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ABSTRACT
The importance of local processes on river habitat characteristics: A Basque stream case study

Habitats are the places where organisms live and are defined by a set of abiotic and biotic characteristics that affect individual
fitness and community structure. Therefore, the habitat of river organisms can be linked to a long list of relevant variables,
including hydraulics, channel form, substrate composition, water quality, irradiance, and abundance of organic matter. Habitat
preferences are well known for some species, particularly salmonids, but large uncertainties remain for many taxa.

River habitats are not composed of static features; instead the features fluctuate as the result of a large set of processes acting
from the basin to the local scale. Local processes of importance in shaping river habitats include (depending on river type)
channel migration, growth and mortality of riparian trees, formation of wood jams, storage of organic matter, macrophyte
development, and travertine deposition. Sometimes it is possible to assess the positive or negative effect of a given process for
a particular species, but most often researchers rely on the patterns of physical habitat rather than on the processes that shape
these habitats.

As an example of the adjustment of river habitats to local processes, we show data from an experiment in which large wood
was reintroduced to a small mountain stream. Wood jams produced large effects on hydraulics and substrate, large increases in
the storage of organic matter, increases in invertebrate and fish densities, and changes in ecosystem functioning. This example
emphasises the tight relationship between riparian dynamics and in-stream habitat, and the importance of local processes, in
this case inputs of large wood to streams. Therefore, the assessment and management of river habitats must take into account
not only the habitat itself but also key local processes that are essential for the long-term continuity of this habitat.
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RESUMEN
La importancia de los procesos locales en las caracteristicas del hdbitat: el caso de un rio vasco

El hdbitat, el lugar en el que viven los organismos, viene definido por la serie de caracteristicas abidticas y bidticas que
afectan desde el éxito individual hasta la estructura de la comunidad. Por tanto, el hdbitat de los organismos fluviales puede
estar determinado por una larga lista de variables importantes, como la hidrdulica, la forma del cauce, la composicion del
sustrato, la calidad del agua, la irradiancia, o la abundancia de materia orgdnica. Se conocen bien las preferencias de hdbitat
de algunas especies, especialmente de salmonidos, pero existe mucha incertidumbre para otros taxones.

Los hdbitats fluviales no son entidades estdticas, sino el resultado de una larga serie de procesos que actiian desde la escala
de cuenca hasta una escala local. Entre los procesos locales que tienen importancia en el modelado de los hdbitat fluviales
se incluyen, dependiendo del tipo de rio, la migracion del cauce, el crecimiento y mortalidad de los bosques de ribera, la
formacion de acumulaciones de madera, la acumulacion de materia orgdnica, el desarrollo de macrdfitas, o la precipitacion
de travertinos. A veces se puede evaluar el efecto positivo o negativo de determinado proceso en una especie dada, pero a
menudo los investigadores se limitan a evaluar patrones en el hdbitat fluvial en lugar de evaluar los procesos que modelan
dichos patrones.

Como ejemplo del ajuste del hdbitat fluvial a procesos locales, mostramos resultados de un experimento de reintroduccion
de madera muerta en un arroyo de montania. Las acumulaciones de madera tuvieron un gran efecto en la hidrdulica y en el
sustrato, produjeron un fuerte aumento en la acumulacion de materia orgdnica, aumentos en la densidad de invertebrados y
peces, y cambios en el funcionamiento del ecosistema. Este ejemplo recalca la estrecha relacion existente entre la dindmica
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de las riberas y el hdbitat del cauce, asi como la importancia de los procesos locales, en este caso de la caida de troncos a los
rios. Por ello, la evaluacion y la gestion de los hdbitat fluviales deben tener en cuenta no sélo el hdbitat propiamente dicho,
sino también procesos locales clave que son esenciales para la continuidad a largo plazo de dicho hdbitat.

Palabras clave: Hidrdulica, madera, ripario, funcionamiento del ecosistema, restauracion.

INTRODUCTION: RIVER HABITAT

Habitat is one of those loosely defined terms
whose widespread use in ecology has elicited
strong criticism (Peters, 1991), not all of which
is undeserved. It is usually defined as the place
where an organism lives or a community is found,
and is characterised by its physical or biotic prop-
erties (Oxford Dictionary of Ecology). In this
sense, it is not easy to measure the quality of a
given habitat as a whole because a good habi-
tat for some species can be poor or inhabitable
for many others. Even assessing habitat quality
for a single species may involve measuring a
large number of variables that potentially affect
its fitness. The problems, of course, are worse
when trying to apply the habitat concept to com-
munities because there is very little agreement
regarding the nature of communities amongst
ecologists (Ricklefs, 2008).

From a normative point of view, the European
Union (EU) Habitat Directive (HD, 92/43/EEC)
defined “natural habitat” as terrestrial or aquatic
areas distinguished by geographic, abiotic and bi-
otic features, whether entirely natural or semi-
natural. It then translated this broad definition
into two annexes: annex I lists target habitats,
defined almost exclusively in phytosociological
terms, and annex II lists plant and animal species
that must be protected through protection of their
habitats. Therefore, it combines two different ap-
proaches to habitat: the phytosociological ap-
proach, based on community composition, and
the species approach, based on specific abiotic
and biotic factors that affect the performance of
organisms of a given species. Another impor-
tant piece of legislation in Europe dealing with
river habitats is the Water Framework Directive
(WFD, 2000/60/EC), which goes beyond water
quality and community composition and also in-

cludes hydromorphology as an element to be
used to assess the status of water bodies.

Given the conceptual divide between the dif-
ferent uses of the term habitat, the assessment
and management of river habitats must either
a) target some species of priority for some rea-
son (because they are harvested, they are intoler-
ant to human impacts, or are endangered) or b)
consider human activities to be the main threat
to river habitats in general; thus, the goal is to
conserve river reaches that are most natural and
to restore others to attain similar environmental
characteristics. Given the dynamic characteris-
tics of rivers, restoring environmental character-
istics like channel forms might often involve the
restoration of channel-shaping processes. For in-
stance, degraded river channels, a common fea-
ture in agricultural landscapes, often are discon-
nected from their former floodplains. In these
cases, inputs of large woody debris, either natural
or man-made, can enhance the retention of sedi-
ments, the recovery of the former channel profile,
and reconnection with the floodplain.

Both approaches have merits as well as draw-
backs. On the one hand, targeting habitat conser-
vation as a function of the specific needs of pri-
ority species has often led to the creation of fea-
tures that are unnatural for the sole purpose of
improving a particular population. For example,
fish managers have built low dams, often made
of concrete, to create deep pools, which are im-
portant refuges for salmonids. On the other hand,
restoring habitats without human interference is
tricky because we often lack a guiding view, or
because reaching this state is simply impossible
given societal needs. The desire for this type of
restoration can lead to what Dufour & Piégay
(2009) call the myth of a lost paradise. These
authors propose focusing on human benefits in-
stead, although it is not clear how to proceed
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when different human interests lead to conflicting
goals. The difficulties of restoring habitats with
minimal human interference are compounded be-
cause, at least in some regions, we still lack a sin-
gle, agreed-upon classification scheme for river
types. Furthermore, although it would be a very
useful tool in river restoration, it is not even clear
whether such a scheme might be built. It is obvi-
ous that very different river types exist and that
channel form is linked to catchment characteris-
tics; however, it is often not possible to determine
the dividing lines between different river types,
and we cannot rule out the existence of multi-
ple alternative stable states for some rivers. Some
propose analysing the structure and functioning
of river ecosystems from a network perspective
(e.g., Benda et al. 2004), but we think their clas-
sification of river typesis too rough to serve as a
guideline for habitat assessment and restoration. All
these points make it very risky to assess river quality
based on the accordance of channel forms to ex-
pectations derived from catchment characteristics.

WHAT CONSTITUTES THE PHYSICAL
HABITAT OF RIVER ORGANISMS

As mentioned above, the habitat of a given
species may be defined by multiple important
variables, making it very complicated to assess
habitat quality unless direct estimates of fitness
are made. Furthermore, for most environmental
factors, variability, predictability and seasonality
are biologically far more meaningful than aver-
age values (Gasith & Resh, 1999), thus making
habitat assessment even harder. Even for the best-
known organisms, like salmonids, most habitat
modelling is reduced to preference curves related
to depth or velocity (Guay et al., 2003), which
often may not be enough to correctly assess habi-
tat quality if other variables that affect perfor-
mance (like food abundance) are neglected. For
instance, brown trout prey preferentially on drift-
ing invertebrates, many of which are of terres-
trial origin, suggesting that the type and maturity
of riparian vegetation can be an important fea-
ture of trout habitat (Nakano er al., 1999). Other
species are more elusive and rare, and thus, gath-

ering even basic distribution data to draw prefer-
ence curves becomes an almost impossible task.
A good example is the Pyrenean desman, an en-
dangered water mole from fast-flowing Iberian
streams that is declining at a dangerous rate de-
spite apparent improvements in water quality.
Many habitat factors have been blamed for this
decline, from hydropower plants to predation by
the exotic American mink, but so far we still
lack a clear view of the threats to the species
(Nores, 2007). Finally, in many cases, the habi-
tat of a given species will include other species,
for instance, in the case of freshwater mus-
sels that use fish as vectors for upstream larval
dispersal (Williams et al., 1993).

However, because rivers are ecosystems that
experience frequent disturbances in the form of
droughts and floods and because river food webs
depend to a great extent on external inputs of
allochthonous organic matter, river organisms
seem to have evolved generalist feeding habits
and depend to a large extent on abiotic habitat
variables (Ward, 1992). This opens up the possi-
bility of describing and assessing physical river
habitats based on a limited set of environmental
variables. For most fluvial species, the most in-
fluential variables seem to be the following: wa-
ter depth and velocity; temperature and irradi-
ance; size and spatial distribution of particles and
sediment permeability; presence, cover and type
of macrophytes; large wood; abundance and dis-
tribution of channel forms (bars, deep pools, is-
lands, travertine areas); and water quality (pH,
conductivity, nutrient status, suspended solids),
among others (Allan & Castillo, 2007). Many
species will also depend on a further list of vari-
ables, like abundance of algae or fine organic
matter, the presence or absence of key predators,
and so on (Rodrigo et al., 2007). This situation
implies a long list of features to be recorded, and
too many to be measured in routine surveys.

LOCAL PROCESSES AND RIVER
HABITAT CHARACTERISTICS

As noted above, multiple factors interact at the
local scale to shape river habitats (Fig. 1).
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Figure 1. Conceptual model showing some of the main links
between local processes and river habitat characteristics. Modelo
conceptual que muestra algunas de las principales relaciones
entre procesos locales y caracteristicas del habitat fluvial.

Water velocity and depth

The distribution of water velocity and depth is
one of the key factors shaping river habitats.
Many organisms are adapted to a narrow range
of velocity (Franklin et al., 2008), or to a certain
type of substrate, which usually is tightly linked
to water velocity (Elosegi et al., 2010). The pref-
erence curves of some abundant fish species are
fairly well known, and on-going research will
no doubt yield a wealth of information on many
more fish and invertebrate species. However, the
role of water velocity goes beyond these prefer-
ence curves and interacts with other factors, such
as spatial distribution of algae, microbial com-
munity and macroinvertebrates (Sampaio et al.,
2008). Algae tend to grow longer mats in fast
flowing waters, both in silted and oligotrophic
streams. In the former case, this is because the
current prevents siltation; in the later case, it is
because the current reduces nutrient limitation
(Biggs, 1995). On the other hand, in sand-bottom
streams, long algal mats and invertebrates are
confined to stable surfaces like logs (Treadwell,
2000; Benke & Wallace, 2003). These differ-
ences in algal distribution will in turn affect the
distribution of grazers and even ecosystem pro-
cesses like nutrient retention (Fisher et al., 2007).

Thermal regime

Similarly important and also often subject to
large local variability is the thermal regime,

which has a direct effect on metabolism, growth,
and the solubility of gases and other substances
(Beschta et al., 1987). Water temperature de-
pends on several factors and mechanisms act-
ing at the local scale (Webb & Zhang, 1997),
primarily direct solar radiation, which is in turn
modulated by riparian shading, heat conduc-
tion with the substrate, evaporation (which de-
pends on water temperature, air moisture and
wind), and upstream water or groundwater in-
puts (Johnson & Jones, 2000). Local processes
affecting water temperature include removal of
riparian shading, either by cutting or by wind
storms, and loss of shading can lead to increases
of up to 8°C (Johnson & Jones, 2000). Water
temperature usually increases downstream, but
this pattern is quite variable and depends on
local-scale factors like substrate, amount of large
wood, and riparian density (Dent et al., 2008).
Experimental shading showed that changes in
shade affecting short reaches (150 m) can signif-
icantly affect maximum water temperatures and
that the effect of shading is more important in
bedrock-dominated reaches than in alluvial ones
(Johnson, 2004). Other authors found water tem-
perature to be controlled by surface/subsurface
water flow even in large rivers (Acufia & Tock-
ner, 2008), thus showing that changes in flow
patterns or in sediment size or permeability
could have important effects on river habitats.
Small-scale mapping has shown significant spa-
tial variability in water temperature, thus result-
ing in the availability of thermal refugia (Olsen
& Young, 2009). These differences in tempera-
ture can arise from connections between surface
and ground water or from the transfer of wa-
ter between the water column and the hyporheic
zone. The microdistribution of organisms often
closely tracks these transfer processes; for exam-
ple, algae grow preferentially in upwelling areas
where nutrient concentrations are higher (Fisher
et al., 2007). Thermal biology is becoming a
hot research topic given future climate scenar-
ios (Mote et al., 2003; IPCC, 2007; Crozier et
al., 2008; Mccullough et al., 2009), and shifts
in species’ distributions have already been doc-
umented to occur as a result of increased water
temperatures (Hari et al., 2006).
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Sediment size, distribution and type

Size and sorting of sediments also has great bi-
ological significance because many species show
strong preference for a given substrate size and
because sediment type controls many aspects
of stream ecosystem functioning, such as nutri-
ent retention or benthic metabolism. Sediment
patches depend on the local flow pattern that is
generated at the reach scale but are modified by
local flow structures such as boulders or large
wood. Quite often, channel forms and sediment
structures reflect the past history of the river. For
instance, many rivers still show a legacy of long-
abandoned practices like snagging, which gener-
ally results in low loading of dead wood and im-
poverished channel complexity (Gregory et al.,
2003), while in some reaches, the legacy of an-
cient disturbance can still be seen in the form
of large woody debris buried deep in the sed-
iments (Wallace er al., 2001). A process influ-
encing sediment characteristics is travertine de-
position, which is common in limestone areas.
Travertine streams show very specific habitat fea-
tures, like abundance of chutes and deep pools,
abundant growth of aquatic mosses, and sealed
sediments. Travertine deposition affects the den-
sity and diversity of invertebrates (Rundio, 2009)
and fish (Gorman & Stone, 1999), the trophic
structure of communities (Previsic, 2007), and
stream ecosystem functioning (e.g., leaf litter
breakdown) (Casas & Gessner, 1999).

Among sediments, dead organic matter stands
out as a key substrate. Accumulations of leaves
offer both refugia and food resources to inver-
tebrates, and in small streams, leaf packs form
micro-dams that reduce water velocity and re-
tain fine sediments (Webster et al., 2000). There-
fore, processes affecting composition and struc-
ture of the riparian forest affect in-stream habitats
in multiple ways (Cariss & Dobsson, 1997). Ri-
parian trees shade the channel, limit primary pro-
duction and, thus, affect the abundance of grazer
invertebrates (Nisslow & Lowe, 2006). Addition-
ally, riparian trees differ greatly in the nutritional
quality of their leaves (Abelho, 2001). For in-
stance, Larrafiaga et al. (2009) reported that eu-
calyptus plantations affect invertebrate commu-

nities in Basque streams, showing that shredding
invertebrates had poor body condition, probably
reflecting their poorer quality diet.

Siltation, or deposition of fine sediments, is
one of the most prevalent types of freshwater pol-
lution (USEPA, 2002). Siltation is affected by
both basin-wide and local-scale processes, es-
pecially soil loss from agricultural and forestry
practices and is exacerbated by factors that re-
duce the flushing capacity of the stream, like
water abstraction, decreased discharge, or over-
widened channels. Siltation has strong effects
on community structure and ecosystem function-
ing (Crowe & Hay, 2004; Izagirre et al., 2009).
For instance, it has been shown to be detrimen-
tal to algae, invertebrates and fish habitat (Ryan,
1991; Wood & Armitage, 1997). It also reduces
connectivity between epibenthos and hyporheos
(Waters, 1995), which can affect biodiversity
(Boulton et al., 1999) and river metabolism
(Naegeli & Uehlinger, 1997).

Macrophytes

In some lowland streams, macrophytes have a
pivotal role in structuring the physical habi-
tat (Warfe er al., 2008). Because of their com-
plex architecture, macrophytes provide a sub-
strate to many algae and invertebrates (Milisa et
al., 2006) and a refuge from predators to many
fish species (Godinho & Ferreira, 2006; Padial et
al., 2009). Macrophytes affect and are affected by
water velocity in their immediate surroundings
(Dodds & Biggs, 2002; Franklin et al., 2008),
often trapping sediments and resulting in large
changes in bed topography, with detrimental con-
sequences for salmonid spawning (Merz et al.,
2008). In temperate regions, macrophyte devel-
opment is highly seasonal, and thus, physical
habitat changes considerably throughout the year.
Even in winter, when many macrophytes disap-
pear from rivers, their rhizomes could still play a
significant role stabilising sediments.

Large woody debris

One of the most important local processes af-
fecting habitat in forested streams and rivers is
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treefall and the subsequent movement and forma-
tion of wood jams. The role of coarse woody de-
bris in habitat formation has been well described
in the literature (Harmon et al., 1986; Gurnell et
al., 2001). Dead wood increases habitat diversity,
creates new habitats like deep pools and jams,
and exerts a large influence on in-channel re-
tention capacity (Larrafiaga et al., 2003; Elosegi
et al., 2010). The exact role of dead wood de-
pends on the size and disposition of each piece,
as logs can form steps, flow deflectors, dams, lat-
eral jams and other features differing in hydraulic
and biological significance. Dead wood even af-
fects thermal regime, as the wood might retain
large deposits of fine sediments and woody debris
that cause the exchange of water between free-
flowing and hyporheic zones, thus keeping water
cooler (Mutz et al., 2007).

Channel and bank morphology and channel
forms

The relationship between channel features and
lateral connectivity with the floodplain is highly
dependent on adjacent aquatic habitats (Naiman
et al., 2005); however, this has been little stud-
ied. Because rivers and their floodplains are
pulsed ecosystems where the windows of op-
portunity are constrained by the habitat template
(Uehlinger et al., 2002), any change in lateral
connectivity can have profound effects on organ-
ism performance. Steep banks form more diffi-
cult barriers than smooth ones, and the transi-
tion between aquatic and terrestrial habitats is
probably easiest in complex channels with dead
arms and fallen logs (Gurnell e al., 2005). In
fact, lateral arms and other elements of channel
complexity generate a soft transition between the
channel and the floodplain by acting as preferen-
tial paths for organisms between these two habi-
tats. Similarly, log jams and other large wood
structures (including beaver dams) increase wa-
ter stage flooding frequency, and lateral channel
migration can result in dead arms, making it eas-
ier for organisms to cross the line between ter-
restrial and aquatic habitats. This ability to cross
between habitats could be of great importance,
as many species spend part of their lives in both

aquatic and terrestrial habitats; during floods,
this greater aquatic-terrestrial connectivity might
make it easier for aquatic organisms to seek
refuge in the floodplains. Therefore, habitat stud-
ies should always take into account entire river-
floodplain ecosystems (Tockner et al., 2010).

AN EXAMPLE OF LOCAL PROCESSES
AFFECTING RIVER HABITAT
CHARACTERISTICS: INPUT

OF LARGE WOOD

As an example of the importance of local pro-
cesses on formation and conservation of river
habitats, here we describe the effects of exper-
imental addition of large wood into Malbazar
stream (Guipuscoa, Basque Country, Spain), fo-
cusing on short-term changes in hydraulics, as-
sociated changes in substrate and organic mat-
ter, and the response of biological communities
(i.e., macroinvertebrates and fishes). The gen-
eral hypotheses were that addition of large wood
(LW) would result in a) higher retention of sedi-
ments, dissolved nutrients and particulate organic
matter that would in turn lead to more detriti-
vore macroinvertebrates, more fish, and more ef-
ficient use of inputs and b) higher channel com-
plexity, which would lead to enhanced diver-
sity of macroinvertebrate and fish communities.
To test these hypotheses, the stream was moni-
tored for two years before and for two years after
wood addition. The variables measured included
amount and mobility of LW, size and storage of
bed sediments, water velocity, nutrients and or-
ganic matter, leaf litter decomposition, and inver-
tebrate and fish communities.

Study area and methods

The study was carried out in Aiako Harria
Natural Park, located in Guipuscoa, close to
the French border, where 900-m-high mountains
close to the Gulf of Biscay result in a temperate,
wet climate, with annual rainfall over 2500 mm.
As is typical from Basque streams draining to
the Atlantic (Elosegi et al., 2006), the streams
in the park are characterised by frequent, un-
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predictable floods that affect biological commu-
nities and ecosystem functioning. Large inputs
of leaf litter into the Afiarbe reservoir suggested
in-channel retention was largely reduced, prob-
ably because of snagging in streams upstream,
which was common until recent times. There-
fore, it was decided that LW would be intro-
duced into several experimental reaches. Here,
we present results from Malbazar, a second-order
stream draining a 157 ha catchment covered al-
most entirely by oak and beech forests. Con-
ductivity is low, pH is circumneutral, and water
quality is excellent. The stream channel is about
4 m wide, with small chutes and pools, and the
streambed is mainly composed of cobbles and
boulders. Riparian forests are dense and domi-
nated by mature beech and alder trees.

The highest natural loading of LW in the area,
330 m? per hectare of streambed, occurred in a
first-order tributary and was very close to that
predicted by a regression of LW loading on chan-
nel width in New Zealand mountain streams cov-
ered by southern beech forests (Bailey er al.,
2008). Therefore, this regression was used as a
rough guideline to set the targeted amount of
wood to be restored. A total of 74 logs, collected
from the forest floor, were added to the reach,
totalling 239 m*/ha. Logs were introduced by
hand-held motor winches, forming dams, deflec-
tors and other structures commonly seen in nat-
ural streams and were not mechanically fixed in
place so that they could move naturally (Fig. 2).

Channel morphology, storage of sediments
and organic matter, and macroinvertebrate and
fish communities were studied in 2007, before
wood addition, and again in 2008 and 2009, af-
ter wood addition, which was carried out in Jan-
uvary 2008. Channel form, type and storage of
sediment were measured in summer from fixed
transects with the aid of topographic gear (Diez
et al., 2000). A total of 12 transects plus diag-
onals between all transects were monitored by
taking measurements of bed elevation, substrate
type and water depth every meter. Storage of
coarse particulate benthic organic matter (BOM)
in the entire channel (wetted and dry) was stud-
ied in late autumn and early summer, which are
periods of peak and minimum leaf accumula-

tion, respectively, by taking 10 random samples
with a 30 x 30 cm Surber net (1 mm mesh size)
and measuring ash free dry mass by gravime-
try. Benthic macroinvertebrates were sampled in
late autumn and early summer by means of a

*
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e | 0g

Marked tree

- Leaf litter

Figure 2. Changes in physical habitat as a result of wood
introduction, showing large wood (LW), deposits of leaf lit-
ter, large rocks, and stakes and trees used as a reference for
cartography in Malbazar stream, Aiako Harria Natural Park
(Guipuscoa, Basque Country, Spain). The top panel illustrates
the conditions before wood introduction (July 2007), the mid
panel shows the site just following wood introduction (February
2008), and the bottom panel shows the site a year and a half later
(July 2009). Cambios en el hdbitat fisico como resultado de la
introduccion de madera en el arroyo Malbazar, Parque Natural
de Aiako Harria (Guipiizcoa, Pais Vasco, Espaiia). Se mues-
tra la madera gruesa (LW), las acumulaciones de hojarasca,
los bloques grandes, y estacas y drboles utilizados como refe-
rencia para la cartografia. Figura superior, antes de introducir
la madera (julio de 2007); figura central, recién introducida
la madera (febrero de 2008); figura inferior, afio y medio mds
tarde (julio de 2009).
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30 x 30 cm Surber net (250 um mesh size), tak-
ing 3 random replicates in each of the main
substrate types: fine sediments (sand to gravel),
coarse sediments (cobbles to boulders), and or-
ganic matter. Fish communities were sampled in
late autumn by electrofishing the entire reach us-
ing the catch removal method, assuming con-
stant capture effort and making as many passes
as necessary until a sufficient depletion of cap-
tures was obtained. Fish estimates were calcu-
lated with Pop/Pro modular statistical software
(Kwak, 1992). Fish were anaesthetised with MS-
222, measured (somatic length to the nearest
mm), and weighted (to the nearest g).

Results and discussion

The stability of the LW during the study period
was remarkable, despite 2008 being rainier than
usual. All except one dam remained in place, and
only some of the smallest logs in deflectors were
scoured, and those only for short distances (< 20 m,

Before

Sand
Bedroc

Boulder,

Gravel
Cobble'

Fig. 2). The stability of the LW agrees with re-
sults from the literature (Lienkaemper & Swan-
son, 1987; Diez et al., 2001). Wood addition in-
creased the storage of sand, gravel and organic
matter, forming deposits upstream from dams up
to 1 m thick (Figs. 2 and 3). Boulders and rocks,
on the other hand, decreased in area coverage as
a result of channel aggrading. The average depth
increased from 5.5 to 11.3 c¢m, and the maximum
depth increased from 44 to 58 cm, especially in
large pools associated with the introduced wood
jams. Pool formation by introduced logs has of-
ten been reported in the literature (Gregory, 1992;
Wallace et al., 1995), and deep pools can be very
important refuges for large fish.

BOM abundance increased from around 500-
600 gAFDM/m? before wood addition to over
3400 gAFDM/m? after wood addition (Fig. 4),
being primarily found in thick deposits in pools
and in frequently flooded lateral terraces (Fig. 2).
This case study produced larger effects on BOM
storage than othersdescribed in the literature (Wa-

Litter,

Wood

Bedrock Gravel
Boulder

Cobble

Figure 3. Top panel: Pictures showing rapid habitat changes produced by an artificial wood dam in Malbazar stream, Aiako Harria
Natural Park (Guipuscoa, Basque Country, Spain): left, before the dam was built; right, one year after the dam was built. A large
gravel bar formed upstream of the dam, and a deep plunge-pool formed downstream. Bottom panel, substrate cover in the stream
channel. Panel superior: dos fotografias que muestran cambios del hdbitat producidos por una presa artificial de madera en el
arroyo Malbazar, Parque Natural de Aiako Harria (Guipiizcoa, Pais Vasco, Espania). A la izquierda, antes de construir la presa; a
la derecha, un afio después de construir la presa: aguas arriba se ha formado una gran barra de grava, y aguas abajo una poza
profunda. Panel inferior, cobertura de cada tipo de sustrato en el cauce.
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Figure 4. Standing stock of benthic coarse organic particulate
matter (gAFDM/mz) of Malbazar stream, Aiako Harria Nat-
ural Park (Guipuscoa, Basque Country, Spain). Vertical bars
represent standard error. Acumulacion (gPSLC/m?) de mate-
ria orgdnica particulada gruesa bentonica en el lecho del ar-
royo Malbazar, Parque Natural de Aiako Harria (Guipuzcoa,
Pais Vasco, Espania). Las barras verticales representan el error
estdndar.

llace et al., 1995; Entrekin et al., 2008), probably
because we created larger dams. Nevertheless,
deposits similar in size and characteristics can be
found in streams of the area, thus showing that the
dams in our experiment were not unnaturally large.

These changes in physical habitat triggered
changes in biological communities. For instance,
invertebrate densities differed greatly between
sediment types (Fig.5). Sand and gravel had

18000 Total invertebrates
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14000
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#/m?
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- _-
0
Sand Stone
Substrata

Organic matter

the lowest numbers of total invertebrates and
shredders (2133 and 530 individuals/m?, respec-
tively), followed by cobbles (5013 and 2094 in-
dividuals/m?) and were the highest in organic
matter (13740 and 7333 individuals/m?). Be-
cause the two substrates that increased most in
area were those with the smallest and largest in-
vertebrate densities, the effects on overall reach-
scale invertebrate numbers were small, but the
effects on invertebrate composition were impor-
tant. More specifically, the reach-scale density
of Habroleptoides sp. and Echinogammarus sp.
increased, whereas that of Rithrogena sp. and
Baetis sp. decreased. Large differences in inverte-
brate densities between substrate types have been
shown previously in Basque streams (Elosegi et
al., 2002). On the other hand, of the two fish
species occurring in the area, minnow (Phoxi-
nus phoxinus) showed no response, whereas trout
biomass (Salmo trutta) increased (Antén et al.,
2011). These results confirm the positive effects
of large wood on the habitat of large fish, either
as a refuge or as a spawning ground (e.g., Macln-
nis et al., 2008). In the present experiment, the
effects seem to be a combination of both factors,
as trout seek refuge inside jams and could be seen
spawning in the newly formed gravel bars.

In summary, a local factor, namely exper-
imental inputs of large wood into the stream
channel, triggered sudden changes in hydraulics,
leading to shifts in substrate composition, distri-
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Figure 5. Total benthic (left) and shredder (right) invertebrate density (individuals/m?) in different substrata in the Malbazar stream,
Aiako Harria Natural Park (Guipuscoa, Basque Country, Spain). Error bars are standard errors and letters show significant differences
(p < 0.05) according to the Bonferroni posthoc test after one-way ANOVA on log-transformed data. Densidad (individuos/m?) de
invertebrados totales (izquierda) y fragmentadores (derecha) en distintos sustratos en el arroyo Malbazar, Parque Natural de Aiako
Harria (Guiptizcoa, Pais Vasco, Espaiia). Las barras de error representan el error estandar y las letras los grupos significativamente
diferentes (p < 0.05) segiin el test post hoc de Bonferroni tras un ANOVA de una via sobre datos logaritmizados.
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bution and size of riffles and pools, and storage of
organic matter, among others. All of these vari-
ables are biologically meaningful, and both in-
vertebrate and fish communities responded to the
changes in physical habitat.

FINAL REMARKS

The case study of Malbazar stream is just one
example of the importance of local processes in
shaping physical habitats and of how readily bio-
logically significant variables can respond. This
should lead river managers to better recognise
the importance of maintaining local processes to
keep rivers healthy and, therefore, to seek strate-
gies to restore some of these processes.

Human activities currently affect the entire
planet, and streams and rivers are no exception,
most of them being affected by multiple stressors
(UNEP, 2007). Moreover, as the human footprint
on the planet continues to rise, the pressure on
streams and rivers will increase, thus making it
more important than ever to assess river status
properly to protect healhy rivers and to restore
degraded rivers. As we have shown, multiple pro-
cesses interact to shape habitats at the local scale,
creating dynamics and patterns that are not evi-
dent to many managers. In our opinion, one of
the problems with the conservation of rivers in
Europe is that people, even river managers, are
so accustomed to rivers that have been simpli-
fied and harnessed that they simply fail to per-
ceive the importance of what has been lost. For
example, research has shown that students from
most countries perceive dead wood to be unnatu-
ral in stream channels, unaesthetic and danger-
ous (Piégay et al., 2005) and fail to recognise
its importance as a key habitat element. We have
shown experimental evidence of the fast changes
in physical habitat and in ecosystem function-
ing resulting from wood introduction. Other pro-
cesses mentioned in the present paper can also
have profound and rapid effects on river habitats.
Therefore, it is important that river scientists and
managers take these processes into account when
assessing river ecosystems.
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