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ABSTRACT
Assessing hydromorphological and floristic patterns along a regulated Mediterranean river: The Serpis River (Spain)

In the European context, several methodologies have been developed to assess the ecological status and, specifically, the
hydromorphological status of running surface waters. Although these methodologies have been widely used, few studies have
focused on hydrologically altered water bodies and the factors that may determine their status. In this study, the Serpis River
was divided into 16 segments from the Beniarrés dam (40 km from the river mouth) to the sea, all of which are affected by
flow regulation, but with different severity. In each segment, an inventory of the flora was conducted, and hydromorphological
indices (QBR, Riparian Habitat Quality Index; and IHF, River Habitat Index) were applied. The objectives of the study
were (A) to identify relationships between floristic composition and QBR components and (B) between instream habitat
characteristics and IHF components as well as (C) to determine the main factors controlling the floristic composition and
riparian habitat quality (QBR) and the factors controlling instream habitat characteristics and heterogeneity (IHF). A cluster
analysis allowed grouping sites according to their floristic composition and instream habitat characteristics, and non-metric
multidimensional scaling (NMDS) was used to ordinate the sites, obtaining the biotic and instream habitat characteristics,
as well as the QBR and IHF subindices, which better explained the spatial patterns. Finally, a canonical correspondence
analysis (CCA) with predictor variables (geographical, hydrological, geomorphological and human pressures) indicated the
main factors controlling the spatial patterns of the floristic composition, instream habitat characteristics, riparian habitat quality
and instream habitat heterogeneity. A gradient of riparian and instream habitat quality was identified. Our results suggest that
physical constraints (presence of a gorge) have protected sites from severe human impacts, resulting in good ecological
quality, despite hydrological alteration. This area, where there is geomorphological control, could be potentially reclassified
into a different ecotype because regular monitoring could be using incorrect references for index scores, and naturally high
scores could be confused with recovery from hydrological alteration or other pressures. The sites with the worst quality were
near the river mouth and were characterised by an artificial and highly variable flow regime (related to large autumnal floods
and frequent human-induced periods of zero flow). This artificial flow variability as well as the presence of lateral structures
in the river channel and geomorphological characteristics were identified as the main factors driving the hydromorphological
and floristic pattern in this regulated river.

Key words: Hydromorphological indices, ecological status, floristic composition, ecotypes, Jucar River Basin, environmental
flows, Mediterranean rivers.

RESUMEN

Evaluacion de los patrones hidromorfoligicos y floristicos a lo largo de un rio mediterrdneo regulado; el rio Serpis
(Espaiia)

Diversas metodologias han sido desarrolladas en el contexto europeo para evaluar el estado ecoldgico, y especificamente
el estado hidromorfoldgico de las aguas superficiales. Aunque éstas han sido ampliamente utilizadas, pocos estudios se han
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centrado en masas de agua hidrolégicamente alteradas y en los factores que condicionan su estado. En este estudio, el
rio Serpis fue dividido en 16 segmentos desde la presa de Beniarrés (a 40 km de la desembocadura) hasta el mar, todos
ellos afectados por la regulacion de caudales con distinta severidad. En cada segmento se realizé un inventario floristico
y se aplicaron indices hidromorfologicos (OBR, Calidad del Bosque de Ribera, e IHF, Indice de Hdbitat Fluvial). Los
objetivos del estudio fueron (A) identificar relaciones entre la composicion floristica y los componentes del QBR, (B) entre
las caracteristicas del hdbitat fluvial y los componentes del IHF, (C) determinar los principales factores que controlan la
composicion floristica y la calidad del hdbitat ripario (QBR), y las caracteristicas del hdbitat fluvial y su heterogeneidad
(IHF). Un cluster permitio agrupar los puntos de muestreo segiin su composicion floristica y las caracteristicas del
hdbitat fluvial, y un escalado multidimensional no-métrico (NMDS) fue usado para ordenar los puntos, obteniendo las
variables bidticas y caracteristicas del hdbitat y los subindices del QBR e IHF, respectivamente, que explicaban mejor los
patrones espaciales. Finalmente, un andlisis de correspondencias candnicas (CCA) con variables predictoras (geogrdficas,
hidroldgicas, geomorfoldgicas y presiones humanas) indicd los principales factores que controlan los patrones espaciales de
la composicion floristica, las caracteristicas del hdbitat fluvial, la calidad del hdbitat ripario y la heterogeneidad del hdbitat
fluvial. Se identificé un gradiente de calidad del hdbitat ripario y fluvial. Los resultados sugieren que las limitaciones fisicas
(presencia de un carnion) han protegido a los tramos de impactos humanos severos, resultando en una buena calidad ecoldgica
a pesar de la alteracion hidroldgica. Esta zona podria potencialmente ser reclasificada en un ecotipo diferente, ya que un
monitoreo regular podria estar usando referencias incorrectas para los indices y sus altas puntuaciones naturales se podrian
estar confundiendo con una recuperacion de la alteracion hidroldgica o de otras presiones. Los puntos de muestreo con peor
calidad estuvieron cerca de la desembocadura y tuvieron un régimen de caudales alterado y muy variable. Esta variabilidad
artificial del caudal, junto con la presencia de estructuras laterales en el cauce y las caracteristicas geomorfologicas fueron
identificadas como los principales factores determinantes del patron hidromorfolégico y floristico en este rio regulado.

Palabras clave: Indices hidromorfoldgicos, estado ecoldgico, composicion floristica, ecotipos, cuenca del Jiicar, caudales
ecoldgicos, rios mediterrdneos.

INTRODUCTION able in Mediterranean rivers (Prenda et al., 2006)

due to their high biological diversity and ex-

The flow regimes of Mediterranean streams
exhibit strong seasonal and annual variability
(Blondel & Aronson, 1999; Gasith & Resh,
1999). This variability has been one of the main
motivations for the construction of dams in re-
gions with a Mediterranean climate, such as
Spain, where there are approximately 1200 large
dams (World Commission on Dams, 2000; Kon-
dolf & Batalla, 2005). These hydraulic struc-
tures provide many services to society, e.g., flood
control, power generation and supplying water
for irrigation, drinking water, industrial use and
recreation; however, they also modify basic com-
ponents of the flow regime. These alterations
have produced many hydromorphological and bi-
otic changes in Mediterranean river ecosystems.
Moreover, flow regimes are associated with bi-
ological and physical thresholds that determine
river dynamics, and thus the presence of different
flora and fauna communities (Poff et al., 1997).
This flow-biota interaction is especially remark-

tremely variable flow regimes (Blondel & Aron-
son, 1999; Naiman et al., 2008).

Hydraulic structures, such as dams, not only
disrupt the longitudinal continuity of the flow
within a river, but also act as barriers to sed-
iments, fish migration and vegetation propag-
ules (Brierley & Fryirs, 2005; Charlton, 2008).
In addition, they induce changes in the ther-
mal regime, water quality and biogeochemical
fluxes, impacting habitat availability and connec-
tivity along the fluvial continuum (Van Steeter
& Pitlick, 1998; Brierley & Fryirs, 2005; Garde,
2006). Lateral connectivity is also altered by the
reduction of the frequency, magnitude and du-
ration of events that periodically flood banks
and floodplains (Charlton, 2008), causing loss of
native riparian vegetation (Burch et al., 1987).
Many native species of riparian vegetation ex-
hibit life cycles adapted to seasonal peak flows,
the loss of which may hinder the regeneration
of these riparian communities, reducing their
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growth rates or favouring the invasion of alien
species (Poff ef al., 1997).

Integrity of the hydrogeomorphological pro-
cesses in rivers is crucial to ensure the com-
plexity and heterogeneity of fluvial ecosystems
(Poff et al., 1997; Brierley & Fryirs, 2005). For
this reason, assessment of hydromorphological
characteristics within fluvial ecosystems has
been established as a component in evaluating the
ecological status of rivers in Europe (i.e., the Wa-
ter Framework Directive: WFD; European Com-
mission, 2000) and worldwide (e.g., the Clean
Water Act in North America; US Government,
1977). The hydromorphological quality elements
to be addressed in these evaluations (listed in An-
nex V of the WFD) are the hydrological regime
(characterised by the quantity and dynamics of
water flows and connection to groundwater bod-
ies), river continuity and morphological condi-
tions (characterised by river depth and width vari-
ation, the structure and substrate of the riverbed
and the structure of the riparian zone). Accord-
ing to these criteria, several researchers have de-
veloped methods to monitor the effects of hydro-
morphological pressures on rivers with respect to
floodplain, riparian, bank and channel character-
istics (Fernandez et al., 2011).

On the Iberian Peninsula, regarding the as-
sessment of riparian characteristics, Munné et
al. (1998) proposed the Riparian Habitat Qual-
ity Index (QBR, from its original name Quali-
tat del Bosc de Ribera) to assess the ecological
quality of riparian habitats in rivers and streams,
while Gutiérrez et al. (2001) developed the River
Vegetation Index (IVF, from Index de Vegetacio
Fluvial), which integrates floristic information
and evaluates the conservation status of riparian
zones using riparian vegetation as a bioindica-
tor (ACA, 2008); the latter index requires more
detailed knowledge of flora than other indices.
Moreover, using a more functional approach,
the Riparian Quality Index (RQI) proposed by
Gonzalez del Tanago et al. (2006) considers the
structure and dynamics of riparian zones in a
hydrological and geomorphological context, in
contrast to other methods, which focus almost
exclusively on assessing the current state of veg-
etation cover (Gonzélez del Tanago et al., 2006).

Magdaleno et al. (2010) proposed the Riparian
Forest Evaluation (RFV) to assess the ecological
condition of riparian forests in perennial rivers.
RFV has also been designed to be calculated with
LIDAR data, which represents an advance com-
pared to the aforementioned indices, as it can be
calculated for larger areas.

With respect to the assessment of instream
channel characteristics, the River Habitat Index
(IHF, from its original name Indice de Hdbitat
Fluvial) evaluates relationships between habitat
heterogeneity and physical variables related to
the stream channel, which are influenced by hy-
drology and substrate composition (Pardo et al.,
2004). However, it does not assess hydromor-
phological features themselves but instead eval-
uates their quality for associated aquatic com-
munities (Ollero et al., 2008). Quite recently,
Ollero et al. (2008) created the Index for Hydro-
Geomorphological assessment (IHG, from its
original name Indice Hidrogeomorfoldgico), in
which the main focus is on the protection of hy-
drogeomorphological dynamics, as they are an
essential issue for river conservation; this index
considers the functional quality of fluvial sys-
tems, channel quality and the quality of river
banks (Ollero et al., 2009; Ollero et al., 2011).

Although all these indices are currently in use,
few studies have focused on their performance
in hydrologically altered water bodies. Moreover,
the indices’ ability to reflect the correspondence
between hydrological alteration and hydromor-
phological status in regulated river systems has
not been properly tested. Thus, in the present
study, we were interested in investigating the re-
sponse of riparian flora and certain instream habi-
tat characteristics in an altered river ecosystem
as well as of the QBR and IHF indices, which
are the most widely used indices by Spanish wa-
ter administrations (Aguilella et al., 2005; ACA,
2006). Therefore, the objectives of this study
were A) to identify relationships between floris-
tic composition and QBR values at sites in a
hydromorphologically altered river; B) to iden-
tify relationships between instream characteris-
tics and IHF values at the same altered sites; and
C) to determine the main factors controlling the
floristic composition and riparian habitat quality
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(QBR), instream habitat characteristics and in-
stream habitat heterogeneity (IHF) at these sites.

METHODS

Study area

The source of the Serpis River is situated 1462
m above sea level and is surrounded by two nat-
ural parks (Carrascar de la Font Roja and Serra
Mariola). Its basin (752.8 km?) is included in
two provinces, Alicante (headwaters and middle
course) and Valencia (East of Spain), within the
domain of the Jicar River Basin District (Fig. 1).
The river runs 74.5 km from SW to NE to reach

the Mediterranean Sea. It is intermittent in the
initial part of its upper basin, but soon thereafter
it exhibits a regular course following the conflu-
ence with the Valleseta, Penaguila, Barchell and
Polop Streams. The main tributaries in the mid-
dle course are the Barranco de I’Encantada and
the Agres Stream; and finally, the Bernisa River
in the lower course.

The main climate type in the basin is coastal
Mediterranean (Pérez, 1994), with an average an-
nual temperature of 16.3 °C and average annual
precipitation of 630 mm (Vidals et al., 2001).
With respect to its lithology and geology, the Ser-
pis river basin rises from the tip of the Betic
mountain range at its Mediterranean coastal ex-
treme. The upper basin, near Alcoy (Alicante),

SPAIN

‘Water body category

== Modified river (downstream dam)
== Natural river

Modified river (morphology)

O Vegetation and habitat surveys

3¢ Lorcha gauging station

Beniarrés Dam

SERPIS RIVER

0 25 5 Km

Figure 1. Location of the 16 study sites and segments in the Serpis River downstream of the Beniarrés dam in the Jicar River basin
District (RBD), East Spain. Water body categories follow the classification of the Jucar River Basin Authority. Localizacion de los 16
puntos de muestreo y segmentos en el rio Serpis aguas abajo del embalse de Beniarrés en la demarcacion hidrogrdfica del rio Jiicar
(RBD), Este de Esparia. Las categorias de las masas de agua son acordes con la clasificacion de la Confederacion Hidrogrdfica del

Jiicar.
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runs across marl deposits. The only large dam
is found in the middle course (Beniarrés), as-
sociated with geology consisting of limestone
and marls. From Lorcha (8 km downstream of
the dam), the river becomes narrower as it flows
through the limestone gorge known as Barranco
del Infierno, which ends near Villalonga. After
this town, the valley widens and the floodplain
is covered by irrigated farmland, smallholdings
and a high proportion of citrus orchards. The
mouth of the river is located on alluvial quater-
nary deposits in the coastal plain known as Plana
de Gandia-Denia. Although remarkable morpho-
logical differences are observed within the river,
its entire course has been classified into one eco-
logical typology: mineralised river in middle and
low mountain (ecotype 9; CEDEX, 2004).

The study area consists of the territory from
the Beniarrés dam to the river mouth, where four
water bodies have been distinguished within this
area (Fig. 1) by the Jucar River Basin Authority
(CHJ, 2005; 2009). According to the WFD (arti-
cle 2.10), a water body is a discrete and signif-
icant element of surface water, such as a river,
lake or reservoir, or a distinct volume of ground-
water within an aquifer. Water bodies exhibit ho-
mogeneous characteristics in their extension and
length and can be separated from other water
bodies due to the presence of artificial barriers
(e.g., weirs or reservoirs) or natural hydromor-
phological changes, such as the confluence of
two rivers or the presence of protected areas. Ac-
cording to article 2 of the WFD, a water body
can be identified as heavily modified (HMWB)
by a European Member State (in accordance with
the provisions of Annex II) if human activity
has substantially changed its nature (hydromor-
phological characteristics), and it is not possi-
ble to achieve a good ecological status. This is
the case for the first water body below the dam
(code 21.05) because its flow regime is substan-
tially altered by the dam. The second and third
water bodies (codes 21.06 and 21.07), which are
located in the gorge, have been classified as nat-
ural by the water authority, despite presenting
an impaired flow regime. Finally, the fourth wa-
ter body (code 21.08) has also been classified
as an HMWB, mainly due to severe changes in

its original morphology (almost the whole river
course is channelized).

The large Beniarrés dam, located 40 km up-
stream of the river mouth, has altered the hy-
drological regime of the Serpis River to supply
irrigation water since its construction in 1958.
According to the CHJ (2007), water abstraction
from surface water bodies is mainly carried out
for the purpose of irrigation because urban ar-
eas are supplied from wells. The main irrigation
channels in the basin in terms of the volume of
water abstracted are Canales Altos del Serpis (lo-
cated in site 8) and Acequia Real de Gandia (in
site 11). These two channels supply 81.2 % of
the total demand of surface water, which is con-
sidered to represent high abstraction pressure on
the river. In addition to these hydrological modi-
fications, the Serpis River is associated with im-
portant point and diffuse pollution sources due to
certain land uses and fires, respectively, and the
most substantial morphological changes in the
river are related to structures for water regulation
and abstraction as well as the canalisation of its
final reach (CHIJ, 2005).

Geographical characterisation

To explore the characteristics of this river, the
4 water bodies were divided into 16 homoge-
neous segments based on several previous visits
to the area and aerial photographs of the catch-
ment. Differences in valley form, riparian vegeta-
tion composition, the presence of artificial struc-
tures and discontinuities in adjacent land uses
were also taken into account in the segmenta-
tion process. The first water body immediately
downstream of the dam included 3 segments; 10
segments were located in the two following wa-
ter bodies; and the last 3 segments were situated
in the most downstream water body (Table 1).
In each segment, a representative study site of
100 m in length was selected to calculate in-
dex scores and to carry out vegetation invento-
ries. For a full description of the sites, see Garé-
fano-Gomez et al. (2009).

Elevation (Elev; in m above sea level) and
distance to the nearest weir upstream (DistWeir;
km) were determined at the central point of
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Table 1. Environmental characteristics of the 4 water bodies studied in the Serpis River, East Spain (X: mean value, R: range, SD:
standard deviation). Variable codes are explained in the text in the methods section. Caracteristicas ambientales de las 4 masas de
agua consideradas en el rio Serpis, Espaiia (X: valor medio, R: rango, SD: desviacion estdndar). Los cddigos de las variables estdn
explicados en métodos.

WB code* 21.05 21.06 21.07 21.08
WB name Beniarrés Dam-Lorcha Lorcha-Reprimala Reprimala-La Murta La Murta-Sea
Segments 1,2,3 4,5,6,7,8,9 10,11, 12, 13 14,15, 16
Total length (km) 8.07 10.22 10.43 8.17

X R SD X R SD X R SO X R SD
Elev (masl) 257.2 (243.0-273.0) 15.1 184.3 (134.0-229.0) 355 61.3 (32.5-945) 27 10 (3.5-15.0) 59
Length (km) 2.7 (1.8-3.6) 0.9 1.8 (1.3-2.3) 04 3.1 (1.3-4.2) 1.3 26 (2.0-3.2) 0.6
DistRese (km) 4.6 (1.8-6.9) 26 132 (9.0-16.9) 29 243 (19.7-28.8) 4 348 (32.6-37.8) 2.7
Area (km?) 335 (7.7-49.8) 225 805 (71.9-90.8) 7.4 1145 (97.3-1329) 159 304 (289.1-331.2) 23.6

SlopeArea (%) 25 (22.1-26.7) 25 304 (28.0-32.5) 1.7 325 (303-340) 1.7 266 (264-269) 03

SlopeReach (%) 0.6 0.5-0.7) 01 13 (0821) 05 06 (0507 01 02 (0203 0.1
DistWeir (km) 4.7 (1.9-6.9) 25 43 (08107 43 25 (1449 16 109 (8.7-139) 27
Fmin (m%/s) 0.2 0.2-0.2) 0 0.1 (0002 01 0 (0.0-0.0) 0 0 (0.0-0.0)

Fmean (m®/s) 1.1 (1.1-1.1) 0 1 (07-1.1) 01 07 (0607 01 09  (0.9-1.0)

Fmax (m®/s) 145 (145-145) 0 145 (145-147) 0.1 155 (147-163) 0.7 226 (22.522.9) 02
Fper10 0.4 (0.4-0.4) 0 03 0004 02 0 (0.0-0.1) 0 0 (0.0-0.0) 0
Fper95 2.1 (2.1-2.1) 0 21 (2.0-2.1) 0 21 (2022) 01 29  (2.9-3.0) 0
Fsd L5 (1.5-1.5) 0 L5 (1.5-1.5) 0 16 (1517 01 24 (2424 0
Fev 1.4 (14-1.4) 0 15 (142.1) 03 25 (2128 04 25 (2525 0

* According to Jicar River Basin Authority.

each site. Segment length (Length; km), distance
from the Beniarrés dam (DistRese; km), mean
slope (SlopeReach; %), accumulated watershed
area (Area; km?) below the dam (upstream of
the dam discounted) and watershed mean gra-
dient (SlopeArea; %) were determined for each
river segment. These characteristics were calcu-
lated from 1:10 000 scale maps using Archydro
extensions created by the Center for Research
in Water Resources (University of Texas-Austin,
2003) for ArcGIS™ 9.3.1 software of ESRI
(Redlands, California, 2009).

Biological data collection

A rectangular plot of 400 m*> was the sampling
area for conducting flora inventories at each site.
Inventories were carried out during the dry season
(August 2006). Plant species were recorded and
the overhead percentage cover was estimated
visually using the modified Braun-Blanquet cover-
abundance scale (Mueller-Dombois & Ellenberg,
1974) as follows: + (a few scattered specimens,
canopy cover <1 %), 1 (1-10 %), 2 (11-25 %), 3

(26-50 %), 4 (51-75 %), 5 (76-100 %). Species
not identified in the field were collected and
identified in an herbarium. To analyse the floris-
tic data, the ranks were transformed to the
mean percentage cover of each class (1, 5, 17.5,
37.5, 62.5 and 87.5), which is a common trans-
formation of cover to abundance in phytoso-
ciology (van der Maarel, 1979; Wildi, 2010).
Seventeen variables were obtained from the
floristic data (Table 2): total richness (Richness),
richness of annual herbs (AnnualH), perennial
herbs (PerennH), shrubs (Shrubs), trees (Trees),
ferns (Ferns) and hydrophytes (Hydroph), richness
of native (Natives) and exotic species (Exotics) and
the abundance percentages of the aforementioned
groups(P.AnnualH, P.PerennH, P.Shrubs, P.Trees,
P.Ferns, P.Hydroph, P.Natives, P.Exotics).

Hydromorphological characterisation

The medians of the mean daily flows by months
were calculated for two time periods: (a) 1943-
1953, i.e., the natural flows before dam con-
struction; and (b) 1999-2009, i.e., the regulated
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Table 2. Biotic characteristics of the 4 water bodies studied in the Serpis River, East Spain (X: mean value, R: range, SD:
standard deviation). Variable codes are explained in the text in the methods section. Caracteristicas bidticas de las 4 masas de
agua consideradas en el rio Serpis, Esparia (X: valor medio, R: rango, SD: desviacion estdndar). Los cddigos de las variables estdn

explicados en métodos.

WB code* 21.05 21.06 21.07 21.08
WB name Beniarrés Dam-Lorcha Lorcha-Reprimala Reprimala-La Murta La Murta-Sea
Segments 1,2,3 4,5,6,7,8,9 10,11, 12,13 14,15, 16
X R SD X R SD X R SD X R SD

AnnualH 4 @7 3 6 (3-8) 2 6 (3-9) 3 4 (3-5) 1
PerennH 27 (24-31) 4 26 (21-32) 4 23 (17-31) 6 12 (11-12) 1
Shrubs 8 (6-10) 2 9 (5-13) 3 6 (5-9) 2 6 G-7) 2
Trees 4 (3-6) 2 4 (3-5) 1 5 (0-7) 3 2 (1-3) 1
Ferns 0 (0-1) 1 1 (0-1) 1 1 (0-1) 1 0 (0-0) 0
Hydroph 7 (5-10) 3 7 (5-8) 1 6 (3-8) 2 2 (2-2) 0
Natives 39 (24-47) 7 40 (27-47) 7 31 (19-43) 10 15 (14-16) 1
Exotics 5 (3-8) 3 5 (4-6) 1 9 (6-11) 2 8 (6-10) 2
Richness 44 (38-55) 10 46 (33-52) 740 (25-54) 12 23 (21-25) 2
PAnnualH 7.7  (5.1-12.7) 43 12 (91-186) 3.6 142  (9.1-18.9) 44 188 (12.5238) 5.8
PPerennH 63  (56.4-71.1) 75 58 (50.0-63.6) 52 579 (52.3-68.0) 7 503 (45.8-57.1) 6
P.Shrubs 19 (15.823.1) 3.7 20 (1522500 39 163 (111205 47 238 (143-292) 83
P.Trees 97  (7:9-10.9) 1.6 9  (58121) 26 106  (0-159) 72 71 (40-125) 47
P.Ferns 06  (0.0-1.8) 1 1 0.022) 11 1 (0.0-2.3) 1.2 0 0.000) 0
PHydroph 165 (12.8-18.4) 32 147  (9.6212) 41 136 (114-162) 23 86 (8095 08
PNatives 882  (85.5-92.1) 3.5 879 (81.891.3) 3.5 765 (73.0-79.6) 28 646 (583-714) 66
PExotics  11.8  (7.9-14.5) 3.5 121 (87-182) 35 235 (20427.0) 28 354 (286417) 66
* According to Jicar River Basin Authority.
flow regime, using data from the gauging sta- _._Natural Flow Regime
tion at Lorcha (located at site 6) to illustrate 3,51 P Recime
the change in the hydrological pattern before = PR T M e
and after regulation Fig. 2). E3,0- ~t X JY

The hydrological regime for sites 1 to 8 é i:' T
was characterised using average monthly flow 2.5 ! Vo
data available from the same gauging station for £ / ' &
the period 1999-2006. The discharge, drainage i 2,0 / %
area and the two main water abstractions were E J “\,
used to estimate the discharge at the ungauged 21,5 ,_/" "\_\
sites downstream of the Lorcha gauging station 5 F R
following the guidelines of Caissie & El-Jabi él,o- ! P N
(1995) and Caissie (2006). Seven hydrological < .
variables were obtained in each river segment: g

the minimum (Fmin), mean (Fmean) and max-
imum flow (Fmax), 10" and 95" percentiles
(Fper10 and Fper95, respectively), standard de-
viation (Fsd) and coefficient of variation (Fcv) of
the mean monthly flows (Table 2).

The mean (Dmean) and maximum river depth
(Dmax) were estimated at 3 points along 5 tran-
sects at equal distances, while water surface
width (Wwid) was estimated from the average of

1T T 17 1T T 17T T T T TT
OctNovDec Jan Feb Mar AprMay Jun Jul Aug Sep

Month

Figure 2. Medians of the mean daily flow by months, cal-
culated at the gauging station at Lorcha (downstream of the
Beniarrés dam) under natural conditions (1943-1953) and after
dam construction (1999-2009) for the Serpis River, East Spain.
Medianas del caudal medio diario por meses, calculado en la
estacion de aforo de Lorcha (aguas abajo del embalse de Be-
niarrés) bajo condiciones naturales (1943-1953) y tras la cons-
truccion de la presa (1999-2009) para el rio Serpis, Esparia.
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the 5 transects. Nine substrate types were consid-
ered in the margins and floodplain (R: bedrock,
BB: big boulders, B: boulders, CB: cobbles, GR:
gravel, FG: fine gravel, SA: sand, SI: silt and CL:
clay) following a simplified classification of the
American Geophysical Union (Martinez-Capel,
2000), and their percentage surface coverage was
estimated visually. The percentage area associ-
ated with different water surface patterns was es-
timated using 4 classes: NoFlow, Flowl (slow
flow, mainly pools), Flow2 (medium, currents
and glides) and Flow3 (fast, runs and riffles).
Other variables recorded were the stability of
the river bed and shading. Stability, i.e., the per-
centage of riverbed areas with a different mobil-
ity, was divided into 4 classes: Stabl-solid/hard
(mainly bedrock and big boulders, an increase in
the flow does not cause obvious erosion), Stab2-
stable (mainly gravel and cobbles, substrate lit-
tle disturbed by an increase in the flow), Stab3-
instable (fine gravel and sand, particles easily
transported by an increase in flow) and Stab4-soft
(areas covered with silt). Shading was estimated
as the percentage cover of different shade types
over the channel in 3 classes: NoShade, Shadel-
moderate and Shade2-dense (>70 %).

Two indices were used to determine the spa-
tial variation of the hydromorphological status of
the river and its banks: QBR and IHF. The ri-
parian habitat quality index (QBR; Munné et al.,
2003) evaluates four components or subindices:
total riparian vegetation cover (QBR1), vegeta-
tion cover structure (QBR2), vegetation cover
quality (QBR3) and river channel alterations
(QBR4). Two additional components of this in-
dex were considered: total geomorphological
score (Stype) and geomorphological type of ri-
parian habitat (Tgeo). According to Munné et al.
(2003), the geomorphological score establishes
three types of riparian habitats depending on the
form and slope of the riparian environment and
the presence of islands and hard substrata. Type
1 is related to closed riparian habitats (typical of
headwaters), type 2 to midland riparian habitats
(large gallery forests, middle reaches) and type 3
to large riparian habitats (lower courses). The to-
tal QBR score is the sum of the scores for the 4
items and varies between 0 and 100 points, clas-

sifying riparian quality into class I (QBR > 95),
of excellent quality; class IT (90 > QBR > 75), of
good quality; class III (70 > QBR > 55), of mod-
erate quality (beginning of important alteration);
class IV (50 > QBR > 30), of poor quality (im-
portant alteration); and class V (QBR < 25), of
bad quality (extreme degradation).

The river habitat index (IHF; Pardo et al.,
2004) is the sum of 7 subindices, coded as fol-
lows: riffle embeddedness or sedimentation in
pools (IHF1), riffle frequency (IHF2), substrate
composition (IHF3), flow velocity/depth regime
(IHF4), shading of stream bed (IHF5), elements
of heterogeneity (IHF6), e.g., roots, leaves and
wood, and aquatic vegetation cover (IHF7). The
total IHF score fluctuates between 0 and 100
points and is not classified into categories; a
higher value indicates greater habitat diversity.
However, IHF scores need to be adapted to each
river typology because habitat heterogeneity may
vary with river type. In general, a habitat with an
IHF below 40 is considered to be affecting the
associated biological communities (Prat et al.,
2009). In this study, the IHF was classified into
three classes: I (IHF > 60), good habitat qual-
ity; I (IHF 40-60), moderate quality, indicating
that the habitat is sensitive to degradation; and III
(IHF < 40), bad quality, indicating that the habi-
tat is impoverished and can limit the presence
of certain species, following previous studies of
Mediterranean rivers (Vila-Escal€ et al., 2005).

Human impacts and pressures

Finally, six variables related to human impacts
and pressures were assessed at the sites using a
ranking of magnitude. These variables were con-
sidered as absent when they were not identified
at the site; as present when they were identified
at one or a few points of the site, but scattered
around the area; and as extensive when they were
identified throughout the entire site or at multi-
ple points. The variables assessed following these
criteria were the presence of rigid lateral struc-
tures along margins (Struct), such as channel-
ization, embankments or lateral protections, ed-
ifications in the floodplain (Urban), rubbish and
rubble (Rubble), the influence of weirs (Weir-
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inf) and land use at margins (Agric-agricultural
and Vfor-forest vegetation).

Variable classification

Prior to the statistical analyses, all of the vari-
ables were classified into predictor and re-
sponse variables. The predictor variables were
the subindices Stype and Tgeo (these are geomor-
phological variables not related to pressures) and
the geographical (Elev, SlopeReach, SlopeArea
and Area) and hydrological variables (Fmin,
Fmean, Fmax, Fper10, Fper95, Fsd and Fcv). All
of the human pressure indicator variables were
also considered as predictor variables, i.e., Dis-
tWeir, DistRese, Struct, Urban, Rubble, Weir-
inf, Agric and Vfor. The response variables were
the floristic composition, biotic variables (from
the flora dataset), instream habitat characteris-
tics (Dmean, Dmax, Wwid, substrate types, water
surface patterns, riverbed stability and shading)
and the total scores of the QBR and IHF indices
and their subindices (except for Tgeo and Stype).

Data analyses

To meet objective A, a hierarchical cluster anal-
ysis and non-metric multidimensional scaling
(NMDS) were performed using the PC-ORD v.4
statistical package (McCune & Mefford, 1999).
The cluster analysis allowed the grouping of
study sites according to their similarity in floris-
tic composition. Bray-Curtis distance along with
group average was used as a linkage method. The
cluster tree was cut off to find a balance between
the number of groups and their internal homo-
geneity, thus obtaining a level of aggregation ap-
propriate for our objectives. All of the species
surveyed during the field campaign remained in
the flora matrix. Although deleting rare species
is recommended when extracting patterns with
multivariate analysis, it is not appropriate to anal-
yse species richness or to examine patterns in
species diversity. No transformations were ap-
plied to the data matrix.

NMDS gives a multidimensional result. The
number of iterations (small steps for adjusting the
position of the n entities or sites in the ordination

space) to obtain the minimum stress value was
35. Stress is a measure of departure from mono-
tonicity in the relationship between the dissim-
ilarity (distance) in the original p-dimensional
space (number of attributes) and the distance
in the reduced k-dimensional ordination space
(axes). According to McCune & Grace (2002),
most ecological community datasets have solu-
tions with a stress between 10 and 20, and values
in the lower half of this range are quite satisfac-
tory. The stress patterns in the data were analysed
to select the number of appropriate dimensions
for the final ordination. Then, the final dimen-
sionality was selected by inspecting the stress
value associated with new axes on the ordina-
tion (only one in this case). A Monte Carlo test
of significance was included. NMDS allows cor-
relation of variables in a second matrix with the
ordination scores (McCune & Grace, 2002). In
this study, NMDS was used as the base to relate
the floristic matrix with the matrix of the biotic
variables (calculated from the flora database) and
QBR subindices (all of which were response vari-
ables). The distance used was Bray-Curtis.

The same procedure was carried out to meet
objective B; i.e., cluster analysis and NMDS
were performed to identify the relationships be-
tween instream habitat characteristics and IHF
subindices. In this case, the response variables
considered for the clustering and the main ma-
trix of NMDS were Dmean, Dmax, Wwid, sub-
strate types, water surface patterns, riverbed sta-
bility and shading. The minimum stress value
was obtained after 40 iterations, indicating a re-
liable ordination with just one dimension. Be-
fore the analyses, data were transformed to make
units of different attributes comparable. Thus, the
data matrix was transformed so that data in per-
centages (range 0-100) were in the range of O-
1. Then, an arcsine square root transformation
was applied to these variables, and finally, a gen-
eral relativisation by variable was applied to all
of the variables, including those that were not in
percentage format. The cluster analysis allowed
grouping of study sites according to their similar-
ity in instream habitat characteristics. Euclidean
distances along with group average as a linkage
method were used in this case. The same trans-
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Figure 3. QBR and IHF mean values and standard error for
the 4 water bodies studied in the Serpis River, East Spain. The
quality ranges associated with each index are also indicated.
Valor medio y error estdandar de los indices OBR e IHF para
las 4 masas de agua estudiadas en el rio Serpis. También se
indican los rangos de calidad asociados a cada indice.

formed main matrix was used in NMDS, and
the final ordination was correlated with a second
matrix composed of the IHF subindices.

Graphical and testing methods were used to
explore the classification strength (Van Sickle,
1997) based on dissimilarity with the tool Env-
Class (Snelder et al., 2009) in the statistical package
R (R Development Core Team, 2008). The re-
sults are shown in a dendrogram of dissimilarity
for the floristic and habitat groups. The vertical
line (trunk) indicates the mean of all between-
group dissimilarities (B). The length of the hori-
zontal lines (branches of the dendrogram) repre-
sents the between-group dissimilarity (B) minus
the within-group dissimilarity (Wi), i.e., B — Wi.
The larger the value of B — Wi for the length
of a branch to the left side, the more homo-
geneous the group is in relation to the whole
dataset. The classification strength was evaluated
with the indicator CS (CS = B — W). According
to Van Sickle & Hughes (2000), CS values can
range from 0, implying equal dissimilarity within
and between classes (i.e., no class structure:
W = B), to 1, implying no dissimilarity within
classes (i.e., W = 0) and maximum dissimilarity
between classes (i.e., B = 1).

Two canonical correspondence analyses
(CCA) were carried out with the statistical
package R to meet objective C; i.e., the first was
performed to determine the main factors control-
ling the riparian floristic composition and quality

and the second to determine the main factors con-
trolling instream habitat characteristics and qual-
ity. Due to the large number of predictor vari-
ables in comparison with the number of study
sites (16), a pre-selection was carried out us-
ing Spearman rank correlations to discriminate
between relevant (r > |0.7], p < 0.05), irrele-
vant and redundant variables. This analysis was
performed using SPSS v.16 (SPSS Inc., 2007).
A pre-selection of the response variables was
also performed, and those that were irrelevant
or redundant were not included in the CCA
to avoid overlapping and make the plot clearer
for interpretation. Nevertheless, the redundant
variables were taken into consideration in the
interpretation of the environmental gradients
observed in the CCA plots.

RESULTS

The QBR and IHF indices described a similar
longitudinal trend along the river (Fig. 3). None
of the 16 study sites was qualified as excellent
by QBR; three of them were good (sites 5, 6, 9);
seven had moderate quality (1, 2, 3, 4, 7, 8, 10);
two were poor (11, 12); and four had bad quality
(13, 14, 15, 16). Thus, 18.8 % of the study sites
were considered to be well conserved, 43.8 %
acceptably conserved and the remaining 37.5 %
badly conserved. For the IHF index, 50 % of the
study sites presented good quality (sites 4, 5, 6,
7,8,9, 10, 11), 25 % moderate (1, 2, 3, 12) and
25 % bad quality (13, 14, 15, 16). The longi-
tudinal trend of the IHF values along the river
was not as remarkable as that observed for QBR
(Fig. 3). With respect to individual water bodies,
the first and second water bodies downstream of
the dam exhibited moderate and good quality, re-
spectively, for both indices, while the third had
poor riparian quality and moderate habitat quality,
and the fourth presented bad quality in both indices.

Floristic composition and riparian habitat
quality

A total of 117 vascular plant species were iden-
tified at the 16 sites; 22 of the species (18.8 %)
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were not native to the region. At sites 15 and
16, only 58 % and 64 % of the species were
native, respectively. Sites 3 and 5 showed the
opposite trend, with only 8 and 9 % exotic
species being found, respectively. A negative cor-
relation was identified between P.Natives and
DistRese (r = —-0.829, p < 0.001); this corre-
lation was also valid for Elev and Area (both
correlated with DistRese).

The cluster dendrogram was trimmed at the
level of 3 groups for the flora dataset (Fig. 4A).
This level of grouping provided a good compro-
mise between loss of information (about 31 % re-
tained) and interpretability of the floristic simi-
larities among sites. Two large branches were ap-
parent in both dendrograms (flora and instream
habitat), with one gathering the vast majority of
the sites with bad riparian and habitat quality
(mainly, sites in WB 21.08), while the remaining
sites were included in the other branch. Regard-
ing the similarities of the observed floristic pat-
terns (Fig. 4A), sites 6 and 7 (in WB 21.06) were
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the most similar. Group 1 was formed by sites1-
4, group 2 by sites 5-11 and group 3 by sites
12-16. It was especially noticeable that groups
were formed by consecutive sites, which suggests
that the changes in floristic composition were
gradual along the river.

The final stress for the NMDS analysis of flora
data was 11.88, indicating a reliable ordination
of sites according to their floristic composition
(McCune & Mefford, 1999). NMDS indicated
a gradient in the species composition (plot not
shown in this article) and revealed the same pat-
tern in the ordination of sites as in the cluster: the
sites were ordered from those with good ripar-
ian habitat quality, located below the dam and in
the gorge, to those with bad quality, near the river
mouth, at the other side of the ordination. One di-
mension alone explained 89.9 % of the variabil-
ity in the flora dataset.

The riparian species that were dominant at the
extreme of this gradient associated with sites with
good riparian quality were the following: Rorippa
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Figure 4. A) Hierarchical cluster dendrogram based on floristic composition (group average clustering with Bray-Curtis distance).
B) Hierarchical cluster dendrogram based on instream habitat characteristics (group average clustering with Euclidean distance).
In both dendrograms, the numbers on the left correspond to study sites. Selected groups of sites are also indicated. A) Dendro-
grama resultado del cluster jerdrquico basado en la composicion floristica (agrupamiento promedio con distancia Bray-Curtis).
B) Dendrograma resultado del cluster jerdrquico basado en las caracteristicas del hdbitat fluvial (agrupamiento promedio con dis-
tancia Euclidea). En ambos dendrogramas, los niimeros a la izquierda corresponden a los puntos de muestreo. También se indican

los grupos de puntos de muestreo seleccionados.
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nasturtium-aquaticum (—0.601), Nerium oleander
(=0.609), Scrophularia valentina (—0.666),
Samolus valerandi (-0.672), Salix atrocinerea
(—=0.699), Apium nodiflorum (- 0.702), Dorycnium
rectum (—0.715), Potamogeton pectinatus
(—=0.737) and Smilax aspera (—0.823). To the other
extreme (i.e., in the direction of bad riparian qual-
ity), these species were: Parietaria judaica (0.619),
Ricinus communis (0.629), Arundo donax (0.664),
Verbena officinalis  (0.671), Calystegia sepium
(0.707), Paspalum distichum (0.778) and Xan-
thium echinatum (0.893). Generally speaking,
the first species mentioned are natives and
the last are exotics. In addition, the strongest
Pearson correlations among the first dimen-
sion of NMDS (representing floristic pat-
tern) and the biotic variables corresponded to
P.Exotics (0.857), PerennH (-0.891), Hydroph
(—0.828), Richness (—0.763), Natives (—0.828),
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P.Natives (-0.857), QBR (-0.811) and QBR3
(=0.822). The other QBR subindices were not
strongly correlated with the floristic composition.
The classification strength was 0.24, indicat-
ing that classification of the sites into 3 groups
was appropriate (Van Sickle & Hughes, 2000)
because they were compact and homogeneous
(Fig. 5A). In general terms, the first group (sites
1-4) was characterised by a high diversity of
Natives, in particular Hydroph and PerennH; in
the second group (sites 5-11), Trees and Ferns
showed greater abundance than at other sites and
a high diversity of Natives; the third group (sites
12-16) presented higher values for P.Exotics and
AnnualH. Regarding riparian habitat quality, the
first group exhibited QBR values in the range of
55-70 (median 62.5; SD 6.5), the second group
between 45-85 (median 70; SD 13.5) and the
third group between 0-30 (median 5; SD 12.5).
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Figure 5. Dendrograms of the groups identified in the cluster analysis based on the floristic composition of the riparian habitats
(5A) and instream habitat characteristics (5B) at the 16 study sites of the Serpis River, East Spain. The mean inter-group dissimilarity
is indicated at the foot of the vertical line (trunk); the difference between the inter-group dissimilarity and within-group mean
dissimilarity (Wi, end of the branch) is represented by the length of the horizontal line (branches). Dendrograma de los grupos
identificados en el andlisis cluster, basado en la composicion floristica (5A) y caracteristicas del hdbitat (5B) en los 16 puntos de
muestreo del rio Serpis, Espaiia. La disimilaridad media inter-grupo estd marcada al pie de la linea vertical (tronco); la diferencia
entre la disimilaridad media inter-grupo y la disimilaridad media dentro de cada grupo (Wi, extremo de la rama) estd representada

por la longitud de cada linea horizontal (ramas).



Hydromorphological and floristic patterns along the Serpis River 319

Instream habitat characteristics and fluvial
habitat heterogeneity

Four groups were defined based on similarities
in instream habitat characteristics (Fig. 4B), re-
taining 42.5 % of the information. Sites 13 and
14 were the most similar, corresponding to the
last site in WB 21.07 (hydrologically altered
WB) and the first in WB 21.08 (hydrologically
and morphologically altered WB). Group 1 was
formed by sites 1-5 and 10-12, group 2 by sites
6-9, group 3 by sites 13-15 and group 4 only by
site 16, which was identified as clearly different
than other sites. Only two of the groups (3 and 4)
were formed by consecutive sites.

The final stress for the NMDS analysis of in-
stream habitat characteristics data was 11.52, in-
dicating a reliable ordination of sites according
to their instream habitat characteristics (McCune
& Mefford, 1999; McCune & Grace, 2002). One
dimension was obtained as the best solution, rep-
resenting 89.6 % of the variance. The sites were
distributed in the space defined by the habitat
characteristics with a similar distribution to that
revealed by the cluster tree. As with the flora
data, there was a clear separation between groups
of sites with different instream habitat quality.

The habitat characteristics most correlated
with the first dimension, which best defined the
extremes of the gradient, were in the following
order (toward the sites with good instream habi-
tat quality): Shadel (-0.697), Shade2 (-0.703),
B (-0.705), Flow3 (-0.795), Dmax (-0.822),
Dmean (-0.846) and Flow2 (-0.858). To the
other extreme, the variables were CL (0.758), SI
(0.763), NoShade (0.786) and NoFlow (0.875).
This quality gradient described by the habitat
characteristics was strongly correlated with the
total IHF value (- 0.896) and the subindices IHF1
(-0.856), IHF2 (-0.838) and IHF4 (-0.755).
The other IHF subindices were not strongly cor-
related with the instream habitat characteristics.

The classification strength was 0.42, indicat-
ing that classification of the sites into 4 groups
was appropriate (Van Sickle & Hughes, 2000)
because the groups were compact and homoge-
neous (Fig. 5B). The fourth group does not ap-
pear in the dendrogram because it was comprised

of only one site. The first group included sites
immediately downstream of the dam (sites 1-5)
and those just below the gorge (sites 10-12); they
were characterised by a wide water surface (high
values of Wwid), slow flow pattern (Flow1), sub-
strate dominated by CB and GR, stable riverbed
(Stab2) and moderate shading (Shadel). The sec-
ond group (sites 6-9) corresponded to the sites
located in the gorge, which were characterised
by more shading (Shade2), greater water depths
(Dmean and Dmax), harder substrates (R, BB
and B) and dominance of medium and fast flow
patterns (Flow2 and Flow3). The third group
(sites 13-15) incorporated the sites closer to the
river mouth, with finer substrates (predominance
of FG, SA and SI) and an absence of shading
(NoShade). Finally, the fourth group (site 16) was
characterised by even finer substrates (SA, SI and
CL), soft river stability (Stab4) and an absence
of shading and water flow (NoFlow). Regard-
ing instream habitat quality, the first group pre-
sented IHF values between 45-64 (median 61.5;
SD 8.4), the second group between 65-76 (me-
dian 68.5; SD 5.1), the third group between 20-
25 (median 23; SD 2.5) and the fourth group was
characterised by a value of 31.

For both flora and instream habitat, it was
not possible to test for differences among groups
in relation to the biotic variables or QBR and
IHF subindices, respectively, because the sam-
pling size in the groups was smaller than 5 sites in
some cases, which is the minimum, for instance,
to carry out a non-parametric Kruskal-Wallis test.

Variable reduction

The number of predictor variables (geographi-
cal, hydrological, geomorphological and human
pressures) was reduced from 21 to 12 based on
the non-parametric correlations. Elev, DistRese
and Area were considered redundant (r =1,
p < 0.000), and Area was selected for the CCA
because this variable showed a stronger correla-
tion with the axis CCA1. Moreover, a perfect cor-
relation was found (r = 1, p < 0.0001) between
Fmax and Fsd; thus, only Fmax was included in
the CCA. Fmax and Fper95 presented a moder-
ate correlation (r = 0.731, p < 0.01) but both of
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them showed a strong correlation with the axis
CCALl. Due to their similar meaning, only Fmax
was retained for the CCA. A high correlation
existed between FperlO and Fmin (r = 0.944,
p < 0.0001). In this case, only Fperl0 was con-
sidered because its correlation with other vari-
ables achieved a higher level of significance in
some cases. SlopeArea was considered irrelevant
because it showed no strong correlation with any
other variable. It only showed significant, but not
strong correlations with DistWeir (r = —0.676,
p < 0.01) and Agric (r = 0.530, p < 0.05). The
reason for this is that the sites where the water-
shed mean gradient was higher corresponded to
the gorge, where weirs are more abundant, and
similarly, where this gradient was lower, it corre-
sponded to flatter areas, which are more suitable
for agricultural use. The human pressures Weir-
inf and Agric were also considered to be irrele-
vant because they were not related to other vari-
ables. Fmean was considered irrelevant because
of its lack of strength in the CCA and due to pre-
senting no correlation with other riparian or in-
stream habitat variables. It was only correlated
with Area and other hydrological variables; how-
ever, it showed significant but not strong correla-
tions with QBR3 (r = 0.639, p, < 0.01) and Ex-
otics (r = —0.649, p < 0.01). Finally, the most
relevant predictor variables considered in both
CCA plots were Area, SlopeReach and DistWeir
(geographical), Fper10, Fmax and Fcv (hydrologi-
cal), Tgeo and Stype (geomorphological) and Vfor,
Struct, Rubble and Urban (human pressures).
Although there was no restriction on the num-
ber of response variables that could be shown
in the CCA, those considered to be irrele-
vant (appearing overlapped in the centre of the
plot, r < 0.1 for the first two axes) or redun-
dant (overlapped with others) were not included.
The variables rejected were QBR1, QBR2 and
QBR4 (irrelevant, not related to floristic com-
position), Ferns and P.Ferns (not correlated with
others), PerennH, Shrubs, P.Natives, P.Hydroph
and Richness (low correlation with the first two
axes). Trees and P.Trees appeared overlapped.
Only Trees was retained because it was corre-
lated with more variables. The variables rejected
in the CCA for the instream habitat character-

istics were IHF3, IHF5, IHF6 and IHF7 (ir-
relevant, did not appear to be correlated with
instream habitat characteristics in NMDS and ac-
tually showed a weak correlation with the first
two CCA axes). Dmean and Dmax appeared
overlapped because they exhibited a similar per-
formance and similar correlation with CCAL.
Only Dmean was retained for the analysis.

Factors controlling riparian
habitat quality

The first two axes of the CCA for biotic vari-
ables and riparian habitat quality explained 83 %
(79 %-axisl and 5 %-axis2; Fig. 6A) of the cu-
mulative variance in the response variables.
The predictor variables (geographical, hydrologi-
cal, geomorphological and human pressures) ex-
plained 90 % of the riparian habitat characteris-
tics with the first two axes. Axis 2 represented a
small proportion of the data variability and did
not show an interpretable pattern. The variables
positively related to axis 1 were Struct (0.97),
Fmax (0.91), Area (0.89), Fcv (0.82) and Rubble
(0.76), while Vfor (—0.80) and Fper10 (-0.73)
were negatively related. The QBR subindices
were located opposite to the human pressures.
No predictor variables had strong loadings on the
second axis. Among the response variables, the
strongest was P.Exotics (0.72). The positioning
of variables and sites on the CCA plot showed
a strong quality gradient, especially represented
by axis 1, which divided the study sites into
2 groups (Fig. 6B). The most altered sites (be-
longing to cluster group 3) were found on the
right side of the ordination, and those with good
and moderate quality were located on the left
side (cluster groups 1 and 2).

Factors controlling instream habitat quality

The first two axes of the CCA explained 60 %
(44 %-axisl and 16 %-axis2; Fig. 7A) of the cu-
mulative variance in the response variables. The
predictor variables explained 67 % of the in-
stream habitat characteristics and quality in the
first two axes. Not all of the predictor (constrain-
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Figure 6. CCA ordination diagram showing the distribution of the biotic variables and QBR subindices (6A, left plot, in grey colour)
and study site positions (6B, right plot) in relation to predictor variables (geographical, hydrogeomorphological and indicators of
human pressures, with arrows in black) in the space represented by the first two axes, which explain 90 % of the data variability. The
length of the arrows indicates the strength of the variable in that dimensionality of the solution, and they point in the direction of the
gradient. For brevity, the codes for the variables are indicated in the text. Only those with loadings > | 0.70 | have been considered for
interpretation. The symbols in 6B indicate a cluster’s group membership. Diagrama de ordenacion del CCA mostrando la distribucion
de las variables bidticas y subindices del QBR (6A, grdfico izquierdo, en color gris) y la posicion de los puntos de muestreo (6B,
grdfico derecho) en relacion con las variables predictoras (geogrdficas, hidrogeomorfologicas e indicadoras de presiones antropicas,
con flechas en negro) en el espacio representado por los dos primeros ejes, los cuales explican el 90 % de la variabilidad total. La
longitud de las flechas indica la fuerza de la variable en esa dimension de la solucion y marca la direccion del gradiente. Por
brevedad, los codigos de las variables estdn indicados en el texto. Sélo aquellas con pesos > |0.70| han sido consideradas para la
interpretacion. Los simbolos en 6B indican la pertenencia de los puntos de muestreo a los grupos procedentes del cluster.

ing) variables contributed in the same way; the
vast majority of them showed a stronger ordi-
nation in the first axis than in the second. The
only positively related variable was Vfor (0.73),
whereas the negatively related variables were
Struct (-0.93), Fmax (—0.89), Area (—0.84) and
Fcv (-0.71). No predictor variables gave strong
loadings on the second axis. Among the response
variables, those that were more positively re-
lated to the first axis were BB (0.92), Shade2
(0.79) and Flow3 (0.74); whereas those that were
more negatively related were CL (-2.02), Stab4
(- 1.58), NoFlow (—1.39), NoShade (- 1.16) and
SI (—1.08). The only variable positively related
to the second axis was Flowl (0.92), and those
negatively related were BB (- 1.04) and Stabl
(—0.88). The IHF subindices were located op-
posite to the human pressures. The study sites
showed a clear distribution in the CCA (Fig. 7B);

those that were more altered and with lower habi-
tat quality were located on the bottom left (clus-
ter groups 3 and 4, in Fig. 4B), whereas those
with good and moderate quality were found on
the right side of the ordination. The sites in clus-
ter 1 were in the positive region of the second
axis, and the sites belonging to the cluster 2 were
located in the negative region.

DISCUSSION

Riparian and instream habitat quality
downstream of the Beniarrés dam

In the present study, we were interested in the
gradual changes in riparian flora and certain
instream habitat characteristics in a hydro-
morphologically altered river ecosystem; these
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Figure 7. CCA ordination diagram showing the distribution of instream habitat characteristics and the IHF subindices (7A, left
plot, in grey colour) and study site positions (7B, right plot) in relation to predictor variables (geographical, hydrogeomorphological
and indicators of human pressures, with arrows in black) in the space represented by the two first axes, which explain 67 % of the data
variability. The length of the arrows indicates the strength of the variable in that dimensionality of the solution, and they point in the
direction of the gradient. For brevity, the codes for the variables are indicated in the text. Only those with loadings > | 0.70 | have been
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la distribucion de las caracteristicas del hdbitat fluvial y subindices del IHF (7A, grdfico izquierdo, en color gris) y la posicion de los
puntos de muestreo (7B, grdfico derecho) en relacion con las variables predictoras (geogrdficas, hidrogeomorfologicas e indicadoras
de presiones antropicas, con flechas en negro) en el espacio representado por los dos primeros ejes, los cuales explican el 67 % de
la variabilidad total. La longitud de las flechas indica la fuerza de la variable en esa dimension de la solucion y marca la direccion
del gradiente. Por brevedad, los cdédigos de las variables estdn indicados en el texto. Solo aquellas con pesos > |0.70| han sido
consideradas para la interpretacion. Los simbolos en 7B indican la pertenencia de los puntos de muestreo a los grupos procedentes

del cluster.

changes were also related to the QBR and IHF
indices, which are the indices most widely used
by Spanish water administrations (Aguilella et
al., 2005; ACA, 2006). Our results provided a
clear picture of the hydromorphological con-
ditions in consecutive segments downstream
of a large dam. It was possible to distinguish
a gradient in the riparian and instream habitat
quality, clearly defining the extremes formed
by two groups of sites: those with good and
moderate quality (below the dam and in the
middle course) and those in the lower course,
where the degradation of the river and its banks
was more notable, and the riparian and habitat
quality were lowest. More specifically, a wider
and more laterally active channel characterised
the sites located in the first WB, with little
variability in the flow regime and no periods of

null flow and where the vegetation was diverse
and natural. The surrounding area was a mosaic
of farmlands and natural forests. The sites in the
second WB showed less influence of regulation
and were hydromorphologically constrained by
the characteristics of the gorge (higher slope,
harder substrate and more stable riverbed).
There were no significant human pressures
associated with this water body and there was
a connection among aquatic-riparian-terrestrial
vegetation, which was a relevant characteristic
for obtaining a high riparian quality. Despite
the hydrological alteration of this area, the
increase in quality could be explained by its
low accessibility and the low level of interven-
tion in the surrounding area. Other studies in
Mediterranean rivers (Suarez et al., 2002) have
determined that sites with better structured ri-



Hydromorphological and floristic patterns along the Serpis River 323

parian forests are located in inaccessible
stretches, generally localised in gorges and in
headwaters (Palma et al., 2009).

The third WB was located at the transition be-
tween the gorge and the coastal plain. The river
becomes wider again in this region, and there was
space for well-developed riparian forests. Be-
cause the sediment became finer in this area, the
floodplain was more prone to agricultural use. Fi-
nally, sites within the fourth WB, which was en-
tirely located in the plain, presented higher flows
in the wet season (higher Fmax) but were also
associated with periods when the channel was
completely dry (NoFlow). A lack of water dur-
ing part of the year disrupted the fluvial connec-
tivity in this area and made some aquatic habi-
tats unsuitable for the fish fauna. This water body
suffered the pressures of water abstractions more
intensely than the other water bodies and in addi-
tion, the morphological degradation (associated
with the presence of lateral structures and urban
uses in the floodplain) was also more intense.
These alterations have resulted in reduction of
riparian and habitat quality and impoverishment
of vegetation (with a stronger presence of annual
herbs and exotic species being observed). Re-
cent studies in Catalonian Mediterranean rivers
have emphasised that excessive water abstrac-
tion impairs their capacity to support native biota
(Benejam et al., 2010), as can happen at these
sites near the river mouth.

Longitudinal variation of the floristic
composition and hydromorphological indices

The total QBR score and the vegetation cover
quality (QBR3) were the elements most corre-
lated with the floristic composition. It makes
sense that QBR3 was the most strongly correlated
sub-index because it evaluates factors such as the
diversity of native trees and shrubs, the presence
of exotic species and riparian continuity along
the river corridor, taking into account the geo-
morphological river type during the scoring. The
highest riparian quality was found at those sites
associated with less intervention in the surround-
ing area (predominately Vfor) and a higher slope
in the river and in the riparian environment (Tgeo

1-closed and 2-midland). The other subindices,
which refer to the percentage of vegetation cover
(QBR1), structure (QBR2) and river channel
alterations (QBR4), were not strongly corre-
lated with the floristic composition; in the study
area, the variability of these subindices and their
relationship with habitat degradation was not rel-
evant, but in other rivers, they could play an im-
portant role. In this Mediterranean river, natu-
ral processes may be limiting the development
of a climax riparian forest as well as the struc-
ture and cover; therefore, the QBR score could
be underestimating the conservation status of the
study area because it is not possible to reach high
values. Thus, it would be advisable to compare
the deviation of the values to a geomorphologi-
cal reference (Sudrez et al., 2002) or to apply the
modified QBR (Costa, 2006) defined for rivers in
more arid conditions, which introduces modifi-
cations in the scoring of the subindices from the
original version from Munné et al. (1998).
Regarding IHF, the most significant correlations
with instream habitat characteristics were the total
IHF score, riffle embeddedness or sedimentation in
pools (IHF1), riffle frequency (IHF2) and the flow
velocity/depth regime (IHF4). The other subindices
showed a low correlation, but the characteristics
they referred to were important along the gradient
described; e.g., the substrate type (implicit in [HF3)
or shading (IHFS) clearly reproduced the gradient,
corresponding at one extreme to sites with a hard
substrate and dense shading and at the other extreme
tosites with a finer substrate and without shading.
The changes in the instream habitat among the
16 sites were more prominent than the changes
in the floristic composition, which varied gradu-
ally along the river (CS values). This can be ex-
plained because the river flows through different
geomorphological environments, and the gorge is
a hydrogeomorphological and floristic disconti-
nuity that induces greater diversity in the study
area. According to Braatne et al. (2008), geomor-
phic transitions are naturally associated with eco-
logical changes. However, the river is classified
as the same ecotype throughout all of this area.
This suggests that it would be advisable to reclas-
sify the gorge into a different ecotype because
regular inventories could confound these natu-
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rally higher scores with recovery from hydrolog-
ical alteration or other pressures. Similarly, the
thresholds applicable to the quality classes for
the indices could be different than those applied
in the reaches upstream or downstream of the
gorge. Other studies (Braatne et al., 2008) have
concluded that habitat heterogeneity is very dif-
ferent between river types, and in some cases,
larger differences have been found than among
reference and non-reference sites within a river
typology (Barquin et al., 2011).

We suggest that instead of using fixed char-
acterisations of some indices, it could be useful
to employ an open characterisation for certain ri-
parian attributes and then measure the deviation
of those riparian attributes from the geomorpho-
logical reference condition. This system would
be simpler to apply and could be more transfer-
able across regions in comparison with the large
variety of indices currently developed in Europe
and in the Iberian Peninsula. One basic variable
that should be included in such assessments is
the presence and extension of recruitment in a
site (not included in the QBR). This is one of
the main functions affected by the management
of large dams (Auble ef al., 1997; Mahoney &
Rood, 1998) and has recently been included in
some indices, such as RQI (Gonzélez del Tdnago
et al., 2006; Gonzélez del Téanago & Garcia de
Jalén, 2011) and RFV (Magdaleno et al., 2010).
Another weakness identified in QBR is related
to the percentage of cover in the riparian area,
as it is evaluated with a higher score when the
percentage of cover increases. However, below a
dam, the cover increases in many cases as a con-
sequence of flood regulation and vegetation en-
croachment, rather than because of improvement
of ecological status; therefore, this variable is not
always related to the natural status of ariparian zone
(Rood & Mahoney, 1995; Wilcock et al., 1996).

Factors controlling riparian and instream
habitat quality

Our results revealed the importance of maintain-
ing at least a minimum flow during the year
along the entire river length because the sites
with lower (or even null) Fperl0 values exhib-

ited bad quality. These degraded sites also expe-
rienced the highest flow values (Fmax) because
large flows are related to a larger watershed area,
but this variable was not related to hydromorpho-
logical quality in this study. Apart from the ex-
treme values, the flow variability deserves spe-
cial attention. Observation of the flow regime
before and after regulation indicated that flows
have been reduced in both magnitude and vari-
ability. The hydrograph at Lorcha is now in-
verse and plain; i.e., the highest water levels ap-
peared in the summer months and the lowest in
winter. Additionally, the natural fluctuation dur-
ing the year has disappeared. Alteration of typ-
ical variability in natural flows due to dams has
also been observed in other Mediterranean-type
rivers of eastern (Vidal-Abarca et al., 2002) and
central Spain (Baeza et al., 2003). A general re-
duction of flows due to dam operation has impor-
tant consequences because it disconnects ripar-
ian zones from riverine influence (Magilligan et
al., 2003). However, the natural autumnal floods
downstream of the dam were extremely large
in some years, with contributions from unregu-
lated tributaries in the lower basin. Therefore, the
high values of variability in this area are a con-
sequence of the large differences between arti-
ficial low flow periods (due to water regulation
and abstraction) and natural floods that are not
retained in the reservoir. In unregulated Mediter-
ranean rivers, flow regimes are naturally highly
variable (Gasith & Resh, 1999), but in the case of
the Serpis River, this variability is a consequence
of dam regulation and natural events.

Another important issue is the occurrence of
large floods, which have triggered channelization
of the river course (Segura & Carmona, 1999),
especially in the lowest region of the Serpis River.
Thus, the presence of lateral structures (Struct)
has been established as one of the main pressures
affecting the riparian and habitat quality in this area.
The low quality in the lower course was also related
to the presence of urban uses because many of these
structures were planned for urban protection. The
high correlations found between Fmax and NoFlow
and with the presence of rigid lateral structures in
the channel (Struct) seem to be the reasons for the
increase in the presence of exotic species at the low-
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est sites. According to Tabacchi et al. (1998) and
Naiman et al. (2005), colonisation of the lower
parts of rivers by exotic species is a major con-
sequence of the interaction between natural (hy-
drological) and human-induced disturbances. In
general terms, the stronger the anthropogenic im-
pact on the land, the more successful the disper-
sion and encroachment of exotic species (Lodge,
1993; Poff et al., 1997). This finding is of note for
the Serpis River, where not only the flow regula-
tion, but its synergy with other human pressures
near the river mouth has dramatically affected the
riparian plant communities and the hydromor-
phological quality in the area. Similarly, other
studies (e.g., Wang et al., 1997) have concluded
that urban land use is more harmful to biotic com-
munities than agricultural land use along mar-
gins. In the Serpis River, the pressure exerted by
agricultural use (Agric) was not clear, although it
was expected to play a role in the riparian and in-
stream habitat quality. Forested land use (Vfor)
affected river quality in a positive manner and
was plotted very close to the indices.

Several measures to improve river quality can
be derived from this study, such as the implemen-
tation of environmental flows designed with a
more natural pattern, and with the aim of provid-
ing periodic high-flows events and maintaining
minimum flows during irrigation periods. This
study highlights the importance of reducing the
human-induced periods of null flows and of recov-
ering natural flow variability for improvement of
hydromorphological quality. Another measure that
should be considered would be to provide the river
with more space and lateral mobility by removing
some lateral structures (in places where flood
risk prevention allows this measure) and incorpo-
rating abandoned agricultural plots into its banks.

From a general perspective, our results indi-
cate the importance of science-based monitor-
ing of river networks to meet the requirements
of the Water Framework Directive, considering
river geomorphology as a valuable feature. If this
is not done, using the current system of ecotypes
alone can lead to invalid comparisons among
river segments with their reference sites. Certain
geomorphological features can be more determi-
nant of river quality than the mean flow or water-

shed area and should be considered in the evalu-
ation and potential restoration of Iberian rivers.
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