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ABSTRACT

The spatio-temporal use of the riffle-pool sequence in a natural salmonid brook was
studied by day and night for one year on brown trout (Salmo trutta L.), bullhead (Cottus
gobio L.), European minnow (Phoxinus phoxinus L.) and stone loach (Barbatula barbatula L.).
Young-of-the-year brown trouts were more numerous in riffles in spring, whereas older trouts
chose pools. A diel pattern of habitat use between riffle and pool was observed for one-year-old
individuals, who moved towards riffle during daylight in summer and early fall. Seasonal
variations in trout densities were related to movements at a large spatial scale before and after
the spawning period. Bullhead preferred riffles to pools, especially young-of-the-year
individuals, even if this preference decreased during ontogenesis. On the contrary, minnow
chose pools throughout the year and seemed to leave the riffle-pool sequence for spawning,
whereas no preference was observed for loach except for riffle during the spawning period.
Results and an approach to the functional role of the riffle-pool sequence in lowland salmonid
brooks are discussed.

Key-words : brown trout, bullhead, European minnow, stone loach, salmonid brook,
riffle-pool sequence, spatial heterogeneity, diel preferences, seasonal preferences, functional
habitat.

VARIATIONS JOURNALIERES ET SA‘ISONNI‘ERES’D’UTILISATION DE L'HABITAT
PAR LES POISSONS EN RUISSEAU A SALMONIDES : UNE APPROCHE DU ROLE
FONCTIONNEL DE LA SEQUENCE RADIER-PROFOND.

RESUME

La succession radier-profond constitue le principal élément d’hétérogénéité
géomorphologique en petits cours d’eau a truites peu pentus. Ces deux faciés présentent des
caractéristiques d’écoulement radicalement différentes qui supposent des conditions d’habitat
elles aussi trés différentes. Dans ce travail, I'utilisation spatio-temporelle de la séquence
radier-profond a été étudiée de jour et de nuit tout au long de I'année pour les espéces les plus
souvent rencontrées dans ce type de ruisseau, & savoir : la truite (Sa/mo trutta L.), le chabot
(Cottus gobio L.), la loche (Barbatula barbatula L.) et le vairon (Phoxinus phoxinus L.). Les
juvéniles de truite de I'année occupaient préférentiellement les radiers (au moins au printemps)
alors que les truitelles d’au moins 1 an ont montré un net choix pour le profond. Les
compartiments radier et profond ont été utilisés différemment au cours du nycthémere par les
truitelles d’un an, dont une partie se déplacait vers les radiers le jour en période estivale. Les
fluctuations saisonniéres de densités ont été expliquées par des différences de recrutement

Article available at http://www.kmae-journal.org or http://dx.doi.org/10.1051/kmae:1997005



http://www.kmae-journal.org
http://dx.doi.org/10.1051/kmae:1997005

Bull. Fr. Péche Piscic. (1997) 346 : 573-588 — 574 —

annuel et des mouvements de population avant et aprés la reproduction. Le chabot préférait le
radier au profond, cette préférence était trés marquée pour les plus jeunes individus puis
s’atténuait au cours de I'ontogenése. Au contraire, le vairon a nettement préféré le profond et
aucun changement n’a pu étre mis en évidence ; cependant, les faibles densités en juin étaient
probabiement liées a des déplacements hors secteurs pendant la reproduction. La loche quant
a elle était répartie a part égale entre les deux types de faciés, sauf en juin ot sa préférence
pour le faciés radier était probablement liée & la recherche d’un habitat de reproduction.
L’'analyse éco-éthologique des résultats obtenus dans ce type de milieu permet d’approcher le
réle fonctionne!l de la séquence radier-profond a trois des échelles biologiques de la structure
des ichtyocénoses : peuplement, population et individu.

Mots-clés : truite fario, chabot, vairon, loche, ruisseau, séquence radier-profond,
hétérogénéité spatiale, préférences journaliéres, préférences saisonniéres, habitat fonctionnel.

INTRODUCTION

Natural salmonid streams provide a large set of physical habitat conditions for the
development of aquatic fauna, and fish usually inhabit most available habitats. The stream fish
community is generally composed of benthic and nectonic species exhibiting different habitat
preferences and segregated according to water depth, velocity and substratum size gradients
(GRIFFITH, 1972 ; JONES, 1975 ; BAGLINIERE and ARRIBE-MOUTOUNET, 1985 ; GLOVA and
SAGAR, 1993 ; GIBSON et al, 1993). Spatial heterogeneity and physical framework are
therefore important factors in describing stream fish habitat. In their review, NIEMI et al. (1990)
concluded that the loss of habitat diversity due to physical alterations of the stream channel was
the most common impact associated with long recovery times for fish populations. From
FRISSELL et al. (1986), physical habitat in streams can be defined as hierarchically nested
subdivisions, from the largest scale of the entire river basin and drainage network, to the
smallest microhabitat scale which refers to point conditions in the channel. At a median and
local scale, an important source of physical habitat heterogeneity depends on
geomorphological processes in the stream channel. The channel type, width and slope,
combined with flow obstructions in the stream bed (blocks or coarse woody debris), generate
particular hydraulic conditions that favour scour and depositional processes. These general
mechanisms contribute to the formation of channel geomorphic units, also called habitat types,
defined as areas of relatively homogeneous depth, velocity and substratum characteristics.
Applications in fishery management have led to the proposal of several classifications of habitat
types (BISSON et al., 1982 ; FRISSELL et al., 1986 ; MALAVOI, 1989 ; BRYANT et al., 1992 ;
HAWKINS et al., 1993 ; JOWETT, 1993 ; RABENI and JACOBSON, 1993). In spite of variability
between observers when naming habitat units (ROPER and SCARNECCHIA, 1995), two basic
units correspond to the commonly used terms « riffle » and « pool », a general level of resolution
that segregates shallow fast-flowing and deep slow-flowing habitats. In most alluvial valieys, the
riffle-pool sequence is a natural habitat feature of the river channel that occurs regularly (see
BISSON and MONTGOMERY, 1996 for synthesis). Therefore, the riffle-pool sequence as an
entire habitat unit could be of great interest for fishery biologists.

In a one-year study, we evaluated diel and seasonal variations in riffle and pool utilization
by fish in a typically alluvial salmonid brook in Brittany, France. Two questions were examined
in detail : 1- How is the fish community (species and life stages) divided between riffle and pool
habitats ? 2- Are there temporal changes (diel or seasonal) in their habitat type preference (riffle
or pool) ? The role of the riffle-pool sequence as a functional habitat feature for fish in salmonid
streams and management implications are then discussed.

STUDY SITE

The study was conducted in 1995-96 in the Kerlégan brook, a tributary of the Scorff river,
Brittany, France (Figure 1). Its total length is 7.2 km and it drains an area of 20.4 km2. The mean
gradient is 13 m.km-! and the bottom substratum is mainly gravel-sand, which corresponds to
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the « peol-riffle reach » according to BISSON and MONTGOMERY’s stream classification
(1996). Brittany has a temperate oceanic climate, and mean daily water temperatures recorded
in the brook varied from 17°C (Aug-95) to 5.5°C (Dec-95). Minimum (Jun-95) and maximum
(Sep-95) monthly precipitations were 10 mm and.180 mm, respectively. As in most salmonid
rivers in Brittany, the development of macrophytes (especially Ranunculus spp) also contributes
to seasonal modifications on channel:hydraulics (HAURY and BAGLINIERE, 1996). Carex (Carex
paniculata) forms the most frequent bankside emergent vegetation and is essentially distributed

along pool margins of the brook.
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Figure 1
Map of the study site.

Figure 1
Carte du site d’étude.

MATERIALS AND METHODS

Four surveys were conducted in June 1995; October 1995, January 1996 and April 1996.
In the kilometre before the confluence with the Scorff river, three similar riffle-pool sequences
spaced 50 to 150 metres apart (see Table | for habitat description) were electrofished with an
AC generator (200 W, continuous output) using the removal method (DE LURY, 1851). In order
to compare day and night densities in the same sequence, in each season, two sequences
were electrofished by day (at least 3 h after dawn) and one by night (at least 3 h after dusk).
Two weeks later, an inversed sampling {(one-unit by day, two units by night) was performed. At
night, the sampling-area- was lit with a 500, W halogen spot light. There was no electrofishing
during full moon nights. A special dipnet design (mesh 3 mm) pre-positioned across the channel
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and above the water surface made it possible to partition each sequence in closed riffle and
pool habitats synchronously without wading just before electrofishing. When riffles and pools
were closed, an operator carrying a 30 cm ring anode waded from the downstream 1o the
upstream end of each sequence. Two other people netted fish with 20 cm ring net handles
(mesh 3 mm) and special 60 cm semi-circular section net handles (mesh 3 mm) held flat against
the bottom in the riffle. All fish caught were anesthetized (phenoxyethanol), measured (nearest
mm) and then released inside the habitat type where they were caught. Each trout was
individually marked with a miniature Passive Integrated Transponder (PIT), and scales were
sampled to determine age in the laboratory.

Age structure in non-salmonid populations was evaluated by graphic analyses of modes
in body length frequencies (BHATTACHARYA, 1967). Mean population densities in pool and riffle
were estimated for day and night samples by the CARLE and STRUB method (1278) using
Microfish 3.0 software (VAN DEVENTER and PLATTS, 1989). Hypotheses about differences in
day and night use of riffle and pool were tested with non parametric Wilcoxon-Mann-Whitney
tests (WMW test).

Table |
Mean riffle and pool characteristics and seasonal habitat variations in the three riffle-pool
sequences studied.

Tableau |
Caractéristiques mésologiques moyennes et variations saisonniéres sur les trois séquences
radier-profond de I'étude.

RIFFLE POOL
Total length (m) 24 26
Jun. 95 2.9 2.8
Mean width (m) Oct. 95 2.4 2.7
Jan. 96 3.1 2.9
Apr. 96 3.1 29
Mean surface area (m’) 69 73
Jun. 95 8.6 27.2
Mean depth (cm) Oct. 95 7.1 24.2
Jan. 96 225 41.7
Apr. 96 15 33
Jun. 95 23 8
Mean velocity Oct. 95 14 5
(cm.s™) Jan. 96 5] 27
Apr. 96 20 8
Jun. 95 gravel silt - sand
Bottom substrate Oct. 95 and silt - sand
(Wentworth scale) Jan. 96 small sand-gravel
Apr. 96 cobbles sand-gravel
Jun. 95 83 25
Macrophyte Oct. 95 42 8
cover (%) Jan. 96 33 25
Apr. 96 75 25
Jun. 95 58
Stream flow (1.s™) Oct. 95 28
Jan. 96 335
Apr. 96 85
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RESULTS

A total of 11 species were caught on each sampling date. Roach (Rutilus rutilus L.), dace
(Leuciscus leuciscus L.), gudgeon (Gobio gobio L.}, Atlantic salmon (Salmo salar L.) and eel
(Anguilla anguilla L.) were minority species..Numerous juveniles of sea (Petromizon marinus L.)
and brook (Lampetra planeri Bloch) lamprey had buried themselves into the silty habitats of
pools, and so inadapted electrofishing precluded correct estimations of their population
densities. Bullhead (Cottus gobio L.}, European minnow (Phoxinus phoxinus L.), stone loach
(Barbatula barbatula L.) and brown trout (Sa/mo trutta L.) represented over 90 % of all individuals
caught during the four surveys. These were then more precisely investigated. For each survey,
no significant difference was found between the total number of fish caught during the first and
the second electrofishings which took place two weeks later (p>0.10, WMW test). This indicates
that there was no influence of successive electrofishings on species population densities.

Builhead

Bullhead was the most numerous species in the brook, and represented 57 % of all
individuals caught during the entire experiment. No diel difference was observed in its
distribution within the riffle-pool sequences (Figure 2). Densities in the pool were constant and
significantly lower (1 ind/m?) than in riffle (p<0.05, WMW test). On the contrary, densities in riffle
varied from 6 ind/m? (Oct-95) to 1.5 ind/m? (Jan-96) over the year. These differences were related
to demographic changes within the population. Three life stages were clearly identified by body
length frequency analysis (Figure 4) : young-of-the-year (0*), one-year-old (1*) and;older fish (>1).
0+ appeared in electrofishing samples in Jun-95, but densities were probably underestimated
because of their small body size (20 mm on average). After a first summer, their mean body size
was 38 mm (Oct-95) making them easier to catch. This explains why the highest densities of
bullhead were estimated in riffles in Oct-95 (6 ind/m?), 58 % of which were 0*. More than 90 %
of all 0+ electrofished came from riffles. During winter, densities strongly decreased for all life
stages (1.5 ind/m? in Jan-96). The 0* still represented 55 % of the total population, but their
choice for riffle habitat was less marked (78 %). In spring {(Apr-96), 32 % of the new one-year-old
cohort was caught in pools, which corresponded to the proportion of the total population that
was electrofished in pools. Growth almost stopped during winter, as shown by the mean body
size in Apr-96 (39 mm). For older bullheads, mean body sizes showed little increase from
summer to winter (from 47.5 to 49.8 mm and from 64.5 to 65.6 mm for 1+ and >1, respectively),
suggesting a higher growth rate in spring for this species.

Minnow

No diel difference was found in the distribution of minnow within the riffle-pool
sequences (Figure 2). Unlike bullhead, minnow densities were always lower in riffles (from
0 ind/m? in Jun-95 to 0.4 in Apr-96) than in pools, and this was significant in Oct-95, Jan-86 and
Apr-96 (p<0.05, WMW test). However, densities in pools varied from less than 0.1 ind/m? (Jun-95)
to 2 ind/m? (Oct-95; over the seasons. Like for bullhead, these differences were related to
demaographic changes within the population. Only the young-of-the-year cohort {0*) was clearly
identified from analysis on body length frequencies. 0* appeared in the Oct-95 sampling and
represented only 32 % of the minnow population (Figure 4). Their mean body size was 30 mm
and it was not clear whether the electrofishing had been efficient or not. No 0* was caught in
Jan-96, and their growth almost stopped in winter as shown by their mean body size in Apr-96
(33 mm) when 29 % of minnow caught were 0*. No 0* and only a few older individuals were
electrofished in Jun-95 (Figure 2).

Stone loach
Stone loach densities were globally lower than those of bullhead and minnow (Figure 2).

No significant habitat choice was recorded, except in Jun-95 when densities were highest in
riffle (0.5 ind/m2) and lowest in pool (0.1 ind/m2). No die! difference was found in the distribution
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Figure 2
Diel and seasonal densities estimated in riffle and pool for bullhead, minnow and stone loach.
Blank and hatched bars represent daylight and night samplings, respectively. Horizontal lines
represent a 95 % confidence level for estimated populations (p<0.05, Student t distribution).
Statistical differences in densities between riffle and pool, by day and night, are estimated by non
parametric Wilcoxon-Mann-Whitney tests (* : p<0.05 ; ** : p<0.01).
Figure 2

Estimations journaliéres et saisonniéres des densités en radier et en profond pour les chabots,
vairons et loches. Les barres blanches et hachurées représentent les échantillonnages de jour
et de nuit, respectivement. Les traits horizontaux représentent les intervalles de confiance a
95 % (p<0,05, distribution t de Student) des densités estimées. Les différences statistiques de
densités calculées entre radier et profond, de jour et de nuit, sont évaluées par des tests non
paramétriques de Wilcoxon-Mann-Whitney (*: p<0,05; ** : p<0,01).

of stone loach within the riffle-pool sequences. Unfortunately, the small amount of individuals
caught per season meant that a correct analysis of cohorts in body length frequencies was not
possible.

Brown trout

Three age classes were identified for brown trout by scalimetric analysis : young-of-the-
year (0*), one-year-old (1*) and older fish (>1). Three-year-old trouts represented 21 % of >1
caught for all sampling dates. During the year, mean size-class for 0* ranged from 28 mm after
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Figure 3

Diel and seasonal age-classes densities for brown trouts estimated in riffle and pool (see Figure 2
for explanations).

Figure 3
Estimations journaliéres et saisonniéres des densités de truites en radier et en profond par
classes d’age (voir Figure 2 pour plus de détails).

emergence to 85 mm in their first winter, from 103 mm to 138 mm for 1+, and from 164 mm to
185 mm for >1 (Figure 4). Analysis of the seasonal evolution in fork length for individually marked
and recaptured 1+ and >1 trouts showed that individual mean growth was high in summer and
stopped in fall and early winter except for one trout (Figure 5). Thereafter, mean body size
increased from winter to spring.

The'trout'population mainly comprised 1+ fish from Jun-95 to Jan-96 (Figure 3). In 1995,
recruitment was very low because of an exceptionally high flood (one per hundred years) during
the winter 1994-95. However, the 1996 recruitment was much better and consequently,
densities of 0" were high in Apr-96 samples. For this period, soon after emergence, O* were
significantly more numerous in riffle (p<0.05, WMW test). The 1* cohort significantly preferred
pools from Jun-95-te:Jan-96 (p<0.05, WMW test), whereas no preference between the two
habitat types was observed in Apr-96. Older trouts (*1) showed the same tendencies as 1+, even
if results -were not statistically significant. Significant diel differences in 1+ trout distributions in
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Seasonal variations in age structure for bullhead, minnow and brown trout populations (dark
bars), and in mean body sizes for each age class. Vertical lines represent standard deviation (SD).

Figure 4
Variations saisonniéres de la composition des populations de chabots, de vairons et de truites
selon les classes d’age (barres noires), et des longueurs moyennes pour chaque classe d’age.
Les traits verticaux représentent les écarts types autour de la moyenne.

riffle were recorded in Jun-95 and Oct-95. For this period, almost all trouts were in pools at night
while they used both riffles and pools during daylight. This was significant for 1+, but >1 trouts
showed the same temporal pattern.

Analysis of individually marked trouts indicated that 49 % (Jun-95) and 61 % (Oct-95) of
fish caught during the first electrofishing were recaptured two weeks later in the same riffle-pool
sequence (Figure 6). This riffle-pool fidelity dropped in winter (22 % in Jan-96) and then
increased again in spring (30 % in Apr-96). This general pattern was also confirmed in riffle-pool
fidelity between seasons.
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Seasonal variations in fork length for individually marked and recaptured trouts. Light lines
represent individual growth, heavy lines mean value.

Figure 5 .
Variations saisonnieres de la longueur fourche des truites marquées et recapturées lors des
différentes péches. Les traits fins représentent la croissance de chaque individu, les traits épais
la croissance moyenne.
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Figure 6
Percentage of individually marked and recaptured trouts in the same riffle-pool sequence two
weeks apart for each season (dark bars), and between seasons (horizontal lines).

Figure 6
Pourcentage de truites marquées et recapturées dans la méme séquence radier- profond a deux
semaines d’intervalle (barres noires), et d’'une saison a l'autre (traits horizontaux).
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DISCUSSION

Bullhead, minnow, brown trout and stone loach are widely distributed along the
longitudinal axis in streams in Brittany (OBERDORFF and PORCHER, 1992). In the Scorff river
basin, sympatric populations of these species can occur in the main river (BAGLINIERE and
ARRIBE-MOUTOUNET, 1985) and in tributaries, where they are the predominant species with
eel (BAGLINIERE, 1979). Some field and experimental studies have been concentrated on the
potential overlap of diets and/or habitat requirements (MAITLAND, 1965 ; MANN and ORR,
1969 ; LIEN, 1981 ; NEVEU, 1981 ; BALTZ et al., 1982 ; WELTON et al., 1983 ; GLOVA, 1987 ;
BROWN, 1991), but little is known about the temporal aspect of habitat use. On a seasonal
scale, habitat shifts are closely related to the life history of species, like ontogenetic changes in
habitat requirements (ELLIOTT, 1986 ; BAGLINIERE et al., 1989 ; BALTZ et al., 1991 ; SEMPESKI
and GAUDIN, 1995 ; KOCIK and TAYLOR, 1996), spawning (BAGLINIERE et al., 1987 ; MEYERS
et al., 1992) and overwintering migration (CUNJAK and POWER, 1986 ; SWALES et al., 1986 ;
BROWN and MACKAY, 1995), whereas diel habitat shifts usually correspond to circadian
rhythms of resting and feeding activities (CAMPBELL and NEUNER, 1985 ; KWAK et al., 1992 ;
HEGGENES et al., 1993 ; ROUSSEL and BARDONNET, 1996).

Seasonal changes in densities

For bulthead, the decrease in winter did not affect the structure of the population and the
respective percentages of each age class. The density of 1* and older individuals in April 1996
is similar to those observed in June 1995. This would indicate that a high winter mortality (more
than 50 %) affects the bullhead population. in April 1996, the 0* cohort is still missing in
electrofishing samples, but their catchability is probably null because of a total body length of
less than 10 mm after hatching (SMYLY, 1957). In trout, the decrease recorded in January for
the 1994 cohort (1*) can be explained by the general pattern of upstream spawning migration
(which includes 1* mature individuals), as described by BAGLINIERE et al. (1987). Thereafter,
there is a small increase in April 1996 for the 1995 cohort density (the new 1+ cohort). This
re-equilibrium in 1* densities in the low part of the brook could be the result of a downstream
movement from the upper part of the brook initiated in the previous autumn by 0, as studied
by BAGLINIERE et al. (1989) in another tributary of the Scorff river. For minnow, a winter
decrease was also observed, with 0* individuals absent from electrofishing samples. According
to diving observations in Kerlégan pools (ROUSSEL and BARDONNET, unpublished data),
0" minnow may exhibit a strong winter concealment in carex fine roots along pool margins. This
makes catching them by electrofishing very difficult, because of their quiescent behaviour and
the low water temperature. Thereafter, the increase in densities in April 1996 is related to the
re-appearance of 0* in samples. During the breeding period, very few individuals were caught in
June 1995. Minnow is a lithophil species that breeds on gravel bars (BALON, 1975). Such
spawning areas are characterized by shallow, swift waters (PONCIN, 1996). Because of the high
density of spawning shoals, their space partition on spawning areas is very patchy and possibly
none of them was present in the sampled areas. For loach, the decrease in density in January
and April cannot be explained by population dynamics since densities were too low to identify
age classes.

Habitat type choice
Minnow

According to the literature, habitat preferences in European minnow depend on stream
size. On a 15 m width station in the Scorff river, BAGLINIERE and ARRIBE-MOUTOUNET (1985)
observed that densities of minnow in October were the highest in shallow and lotic habitats
(about 20 cm depth and from 20 to 40 cm/s). Under similar conditions in the river Nivelle
(France), NEVEU (1981) hypothesized that they avoided the deepest habitats (more than 50 cm
depth) because of the presence of predators. The increased use of shallow habitat by minnow
under predation risk has been recently pointed out under experimental conditions (EKLOV et a/.,
1994). However, results on small streams (less than 6 m width) showed that minnow usually
inhabit the deepest (more than 30 cm) lentic areas (MAITLAND, 1965; JONES, 1975;
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BAGLINIERE, 1979). This corresponds to a preference for pools, as observed in Kerlégan brook
for all life stages. The minnow’s affinity for cover and shelter structures, especially for coarse
woody debris (NEVEU, 1981), macrophytes (LIEN, 1981 MASTRORILLO et al., 1996) or stony
bottom substrate (JACOBSEN, 1979 ; BAGLINIERE and ARRIBE-MOUTOUNET, 1985), has
often been reported by authors. Along the pool margin in the Kerlégan brook, over hanging
carex provides a large amount of overhiead cover and shelter (underbank, fine roots).

Stone loach

As many loaches were found in pools as in riffles, except in June. This wide distribution
in different habitat types was also noted by MAITLAND (1965) and ZWEIMULLER (1995) in
lowland brooks, even if MAITLAND noticed a slight preference for pools. However, JONES
(1975) observed a marked preference for riffle or run (depending on the stream studied), with in
all cases the lowest densities in pools. Contradictions in the literature about loach’ habitat use
are common and difficult to clarify. The stone loach is a very discreet species and little is known
about its habitat requirements. Despite its strong association with the bottom ‘as a benthic
species, SMYLY (1955) did not find any preference for sandy, gravelly and muddy bottoms. The
use of shelter during daylight has been described by BURDEYRON (1981), and stone loach did
not seem to need any specific structures to exhibit this behaviour since they are able to bury
themselves in the sandy bottom. BURDEYRON (1981) observed a seasonal displacement
towards areas with aquatic macrophytes in spring and departure at the beginning of fall, and
suggested that fish moved in spring to reproduce on macrophytes. This could explain why in
June they were more numerous in riffle than in pool, since Ranunculus spp mainly developed
on riffles (Table I).

Bullhead

Bullheads, like freshwater Cottidae in general, are morphologically adapted to hold a
position on the bottom in high velocities without energy constraints (FACEY and GROSSMAN,
1992). Depending on the study, they inhabit either fast-flowing (BAGLINIERE, 1979;
BAGLINIERE and ARRIBE-MOUTOUNET, 1985; COPP, 1992) or slow-flowing habitats
(GAUDIN, 1981 ; GAUDIN and CAILLERE, 1990). In October, almost all (90 %) young-of-the-
year individuals were electrofished in riffles. Riffles in Kerlégan brook may be attractive to
bullhead for two different reasons : the use of unembedded cobbles as shelter is well known in
freshwater Cottidae (BROWN,.1991 ; GREENBERG and STILES, 1993 ; HARO and BRUSVEN,
1994) and stone shelters are in limited number in pools (Table I). The other reason may be
trophic : indeed, PETTY and GROSSMAN (1996) reported that patchy distribution in mottled
sculpins (Coftus bairdi Girard) in large streams was constantly related to prey abundance. A
similar patchy distribution could correspond to riffle habitat in the Kerlégan brook, since riffles
are known to be higher benthos-producing areas (LOGAN and BROOKER, 1983 ; BROWN and
BRUSSOCK, 1991). The use of riffle was more pronounced in 0 fish, even if it decreased
through the seasons to reach 70 % in April, which corresponded to the total population
proportion in riffle. GREENBERG (1991) reported that small benthic fish avoided deep habitats
because of a higher predation risk. As they grow, bullheads become less and less vulnerable to
fish predation, and at the same time are able to eat larger prey (ANDREASSON, 1971). A shift
in feeding habits could lead them to explore deeper habitats. It is then possible that the slight
seasonal decrease in preference from riffle nursery areas towards pool habitats may result from
a progressive drop in predation risk associated with a change in feeding motivations as the fish
grow. Trophlc capacmes or the number of stone shelters could have fixed the upper density in
the pool to abolt one individual per square metre.

Brown trout

The new 0* cohort of brown trout also preferred riffle to pool. As hypothesized for
bullhead, young 0* might avoid deep areas because of the piscivorous fish predation risk
(BARDONNET and HELAND, 1994). On the contrary, 1* and older individuals were more
numerous in pool habitats for most of the time. This spatial inter-cohort segregation along the
water depth gradient has aIready been described for brown trout in other studies (BOHLIN,
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1977 ; EGGLISHAW and SHACKLEY, 1982 ; BAGLINIERE and ARRIBE-MOUTOUNET, 1985). A
shift from O riffle habitats towards deeper areas is established through the seasons, and can be
initiated from the beginning of summer (KOCIK and TAYLOR, 1996) or in winter (ELLIOTT, 1986).
It could be related to ontogenetic changes in habitat requirements. According to HARVEY and
STEWART (1991), as they grow, juvenile brown trouts may become more exposed to diving or
wading predators in shallow riffle, and so need to seek shelter in deeper pool habitats. However,
habitat change can also correspond to reaching a critical size which may limit competition or
even predation from older trouts.

The only observation of a diel use of the riffle-pool sequence came from 1* and older
trouts. During the growing season (June-October) when the highest riffle-pool fidelities were
recorded for individually marked trouts, they exhibited an increased use of riffle during daylight.
A similar movement from pool to riffle during daylight has already been shown under
experimental conditions on 1+ trouts and related to feeding (ROUSSEL and BARDONNET, 1995).
BRIDCUT and GILLER (1993) observed that trouts marked in riffles showed more movements
from these habitats than trouts marked in pools, indicating that riffles are occasional rather than
regular habitats. Habitat choice within the riffle-pool sequence could then be regarded as a
trade-off between potential energy intake and predation risk (FAUSCH, 1984 ; METCALFE et al.,
1987), since faster water in riffles is supposed to provide better drift feeding conditions than
pools, but is also considered as a more risky area.

The functional role of the riffle-pool sequence

At the riffle-pool scale, two types of temporal changes were identified. Stone loach, 0+ trout
and bullhead represented examples of seasonal changes, probably linked with a movement to
join the spawning site for loach and with ontogenesis for trouts and sculpins. The other
temporal change was diel and concerned the increased use of riffle by 1+ and older trouts during
daylight. These resuits confirm that fish habitat management in salmonid streams should not be
assessed without considering the temporal dimension of fish habitat requirements.

The riffle-pool sequence is an important habitat feature in salmonid streams providing
spatial heterogeneity to support freshwater fish development at different biological levels. At the
fish community level, it may enhance biodiversity, allowing species with different habitat
requirements to cohabit. At the population level, it authorizes age classes exhibiting different
habitat preferences to develop in adjoining habitat types. Lastly, at the individual level, it allows
the expression of daily behaviour with pools providing nocturnal resting areas for trout feeding
in riffle. For these reasons, more attention should be paid to protecting the riffle-pool sequences
and spatial heterogeneity on channel hydraulics, since habitat diversity loss appears to be the
major cause of long-term alterations in fish populations (NIEMI et al., 1990). According to the
literature, the natural dynamics of instream coarse woody debris plays an important role in
hydraulic processes associated with riffle-pool formation and stabilization of the channel in
different types of streams, including lowland rivers (GREGORY and DAVIS, 1992 ; GREGORY et
al., 1992 ; LANGFORD, 1996). Thus, the removal of instream woody debris, which is a usual
practice in French stream management, would need to be reconsidered owing to the harmful
consequences this custom has on the natural hydraulic processes that are closely related to the
riffle-pool sequence formation.
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