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ABSTRACT

The presence of large dams affects habitat avhilgboften regarded as the primary factor that
limits population and community recovery in riverblabitat degradation has reduced the
complexity and connectivity of the Mediterraneareams in Spain. These changes have diminished
the historical range of the endangered Jucar rRamchondrostoma arrigonigSteindachner,
1866),isolated the populations of this species, and gybeontributed to its risk of extinction. In
the Jacar River basin (Spain), where this fishndeenic, the populations are mainly in the river
Cabriel, which is fragmented in two segments by lHirge dam of Contreras. In this river, the
availability of microhabitats and hydromorpholodicaits (HMU), and their relation to the flow
regime were studied from 2006 to 2008. The physibakracteristics by hydromorphological units
were compared among the 8 study sites, upstreard@amadstream the large dam. The abundance of
Jucar nase was related to the HMU type, and a vaudlite model of fish abundance was developed
with GAMs in the regulated sites, for small andgtarfish separately. Univariate microhabitat
suitability curves were made (for depth, velocgubstrate and cover), and both kind of models
allow the application of different tools and methtmjies for environmental flow assessments, at
different scales. Based on the multivariate moda, used hydraulic simulation to evaluate the
potential importance of dam operation for the fidlundance, taking the natural flow regime as the
reference. Finally, the potential effects of mitiga measures, such as two alternatives of
environmental-friendly flow regimes, were evaluatgth the same model at the scale of HMU, in
the regulated segment below the large dam. Thetsesupport the proposal of management
actions, such as the implementation of an environaidlow regime, with anticipated releases
more coincident with the natural flow regime (p@s to the fish spawning) and therefore smaller
discharges during the summer.

Keywords: Mediterranean rivers, dam effects, Jinzege, habitat suitability, hydro-morphological
units, microhabitat

INTRODUCTION

The increasing human demands upon water resouncesansequent flow regulations may have
negative consequences on the environment (Fet@)2ch as the disruption of longitudinal
linkages within streams that impede the lateral @noent of fauna and decrease the availability and
diversity of habitats (Baezet al, 2003; Brainwood, 2008). River ecological changassed by
physical responses to flow variation, include lostable aquatic and riparian habitat, changes in
sediment dynamics, water temperature and flow Wgl@nd reductions in wetted area and aquatic
habitat diversity (Zimmerman, 2009). The water dedsa and the growing concerns about
environmental change have focused on the needtévngi@ee and protect flows to sustain stream
ecosystems (Pettt al, 1999). This involves not only minimum flows tceat the critical habitat
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requirements of a target species, but also theerahdlows required to sustain the functioning of
these ecosystems, including riparian and flood@agas (Petts and Maddock, 1996).

Natural river systems exhibit an enormous varidtploysical and biological forms and processes.
Understanding, measuring, and predicting these d@and processes has been a central concern of
those who study, manage, and use river systems dWaal, 2006). Managers and researchers
need to be able to order this variability so tHayt can prioritize conservation efforts, and be
confident about extrapolating research or managemettomes to functionally similar systems
(Thomsonet al, 2004). The first approaches to classify therraystems into hydro-morphological
units or mesohabitats (hereafter HMUS), e.g. pauiss, riffles, cascades, floodplains, were made
during the 80s and 90s (Bissehal, 1982; Frissett al, 1986; Hankin and Reeves, 1988; Hawkins
et al, 1993). The HMU consists of a mosaic of sevgrathaps different, microhabitats (Hgt al.,
2008). Although the effect of habitat complexity fish assemblages has been well studied (e.g.,
Jungwirth et al, 2000; Schiemert al, 2003; Smokorowski and Pratt, 2007), quantitative
description and mathematical modeling has gaineds@nly recently (e.g., Jungwirgt al, 2000;
Fetteet al, 2007; Schwartz and Herricks, 2008). Habitat ddgtion associated to river regulation
has reduced the complexity and connectivity of Mediterranean streams in Spain (Garcia de
Jalon, 1987).

Mediterranean river fish communities are domindigadyprinids (Ferreir&t al, 2007) with a high
number of endemic species with a reduced distobutange compared with elsewhere in Europe
(Granado-Lorencio, 1996; Doadrio, 2001). Howevew ttudies have focused on the habitat use of
some endemic species in the Iberian Peninsula@agsman and De Sostoa 1994a, b; Magalhaes
et al, 2002; Martinez-Capadt al, 2009). The target species of this study is dnthase Iberian
endemisms, the Jucar naBarachondrostoma arrigoniéSteindachner, 1866) and is considered in
risk of extinction (IUCN,2001). With a low commeativalue, the population of Jucar nase is
restricted to the Comunidad Valenciana and Cadtdldvlancha (both in Spain) and is believed to
be experiencing a decline over the last 20 yeamado, 2003). The ecological importance of
these populations resides in its adaptation tdvtbditerranean conditions with high fluctuations of
both intra and inter-annual flow rates (Sabateal, 1992; Vidal-Abarcat al, 1992). Nevertheless
and probably due to the low commercial and fishmatue of this species, the information about
habitat selection, feeding behaviour and repradoceason is scarce.

Our study examined physical habitat characteristies their relation with Jucar nase assemblage in
the river Cabriel, up and downstream the large da@ontreras (Spain), where dam operation can
affect the fish conservation. Specifically, we aded the following issues: (i) the differences
among study sites based on the physical charaatsraf HMUS, (ii) the selection of habitat by the
fish, at microhabitat and HMU scale, iii) the red@ee of dam operation for the fish population,
taking the natural flow regime as the referencel #e potential effects of mitigation measures,
such as two alternatives of environmental-frierfthy regimes, for the species conservation.

METHODS

Study sites and target species

This study was carried out in the Jacar River Bagie of the pilot basins for the implementation
of the Water Framework Directive, located in theyimces of Valencia, Cuenca and Albacete (East
Spain). With a typical Mediterranean climate, thisin has a drainage area of 22,123, kamd
three major rivers, Jucar, Cabriel and Magro. TheadRiver is 511 km long emptying directly into
the Mediterranean Sea, with an average gradieBt3f m/km; the sustainable populations of the
target species live in the rivers Cabriel and Matnibutaries of the Jucar River, being 220 and 130
km long respectively. This study focused on the tmelevant populations, in the Cabriel, where 8
study sites (4 down and 4 upstream the large daB@oafreras) were selected. According to budget
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constraints, the sampling sites were minimum 1 éngl(usually longer to survey complete HMUSs)
and the habitat and population assessment wasdioimg spring and summer of 2006, 2007, 2008
(Fig. 1); the habitat survey was done in the situadf low flow in each site. These sites represent
the river attributes in different hydro-morpholagiiconditions, as well as fish communities. Four 4
sites not regulated (upstream of the large dampgverated upstream (2) and downstream of a
small weir that separates fish populations with attiout exotic fish species. Downstream of the
large dam, the fish community includes exotic spe@nywhere, and the 4 sites represent different
hydro-morphological conditions, because downstre#neach site there is a tributary with a
relevant contribution of watershed area, which mheit@es the potential mitigation of the flow
regulation effects. Downstream of the site C5,rtfust affected by flow regulation, a tributary and
several springs contribute to the stream flow. Byithe survey period (low flows), the mean flow
(of the 3 years) in the sites upstream, named a<C21C3, C4 (in order downstream), was 1.30,
2.27, 2.08, and 3.953st, respectively; in the regulated sites, i.e. C5, CB, C8, it was 0.47, 3.61,
5.20, and 5.07 ds?, respectively.

The Jucar nasd?@rachondrostoma arrigonjsSteindachner 1866) is a medium-sized fish that is
characterized by having an inferior sub-terminaluthowithout barbells and with a corneous lip; it
feeds on algae and invertebrates by scraping th&trsie. It is gregarious, and spawning occurs in
the upper reaches of the rivers during spring.tRelUCN (IUCN, 2001) and the Valencia regional
government, the Jacar nase is considered in rislextihction, and the Spanish government
classified it as vulnerable because of its drgstigulation decrease. The population declines have
been attributed to water pollution, habitat degton; introduction of exotic fish predators and
hybridization with the introduced Iberian nagtséudocondrostoma polylepiSteindachner 1866)
(Elvira, 1995; Elvira and Almodovar, 2008).
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Figure 1. Location of the 8 survey sites on the river Cabriel (Jicar River Basin - East Spain) during
the 3 years of study.
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Field sampling and survey

In every site the HMUs were classified into pogkdes, riffles, rapids and runs, once during the
year campaign. The sites always comprised complbtes, usually over the minimum of 1000 m
long. Downstream of the large dam, the ranges @&¥&.0 nistin all sites and survey years. For
each HMU these habitat variables were taken, leqgfh mean width (m), mean and maximum
depth (m), and types of substrate in percentagsthis typology, bedrock, large boulders (>1024
mm), boulders (256-1024 mm), cobbles (64-256 mmaved (8—64 mm), fine gravel (2—-8 mm),
sand (62 um-2 mm), and silt (<62 um). In additibabitat complexity was assessed with these
variables, area of backwaters by the banks (adsdcia entering tributaries, in#y undercut
banks covered with water at low flow (in percentagesite’s length, average of both banks),
pocketwaters by boulders/large boulders’\rmumber of boulders and large boulders, quietrsat
associated to substrate along bank®)(muiet waters associated to vegetation along H&mik),
fine sediment covering (%) and shade (%). The ammjesurvey flow upstream of the dam were
0.4-2.7 nis' in 2006, 0.6-3.4 s in 2007, and 2.7-5.5 &' in 2008.

A sub-sample of HMUs was selected for the studynadfrohabitat use, during spring and summer
in the regulated sites; we followed standard praoesl to apply the snorkelling technique
(Heggenest al, 1990) during daylight hours, with the equal gffeampling approach (Bovest

al., 1998). Jacar nase observations were split in lemgth classes: fry or small (<10 cm) and
juvenile/adult or large fish (>10 cm). During theoskelling, upon sighting a fish, a school or shoal
of fish, the observer recorded the size class, munolb fish, and number of marker in the fish
position. When a fish or shoal was disturbed, nta deere recorded. After the snorkelling was
completed, water depth (D), mean water column vgiq¥m, ms?), dominant substrate type (S)
and cover (C) were recorded. The substrate types a® stated above, and cover types were no
cover, undercut banks, roots, boulders, vegetasbadow, wood debris and others. Microhabitat
availability was randomly sampled along transeatthe same HMUSs to register the heterogeneity
of habitat conditions in terms of D, Vm, S and @yBeet al, 1998).

To develop a habitat suitability model at the sa#l&IMUs, Jlucar nase abundance was estimated
by HMUs, in the whole 8 sites and 3 years. The figre counted by snorkelling to avoid any
damage to this endangered species; two divers thadenderwater counts in 3 independent passes,
throughout each of the habitats units in the stiths.

The relevance of dam operation for the fish poputatind the potential effects of mitigation
measures were evaluated where flow regulation wa® nmportant, site C5 below the dam. The
hydraulic modelling was necessary to estimate #reation of habitat characteristics with flow. In
2008, a subsample of HMUs (hereafter simulatioa)sitas selected within C5 to represent the
hydraulic conditions, because budget restrictiorts ribt allow the hydraulic simulation of the
whole C5, 1124 m long (average length for the 3s)ed his subsample included the HMU types
present in the whole C5; specifically, significalifferences were tested for mean depth and mean
width, between the simulation site and C5, with tloa-parametric test of Kolmogorov-Smirnov.
The test demonstrated that the simulation site nepsesentative, because there was no significant
difference for the dataset over the 3 years (wigti).124; depth p=1.000). During the 3 surveys
the stream flow was very stable due to dam opergtange of 0.458-0.5523st'). The simulation
site comprised a segment 219.8 m long; the cradmas were located to record topography and
water surface elevation, where the water surfaofil@rhad a relevant change and in transitions
between HMUs. The water surface elevations wereeyed for 3 flows, 0.570, 5.957 and 13.930
m’s?; these values covered the range of data requiresintulate the hydraulics in natural and
regulated flow regimes. The survey followed thendtads for 1-dimension physical habitat
simulation (Bovee, 1998), in order to represent phgsical habitat characteristics and to make
hydraulic simulation based on accurate rating ciofeeach transect.
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Data analysis

The differences among study sites were evaluatestcban the physical characteristics and
variability recorded by HMUs. The similarity-basgdaphical and testing methods developed by
Van Sickle (1997) were used; however, instead ofilarities we used dissimilarity (distance)
following the methods of EnvClass (Snelder al, 2009), in the statistical package R (R
Development Core Team, 2008). As a measure ofndiilssity, Bray-Curtis distance was calculated
for each class or site (i.e., all data of a stuth);stherefore, a class comprises the spatiabbdity

of the different HMUs, and also the variability tife 3 field campaigns. For the 450 HMUs
sampled (2006-2008), such multivariate distance caésulated with the variables specified in field
methods, and water surface area. The results wesensin a dendrogram or tree of dissimilarity
for the 8 study sites; this plot shows the verticad (trunk) that indicates (in axis at the botjdime
mean distance between-site®8)( representing the homogeneity and stability ofbitad
characteristics over the 8 study sites. Each kibgvs a horizontal line (branch) which length is the
mean distance within-site/\( ), i.e., the mean distance between pairs of objgtt4Us) within the

site (it can be larger tha, to the right of the tree, or smaller, branchesh®left side). A larger
differenceB-W , i.e., a longer branch to the left side, indicatesore robust classification of a site

in relation to others. Branches to the right sitiidate less robust classification, i.e., the défees
among HMUSs in the site are so important as theedifices among HMUs of different sites. To
complement this evaluation of differences amongssia Multidimensional Scaling (MDS) was
made using Bray-Curtis distance.

Fish abundance was estimated with the algorithneldeed for the 3 counts method (Robson and
Whitlock, 1964). A box-plot was made to visualizZedr nase abundance by HMU type, in the not
regulatedversusregulated sites. The difference between thes®e@pg of sites was tested with the
Mann-Whitney pairwise testi£0.05), separately by HMU.

In order to allow future assessments of habitatabiity and environmental flow studies, with
different tools and methods, habitat suitabilitydals were developed at the scale of microhabitat
and HMUs in the regulated sites, given the impaaaf this endangered fish. We generated, at
microhabitat scale, habitat suitability curves, adHMUs scale a multivariate habitat suitability
model which predicts fish density. Regarding mietobat use, data were summarized in frequency
histograms, separately for small and large fishi, gdach microhabitat variable independently.
Smooth curves were produced to avoid gaps due &simg data in some intervals, with the
software HabitatPref (1.G. Jowett © 2005); theseves, based on equal effort sampling, were
normalized between 0 and 1, as standard habitetbdity curves for physical habitat simulation
(Bovee, 1998).

For the multivariate habitat suitability model, edson variables measured at HMUs, the
associations between Jucar Nase abundance (srddrge, independently, in number of fish per
HMU) and a list of the main physical variables wesamined using Spearman rank correlation
(significant correlations were accepted at p<0.08e selected habitat variables that can be
simulated for different flows, i.e. mean and maximdepth, mean width and substrate index, as
well as others of importance for the fish (Costal, 2010): flow, mean velocity (estimated as flow
divided by mean cross-section area at each HMWa af backwaters () and proportion of
undercut banks. The substrate composition was ctaw/ato a single index by summing weighted
percentages of each substrate type (Moetoal, 2011), as follows, s = 0.08 x bedrock + 0.07 x
boulder + 0.06 x cobble + 0.05 x gravel + 0.04 nefgravel + 0.03 x sand. The rest of habitat
features measured in the field were not selecteduse a low number of variables offer more
possibilities to apply the model in other riverdiwa restricted budget, and the other variables of
less importance would be complex to simulate wikvfvariation; backwaters and undercut banks
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were considered important based on previous dgibmtion and the experience of the divers in
the field.

Generalized Additive Models (GAMs) were developegtedict fish density (CPUE) in function of
habitat variables, with the program HabitatPre® (Jowett © 2005). GAMs can analyse non-linear
relationships between species distribution andrenmental variables, and take into account the
correlation and interactions among variables (AhrNatusharet al, 2006; Jowetet al., 2007).
The model was a log-linear GAM, assuming that tkeponse variable follows a Poisson
distribution (Jowetet al, 2007), with 3 degrees of freedom. Two differpricedures were used,
with forward selection and backward elimination weériables (for small and large fish,
independently). Firstly, a GAM was obtained usinigmvard stepwise procedure, adding variables
one by one based on the Spearman rank correlataefficients (starting with the main predictor
variable of fish CPUE). To evaluate GAM’s perforroanwe used the adjusted &hd the Akaike
Information Criterion (AIC, Akaike, 1974). To avoithe effect of collinearity in the models,
Spearman rank correlation coefficient was calcdlébe the variables pairwise; then, variables with
significant correlations were not included in tlaen® model, and alternative GAMs were evaluated
with the different variables. Secondly, the 8 vhles aforementioned were introduced for a GAM,
and they were discarded one by one stepwise badkaecording to the F value of an F-ratio test,
retaining only the variables with P < 0.05; thigd&o test evaluate the non-linearity of each
variable, by comparing the residual deviance of e®diith linear (df > 1) and linear (df = 1) terms
(Jowettet al, 2007). This multivariate model allows habitadlyses based on hydraulic analysis at
HMUSs, and the future application of specific totliat manage habitat indicators at the same scale,
e.g. MesoHabsim (Parasiewicz, 2008).

The multivariate habitat suitability models for dhand large fish were used to evaluate the dam
operation effect on fish population, by comparihg habitat suitability for the fish under natural
and regulated flow regimes, in the site more a#fgdty regulation, C5. The watershed area and the
mean annual flow are considerably smaller in thggrets upstream, for this reason the use of a
reference site upstream the dam was not consideredidition, we evaluated the potential effects
of two mitigation measures, i.e. two alternativédseavironmental-friendly flow regimes. A 1-
dimentional hydraulic model was calibrated with gregram RHYHABSIM (Jowett, 1999), based
on the cross-sections and water surface elevafitineo3 field surveys in the simulation site. Ten
evenly distributed flows were simulated based dimgacurves, within the range of the hydraulic
surveys.

At each flow, the number of fish was calculatedhwihe habitat suitability model; hydraulic
simulation provided the mean width, depth and sabsindex by HMUs; backwaters and undercut
banks were obtained from the field data by HMUse Tish number was weighted by the area at
each HMU and finally the total density of the s{t@umber per meter of river length) was
calculated; this value was used as an indicatadh@fhabitat suitability for the fish. The curve of
fish density versus flow was generated for small lange fish independently. The changes of slope
in the curve of total density, as well as the tp@dsage width (most limiting transect), were used
define a minimum environmental flow for Jucar naae,indicated in the Spanish legal norm for
hydrological planning (ARM/2656/2008). Then, theuat flow regime (regulated) was evaluated
based on the fish density (habitat indicator), maxn average velocity in the site, and habitat
connectivity. The actual regulated flow regime vessimated with monthly average flows of the
last 10 years, 4 wet, 2 intermediate and 4 dry syddata provided by the Jucar River Basin
Authority); the only data available for naturalladegime were measured in 1972, before the dam
was built, they were used to define the pattematéiral regime, as explained below.

Two environmental-friendly flow regimes, as mitigat measures, were compared with the actual
situation in the regulated site. The first one ¢stesl of an environmental flow regime, with the
same total water resources of the actual reguleggune (i.e., equal mean annual flow), and the
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monthly distribution proportional to the naturabut regime (natural flow pattern) during the
months of natural high flows (January-April). Tleeal amount of water resources was maintained
for the two flow regimes, because that was consitier criteria of feasibility, to design a regime
applicable by the water authorities.

The second regime was designed because for the damm of Contreras, it is usually a priority to
release the highest flows from April to Septembdrat does not fit the natural flow regime. The
flow release in such period is related to the atign of the orchards in the Valencian region, and
the objective of getting minimum reservoir watevdks in September, when the maximum flood
risk occur in the region. Therefore, this regimeswganerated by combining environmental criteria
with the water management, as follows: a) the stmtaé flow of the actual regulated regime (same
guantity of water resources), b) the minimum enwmnental flow determined previously for fish
population enhancement, every month except duriatgmrelease period, ¢) actual period of water
release for irrigation, April-September, d) maximoman flow imitating the natural timing, during
the reproduction of the Jucar nase (April), follalW®y slow decrease proportional to natural regime
until September, and e) during the release peti@mean water velocities in the study site should
not be larger than 1 m/s (upper water velocity tifar fry cyprinids, recommended in the Spanish
legal norm for hydrological planning). This regirdigfers to the previous in a relevant aspect, the
maximum release of water happens two months later the natural regime, what potentially can
affect the reproduction success of the Jucar nase.

RESULTS

The dendrogram showed that the classification ®if€s was robust, meaning that the differences of
habitat by HMUs were considerably larger amongssitean it was within each site. Physical
variability was also different among sites (Fig).da general the sites upstream of the large dam
(C1 to C4) had a larger internal variability, i.less homogeneous or stable habitat characteristics
than the sites downstream of the dam (C5 to C&) wagulated flow, except the site C5 (where
approximately the same flow was found in the 3 sysy. Among the sites upstream, the MDS
analysis (Fig. 2b) showed that the distances wamgelin comparison with the sites downstream.
The site C1 was the most distinct among the 8,saiE=0rding to the distances in the MDS.

a b
H
& C4
=]
C7 + =1
C6
c4 =
C3 + 31 _
o5 A cé .
2 @ ~Cs 7
€l — %o 47
=3 C8,
02 03 04 05 06 07 08 0.3 -02 -0.1 00 ﬂl_l 02 03
Bray-Curtis distance Diml

Figure 2. a) Dendogram to show the habitat variability of the 8 study sites (Bray-Curtis distance),
from C1 (nearest to source) to C8 (lowest site). The average intra-group distancas is representad
by the end of the branch or horizontal line (Wi}, while the inter-group distance (B) is represented by
the base of the trunk or vertical line. b} Plot of the Metric Multidimensional Scaling (MDS) of the
average distance to the 8 study sites. Dashed line separate requlated (C5-C8) and not requlated
sites (C1-C4).
109x80mm {600 x 600 DPI)
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The box-plot indicated that the habitat type isyvexlevant for the abundance of Jucar nase, and
that slow and deep habitats are the most suitalléehe species. Relevant differences were not
found in Jacar nase abundance between the upsiedmiownstream sites. However, a more detail
analysis, comparing each HMU type, showed thatvagiedifferences occurred in the pogl €
0.05), run p < 0.01) and rapidp(< 0.05). However, the results for run and glide anreliable
because of the small number of both HMUs upstreachdmwnstream respectively. Upstream, in
C1 a high Jucar nase abundance was found in tiggieiniin habitat registered in the 3 years while
downstream pool is clearly the HMU with the highaistindance of Jucar nase.
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Figure 3. Comparison between Jicar nase estimation (summing adult and firv individuals) in the
different hydro-morphological units (P-pool; T-glide; C-riffle; R-rapid and Run) through the A}
unragulated sites (C1, C2, C2 and C4) and B} regulated sites (C5, C6, C7, and CB) obtained by
MD5. For better visualization nine outliers (in the upstream sites - C1+C2+HC34C4) ware removed
from the box-plots. All data were used in the Mann-Whitney tests.
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In the sampling for microhabitat use, 54 independakta were recorded (48 of large, 6 of small
fish), each one corresponding to one or more fshdols). In total, 130 fish were observed (116
large, 14 small). Large and small Jucar nase selegptimal microhabitats with 0.75-1.25 m of

depth, and water velocity between 0.5-0.14 n(Bable 2). Among substrate types, silt and
vegetation showed the highest suitability, and lbest cover types were vegetation and woody
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debris. Microhabitat availability was recorded @59 points of the HMUs selected. The average
conditions of depth ranged from the shallow wai@sC8 (0.529 m of mean depth) to deeper
habitats in C7 (0.807 m); maximum depth indicatedi@e range of habitat availability, varying
from 1.27 to 2.1 m (Table 1). The mean water vé&§oearied from 0.247 m'sto 0.550 ms, and
the maximum velocities registered were between®a8itl 1.397 m&

Table 1. Summary of microhabitat availability in the HMUs sampled for microhabitat use.
The site codes identify the stream name and year of survey year. Hydro-morphological units
(HMU) are P - Pool, Ra - Rapid, Ri - Riffle, Run, G- Glide.

2006 2007 2008
7 C8 Co Co
Pelichan Casas del Rio El Retorno El Retorno

N° records 265 230 213 351
Mean depth (m) 0.807+0.357 0.529+0.308 0.696+0.347 0.8374+0.498
Maximum depth (m)  1.66 1.27 1.52 2.1
Mean water column g 554, 355 024740242 0.41040.299 0.3510.271
velocity (ms™)
M '»_u-'.u_ter 1397 0.976 1.223 1.223
column velocity (m s )
Dominant substrate Fine gravel Fine gravel Cobbles Fine gravel
Dominant cover No cover No cover No cover No cover
HMU types P.Ri P.Ri. P.Ri P.Ra G.P. Run, P, Ra

Before the GAM development with HMU’s multivariatataset (N=177), we observed that
maximum depth, mean depth and mean velocity weneleted. Therefore, to avoid collinearity
they were included separately in different modgial§), until the best calibrated model was found.
The eight variables analysed were ordered by inapo# to fish abundance (see Table 3); but only
six were in each trial as explained before. Botbcpsses of variables selection (forward and
backward) indicated that the model with the sixiataes including mean depth had the best
performance, while avoiding collinearity. The ad@ts R (%) were 69.4 (small fish) and 72.4
(large), and the AIC were 394.7 and 959.3, respelgti all the variables included gave significant
results of the F-ratio test (P< 0.05).



Table 2 Habitat suitability criteria (univanate curves) for depth (D, in mj, mean water
column velocity (Vm, in m s°), substrate (S) and cover {C) for the Jicar nase, developed in
the Aver Cabrel Suitability index is indicated for small (Slsmall) and large fish (Sladult),

n Slsmall D Sladuli
.00 (.0 .00 0.0
41 5 0.37 0.2
6l .8 .56 0.3
75 1.0 0.74 1.0
1.00 1.0 0.93 1.0
L.x2 0.2 111 0.9
L42 07 1.30 0.6
1.62 0.5 1.48 0.4
LE2 0.2 1.67 0.3
Vm Slsmall Vm Sladult
LIRE L] 0.4 0,000 0.0
0050 1.0 0.070 1.0
0, 106 1.0 {1,140 0.9
0,150 0.8 0.210 0.7
0,190 06 0.280 0.5
0,240 0.4 0.350 0.3
0,290 0.3 0,400 0.2
0,320 0.2
s Slsmall S Sladult
Vepe tation 1.0 vegataion 0.9
Silt 0.9 silt 1.0
Sand 0.7 sand 0.7
fine gravel 0.5 fine gravel 0.3
Gravel 0.5 gravel 0.3
Cobbles 0.5 cobbles 0.3
Roulders 0.5 boulders 0.5
large boulders 0.5 large boulders 0.5
Badrock 0.5 hedrock 0.3
C Sismall C Sladult
Withiout 0.4 withoul 0.2
undercut banks 0.3 undercul banks 0.5
Roois 05 Roois 0.5
RBoulders (1] houiders 0n7
Vepeation L0 vegelation 1.0
Shadow 0.8 shadow 0.6
wood debris 0.8 wood debris 1.0
Others 0.8 others 08

326

327

328

329

330

331

332



333

334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

349

Table 3. Spearman’s correlation rank between the variables used in the GAMs and the
estimated numbers (N.est) of small and large Jucar nase by HMU (** p< 0.05; * p<0.01).

Variables :J:;l Variables ':]ri"l
DepthMean 428" DepthMean 418"
DepthMax 4197 DepthMax 4157
VelocMean -364"  VelocMean 368"
Undercut_Banks 3547 SubsIndex 2757
SubsIndex 3097 Undercut Banks 2717
QuietWater by vegetation 216" QuietWater by vegetation .192
Flow 103 Flow 167’
WidthMean -.095 PocketWater - 120
PocketWater -.040 WidthMean -.049
BackW ater -.032 BackWater 006

Figures 4 and 5 represent how the Jldcar nase atcsdaries with the six variables selected. The
mean depth is the only variable where the curvéh(bar small and large fish) do not show a clear
maximum within the habitat conditions under stuolyt a continuous increase. This variable is the
most relevant and positively related with abundabagether with maximum depth (Table 3). It is
important to indicate that this variable was pwosily correlated with maximum depth, and
negatively with mean velocity. Mean width was alstated to abundance, but the Spearman’s Rho
did not show this relation; for small fish thereaigange where it is not important (width smaller
than 18m), but larger width is negative to the dlundance. The curve of large fish shows a clear
optimum around 17 m width. The substrate index leag&ong relation with fish abundance (Table
3), and the curves indicate the same optimum fallsamd large fish, around 5, corresponding to
gravel; the relation is positive, indicating that general, the best HMUs have medium or large
substrate sizes. The flow is related to abundaseeending on the fish size; while optimum for
large fish is in medium flows around £, for large fish is around 53sit. Backwaters shows an
optimum for small and large fish, between 15 andrDand undercut banks have in general a
positive influence, although there is a maximunwieein 60 and 80 % of the habitat unit.

20 .I_'_T":?“ 25T 0 S o 30 T
L 1B P 20 oot 25
R R i B 5 201
o 5 4 - - - 5
& 05 # g 1o // : g 15
= 001 'f'f & H ol T B s e, 1 2 104
W : w 1 ]
05 Jeofeeed 1 AR 05 4+
2 i il 2 2 i
72 5o IR, SN, TH S B0 SRR CORNE RO S Low| s LR S 1 [
(1] 1 2 3 4 5 10 15 20 25 a0 1] 2 i 6 8
Mean Dreptin fm) Mean Width {m) Substrate Index
T T T T T 175 25 -
_ DasT 12 - s s
B a5 5 075 2 15
& -07a & 035 5 107
S 4325 = 035 = 051
: ] ¥ ool
2 A7 2 07 2
-2.25 T 128 046 bl et
275 freeet P 175 trerrwrrererperrepweierrie -1.0 y T
01234587 0 5 1015 20 25 3D 35 0 20 40 80 A0 100
Flow rafe (m3 s-1) Backwaters (m2) Undercut Barks (%)

Figure 4. Adult Jicar nase (large fish) abundance prediction curves in function of mean depth, mean
width, substrate index, flow rate, undercut banks and backwaters obtained with Generalized
Additive Model (GAM).
160x88mm (600 » 600 DPI)
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Figure 5. Fry Jucar nase (small fish) abundance prediction curves in function of mean depth, mean
width, substrate index, flow rate, undercut banks and backwaters obtained with Generalized
Additive Model {GAM).
160x88mm (600 x 600 DPI)

In the hydraulic simulation, the flows ranged fréime minimum calibration flow (0.57 ¥81) to the
maximum (13.93 ds), and the ranges of hydraulic variables obtainedevt.74-30.89 m of mean
width, 0.03-1.68 m of mean depth, and 1.2-7.3 dissate index. The backwaters area by HMU
had a small range of variability (1-2.5)nas well as the undercut banks (0-7 %). The dishsity
curves were constructed for small and large fisig ¢he total density indicated a minimum
environmental flow (change of curve’s slope) of 3t (Fig. 6). Such flow provided river
connectivity, with 3.5 m of total passage widthpagximately 50 % of the optimum value, which is
acceptable for such purpose.

1.20

£ 100
o
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&
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]

W 40
B

é 020
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Flow rate {m')
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1 }
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Figure &. Number of adult and fiy Jicar nase per meter estimation downstream the large dam of
Contreras, Cabriel River and passage width curves, desived by physical habitat simulation from
Rhvhabsim (Jowet, 1999). The river flows measured in the 3 field campaigns were 0.577, 5.957 and
13.93 m3s-1. "Contiguous" passage width was the minimum length of water surface slong the
transect where depth is larger than 0.25 m and mean velocity smaller than 1.25 ms-1. The "Total”
is the sum of lengths in separated areas in the cross-section that meet that condition for passage
{alsa in the transect with minimum valuel.
99%99mm (600 x 600 DPI}
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The differences between the two regimes to evalgmaittigation measures) are also observed in Fig.
7; while one is partially imitating the natural seaality (in the months of larger natural flows}twi
maximum in February, the other has the maximum wtherwater administration release the water
for irrigation (April), decreasing until the minimu flow is maintained, in September. The
evaluated flow regimes had a total of water resesierjual to the actual availability, equivalenato
mean annual flow of (4.28 3s1Y). The minimum flow estimated in the actual regifast decade)
was 0.593 s, considerably lower than the environmental flowineated here; furthermore, the
curves of connectivity (both contiguous and totatlicate a lack of connectivity for Jucar nase in
the study site.

35.00 -
= 300 1 3 = =—4Actual flow regimea
- 2000-2009
E 2m
5 . ===Ecological regulated
20.00 . flow regims
= .
g 15.00 - = 3 . = Matural ragimea 1972
g .
c 1000 -
E ~~Etalogical flow
5.00 regime - Matural
regime pattenm
0.00

Cal Moy Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Figure 7. River flow regimes evaluated in the study site, downstream the large dam of Contreras, in
the Cabriel River. It is represented the acual requiated flow regime (mean values of the last 10
vears], the propesal for environmental {ecelogical) flow regime with the same total flow release of
the actual flow regime and with the same water release period (April — September), and the
maximum mean flow in the reproduction pericd (Apsl) and the environmental Aow regime with the
patten of the natural flow regime (before the dam}. The criginal data for natural flow regime
(1971-1972) is also shown.
49x25mm (600 x 600 DPI)

Fig. 8 shows the differences between the Jucar dassity in the four flow regimes studied. The
natural regime used is biased because it only septed one wet year, comparing with the actual
regime which was the average of 10 years, much meesentative of real flow regime. The fish
density curve obtained by habitat suitability models simulated for a range of flows that barely
contained flows as high as the ones in the nategime. In fact, the minimum flows observed in
natural regime in July (9.7 i) and August (9.4 As') were associated with very low fish
densities (Fig. 8a). In the other hand, the fishsitees of the environmental flow regimes were
much higher (total density of 10 indinthan the ones of the actual regime (total denity indm

1. The fish density of both adult and fry individeian the environmental flow regime with the
same pattern of the natural regime, i.e. one maxirflaw in February, revealed a stable monthly
evolution until and after February. In this montbttb densities fell down to values lower than 0.2
indm? (Fig. 8b). In the second environmental flow regimith the same monthly flow pattern of
the actual regime, occurred the same event witlo2ting delay, i.e. the decrease occurred in April,
a critical month for Jucar nase reproduction (Bim).
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Fiqure 8. Comparative of Jikcar nase density downstream the large dam of Contreras in Cabrial
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the envircnmental flow regime {ecolegical flow] and C) one environmental flow regime more
adequate with the management and human water requirements.
99x180mm (00 x 600 DPI)

DISCUSSION

The habitat comparison based on HMUs indicateddistédnces among the upstream sites, C1, C2,
C3 and C4 were greater than among the regulated, slbwnstream of the dam. Especially C1,
with the smallest watershed area in the headwatesgparated from other sites (Fig. 2); here the
affection of the natural flow variability can bdeeant, as it is characteristic in other Meditegam
rivers (Sabateet al, 1992). This fact is probably determining the katbcharacteristics, making
this site more different to the rest. It is wellokwn that several years before the start of theystud
the environmental administration had to rescuefite populations by electrofishing because the
channel was completely dry (information not pubdid)) therefore, the hydromorphological
conditions are different in this aspect, what carrddated to changes in the sediment transport. For
example, 10% was the median percentage of siltlinversus 5% in the other sites together (C2,
C3, C4), suggesting effects of sedimentation. k& 3hcampaigns of study, C1 was never dry.
14
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Regarding habitat variability, the regulated sitg Below the dam, presented the highest variability
during the study period, equivalent to the varigbmong sites (i.e., variability within the sité

was approximately equal tB). One possible reason is that the river passesighra very narrow
area in a canyon where it is more confined latgrallhich causes a larger variability of habitat
characteristics before, within, and after the canyall in the study site C5. In spite of the
variability, the MDS indicated that habitat chaeadtics of C5 are not very different of other
regulated sites. During the three years of study tlows measured in C5 were similar
(approximately 0.5 As') due to the dam operation. In our opinion, thevflegulation causes the
smaller differences among the sites downstreanhefdam, diminishing the habitat diversity in
space and time, as it was observed in other rinegpain (Garcia de Jalon, 1987).

The differences of abundance among sites and HMid'syindicate a large variability in space,
then the comparison of regulatesl unregulated sites indicated no differences. Howew#h the

test at more detail by HMU types, the test is nret@able and show differences in pool, rapid and
run. The relations between habitat variables astd dbundance are discussed further in this article,
based on the habitat suitability models, but ofaetors are interacting in these results. In the si
with largest variability, C5, in theory the fishudd find good habitats to live, but the abundante o
the fish was very low or null (only a few individaavere observed once in a visit, not during the
snorkelling counts). Therefore, other variables asgessed in this study are also relevant for the
abundance and distribution of this endangered fish.

For example, water temperature plays a key rostrgam ecosystem maintenance (Olivares, 2008),
with effects on living organisms and on physicocloainprocesses which define the quality of the
physical habitat. It is clear the importance okgrating water temperature in the physical habitat
simulation and instream flow studies (Jowett, 19Bdyee, 1998) especially when hydropower
production is involved (Toffoloet al, 2010). The hydropower production at the dam afit@ras
could influence Jacar nase distribution, through whater temperature. To minimize these impacts,
Cushman (1985, in Garci al, 2011) proposed three major areas of managemgmstryctural
changes with re-regulating dams, i.e. utilizatidracsmall dam located downstream of a big one
(operating with peaking flows), to stabilize flowdownstream; (ii) habitat modification, i.e.
manipulating river section to increase habitat labdity (although this may reduce habitat
diversity) and (iii) operational changes, i.e. eaify upper limits to the amount of variability of
one or more characteristics of the flow releasg@ the change in discharge per unit time as a
function of pre-existing discharge. A re-regulatisgnall dam exist below Contreras, what can
mitigate some of the level fluctuations in the rivieut we hypothesize that water temperature can
be more relevant. However, the analysis of tempegabr hydropower production effect on Jacar
nase distributions is part of a further researet ihnot in the scope of this article.

Habitat suitability criteria for Jucar nase consatkbthe essential variables to perform the physical
habitat simulation (Bovee, 1998). Many factors nadfgct the microhabitat use by the fish, like
water temperature, habitat and food availabilityht, turbidity, and species interactions (Badtz

al., 1982; Vondracelet al,1992; Grossman and De Sostoa, 1994a,b; Sattak 2004). These
physical and biological factors can also affect titaasferability of the microhabitat results from
one stream to others (Orth, 1987; Thomas and BA8#]; Lamourowet al, 1999). In this study,
the surveys were restricted to clear waters andigtayhours, in segments of order 2 or 3 (after
Strahler) upstream the dam, or 4 (downstream), hvbBiould be considered for the application of
the results in other streams or rivers, withingeegraphical distribution of the target speciestld.i
size-related differences were found in the micrataalise for Jucar nase in the spring and summer
period. Both adult and fry selected slow and reddyi shallow waters with substrate of silt and
vegetation, and cover of vegetation or woody dehis considered that there was no bias related
to limitation of microhabitats’ availability, beca@ wide ranges of depth (maximum 2.1 m) and
velocity (maximum 1.4 m¥ were measured, taking into account that Jicaz mdmabits segments
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of order 2 to 4. The smaller sample size for srfiall, due to the scarcity of this endangered
species, is an actual limitation in the study, whiould be addressed with future field work. The

habitat suitability curves can be useful to managerthe application of conservation measures for
critical habitats, to maintain and enhance thevedish populations in Mediterranean rivers, and to
design more environmental friendly hydroelectricilides. Such facilities have been encouraged
with the legislation of some countries, for exampith the European Water Framework Directive

and the Clean Water Act in the United States (@aatcal, 2011).

The GAMSs predicting fish density based on HMUs'ightes during 3 years proved to be a suitable
tool. Multivariate habitat suitability model madetivGAMs can analyse non-linear relationships
between species distribution and environmentabbées, and take into account the correlation and
interactions among variables (Ahmadi-Neduskaral, 2006; Jowetet al, 2007). The variables
integrating the best model provided good resultpradictors of Jucar nase density. Some authors
found that depth is a key variable in the microtatlselection of other species in the taxonomic
group ofChondrostomgCopp, 1992; Martinez-Capet al, 2009, Rincoret al, 1992; Grossman
and De Sostoa 1994a, b). The results show thatemtepth increases and, consequently water
velocity reduces, the abundance of Jucar nase (a&ecity was not in the model but it was
correlated with mean and maximum depth). This isecent with the relatively large abundance
recorded in pools. The selection of deep watengoimls may suggest a relatively low swimming
capacity of the Jucar nase, in relation to othgrioyds (personal underwater observation, which
advise further research), and can be also relatddtiae shelter against fast waters located in the
banks of the pools (emergent vegetation, underanks), with the food availability and protection
against predators (Martinez-Capehl, 2009).

Other interesting outcome is the substrate andratation with fish abundance. While at
microhabitat scale the finer substrate is relatéth wlow waters and cover (normally located in
river banks and in areas with vegetation), at tMld scale, abundance of Jucar nase increase with
medium-coarse substrate, like other fish speciast(Set al, 2004; Gosseliret al, 2010). This
species feed mainly by scraping on periphyton,etioee medium and coarse substrate is positive
for the feeding. A coincidence between microhatatad HMU models is that undercut banks have
a positive effect on Jucar nase habitat. Theseltsesudicate the positive feedback and the
importance of complementing microhabitat with mesale studies, providing synergies for future
applications in mitigation measures and speciesawation. As some studies have remarked, the
use of models based on multiple spatial scaleseoiaipn single-scale analyses (Oldsral, 2006),
what suggest lines of future model developmentshisrendangered fish. “How much water does a
river ecosystem need?” remains a challenging queshat requires understanding of the direct and
indirect interactions between flows and biota auee and space (Petts, 2009).

The differences between the natural flow regime thredactual regulated regime were noticeable;
however, the lack of more data about the natucal flegime, before the dam construction (e.g. in
dry and wet years) was a source of uncertaintyhia analysis. The natural flow regime only
represents one year, while the regulated flow regiepresents the average of the last 10 years (4
wet, 2 intermediate and 4 dry years). In our opinine uncertainty in the natural flow regime is
high and the data could fail in demonstrating tha natural regime in the river. This can be the
reason to find better results (in estimated fishnalance) with the actual regulated regime. This
problem suggest the possibility of correcting tb&lt water resources in the regimes evaluated, to
make a more reliable comparison, focused on the [flattern and not in the total amount of water.
For example, a synthetic annual hydrograph imitathre natural regime could be generated with
the same seasonality (proportion of flow rate o maanual flow), but with the mean annual flow
determined in the regulated regime of the last decalowever, the actual flow regime seems to be
inadequate to Jucar nase, because the actual nmmfiow does not allow river connectivity, and
the dam release is maximum from April to Septembkerefore, while natural flow regime had the
maximum flow in February and the minimum during themmer, in the regulated regime the
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maximum occurs during and after the period of fiskching, which could produce negative effects;
for example, the drag of nests and fry fish, and tionsequent reduction in the recruitment
(Humphies and Lake, 2000). It may also producerpézature decrease in such period, influencing
on fish growth (Cowet al, 1989; Harbyet al, 2009). However, the present analysis with habitat
suitability models did not allow the evaluationtbbse effects.

The two flow regimes evaluated as mitigation measyroduced an increase of the minimum flow
in relation to the actual regime, approaching t@ke more similar to other Mediterranean rivers.
For example the river Segura in Spain, with a maarual flow of 4.28 is?, required a minimum
environmental flow of 4 is! downstream a large dam (Segura River Basin ManageRlan of
1998), in a heavily regulated basin (Belreaal, in press), even though they were calculated ¢pkin
into account the needs of water for irrigation &ndhan consume.

The comparison of the mitigation measures indicdéited, most of the time, the suitability of the
flow rate for the Jacar nase as a whole (small€ldigh) is ten times larger in the two regimes
proposed, in relation to the actual flow regimer Both environmental-friendly regimes the total
fish density is very similar (10 ind. per meterytinot the monthly variation. In the first
environmental regime, fish density of small andyéafish show a rapid fall in February, due to the
maximum flow. These flows have a ‘cleaning’ effect the river substrate (Naespé al, 1995;
Wescheet al, 1987) and the temperature decrease derivedeskthigh flows have the effect of
instigating the migration and reproduction of tlyprinids (Cowxet al, 1989; Harbyet al, 2009).
This flow regime with the same monthly evolutiorelse to be the best alternative. Although the
second alternative can be considered an enviroraii@ndly regime, because it meets the basic
recommendation of the minimum environmental flonwshHows the same monthly flow variation of
the actual regulated regime, as well as the mineséimated habitat suitability or fish density in
April (both small and large fish), when the fistpreduction occurs. This indicates that, in less
proportion than the actual regime, in this proposedronmental regime the drag of nests and fry
fish, and the consequent reduction in the recruitmmuld degrade the fish population, as
mentioned above. As a general comment for thisyaiglthe evaluation of the flow regimes with
models based on hydromorphological units was usahd the presentation of the models in this
article provides the possibility of future evalwais with new mitigation measures.

The studies on habitat suitability criteria, comsidg different scales, are essential for the
implementation of environmental flow regimes in ukded rivers, and for the conservation of

endangered species with scarce information. Thidystndicates that the synergy of models at
different scales can improve the comprehensiomefiriteractions among fish and habitat features.
Furthermore, in order to assess the effects of regulation in the actual framework of European
water management, it is very important to implemant eco-hydromorphological approach,

integrating ecology (relations fish-habitat at theale of microhabitat and hydromorphological

units), hydrology and fluvial geomorphology (Vaugte al, 2009).
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