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Habitat selection and seasonal mobility are majonmonents of the biology of fish populations. Tiva af this
study is to characterise fish habitat use templatéwo different spatial scales (over reaches w$.235 km) for
two native rheophilic cyprinidsB@arbus barbusand Squalius cephalysand for the non-native catfislSi{urus
glanig). The study was carried out in the Upper RhéneRoharacterised by strong and rapid variatiorfftoof
and thermal regimes (caused by hydroelectric argleau power plants). Results reveal contrasted litypbi
patterns, habitat uses and home-range sizes betmai®®e and non-native fish species, but also & mger-
individual variability. At a local scale, fish mdditheir habitat selection when discharge changeselecting
"least constraining” conditions. At a larger sdhley are able to travel rapidly between their faeduhabitats.

1 INTRODUCTION

Many rivers of the northern hemisphere are heafilycted by human activity causing major changeabéo
rivers’ continuity, morphology, flow and thermalgimes [1]. Habitat selection, mobility, spatial atesnporal
distribution of fish are major elements of theipptation dynamics [2, 3, 4, 5]. However, littlfarmation is
available about the behavioral ecology of holokidtsh in large European rivers at local as wellahdarge
scale.

We evaluated, at different spatial and time scdles,habitat selection and displacement stratenfi¢®o
native species of cyprinids (barbel and chub) @mhe exotic fish species (catfish) in the artdidnydrological
and thermal conditions of the Upper Rhéne RiveBagey. The hydrological regime is influenced by lpea
power generation that generates artificial daibwfivariations (hydropeaks). The thermal regime aslified by
the warmed water discharges from a nuclear poveatt §The Bugey NPP of Electricité de France).

2 MATERIAL AND METHODS

The study reach is a 35.5-km undiverted sectiothefFrench Upper Rhéne River located north-east of
Lyon (Figure 1) between the Sault-Brénaz hydrodledacility (located upstream; Compagnie Nationdle
Rhéne - CNR) and the Jons-Cusset hydroelectriditia¢iocated downstream; Electricité De France DF.

The upstream limit (river kilometer KmO) of the dyureach is distinguished by an artificial riprapis{which
cannot be passed by boat). The downstream limit3&5) is identified by the dam of Jons. Sault-BEnand
Jons-Cusset’'s hydroelectric facilities cannot bespd by fish moving upstream and downstream passage
remains possible through the turbines or spillw@ysuclear power plant located on the right bankhef study
reach at Km 17.5 pumpsl00 m3/s to cool its four reactors and dischargasned-up water (between 7 and 10
°C warmer than the upstream water). The warm wediecharge creates a strong transversal temperature
difference between the left bank and the right Hénk].

We assessed micro-habitat selection and mobilitgjepes of barbel, chub and catfish using acoustic
telemetry. In 2009, n=5 barbel, 7 chub and 6 datfiere intensively tracked with fixed acoustic teéry
equipment to study their microhabitat (hydrauliesnperature and substrate) selection [8]. Theviiste located
every 3-4 s over 3 months in a 2 km-reach (Km168: Rigure 1). In 2010, we used an active acoustic
equipment to track n=37 barbels, 23 chubs and ifsslsas for 7 months on a weekly basis for assgssin
longitudinal home ranges and movements patterngeest preferred residence areas in a 35.5 km-resitted
in 71 500 m-sections [9] (Figure 1). Seven of tidividuals tagged in 2009 were also tracked in 2010



Local [7] and global [10] habitat availability ime study reaches were simulated by a two-dimenkiona
hydrodynamic model (average water column veloajibrated and validated at the study reach scale.
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Figure 1. The 2010 study reach of the upper RhawnerRvas located upstream of Lyon, between SaudnBrz
(KmO; 45°51'19.74"N; 5°24'23.40"E) and Jons's (Kmb385°46'4.23"N; 4°54'49.90"E) hydroelectric féas.
The main riverbed is shown within a digital elewatimodel (elevations in m) in order to illustrate section's
15-m level difference [9]. The 2009 study reach Veasted from Km16 to Km18, in front of the nuclgewer
plant.

3 RESULTSAND DISCUSSION

At the local scale, the fish tracked in 2009 madifitheir microhabitat selection when the flow chethdpy
selecting hydrodynamic conditions that were thestle®nstraining. Avoiding fast-flowing midstreambitat,
fish generally live along the banks in areas whibke dewatering risk is high. When discharge deemsas
however, they selected higher velocities but abaith dewatering areas and very fast-flowing midstrdnabitat
[11].

At large-scale the fish tracked in 2010 moved rigpitetween specific (and thus probably favoured)itads
(Figure 3). In comparison with catfish, barbel afdib demonstrated wider longitudinal home rangesyem
more and over longer distances with greater imdividual variability of behaviours [9]. Catfish Ieeted
habitats with a morphology that was little diveiesif, less sensitive to variations in flow, and witarmer water
temperature (i.e. downstream from the dischargekeoBugey nuclear power plant). Hydrodynamic desion
at 500 m-section scale showed that barbel selentadly shallow sections characterized by high vee#erface
area variability and high range of flow velocityhd selected mainly sections with high range otllepd flow
velocity. Catfish mainly selected sections chamimtel by low wetted surface area variability, warme
temperature and high range of depth and flow viloci

In the Rhéne River, the observations of movemeldagapotential preferential routes suggest that fian
memorize the bathymetry (Figure 2) but also therdwtic and thermal variations of their environmerithe
results suggest that habitat degradation is mamadang to cyprinids than catfish in large anthrogrug rivers.
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Figure 2. Movements of the catfish-#3856 duringrfdays (3, 6, 15 and 25 from left to right) in Agg2009
between Km17 and Km18. This fish always arrivedrirapstream (red dots) moving to the main release of
warm water (thick red arrow; thin red arrow indesathe secondary release of warmed water), sthged for a
few hours (grey dots) and went back in upstrearactivn (yellow dots). Time corresponding to thefadiént
steps of the daily movements are indicated in theeu left corner for each day. The bathymetry ef skudy
reach is indicated in blue (184.7 m, dark blue88.%2 m, white). Flow direction is indicated witrethlue arrow.
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Figure 3. Movements of the barbel #3289 (blue) #8848 (red) in 2010 in the Rhdne River at largdesite
time (top) and in space (bottom; see Figure 1 @i &- sections description). Color of each 500rotise
corresponds to the number of contact of fish ia Haction. Arrows indicate the main steps (withdhme
numbers in top and bottom figures) of fish’'s movatse
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