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a native Mediterranean brown trout population

Arnaud Caudron & Alexis Champigneulle

Received: 22 February 2010 /Revised: 25 October 2010 /Accepted: 27 October 2010 /Published online: 16 November 2010
# Springer-Verlag 2010

Abstract In the native range of the brown trout (Salmo
trutta L.) in Europe, the hybridization of native populations
by nonnative domesticated strains introduced by stocking is
one of the most serious threats to the long-term conserva-
tion of diversity within this species. With the objective of
conserving and restoring the native gene pool, fishery
managers are beginning to implement various management
strategies at the local scale. Nevertheless, few case studies
have been published that investigate the effectiveness of the
various different conservation strategies for native brown
trout populations. In the Chevenne Creek, a small French
mountain stream, we tested the strategy of removing
nonnative individuals by multiple electrofishing carried
out by fishery managers in order to evaluate its feasibility
and effectiveness for eliminating a nonnative population
threatening a native population. Electrofishing produced
major reductions in the nonnative population between 2006
and 2009, with 82–100% of nonnative individuals being
removed over a period of 4 years. Nevertheless, despite
multiple-electrofishing campaigns, this nonnative popula-
tion was not entirely eradicated, and some natural recruit-
ment persisted. The young of the year and subadults were
less effectively removed than the adults. The results suggest
that repeated electrofishing campaigns can be used by
managers to reduce the nonnative brown trout population
with the objective of conserving the native gene pool, but
the removal operation must be continued for at least 4

consecutive years. This strategy, which is feasible in small
streams, has to be followed by complementary operations
to allow the restoration of a new, native, self-sustainable
brown trout population.
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Introduction

The brown trout (Salmo trutta L.) displays a high level of
genetic diversity in its native range in Europe (Bernatchez
2001; Cortey et al. 2004). In France, both Mediterranean
(MED) and Atlantic (ATL) brown trout populations show a
clear genetic distinction at mitochondrial and nuclear genes
(Guyomard 1989; Bernatchez et al. 1992; Launey et al.
2003). In the French north alpine hydrographic catchment
area, which is part of the Mediterranean basin, MED
populations of brown trout are considered to be native
(Guyomard 1989; Launey et al. 2003). For more than a
century, stocking practices implemented by fishery manag-
ers have led to massive introductions of domesticated ATL
trout (Krieg and Guyomard 1985; Launey et al. 2003) into
rivers inhabited by native MED populations and conse-
quently to hybridization and to the decline of native MED
populations in this area (Guyomard 1989; Largiadèr et al.
1996).

Similar negative genetic effects of stocking with a
domesticated ATL strain on native MED populations has
been reported in several streams in the Mediterranean basin
in France (Barbat-Leterrier et al. 1989; Beaudou et al. 1994;
Poteaux et al. 1998; Berrebi et al. 2000), in Spain (Aparicio
et al. 2005; Almodóvar et al. 2006), and in Italy (Caputo et
al. 2004; Lucentini et al. 2006).
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Throughout the native range of the brown trout in
Europe, the hybridization of the native populations by
domesticated ATL strains is considered to be one of the
most serious threats to the long-term conservation of
diversity within this species (Laikre et al. 1999; Ferguson
2006).

Over the last 10 years, in relation to the multiplication of
genetic case studies, fishery administrators have become
aware of the importance of conserving native populations,
and fishery managers have begun to take intraspecies
genetic diversity into account in their management pro-
grams. Gradually, alternative management strategies are
being implemented with the aim of conserving and
restoring the native gene pool at the population level. The
tools that can be used for the conservation and restoration
of stream salmonids are (i) genetic refuges (Guyomard
1989; Allendorf et al. 1997; Araguas et al. 2009), (ii) the
elimination of nonnative fish by chemical methods (Rinne
et al. 1981; Harig et al. 2000) or their removal by
electrofishing (Moore et al. 1986; Kulp and Moore 2000;
Peterson et al. 2004), (iii) the deliberate isolation of
threatened native individuals (Novinger and Rahel 2003;
Van Houdt et al. 2005), (iv) stocking with local native
breeding stock (Cowx 1994; Waples 1999; Crivelli et al.
2000; Young and Harig 2001; Caudron et al. 2006), (v)
translocation of wild individuals (Hilderbrand 2002;
Schmetterling 2003; Caudron et al. 2009), and (vi) selective
angling (Mezzera and Largiadèr 2001).

Nevertheless, fishery managers who are also conserva-
tionists are often confronted by problems related to the
spatial distribution of both native and non-native individ-
uals. For instance, they can be confronted with an allopatric
spatial distribution, in which nonnative individuals are
located downstream and/or upstream of a river stretch
inhabited by a native population, or by a sympatric
distribution, in which nonnative and native individuals are
found together in the same stream. It is not easy for wildlife
managers and fishery managers to select the most appro-
priate conservation method adapted at each situation.
Moreover, fishery managers need to balance two different
objectives, sometimes antagonist, the angling activities and
the conservation of native populations.

In the northern French Alps area, joint studies involving
both scientists and fishery managers have made it possible
to monitor several restoration strategies for native MED
brown trout populations carried out by managers and to
evaluate their effectiveness. In the Chevenne Creek, a small
mountain fragmented stream, both ATL nonnative and
MED native populations show an allopatric spatial repar-
tition with an ATL population in the isolated upper part of
the river and a MED population located immediately
downstream (Barnetta 2005). In this situation, where the
native gene pool of the MED population is threatened by

ATL gene flow from upstream, managers decided to carry
out several restoration strategies. Since 1993, the genetic
refuge banning stocking with ATL trout was established
and the fishing activity has been prohibited since 1998. In
2006, because the ATL population persisted despite 13 years
without stocking, managers decided to carry out the
strategy of removing nonnative individuals by repeated
electrofishing. This choice was motivated by the allopatric
distribution of both ATL and MED populations and the
isolated location of the ATL trout in a short upstream
section which offered an opportunity to evaluate in situ this
practice. The goal of this action, in addition of the genetic
refuge strategy, was to stop the source of alien gene flow
from upstream, which led the introgression of the native
population located downstream.

The present publication reports data on the still poorly
investigated use of electrofishing removal of brown trout.
The aims of our study were (i) to monitor a case study of
this strategy implemented by fishery managers, (ii) to
evaluate its feasibility and effectiveness, and (iii) on the
basis of these results obtained for brown trout, together
with published results concerning other trout species, to
discuss possible in situ applications of this tool for the
brown trout in its native range in Europe.

Study area

The Chevenne Creek, a typical northern French Alpine
mountain stream, is a first-order tributary of the Dranse
d’Abondance river, a tributary of the Dranses system,
which is the second largest affluent of Lake Geneva and
belongs to the Mediterranean catchment (Fig. 1). The
Chevenne stream is 2.5 km in length and 1–4 m in width;
it ranges in altitude from 1,250 to 1,000 m and has a mean
slope of 10%.

It has the typical geomorphologic characteristics of a
middle-altitude mountain stream in the Alpine zone, with a
complex and fragmented habitat dominated by riffles,
cascades, and pools, containing many boulders and small
woody debris. The mean conductivity is 360 μS/cm, and
the average pH value is 8.2.

Several genetic studies (Bernatchez et al. 1992;
Largiadèr and Scholl 1996; Largiadèr et al. 1996; Launey
et al. 2003) have shown that the main stream of the Dranse
d’Abondance and the downstream and median parts of the
Chevenne Creek harbor a nearly pure MED populations
despite intensive stocking with domesticated ATL trout
over several decades (Fig. 1). To preserve the native MED
gene pool, fishery managers set up a genetic refuge where
stocking was stopped since 1993, and angling was
forbidden since 1998.

Genetic analysis of samples between 1995 and 2003
showed that, after a period of 10 years without stocking
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and 5 years without angling pressure, the pattern of
admixture between ATL and MED trout had not changed
significantly (from 25 to 20%), and that recent admix-
tures were still occurring in the lower section of the
upstream part of the Chevenne stream (Barnetta 2005;
Largiadèr and Champigneulle unpublished data). This
mixing can be explained by the downstream migration of
ATL trout from the isolated upper section of the upstream
part of the Chevenne, which harbors a self-sustained ATL
population, and where natural recruitment occurs. There is
some evidence that this upstream ATL population was
originally introduced by stocking: i) the stocking history
indicates that intensive stocking had taken place in the
upstream part of the Chevenne and ii) a genetic analysis
indicated that there was no detectible genetic difference
between this upstream ATL population, and the hatchery
strain that was used for stocking the Chevenne (Estoup et
al. 2000). In this situation, managers decided to remove
ATL trout by electrofishing to avoid any possibility of
introgressive hybridization for the native population
located downstream.

Materials and methods

In the autumns of 2006, 2007, 2008, and 2009, repeated
electrofishing campaigns were conducted by fishery
managers in the upper section of the upstream part of

the Chevenne with the aim of removing any non-native
ATL individuals present. This upper section, which is
780 m in length, was divided in four sectors designated
A3, A2, A1 and A0 from downstream to upstream
(Fig. 1).

Each year, the electrofishing operations were carried out
using the same battery-powered, portable, backpack elec-
troshocker (Martin Pecheur II, Dream electronique, Saint-
Germain-du-Puch, France; power source: cadmium–nickel
battery 12 V, 10 A; currents produced: rectangular pulsed
DC 400 Hz, voltage 300 V, power about 200 W; anode
diameter 30 cm).

The electrofishing was conducted by a four-person crew;
with one person doing the actual electrofishing, and two
others netting fish followed by the fourth person with a
bucket. After each electrofishing pass, a fifth person
recorded the length (to the nearest mm) and the weight
(±0.1 g) of each trout collected, while the electrofishing
crew continued with their task.

Each year, two electrofishing passes were realized in
each section. When the electrofishing passes were finished,
all the trout that had been caught were removed from the
study area.

Population density (individuals/100 m²) and biomass
(kg/ha) estimates and 95% confidence intervals were
calculated for each sector and for the entire stream using
the maximum likelihood population estimate of Carle and
Strub (1978), as recommended by Gerdeaux (1987). The

Fig. 1 Location and character-
istics of the study area. Longi-
tudinal gradient of admixture
rate between nonnative Atlantic
and native Mediterranean brown
trout along the Chevenne Creek
(according to Barnetta 2005).
Grey bar: Waterfall
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following condition stipulated by Seber and Lecren (1967)
has been checked prior to these estimations: [C1²*(C1-
C2)²]/[C2²*(C1+C2)]>16, where C1 and C2 represent the
number of trout collected during the first pass and the
second pass, respectively.

The estimates were calculated separately for three different
length classes that corresponded to young of the year (YOY,
40–89 mm), subadults (90–159 mm), and the adult spawners
(≥160 mm), respectively. The correspondences between size
classes and sexual maturation used in this study had been
validated by a previous study in the Chevenne population
(Champigneulle et al. 2003).

The effectiveness of the removal by electrofishing was
determined by the ratio of the number of trout caught, NC
(sum of the two passes), divided by the estimated total
number of trout present, NE, given by the Carle and Strub
(1978) formula. Confidence limits of 95% were also given
using the Carle and Strub (1978) formula. The time taken to
perform these removal operations each year was also
documented.

Results

Removal of nonnative brown trout

The population data of 2006 showed that a large and viable
population of nonnative ATL brown tout was still present in
the upstream section of the Chevenne Creek after 13 years
without stocking. This population had a density of 33.2
(±2.2) individuals/100 m² and a biomass of 148 (±18) kg/ha
(Fig. 2).

In all, 893 ATL brown trout were removed from the upper
part of the Chevenne by the four removal campaigns. This
operation reduced the total density by a factor of 4.2, and the
total biomass by a factor of 8.5, with 7.9 (±0.8) individuals/
100 m² and 17.4 (±2.5) kg/ha in 2009 after four removal
campaigns. During the first three removal campaigns, the total
density fell each year by a factor of about 2, but for the third
and the fourth years, the densities were similar. The total
biomass decreased markedly after the first and fourth
removals, but did not change between the second and the
third years. The spatial decrease patterns of both density and
biomass were showed some differences between the four
sections (Fig. 2).

Of the 893 trout removed, 395 (44%) were age 0
(<90 mm), 228 (26%) were adults (≥160 mm), and the rest,
270 (30%), were in the intermediate size class (90–
159 mm).

The removal efficiencies, based on the population
depletion data obtained each year, were lower for the first
year than for the next 3 years for all three categories: YOY,
subadults, and adults (Table 1).

Overall, the effectiveness of the removal of adults was
high (from 96% to 100%), which was higher than that of
YOY (from 71% to 100%) or subadults (from 50% to
100%). The estimated removals of the YOY and subadult
classes were similar (Table 1).

The estimated removal of YOY was greater in 2007 and
2009 than in 2006 and 2008 (Table 1). In the latter years,
the size class distributions showed that the fish age-0 were
smaller than in 2007 and 2009, and this may therefore be
why they were less effectively caught by electrofishing
(Fig. 3). The densities of YOY decreased greatly after the
first removal, falling from 17.6 to 4.9 individuals/100 m²,
but after the two next removals, they remained nearly
unchanged, indicating the difficulty of collecting age 0
trout.

For the subadult class, the densities were similar for the
two first removals (7.7 and 8.7 trout/100 m², respectively)
and decreased only in the third year, with 2.5 trout/100 m².
The densities of adults fell from 9.6 to 2.7 individuals/
100 m² as a result of the first removal and from 2.7 to 0.8
trout/100 m² as a result of the third removal (Fig. 3).

All these findings indicate that the nonnative ATL
individuals and also their natural recruitment had not been
entirely caught and removed after 4 years of electrofishing.

Fig. 2 Density and biomass of nonnative brown trout obtained by
maximum likelihood population estimation in the four sections and in
the entire stretch for 2006–2009. Bars show 95% confidence intervals
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According to the depletion estimates obtained in 2009, the
maximum number of trout still present after the last
electrofishing campaign can be estimated to be 33, with 6
YOY and 27 subadults.

Field time

The total time required for a two-pass electrofishing
campaign per year was 212 h (26.5 man days), spread over
4 years. The number of hours per 100 m² of stream, ranged
from 5.5 to 2.2, decreasing from 2006 to 2009. If we
assume a mean rate of 200€ per people per day, the total
cost of the operation carried out in the Chevenne over a
period of 4 years can be estimated at about 28,000€ per km
or 1,500€ per 100 m² of stream treated.

Discussion

Failure of the genetic refuge strategy implemented alone

The initial population data of 2006 revealed the presence of
a self-sustaining nonnative ATL brown trout population
with high density and biomass despite a stocking-free
genetic refuge that had been established for 13 years. Our
results indicate that this “no stocking” strategy failed to
reduce the nonnative ATL populations in the upper part of
this stream, which threatened a native MED brown trout
population downstream (Barnetta 2005). These results are
consistent with those obtained for MED brown trout in
several other rivers in the Mediterranean catchment area.
Indeed, Poteaux et al. (1998) showed in a southern French
river that this strategy was not efficient to collapse the
introgression of the MED native gene pool by domesticated
ATL strain. Araguas et al. (2008, 2009) in MED popula-
tions in the Eastern Pyrenees did not detect genetic
differences in the samples before and after the establish-
ment of genetic refuge. Caudron et al. (2010) showed
similar results in a mountain stream of the northern French
Alps.

All those results suggest that although setting up a
stocking-free genetic refuge area is indeed a first essential
strategy for preserving the native gene pool, it is not
sufficient by itself, and other additional measures are
necessary to restore the native gene pools, and avoid
nonnative introgression from strain populations established
in some river stretches.

In the Chevenne stream, angling has been prohibited
since 1998. The absence of angling pressure may have
allowed the ATL nonnative population derived from
hatchery released trout to become better established.
Indeed, several studies in Europe (Garcia-Marin et al.
1998; Mezzera and Largiadèr 2001; Champigneulle and
Cachera 2003) have suggested that nonnative ATL brown
trout are more susceptible to capture by anglers than the
native MED brown trout. Similar results have also been
obtained for the rainbow trout (Oncorhynchus mykiss) in
USA (Dwyer 1990). Thus, selective angling pressure in the
genetic refuge area could offer a complementary tool to
limit the expansion of nonnative trout. However several
studies have demonstrated that this method does not seem
to be able to prevent the collapse of nonnative populations.
Indeed, Larson et al. (1986) showed that angling pressure
reduced the nonnative rainbow trout population in an
Appalachian stream by only about 10%. Other studies, in
the Rocky mountain creeks in Alberta (Paul et al. 2003;
Stelfox et al. 2004), have demonstrated that nonnative
brook trout (Salvelinus fontinalis) populations were highly
resilient to overexploitation, and so selective angling
exploitation was not an effective way to eliminate nonna-
tive trout populations.

In the case of the Chevenne, fishery managers decided to
assess an active method in order to stop the source of the
ATL gene flow threatening the MED native population. The
strategy of removing nonnative individuals by electrofish-
ing has been chosen because the allopatric distribution of
these two populations, and the isolated location of the
nonnative ATL trout in a short upstream section offered a
unique opportunity to evaluate this practice. Moreover, the
chemical treatment with pesticides (rotenone or antimycin

Table 1 Removal efficiency of nonnative brown trout obtained each year for the three size classes: young of the year (YOY), subadults, and adult
spawners

YOY (<90 mm) Intermediate class (90–159 mm) Adults spawners (≥160 mm)

Nc Ne (95%CI) Depletion
estimates (%)

Nc Ne (95%CI) Depletion
estimates (%)

Nc Ne (95%CI) Depletion
estimates (%)

2006 206 258 (226–290) 71–91 85 113 (100–126) 67–85 139 141 (139–144) 96–100

2007 67 71 (67–77) 87–100 122 127 (122–134) 91–100 39 39 (39–36) 100

2008 55 63 (55–74) 74–100 36 36 (36–36) 100 39 39 (39–39) 100

2009 67 69 (67–73) 92–100 27 37 (27–54) 50–100 11 11 (11–11) 100

Nc Number caught, Ne number estimated with 95% confidence intervals in parentheses
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A), although it is more efficient, less time consuming and
cheaper than multiple electrofishing (Moore et al. 2005),
was not used because the eradication of aquatic organisms
using poison is banned by the French legislation.

Mitigate efficiency of the electrofishing removal
to eliminate the introduced brown trout

No comparisons are possible for the brown trout as, as far
as we are aware, no similar removal experiments have been
published regarding the problem of two different origins
(ATL/MED) of this species. Indeed, most studies
concerning this approach have been conducted in the
western United States in order to reduce or eliminate (i)
nonnative rainbow trout in the native range of the brook

trout (Moore and Larson 1983; Moore et al. 1986, Larson et
al. 1986; Kulp and Moore 2000; Moore et al. 2005) or (ii)
nonnative brook trout in the native range of the cutthroat
trout, Oncorhynchus clarkii (Thompson and Rahel 1996;
Shepard et al. 2002; Peterson et al. 2004).

In the Chevenne stream, electrofishing removal made it
possible to reduce both the biomass and the density of the
ATL nonnative population considerably between 2006 and
2009. On average 82–100% of nonnative ATL individuals
were removed over a 4-year period. Nevertheless, despite the
multiple-electrofishing campaigns, this nonnative population
was not wholly eradicated and some natural recruitment
persisted.

Our findings for brown trout species are similar to the
results obtained in small streams for other nonnative trout
species (rainbow trout and brook trout). Thompson and
Rahel (1996) indicated a success rate of 59–100% for age 1
and older brook trout for single, three-pass electrofishing
removal efforts. Shepard et al. (2002) found that 8 years
were necessary for the total removal of brook trout. The
effective removal of nonnative trout also required intensive
electrofishing over some years (Moore and Larson 1983;
Moore et al. 1986; Kulp and Moore 2000). All the studies
published have reported lower removal efficiencies for age-
0 than for older trout. In the present study, the efficiencies
of YOY removal ranged from 71–91% to 91–100% (based
on depletion estimates), and were lower than those for
adults (≥160 mm). Furthermore, the removal efficiencies
were lower in 2006 and 2008, when the YOY were smaller,
than in 2007 and 2009. Size selectivity is a well-known
phenomenon in electrofishing surveys in several species of
fish (Junge and Libosvarsky 1965; Reynolds 1989; Dolan
and Miranda 2003), and it must be allowed if we are to
increase the success of restoration by means of electrofish-
ing removal. In the present experiment, we did not find any
difference for the removal efficiencies in YOY (<90 mm)
and subadults (90–159 mm). The difficulty of catching this
size class in the Chevenne could be explained by the
presence of complex habitat with several deep pools (up to
1.5 m deep), unclogged substrates, boulders and woody
debris. Indeed, the morphology and characteristics of the
stream, in particular habitat complexity, stream cover and
deep water all influence the efficiency of electrofishing for
removal purposes (Moore et al. 1986; Riley and Fausch
1992; Thompson and Rahel 1996; Kulp and Moore 2000;
Peterson et al. 2008).

According to all these studies, at least four consecutive
years of repeated removals are necessary to greatly reduce
or eliminate nonnative trout. Meyer et al. (2006) reported
an unsuccessful operation of brook trout electrofishing
removal over 2 years in a stream of more than 8 km of
length. Peterson et al. (2008), by simulations, showed that
even if total eradication was not possible, the maintenance

Fig. 3 Size distribution of nonnative brown trout captured in the
stretch studied during 2006–2009. For each year, the density (±SD) of
trout is shown for the three size classes, young of the year (YOY),
subadults, and adult spawner
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control of brook trout by electrofishing can help maintain
native cutthroat trout populations, but to be effective,
multiple consecutive years of suppression over at least
3 years without interruption were necessary.

In the present study, single two-pass electrofishing
removal campaigns per year for 4 consecutive years did
effectively reduce the number of nonnative ATL brown trout
but were not sufficient to eliminate them completely. Indeed,
in the Chevenne, the latest population estimates indicate that
33 non-spawner trout (<160 mm) had been missed during the
2009 campaign. According to the age–maturity relationship
and the growth in this area (Champigneulle et al. 2003;
Caudron and Champigneulle 2006), we can assume that all
adult female spawners had been removed from the study
area, so that no reproduction can have occurred during the
2009–2010 spawning period. According to Kulp and
Moore (2000), once natural recruitment has been eliminated,
the complete elimination of rainbow trout followed
within 1–2 years. This means that the elimination of
nonnative ATL brown trout from the Chevenne is
proceeding well, and that additional removal campaigns
should be carried out in 2010 and 2011 in order to catch
the last remaining nonnative ATL individuals.

Test of additional strategy to restore native brown trout
populations in the Chevenne Creek

The present results showed that two coupled methods over a
total period of 16 years, genetic refuge and electrofishing
removals, were not sufficient to eliminate the nonnative
population in the uppermost part of the Chevenne Creek.
Thus, managers decided to test a third successive intervention:
the translocation of native trout in the upper part of the river.
The goal of this direct translocation was to complement the
electrofishing removals in order to replace the upstream
nonnative ATL population. This newly founded native
population precludes the downstream alien gene flow and
should mitigate the introgression rate in the transition zone.
Only MED individuals from the downstream part of the
Chevenne stream (section showing only 1% of ATL intro-
gression) were involved in the translocation carried out in
autumn 2009, once 4 consecutive years of removal seriously
compromised the demography in the ATL population (less
than 2.2 individuals/100 m²). This approach was in agreement
with results of two other field experiments (Caudron et al.
2010; Caudron unpublished data) showing that when the
number of nonnative individuals was low in a stretch of
river, the translocation of wild fish could be efficient to
install new nearly pure native populations. It was primordial
to transfer a sufficient number of individuals, first to reflect
the genetic composition of the source population (Stockwell
et al. 1996), and second to occupy at least 10% of the
carrying capacity of the receiving site (Hilderbrand 2002). In

the present case, 105 MED brown trout of different size
classes were transferred, corresponding to about 20% of the
initial carrying capacity of the stream studied (according to
the population data in 2006). The transfer of at least 100
individuals with a wide range of age classes would increase
the probability of establishment following an introduction
operation (Minckley 1995; Fisher and Lindenmayer 2000).
The dynamics of the colonization of the upper part and the
change over time of the ATL introgression into the native
MED population located further downstream will be
monitored over time to evaluate the effectiveness of these
combined strategies in restoring the native MED gene pool
of brown trout in the whole Chevenne Creek. In addition,
electrofishing operations will continue in 2010 to remove the
remnant ATL trout. Indeed, it is possible to easily distinguish
both ATL and MED trout by external characters for the
conservation of native MED brown trout populations
(Mezzera et al. 1997; Aparicio et al. 2005).

Guidelines to use electrofishing removals in recovery
brown trout populations

Our study suggests that multiple-electrofishing removal
campaigns can be used to eradicate nonnative brown trout
populations established in the wild. Nevertheless, it is a
costly and laborious method and some recommendations
can be suggested.

First, due to the limited effectiveness of electrofishing,
successive removal campaigns have to be conducted. We
recommend to practice successive electrofishing for at least
4–5 years, with one or, if it is possible, two two-pass
electrofishing operations, one in summer and one in
autumn.

Secondly, this strategy is usable only for small streams,
ideally in a length no more than 3 km and showing no
complex habitat as deep pool or stream cover.

Thirdly, in contrast to the recommendation of Kulp and
Moore (2000) for rainbow trout, we found that early autumn/
fall (September/October) seems to be better for electrofishing
to remove brown trout, especially in a mountain stream where
growth is slow. Indeed, according to the brown trout lifecycle,
adults generally spawn in November and December, and fry
emerge between May and June. Thus, electrofishing should
be conducted in early autumn/fall, when the YOY are large
enough (>40 mm) to be immobilized by electrofishing gear
so that their catchability is greater and when spawners have
not yet spawned.

Finally, the electrofishing removal method can be used
both when nonnative and native individuals are distributed in
an allopatric manner, but it can also be used in a sympatric
situation when it is easy to distinguish visually between fish of
the different origins. For instance, this is the case for several
native lineages of brown trout in Europe which display
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morphologic and phenotype differences such as those
between the ATL and MED lineages (Mezzera et al. 1997;
Aparicio et al. 2005), between the Danubian and Marmor-
atus lineages and those between the ATL and Marmoratus
lineages (Delling et al. 2000). This removal method can also
be used in a context of the invasion of native brown trout
populations by introduced brook trout, as has recently been
reported (Cucherousset et al. 2008; Korsu et al. 2009).

Acknowledgement We would like to thank the technical team of the
Haute-Savoie Departmental Federation of Fisheries: G. Bini, L. Catinaud,
P. Huchet, and L. Vigier for their participation in the field operations.

References

Allendorf FW, Bayles D, Bottom DL, Currens KP, Frissell CA,
Hankin D, Lichatowich JA, Nehlsen W, Trotter PC, Williams TH
(1997) Prioritizing pacific salmon stocks for conservation.
Conserv Biol 11:140–152

Almodóvar A, Nicola GG, Elvira B, García-Marín JL (2006)
Introgression variability among Iberian brown trout evolutionary
significant units: the influence of local management and
environmental features. Freshw Biol 51:1175–1187

Aparicio E, García-Berthou E, Araguas RM, Martínez P, Garcia Marin
JL (2005) Body pigmentation pattern to assess introgression by
hatchery stocks in native Salmo trutta from Mediterranean
streams. J Fish Biol 67:931–949

Araguas RM, Sanz N, Fernandez R, Utter FM, Pla C, Garcia Marin JL
(2008) Genetic refuges for a self-sustained fishery: experience in
wild brown trout populations in the eastern Pyrenees. Ecol
Freshw Fish 17:610–616

Araguas RM, Sanz N, Fernandez R, Utter FM, Pla C, Garcia Marin JL
(2009) Role of genetic refuges in the restoration of native gene
pools of Brown trout. Conserv Biol 23:871–878

Barbat-Leterrier A, Guyomard R, Krieg F (1989) Introgression
between introduced domesticated strains and Mediterranean
native populations of brown trout (Salmo trutta L.). Aquat
Living Resour 2:215–223

Barnetta S (2005) Temporal admixture analysis of Atlantic and
Mediterranean brown trout in the Chevenne. Diplomarbeit der
philosophisch-naturwissenschaftlichen, University of Bern

Beaudou D, Cattaneo-Berrebi G, Berrebi P (1994) Impacts génétiques
des repeuplements en truites communes (Salmo trutta L.) sur les
populations en place: cas du bassin de l’Orb (Hérault). Bull Fr
Pêche Piscic 332:83–92

Berrebi P, Poteaux C, Fissier M, Cattaneo-Berrebi G (2000) Stocking
impact and allozyme diversity in brown trout from Mediterranean
southern France. J Fish Biol 56:949–960

Bernatchez L (2001) The evolutionary history of brown trout Salmo
trutta L. inferred from phylogeographic, nested clade and
mismatch analyses of mitochondrial DNA variation. Evol
55:351–379

Bernatchez L, Guyomard R, Bonhomme F (1992) DNA sequence
variation of the mitochondrial control region among geographi-
cally and morphologically remote European brown trout Salmo
trutta populations. Mol Ecol 1:161–173

Caputo V, Giovannotti M, Nisi Cerioni P, Caniglia ML, Splendiani A
(2004) Genetic diversity of brown trout in central Italy. J Fish
Biol 65:403–418

Carle FL, Strub MR (1978) A new method for estimating population
size from removal data. Biometrics 34:624–630

Caudron A, Champigneulle A (2006) Etats et caractéristique des
populations autochtone de truite commune identifiées en Haute-
Savoie et qualité globale desmilieux. Rapport INTERREG III A. http://
www.truites-autochtones.org/uploads/relazione_fin/011_III_Etats%
20et%20caract%C3%A9ristiques%20des%20populations.pdf.
Accessed 25 June 2010

Caudron A, Champigneulle A, Guyomard R (2006) Assessment of
restocking as a strategy for rehabiliting a native population of
brown trout (Salmo trutta L.) in a fast-flowing mountain stream
in the northern French Alps. J Fish Biol 69:127–139

Caudron A, Champigneulle A, Guyomard R (2009) Evidence of two
contrasting brown trout Salmo trutta populations spatially separated
in the River Borne (France) and shift in management towards
conservation of the native lineage. J Fish Biol 74:1070–1085

Caudron A, Champigneulle A, Guyomard R, Largiadèr CR (2010)
Assessment of three strategies practiced by fishery managers for
restoring native brown trout (Salmo trutta) populations in
Northen French Alpine streams. Ecol Freshw Fish (in press)

Champigneulle A, Cachera S (2003) Evaluation of large scale
stocking of early stages of brown trout, Salmo trutta, to angler
catches in the French–Swiss part of the River Doubs. Fish
Manage Ecol 10:79–85

Champigneulle A, Largiader CR, Caudron A (2003) Reproduction de
la truite (Salmo trutta) dans le torrent de Chevenne, Haute-
Savoie. Un fonctionnement original? Bull Fr Pêche Piscic
369:41–70

Cortey M, Pla C, García-Marín JL (2004) Historical biogeography of
Mediterranean trout. Mol Phylogenet Evol 33:831–844

Cowx IG (1994) Stocking strategies. Fish Manage Ecol 1:15–30
Crivelli A, Poizat G, Berrebi P, Jesensek D, Rubin JF (2000)

Conservation biology applied to fish: the example of a project
for rehabiliting the marble trout (Salmo marmoratus) in Slovenia.
Cybium 24(3):211–230

Cucherousset J, Aymes JC, Poulet N, Santoul F, Céréghino R (2008)
Do native brown trout and nonnative brook trout interact
reproductively? Naturwissenschaften 95:647–654

Delling B, Crivelli AJ, Rubin JF, Berrebi P (2000) Morphological
variation in hybrids between Salmo marmoratus and alien Salmo
species in the Volarja stream, Soca River basin, Slovenia. J Fish
Biol 57:1199–1212

Dolan CR, Miranda LE (2003) Immobilization thresholds of electro-
fishing relative to fish size. Trans Am Fish Soc 132:969–976

Dwyer WP (1990) Catchability of three strains of cuttroat trout. N Am
J Fish Manage 10:458–461

Estoup A, Largiader CR, Cornuet JM, Gharbi K, Presa P, Guyomard R
(2000) Juxtaposed microsatellites systems as diagnostic markers
for admixture, an empirical evaluation with brown trout (Salmo
trutta) as model organism. Mol Ecol 9:1873–1886

Ferguson A (2006) Genetic impacts of stocking on indigenous brown
trout populations. Science report: SC040071/SR, http://www.
environment-agency.gov.uk/static/documents/Business/
sc04007_120407__1804106.pdf. Accessed 06 January 2010

Fisher J, Lindenmayer DB (2000) An assessment of the published
results of animal relocations. Biol Conserv 96:1–11

Garcia-Marin JL, Sanz N, Pla C (1998) Proportions of native and
introduced brown trout in adjacent fished and unfished Spanish
rivers. Conserv Biol 12:313–319

Gerdeaux D (1987) Revue des méthodes d’estimation de l’efficacité
d’une population par pêches successives avec retrait, programme
d’estimation d’effectif par la méthode Carle et Strub. Bull Fr
Pêche Piscic 304:13–21

Guyomard R (1989) Diversité génétique de la truite commune. Bull Fr
Pêche Piscic 314:118–135

Harig AL, Fausch KD, Young MK (2000) Factors influencing success
of greenback cutthroat trout translocations. N Am J Fish Manage
20:994–1004

582 Eur J Wildl Res (2011) 57:575–583

http://www.truites-autochtones.org/uploads/relazione_fin/011_III_Etats%20et%20caract%C3%	A9ristiques%20des%20populations.pdf
http://www.truites-autochtones.org/uploads/relazione_fin/011_III_Etats%20et%20caract%C3%	A9ristiques%20des%20populations.pdf
http://www.truites-autochtones.org/uploads/relazione_fin/011_III_Etats%20et%20caract%C3%	A9ristiques%20des%20populations.pdf
http://www.environment-agency.gov.uk/static/documents/Business/sc04007_120407__1804106.pdf
http://www.environment-agency.gov.uk/static/documents/Business/sc04007_120407__1804106.pdf
http://www.environment-agency.gov.uk/static/documents/Business/sc04007_120407__1804106.pdf


Hilderbrand RH (2002) Simulating supplementation strategies for
restoring and maintaining stream resident cutthroat trout pop-
ulations. N Am J Fish Manage 22:879–887

Junge CO, Libosvarsky J (1965) Effect of size selectivity on
population estimates on successive removals with electrofishing
gear. Zool Listy 14:171–178

Korsu K, Huusko A, Muotka T (2009) Invasion of north European
streams by brook trout: hostile takeover or pre-adapted habitat niche
segregation? Biol Invasions. doi:10.1007/s10530-009-9553-x

Krieg F, Guyomard R (1985) Population genetics of French brown
trout (Salmo trutta L.): large geographical differentiation of wild
populations and high similarity of domesticated stocks. Gen Sel
Evol 17:225–242

Kulp MA, Moore SE (2000) Multiple electrofishing removals for
eliminating rainbow trout in a small southern Appalachian
stream. N Am J Fish Manage 20:259–266

Laikre L et al (1999) Conservation genetic management of Brown
trout (Salmo trutta) in Europe. Troutconcert EU FAIR CT97-
3882). http//www.dfu.min.dk/ffi/consreport/index.htm. Accessed
25 June 2005

Largiadèr CR, Scholl A (1996) Genetic introgression between native
and introduced brown trout (Salmo trutta) populations in the
Rhône River Basin. Mol Ecol 5:417–426

Largiadèr CR, Scholl A, Guyomard R (1996) The role of natural and
artificial propagation on the genetic diversity of brown trout
(Salmo trutta L.) of the upper Rhône drainage. In: Krchhofer A,
Hefti D (eds) Conservation of endangered freshwater fish in
Europe. Birkhaüser Verlag Basel, Switzerland, pp 181–197

Larson GL, Moore SE, Lee DC (1986) Angling and electrofishing for
removing non-native rainbow trout from a stream in a national
park. N Am J Fish Manage 6:580–585

Launey S, Krieg F, Champigneulle A, Guyomard R (2003) Ecotypes
sympatriques migrateurs et sédentaires de truite commune (Salmo
trutta L.): différenciation génétique et effet des repeuplements.
Les Actes du BRG 4:63–78

Lucentini L, Palomba A, Gigliarelli L, Lancioni H, Viali P, Panara F
(2006) Genetic characterization of a putative indigenous brown
trout (Salmo trutta fario) population in a secondary stream of the
Nera River basin (Central Italy) assessed by means of three
molecular markers. Ital J Zool 73:263–273

Meyer KA, Lamansky JA, Schill DJ (2006) Evaluation of an
unsuccessful brook trout electrofishing removal project in a
small rocky mountain stream. N Am J Fish Manage 26:849–860

Mezzera M, Largiadèr CR (2001) Evidence for selective angling of
introduced trout and their hybrids in a stocked brown trout
population. J Fish Biol 59:287–301

Mezzera M, Largiadèr CR, Scholl A (1997) Discrimination of native
and introduced brown trout in the River Doubs (Rhône drainage)
by number and shape of parr marks. J Fish Biol 50:672–677

Minckley WL (1995) Translocation as a tool for conserving imperiled
fishes: experiences in western United States. Biol Conserv
72:297–309

Moore SE, Larson GL (1983) Standing crops of brook trout concurrent
with removal of rainbow trout from selected stream in Great
Smocky Mountains National Park. N Am J Fish Manage 3:72–80

Moore S, Larson GL, Ridley BL (1986) Population control of exotic
rainbow trout in streams of a national area park. Environ Manage
10:215–219

Moore SE, Kulp MA, Hammonds J, Rosenlund B (2005) Restoration of
Sams Creek and an assessment of brook trout restoration methods in
Great Smoky Mountains National Park. Technical report NPS/
NRWRD/NRTR-2005/342. http://www.flyfishingforbrooktrout.
com/grsm_sams_creek_restoration_view%20Smokey%20mts.pdf.
Accessed 17 December 2009

Novinger DC, Rahel FJ (2003) Isolation management with artificial
barriers as a conservation strategy for cutthroat trout in headwater
streams. Conserv Biol 17:772–781

Paul AJ, Post JR, Stelfox JD (2003) Can anglers influence the
abundance on native and non-native Salmonids in a stream from
Canadian Rocky Mountains? N Am J Fish Manage 23:109–119

Peterson DP, Fausch KD, White GC (2004) Population of an invasion:
effects of brook trout on native cutthroat trout. Ecol Appl 14
(3):754–772

Peterson DP, Fausch KD, Watmough J, Cunjak RA (2008) When
eradication is not an option: modelling strategies for electrofishing
suppression of nonnative brook trout to foster persistence of
sympatric native cutthroat trout in small streams. N Am J Fish
Manage 28:1847–1867

Poteaux C, Beaudou D, Berrebi P (1998) Temporal variations of
genetic introgression in stocked brown trout populations. J Fish
Biol 53:701–713

Reynolds JB (1989) Electrofishing. In: Nielsen LA, Johnson D (eds)
Fisheries techniques. American Fisheries Society, Bethesda, pp
147–163

Riley SC, Fausch KD (1992) Underestimation of trout population size
by maximum-likelihood removal estimates in small streams. N
Am J Fish Manage 12:768–776

Rinne JN, Minckley WL, Hanson JN (1981) Chemical treatment of
Ord Creek, Apache country, Arizona, to re-establish Arizona
trout. J Ariz Nev Acad Sci 16:74–78

Schmetterling DA (2003) Reconnecting a fragmented river: movements
of westlope cutthroat trout and bull trout after transport upstream of
Milltown Dam, Montana. N Am J Fish Manage 23:721–731

Seber GAF, Lecren ED (1967) Estimating population parameters from
catches large relative to the population. J Anim Ecol 36:631–643

Shepard BB, Spoon R, Nelson L (2002) A native westlope cutthroat
trout population responds positively after brook trout removal
and habitat restoration. Intermount J Sci 8(3):193–214

Stelfox JD, Baayens DM, Eisler GR, Paul AJ, Shumaker GE (2004)
Quirk Creek brook trout suppression project. Wild trout VIII
Symposium, 265–275. http://classes.uleth.ca/200901/biol4500a/
Readings/Stelfox2.pdf. Accessed 17 December 2009

Stockwell CA, Mulvey M, Vinyard GL (1996) Translocation and
preservation of allelic diversity. Conserv Biol 10:1133–1141

Thompson PD, Rahel FJ (1996) Evaluation of depletion-removal
electrofishing of brook trout in small rocky mountain streams. N
Am J Fish Manage 16:332–339

Van Houdt JKJ, Pinceel J, Flamand MC, Briquet M, Dupont E,
Volckaert FAM, Baret PV (2005) Migration barriers protect
indigenous brown trout (Salmo trutta) populations from
introgression with stocked hatchery fish. Conserv Gen 6:175–
191

Waples RS (1999) Dispelling some myths about hatcheries. Fish
24:12–21

Young MK, Harig AL (2001) A critique of the recovery of greenback
Cutthroat trout. Conserv Biol 15(6):1575–1584

Eur J Wildl Res (2011) 57:575–583 583

http://dx.doi.org/10.1007/s10530-009-9553-x
http://www.dfu.min.dk/ffi/consreport/index.htm
http://www.flyfishingforbrooktrout.com/grsm_sams_creek_restoration_view%20Smokey%20mts.pdf
http://www.flyfishingforbrooktrout.com/grsm_sams_creek_restoration_view%20Smokey%20mts.pdf
http://classes.uleth.ca/200901/biol4500a/Readings/Stelfox2.pdf
http://classes.uleth.ca/200901/biol4500a/Readings/Stelfox2.pdf

	Multiple...
	Abstract
	Introduction
	Study area

	Materials and methods
	Results
	Removal of nonnative brown trout
	Field time

	Discussion
	Failure of the genetic refuge strategy implemented alone
	Mitigate efficiency of the electrofishing removal to eliminate the introduced brown trout
	Test of additional strategy to restore native brown trout populations in the Chevenne Creek
	Guidelines to use electrofishing removals in recovery brown trout populations

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


