cover and land use have
been recognised, for instance, in the Pyrenees.
An increased forest density results in reduced wa-
ter discharge, sediment yield and load, and con-
sequently, the channel form becomes simplified
from braided to single. This phenomenon is es-
pecially evident in mountain areas (Piégay et al.,
2009) and specifically in the Pyrenees, where it
has been shown that changes in the structure and
density of vegetation due to land use changes
have produced alterations in the Ijuez and Aurin
River forms (Martı́nez-Castroviejo et al., 1991).
Moreover, vegetation can also greatly influence
the floodplain, especially on river banks, protect-
ing them from erosion (Gurnell et al., 2006). Al-
though this factor can be considered as more of
a valley characteristic condition, some authors
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such as Malavoi et al. (1998) developed their
free space theory based on the supply of sedi-
ments that riparian erosion processes can gener-
ate once drainage basin deliveries due to land use
and dams have disappeared.

Valley characteristics and fluvial territory:
boundary conditions

As explained above, flow and sediment regimes
are controlled by catchment variables; however,
the results of their interaction are constrained by
valley and reach variables such as valley mor-
phology, slope, confinement, bed material and
floodplain characteristics. Valley slope controls
the potential energy of a reach and influences
incision and aggradation processes that lead to
different channel equilibrium profiles (Charlton,
2008). Moreover, changes in valley floor materi-
als due to differences in bedrock hardness or the
presence of tributary confluences also produce
river channel adjustments to the terrain convex-
ities and concavities on the valley floor. A good
example of this effect is provided by the Aragón-
Subordan River in the western Pyrenees, where
changes in the slope and valley confinement
along the course of the river are the main factors
that generate contrasting planform patterns, and
therefore, river forms. Thus, in its headwaters at
the site named Aguas Tuertas, an anastomosing
pattern occurs in a low gradient reach formed of
soft glacial materials in a U-form valley. Further
downstream, the river crosses the “Garganta de
los Infiernos” gorge over limestone materials. In
this case, the river adapts to new gradient, valley
confinement and bedrock material conditions and
produces a single, straight mountain river channel
with the bed mainly composed of coarse materials
(Ollero et al., 2003; Dı́az et al. 2005, 2006).

Valley width and valley floor shape deter-
mine valley confinement, which is a very impor-
tant boundary condition for channel morphology.
River channel forms in confined valleys are re-
stricted by valley walls (Thorne, 1997) that may
increase flow resistance and sediment inputs be-
cause of the proximity of hillslopes to the chan-
nel. Therefore, if sediment yield exceeds flow
transport capacity, alluvial deposits are usually

formed. In partly confined valley settings, flood-
plains are discontinuous and lateral migration
and floodplain development is possible; how-
ever, there is still some control by valley walls
or hillslopes that can limit channel mobility and
flood-associated processes. Finally, in accumu-
lation zones and unconfined streams, hillslopes
have relatively little influence on channel load
because most of it is supplied from upstream
sources or from riverbank erosion.

Moreover, Nanson & Croke (1992) related
floodplain confinement degree to stream power
and sediment character. A good example of how
valley confinement controls channel morphology
is found in the comparison between different
reaches of the Aragón River that have contrasting
specific stream power and boundary shear stress.
These variables are directly affected by valley
confinement and are markedly different from
the Aragón River at Gallipienzo (3.57 W/m2 and
5.33 N/m2, respectively), a confined river reach,
and at Caseda (0.55 W/m2 and 1.63 N/m2, re-
spectively), an unconfined river reach. These dif-
ferences result in distinctive geomorphological
features that distinguish each floodplain type in
terms of genesis and resulting morphology (Nan-
son & Croke, 1992). At Gallipienzo, we find a
confined straight channel with higher transport
capacity and fewer morphological units, while at
Caseda, there is a meandering planform with its
associated forms such as scroll bars.

Finally, riparian vegetation also influences
channel morphology in different ways. Vege-
tation protects banks from erosion and in-
creases flow resistance by increasing roughness
and reducing flow velocities so that channels
with dense riparian forests tend to be narrower
(Brookes et al., 2000). Moreover, vegetation on
river banks and woody debris within the chan-
nel may act as sediment traps that create differ-
ent channel morphologies and modify the chan-
nel type (Schumm, 2005). The introduction of
woody debris into the Añarbe River has con-
siderably changed the fluvial morphology, cre-
ating a higher heterogeneity of geomorphologi-
cal features and producing changes in sinuosity,
e.g., the creation of new lateral bars upstream of
wood jams (Elosegi et al., 2011).
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Human activity and changes in fluvial
geomorphology

Human activity, at different scales from the
catchment to the channel, has had an increasing
influence on fluvial systems since the Neolithic
(Garcı́a-Ruiz & Valero-Garcés, 1997; González
& Serrano, 2007) to recent years (Ollero, 2007).
All land uses and practices in the drainage basin
(e.g., deforestation, agriculture, mining, urbani-
sation and fires) affect runoff and sediment yield
(Charlton, 2008). In addition, other activities di-
rectly modify the channel and floodplain, such
as dams, water abstraction, gravel mining, canal-
isation, dredging, embankment, or riprap. Few
rivers are presently free of human influences.

One major impact of human activity on river
channel form is caused by dams, and the Iberian
Peninsula has one of the highest numbers of
dams per inhabitant in the world. Channel mor-
phology upstream from dams is drastically modi-
fied to that resembling a lake, while downstream,
dams act as sediment traps that block the natu-
ral transport of sediments except for suspended
and dissolved loads. Downstream “cleaned wa-
ters” increase erosion capacity, which results in
incision, armouring and embeddedness of sed-
iments (Rinaldi & Simon, 1998). In Spain, a
clear example of a large human impact on river
form is found in the Ebro River delta. This delta
seems to have been formed or enlarged partially
as a result of intense forest clearing during the
Middle Ages (Maldonado, 1983; Mariño, 1990),
while now it is threatened by a lack of sed-
iments as a result of the large retention pro-
duced by the many dams constructed in its main
channel (Batalla, 2003; Day et al., 2006) and
the effect of increased reforestation. The effec-
tiveness of dams for sediment trapping is illus-
trated by the accumulation of sediments in many
reservoirs worldwide (Martı́nez-Castroviejo &
Garcı́a-Ruiz, 1990; Martı́nez-Castroviejo et al.,
1990), which is becoming an important envi-
ronmental problem (López-Moreno et al., 2003;
Cobo et al., 1996). A clear example is the Bara-
sona reservoir in the Ésera-Isábena catchment
that shows important sediment-filling processes
(Valero-Garcés et al., 1996-97).

Moreover, dams drastically modify discharge
regimes depending on reservoir use and manage-
ment, which mainly involve water supply, flood
prevention or hydropower generation (López-
Moreno et al., 2003; Ibisate, 2004). Reser-
voirs for irrigation can completely reverse flow
regimes and the timing of floods and base flow
(López Bermúdez, 2004). In addition, flow reduc-
tion and decreased flood frequency and magnitude
lead to the encroachment of vegetation, changes in
sediment transport, changes in channel morphol-
ogy, armouring and embeddedness (Brandt, 2000).
The Yesa reservoir provides an example of how
irrigation dams markedly alter flow regimes by
decreasing discharge during spring and increasing
it during summer; also affects flood frequency and
magnitude, especially in ordinary floods (Fig. 4).
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Figure 4. Mean monthly flow (m3/s) from the Aragón River
upstream (- - - -) and downstream (- - - -) of the Yesa Reservoir
(A). Flood frequency curves for the Aragón River before (1912-
1961: •) and after (1961-1998: �) the Yesa dam construction
are also shown (Ollero et al., 2002) (B). Alteración del régimen
hidrológico aguas arriba (- - - -) y abajo (- - - -) del rı́o Aragón
por impacto del embalse de Yesa. Curvas de frecuencia de
inundación para el rı́o Aragón antes (1912-1961: •) y después
(1961-1998: �) de la construcción de la presa de Yesa (Ollero
et al., 2002).
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Land use such as forestry, agriculture and live-
stock grazing increase soil erosion, sediment
yield, water runoff and peak discharges as a result
of reduced infiltration rates. Moreover, other ac-
tivities can have significant impacts on sediment
yield; heavy machinery or trampling by livestock
produce soil compaction and increase overland
flows, and land drainage increases the velocity at
which water runoff is transferred to the channel.
Fire is another process that influences flow and
fine sediment yield. Urbanisation has the most
detrimental effect among soil uses on river chan-
nels, as it reduces soil permeability and increases
peak flood magnitude. In addition, sediment de-
livery increases during construction, although it
is reduced afterwards. All of these changes mod-
ify the main channel form drivers, both flow and
sediment type and yield.

Dredging and gravel mining produce large im-
pacts because they reduce the solid discharge

of rivers and destroy geomorphological forms,
which alters sediment storage sites. For instance,
the Belagua River, which is a braided river in the
western Pyrenees, has been severely affected by
gravel mining, resulting in incision, embedded-
ness and armouring, processes that have propa-
gated upstream and downstream and created en-
vironmental problems that have even affected the
stability of a bridge downstream (Martin Vide
et al., 2007, Fig. 5). Other activities such as
river straightening, embankments or canalisation,
which are often performed for flood protection or
to improve navigation, highly modify river chan-
nel form and processes.

All of the factors discussed above produce a
total metamorphosis in the morphology of many
rivers and may even result in a change of style.
A noteworthy example is the case of the Ain
River in France (Fagot et al., 1989; Bravard &
Petts, 1993). The effects of reservoirs, the im-

Figure 5. The pictures show the degradation of the braided channel of the Belagua River from 1999 (A) to 2009 (B) due to arid
abstraction. These practices have reduced the alluvium quantity of the river bed and have resulted in incision processes upstream and
channel narrowing (B), incision processes downstream of the bridge (C) and bridge destabilisation problems (D). La secuencia de
fotografı́as muestra la degradación el cauce trenzado del rı́o Belagua desde 1999 (A) a 2009 (B) debido a las extracciones de áridos.
Dichas prácticas han reducido la cantidad de sedimentos aluviales lo que ha derivado en procesos de incisión y estrechamiento del
cauce aguas arriba (B), ası́ como procesos de incisión aguas abajo del puente (C) y problemas de desestabilización de un puente (D).
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pact of structures on the control of bank erosion
and other in-channel works converted a braided
river to one that is straight with an important in-
cision problem. A similar example is undergoing
in the Gállego River due to gravel mining, land
use changes and reservoirs (Martı́n Vide et al.,
2010) or in the Arga River, where the decrease
of sediment yield and transport due to land use
changes and reservoirs linked to large river sec-
tions that are being canalised have transformed
a free-meandering planform into a straight plan-
form with heavy incision problems (Martı́n Vide
et al., 2010; Ibisate et al., 2010).

CONCLUDING REMARKS

In this paper, we reviewed the effects of basin-
scale processes on the formation and mainte-
nance of river channels and stressed the func-
tional perspective of river hydromorphology.
Throughout the paper, using examples from the
Iberian Peninsula rivers and from other areas,
we showed how river channels depend on a del-
icate balance between sediment yield and the
transport capacity of water and how these drivers
are very sensitive to a wide variety of external
and internal catchment processes and human ac-
tivities. Moreover, river channel forms provide
the physical setting for river ecosystems, and
changes in hydromorphology can have profound
impacts on biodiversity and ecosystem function-
ing (Newson, 2002). Thus, we stress that river
channel forms and processes should be seriously
taken into account for sustainable river ecosys-
tem management (Newson, 2002; Vaughan et al.,
2009). For this purpose, it is necessary to com-
pletely understand the factors that drive channel
morphology in order to obtain a good diagno-
sis of channel morphology conditions and thus,
of river habitat characteristics. One must bear in
mind that the channel form at the reach scale
is the result of all of the upstream and down-
stream catchments plus the local conditions; thus,
vertical, longitudinal and lateral connectivity are
essential requirements for good river conditions
and form. Therefore, because fluvial morphol-
ogy determines ecological features, geomorpho-

logical conditions strongly influence ecological
status, and fluvial restoration often fundamen-
tally involves geomorphological restoration. Fi-
nally, we stress the intrinsic value of geomorphol-
ogy that, in addition to other functions, creates
geodiversity, which constitutes an important part
of our natural heritage.

ACKNOWLEDGEMENTS
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DÍEZ HERRERO, A. 2003. Geomorfologı́a e hidro-
logı́a fluvial del rı́o Alberche. Modelos y SIG para
la gestión de riberas. Instituto Geológico y Minero
de España. Madrid. 596 pp.

DOYLE, M. W. & J. M. HARBOR. 2003. A scaling
approximation of equilibrium timescales for sand-
bed and gravel-bed rivers responding to base-level
lowering. Geomorphology, 54: 217–223.

ELOSEGI, A., L. FLORES, & J. R. DÍEZ. 2011. The
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GÓMEZ VILLAR & J. M. GARCÍA-RUIZ. 1990.
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