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Anthropogenic and habitat correlates of hybridization
between hatchery and wild brook trout
Andrew B. Harbicht, Mohammed Alshamlih, Chris C. Wilson, and Dylan ]. Fraser

Abstract: Human activities are breaking down barriers to interpopulation hybridization with results that range from popula-
tions that resist introgression to populations at serious risk of genetic extinction, particularly between wild and hatchery fish
because of the routine stocking of lakes and streams containing wild populations. We investigated whether specific human
actions and (or) habitat characteristics were associated with the extent of hybridization between hatchery and wild brook trout
(Salvelinus fontinalis) occupying lakes in Algonquin Park, Ontario, Canada. Hatchery and wild trout tended to hybridize more in
lakes (i) supporting smaller populations (i.e., having lower pH and situated at higher elevations), (ii) stocked earlier in the season,
and (iii) with greater exposure to other human activities (fishing). Our results highlight how particular human activities may
interact with specific habitat conditions to elicit hybridization in wild populations. Hence, the use of readily available habitat
and land use data may provide an economical means of anticipating hybridization or identifying indigenous populations with
minimal introgression.

Résumé : Les activités humaines abaissent les barrieres a 'hybridation entre populations avec des résultats qui vont de
populations résistantes a l'introgression a des populations a haut risque d'extinction génétique, particuliérement dans les cas
d'hybridation entre poissons sauvages et poissons issus d'écloserie découlant de l'empoissonnement régulier de lacs et cours
d'eau contenant des populations sauvages. Nous avons tenté de déterminer si certaines actions humaines ou caractéristiques de
I'habitat étaient associées a I'ampleur de I'hybridation d'ombles de fontaine (Salvelinus fontinalis) sauvages et issus d'écloserie dans
des lacs du parc Algonquin (Ontario, Canada). L'hybridation d'ombles sauvages et d'écloserie avait tendance a étre plus impor-
tante dans les lacs (i) supportant de plus petites populations (c.-a-d. de plus faible pH et a plus haute altitude), (ii) empoissonnés
plus tot dans la saison et (iii) plus exposés a d'autres activités humaines (la péche). Nos résultats soulignent comment l'interaction
possible de certaines activités humaines avec des conditions précises de I'habitat peut favoriser I'hybridation dans des popula-
tions sauvages. L'utilisation de données facilement accessibles sur I'habitat et 1'utilisation du territoire pourrait constituer un
moyen économique de prédire I'hybridation ou d'identifier les populations indigénes qui présentent une introgression mini-
male. [Traduit par la Rédaction]|

ulations are referred to as being admixed (Allendorf et al. 2001).
The occurrence and extent of admixture following hybridization

Introduction
Human-induced hybridization within species is an increasingly

common occurrence across diverse taxa (Pierpaoli et al. 2003;
Hails and Morley 2005) that can have both positive and negative
ecological and genetic effects. On one hand, it may facilitate the
genetic rescue of small populations by adding new alleles necessary
to stave off inbreeding depression (Hogg et al. 2006) or enhance a
population’s adaptive potential in new or changing environments
(Arnold 1992). On the other hand, hybridization can reduce fitness
through outbreeding depression, potentially resulting in the loss
of local adaptations and ultimately reduced population viability
(Rhymer and Simberloff 1996; Tallmon et al. 2004).

Introgressive transfer of genetic material between two groups
can result in novel, untested genes being introduced into a gene
pool that subsequently lower the fitness of all individuals possess-
ing such transgenes (Rhymer and Simberloff 1996; Burke and
Arnold 2001). Following continued backcrossing, transgenes may
spread throughout a population, eventually resulting in most in-
dividuals containing some portion of hybrid genotype. Such pop-

between different populations can be highly variable (ranging
from 0% to 100%; e.g., Hansen et al. 2009; Marie et al. 2010). The
causes of such variation have not been studied thoroughly in most
instances, but they likely include a number of ecological factors
that affect both the frequency of hybridization and the fitness of
hybrid individuals relative to the parents (Utter 2000; Hails and
Morley 2005).

In fishes, escapes from aquaculture facilities and the intentional
release of domestic or hatchery fish to supplement exploited wild
populations have resulted in a growing number of cases of intraspe-
cific hybridization (Rhymer and Simberloff 1996; Hutchings and
Fraser 2008). Such hybridization often has had negative effects on
wild populations, most commonly in the form of reduced fitness
in hatchery-wild hybrids relative to wild conspecifics (Webster
and Flick 1981; McGinnity et al. 2003; Araki et al. 2007; Fraser et al.
2010; but see Fraser et al. 2008) and homogenization of genetic
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differentiation among wild populations (Matala et al. 2008; Marie
et al. 2010).

Recent studies have found that the extent of admixture from
stocking can be correlated with a species’ life history (Utter 2000),
stocking intensity (Almodovar et al. 2006), fishing pressure
(Garcia-Marin et al. 1998; Mezzera and Largiader 2001), population
size (Hansen et al. 2009), abiotic factors (Rasmussen et al. 2010;
Marie et al. 2012), and human activities (Heath et al. 2010). Few of
these studies have rigorously examined the relative influence of
multiple habitat and anthropogenic factors in driving variation in
hatchery-wild admixture among populations (but see Marie et al.
2012), though such investigations may bear practical results. First,
they may shed light on which indigenous populations or species
are more at risk of hybridizing. Second, they may provide an
efficient and a cost-effective means of identifying indigenous pop-
ulations that have resisted admixture following stocking using
readily available data, an increasingly common situation for res-
toration and biodiversity conservation (see Meraner et al. 2008;
Baric et al. 2010).

The brook trout (Salvelinus fontinalis) of Algonquin Provincial
Park (Ontario, Canada) provides an opportunity to investigate
what habitat and anthropogenic variables may affect hatchery-
wild admixture. This is a species known to express negative side
effects as a consequence of hybridization with domestic conspe-
cifics (Mason et al. 1967; Lachance and Magnan 1990). In Algonquin
Park, the long stocking history of lakes since the 1930s (Danzmann
and Ihssen 1995) is well documented as is habitat and ecological data
on stocked lakes.

The purpose of this study was therefore to identify possible
ecological correlates of hatchery-wild admixture from Algonquin
lakes and thus shed light on potential determinants of the extent
of admixture following stocking events. Given that the environ-
mental parameters used in this study will in many cases represent
a snapshot rather than a long-term trend and that stocking has
not taken place since at least 1989 in most cases, this post hoc data
analysis approach will therefore identify variables that represent
potential candidates for further investigation along with possible
interactions among any such variables. This method of data anal-
ysis can potentially provide ecologists, conservationists, and man-
agers with useful tools for identifying populations that have
resisted introgression and for further understanding the drivers
of introgressive hybridization at the population level.

Methods

Study populations and their history of hatchery trout
stocking

Algonquin Park covers an area of 7650 km? and contains approx-
imately 250 naturally self-sustaining populations of brook trout
(Quinn 1995) spanning six watersheds (Danzmann and Ihssen 1995).
The genetic database used in this study consisted of 861 individuals
over a range of size classes (cohorts) from two hatchery sources and
22 populations within Algonquin park, 14 of which were known to
have been stocked with hatchery fish previously, while the remain-
ing eight had no recorded stocking events (Fig. 1; Table 1). The orig-
inal purpose of this database was to examine the effects of mixed
ancestry on population genetic structure and diversity. It there-
fore contained sufficient data to generate accurate estimates of
hatchery-wild admixture. Previous work and genetic analysis
done for this project suggested that each lake sampled repre-
sented an isolated population with the exception of three lakes
(Harry, Rence, and Welcome lakes (H-R-W)) that are connected and
exchange high levels of gene flow (Addison and Wilson 2010). As
such, for the purposes of this study, these three lakes were treated
as one large lake. The resulting database therefore consisted of
12 previously stocked and eight nonstocked Algonquin popula-
tions as well as samples from two hatchery sources.
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Stocking in Algonquin Park began in the 1930s and was variable
in its frequency and intensity. Some lakes received regular stock-
ing, while others were stocked only once or twice for research or
remediation purposes (Ontario Ministry of Natural Resources (OMNR)
fish stocking database). All stocking of Algonquin Park lakes (and
the lake studied outside the park) occurred before 1989, with the
exception of Charles Lake, which received 1500 hatchery fish in
1994. Three hatchery strains of brook trout were stocked within
the park. The principal strain used, Hills Lake, originated in Penn-
sylvania, approximately 500 km south of Algonquin Park, and has
been maintained as a brood stock in the Ontario hatchery system
over the entire period that stocking in Algonquin Park took place
(Kerr 2000). The second strain originated from Lake Nipigon (ap-
proximately 850 km west of the park) and was stocked into several
lakes within the park, though to a much lesser extent than the
Hills Lake strain. The third strain stocked was a first generation
cross between the Hills Lake and Nipigon Lake strains and was
only stocked in a few instances as part of a study on the fitness of
F, hatchery-wild hybrids (Fraser 1981).

Habitat and stocking data

We collated habitat data and stocking records for each study
lake stocked with hatchery trout from government records ob-
tained from OMNR, local records kept by the provincial park au-
thorities (Friends of Algonquin Park), the Algonquin Forestry
Authority, and to a lesser extent published primary literature
sources. Variables analyzed are outlined in Table 2 and include
chemical, physical, and biological variables known to be impor-
tant for the success of stocked brook trout (Godbout and Peters
1988; Kerr 2000; Cote et al. 2011). In cases where years in which the
data collected differed from one lake to another, only variables re-
corded around the same time of year (midsummer) were used to
minimize differences among lakes resulting from seasonal changes.
Of the data available, only variables that offered complete data sets
for each lake were used.

DNA analyses

Over six, nonconsecutive sampling years, fin clips were non-
lethally collected from adult fish spanning multiple cohorts and a
range of size classes (via angling and gill netting) in the study lakes
and hatchery strains. Samples were stored in 95% ethanol until
the genomic DNA was extracted using the extraction protocol
of Wilson et al. (2007), which involved lysing tissue samples
overnight in a mixture of 10 mmol-L~! Tris-HCI, 125 mmol-L-! NaCl,
5 mmol-L-' EDTA (ethylenediaminetetraacetic acid), 0.5% SDS
(sodium dodecyl sulfate), 4 mol-L-! urea, and 0.2 mg-mL-! protei-
nase K. DNA was then precipitated using 10 pnL 5 mol-L-* NaCl and
500 pL 80% isopropanol and centrifugation before being washed
with ethanol and resuspended in TE (Tris-EDTA) buffer. Each in-
dividual was then genotyped at 14 microsatellite loci (Sfo18, Sfo23,
Sfo12: Angers et al. 1995; SfoC24, SfoD28, SfoC38, SfoD75, SfoC88,
SfoC100, SfoC113, SfoC86, SfoC115, SfoC129, and SfoB52: T. King and
M. Burnham-Curtis, US Geological Survey, unpublished data).
Four 10 pL multiplex polymerase chain reaction (PCR) reactions
were used to amplify the DNA. Each multiplex consisted of 6.0 ng
of DNA, 2x PCR buffer, 1x BSA (bovine serum albumin), 1.5 mmol-L!
MgCl,, 0.2 mmol-L-* dNTPs, 0.025 units of Taq, and between 0.03
and 0.3 pmol-L! of each primer (depending on the multiplex).
PCR conditions were as follows: 94 °C for 5 min, 36 cycles 0of 94 °C
for 1 min, 58 °C or 60 °C (depending on the multiplex) for 1 min,
72 °Cfor1min, and a final extension at 60 °C for 45 min. Amplified
PCR product was visualized using capillary electrophoresis on an
ABI 3730 automated DNA sequencer (Life Technologies Inc.) and
scored using GeneMapper version 4.0 software (Applied Biosystems)
and manual proofreading.
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Fig. 1. Algonquin Provincial Park in Ontario, Canada, with the locations of the 22 study lakes. Asterisks indicate previously stocked
populations. The following are abbreviations of the lakes sampled: ANI, Animoosh; CHR, Charles; CDS, Coldspring; DIK, Dickson;

FARN, Farncomb; FRK, Frank; GUSK, Guskewau; HRY, Harry; HOG, Hogan; HND, Hound; LAV, Lavieille; LCRO, Little Crooked; LDIK, Little
Dickson; OWE, Owenee; PHP, Philip; RED, Redrock; REN, Rence; SAL, Salvelinus; SCOT, Scott; STGR, Stringer; WELC, Welcome;

WEST, Westward.
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Table 1. Information on the (20) lakes and the two hatchery strains sampled.

Initial Final Genetic Sample  Hatchery STRUCTURE  BAPS
Lake stocking  stocking sampling size (n) strain N, H, H, (Q (Q
Animoosh 1966 1970 2008 14 HL 3.50 0.46 0.43 0.96 0.99
Charles 1954 1994 2007 31 HL 2.71 0.34 0.34 0.82 0.88
Coldspring 1961 1961 2007 32 HL 3.35 0.36 0.37 0.93 0.96
Farncomb 1950 1950 2009 20 HL 3.64 0.48 0.46 0.98 0.99
Frank 1958 1981 2002 28 HL 6.71 0.67 0.70 0.37 0.36
Hound 1987 1989 2009 14 HL, LN 3.35 0.69 0.58 0.37 0.35
H-R-W*t 1940 1978 2002 93 HL 8.35 0.67 0.73 0.31 0.24
Philip* 1961 1963 2006 18 HL 3.28 0.36 0.45 0.95 0.99
Redrock* 1954 1970 2009 49 HL 5.85 0.51 0.54 0.88 0.93
Scott 1954 1977 2006 32 HL, LN 5.85 0.63 0.60 0.26 0.20
Stringer* 1954 1977 2007 40 HL 5.28 0.67 0.62 0.43 0.48
Westward* 1951 1968 2005 47 HL 3.78 0.38 0.44 0.78 0.87
Dickson* — — 2006 61 — 5.07 0.48 0.51 — —
Guskewau — — 2008 35 — 4.21 0.40 0.42 — —
Hogan o — 2009 29 — 3.78 0.39 0.44 — o
L. Crooked* — — 2009 41 — 3.00 0.38 0.41 — —
L. Dickson — —_ 2009 27 —_ 4.21 0.5 0.51 — —_
Lavieille — — 2009 29 — 4.14 0.45 0.45 — —
Owenee — — 2008 31 — 4.64 0.52 0.51 — —
Salvelinus* — — 2007 29 — 3.50 0.47 0.46 — —
Hills* — — 2009 80 HL 8.28 0.71 0.73 — —
Nipigon* — —_ 2006 81 LN 4.14 0.39 0.40 — —_

Note: Hatchery strain (Hills Lake (HL) and (or) Lake Nipigon (LN)) represents the strains stocked into each study lake-based stocking records,
while the Q values represent mean admixture coefficients estimated using the program STRUCTURE or BAPS. Measures of genetic diversity
include observed (H,) and expected (H,) heterozygosities and the mean number of alleles per locus (N,).

*Populations that deviated significantly (« = 0.0036, k = 14) from expected Hardy-Weinberg equilibrium after Bonferroni corrections.

TH-R-W represents the combination of Harry, Rence, and Welcome lakes.
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Table 2. Habitat and anthropogenic variables considered for each of the previously stocked populations of
brook trout from Algonquin Provincial Park, Ontario, used in this study.

Parameter Description Minimum Mean Maximum

SArea Lake surface area in hectares (ha) 12.3 107.2 469.7

SDI Shoreline Development Index 1.2 18 2.9

Elevation Metres above sea level (m a.s.l.) 352 419 473

pPH Midsummer pH value 6 6.8 7.5

MEI Morphoedaphic Index: total dissolved 0.8 6.2 14.2
solids (ppm)/mean depth (m)

MDepth Mean lake depth (m) 2 6.7 20.9

SPresent Total number of fish species present in 3 9.6 19
lake (n)

Distance Shortest trail distance from nearest 0.5 241 49.0
road (km)

StMonth Mean month of year brook trout were 3.9 5.9 10.0
stocked into lake

StEvents Total number of years in which stocking 1.0 6.9 16.0
occurred (1)

StAge Mean age of fish at time of stocking 6.0 11.9 15.6
(months)

StDensity Mean stocking density (n-ha-!) 2.7 48.9 148.6

StTotal Total number of fish stocked into lake (n) 1000 21158.1 137 052

AdmixPeriod Time between initial stocking event and 22 48.9 62

genetic sampling (years)

Note: Minimum, maximum, and mean values are lake values, taken in midsummer.

Within-lake measures of genetic diversity

Prior to conducting an analysis of admixture using STRUCTURE
(Pritchard et al. 2000), it was important to insure that the subset of
the genetic data met the assumptions of the program, namely that
marker loci were unlinked and at linkage equilibrium within pop-
ulations and that populations were at Hardy—-Weinberg equilib-
rium (HWE). GENEPOP 4.0.10 (Raymond and Rousset 1995) was
used to test for genetic linkage disequilibrium among loci as well
as deviations from HWE within populations. To determine if
hatchery stocking has had any effect on microsatellite allele fre-
quencies, measures of allelic diversity were calculated for all sam-
pled populations and hatchery strains using Genetic Analysis in
Excel (Peakall and Smouse 2006). These measures included the
observed (H,) and expected (H,) heterozygosity and the mean
number of alleles per locus (N,).

Estimation of the degree of hatchery-wild admixture

The extent of admixture between hatchery and wild trout in dif-
ferent lakes was assessed using the Bayesian clustering methods im-
plemented in the program STRUCTURE. As historical samples from
stocked lakes prior to stocking do not exist, an approach used in
Pritchard et al. (2007) was implemented, whereby STRUCTURE was
informed as to which populations represented Algonquin Park ref-
erence samples (q1-g8) and which represented hatchery reference
samples (q9 and q10); no information was provided for the stocked
lakes. STRUCTURE was then run using a burn-in length of 100 000
iterations followed by 500 000 Markov chain Monte Carlo (MCMC)
steps, which preliminary trials indicated was sufficiently long to
allow «, F, D, and the likelihood to reach convergence values as
recommended (Pritchard et al. 2000). The number of genetic clus-
ters among the samples was set to 10, and allele frequencies
within populations were considered correlated and updated from
reference samples alone. The Dirichlet parameter for the degree
of admixture («) was set to an initial value of 1 and was estimated
separately for each stocked population. This analysis was per-
formed three separate times to insure convergence had been
reached and individual admixture coefficient (q) values were av-
eraged across the three runs.

Previous studies on the accuracy of such Bayesian clustering
methods have suggested the use of two separate methods when
population differentiation may be low to compare results (Latch
et al. 2006). To that end a parallel analysis was conducted using

the admixture model in the program BAPS (version 6; Corander
and Marttinen 2006). As in the analysis above, the program was
provided with 10 reference samples and asked to assign admixture
coefficients to the samples from stocked lakes based on the pre-
defined clusters. As above, this analysis was repeated three times,
and individual q values were averaged across the three runs.

In both cases, to arrive at a single q value representing the
extent of hatchery introgression, the proportion of each individ-
ual’s genotype assigned to clusters g9 and q10 was summed. This
value represented alleles that did not cluster into the native Al-
gonquin Park clusters. As suggested by Vahd and Primmer (2006),
to account for uncertainty associated with highly variable micro-
satellite loci, individuals within each stocked population were
then assigned as either pure wild (q = 0) or hatchery (q = 1) if their
individual g values were <0.1 or 0.9 respectively. Admixed indi-
viduals whose q values fell within 0.1 and 0.9 were left as they
were. Population admixture coefficients (Q) were then calculated
by averaging the g values within each population.

Correlates of hatchery-wild admixture

Prior to testing for correlations between the potentially explan-
atory variables and mean lake admixture values, the habitat or
anthropogenic variables were tested for correlations among each
other. Very few habitat and anthropogenic variables showed any
sign of significant correlation (Table 3), so all variables were in-
cluded in further model selection analyses. In keeping with the
post hoc exploratory nature of this study, an exhaustive model
creation procedure was undertaken to determine the most ex-
planatory variable or combination of variables. This procedure
was conducted using beta regressions because of the nature of
admixture values (between 0 and 1). All possible additive and in-
teractive models were constructed over a range of model complex-
ity (K), where K represents the number of parameters included in
the model. Model fit was assessed using a second-order informa-
tion criterion, AIC_, because of the large number of explanatory
variables and small sample size (Burnham and Anderson 2002).
For this reason model size was also limited to a maximum of K=6.

Results

Within-lake measures of genetic diversity
Of the 22 populations and hatchery strains sampled, 10 exhib-
ited significant deviation from HWE after Bonferroni corrections
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Table 3. Pearson correlation matrix of pairwise correlation coefficients for the habitat and anthropogenic variables included in this study of
correlates of hatchery-wild hybridization in brook trout populations in Algonquin Park, Ontario, Canada.

SArea SDI  Elevation pH MEI  MDepth SPresent Distance StMonth StEvents StAge StDensity StTotal AdmixPeriod
SArea 1.00
SDI 0.56 1.00
Elevation -0.04 0.10 1.00
pH -0.14 0.07 -0.47 1.00
MEI -0.24 0.16 -0.18 0.64 1.00
MDepth 0.09 -0.33 0.16 -0.36 =-0.73 1.00
SPresent 0.29 0.16 -0.44 0.28 -0.25 0.15 1.00
Distance -0.13 0.18 -0.69 0.68 0.80 -0.70 0.02 1.00
StMonth -0.07 0.07 -0.19 0.75* 0.61 -0.30 0.17 0.50 1.00
StEvents 0.23 0.05 0.59 -0.43 -0.48 0.29 0.01 -0.70 -0.56 1.00
StAge 0.09 0.34 0.34 -0.53 -0.44 0.19 -0.14 -0.41 -0.79* 0.44 1.00
StDensity -0.31 -0.32 0.01 -0.08 0.34 -0.20 -0.14 0.17 -0.04 -0.08 0.00 1.00
StTotal 0.61 0.07 0.06 -0.05 -0.23 0.17 0.44 -0.31 -0.22 0.64 0.02 -0.04 1.00
AdmixPeriod 0.49 0.70 0.23 -0.21 -0.18 0.24 0.38 -0.25 -0.17 0.37 0.40 -0.21 0.36 1.00

Note: Bold values indicate significant (a« = 0.05) correlations, while asterisks (*) indicate significance after Bonferroni correction. Descriptions of the variables

contained in this table can be found in Table 2.

(a«=0.0036, k = 14; Table 1). Among these, eight displayed heterozy-
gote deficiencies, but these were spread out over the 14 different loci
and depended on the particular population (in total 60 loci deviated
significantly from HWE out of 308 tests; the minimum and max-
imum number of loci that deviated significantly within a pop-
ulation were 0 and 7, respectively); this suggested biological
explanations for these deviations. Two of the deficiencies were
found in the hatchery strains: the Hills Lake strain, which has
been maintained within the Ontario hatchery system for over
40 years with few genetic introductions (Fraser 1981), and the Lake
Nipigon strain, which was established from wild spawn collec-
tions in the late 1970s (Kerr 2006). Of the remaining eight lakes
displaying heterozygote deficiencies, three had large surface ar-
eas (>181 ha) and a fourth (H-R-W) was composed of three con-
nected lakes shown to exchange genetic material and resemble
one large population (Addison and Wilson 2010). It would not be
unexpected to find subtle subpopulation structure present and
hence a Wahlund effect (Wahlund 1928). Heterozygote deficien-
cies in smaller lakes have been detected in other brook trout
populations and may be due to limited suitable breeding sites
being available, a situation previously observed in Algonquin
park (Ridgway and Blanchfield 1998), and that can reduce disper-
sal from spawning sites and increase occurrences of inbreeding
compared with larger lakes (Castric et al. 2002). Of the 2002 tests
of linkage disequilibrium across populations (91 tests per popula-
tion), only 21 were significant after Bonferroni corrections (« =
0.000549, k = 91), and these were spread out over all 14 loci and in
11 different populations.

Degree of hatchery-wild admixture amongst study lakes
Though STRUCTURE produced smaller Q values for 8 of the
12 stocked lakes than BAPS, the mean difference between the
Q estimates of both methods was only 0.04. The primary difference
between the results of both admixture analyses was in the num-
bers of individuals found to be admixed versus pure wild or hatch-
ery ancestry. In all 12 stocked lakes, STRUCTURE assigned more
individuals to an admixed state (0.1 < q < 0.9), while BAPS tended
to assigned individuals to either pure state (Fig. 2). The mean (+SE)
admixture across all stocked lakes after correcting for microsat-
ellite uncertainty (Vihéd and Primmer 2006) was 0.38 * 0.013 for
STRUCTURE and 0.36 + 0.015 for BAPS, yet few lakes displayed
intermediate admixture; roughly half of the lakes had mean ad-
mixture above 0.57 or 0.52 for the STRUCTURE and BAPS methods,
respectively, while the other half demonstrated admixture levels
below 0.22 or 0.13, respectively (Table 1). Within-lake variance in
admixture was generally low (0.0016 to 0.016 for STRUCTURE and
0.0006 to 0.050 for BAPS), which is to be expected because in most

Fig. 2. The number of individuals assigned to one of three categories
(Wild: g < 0.1, Hatchery: g > 0.9, or Admixed: 0.1 < g < 0.9) per stocked
lake in Algonquin Provincial Park according to admixture analyses
done in BAPS (left bars) or STRUCTURE (right bars).
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cases at least seven generations have passed (Liskauskas and
Ferguson 1991) since stocking ceased.

Correlates of hatchery-wild admixture

Though not a formal test, the reappearance or absence of cer-
tain variables among the best-fitting models, and those within
2 AAIC_ units of the best-fit model, at each level of K, is suggestive as
to which variables may be important and which may not be. The
following variables were the most highly represented among the
best-fit models in Table 4: lake elevation (15), stocking month (11),
the admixture period (10), and the lake trail distance (8). Other
variables such as the lake surface area, the mean stocking age, and
the total number of fish stocked were present in one or fewer of
the best-fitting models.

In the simplest model (K=1), pH produced the lowest AIC_ value
and a significant negative correlation with admixture; however,
lake elevation and lake distance were within 2 AAIC. units and
also displayed significant positive and negative relationships, re-
spectively, with hatchery admixture (Figs. 3a, 3b, 3c). The positive
influence of elevation on hatchery admixture was maintained as
model complexity increased until K exceeded 5, after which point
lake elevation was no longer present among the best-fit models.
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Table 4. All beta regression models within 2 AAIC, units of the best-fit model for complete model sets at each level of K (the
number of anthropogenic or habitat explanatory variables used).

Log- Within
Model K df likelihood AIC. K AAIC. AAIC.
pH 1 3 7.21 -5.42 0.00 16.53
Elevation 1 3 6.98 -4.96 0.46 16.99
Distance 1 3 6.64 -4.29 114 17.66
Elevation + StDensity 2 4 12.98 -12.24 0.00 9.71
Elevation + pH 2 4 12.44 -11.17 1.07 10.78
Elevation x pH 2 5 16.75 -13.49 0.00 8.46
Elevation x MEI 2 5 15.82 -11.64 1.86 10.32
Elevation + SPresent + StDensity 3 5 17.49 -14.99 0.00 6.96
Elevation + pH + StDensity 3 5 16.81 -13.63 1.36 8.32
Elevation + StDensity + StMonth 3 5 16.72 -13.45 1.54 8.50
AdmixPeriod x Elevation + StMonth 3 6 25.38 -21.95 0.00 0.00
AdmixPeriod + Elevation + StMonth + SDI 4 6 22.40 -16.00 0.00 5.95
AdmixPeriod x Elevation + StMonth + MEI 4 7 29.89 -17.79 0.00 4.16
AdmixPeriod x Elevation + StMonth + MDepth 4 7 29.14 -16.27 1.52 5.68
AdmixPeriod x Elevation + StMonth x Distance 4 8 35.76 -7.51 0.00 14.44
Distance + SDI + SPresent + StDensity + StEvents 5 7 26.56 -11.13 0.00 10.82
Distance + MDepth + SDI + SPresent + StEvents 5 7 26.07 -10.13 1.00 11.82
Elevation x SPresent + AdmixPeriod + SDI + StMonth 5 8 36.38 -8.75 0.00 13.20
AdmixPeriod x MEI + Distance + Elevation + StMonth 5 8 35.94 -7.87 0.88 14.08
Distance x MDepth + AdmixPeriod x StMonth + SDI 5 9 46.28 15.43 2419 37.39
Distance + MDepth + SDI + SPresent + StDensity + StEvents 6 8 32.47 -0.95 0.00 21.00
AdmixPeriod + pH + SPresent + StAge + StEvents + StMonth 6 8 32.23 -0.46 0.48 21.49
Distance x AdmixPeriod + MEI x StMonth + MDepth + StTotal 6 10 68.74 102.52 0.00 124.47

Note: Mean hatchery-wild admixture levels are for brook trout in 12 Algonquin Park lakes.

The negative effect of lake pH was also present among the best-
fitting models at lower model complexities K < 3, including an
interaction with lake elevation (Fig. 3e); however, it was only
present in one model above K = 3. Lake distance, although being
among the best-fitting models at K = 1, was absent from other
simpler models, occurring primarily in more complex models
above K = 5. Admixture period was among the variables most
represented in the best-fitting models and tended to display an
interactive relationship with other variables, appearing primarily
among more complex models (K = 3). When combined interac-
tively with lake elevation, a common occurrence among more
complex models, fitted admixture values were highest when lakes
had a shorter admixture period or were found at higher elevations
(Fig. 3f). In each case where the best-fitting models included an
interaction between lake elevation and the admixture period, the
stocking month was always present displaying a significant nega-
tive effect on hatchery admixture (Fig. 3d). In fact, a model with
K=3 containing an interaction between the admixture period and
lake elevation, as well as an additive relationship with the posi-
tively correlated mean stocking month, displayed the lowest AIC.
value among all compared models at the varying levels of model
complexity.

Discussion

Our results suggest that among Algonquin Park lakes, while the
amount of admixture between hatchery and wild brook trout
populations resulting from stocking is variable, the absence of
lakes displaying intermediate admixture levels (0.57 < Q < 0.22,
for the STRUCTURE estimates) suggests that hatchery fish either
mix extensively or infrequently depending on multiple habitat or
anthropogenic variables. Several variables (pH, lake distance, ele-
vation) demonstrated a significant correlation with admixture,
but extensive post hoc AIC. model comparisons suggested more
complex models containing multiple variables provided a better
fit. Through exhaustive model formation over varying levels of
model complexity, several environmental and anthropogenic
variables demonstrated potential in modeling hatchery-wild ad-
mixture through their recurrence among the best-fit models.
These factors appear to be associated with lake productivity and

brook trout density, specifically pH and elevation (see below).
Certain anthropogenic variables were also important: the distance to
the lake (from the nearest road), the mean month in which lakes
were stocked, and the amount of time since the introduction of
hatchery genotypes.

Habitat correlates of hatchery-wild admixture

Previous work on the correlates of hatchery-wild hybridization
among brook trout populations found that admixture was greater
when conditions constrained brook trout habitat, thereby increas-
ing contact and mating opportunities between the two groups (Marie
et al. 2012). The present study proposes an alternative relationship
between environmental conditions and hatchery-wild admixture,
one driven by negative density-dependent fitness effects. While
information on the densities of brook trout is not available for
most of the study lakes, we can hypothesize their effect on admix-
ture by looking at the relationship between the particular envi-
ronmental variables found to have higher relative importance
and brook trout density.

First, pH has been shown to be positively correlated to brook
trout density (Godbout and Peters 1988; Nislow and Lowe 2003).
This relationship is possibly the result of the effect that pH and
alkalinity can have on macroinvertebrate densities (Krueger and
Waters 1983; Baker et al. 1996). Second, elevation has also been
linked to lake productivity in ways that can extend up the food
web (Karlsson et al. 2005). For instance, in a neural net model of
the relationship between brown trout (Salmo trutta) densities and
environmental parameters, Lek et al. (1996) found that brown
trout densities initially increased with increasing elevation, but
beyond an elevation of 900 m above sea level (a.s.l.), this relation-
ship became strongly negative. It is possible then that for brook
trout a similar relationship exists, but in Algonquin Park, the
critical elevation is lower for brown trout. The range in elevation
of our study lakes (352-473 m a.s.l.) may therefore include or
exceed the critical elevation, thereby resulting in a negative cor-
relation between elevation and brook trout densities. A positive
correlation between pH and brook trout density and a negative
correlation with elevation, combined with their inverse corre-
lations to hatchery-wild admixture, suggest that the density of
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Fig. 3. Fitted relationships according to beta regression models between mean hatchery admixture levels and explanatory habitat and
anthropogenic variables found to recur among the best-fit models at varying levels of model complexity based on AIC, values. Points on

panels a through d are lake values (n = 12); two points overlap in panel b.
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brook trout may have a negative association with the extent of
hatchery hybridization in the wild. A similar correlation has been
observed and commented on regarding hybridized populations of
brown trout in Europe (Hansen et al. 2009).

Anthropogenic correlates of hatchery-wild admixture

One of the three anthropogenic variables that represents a po-
tential determinant of hatchery-wild admixture was the distance
to the lake (from the nearest road), which is negatively correlated
to angling intensity (Kaufman et al. 2009) and which was found in
this study to be negatively correlated to admixture, suggesting a
positive correlation between angling intensity and admixture. Al-
though this contradicts some previous findings in which fishing
was negatively correlated with hatchery admixture (Garcia-Marin
et al. 1998), potentially because of anglers being more efficient at
catching hatchery fish than wild fish (Mezzera and Largiader 2001;
Champigneulle and Cachera 2003), it does support the hypothesis
proposed by Evans and Willox (1991). These authors showed,
through modeling, that fishing preferentially removes large,
highly fecund wild and hatchery fish alike, but while wild fish
have only one source of replacement (natural recruitment), hatch-
ery fish are potentially replaced by both natural recruitment and
further stocking events. The trend for higher levels of hatchery
admixture in more southern lakes in Algonquin Park further sup-
ports the link between angling intensity and admixture, as the
southern arm of the park was the most recent addition to the park
and historically has maintained relaxed regulation and greater
accessibility compared with more northern latitudes (Lambert
and Pross 1967).

An alternative, but not mutually exclusive explanation for the
relationship between the distance to the lake and admixture is
the relationship among lake accessibility, fishing pressure, and
stocking effort often observed among many sport fish species
(Loomis and Fix 1998; Post et al. 2008). It seems likely that a similar
situation is occurring in Algonquin Park, namely that more acces-
sible lakes are being stocked more frequently, although this rela-
tionship among the study lakes is nonsignificant (Table 3). The
presence of the number of stocking events among the more com-
plex models containing lake distance suggests that these two
variables likely work together to increase the incidence of hatchery-
wild hybridization, a proposition previously theorized by Evans
and Willox (1991).

The interactive relationship between the admixture period and
lake elevation suggests that at lower elevations, the extent of
hatchery genes present in a hybridized population decreases over
time, whereas at higher elevations (where wild brook trout den-
sities are hypothesized to be lower) it tends to increase over time.
The mean stocking month was also a prominent feature of models
that included the interaction between admixture period and lake
elevation. The negative correlation between the mean stocking
month and the extent of hatchery admixture suggests that lakes
that tend to be stocked with brook trout earlier in the season are
more heavily influenced, genetically, by those hatchery fish. Such
a finding is inconsistent with the idea that brook trout stocked at
an earlier age exhibit greater mortality in their first year (Fraser
1978) and may also relate back to density dependence (see below).

Density dependence

The postulated relationship between hatchery admixture and
brook trout density might be the result of several negative
density-dependent factors affecting the fitness of hatchery and
domesticated strains. Density-dependent reproductive success
due to a limited number of spawning sites is one possible expla-
nation. Hatchery salmonids tend to experience greater reproduc-
tive success at lower densities, as has been observed in Pacific
salmon (Fleming and Gross 1993), where hatchery fish are regu-
larly outcompeted by wild fish at higher densities. In Ontario, lake
surface area is the most common means of determining the num-
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ber of fish stocked (Kerr 2000); however, in Algonquin Park the
size of a lake is not correlated to the amount of spawning area
(Ridgway and Blanchfield 1998). It is therefore foreseeable that a
situation similar to that of the Pacific salmon mentioned above
exists among the brook trout populations of Algonquin Park, as
suggested by Blanchfield and Ridgway (2005). Higher overall den-
sities of fish (hatchery and wild) relative to a limited resource
(spawning sites) results in reduced hatchery-wild hybridization.
A second possible explanation is density-dependent mortality.
Hatchery rainbow trout have been shown to take greater risks in
natural settings than wild fish to maintain their higher growth
rates (Biro et al. 2004). They have also been found to venture
further into riskier, but more productive, habitat at higher densi-
ties (Biro et al. 2003). Together, these two phenomena suggest that
in natural settings domesticated hatchery salmonids with high
growth rates and shorter life spans, such as the Hills Lake strain
(OMNR 1999), likely experience greater mortality rates than wild
trout at high densities. This would result in reduced survival to
maturity and therefore reduce hatchery-wild admixture in lakes
with higher densities.

Summary and implications

Our results suggest that populations found at low densities may
be at greater risk of introgressive hybridization and admixture
from conspecifics than those at high densities and that the inten-
sity of angling pressure may have a positive effect on admixture,
either through the dynamics of brook trout population growth
and replacement or through more human-centric means of meet-
ing the requirements of fishers with increased stocking frequencies.
These findings may have implications for conservation efforts seek-
ing to identify nonintrogressed individuals or populations or to con-
trol undesirable anthropogenic hybridization (e.g., Meraner et al
2008; Baric et al. 2010), as well as for risk assessment analyses of
projects that may potentially result in unintentional hybridiza-
tion (e.g., Hutchings and Fraser 2008). For this reason, we recom-
mend that steps be taken to formally test some of the predictions
that this study has proposed, as have other such recent studies
(Heath et al. 2010; Marie et al. 2012; Yau and Taylor 2013).

Confirming the predictions made in this study would provide
wildlife managers and conservation authorities with useful
guides to aid them when dealing with hybridization situations.
Confirmation of these predictions may simplify the identification
of populations more resistant to introgressive hybridization with
hatchery fish by focusing their efforts on environments that sup-
port relatively higher densities or promote competition for lim-
ited resources. Such environments may be ones in which the
number of fish stocked relative to the spawning area was high or
where the local environmental features promoted a high density
of native individuals at the time of hybridization, effectively low-
ering the relative fitness of introduced domestic individuals
(Naylor et al. 2005). An example of such a situation may exists in
the eastern Rockies where westslope cutthroat trout (Oncorhynchus
clarkii lewisi) display reduced introgression from introduced rain-
bow trout in colder waters (Yau and Taylor 2013), potentially be-
cause of metabolic traits possessed by westslope cutthroat trout
better suited to colder water (Rasmussen et al. 2012), thereby giv-
ing them a competitive advantage. Identifying such causative re-
lationships would also assist in removing hybrids from a system
(if this is deemed to be desirable). Under certain conditions it may
be possible to artificially increase the density of both wild and
hybridized individuals to the point where density-dependent nat-
ural selection can exhibit stronger selection against those individ-
uals lacking local adaptations. Certainly, reducing the population
density through the nondiscriminate removal of both wild and
domesticated individuals from a population undergoing hybrid-
ization should be avoided, as such removal may potentially in-
crease the relative success of foreign conspecifics (e.g., Fleming
and Gross 1993; Biro et al. 2003, 2004). Finally, in situations where
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unintentional hybridization is a possibility, the number of acci-
dental introductions should be minimized wherever possible, and
the choice of locations for such activities as aquaculture and farm-
ing should focus on areas where environmental conditions are
likely to greatly reduce the reproductive success of any potential
escapees (e.g., Naylor et al. 2005; Hutchings and Fraser 2008;
Thorstad et al. 2008).

Acknowledgements

We thank O. McNeil for her assistance in tracking down rele-
vant files from the OMNR database and A. Calvert for her construc-
tive feedback on a previous version of paper. This work was
supported by a Fonds de recherche du Québec — Nature et tech-
nologies (FQRNT) Nouveaux Chercheurs grant to DJF.

References

Addison, P.A., and Wilson, C.C. 2010. Matching management to biological scale:
connectivity among lacustrine brook trout populations. N. Am. J. Fish. Man-
age. 30(5): 1132-1142. doi:10.1577/M09-146.1.

Allendorf, FW., Leary, R.F., Spruell, P., and Wenburg, ].K. 2001. The problems
with hybrids: setting conservation guidelines. Trends Ecol. Evol. 16(11): 613—
622. doi:10.1016/S0169-5347(01)02290-X.

Almodovar, A., Nicola, G.G., Elvira, B., and Garcia-Marin, J.L. 2006. Introgression
variability among Iberian brown trout Evolutionary Significant Units: the
influence of local management and environmental features. Freshw. Biol.
51(6): 1175-1187. doi:10.1111/j.1365-2427.2006.01556.X.

Angers, B., Bernatchez, L., Angers, A., and Desgroseillers, L. 1995. Specific mic-
rosatellite loci for brook charr reveal strong population subdivision on a
microgeographic scale. J. Fish Biol. 47(sA): 177-185. doi:10.1111/j.1095-8649.
1995.tb06054.x.

Araki, H., Cooper, B., and Blouin, M.S. 2007. Genetic effects of captive breeding
cause a rapid, cumulative fitness decline in the wild. Science, 318(5847):
100-103. doi:10.1126/science.1145621. PMID:17916734.

Arnold, M.L. 1992. Natural hybridization as an evolutionary process. Annu. Rev.
Ecol. Syst. 23: 237-261. doi:10.1146/annurev.es.23.110192.001321.

Baker, J.P., Van Sickle, J., Gagen, C.J., DeWalle, D.R., Sharpe, W.E., Carline, R.F.,
Baldigo, B.P., Murdoch, P.S., Bath, D.W., Kretser, W.A., Simonin, H.A., and
Wigington, P.J., Jr. 1996. Episodic acidification of small streams in the North-
eastern United States: effects on fish populations. Ecol. Appl. 6(2): 422-437.
doi:10.2307/2269380.

Baric, S., Riedl, A., Meraner, A., Medgyesy, N., Lackner, R., Pelster, B., and Via, J.D.
2010. Alpine headwater streams as reservoirs of remnant populations of the
Danubian clade of brown trout. Freshw. Biol. 55(4): 866-880. doi:10.1111fj.
1365-2427.2009.02318.X.

Biro, P.A., Post, J.R., and Parkinson, E.A. 2003. Density-dependent mortality is
mediated by foraging activity for prey fish in whole-lake experiments. J. Anim.
Ecol. 72(4): 546-555. d0i:10.1046/j.1365-2656.2003.00724.X.

Biro, P.A., Abrahams, M.V., Post, J.R., and Parkinson, E.A. 2004. Predators select
against high growth rates and risk-taking behaviour in domestic trout pop-
ulations. Proc. R. Soc. Ser. B Biol. Sci. 271(1554): 2233-2237. d0i:10.1098/rspb.
2004.2861.

Blanchfield, P.J., and Ridgway, M.S. 2005. The relative influence of breeding
competition and habitat quality on female reproductive success in lacustrine
brook trout (Salvelinus fontinalis). Can. J. Fish. Aquat. Sci. 62(12): 2694-2705.
do0i:10.1139/f05-176.

Burke, J.M., and Arnold, M.L. 2001. Genetics and the fitness of hybrids. Annu.
Rev. Genet. 35: 31-52. doi:10.1146/annurev.genet.35.102401.085719. PMID:
11700276.

Burnham, K.P., and Anderson, D.R. 2002. Model selection and multi-model
inference: a practical information-theoretic approach. 2nd ed. Springer, New
York.

Castric, V., Bernatchez, L., Belkhir, K., and Bonhomme, F. 2002. Heterozygote
deficiencies in small lacustrine populations of brook charr Salvelinus fontinalis
Mitchill (Pisces, Salmonidae): a test of alternative hypotheses. Heredity, 89:
27-35. d0i:10.1038/sj.hdy.6800089. PMID:12080367.

Champigneulle, A., and 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(2): 79-85. d0i:10.1046/j.
1365-2400.2003.00325.X.

Corander, J., and Marttinen, P. 2006. Bayesian identification of admixture events
using multilocus molecular markers. Mol. Ecol. 15(10): 2833-2843. d0i:10.1111/
j-1365-294X.2006.02994.x. PMID:16911204.

Cote, D., Adams, B.K,, Clarke, K.D., and Langdon, M. 2011. Salmonid biomass and
habitat relationships for small lakes. Environ. Biol. Fishes, 92(3): 351-360.
doi:10.1007/s10641-011-9845-8.

Danzmann, R.G., and Ihssen, P.E. 1995. A phylogeographic survey of brook charr
(Salvelinus fontinalis) in Algonquin Park, Ontario based upon mitochondrial
DNA variation. Mol. Ecol. 4(6): 681-697. doi:10.1111/j.1365-294X.1995.tb00269.x.
PMID:8564008.

Can. J. Fish. Aquat. Sci. Vol. 71, 2014

Evans, D.O., and Willox, C.C. 1991. Loss of exploited, indigenous populations of
lake trout, Salvelinus namaycush, by stocking of non-native stocks. Can. J. Fish.
Aquat. Sci. 48(S1): 134-147. doi:10.1139/f91-312.

Fleming, I.A., and Gross, M.R. 1993. Breeding success of hatchery and wild coho
salmon (Oncorhynchus kisutch) in competition. Ecol. Appl. 3(2): 230-245. doi:
10.2307/1941826.

Fraser, D.J., Cook, A.M., Eddington, ]J.D., Bentzen, P., and Hutchings, J.A. 2008.
Mixed evidence for reduced local adaptation in wild salmon resulting from
interbreeding with escaped farmed salmon: complexities in hybrid fitness.
Evol. Appl. 1(3): 501-512. doi:10.1111/j.1752-4571.2008.00037..x.

Fraser, D.J., Minto, C., Calvert, A.M., Eddington, J.D., and Hutchings, J.A. 2010.
Potential for domesticated-wild interbreeding to induce maladaptive phe-
nology across multiple populations of wild Atlantic salmon (Salmo salar). Can.
J. Fish. Aquat. Sci. 67(11): 1768-1775. doi:10.1139/F10-094.

Fraser, ].M. 1978. Comparative recoveries of planted yearling and fall-fingerling
brook trout (Salvelinus fontinalis) from Ontario lakes. J. Fish. Board Can. 35(4):
391-396. doi:10.1139/f78-069.

Fraser, J.M. 1981. Comparative survival and growth of planted wild, hybrid, and
domestic strains of brook trout (Salvelinus fontinalis) in Ontario lakes. Can. J.
Fish. Aquat. Sci. 38(12): 1672-1684. d0i:10.1139/f81-216.

Garcia-Marin, J.L., Sanz, N., and Pla, C. 1998. Proportions of native and intro-
duced brown trout in adjacent fished and unfished Spanish rivers. Conserv.
Biol. 12(2): 313-319. d0i:10.1046/j.1523-1739.1998.96133 x.

Godbout, L., and Peters, R.H. 1988. Determinants of stable catch in the brook
trout Salvelinus fontinalis sport fishery in Quebec. Can. J. Fish. Aquat. Sci.
45(10): 1771-1778. doi:10.1139/88-208.

Hails, R.S., and Morley, K. 2005. Genes invading new populations: a risk assess-
ment perspective. Trends Ecol. Evol. 20(5): 245-252. doi:10.1016[j.tree.2005.
02.006. PMID:16701376.

Hansen, M.M., Fraser, D.J., Meier, K., and Mensberg, K.-L.D. 2009. Sixty years of
anthropogenic pressure: a spatio-temporal genetic analysis of brown trout
populations subject to stocking and population declines. Mol. Ecol. 18(12):
2549-2562. doi:10.1111/j.1365-294X.2009.04198.x. PMID:19457206.

Heath, D., Bettles, C.M., and Roff, D. 2010. Environmental factors associated with
reproductive barrier breakdown in sympatric trout populations on Vancou-
ver Island. Evol. Appl. 3(1): 77-90. d0i:10.1111/j.1752-4571.2009.00100.x.

Hogg, J.T., Forbes, S.H., Steele, B.M., and Luikart, G. 2006. Genetic rescue of an
insular population of large mammals. Proc. R. Soc. Ser. B Biol. Sci. 273(1593):
1491-1499. doi:10.1098/rspb.2006.3477.

Hutchings, J.A., and Fraser, D.J. 2008. The nature of fisheries- and farming-
induced evolution. Mol. Ecol. 17(1): 294-313. d0i:10.1111/j.1365-294X.2007.
03485.x. PMID:17784924.

Karlsson, J., Jonsson, A., and Jansson, M. 2005. Productivity of high-latitude
lakes: climate effect inferred from altitude gradient. Global Change Biol.
11(5): 710-715. doi:10.1111/j.1365-2486.2005.00945.x.

Kaufman, S.D., Snucins, E., Gunn, J.M., and Selinger, W. 2009. Impacts of road
access on lake trout (Salvelinus namaycush) populations: regional scale effects
of overexploitation and the introduction of smallmouth bass (Micropterus
dolomieu). Can. J. Fish. Aquat. Sci. 66(2): 212-223. doi:10.1139/F08-205.

Kerr, S.J. 2000. Brook trout stocking: An annotated bibliography and literature
review with an emphasis on Ontario waters. Fish and Wildlife Branch, On-
tario Ministry of Natural Resources, Peterborough, Ont.

Kerr, S.J. 2006. An historical review of fish culture, stocking and fish transfers in
Ontario, 1865-2004. Fish and Wildlife Branch, Ontario Ministry of Natural
Resources, Peterborough, Ont.

Krueger, C.C., and Waters, T.F. 1983. Annual production of macroinvertebrates
in three streams of different water quality. Ecology, 64: 840-850. doi:10.2307/
1937207.

Lachance, S., and Magnan, P. 1990. Performance of domestic, hybrid, and wild
strains of brook trout, Salvelinus fontinalis, after stocking: the impact of intra-
and interspecific competition. Can. J. Fish. Aquat. Sci. 47(12): 2278-2284.
doi:10.1139/f90-253.

Lambert, R.S., and Pross, P. 1967. Renewing nature’s wealth. Ontario Depart-
ment of Lands and Forests, Toronto, Ont., Canada.

Latch, E.K., Dharmarajan, G., Glaubitz, J.C., and Rhodes, O.E. 2006. Relative
performance of Bayesian clustering software for inferring population sub-
structure and individual assignment at low levels of population differentia-
tion. Conserv. Genet. 7(2): 295-302. doi:10.1007/s10592-005-9098-1.

Lek, S., Belaud, A., Baran, P., Dimopoulos, I., and Delacoste, M. 1996. Role of some
environmental variables in trout abundance models using neural networks.
Aquat. Living Resour. 9(1): 23-29. doi:10.1051/alr:1996004.

Liskauskas, A.P., and Ferguson, M.M. 1991. Genetic variation and fitness: a test in
a naturalized population of brook trout (Salvelinus fontinalis). Can. J. Fish.
Aquat. Sci. 48(11): 2152-2162. doi:10.1139/f91-254.

Loomis, J., and Fix, P. 1998. Testing the importance of fish stocking as a deter-
minant of the demand for fishing licenses and fishing effort in Colorado.
Human Dimensions of Wildlife, 3(3): 46-61. doi:10.1080/10871209809359131.

Marie, A.D., Bernatchez, L., and Garant, D. 2010. Loss of genetic integrity corre-
lates with stocking intensity in brook charr (Salvelinus fontinalis). Mol. Ecol.
19(10): 2025-2037. d0i:10.1111/j.1365-294X.2010.04628.x. PMID:20406382.

Marie, A.D., Bernatchez, L., and Garant, D. 2012. Environmental factors correlate
with hybridization in stocked brook charr (Salvelinus fontinalis). Can. J. Fish.
Aquat. Sci. 69(5): 884-893. d0i:10.1139/f2012-027.

< Published by NRC Research Press


http://dx.doi.org/10.1577/M09-146.1
http://dx.doi.org/10.1016/S0169-5347(01)02290-X
http://dx.doi.org/10.1111/j.1365-2427.2006.01556.x
http://dx.doi.org/10.1111/j.1095-8649.1995.tb06054.x
http://dx.doi.org/10.1111/j.1095-8649.1995.tb06054.x
http://dx.doi.org/10.1126/science.1145621
http://www.ncbi.nlm.nih.gov/pubmed/17916734
http://dx.doi.org/10.1146/annurev.es.23.110192.001321
http://dx.doi.org/10.2307/2269380
http://dx.doi.org/10.1111/j.1365-2427.2009.02318.x
http://dx.doi.org/10.1111/j.1365-2427.2009.02318.x
http://dx.doi.org/10.1046/j.1365-2656.2003.00724.x
http://dx.doi.org/10.1098/rspb.2004.2861
http://dx.doi.org/10.1098/rspb.2004.2861
http://dx.doi.org/10.1139/f05-176
http://dx.doi.org/10.1146/annurev.genet.35.102401.085719
http://www.ncbi.nlm.nih.gov/pubmed/11700276
http://dx.doi.org/10.1038/sj.hdy.6800089
http://www.ncbi.nlm.nih.gov/pubmed/12080367
http://dx.doi.org/10.1046/j.1365-2400.2003.00325.x
http://dx.doi.org/10.1046/j.1365-2400.2003.00325.x
http://dx.doi.org/10.1111/j.1365-294X.2006.02994.x
http://dx.doi.org/10.1111/j.1365-294X.2006.02994.x
http://www.ncbi.nlm.nih.gov/pubmed/16911204
http://dx.doi.org/10.1007/s10641-011-9845-8
http://dx.doi.org/10.1111/j.1365-294X.1995.tb00269.x
http://www.ncbi.nlm.nih.gov/pubmed/8564008
http://dx.doi.org/10.1139/f91-312
http://dx.doi.org/10.2307/1941826
http://dx.doi.org/10.1111/j.1752-4571.2008.00037.x
http://dx.doi.org/10.1139/F10-094
http://dx.doi.org/10.1139/f78-069
http://dx.doi.org/10.1139/f81-216
http://dx.doi.org/10.1046/j.1523-1739.1998.96133.x
http://dx.doi.org/10.1139/f88-208
http://dx.doi.org/10.1016/j.tree.2005.02.006
http://dx.doi.org/10.1016/j.tree.2005.02.006
http://www.ncbi.nlm.nih.gov/pubmed/16701376
http://dx.doi.org/10.1111/j.1365-294X.2009.04198.x
http://www.ncbi.nlm.nih.gov/pubmed/19457206
http://dx.doi.org/10.1111/j.1752-4571.2009.00100.x
http://dx.doi.org/10.1098/rspb.2006.3477
http://dx.doi.org/10.1111/j.1365-294X.2007.03485.x
http://dx.doi.org/10.1111/j.1365-294X.2007.03485.x
http://www.ncbi.nlm.nih.gov/pubmed/17784924
http://dx.doi.org/10.1111/j.1365-2486.2005.00945.x
http://dx.doi.org/10.1139/F08-205
http://dx.doi.org/10.2307/1937207
http://dx.doi.org/10.2307/1937207
http://dx.doi.org/10.1139/f90-253
http://dx.doi.org/10.1007/s10592-005-9098-1
http://dx.doi.org/10.1051/alr%3A1996004
http://dx.doi.org/10.1139/f91-254
http://dx.doi.org/10.1080/10871209809359131
http://dx.doi.org/10.1111/j.1365-294X.2010.04628.x
http://www.ncbi.nlm.nih.gov/pubmed/20406382
http://dx.doi.org/10.1139/f2012-027

Harbicht et al.

Mason, J.W., Brynildson, O.M., and Degurse, P.E. 1967. Comparative survival of
wild and domestic strains of brook trout in streams. Trans. Am. Fish. Soc.
96(3): 313-319. doi:10.1577/1548-8659(1967)96[313: CSOWAD]2.0.CO;2.

Matala, A.P., Marx, S., and Wise, T.G. 2008. A genetically distinct wild redband
trout (Oncorhynchus mykiss gairdneri) population in Crane Prairie Reservoir,
Oregon, persists despite extensive stocking of hatchery rainbow trout
(0. m. irideus). Conserv. Genet. 9(6): 1643-1652. doi:10.1007/s10592-008-9527-z.

McGinnity, P., Prodohl, P., Ferguson, A., Hynes, R.A., Maoiléidigh, N.O.,
Baker, N., Cotter, D., O’'Hea, B., Cooke, D., Rogan, G., Taggart, J., and Cross, T.
2003. Fitness reduction and potential extinction of wild populations of
Atlantic salmon, Salmo salar, as a result of interactions with escaped farm
salmon. Proc. R. Soc. Ser. B Biol. Sci. 270(1532): 2443-2450. d0i:10.1098/rspb.
2003.2520.

Meraner, A., Baric, S., and Dalla Via, J. 2008. The selection of the “wild”: a
combined molecular approach for the identification of pure indigenous fish
from hybridized populations. Comp. Biochem. Physiol. Part D: Genomics
Proteomics, 3(1): 36-42. doi:10.1016/j.cbd.2007.02.004.

Mezzera, M., and Largiader, C.R. 2001. Evidence for selective angling of intro-
duced trout and their hybrids in a stocked brown trout population. J. Fish
Biol. 59(2): 287-301. d0i:10.1111/j.1095-8649.2001.tb00130.x.

Naylor, R., Hindar, K., Fleming, I.A., Goldburg, R., Williams, S., Volpe, ]J.,
Whoriskey, F., Eagle, ]J., Kelso, D., and Mangel, M. 2005. Fugitive salmon:
assessing the risks of escaped fish from net-pen aquaculture. BioScience,
55(5): 427-437. d0i:10.1641/0006-3568(2005)055[0427:FSATRO]2.0.CO;2.

Nislow, K.H., and Lowe, W.H. 2003. Influences of logging history and stream
PH on brook trout abundance in first-order streams in New Hampshire.
Trans. Am. Fish. Soc. 132(1): 166-171. doi:10.1577/1548-8659(2003)132<0166:
IOLHAS>2.0.CO;2.

OMNR. 1999. Stocks catalogue. Fish Culture Section, Fish and Wildlife Branch,
Ontario Ministry of Natural Resources, Peterborough, Ont.

Peakall, R., and Smouse, P.E. 2006. GenAlEx 6: Genetic Analysis in Excel, popu-
lation genetic software for teaching and research. Mol. Ecol. Notes, 6(1):
288-295. d0i:10.1111/j.1471-8286.2005.01155.X.

Pierpaoli, M., Biro, Z.S., Herrmann, M., Hupe, K., Fernandes, M., Ragni, B.,
Szemethy, L., and Randi, E. 2003. Genetic distinction of wildcat (Felis silvestris)
populations in Europe, and hybridization with domestic cats in Hungary.
Mol. Ecol. 12(10): 2585-2598. do0i:10.1046/j.1365-294X.2003.01939.x. PMID:
12969463.

Post, J.R., Persson, L., Parkinson, E.A., and van Kooten, T. 2008. Angler numerical
response across landscapes and the collapse of freshwater fisheries. Ecol.
Appl. 18(4): 1038-1049. d0i:10.1890/07-0465.1. PMID:18536261.

Pritchard, J.K., Stephens, M., and Donnelly, P. 2000. Inference of population
structure using multilocus genotype data. Genetics, 155(2): 945-959. Avail-
able from http:/fwww.genetics.org/content/155/2/945.full. PMID:10835412.

Pritchard, V.L., Jones, K., and Cowley, D.E. 2007. Estimation of introgression in
cutthroat trout populations using microsatellites. Conserv. Genet. 8(6): 1311-
1329. doi:10.1007/s10592-006-9280-0.

697

Quinn, N.W.S. 1995. General features of brook trout, Salvelinus fontinalis, spawn-
ing sites in lakes in Algonquin Provincial Park, Ontario. Can. Field-Nat.
109(2): 205-209.

Rasmussen, J.B., Robinson, M.D., and Heath, D.D. 2010. Ecological consequences
of hybridization between native westslope cutthroat (Oncorhynchus clarkii lewisi)
and introduced rainbow (Oncorhynchus mykiss) trout: effects on life history and
habitat use. Can. J. Fish. Aquat. Sci. 67(2): 357-370. doi:10.1139/F09-191.

Rasmussen, J.B., Robinson, M.D., Hontela, A., and Heath, D.D. 2012. Metabolic
traits of westslope cutthroat trout, introduced rainbow trout and their hy-
brids in an ecotonal hybrid zone along an elevation gradient. Biol. J. Linn.
Soc. 105(1): 56-72. doi:10.1111/j.1095-8312.2011.01768 x.

Raymond, M., and Rousset, F. 1995. GENEPOP (version 1.2): population genetics
software for exact tests and ecumenicism. Heredity, 86(3): 248-249.

Rhymer, ].M., and Simberloff, D. 1996. Extinction by hybridization and intro-
gression. Annu. Rev. Ecol. Syst. 27: 83-109. doi:10.1146/annurev.ecolsys.
27.1.83.

Ridgway, M.S., and Blanchfield, P.J. 1998. Brook trout spawning areas in lakes.
Ecol. Freshw. Fish, 7: 140-145. doi:10.1111/j.1600-0633.1998.tb00180.x.

Tallmon, D.A., Luikart, G., and Waples, R.S. 2004. The alluring simplicity and
complex reality of genetic rescue. Trends Ecol. Evol. 19(9): 489-496. doi:10.
1016/j.tree.2004.07.003. PMID:16701312.

Thorstad, E.B., Fleming, I.A., McGinnity, P., Soto, D., Wennevik, V., and
Whoriskey, F. 2008. Incidence and impacts of escaped farmed Atlantic
salmon, Salmo salar, in nature. Norwegian Institute for Nature Research
(NINA) and World Wildlife Fund Inc., Tungasletta, Norway.

Utter, F.M. 2000. Patterns of subspecific anthropogenic introgression in two sal-
monid genera. Rev. Fish Biol. Fish. 10(3): 265-279. doi:10.1023/A:1016686415022.

Vih4, J.-P., and Primmer, C.R. 2006. Efficiency of model-based Bayesian methods
for detecting hybrid individuals under different hybridization scenarios and
with different numbers of loci. Mol. Ecol. 15(1): 63-72. doi:10.1111/.1365-294X.
2005.02773.x. PMID:16367830.

Wahlund, S. 1928. Zusammensetzung von populationen und korrelationsers-
cheinungen vom standpunkt der vererbungslehre aus betrachtet. Hereditas,
11(1): 65-106. doi:10.1111/j.1601-5223.1928.tb02483.x.

Webster, D.A., and Flick, W.A. 1981. Performance of indigenous, exotic, and
hybrid strains of brook trout (Salvelinus fontinalis) in waters of the Adirondack
Mountains, New York. Can. J. Fish. Aquat. Sci. 38(12): 1701-1707. d0i:10.1139/
£81-218.

Wilson, C.C., Lavender, M., and Black, J. 2007. Genetic assessment of walleye
(Sander vitreus) restoration efforts and options in Nipigon Bay and Black Bay,
Lake Superior. J. Gt. Lakes Res. 33(S1):133-144. d0i:10.3394/0380-1330(2007)33
[133:GAOWSV]2.0.CO;2.

Yau, M.M., and Taylor, E.B. 2013. Environmental and anthropogenic correlates of
hybridization between westslope cutthroat trout (Oncorhynchus clarkii lewisi)
and introduced rainbow trout (0. mykiss). Conserv. Genet. 14(4): 885-900.
doi:10.1007/s10592-013-0485-8.

< Published by NRC Research Press


http://dx.doi.org/10.1577/1548-8659(1967)96%5B313%3ACSOWAD%5D2.0.CO;2
http://dx.doi.org/10.1007/s10592-008-9527-z
http://dx.doi.org/10.1098/rspb.2003.2520
http://dx.doi.org/10.1098/rspb.2003.2520
http://dx.doi.org/10.1016/j.cbd.2007.02.004
http://dx.doi.org/10.1111/j.1095-8649.2001.tb00130.x
http://dx.doi.org/10.1641/0006-3568(2005)055%5B0427%3AFSATRO%5D2.0.CO;2
http://dx.doi.org/10.1577/1548-8659(2003)132%3C0166%3AIOLHAS%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8659(2003)132%3C0166%3AIOLHAS%3E2.0.CO;2
http://dx.doi.org/10.1111/j.1471-8286.2005.01155.x
http://dx.doi.org/10.1046/j.1365-294X.2003.01939.x
http://www.ncbi.nlm.nih.gov/pubmed/12969463
http://dx.doi.org/10.1890/07-0465.1
http://www.ncbi.nlm.nih.gov/pubmed/18536261
http://www.genetics.org/content/155/2/945.full
http://www.ncbi.nlm.nih.gov/pubmed/10835412
http://dx.doi.org/10.1007/s10592-006-9280-0
http://dx.doi.org/10.1139/F09-191
http://dx.doi.org/10.1111/j.1095-8312.2011.01768.x
http://dx.doi.org/10.1146/annurev.ecolsys.27.1.83
http://dx.doi.org/10.1146/annurev.ecolsys.27.1.83
http://dx.doi.org/10.1111/j.1600-0633.1998.tb00180.x
http://dx.doi.org/10.1016/j.tree.2004.07.003
http://dx.doi.org/10.1016/j.tree.2004.07.003
http://www.ncbi.nlm.nih.gov/pubmed/16701312
http://dx.doi.org/10.1023/A%3A1016686415022
http://dx.doi.org/10.1111/j.1365-294X. 2005.02773.x
http://dx.doi.org/10.1111/j.1365-294X. 2005.02773.x
http://www.ncbi.nlm.nih.gov/pubmed/16367830
http://dx.doi.org/10.1111/j.1601-5223.1928.tb02483.x
http://dx.doi.org/10.1139/f81-218
http://dx.doi.org/10.1139/f81-218
http://dx.doi.org/10.3394/0380-1330(2007)33%5B133%3AGAOWSV%5D2.0.CO;2
http://dx.doi.org/10.3394/0380-1330(2007)33%5B133%3AGAOWSV%5D2.0.CO;2
http://dx.doi.org/10.1007/s10592-013-0485-8

	Article
	Introduction
	Methods
	Study populations and their history of hatchery trout stocking
	Habitat and stocking data
	DNA analyses
	Within-lake measures of genetic diversity
	Estimation of the degree of hatchery–wild admixture
	Correlates of hatchery–wild admixture

	Results
	Within-lake measures of genetic diversity
	Degree of hatchery–wild admixture amongst study lakes
	Correlates of hatchery–wild admixture

	Discussion
	Habitat correlates of hatchery–wild admixture
	Anthropogenic correlates of hatchery–wild admixture
	Density dependence
	Summary and implications


	Acknowledgements
	References


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages true
	/AutoRotatePages /PageByPage
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 99
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 600
	/NeverEmbed [
		/Arial-Black
		/Arial-BlackItalic
		/Arial-BoldItalicMT
		/Arial-BoldMT
		/Arial-ItalicMT
		/ArialMT
		/ArialNarrow
		/ArialNarrow-Bold
		/ArialNarrow-BoldItalic
		/ArialNarrow-Italic
		/ArialUnicodeMS
		/CenturyGothic
		/CenturyGothic-Bold
		/CenturyGothic-BoldItalic
		/CenturyGothic-Italic
		/CourierNewPS-BoldItalicMT
		/CourierNewPS-BoldMT
		/CourierNewPS-ItalicMT
		/CourierNewPSMT
		/Georgia
		/Georgia-Bold
		/Georgia-BoldItalic
		/Georgia-Italic
		/Impact
		/LucidaConsole
		/Tahoma
		/Tahoma-Bold
		/TimesNewRomanMT-ExtraBold
		/TimesNewRomanPS-BoldItalicMT
		/TimesNewRomanPS-BoldMT
		/TimesNewRomanPS-ItalicMT
		/TimesNewRomanPSMT
		/Trebuchet-BoldItalic
		/TrebuchetMS
		/TrebuchetMS-Bold
		/TrebuchetMS-Italic
		/Verdana
		/Verdana-Bold
		/Verdana-BoldItalic
		/Verdana-Italic
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Average
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.0
	/GrayImageDownsampleThreshold 1.0
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 0
	/PreserveOverprintSettings false
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.0
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /RelativeColorimeteric
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


