This article was downloaded by: [Isabel Thibault]
On: 09 July 2013, At: 10:53
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Transactions of the American Fisheries Society
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/utaf20

Impacts of Exotic Rainbow Trout on Habitat Use by
Native Juvenile Salmonid Species at an Early Invasive
Stage
Isabel Thibault

a c

& Julian Dodson

b

a

Département de Biologie, Québec-Océan , Université Laval , Quebec City , Québec G1V
0A6 , Canada
b

Département de Biologie, Pavillon A-Vachon, Local 3044, 1045 Avenue de la Médecine ,
Université Laval , Quebec City , Québec , G1V 0A6 , Canada
c

Ministère du Développement Durable , de l'Environnement , de la Faune et des Parcs, 880
Chemin Sainte-Foy, 2e étage, Quebec City , Québec , G1S 4X4 , Canada

To cite this article: Isabel Thibault & Julian Dodson (2013) Impacts of Exotic Rainbow Trout on Habitat Use by Native
Juvenile Salmonid Species at an Early Invasive Stage, Transactions of the American Fisheries Society, 142:4, 1141-1150, DOI:
10.1080/00028487.2013.799516
To link to this article: http://dx.doi.org/10.1080/00028487.2013.799516

PLEASE SCROLL DOWN FOR ARTICLE
Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.
This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

Transactions of the American Fisheries Society 142:1141–1150, 2013

C American Fisheries Society 2013
ISSN: 0002-8487 print / 1548-8659 online
DOI: 10.1080/00028487.2013.799516

ARTICLE

Impacts of Exotic Rainbow Trout on Habitat Use by Native
Juvenile Salmonid Species at an Early Invasive Stage
Isabel Thibault*1
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Abstract
The detrimental impact of introduced Rainbow Trout Oncorhynchus mykiss on native communities has been well
documented around the world. Previous studies have focused on streams where the invasion has been successful and
the species is fully established. In eastern Quebec, the invasion of Rainbow Trout is an ongoing process and, for
now, there are few established populations. The presence of two native salmonids in these rivers, Atlantic Salmon
Salmo salar and Brook Trout Salvelinus fontinalis, implies a risk of competition for habitat, despite the relatively
low density of the Rainbow Trout populations, as all three species are known to use similar resources. In order to
evaluate the strength of the interaction between the invading fish and the native species, we sampled nine rivers (five
with Rainbow Trout and four free of Rainbow Trout) and characterized the habitat used by the three salmonids at
the juvenile stage. River-scale analysis revealed that in invaded rivers, Rainbow Trout were associated with habitats
characterized by closer proximity to the shoreline and by increasing shoreline cover. Estimates of habitat niche
overlap integrating depth, water velocity, and substrate size revealed that niche overlap between Brook Trout and
Atlantic Salmon significantly increased in the presence of Rainbow Trout. Furthermore, the two indigenous species
preferred full cover in the absence of Rainbow Trout but in the presence of Rainbow Trout, which also preferred full
cover, the indigenous species moved to more open habitats. Rainbow Trout showed a high growth rate, despite a size
disadvantage at the beginning of the growing season, as compared with Atlantic Salmon and Brook Trout. It thus
appears that even at an early stage of invasion, when its density is still low, Rainbow Trout significantly impact native
salmonids.

Ecological and evolutionary impacts of biological invasions
on native fauna and ecosystems are numerous (Hutchinson
1959; MacArthur and Levins 1964; Welcomme 1984; Kohler
and Courtenay 1986; Williamson 1996; Mooney and Cleland
2001), but the interspecific competition exerted by an invader is
generally the most important consequence of an alien species’
establishment (Williamson 1996), even sometimes leading to
the competitive exclusion of native species (e.g., Waters 1983;
Waters 1999; Peterson et al. 2004; Bøhn et al. 2008). As such,

biological invasions constitute one of the major contemporary
threats to aquatic biodiversity.
Rainbow Trout1 Oncorhynchus mykiss (both freshwater resident and anadromous forms) is one of the most introduced
fish species worldwide (MacCrimmon 1971; Crowl et al.
1992; Cambray 2003), and its impacts (such as competition,
predation, genetic and trophic alterations, and disease and
parasite introductions) on native fauna, including fish, amphibians, and invertebrates, are extensively documented (e.g.,
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Welcomme 1984; Larson and Moore 1985; Fausch 1988;
Krueger and May 1991; Crowl et al. 1992; Cambray 2003 and
references therein; Hitt et al. 2003; Hasegawa and Maekawa
2006; Baxter et al. 2007). In many cases, Rainbow Trout invasions result in the displacement, reduction, or even extinction
of native fish species, especially native salmonids. Rainbow
Trout is considered among the 100 most harmful invasive exotic
species (Lowe et al. 2007).
In Quebec, Rainbow Trout were introduced at the end of
the 19th century for angling purposes and subsequently intensively stocked in the southwestern part of the province. Since the
beginning of the 1980s, several decades following the first introduction, a few small established populations were documented
in eastern Quebec, well outside the stocking area (Thibault et al.
2009; Thibault 2010). Reproduction was first documented in
two rivers of the Charlevoix region (Malbaie and Du Gouffre)
in 1982–1984. No other self-sustaining populations in eastern
Quebec were observed before 2006, when the present study
documented the presence of juveniles in five rivers. It is probable that Rainbow Trout were established in these rivers several
years earlier, but their low abundance and the restricted area of
reproduction impeded detection.
In 2007 and 2008, electrofishing surveys of five established
populations in eastern Quebec revealed that the invader is
mainly restricted to tributaries, where its density remains lower
than 0.05 fish/m2 (Thibault 2010). Questions have been raised
about the potential impact of the exotic species on two native salmonids, Atlantic Salmon Salmo salar and Brook Trout
Salvelinus fontinalis, that are abundant and almost ubiquitous
(∼0.10 fish/m2; Thibault 2010) in the rivers of eastern Quebec.
Several authors have demonstrated that the habitat requirements
of Rainbow Trout are similar to that of Atlantic Salmon (Gibson
1981; Hearn and Kynard 1986; Fausch 1988) and Brook Trout
(Larson and Moore 1985; Rose 1986; Magoulick and Wilzbach
1998; Blanchet et al. 2007).
The most serious impacts of introduced Rainbow Trout on
native fish involve other salmonid species (Crowl et al. 1992).
Whereas previous studies have demonstrated the negative impacts of introduced Rainbow Trout on indigenous salmonids
once the invader is fully established (when abundant and
widely distributed), questions remain concerning if—and to
what extent—Rainbow Trout can impact native conspecifics
at an early stage of the invasion process or at low population
densities. The aim of this study was thus to obtain evidence of
potentially detrimental interactions between low-density Rainbow Trout populations and native salmonids in eastern Quebec
rivers.
Native salmonid species that inhabit the rivers recently colonized by Rainbow Trout are known to be territorial; Atlantic
Salmon being aggressive and well adapted to exploiting riffles, whereas the early emergence of Brook Trout can provide a
size advantage over Rainbow Trout of the same cohort during
the first year of life (Gibson 1981; Rodrı́guez 1995 and refer-

ences therein). In this context, sympatric native salmonids might
compete successfully with Rainbow Trout at the juvenile stage
as long as population densities of the salmonid invader are low,
thus delaying or impeding its progression and impacts and increasing the capacity of managers to restrict or eliminate the
newly established populations. On the other hand, Rainbow
Trout are known to demonstrate strong competitive capacities
(Hearn and Kynard 1986; Volpe et al. 2001; Hasegawa et al.
2004; Blanchet et al. 2007; Seiler and Keeley 2007a; Seiler and
Keeley 2007b), and young of the year have a high growth rate
related to their aggressive behavior in foraging and territorial defense (Gibson 1981; Whitworth and Strange 1983; Rose 1986).
We thus predicted that the invader may negatively interact with
native fish to such an extent that it could force them into less
preferred habitats. To test this prediction, we evaluated habitat
niche overlap among species and habitat preferences and growth
rates of each species.

METHODS
The approach we adopted here does not allow us to
directly demonstrate the presence or intensity of interspecific
competition. To do so, species presence and densities must be
manipulated (Fausch 1988), involving an inacceptable level of
intervention into protected Atlantic Salmon habitat. Rather, a
sampling plan was designed to exploit rivers characterized by
natural variations in species composition and fish densities,
allowing us to demonstrate interspecific interactions suggestive
of true competition.
Study area.—A total of nine rivers, distributed in eastern
Quebec on both shores of the St. Lawrence Estuary (Figure 1),
were sampled during the summers of 2007 and 2008. Five
rivers supported self-sustaining Rainbow Trout populations
(designated as “invaded rivers”: Malbaie, Du Gouffre, Matane,
Mechins, Tortue rivers), and the four remaining rivers were
free of the invader (designated as “noninvaded rivers”: Calway,
Petit-Saguenay, Trois-Pistoles, Sud-Ouest rivers). All rivers
supported Brook Trout populations, but Atlantic Salmon was
present in only five, including three invaded rivers (Malbaie,
Du Gouffre, Matane, Petit-Saguenay, Sud-Ouest rivers). In
general, mean densities of native fish were approximately
double that of Rainbow Trout (Thibault 2010). Since sampling
took place exclusively during the summer season, we assumed
minimal temporal variations in water temperature and in
fish distribution and habitat preferences (e.g., Vondracek and
Longanecker 1993; Sotiropoulos et al. 2006). Data obtained
from thermographs installed by the Ministère des Ressources
Naturelles et de la Faune (MRNF) in three rivers and water temperature obtained by extrapolating air temperature from nearby
meteorological stations for the six other rivers (Environment
Canada), showed that temperature ranges during sampling
periods were not significantly different among rivers (data not
shown).
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FIGURE 1. Location of the nine sampled rivers in eastern Quebec during the summers of 2007 and 2008. The four noninvaded rivers (without Rainbow Trout)
are identified by open circles, whereas filled circles represent the five invaded rivers (with Rainbow Trout).

River-scale surveys.—Sampling took place between midJune and the end of August 20072. Between 9 and 24 sites of
100 m2 were sampled at intervals of 1 km, in each river and some
of their tributaries. Fishing was done during the daytime using
portable electrofishers. Sites (ntot = 117) were sampled twice,
with a pause of 10–15 min between passes. At each site, we
noted the following: salmonid density, velocity (qualitatively),
mean depth ( ± 1 cm, from three measurements), slope (%), flow
type (channel, riffle, run), site’s position (stream’s center or near
the shores), and substrate composition (%) estimated using the
following key: sand (<5 mm), gravel (5–40 mm), pebble (40–
80 mm), cobble (80–250 mm), block (>250 mm), bed rock.
Proportions of each category were thereafter multiplied by the
median size of their own category and summed to obtain one
relative substrate size per site. We also assessed shoreline cover
(total, partial, no cover). Riparian vegetation, canopy, prominent rocks on the shore or structures overhanging the river are
examples of shoreline cover. A “total” cover means that the position of the sampling site was 80% or more covered. No cover
means there was little or no shelter at the fish location (with
the exception of riverbed substrate). A “partial” cover means
an intermediate situation between the total cover and no-cover
situations.

2The Tortue River was sampled in 2008. The river-scale survey was done
by the MRNF and the protocol differed from that used for the other rivers. This
river was thus excluded from these specific analyses. However, the smaller-scale
sampling (see below) was done in the same way in all rivers.

Sampling and habitat characterization.—Based on the abundance and composition in salmonid species observed during
river-scale surveys, three sites per river (two in Trois-Pistoles
River) were selected for further sampling (Table 1). Depending
on river width, two or three transects of 2 m × 30 m per site were
sampled parallel to the stream banks in habitats that appeared
suitable for salmonids, both near the shores and in the middle of
the rivers. Each transect was separated into 15 units of 2 m ×
2 m (hereafter referred to as 4-m2 units). Two electrofishing
passes, spaced approximately 0.5 m apart, were performed in
each unit, from side to side. Positions of each salmonid (first
sighting point) observed during each pass were identified with
a weighted, color-coded flag for each species. To minimize disturbances and maximize success of capture, fishers progressed
upstream, always staying just behind the anode. Although some
imprecision of fish position relative to habitat characteristics
may result from the disturbance of the fish by the fishers, the
restricted sampling area insured that fish positions were flagged
within at most 0.5 m of their original position. Beyond this, fish
could not have been sampled as they would have moved out of
the sampling area.
For each 4-m2 unit, we noted shoreline cover (total, partial,
no cover), mean depth ( ± 1 cm, from three measurements),
mean water velocity (m/s)3, and substrate size using a d50 index
(Guay et al. 2003). To calculate the index, we measured the
intermediate axis (β, ± 0.5 cm) of 30 particles haphazardly
3As the means used to determine water current differed between the two
sampling years, the velocity data from Tortue River were treated separately.
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TABLE 1. Features of the nine rivers sampled in 2007 and 2008 in eastern Quebec. “Invaded” rivers supported a Rainbow Trout population, whereas no Rainbow
Trout were captured in “noninvaded” rivers. For the Tortue River, density values were not determined (nd) since the area sampled was not available.

Mean density ± SE (fish/m2)a
River

Sampling
starting date

Type

Rainbow Trout

Atlantic
Salmon

Calway
Tortuec
Du Gouffre
Malbaie
Petit-Saguenay
Trois-Pistoles
Sud-Ouest
Matane
Mechins

Jun 18, 2007
Aug 7, 2008
Jul 2, 2007
Jul 9, 2007
Jul 16, 2007
Jul 23, 2007
Jul 30, 2007
Aug 11, 2007
Aug 6, 2007

Noninvaded
Invaded
Invaded
Invaded
Noninvaded
Noninvaded
Noninvaded
Invaded
Invaded

0.00
nd
0.019 ± 0.006
0.046 ± 0.023
0.00
0.00
0.00
0.026 ± 0.016
0.083 ± 0.070

0.00
0.00
0.089 ± 0.025
0.061 ± 0.028
0.183 ± 0.054
0.00
0.020 ± 0.010
0.101 ± 0.024
0.00

Sampling design

Brook Trout
0.060 ±
nd
0.033 ±
0.046 ±
0.040 ±
0.047 ±
0.390 ±
0.012 ±
0.199 ±

0.018
0.009
0.017
0.021
0.022
0.000
0.003
0.057

No. of
sites

No. of
transects

3
3
3
3
3
2e
3
3
3

5b
6d
9
9
9
6
9
9
9

a

In sites where the species was present. Based on a preliminary sampling.
In one site, we sampled a single transect of 39 units. In a second site, we sampled only two transects.
c
Presampling was done by the MRNF and no site area was available, impeding density calculation.
d
Only two transects by site.
e
One site was abandoned since very few salmonids were captured in that river.

Downloaded by [Isabel Thibault] at 10:53 09 July 2013

b

sampled across the sampling unit. A value of “0” was attributed
to sand and a value of “99” to bedrock and large blocks. The
d50 was equal to the median value of sediment size. Some sites
selected for their abundance of Rainbow Trout were resampled
in 2008 to capture additional specimens. These measures were
used to address macrohabitat use (see Niche Overlap and Habitat
Preferences sections).
All captured fish were held until sampling was completed.
Salmonids were measured ( ± 1 mm, FL). Fish of less than
175 mm were considered as juveniles (age 0–2, young of the
year being the most abundant year-class). Larger fish were assumed to be adults and thus were removed from the analysis.
Some excluded fish might have been immature, but by excluding fish greater than 175 mm, we were confident that our analyses excluded smolts (for Atlantic Salmon and Rainbow Trout
[Thibault et al. 2010]) and adults (mainly for Brook Trout), and
thus only juveniles would be considered in the analysis.
Data analysis.—To evaluate the distribution of sampling sites
relative to habitat heterogeneity within and among rivers, a principal component analysis (PCA; princomp procedure with varimax transformation [SAS 2001]) was performed using the seven
habitat variables (distance from the shore, depth, flow type, velocity, slope, shoreline cover, substrate size) measured during
river-scale surveys in eight rivers. Since there is no P-value
associated with the varimax transformation, variables significantly related to the PCA axis were identified according to the
magnitude of loadings: (1) between the two axes for a given
variable and (2) between all the variables for a given axis. In the
present analysis, a variable was considered significantly related
to the PCA axis when its loading after varimax rotation was
≥0.6.
The Tortue River could not be included in this analysis as
the large-scale sampling was conducted by the MRNF and their
measured habitat variables were not the same as those measured

in the other eight rivers. To evaluate the success of assigning
sampling sites to their river of origin (and hence the distinctiveness of rivers), we conducted a discriminant analysis (DA;
discrim procedure) performed on the eigenvalues of PC 1 and 2,
using rivers as categories. To evaluate if the occurrence of Rainbow Trout in invaded rivers (Matane, Méchins, Du Gouffre and
Malbaie) was associated with particular combinations of habitat
variables, logistic regression analyses (proc logistic, binary logit
model, Fisher’s scoring) were conducted to relate the presence
of Rainbow Trout at sampling sites quantified according to their
PC1 and PC2 scores.
Estimates of habitat niche overlap, integrating three quantitative variables (depth, water velocity, and substrate size) were
calculated using data obtained in the 4-m2 units within the 60-m2
transects. Estimates of weighted average (w) niche overlap (NO)
were calculated based on a nonparametric index developed by
Mouillot et al. (2005), NOKwt , that estimates the superposition
strength of nonparametric kernel (K) density functions for several variables (t) between two species. A detailed description of
the formula is presented in Mouillot et al. (2005). Niche overlap
indices were compared (1) two by two between each pair of
species (Rainbow Trout and Brook Trout, Rainbow Trout and
Atlantic Salmon, and Brook Trout and Atlantic Salmon) based
on samplings done in invaded rivers and (2) for native species
only (Rainbow Trout and Atlantic Salmon), according to different levels of Rainbow Trout presence (Rainbow Trout present
in the sample site versus Rainbow Trout absent from the sample site but present in the invaded river versus in noninvaded
rivers). Nonparametric confidence intervals (CI95%) were generated for each niche overlap using the bootstrap resampling
method (1,000 replicates) and the relationship between Rainbow Trout presence and the niche superposition of native fish
was analyzed using a chi-square test, followed by a Z-test in R
(Venables and Smith 2009).

IMPACTS OF EXOTIC RAINBOW TROUT ON HABITAT USE
TABLE 2. Categorization of the three quantitative variables used to calculate
the preference index.

Category

Depth (cm)

1
2

≤15.0
>15.0 and
≤21.5
>21.5 and
≤28.0
>28.0 and
≤38.0
>38.0

3
4
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Substrate
size

Velocity
(m/s)3

≤5.0
>5.0 and
≤8.5
>8.5 and
≤10.0
>10.0 and
≤14.5
>14.5

<0.24
≥0.24 and
<0.39
≥0.39 and
<0.55
≥0.55 and
<0.78
≥0.78

Habitat preference, that is habitat use according to habitat
availability (values measured in 4-m2 units), was calculated using the method of Blanchet et al. (2007), which is based on
the preference index developed by Beecher et al. (1993). The
following formula was used:

Mi =

(n i /n t )/( pi / pt )
[(n i /n t )/( pi / pt )] max


− 0.5 × 2,

(1)

where Mi is the normalized habitat index for category i, ni is the
number of samples (among all transects or sites) with fish in the
considered category, nt is the total number of specimens, pi is
the number of samples belonging to the category i, and pt is the
total number of samples. Positive values indicate preference for
a habitat category, whereas negative values indicate avoidance
of a given category. The three quantitative variables (depth, substrate size, and velocity) were each subdivided in five categories
(Table 2).
We considered that the presence of Rainbow Trout modified
the habitat preferences of native species if, for a given habitat
variable, preferred habitat categories (Mi : 0.8–1.0) of Rainbow
Trout and Atlantic Salmon or Brook Trout (in absence of the
invader) were the same and if, in the presence of Rainbow Trout,
preferred habitat categories of native fish were either actively
avoided (Mi : −1.0 to −0.8) or simply occupied proportional to
their availability (Mi : −0.25 to + 0.25).
Growth rate was evaluated for age-0 fish captured during the
entire sampling season, the most abundant year-class sampled
for all species (Brook Trout: n = 357; Atlantic Salmon: n =
674; Rainbow Trout: n = 303). Slopes of the regressions of
fish length on date of capture (35 sampling dates over a period
of 66 d) were compared two-by-two using a 2-factor analysis
of covariance (ANCOVA) (date, species, date•species) in SAS
(SAS 2001).
RESULTS
Habitat Heterogeneity and the Occurrence
of Rainbow Trout
The first principal component of the PCA conducted in eight
study rivers explained 28% of the total variance in the seven
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habitat variables and was mainly related to the proximity of
the shore and the presence of shoreline cover (Figures 2, 3A).
The second principal component explained another 21% of the
variation and was mainly related to flow type, water velocity,
and substrate size (Figures 2, 3B). Habitat heterogeneity within
rivers was so great that less than 30% of the 117 sites were
correctly reassigned to their river of origin in the discriminant
analysis (total rate of error count estimates for river: 0.712). Sites
were considered as independent samples in further analyses as
rivers could not be considered distinct based on the habitat
characteristics considered here.
Sites where Rainbow Trout were present tended to cluster
towards the positive end of PC1 and the negative end of PC2
(Figure 2), suggesting that well-covered habitats located near
the river shore with a slower and more laminar flow were preferred by Rainbow Trout. Using only the sites located in invaded
rivers (Matane, Méchins, Du Gouffre, and Malbaie), logistic
regression analysis revealed that increasing scores on PC1 significantly predicted the presence of Rainbow Trout (Wald =
5.56; DDL = 1; P = 0.018) but not so on PC2 (Wald = 2.93;
DDL = 1; P = 0.087). Rainbow Trout was thus significantly
and positively associated with habitats characterized by closer
proximity to the shoreline and by increasing shoreline cover.
Niche Overlap
Niche overlap for substrate, water velocity, and depth between native salmonids and Rainbow Trout was higher than
0.80, and tended to surpass that of the two indigenous species
(Figure 4). Niche overlap between Brook Trout and Rainbow
Trout was greater than that of Atlantic Salmon and Rainbow
Trout. In sites where Rainbow Trout was present, native species
shared approximately 80% of the habitat based on the three measured variables (Figure 4). However, in sites and rivers free of
Rainbow Trout, the niche overlap between the two indigenous
species decreased significantly (χ2obs = 4.58, Z = 2.11, P =
0.03).
Habitat Preferences
Among variables analyzed for habitat preferences, we observed a major modification in the habitat selection of native
species for shoreline cover in response to the presence of Rainbow Trout. In the absence of Rainbow Trout, Atlantic Salmon
and Brook Trout showed a clear preference for highly covered
habitats (“total” cover scored at 1), but in sympatry with Rainbow Trout, which also preferred total cover, they shifted towards
more open habitats (“partial” cover scored at 1) (Figure 5).
For all the other variables tested (distance from the shore,
depth, flow type, velocity, slope, and substrate size; results not
shown), no clear modification of habitat selection was observed
in the presence of Rainbow Trout: either native species did not
show a preference for any particular habitat category, or the selection pattern did not change in the presence of Rainbow Trout,
or a habitat change was observed but could not be associated
with the presence of Rainbow Trout.

1146

THIBAULT AND DODSON

PC2 (21%)
4
3
2
1
PC1 (28%)
0
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-3

-2
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-1
-2
-3
-4
Calway

Du Gouﬀre

Malbaie

Pet-Saguenay

Trois-Pistoles

Sud-Ouest

Méchins

Matane

FIGURE 2. Positions of sampling sites relative to the two axes of a principal component analysis based on seven habitat variables. Each river is represented by a
different symbol. Open symbols identify sites in invaded rivers where Rainbow Trout have not been captured. Filled symbols identify sites in invaded rivers where
Rainbow Trout have been captured.

Growth Rates
During their first year of life (0 + ), growth rate was similar
(F = 1.21, DDL = 1, P = 0.27) for Atlantic Salmon (0.29 mm/d
[95% CI: 0.29–0.30 mm/d]) and Brook Trout (0.26 mm/d [95%
CI: 0.24–0.29 mm/d]) but was significantly greater for Rainbow
Trout (0.46 mm/d [95% CI: 0.44–0.47 mm/d], Atlantic Salmon:
F = 27.34, DDL = 1; Brook Trout: F = 15.40, DDL = 1; P <
0.01). Despite a later emergence date, and assuming constant
growth rates until the end of the growing season, Rainbow Trout
would have almost caught up in size with both native species.
DISCUSSION
Introduced Rainbow Trout has been shown to outcompete
native salmonids where populations are well established and
in designed experiments (Seiler and Keeley 2007a; Seiler and
Keeley 2007b). But at an early stage of establishment and dispersal, when Rainbow Trout densities are low, interaction with in-

digenous species might not systematically favor Rainbow Trout.
In eastern Quebec, the Rainbow Trout invasion is an ongoing
process, and recently established populations are still at low
densities. Since two native salmonids co-occurred in the colonized rivers, these provided an ideal system to evaluate the
potential impact of the exotic species at a relatively early stage
of the invasion.
Impact of Rainbow Trout on Native Species
In invaded rivers, Rainbow Trout were positively associated
with habitats characterized by closer proximity to the shoreline
and by increasing shoreline cover. Accordingly, when considering the species’ preference for three categories of shoreline
cover (no cover, partial, and total), we found that preference
changed for both native species according to Rainbow Trout occurrence. In the absence of Rainbow Trout, the two indigenous
species preferred full cover, but in the presence of Rainbow
Trout, which also preferred full cover, Atlantic Salmon and

IMPACTS OF EXOTIC RAINBOW TROUT ON HABITAT USE

PC1 (28%)

(A)

(B)
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PC2 (21%)

Substrate
Cover
Slope
Velocity
Flow type
Depth
Shore

FIGURE 3. Loadings (after varimax rotation) on (A) PC1 and (B) PC2 of the principal component analysis. Significant loadings (≥0.6) are shown by black bars.

Brook Trout switched preference to partially covered habitats.
Shoreline cover has been identified as an important habitat variable for salmonids, especially for Rainbow Trout (Platts 1976;
Gibson 1978; Gatz et al. 1987 and references therein), and exclusion of native fish from the more shaded areas indicates that
native salmonids are unable to resist displacement by the invading Rainbow Trout.
The increase in habitat niche overlap between the two indigenous salmonids in the presence of Rainbow Trout, in comparison
to sites or rivers where the exotic species was not found, also

suggests that Rainbow Trout is impacting native fish. Usually, in
the absence of Rainbow Trout, sympatric Atlantic Salmon and
Brook Trout segregate spatially, with Atlantic Salmon displacing Brook Trout to less optimal habitats (Rodrı́guez 1995). It
appears that the presence of the invader changed the habitat uses
of both species, forcing them to share more similar resources.

1.00
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0.85

NO Kwt ± SE
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FIGURE 4. Nonparametric niche overlap indices (NOKwt ± SE) for three
quantitative habitat variables (substrate, depth, and velocity) between Rainbow
Trout (RT), Atlantic Salmon (AS) and Brook Trout (BC), according to variable
levels of Rainbow Trout presence. Eighty percent of habitat overlap is indicated
by the horizontal dashed line.

FIGURE 5. Preference of Rainbow Trout, Atlantic Salmon, and Brook Trout
for shoreline cover in (A) sites (three transects) and (B) transects (60 m2)
in the presence and absence of Rainbow Trout. Riparian vegetation, canopy,
prominent rocks on the shore, and bridges or other structures overhanging the
river constitute examples of cover. A “total” cover means that the position of
fish was more than 80% covered. A “null” cover means there was no shelter
at the fish location (except the riverbed substrate). A “partial” cover means an
intermediate situation between the total cover and the null cover emplacement.
A value near 1 indicates an active selection for a cover category, a value near −1
indicates an active avoidance of a cover category, and a value near 0 indicates
that habitat use is proportional to habitat availability.
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The possibility that observed modifications in the habitat
uses of Atlantic Salmon and Brook Trout is the result of ontogenetic habitat shifts cannot be totally discarded. Hasegawa
et al. (2012) effectively demonstrated that the invasion of Brown
Trout Salmo trutta in streams supporting native Masu Salmon
Oncorhynchus masou—expected to be a greater competitor due
to its size superiority related to an earlier emergence time—
was facilitated by the ontogenetic niche shift of Masu Salmon,
which reduced niche overlap between the two species. This
phenomenon may very well contribute in part to explaining
our observations. However, in the present study, habitat and
niche overlap changes were revealed by comparing—almost
simultaneously—sites and rivers with and without the invader.
Thus, modifications in habitat use of native fish that were observed in the presence of Rainbow Trout were not observed for
Atlantic Salmon and Brook Trout at the same ontogenetic development stage in noninvaded sites and rivers. This supports
the contention that habitat changes were not only caused by an
ontogenetic habitat switch.
Growth of Rainbow Trout
As demonstrated by the length-at-age relationships, the
growth of Rainbow Trout during its first year of life was superior to that of the two native species, regardless of the delay caused by a later emergence date, which is consistent with
other studies (Whitworth and Strange 1983). It appears that the
foraging abilities of age-0 Rainbow Trout and their ability to
displace indigenous salmonids from preferred habitat results in
rapid growth despite the presence of two competitors at higher
density. Rainbow Trout possessed a growth rate (0.46 mm/d)
similar to that observed in long-time naturalized populations in
the Great Lakes (0.32–0.42 mm/d; Johnson 1980; Rose 1986).
Management Implications
The invasion of Rainbow Trout in eastern Quebec is still
ongoing: known established populations are rare and often at
low density. Therefore, an absence of Rainbow Trout impact on
native salmonids could have been expected. However, we found
that juvenile Rainbow Trout showed a higher growth rate than
its two sister species, revealing its ability to effectively exploit
resources. Furthermore, this study demonstrated that introduced
Rainbow Trout in eastern Quebec, despite the low densities, interact with indigenous salmonid species to such an extent that
Atlantic Salmon and Brook Trout modified their habitat use.
The increase in native fish niche overlap at small spatial scales
is an indirect effect of the introduced salmonid, whereas the shift
in preferred habitat categories of native species demonstrates a
direct impact of the interactions with the invader (Hasegawa and
Maekawa 2006). These results increase our concerns about the
future impacts of the invader on native fish. They are consistent with the findings of Baxter et al. (2007), who demonstrated
in a field experiment that the biomass of native Dolly Varden
Salvelinus malma in the presence of the introduced Rainbow
Trout, even at low density (0.2 fish/m2), was 75% lower than

at sites without Rainbow Trout. Based on a comparative experimental study, this might have been in great part caused by
a usurpation of terrestrial prey subsidy by Rainbow Trout that
would have forced the native fish to shift their diet. In the near
future, since the interaction between native and exotic salmonids
in eastern Quebec is expected to continue and even increase, it
will be primordial to determine how the modification in habitat
use impacts the diet composition and consumption rate of native
salmonids and to what extent it affects their growth and survival.
Observations of the displacement of Brook Trout by Rainbow
Trout are more numerous than for Atlantic Salmon (e.g., Larson
and Moore 1985; Moore et al. 1986; Fausch 1988; Fausch 1998;
Fausch 2008). However, some authors have suggested that
the decline of Brook Trout populations after the introduction
of Rainbow Trout was probably more the consequence of the
pre-existing weakened state of the native species (Clark and
Rose 1997) in combination with the impact of the invader, rather
than to the Rainbow Trout invasion itself. A similar tendency
has also been observed following the introduction of Brown
Trout (Waters 1983). Thus, intrinsic problems in native species’
populations (overexploitation, habitat degradation, etc.) may
permit Rainbow Trout invasion to have a greater impact on
indigenous communities. Both Brook Trout and Atlantic
Salmon populations are declining in eastern Quebec because of
habitat degradation and overfishing of the former (M. Arvisais,
MRNF, personal communication) and a high marine mortality
rate and various impediments to upstream movements for the
latter (Friedland et al. 1993; Hansen and Quinn 1998; Hansen
and Windsor 2006; ICES 2008). Both species may thus be
less able to resist the encroachment of Rainbow Trout in their
habitats.
It is often thought by anglers, and unfortunately by some
wildlife managers too, that as long as an invader is not abundant
and minimally dispersed, its impact on the ecosystem may be
negligible, and thus management actions to eliminate or limit
the potential threat are not called for. This perception is particularly true for species like Rainbow Trout, which are socially
acceptable and desirable and support economic activities (such
as aquaculture, angling, and tourism). However, the advantage
of reacting quickly when biological invasions are discovered
early in the invasion process is twofold: (1) mitigation measures
are often only truly efficient when the invader is not yet abundant
and is confined to a restricted area (Moore et al. 1986; Meyer
et al. 2006; Peterson et al. 2008) and (2) as we demonstrated in
this study for Rainbow Trout, impact on native fauna can be real
and important from the start of the invasion, even when densities
are low.
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