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ABSTRACT
Riparian quality and habitat heterogeneity assessment in Cantabrian rivers

In this study, we attempted to assess riparian quality and river habitat heterogeneity as part of the conservation status
assessment of the Habitats Directive (EC, 1992) in the rivers included in the Nature 2000 network of Cantabria, Northern
Spain. We chose the Qualitat del Bosc de Ribera (QBR) and the Riparian Quality Index (RQI) to assess riparian quality and
the Indice de Habitabilidad Fluvial (IHF) and Habitat Quality Assessment (HQA) to assess the river habitat heterogeneity.
The present study aims to compare the performance of the QBR and RQI for assessing riparian quality (RQ) and of the
IHF and HQA for assessing river habitat heterogeneity (RHH). With a higher score in each index, the site has a higher
likelihood of belonging to a reference condition and also of reaching a higher biological integrity. Thus, we used logistic
binary regressions of RQ and RHH to determine the relationships between the attributes evaluated by each of the four indices
and reference/non-reference conditions. We also looked into the relationships between RQ and RHH as well as between these
indices and the local macroinvertebrate communities. We surveyed riparian vegetation and river habitat characteristics in a
total of 285 river reaches, each 500 m in length, along the fluvial network of Cantabria. These data were combined with
previous macroinvertebrate community records from a total of 52 river reaches, and the Index of Average Score per Taxon
(IASPT) metric was calculated for comparison. Reference condition sites were selected in 10 river types for the purpose of the
present study on the basis of (1) unaltered discharge, (2) non-intensive land uses and (3) no or minimal morphological changes.
There were 96 river reaches that matched the reference conditions. QBR and RQI were sensitive to both reference and non-
reference conditions in the official river types and were larger in reference conditions than in non-reference conditions for most
of the river types. However, IHF and HQA could only differentiate some of the river types and could not distinguish between
reference and non-reference conditions. Moreover, IHF and HQA did not have a similar response to human modifications
across river types, as reference reaches presented larger or lower values than non-reference conditions depending on the
river type. Finally, RQ was positively correlated to RHH, and IASPT increased with both. We concluded that RQI and HQA
performed slightly better than QBR and IHF indices to distinguish between reference and non-reference sites in the rivers of
Cantabria and that river habitat heterogeneity should not be used to assess river habitat quality.
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RESUMEN
Calidad riparia y evaluacion de la heterogeneidad del hdbitat en rios Cdntabros

En este estudio se intento evaluar la calidad riparia y la heterogeneidad del hdbitat fluvial como parte de la evaluacion del
estado de conservacion de la Directiva Hdbitats (CE, 1992) en los rios incluidos en la red Natura 2000 de Cantabria, norte
de Espaiia. Entre los métodos existentes elegimos los indices Qualitat del Bosc de Ribera (OBR)y “Riparian Quality Index”
(RQI) para evaluar la calidad de la ribera, y el Indice de Habitabilidad fluvial (IHF) y el “Habitat Quality Assessment”
(HQA) para evaluar la heterogeneidad del hdbitat fluvial. El presente estudio pretende comparar el rendimiento del QBR y
RQI para evaluar la calidad ribereiia (RQ) y del IHF y HQA para evaluar la heterogeneidad del hdbitat fluvial (RHH). Cuanto
mayor sea la puntuacion de los indices en un tramo de rio, mds alta es la probabilidad de que pertenezca a una condicion
de referencia, y también de que alcance una mayor integridad biologica. Por lo tanto, se utilizo la regresion logistica binaria
elaborando un modelo para RQ y otro para RHH, con el fin de examinar las relaciones entre los atributos evaluados por
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cualquiera de los cuatro indices y las condiciones de referencia y de no-referencia. También nos fijamos en las relaciones
entre RQ y RHH y de ambos con las comunidades de macroinvertebrados. Se muestrearon la vegetacion ribereiia y las
caracteristicas del hdbitat fluvial en un total de 285 tramos de 500 metros de longitud a lo largo de la red fluvial de Cantabria.
Estos datos fueron comparados con datos existentes sobre la comunidad de macroinvertebrados en un total de 52 tramos de
rios y la métrica IASPT se calculé para las comparaciones. En este estudio, las condiciones de referencia se fijaron en 10
tipologias fluviales de acuerdo a los siguientes criterios: (1) régimen hidrologico inalterado, (2) usos del suelo no intensivos
v (3) sin presencia o minimos cambios morfolégicos, terminando con un total de 96 tramos de rio seleccionados. QBR y RQI
fueron sensibles a las condiciones de referencia y a las tipologias fluviales, siendo mayor en condiciones de referencia en
la mayoria de los tipos fluviales. Sin embargo, IHF y HQA solo presentaron diferencias dependiendo del tipo fluvial y no
en funcion de las condiciones de referencia. Por otra parte, IHF y HQA no tienen una respuesta similar a la modificacion
humana en todas las tipologias de rio, ya que los tramos en condiciones de referencia presentaron valores mds altos o mds
bajos que los tramos en condiciones de no-referencia en funcion de las tipologias fluviales. Por iiltimo, RQ se correlacioné
positivamente con RHH, y el IASPT aumentd con ambos. Llegamos a la conclusion de que RQI'y HQA obtuvieron ligeramente
mejores resultados que el QBR y IHF para distinguir entre sitios en condiciones de referencia y no referencia en los rios de
Cantabria, y que la heterogeneidad del hdbitat fluvial no debe ser utilizada para evaluar la calidad del hadbitat fluvial.

Palabras clave: Ecosistemas fluviales, Hidromorfologia, Salud del rio, Calidad del habitat fluvial, Estado ecologico.

INTRODUCTION

The physical river habitat characteristics consti-
tute the setting in which fluvial fauna and flora
dwell and thrive (Allan, 1996). Most studies that
consider local or regional patterns of fluvial biota
characterise the physical river habitat using dif-
ferent variables, such as water velocity, chan-
nel substrate composition, bank materials, and
other parameters, depending on the purpose of
the study (Elosegi et al., 2011). Riparian forest
characteristics are also described when research
is focused on patterns in algal (e.g., Quinn et al.,
1997), macrophyte (e.g., Haury & Aidara, 1999),
fish (e.g., Kauffmann et al., 1997) or macroin-
vertebrate communities (e.g., Lester et al., 1994).
Riparian forests are, in fact, an extremely im-
portant component of river ecosystems and they
influence many riverine physical habitat char-
acteristics and processes (Naiman et al., 2005).
For example, riparian canopy is a determinant
of channel shade (Davies-Colley & Rutherford,
2005), while wood recruitment in riparian forests
determines the amount of large woody debris in
the river channel; large woody debris play an
important role in determining mesohabitat se-
quences (Brooks et al., 2003), velocity patterns,
substrate composition and in-stream habitat het-
erogeneity (Elosegi et al., 2010). Thus, when the

riparian zone and river habitat characteristics are
close to pristine conditions and there is no other
human alteration, the integrity of fluvial biolog-
ical communities is expected to be at its highest
(i.e., natural; Stoddard et al., 2006).

The evaluation of riverine ecosystem health
should take into account the importance of ripar-
ian and physical habitat characteristics in river
ecosystems so that biological impairments of
river reaches could be related not only to changes
in water quality but also to changes in river mor-
phology. In this regard, the Water Framework
Directive (WFD; EC, 2000) in Europe demands
the determination of riverine hydromorphologi-
cal quality, in which channel patterns, variations
in depths and widths, flow conditions, substrate
composition and both composition and structure
of the riparian zone must be part of the ecologi-
cal status assessment. Despite the establishment
of this directive, only some of the previously
used methods for assessing river habitat quality
in European rivers incorporate the characteris-
tics of the river channel, banks and floodplains
(Fernandez et al., 2011), although using a combi-
nation of methods could satisfy the existing legal
requirements (Ferreira et al., 2011).

The existing methods for evaluating the qual-
ity of riparian zones in Spain are the “Qualitat del
Bosc de Ribera” and the “Indice de Vegetacién
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Fluvial” (QBR and IVF, respectively; Munné et
al.,2003; Munné et al., 2006), the Riparian Qual-
ity Index (Gonzalez del Tanago et al., 2006;
Gonzélez del Ténago & Garcia de Jalon, 2011)
and the Riparian Forest eValuation (RFV; Mag-
daleno et al., 2010). The QBR and RQI indices
have been successfully applied in Spain and else-
where (Acosta et al., 2009; Navarro-Llacer et al.,
2010), while the IVF requires a much more de-
tailed floristic description, which might have pre-
vented its wider application. There is a lack of
methods in Spain that strictly evaluate the chan-
nel, bank or floodplain habitat characteristics, al-
though there are methods that assess river habi-
tat heterogeneity (RHH), such as the “Indice del
Habitabilidad Fluvial” (IHF; Pardo et al., 2002)
and the degree of river habitat modification (IHG;
Ollero et al., 2008; Ollero et al., 2011). How-
ever, most water agencies and studies evaluat-
ing the quality of river habitats in Spain use the
IHF, (i.e., an RHH estimate) as a surrogate for
river habitat quality (e.g., Jdimez-Cuéllar et al.,
2002). This contrasts with the large number of
methods that are used to evaluate the quality of
river habitat characteristics elsewhere in Europe
(e.g., SEQ-Physique, LAWA, EcoRibHab; for a
review see Ferndndez et al., 2011). Among the
European methods, the River Habitat Survey pro-
tocol (RHS; Raven er al., 1997) has been success-
fully applied to rivers from different European
countries and also from northern Spain (Raven et
al., 2010). This river habitat characterisation pro-
tocol provides information from the river chan-
nel, banks and floodplain, and different indices
can be derived from the information gathered,
such as the Habitat Quality Assessment (HQA)
that evaluates river habitat heterogeneity or the
Habitat Modification Score (HMS), which eval-
uates the degree of habitat modification due to
anthropological pressures (Raven et al., 1997,
Environment Agency, 2003).

In the present study, we assessed riparian and
river habitat heterogeneity in the fluvial Special
Areas of Conservation of Cantabria, Northern
Spain, following the requirements of the Habi-
tats Directive (HD; EC, 1992) to evaluate the
conservation status of different riverine species
and habitats (sensu phytosociological associa-

tions). Although the methodology used to evalu-
ate the conservation status of habitats and species
within the Nature 2000 network is still in debate,
the conservation status assessment in riverine
ecosystems should certainly incorporate hydro-
logical, connectivity, channel and riparian char-
acteristics (Joint Nature Conservation Commit-
tee, 2007; Barquin et al., 2012). Regarding hy-
drological and river longitudinal connectivity,
the “Indices de Alteracién Hidrolégica en Rios”
methodology (IAHRIS; Martinez & Fernandez
2006) and the “Indice de Conectividad Fluvial”
(ICF; Munné et al., 2006; Sola et al., 2011), re-
spectively, have been successfully incorporated
into the HD conservation status assessment (GE-
SHA, 2008) in Cantabria. However, a decision
must be taken regarding the methods to use to
assess riparian and river habitat quality.

The objectives of the present study can be
summarised as follows: (1) the comparison of
QBR and RQI indices to evaluate riparian quality
(RQ) in reference versus non-reference sites in
Cantabrian rivers, (2) the comparison of IHF and
HQA (from RHS) indices to assess river habi-
tat heterogeneity in reference vs. non-reference
sites, and (3) to evaluate the possibility of using
these indices as indicators of river habitat qual-
ity in the Cantabrian rivers. Finally, RQ should
be positively correlated with RHH, as described
above, and both of these factors should be associ-
ated with an increase in invertebrate community
integrity (Minshall & Robinson, 1998; Muotka &
Laasonen, 2002). In order to confirm these expec-
tations, we (4) investigated the relationships be-
tween RQ and RHH and of both of these indices
with local macroinvertebrate communities.

MATERIALS AND METHODS

Study area

The study area comprised river catchments in
the province of Cantabria, northern Spain, that
drain into the Cantabrian Sea, the Atlantic Ocean
and the Mediterranean Sea (Fig. 1). Cantabria
is a mountainous and coastal region, and both
of those characteristics play an important role
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Figure 1. Cantabrian river network, northern Spain, and reference (o) and non-reference sites (o) surveyed for assessing riparian
quality and habitat heterogeneity in the summer of 2008. Red fluvial de Cantabria, Norte de Espariia, y sitios de referencia (o) y de
no-referencia (®) muestreados para evaluar la calidad riparia y la heterogeneidad del habitat en el verano de 2008.

in determining the climate and river morphol-
ogy. Near the coast, valleys are below 400 m
in altitude; however, as we move inland we find
the Cordillera Cantabrica mountain range. This
range runs from west to east parallel to the sea
reaching its highest peaks more than 2600 m a.s.1
in the south west of the region. The inland val-
leys run from south to north with high slopes and
containing short torrential rivers with high ero-
sive power. Between the coast and the Cordillera
Cantdbrica, there are other mountain ranges, such
as the Sierra del Escudo that is up to 1000 m in
altitude. Cantabria has a humid oceanic temper-
ate climate with an average annual temperature
of 14°C and an average annual precipitation of
about 1200 mm. Rainfall is regularly distributed
throughout the year with maximums in winter
and spring and storms occurring in any season.
Precipitation in the form of snow is common from
late autumn to early spring on the mountain ranges.

The high altitude range produces a clear
vegetation zonation. The north is characterised
by Euro-Siberian vegetation, composed of de-
ciduous forest, whilst in the south there is a
transition from Euro-Siberian to Mediterranean-
type vegetation. The riparian vegetation along
the Cantabrian rivers up to 700 m in altitude

is dominated by groves or galleries of alder
(Alnus glutinosa; Lara et al., 2004). Willow
groves formed by Salix atrocinerea (northern
Cantabrian cordillera) and S. cantabrica (south-
ern Cantabrian cordillera) replace alder where
soils are thin or where there are large fluctua-
tions in the river level. Higher up, alder is re-
placed by ash (F excelsior) or hazel (C. avella-
na), whilst in steep valleys, beech (Fagus sylva-
tica), oak (Q. robur and Q. petrea) and mixed
Atlantic forest vegetation dominate the ripar-
ian forest. Where natural riparian forests have
been modified by human activity, the vegetation
is usually dominated by brambles (Rubus spp.),
roses (Rosa spp.), hawthorn (Crataegus monog-
yna) and blackthorn scrub (Prunus spinosa). Pas-
tureland has also been created, eliminating many
of the native forest. Average population density is
103 inhabitants km™2, with towns and cities con-
centrated along the coast. The main urban centre
of Santander has 184 000 inhabitants.

Three different water agencies, the Cantabric,
Duero and Ebro river basin authorities, are in
charge of the water management in the region
of Cantabria, and the rivers within the region are
now categorised into eight official river types for
the application of the WFD (Table 1). However,
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Table 1. Official river types located in the province of Cantabria in northern Spain. The codes used in this study and the slopes that
these types drain are also indicated. Tipologias de rio oficiales localizadas en Cantabria, Norte de Espaiia. Se indican también los
codigos utilizados en este estudio y las vertientes que estas tipologias drenan.

Code Description Slope

1 29. Calcareous Cantabro-Atlantic main fluvial axis Northern
2 32. Calcareous Cantabro-Atlantic small fluvial axis Northern
3 22. Calcareous Cantabro-Atlantic rivers Northern
4 30. Cantabro-Atlantic coastal rivers Northern
5 27. Mountain rivers Mediterranean
6 26 a. Calcareous wet mountain rivers Northern
7 26 b. Calcareous wet mountain rivers Mediterranean / Atlantic
8 12 a. Calcareous Mediterranean mountain rivers with high conductivity Mediterranean
9 12 b. Calcareous Mediterranean mountain rivers with low conductivity Mediterranean

10 15. Continental-Mediterranean axis with low conductivity Mediterranean

for this study, we have kept the 10 river classes
that have been established by previous studies
because rivers within the calcareous wet moun-
tain river and calcareous Mediterranean moun-
tain river classes (river types 6, 7, 8 and 9 in
Table 1) do have large differences in altitude, val-
ley shapes and gradients that can influence ri-
parian vegetation composition and structure and
the river habitat characteristics. These 10 river
types have been used to analyse how RQ and
RHH indices perform in different river environ-
mental settings because index scores in refer-
ence condition river reaches might differ substan-
tially between river types.

Field data collection

The QBR and RQI indices were used to assess
RQ and the IHF and HQA indices were used
to assess RHH in a total of 285 river reaches
of 500 m in length along the fluvial network
of Cantabria from June to September of 2008.
QBR, RQI and IHF indices were chosen be-
cause they were the best indices currently avail-
able for the purpose of the study, and they have
also been commonly used by water agencies
and consultancies in Spanish rivers and else-
where (Acosta et al., 2009; Navarro-Llacer et al.,
2010; Garéfano-Gomez et al., 2011). Moreover,
other indices used outside of Spain for evaluat-
ing riparian quality were not known, and those
that have been used in Spanish rivers were not
completely developed at the moment of the sur-

vey, such as the RFV (Magdaleno et al., 2010);
others require a much more detailed floristic eval-
uation, such as the IFV (Fluvial Vegetation In-
dex; Munné et al., 2006). Finally, the HQA index
was selected because it has been shown to be ap-
plicable to rivers from northern Spain (Raven et
al., 2009) and elsewhere in Europe (Raven ef al.,
2010), and it is relatively easy to calculate after
following the River Habitat Survey field protocol
(Environment Agency, 2003).

The QBR and RQI rate riparian quality into
5 classes (bad, poor, moderate, good and high),
with a total score for each river reach ranging
from O to 100 for the QBR and from 0 to 140
for the RQI. The QBR uses 4 attributes to as-
sess riparian quality (QBR1 to QBR4; Table 2),
while the RQI uses 7 attributes (RQI1 to RQI7;
Table 2). It is important to note that in this study
the first version of the RQI was used instead of
the latest updates (Gonzélez del Tanago & Garcia
de Jalon, 2011). The IHF and HQA do not clas-
sify river habitat heterogeneity into classes, so for
the purpose of this study we divided the 0 to 100
score range that a river reach can achieve into
five classes: <19 very low, 20 to 39 low, 40 to
59 moderate, 60 to 79 high and >80 very high
habitat heterogeneity. The IHF uses 7 attributes
to evaluate river habitat heterogeneity (IHF1 to
IHF7; Table 2), while the HQA uses 9 (HQA1 to
HQAUY9; Table 2). Field survey protocols and the
calculation of all of these indices have been de-
scribed in depth elsewhere (Raven et al., 1998;
Jaimez-Cuéllar et al., 2002; Gonzélez del Tanago
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Table 2. Indices used in this study to assess riparian quality (QBR and RQI) and habitat heterogeneity (IHF and HQA) in the rivers
of Cantabria in northern Spain. The different sections evaluated by each index area also shown. Indices utilizados en este estudio para
evaluar la calidad riparia (OBR y RQI) y la heterogeneidad del habitat (IHF y HQA) en los rios de Cantabria, Norte de Espaia.
También se muestran los diferentes apartados evaluados por cada indice.

Qualitat del Bosc de Ribera (QBR)

QBR1 Extent of riparian cover
QBR2 Riparian cover structure
QBR3 Riparian cover quality
QBR4 Degree of channel naturalness
Riparian Quality Index (RQI)
RQI1 Riparian longitudinal continuity
RQI2 Riparian zone width
RQI3 Riparian vegetation composition and structure
RQI4 Riparian regeneration
RQI5 Bank condition
RQI6 Lateral connectivity of riparian zone with channel
RQI7 Alteration degree of riparian relief and soil

Indice de Habitabilidad Fluvial (IHF)

IHF1 Substrate embeddedness or sediments in pools
THF2 Rapid frequency

IHF3 Substrate composition

IHF4 Velocity / Depth conditions

THF5 Channel shade percentage

THF6 Heterogeneity elements

THF7 Aquatic vegetation cover

Habitat Quality Assessment (HQA)

HQA1 Flow types

HQA2 Channel substrate

HQA3 Channel features

HQA4 Bank features

HQAS Bank vegetation structure
HQAG®6 In-stream channel vegetation
HQA7 Land-use within 50 m of banks
HQAS8 Trees and associated features
HQAY Special features

& Garcia de Jalon, 2011); however, it should be
noted that when calculating the final score for a
site, only the QBR has both positive and negative
values within each evaluated attribute.

To compare the performance of all of the
methods, we selected reference condition river
reaches in each river type using the following cri-
teria: (1) unaltered discharge by major dams or
obstructions, (2) non-intensive land uses (<10 %
of combined industrial, urban, agriculture and
forestry plantation land) in the catchment of ev-
ery evaluated river reach, and (3) none or mini-
mal morphological changes in the channel or ri-
parian zone, selected by eliminating sites with
a Habitat Modification Score (HMS) >200 and
sites located within 1 km up- or downstream of
weirs. The HMS is calculated using data gathered
following the RHS field survey protocol (Envi-
ronment Agency, 2003). Finally, we did not in-
clude riparian vegetation quality criteria to pre-
vent circular arguments.

The data on macroinvertebrate communities
from the Cantabrian rivers were compiled from

different studies from 2003 to 2007, yielding a
total of 122 sites. Macroinvertebrate communi-
ties were sampled in all of these sites during the
summer (June to September) with a kick hand-
net of 500 um mesh size in 100 m river sections
and preserved in 70 % ethanol. Every sample was
collected by 20 kicks, covering 2.5 m? of sub-
strate, distributed according to the relative impor-
tance of the existing habitats (AQUEM, 2002).
In the laboratory, the samples were divided into
3 fractions (0.5-1 mm, 1-5 mm, and >5 mm)
and invertebrates were sub-sampled, counting
100 individuals from each fraction and identi-
fying all of the different taxa seen in the two
major fractions. Macroinvertebrate identification
was done to family level using available keys
(Vieira-Lanera, 2000; Tachet et al., 2002).

Data analyses

Box and whisker plots were used to compare
means, medians, and the distribution (10, 25, 75
and 90 percentiles) of QBR, RQI, IHF and HQA
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values between reference and non-reference sites
in the 10 different river types in the Cantabrian
rivers. The differences among reference and non-
reference sites and among river types were tested
with a two-way analysis of variance, treating both
factors as fixed factors. Heteroscedasticity was
removed by log-transforming the data.

To analyse how well RQ and RHH indices
correlated with macroinvertebrate communities,
we selected the IASPT macroinvertebrate com-
munity metric to represent macroinvertebrate
community integrity. We selected this metric for
several reasons. First, it has been shown to be
one of the most seasonally stable metrics in the
Cantabrian rivers, with a similar score in both
high- and low-flow seasons (Alvarez-Cabria et
al., 2010, 2011), which suits our macroinverte-
brate dataset. However, the summer months in
the selected years had a relatively low hydrologi-
cal variability with no important floods occurring
except in the summer of 2007, and only 3 sam-
ples from minor tributaries from that year were
included in this study. The coefficient of vari-
ance for summer monthly flows reached a maxi-
mum of 35 % in September in some of the large
rivers, while more than 80 % of the macroinver-
tebrate sites were sampled in June, July and Au-
gust in smaller tributaries. This value is low when
compared with the coefficients of variance over
200 % that are regularly found in non-summer
months in these Cantabrian rivers (based on daily
records from 9 official gauging stations in the
province of Cantabria). Second, the IASPT has
also been shown to be the most sensitive metric
to habitat modification in the Cantabrian rivers
from a wide range of metrics used by different
water authorities in Spain (Alvarez—Cabria et al.,
2010, 2011). The IASPT was calculated for all
122 river reaches with available macroinverte-
brate community data and then was matched to
the nearest of the 285 sites with QBR/RQI and
IFH/HQA data. Macroinvertebrate sites were se-
lected if they were within 500 m of a site with
data on physical characteristics and otherwise
they were discarded. A total of 52 river reaches
throughout the Cantabrian river network were fi-
nally included in the analyses.

The rationale behind the applied indices in
this study is that the higher the index score, the
closer the evaluated river reach is to a refer-
ence condition. The score obtained by each index
attribute should, then, be correlated with the ref-
erence condition if the evaluated attribute is rel-
evant. To test this assumption, we used logis-
tic binary regressions with a stepwise forward
procedure to evaluate the adjustment of the dif-
ferent measured attributes of each index, QBR
(QBR1 to QBR4), RQI (RQIl to RQI7), IHF
(IHF1 to IHF7) and HQA (HQA1 to HQA9; Ta-
ble 2), to the reference condition in two sep-
arate models, one for RQ and other for RHH.
The index attributes selected by the regression
will be considered as the most significant eval-
uated attributes to account for the reference con-
ditions of RQ and RHH. The expected beta val-
ues, Exp(B), of each variable included in the
logistic regression will indicate whether larger
values of that variable increase the probability
of a site belonging to the reference condition
(Exp(B) > 1), whether they do not have an effect
(Exp(B) = 1) or whether larger values reduce the
probability of a site belonging to the reference
condition (Exp(B) < 1). The co-linearity was not
analysed because the index attributes were ex-
pected to be correlated to each other and we
wanted to keep all of them in the analysis.

Simple linear regressions were also performed
to analyse the relationships between RQ and RHH
as well as between those two indices and the [ASPT
macroinvertebrate community metric. All the ana-
lyses were carried out using R software (version
2.7.1; R Development Core Team, 2008).

RESULTS

A total of 55 % and 61 % of the 285 surveyed
river reaches had a good or very good RQ, re-
spectively, which was identified using the QBR
and RQI indices. Fifty-five sites reached the max-
imum score for the QBR (100); however, none
of the river reaches reached the maximum score
for the RQI (140). A bad RQ was only found in
a few river types (4, 6, 7 and 8; Fig. 2), while
a high RQ was predominantly found in river
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Figure 2. Riparian quality and habitat heterogeneity classification using QBR, RQI, IHF and HQA indices in 10 river types in
the Cantabrian region of northern Spain in the summer of 2008. Clasificacion de la calidad riparia y la heterogenidad del hdbitat
utilizando los indices QBR, RQI, IHF y HQA en las 10 tipologias fluviales de la region de Cantabria, norte de Espariia, en el verano

de 2008.

reaches of mountainous river types (3, 5, 6 and 9;
Fig. 2). A total of 96 river reaches throughout the
Cantabrian river network met all of the reference
condition criteria. The QBR and RQI values were
both different between reference and non-refer-
ence river reaches and among river types (Table 3).

More than 80 % of the river reaches surveyed
contained a moderate to low RHH, while 19 %
showed a high habitat diversity using both the
IHF and HQA indices. Only one site, in the
river type 6 (calcareous wet mountain rivers),
reached the maximum IHF value of 100, and
none reached the maximum HQA value (Fig. 2).
A very low RHH was only found in low-gradient
streams in the coastal area (river type 4) or in
the southern plateau (river types 8 and 9). The
IHF and HQA values were both different among
river types. However, there was no difference
in RHH between reference and non-reference
river reaches (Table 3).

Comparing QBR and RQI values between
reference and non-reference conditions, we ob-

served that reference sites had a predominantly
higher value than the non-reference reaches in all
river types, except for RQI in river type 8 (Fig. 3).
However, IHF and HQA values did not follow a
clear pattern, and in some river types (e.g., type
2, 3 and 4; Fig. 3), the reference condition re-
turned higher values than the non-reference con-
dition, while in other river types the reverse was
found (e.g., type 8 and 9; Fig. 3). Moreover, QBR
values were the most variable between reference
and non-reference conditions in any river type
(Fig. 3) in comparison with the RQI.

The variables that entered the regression of
RQ and reference conditions were related to
the absence of modifications on the river chan-
nel and banks (QBR4) and to the composition
and structure of the riparian vegetation (RQI3),
both increasing the probability of a reach be-
ing in reference condition (Table 4). On the other
hand, HQA attributes provided a better fit in the
RHH regression than the IHF ones. The diversity
of aquatic vegetation (IHF7) and of flow types
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Table 3. Results from the two-way analysis of variance for reference condition and river type on QBR, RQI, IHF and HQA values
obtained in rivers from Cantabria in the summer of 2008 (R = Reference; NR = Non-reference; df = degrees of freedom; F = F
statistic; bold p values are < 0.05). Resultados del andlisis de la varianza de 2 vias con los factores condicion de referencia y
tipologta de rio para los valores de QBR, RQI, IHF y HQA obtenidos en los rios de Cantabria en el verano del 2008 (R = Referencia;
NR = No-referencia; df = grados de libertad; F = estadistico F; el valor de p en negrita < 0.05).

QBR RQI
df F p value df F p value
R/NR 1 11.70 0.0007 1 7.36 0.0072
River Types 5 4.85 0.0003 5 10.13 0.0001
R/NR *River Types 5 0.12 0.9884 5 0.41 0.8431
Error 235 238
IHF HQA
R/NR 1 0 0.9919 1 0.47 0.4944
River Types 5 4.40 0.0008 5 4.59 0.0005
R/NR *River Types 5 0.48 0.7913 5 0.75 0.5887
Error 232 241
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Figure 3. Box plots of QBR, RQI, IHF and HQA values obtained from the rivers of the Cantabrian Region in reference (R: white
boxes) and non-reference reaches (NR: grey boxes). The numbers following R and NR are the river type codes described in Table 1,
while the numbers within brackets are the number of reaches in each river type. Grdficos de cajas para los valores de OBR, RQI, IHF
y HQA obtenidos en rios de la region de Cantabria en tramos de referencia (R: cajas blancas) y de no-referencia (NR: cajas grises).
Los niimeros que siguen a R y NR son los cédigos de las tipologias fluviales descritas en la tabla 1, mientras que los niimeros entre
paréntesis indican el nimero de tramos fluviales en cada tipologia.
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Table 4. Results from the binary logistic regression for
riparian quality (QBR/RQI) and for habitat heterogeneity
(IHF/HQA) assessed in rivers in Cantabria in the summer of
2008 (R = Reference; NR = Non-reference; bold p values <
0.05). Resultados de la regresion logistica binaria para la cal-
idad del bosque de ribera (QBR/RQI) y la heterogeneidad del
hdbitat (IHF/HQA) evaluado en los rios de Cantabria, en el ve-
rano de 2008 (R = Referencia; NR = No-referencia; el valor de
p en negrita < 0.05).

Model R,f % R % NR Total %
QBR/RQI 0.31 56.4 79.5 71.7
IHF/HQA 0.26 44.7 89.9 74.4
Variable Exp(B) p value
QBR/ROQI RQI3 1.082 0.002
QBR4 1.169 0.0001
IHF7 0.941 0.011
IHF/HQA HQAL1 0.843 0.008
HQA3 1.244 0.0001
HQA7 1.245 0.0001
100 - ° .

y=44.1121 + 0.2021x ; R’=0.147
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(HQA1) increased the probability of a site be-
longing to a non-reference reach, while the
diversity of channel features (HQA3) and of nat-
ural land uses (HQA7) increased the probabil-
ity of the site belonging to a reference condition
river reach (Table 4).

RQ and RHH were positively correlated re-
gardless of the index that was used for build-
ing the regression, either QBR or RQI against
IHF or HQA (Fig. 4). The strongest relationship
was obtained between the RQI and HQA indices
(r* = 0.384; p < 0.05). The integrity of the in-
vertebrate communities, measured using the in-
dex IASPT, was also positively related to both
RQ and RHH (Fig. 5), with a stronger relation-
ship with RQI than with HQA (RQI: * = 0.37;
HQA: ? =0.29; p < 0.05 for both).

100 + ° (]

y=36.9075 + 0.2565x ; R*=0.195
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Figure 4. Linear regression results for riparian quality (QBR and RQI) and river habitat heterogeneity (IHF and HQA) assessed
in the rivers of the Cantabrian region in the summer of 2008. Reference (o) and non-reference sites (e) are also indicated (p value
< 0.05 for all regressions). Resultados de la regresion lineal entre la calidad riparia (QBR y RQI) y la heterogeneidad del hdbitat
fluvial (IHF y HQA) evaluados en los rios de la region de Cantabria en el verano de 2008. Se indican también los sitios de referencia
(o) y los de no-referencia (e; el valor de p< 0.05 en todas las regresiones).
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y=4.777 +0.0031x ; R*=0.26
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y=3.7364 + 0.4625x ; R’=0.27
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Figure 5. Linear regression results for the invertebrate community index IASPT related to the riparian quality (QBR and RQI) or
river habitat heterogeneity (IHF and HQA) assessed in the rivers of the Cantabrian region in the summer of 2008. Reference (o) and
non-reference sites (o) are also indicated (p value <0.05 for all regressions). Resultados de la regresion lineal entre el indice de la
comunidad de invertebrados IASPT y la calidad riparia (QBR y RQI) y la heterogeneidad del habitat fluvial (IHF y HQA) evaluados
en los rios de la region de Cantabria en el verano de 2008. Se indican también los sitios de referencia (o) y los de no-referencia (e;

el valor de p < 0.05 en todas las regresiones).

DISCUSSION

The QBR and RQI indices performed satis-
factorily to distinguish the reference and non-
reference sites according to the criteria we es-
tablished. The values of both indices in the
reference sites were always higher than in the
non-reference sites irrespective of the river type.
However, the binary regressions did not show a
relationship between high scores of the indices
IHF and HQA and the reference sites. More-
over, reference sites in different river types some-
times had higher or lower RHH values than
non-reference sites, suggesting that habitat het-
erogeneity might not be the best estimator of river
habitat quality. As expected, RQ was positively
related to RHH and both of those indices were
positively correlated with the TASPT macro-
invertebrate community metric.

Evaluation of riparian quality

Riparian quality evaluation is not an easy task be-
cause many attributes need to be taken into ac-
count when assessing the condition of the ripar-
ian vegetation (Collier et al., 1995; Sada et al.,
2001; Steiger et al., 2005). The QBR and RQI
indices are derived from a relatively easily ap-
plied form that is calculated from different ri-
parian attributes for a given river reach (100 to
500 m in length; Munné et al., 2003; Gonzdlez
del Ténago et al., 2006). Despite the many at-
tributes measured by each index, only the de-
gree of channel and bank naturalness (absence of
modifications, QBR4) and the composition and
structure of the riparian vegetation (RQI3) were
selected by the reference condition model. The
lack of power to predict reach reference condi-
tions from other riparian attributes measured by
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QBR and RQI indices might be caused by a num-
ber of factors. First, the application of the QBR
and RQI indices may be interpreted differently
in the field and their final values are subject to
a high degree of subjectivity; for example, in
determining the width of the riparian zone that
needs to be assessed depending on bank profiles
and valley types. Secondly, low scores in some
riparian attributes might not be completely re-
lated to riparian impairment and could be more
related to natural variability of riparian charac-
teristics among river types. This is the case for
the bank condition (RQIS) and riparian lateral
connectivity with river channel (RQI6) within the
RQI index. Moreover, in the QBR index, some of
the riparian characteristics score as positive and
others as negative within the same attributes, po-
tentially resulting in the same score for one of the
four attributes despite completely different sit-
uations. For example, a similar score in QBR1
can be obtained depending on combinations of
two attributes: (1) the percentage of vegetation
cover of the riparian zone (positive) and (2) the
degree of lateral connectivity between the ripar-
ian vegetation and hillslope vegetation (positive
and negative). Finally, the criteria selected for
setting the reference conditions in this study may
not be completely appropriate because the per-
centages of pasture or scrub and shrub land uses
in the reach catchment were not included as a
criteria, and it is well known that human-driven
activities within these land uses might deterio-
rate the RQ (e.g., cattle pasturing; Kauffmann &
Krueger, 1984) and may increase the variability
within reference condition sites. However, pas-
ture and shrub and scrub land uses are considered
to be less aggressive than the other land uses se-
lected as reference criteria, and having a high per-
centage of pasture or scrub and shrub land uses in
the catchment does not necessarily mean that lo-
cal riparian condition is impaired. In future stud-
ies, this could be addressed by using as a criteria
for reference condition the natural land-use cov-
erage within a given buffer zone from the river
channel depending on floodplain extent instead
of using catchment land uses.

Although QBR and RQI indices resulted
in similar values when evaluating RQ in the

Cantabrian rivers, with the largest differences
in the high and poor classes, the RQI had
slightly stronger relationships with RHH and
with macroinvertebrate communities (IASPT)
than the QBR. This could be related to the more
continuous nature of the RQI scores, increasing
sequentially by 1 up to 140, than the QBR scores
that increase in steps of 5 up to 100 and there-
fore give its values a more discrete nature (Sant-
ner & Duffy, 1989). Moreover, the positive and
negative scores of the four QBR attributes might
also contribute to a lower discrimination power
and to the larger observed variability even among
river reaches in reference conditions (river types
4 and 7 in Fig. 3). Although both of the indices
seem to discriminate between high and low RQ
in Cantabrian river reaches, the RQI seems to
get better results when relating RQ with RHH or
macroinvertebrate communities. One of the main
drawbacks of using QBR or RQI indices is that
RQ is only evaluated in a 100 to 500 m river
reach, and then this evaluation is extrapolated to
larger segments. We believe that evaluation of
RQ should be based on a more objective ripar-
ian characterisation taking into account river type
and floodplain morphology, using satellite, aerial
or remote sensing images to quantify the extents
and areas along with field work to assess and
quantify the structure and composition (Farid et
al., 2006; Goetz, 2006; Magdaleno et al., 2010).

Habitat heterogeneity assessment

The IHF and HQA returned similar results
when used to assess habitat heterogeneity in the
Cantabrian rivers, with hardly any site reaching
a very high RHH (IHF and HQA > 90) and only
some types having sites in which habitat hetero-
geneity was high (IHF < 70 and HQA < 90) or
very low (IHF and HQA < 30). Moreover, RHH
was more varied among river types than between
reference and non-reference conditions (Table 3).
These results indicate that not all river types have
the same level of diversity of habitat characteris-
tics and that some river types are naturally more
homogeneous, as was the case for low-gradient
streams from the coastal area or in the south-
ern plateau in the present study (river types 4,
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8 and 9 in Fig. 2). Low-gradient streams have
also been identified in other studies as having a
lower rate of spatial change than higher-gradient
streams (Fukushima, 2001). A higher diversity
of in-stream characteristics is usually associated
with higher gradients, but only up to a threshold,
after which certain hydraulic sequences domi-
nate and the diversity of in-stream characteristics
does not increase (Grant et al., 1990; Halwas &
Church, 2002). IHF and HQA indices might be
appropriate to assess RHH; however, neither of
these indices would allow for the determination
of the natural rate of change of individual river
habitat characteristics because they only provide
individual scores for each evaluated attribute.
In our opinion, this is a major drawback for
completely understanding the dynamics of river
habitat characteristics and the effects of diffe-
rent human pressures on them.

In the present study, a higher diversity of
aquatic vegetation (IHF7) has been negatively
correlated to the reference condition. However,
we believe this finding results from a larger cover
of different groups of aquatic plants (i.e., fila-
mentous algae, macrophytes, diatoms or mosses)
in low-gradient rivers, which are located in
coastal areas more prone to human modification,
although correlation does not mean causation.
Moreover, differences in RHH between RC and
NRC sites did not follow the same pattern, with
some increasing and others decreasing depend-
ing on river type. These differences might be re-
lated to the fact that human hydro-morphological
impacts have different effects on RHH depend-
ing on the type of pressure and on the river type
in which they are located. For example, river
over-widening, a typical engineering work im-
plemented for flood defence, tends to decrease
habitat heterogeneity by creating shallower en-
vironments (Kemp et al., 1999). However, its
effect will depend on natural water depth pro-
files and the stream gradient. Moreover, a weir or
small dam could increase RHH in a high-gradient
stream by creating glide and dammed pool habi-
tats, but it would certainly contribute to a lower
RHH in low-gradient streams.

Finally, IHF and HQA values are calculated
from the scores of each of the attributes con-

sidered. These independent scores might cancel
each other out so that a similar final score might
come from completely different effects of an-
thropogenic impacts. This makes it difficult to
identify the real effects of different human im-
pacts on the physical attributes of river habi-
tats and riverine biota. Heterogeneity of physi-
cal habitat attributes (i.e., diversity of in-stream
elements) is important for many aquatic organ-
isms (Power, 1992; Minshall & Robinson, 1998;
Zollhofer, 1999). However, we believe that RHH
is not a good surrogate to evaluate river habi-
tat quality, at least in these Cantabrian rivers, al-
though it might be correlated with habitat quality
in many cases and might be useful for identify-
ing hotspots for river conservation (Boon et al.,
1998; Walker et al., 2002; Dudgeon et al., 2006;
Leathwick et al., 2010). Instead, we share the
opinion that physical habitat quality should be
evaluated through the degree of deviation of
quantified characteristics, such as dominant flow
types, dominant substrates, bank profiles or chan-
nel measurements calibrated for each river type,
as has been proposed in other studies (e.g.,
Parssons et al., 2004). Using that approach, we
might be able to correctly assess whether a given
characteristic, such as a high diversity of aquatic
vegetation, is common within a fluvial type or if
it results from a human pressure.

Relationships between RQ, RHH
and macroinvertebrate communities

As has been shown in other studies using QBR
and IHF (Pardo et al., 2002), riparian quality was
positively related to river habitat heterogeneity,
using any of the indices; however, the relation-
ships were stronger between the RQI and HQA.
These results could be due to the more contin-
uous nature of the RQI scores and to the less
subjective calculation of the HQA, which is cal-
culated from a RHS database in contrast to the
IHF that is calculated directly in the field. More-
over, when looking at the relationships between
the different attributes assessed by the RQ and
RHH indices, it seems that the extent of the ripar-
ian vegetation (QBR1 and RQ2) and the structure
of the riparian vegetation (QBR2 and RQI3) were
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the attributes with stronger relationships with the
HQA index, as they shared the highest corre-
lations with natural land-use diversity (HQA7)
and tree-associated features, such as overhang-
ing boughs and exposed bankside roots (HQAS),
and other special features such as debris dam and
leafy debris (HQAY; Spearman rank correlation
coefficient > 0.5 for all combinations). On the
other hand, only the percentage of shade on the
channel (IHF5) from the assessed IHF attributes
was significantly correlated with the structure of
the riparian vegetation (QBR2; Spearman rank
correlation coefficient = 0.5). Thus, it seems that
the HQA captures slightly better than the IHF the
in-stream channel attributes that are influenced
most by the riparian vegetation characteristics
in the Cantabrian rivers.

Positive relationships between QBR and IHF
indices and macroinvertebrate communities have
been shown elsewhere (e.g., Pardo et al., 2002).
In the present study, macroinvertebrate commu-
nity integrity, measured with the IASPT metric,
had a stronger positive relationship when using
the RQI and HQA than when using QBR and IHF
indices. These results could be due to the greater
correlations of IASPT with the extent of the ri-
parian vegetation and the structure of the riparian
vegetation when using the RQI (Spearman rank
correlation coefficient = 0.5, 0.6 and 0.6 for RQ1,
RQ2 and RQ3, respectively) than when using the
QBR (Spearman rank correlation coefficient =
0.4 for both QBR1 and QBR2). Comparatively,
the macroinvertebrate community integrity had a
greater correlation with the attributes assessed by
the HQA, such as flow type diversity (Spearman
rank correlation coefficient = 0.5 for HQA1),
channel feature diversity (Spearman rank corre-
lation coefficient = 0.6 for HQA3) or natural land
uses (Spearman rank correlation coefficient = 0.5
for HQA7), than with the attributes assessed by
the IHF, which was only relevant for the fre-
quency of rapids (Spearman rank correlation co-
efficient = 0.5 for IHF2).

The use of the scores of these indices and their
attributes to evaluate the strength of the relation-
ships between RQ and RHH and of these two with
macroinvertebrate communities might be a good
practice in preliminary work. However, a closer

study identifying cause and effect relationships will
require a more detailed objective quantification
and the use of continuous variables to eliminate
subjectivity and determine more clear-cut patterns.

CONCLUSIONS

The RQI index performed slightly better than
the QBR for discriminating reference and non-
reference conditions in the Cantabrian rivers
when considering RQ, while the HQA per-
formed slightly better than the IHF when con-
sidering RHH. River habitat heterogeneity is not
a good surrogate of river habitat quality in the
Cantabrian rivers, although the correlation be-
tween them might often be high. Both ripar-
ian and river habitat quality assessment should
be based on measured, ideally quantitative, key
characteristics of riparian and riverine habitats
more than on subjective indices, so that mid-
to long-term monitoring programs could gather
more precise information regarding the effects
of human activities on morphological and struc-
tural characteristics of riverine habitats. More-
over, techniques that improve the assessment of
riparian and riverine habitat characteristics over
a whole river network instead of in patchy river
reaches should also be developed so that a more
precise catchment perspective is achieved.
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