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ABSTRACT

Loss of suitable habitat and subsequent fragmentation of populations are recognized as important factors in the
decline and extinction of many species because they result in smaller, more isolated populations with reduced genetic
diversity. The Greater Sage-Grouse (Centrocercus urophasianus), having declined in distribution and abundance
throughout its range, is a candidate species under the U.S. Endangered Species Act and a species of special concern in
California. Because the relationships between dispersal, gene flow, and genetic structure are interrelated and affect the
long-term persistence of Greater Sage-Grouse, we assessed the genetic structure and patterns of dispersal among
Greater Sage-Grouse in a declining, peripheral population in northeastern California. We genotyped 19 microsatellite
loci from 167 individuals from 13 leks and 20 individuals captured off lek. Greater Sage-Grouse in northeastern
California appear to maintain gene flow and genetic diversity across the sampled region. Despite population declines
and habitat loss, leks were not genetically differentiated. Our results showed significant isolation-by-distance among
males, which suggests that male Greater Sage-Grouse are more philopatric than females. Spatial autocorrelation
analysis revealed stronger spatial structuring for males than for females. Results from the corrected assignment index
also confirmed female-biased dispersal, although differences between sexes were not significant. While more research
is needed on the proximate and ultimate causes behind the patterns we observed, our results serve as an important
step toward understanding genetic structure and patterns of sex-biased dispersal in Greater Sage-Grouse occupying
the periphery of the species’ geographic distribution.
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Estructura genética de Centrocercus urophasianus en una poblacion periférica en disminucion

RESUMEN

Se reconoce que la pérdida de hdbitat adecuado y la subsiguiente fragmentacién de las poblaciones son factores
importantes en la disminucidn y extincion de muchas especies, ya que dan como resultado poblaciones mas pequenas
y aisladas, con una diversidad genética reducida. La distribucién y la abundancia de Centrocercus urophasianus han
disminuido a través de su rango y como resultado la especie es considerada como especie candidato bajo la Ley de
Especies Amenazadas de EEUU, y es considerada como especie de atencion especial en California. Debido a que las
relaciones entre dispersion, flujo génico y estructura genética estan interrelacionadas y afectan la persistencia a largo
plazo de C. urophasianus, evaluamos la estructura genética y los patrones de dispersion de los individuos de C.
urophasianus en una poblacion periférica en disminucién en el noreste de California. Tipificamos el genotipo de 19 loci
microsatelitales de 167 individuos provenientes de 13 asambleas de cortejo y de 20 individuos capturados afuera de
las asambleas de cortejo. Los individuos de C. urophasianus en el noreste de California parecen mantener el flujo
génico y la diversidad genética a lo largo de la region de muestreo. A pesar de la disminucion poblacional y la pérdida
de habitat, las asambleas de cortejo no se diferenciaron genéticamente. Nuestros resultados mostraron un aislamiento
por distancia significativo entre los machos, sugiriendo que los machos de C. urophasianus son mas filantrépicos que
las hembras. Los analisis de autocorrelacion espacial revelaron una estructuracion espacial mas fuerte para los machos
que para las hembras. Los resultados del indice corregido de asignacion también confirmaron una dispersion sesgada
de las hembras, aunque las diferencias entre sexos no fueron significativas. Se necesitan investigaciones adicionales
sobre las causas directas e indirectas detras de los patrones que observamos; sin embargo, nuestros resultados son un
paso importante hacia el entendimiento de la estructura genética y los patrones de dispersion sesgados por sexo de
los individuos de C. urophasianus que ocupan la periferia de la distribucion geogréfica de la especie.

Palabras clave: aislamiento por distancia, Centrocercus urophasianus, dispersion, estructura genética
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INTRODUCTION

Loss of suitable habitat and subsequent fragmentation of
populations are recognized as important factors in the
decline and extinction of many species because they result
in smaller, more isolated populations with reduced genetic
diversity (Frankham et al. 2002). One potential conse-
quence of habitat fragmentation is decreased genetic
variation in isolated populations, which are often marked
by a reduction in fitness, loss of heterozygosity, and
reduced allelic variation (Nei et al. 1975, Allendorf 1986).
The consequences of small, isolated populations are
particularly important in populations on the fringe of a
species’ distribution. Peripheral populations exhibit lower
genetic variation than populations from the core of the
species’ distribution because they are subject to coloniza-
tion and founder effects, which increase the potential for
genetic drift and inbreeding depression (Lesica and
Allendorf 1995).

Historically, the range of Greater Sage-Grouse (Centro-
cercus urophasianus; hereafter ‘“‘sage-grouse”) closely
paralleled the distribution of sagebrush (Artemisia spp.)
ecosystems of western North America (Beetle 1960,
Schroeder et al. 2004). However, sage-grouse populations
have declined throughout much of the species’ range
(Connelly and Braun 1997, Braun 1998, Schroeder et al.
2004), mainly as a result of alterations in habitats
(Crawford et al. 2004) and anthropogenic habitat loss
and fragmentation (Braun 1986, Lyon and Anderson 2003,
Johnson et al. 2011, Knick and Hanser 2011, Wisdom et al.
2011). In response to its declining abundance and
distribution, the sage-grouse was listed as “warranted but
precluded” under the U.S. Endangered Species Act, and it
remains a candidate for federal listing (U.S. Department of
Interior 2010; 75FR:13910-14014).

Sage-grouse occupy the western edge of their distribution
in northeastern California, USA. Although little published
information is available on sage-grouse population trends in
northeastern California (Garton et al. 2011), invasions of
western juniper (Juniperus occidentalis) and exotic annual
grasses such as cheatgrass (Bromus tectorum) and medusa-
head rye (Taeniatherum caput-medusa) have resulted in
loss and degradation of sagebrush communities and are
considered the primary reason for the population decline
and range contraction of sage-grouse in northeastern
California (Davis 2012) over the past 35 yr (Connelly et al.
2004, Schroeder et al. 2004, Shuford and Gardali 2008).
Furthermore, results from an analysis of factors associated
with extirpation of sage-grouse suggest that populations in
northeastern California have a higher risk of extinction than
larger populations within the core of the species’ distribu-
tion (Wisdom et al. 2011).

Populations that have undergone large decreases in size,
such as sage-grouse in northeastern California, are more

Population genetic structure of sage-grouse 531

likely to lose genetic variation (Nei et al. 1975, Maruyama
and Fuerst 1985). Although not documented in sage-
grouse populations in northeastern California, a loss in
genetic diversity could be associated with inbreeding and a
reduction in fitness (Westemeier et al. 1998, Bouzat et al.
2009). Resistance to disease and the ability of populations
to respond to stochastic events might also decrease with
the loss of genetic variation (Lacy 1997). Thus, loss of
genetic variation could negatively affect the long-term
viability of sage-grouse populations in northeastern
California.

Microsatellite loci can provide measures of genetic
variation within sage-grouse populations in northeastern
California relevant to our understanding of population
genetic structure and gene flow. Measures of genetic
variation allow evaluation of the degree to which small
and scattered populations have lost genetic diversity.
Although management of wildlife species has tradition-
ally been based on demographic data, the use of
molecular markers has been increasingly accepted as a
tool for describing dispersal and to complement demo-
graphic studies (DeWoody 2005, DeYoung and Honeycutt
2005). Dispersal is of particular interest in conservation
genetics because it results in gene flow. Gene flow not
only affects the rate of genetic drift and the expression of
deleterious alleles, it shapes the genetic structure of
populations (Hanski and Gilpin 1997, Frankham et al.
2002).

Ideally, methods that integrate genetic and demographic
data will enhance our understanding of the role of
dispersal in sage-grouse population structure. However,
traditional demographic studies (e.g., mark—recapture and
telemetry studies) are spatially and temporally restricted,
with limited ability to detect long-distance dispersal
among populations (Koenig et al. 1996), which leads to
discrepancies between genetic and demographic estimates
of dispersal distances. While direct measures of movement
provide data on the within-population component of
dispersal, indirect measures of genetic variation within and
among populations can be used to infer long-term patterns
of gene flow. Therefore, genetic-based estimates provide
information about dispersal integrated over larger spatial
and temporal scales than can be obtained from behavioral
data.

Several studies have documented significant population
genetic structure of sage-grouse occupying fragmented
landscapes (e.g., Oyler-McCance et al. 2005, 2015, Bush et
al. 2011, Schulwitz et al. 2014). Sage-grouse in northeast-
ern California have experienced similar isolation and
reduction in population size resulting from habitat loss
(Davis 2012), which appears to have split sage-grouse
populations into smaller, loosely connected lek complexes
where connectivity is unknown. At current population
levels and distribution, our expectation was that move-
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FIGURE 1. Sampled Greater Sage-Grouse leks (black circles; n=13) in northeastern California, USA. Leks LAS0105 and LAS0150 each
contained <5 males in 2007, became inactive in 2008, and remained abandoned through 2009.

ment between leks would be necessary to facilitate
population persistence and genetic variability.

A range-wide genetic survey of sage-grouse found that
gene flow is likely limited to movements by sage-grouse
between geographically adjacent populations and not likely
the result of long-distance movements of individuals
between non-neighboring populations (Oyler-McCance
et al. 2005). However, the connectivity of habitats suitable
for sage-grouse has not been studied in northeastern
California, and little is known about the population genetic
structure or how sage-grouse respond to habitat fragmen-
tation. Because dispersal, gene flow, and genetic structure
are interrelated and affect the long-term persistence of
sage-grouse, the objective of our study was to examine the
genetic structure in this population. Specifically, we
address the following questions: (1) What is the population

genetic structure of sage-grouse in northeastern Califor-
nia? (2) What is the degree (if any) of sex-specific
relatedness within leks? (3) Is there evidence for any sex-
specific differences in dispersal?

METHODS

Study Area

We assessed population genetic structure in a 466,703-ha
region of sagebrush-steppe habitat that included portions of
the Buffalo-Skedaddle Population Management Unit (PMU)
in northeastern California, extending east to the Nevada
border (Figure 1). The predominant sagebrush types
included Wyoming big sagebrush (A. tridentata wyomin-
gensis), mountain big sagebrush (A. t. vaseyana), and little
sagebrush (A. arbuscula). Slightly more than 46% of
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TABLE 1. Location of Greater Sage-Grouse genetic samples
collected in northeastern California, USA, 2007-2009. “Autumn
capture” refers to samples collected off lek, which could not be
assigned to any lek site. Data for these individuals were not used
in any lek-specific analysis.

Mean number
of males lek™

Number of genetic samples

Lek (2007-2009) Female Male Total
LAS0077 23 1 0 1
LAS0004 21 9 12 21
LAS0071 44 14 14 28
LAS0011 43 3 13 16
WAS0002 64 8 14 22
LAS0080 15 11 9 20
LAS0012 15 1 0 1
LAS0057 21 1 13 24
LAS0001 23 3 3 6
LAS0158 25 1 1 2
LAS0105 4 1 0 1
LAS0002 41 4 20 24
LAS0150 2 1 0 1
Autumn capture NA 20 0 20
Total 88 929 187

potential sagebrush habitat within our study area had a high
percentage of cheatgrass or western juniper invasion.
Approximately 19% of the sagebrush ecosystem within
our study area had crossed the threshold to being
dominated by cheatgrass or juniper woodlands (Armentrout
and Hall 2005). The study area was predominantly public
lands (>60%) administered by the Bureau of Land
Management; the primary land use was domestic livestock
grazing, including both sheep and cattle. Other land uses
included agricultural crops, primarily irrigated alfalfa
(Medicago spp.).

Tissue Collection

We captured sage-grouse opportunistically, on or near
leks, using spotlighting techniques (Giesen et al. 1982,
Wakkinen et al. 1992) from March through April 2007-
2009 (Table 1). We classified sex and age of captured birds
by plumage characteristics (Crunden 1963, Dalke et al.
1963). We collected blood samples from 167 sage-grouse
(99 males, 68 females) captured on 13 known, active lek
sites within the Buffalo-Skedaddle PMU (Figure 1). Two of
13 leks (LAS0105, LAS0150) were inactive by 2008 and
remained abandoned through 2009.

We collected ~3 drops of blood from a clipped hallux
nail and then stored the sample in Queen’s lysis buffer
(Seutin et al. 1991) or a microfuge tube previously coated
with EDTA (Oyler-McCance et al. 1999). When possible,
approximately equal numbers of males and females were
sampled at each lek. Additional sage-grouse (n = 20) were
captured off lek during the late summer and autumn of
2007 and 2008. Because sampling juveniles can reduce the
ability of genetic tests to detect sex-biased dispersal
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(Prugnolle and de Meeus 2002), we included only yearling
and adult birds in our analyses.

Capture locations spanned the breadth of our study
area, and we attempted to acquire a random sample of
individuals for the entire area. We do not suggest that leks
represent separate populations. Rather, as a consequence
of their lek mating system, we consider lek sites well suited
to accurately represent unique sample groups (e.g., Row et
al. 2015). Thus, for the purposes of our analyses, we
assumed that the distribution of lek sites we sampled was a
representative sample of the breeding population in
northeastern California. All birds sampled off lek (n =
20) were assigned an “unknown” lek status. Samples from
birds captured off lek were retained in population-level
estimates of genetic diversity (i.e. when all leks were
analyzed together) but were not used in any lek-specific
analyses, including spatial autocorrelation analysis. We
included leks with low samples sizes (n < 5 individuals
sampled) in population-level estimates of genetic diversity,
but only data from leks with >5 individuals sampled (n =8
leks) were retained for lek-specific analysis. There was no
evidence to suggest that significant changes to demo-
graphic parameters (e.g., nest initiation rate, apparent nest
success, clutch size, renesting rate, brood success, and
survival) occurred during the 3-yr sampling period (Davis
2012), which could potentially alter allele frequency, so
samples were combined across all years. Individual sage-
grouse were marked with a numbered aluminum leg band
at capture to ensure that blood samples collected across
different years did not include duplicate samples.

DNA Extraction and Microsatellite Genotyping
DNA was extracted using DNeasy Tissue Kits (Qiagen,
Germantown, MD, USA), following manufacturer’s proto-
cols and incorporating modifications from Bush et al
(2005). We genotyped individuals at 19 polymorphic
microsatellite loci originally developed for the Domestic
Chicken (Gallus gallus; ADL230; Cheng et al. 1995), Wild
Turkey (Meleagris gallopavo; RHT0094; Burt et al. 2003),
sage-grouse (SGCA9-2, SGCA5; Taylor et al. 2003), and
other grouse species, including Eurasian Capercaillie
(Tetrao wurogallus; TUT3, TUT4, TUD1, TUD3, TUD4;
Segelbacher et al. 2000), Black Grouse (7. tetrix; BG6,
BG14, BG15, BG16 [Piertney and Héglund 2001]; TTD1,
TTD2, TTD6, TTT1 [Caizergues et al. 2001]; TTT3
[Caizergues et al. 2003b]), and Red Grouse (Lagopus
lagopus scoticus; LLSDS; Piertney and Dallas 1997).

We divided the polymerase chain reactions (PCRs) into
3 multiplex panels using the Qiagen Multiplex PCR kit (7-
puL total volume) containing 119 ng pL of DNA as
described by Thompson (2012). Multiplex 1 consisted of
primers ADL230, BG14, BG15, BG16, LLSD8, SGCAS5, and
SGCA9-2. Multiplex 2 consisted of primers TUD1, TUD3,
TUD4, TUT3, and TUT4. Multiplex 3 consisted of primers
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BG6, RHT0094, TTD1, TTD2, TTD6, TTT1, and TTT3.
Cycling was performed using a PTC-240 DNA Engine
Tetrad 2 Peltier Thermal Cycler, following Thompson
(2012): initial denaturation of 95°C for 15 min, followed
by 11 cycles touchdown at 94°C for 30 s, annealing while
stepping down from 60°C to 47°C for 90 s, elongation at
72°C for 1 min, followed by 27 cycles of denaturing (20
and 31 cycles for Multiplexes 2 and 3, respectively) at
94°C for 30 s, 45°C (annealing at 47°C and 55°C for
Multiplexes 2 and 3, respectively) for 90 s, and 72°C for
60 s, and a final 60-min elongation at 60°C. Amplification
products were run against an LIZ 500 size standard on an
ABI 3130x] automated sequencer (Applied Biosystems,
Foster City, California). We used GENEMAPPER version
3.7 (Applied Biosystems), followed by visual inspection
and verification, to genotype all samples. Genotyping
errors (e.g., the presence of null alleles, scoring errors due
to stuttering, and allelic dropout) were checked across all
loci using Micro-Checker version 2.2.3 (van Oosterhout
et al. 2004).

Genetic Diversity, Differentiation, and Gene Flow

To investigate genetic diversity within and between lek
sites, we calculated expected (Hg) and observed (Hp)
heterozygosity for each locus and tested for deviations
from Hardy-Weinberg equilibrium (HWE) and linkage
disequilibrium using GENEPOP (Raymond and Rousset
1995; http://wbiomed.curtin.edu.au/genepop/). The signif-
icance level was adjusted for the number of comparisons
with Bonferroni (Dunn-Sid4k) techniques (Ury 1976).
Genetic variability at each lek site was assessed using
allele frequency data from which the number of alleles per
locus (A) and the inbreeding coefficient (Fis) were
calculated using GenAlEx version 6.3 (Peakall and Smouse
2006); and allelic richness (AR), which corrects for sample-
size differences, was determined using FSTAT version 2.9.3
(Goudet 2001). We calculated Fsp using Weir and
Cockerham’s (1984) estimator. To investigate population
genetic structure, pairwise Fgs estimates (Weir and
Cockerham 1984) were obtained from GENEPOP. To
assess genetic variability among leks, we compared AR,
Ho, Fis, and Fgrin FSTAT using 1,000 permutations and 2-
sided tests.

To investigate spatial genetic structure within north-
eastern California, we used the Bayesian program STRUC-
TURE version 2.3.3 (Pritchard et al. 2000), which infers the
optimal number of genetic clusters (K) from the multilocus
genotypes without prior population information. We
performed 10 independent simulations for different values
of K (1-13) with 100,000 burn-in iterations and 1 million
data repetitions, using no prior information and assuming
an admixture model. We assessed the most likely number
of clusters by estimating the log probability of the data
Pr(X|K), from the 10 independent runs against K to
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identify the most likely number of true populations from
our dataset (Pritchard et al. 2000).

Relatedness

We computed the average within-lek relatedness (R) for
males and females separately in SPAGEDI version 1.1
(Hardy and Vekemans 2002), using the relationship
coefficient of Queller and Goodnight (1989). All birds
belonged to a single population (K = 1); therefore, we
used allelic frequencies from the overall population for all
analyses. Standard errors of the mean coefficients of
relatedness estimates were generated by using jackknife
procedures over all loci (Hardy and Vekemans 2002). To
assess whether males and females were more related than
expected by chance, we compared sample means to a null
expectation of zero, using a 1-sample t-test (e.g., Gibson
et al. 2005). To evaluate whether genetic relatedness was
related to geographic distance, we tested for correlations
between the pairwise genetic relatedness among lek sites
and Euclidean distance, using a Mantel test (Mantel
1967).

Sex-biased Dispersal

We used 3 approaches to assess patterns of dispersal in
northeastern California. First, we assessed isolation-by-
distance (IBD) of males and females separately to identify
sex-specific differences in dispersal. We calculated the
straight-line Euclidean distance from the geographic
coordinates between known, active lek sites within our
study area. To test for IBD across the sampled region, we
used a Mantel test (Mantel 1967) in R-PACKAGE version
4.0 (Casgrain and Legendre 2001). The patterns of IBD
were analyzed by regressing pairwise estimates of Fsr/(1 —
Fgr) against the natural logarithm of the Euclidean
distance (In km) between active lek sites (Rousset 1997).
Only data from leks with samples of >5 individuals (n =8
leks) were retained for all lek-to-lek analyses.

Second, we analyzed spatial genetic structure at the
individual level, using a spatial autocorrelation analysis
(Smouse and Peakall 1999, Peakall et al. 2003) as
incorporated in GenAlEx version 6.3 (Peakall and Smouse
2006). With this method, different rates of dispersal by
males and females are expected to result in stronger spatial
autocorrelation among individuals of the more philopatric
sex (e.g., Peakall et al. 2003). We conducted these analyses
by calculating pairwise squared genetic distance and
geographic matrices, which were used to generate an
autocorrelation coefficient (r) for each distance class,
presented as a correlogram. The autocorrelation coeffi-
cient ranges from 1 (positive autocorrelation) to —1
(negative autocorrelation), with an r value of zero
indicating no spatial genetic structure. The geographic
distances were calculated as the straight-line Euclidian
distance between known, active lek sites.
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TABLE 2. Summary of the average genetic variability (Ho =
observed heterozygosity, Hg = expected heterozygosity, A =
number of alleles locus™', AR = allelic richness, Fis = inbreeding
coefficient, and R = average relatedness) by locus for Greater
Sage-Grouse in northeastern California, USA, 2007-2009.

Locus Ho He A AR Fis R
ADL230 0.701 0.741 8 7.794 0.057 —0.0054
BG14 0.791 0.865 13 12.956 0.087 —0.0054
BG15 0615 0.604 7 6.993 —0.016 —0.0054
BG16 0.763 0.797 8 7.812 0.045 —0.0054
LLSD8 0.790 0.829 10 9.962 0.051 —0.0064
SGCA5 0.701 0.755 8 7.992 0.075 —0.0054
SGCA9-2 0481 0.816 13 12.756 0413 —0.0054
TUD1 0523 0670 8 8 0.222 —0.0067
TUD3 0.536 0.836 15 14.938 0.362 —0.0055
TUD4 0.838 0.820 16 15769 —0.02  —0.0054
TUT3 0.685 0.701 7 6.967 0.026 —0.0055
TUT4 0585 0.799 8 7.987 0.27  —0.0059
BG6 0.856 0.872 14 13.974 0.021 —0.0066
RHT0094 0.284 0338 7 6.776 0.163 —0.006
TTD1 0353 0383 4 4 0.08 —0.006
TTD2 0.724 0.802 15 14.471 0.1 —0.0058
TTD6 0.705 0.777 12 11.902 0.096 —0.0061
TTT1 0632 0.802 9 8.83 0.215 —0.0055
TTT3 0.681 0.796 10 9.882 0.147 —0.0063
Global

mean ? 0.644 0.737 10.11 9.997 0.126  —0.0058

@ All leks were analyzed together for global (i.e. population-level)
estimates of genetic variation.

We performed separate spatial autocorrelation analyses
for males and females. Distance classes for male and
female sage-grouse differed considerably in scale, and
geographic distances of <20 km contained no observa-
tions of female sage-grouse (see Figure 5B). Therefore, we
divided spatial distances used to assess patterns of
dispersal into discrete distance classes for males (5 km)
and females (20 km) separately. For each analysis, we used
1,000 permutations to test the hypothesis of no spatial
genetic structure (r = 0) and 1,000 bootstraps to estimate
95% confidence intervals for the autocorrelation coefficient
for a given geographic distance (Peakall et al. 2003).
Statistical significance of the genetic autocorrelation
coefficient was inferred if male or female r values fell
outside the bootstrap confidence interval of the permuted
data (Peakall and Smouse 2006).

Third, we calculated a separate corrected assignment
index (AI) for male and female sage-grouse using the
approach by Favre et al. (1997). The corrected Al
calculates the probability that a genotype originated in
the population (lek) from which it was sampled (Favre et
al. 1997, Waser and Strobeck 1998). A negative corrected
Al value indicates dispersal, whereas a positive corrected
Al value implies philopatry (Mossman and Waser 1999).
We tested the mean corrected Al for males versus females
with a Mann-Whitney U-test (Mann and Whiney 1947).
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RESULTS

Genetic Diversity, Differentiation, and Gene Flow
Sixteen of 19 loci deviated from HWE at the population
level after the significance level was adjusted for multiple
comparisons (o = 0.002696). At the lek level, 9 of 247
comparisons deviated from HWE (o = 0.000337). Five of
171 comparisons at the population level were in linkage
disequilibrium, but we did not detect linkage disequilib-
rium between loci at the lek level after corrections for
multiple comparisons. The patterns of Hardy-Weinberg
and linkage disequilibrium we observed at the population
level were likely a consequence of genetic substructure—
occurring, in part, because of a lek mating system and
potential relatedness within leks (Bush et al. 2010).
Linkage disequilibrium has also been found to be linked
with levels of genetic diversity and elevated levels of
population structure (Li and Merila 2011), both of which
would be reflected at the lek level. Two loci (SGCA9-2
and TUD3) were out of HWE because of heterozygote
deficiencies. However, there was no evidence that any
locus was out of equilibrium consistently, and Micro-
Checker found that the frequency of allelic dropout and
null alleles was low. No loci were in disequilibrium at the
lek level after adjusting for the number of comparisons (o
=0.000337). We observed no evidence of physical linkage
among loci, and there were no significant differences
between the results when the tests were run with and
without SGCA9-2and TUD3 (Bush et al. 2010, 2011);
therefore, all loci were considered unlinked and retained
for analysis.

All 19 microsatellite loci were polymorphic (Table 2),
and the number of alleles ranged from 4 (TTD1) to 16
(TUD4) at the population level. The lowest number of
alleles was observed in the LAS0001 lek site (but the
number of individuals analyzed was small; # = 6), and the
highest number of alleles occurred in the LAS0071 and
LAS0080 lek sites (Table 3). The only significant
difference observed in measures of genetic diversity
between lek sites was Fig (i.e. the inbreeding coefficient,
P =0.024) between LAS0004 and LAS0011. Additionally,
the inbreeding coefficient for the LAS0011 lek was 0.173,
possibly indicating a departure from random mating at
this site.

Overall genetic differentiation between leks observed in
our study was low and ranged from 0.002 to 0.037.
Pairwise Fgp comparisons among lek sites did not differ
significantly from zero, and there were no significant
differences among the 28 pairwise values, which suggests
that gene flow occurs across the sampled region.
Additionally, Bayesian analysis using STRUCTURE did
not indicate the presence of substructure in this sample of
sage-grouse (K = 1), suggesting that sage-grouse in
northeastern California are a single population.
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TABLE 3. Genetic diversity estimates and mean allelic patterns of Greater Sage-Grouse leks in northeastern California, USA, 2007-
2009 (n = number of individuals analyzed, Ho = mean observed heterozygosity, He = mean expected heterozygosity, A =number of
alleles per locus, AR =allelic richness, Fis =inbreeding coefficient, R=average relatedness; “private alleles” are alleles that are unique
to a single lek).

Lek n Ho He A AR Fis R Number of private alleles
LAS0071 28 0.659 0.703 7.211 3.938 0.078 0.0317 0.263

LAS0004 21 0.670 0.712 6.737 4.022 0.091 0.0139 0.263

LAS0011 16 0.606 0.713 6.105 3.976 0.173 —0.0041 0.105

WAS0002 22 0.639 0.698 6.474 3.960 0.104 0.0401 0.316

LAS0057 24 0.651 0.708 6.526 4.005 0.093 0.0155 0

LAS0001 6 0.649 0.668 4579 3.956 0.106 0.0006 0

LAS0080 20 0.672 0.721 7.263 4.157 0.090 —0.0027 0.105

LAS0002 24 0.642 0.713 6.579 3.985 0.126 0.0277 0.421

Relatedness

There was a significant negative relationship between lek-
to-lek relatedness and geographic distance for all birds
combined (r = —0.656, P = 0.002; Figure 2). To further
assess lek genetic structure, we computed the mean
coefficients of relatedness across all leks for males and
females separately (Figure 3). Our results indicate that
both males (mean = SE=0.011 = 0.010, £y 05(1),7 =1.16, P
=0.28) and females (mean * SE=-0.012 = 0.014, ty0501),7
=-0.79, P=0.45) exhibited low average relatedness, which
suggests that sage-grouse leks are largely assemblages of
unrelated birds. For analyses by sex, we included leks with

low sample sizes. Thus, variation in R within leks might be
attributed to insufficient sample size (i.e. leks where <5
individuals were sampled).

Sex-biased Dispersal
We assessed IBD of males and females separately to
identify sex-specific differences in dispersal (Figure 4).
Isolation-by-distance was detected in males (r = 0.656, P =
0.003) but not females (r = 0.029, P = 0.499), which
suggests that females disperse farther than males.

Spatial autocorrelation analysis revealed stronger spatial
structuring for males than for females. Maximum distance
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o
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FIGURE 2. Average lek-to-lek relatedness versus geographic distance between Greater Sage-Grouse leks in northeastern California,
USA, 2007-2009.
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FIGURE 3. Average within-lek relatedness (R) for Greater Sage-Grouse leks in northeastern California, USA, 2007-2009. Within
individual leks, variation in R might be attributed to insufficient sample size (i.e. leks where <5 individuals were sampled, denoted by

asterisk). Bars indicate SE.

between known, active lek sites in our sampled region was
82 km (mean = 34.8 km * 18.4 [SD], range: 4.6—82.1 km).
Spatial autocorrelation analysis of male sage-grouse
resulted in significant, positive autocorrelation coefficients
within the 15-, 35-, and 75-km distances classes. This
suggests that males were more genetically similar than
females at distances of <35 km (Figure 5A). However,
patterns of genetic structure were similar between the
sexes at distances of 75-80 km. Although females had
significant genetic similarities at the 80-km distance class,
we failed to detect spatial genetic structure at shorter
distance classes (Figure 5B).

Female-biased dispersal was also evident from the mean
Al values of sage-grouse sampled from our study area.
Although a significant difference between male and female
sage-grouse was not detected (P = 0.698), males sampled
across the study region had a positive mean corrected Al
(0.144) in contrast to the negative mean corrected Al for
females (—0.123). Negative corrected Al values indicate
genotypes less likely than average to occur in the sample
(i.e. it characterizes individuals with a higher probability of
being immigrants). A positive corrected Al value indicates

a genotype more likely than average to occur in a sample
and characterizes individuals with lower probability of
being immigrants (Mossman and Waser 1999). Moreover,
females had proportionally more negative corrected Al
values, although the variance between males and females
was not significantly different, indicating a tendency
toward higher dispersal in females.

DISCUSSION

Although sage-grouse are declining and have lost a
significant portion of their range in northeastern California
(Schroeder et al. 2004, Shuford and Gardali 2008), our
estimates of genetic diversity were comparable to pub-
lished studies within the core of the species’ distribution in
Montana, Wyoming, Nevada, Oregon, and Idaho, USA
(Oyler-McCance et al. 2005). Previous investigations
assessing the relative diversity of sage-grouse have typically
used different microsatellite loci, making comparisons of
genetic diversity values across the species’ range difficult.
Even though the number of common microsatellite
markers has varied among studies, our estimates of
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against geographic distance for pairwise comparisons of 8 Greater Sage-Grouse leks in northeastern California, USA, 2007-2009.

heterozygosity suggest that sage-grouse in northeastern
California had higher heterozyosity than a geographically
isolated population in Mono County, California (Gibson et
al. 2005, Tebbenkamp 2014; but see Semple et al. 2001,
Oyler-McCance et al. 2014), and was comparable to levels
reported in a peripheral population in southeastern
Alberta, Canada (Bush et al. 2010).

We observed no major population subdivisions. Despite
population declines and habitat loss, leks in northeastern
California were not genetically differentiated. Bush et al.
(2011) reported that sage-grouse occupying fragmented
landscapes at the northern fringe of the species’ range
exhibited high genetic diversity, with no evidence that
peripheral populations were genetically depauperate. By
contrast, Schulwitz et al. (2014) found that sage-grouse
populations in Jackson Hole and Gros Ventre were

genetically isolated, with reduced genetic diversity com-
pared to nearby populations in Wyoming and southeast
Montana. Although habitat loss from anthropogenic
activities was a contributing factor to genetic isolation in
Jackson Hole (Schulwitz et al. 2014), the pattern of
population differentiation observed suggests that land-
scape features, such as mountains that limit dispersal,
could have been an important factor leading to genetic
differentiation (Schulwitz et al. 2014, Row et al. 2015).
Identifying how landscape features and changes in
landscape structure (i.e. loss of habitat quantity and
quality, as well as fragmentation) influence gene flow and
population connectivity is crucial for understanding
whether contemporary genetic patterns are caused by
extant landscapes or are a function of historical events. For
species that have low dispersal capability (e.g., <10 km), it
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FIGURE 5. Spatial genetic structure of (A) male (n=99) and (B) female (n = 68) Greater Sage-Grouse in northeastern California, USA,
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Asterisks indicate significant positive spatial autocorrelation values. Geographic distances of <20 km contained no observations of

females. Females sampled off lek (n = 20) were excluded.

will take longer for a barrier to be detected than for those
with long-distance dispersal capability (Landguth et al.
2010). For example, results of simulation studies suggest
that when dispersal capability is limited, organisms will
retain a genetic signal from a past barrier for tens to
hundreds of generations, compared to only 15 generations
for populations of organisms with large dispersal capabil-
ities (Landguth et al. 2010). This implies that genetic
studies of species with low dispersal capability might not
detect effects of landscape fragmentation for many
generations, even if the landscape change has resulted in
complete isolation of a previously connected population.
Additionally, genetic data may not detect the effects of
landscape changes if insufficient time has elapsed for the
effects of the causal event to become detectable (Cushman
et al. 2006), primarily because temporal lags are expected
to occur between the time when the landscape is disturbed
and the time when the effect of the disturbance can be
detected with genetic data (Landguth et al. 2010, Miller et
al. 2013).

Dispersal appears to be a critical demographic factor in
maintaining genetically viable grouse populations (Cai-
zergues et al. 2003a, 2003b, Johnson et al. 2004, Hoglund
et al. 2007, Segelbacher et al. 2008). Johnson et al. (2004)
demonstrated that a change in the genetic structure of
Greater Prairie-Chicken (Tympanuchus cupido) popula-
tions occurred within a relatively short period (<50 yr)

and coincided with anthropogenic habitat deterioration
and fragmentation. Reduced levels of gene flow resulting
from habitat fragmentation and the loss or reduction of
dispersal capabilities among subpopulations have been
reported in other grouse species, including sage-grouse
(Oyler-McCance et al. 1999, 2005), and could significantly
affect the fitness and viability of remaining grouse
populations (Bouzat et al. 1998a, 1998b, Segelbacher and
Storch 2002, Caizergues et al. 2003b, Segelbacher et al.
2003, 2008, Johnson et al. 2004, Hoglund et al. 2007).
Areas that are not connected by direct movements might
still experience high rates of gene flow. Genes can move
over multiple generations, often connecting habitat
patches separated by distances greater than an organism
can move over a lifetime (Bohonak 1999). Using genetic
analysis of microsatellite data, Bush (2009) reported
dispersal distances of <316 km for sage-grouse in northern
Montana. However, despite having a sufficient number of
birds dispersing to maintain genetic diversity, Bush et al.
(2011) cautioned that increased fragmentation would likely
result in demographic declines in peripheral populations.
Thus, accounting for landscape heterogeneity can con-
tribute to our understanding of gene flow and population
structure of sage-grouse in northeastern California.

A range-wide genetic survey of sage-grouse previously
conducted by Oyler-McCance et al. (2005) assigned birds
from northern California to clusters that included
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populations from northwestern Nevada and southeastern
Oregon. Our results suggest that sage-grouse in north-
eastern California form a single genetic population; we
hypothesize that high levels of genetic diversity are likely
being maintained through gene flow between leks or from
the adjacent northern Nevada population. While it is
possible that gene flow from Nevada has helped maintain
relatively high genetic diversity in northeastern California,
it is not known whether sage-grouse currently disperse
between the 2 regions. Therefore, the high genetic diversity
we observed could indicate either that sage-grouse
populations in northeastern California are connected by
contemporary gene flow or that isolation from Nevada has
occurred so recently that the effects on genetic structure
are not yet detectable. We had no samples from Nevada to
test either hypothesis.

Within-lek relatedness was low in northeastern Cal-
ifornia, which suggests that sage-grouse lek sites are largely
assemblages of unrelated males and females. The overall
pattern of relatedness that we observed was similar to that
reported in other sage-grouse studies (Gibson et al. 2005,
Bush et al. 2010, 2011) in which no patterns of kin
structure at the lek level were observed. In addition, our
results showed a significant negative relationship between
lek relatedness and geographic distance (i.e. higher
relatedness occurs at shorter geographic distances). This
pattern is consistent with results of other studies that
examined the effects of habitat fragmentation on the
genetic structure of Cantabrian Capercaillie (T u. cantab-
ricus) occupying the periphery of their range in northern
Spain (Alda et al. 2011, Vazquez et al. 2012) and has
previously been demonstrated for Capercaillie in the Alps
(Storch and Segelbacher 2000). Authors attributed the
genetic structuring they observed, in part, to the limited
natal dispersal of males (Regnaut et al. 2006) and other
factors, such as habitat quality and configuration, that
could reduce dispersal capabilities among subpopulations
(Alda et al. 2011,Vazquez et al. 2012).

Male and female sage-grouse in our study displayed
different patterns of gene flow across the sampled region,
indicating higher rates of gene flow and longer dispersal
distances in females. Male, but not female, sage-grouse
showed significant IBD, which suggests that females are
dispersing farther than males or, alternatively, that females
are migrating beyond the spatial scale of our genetic
sampling. Additionally, we detected significant spatial
autocorrelation among males at shorter distance classes,
but no such pattern was evident among females. This
implies that females are more likely to disperse than males,
which is consistent with the general pattern observed in
birds (Greenwood 1980). Female-biased dispersal has been
reported in other grouse species (e.g., Small and Rusch
1989, Giesen and Braun 1993, Caizergues and Ellison 2002,
Caizergues et al. 2003a, Segelbacher et al. 2008).

D. M. Davis, K. P. Reese, S. C. Gardner, and K. L. Bird

Detection of sex-biased dispersal using assignment
indices can be difficult unless the bias is extreme (e.g., at
least 80:20; Goudet et al. 2002). In our study, the corrected
AlI confirmed female-biased dispersal, although differences
between sexes were not statistically significant. However,
previous studies (Favre et al. 1997, Mossman and Waser
1999) have also demonstrated that while the dispersing sex
might have a negative skew in the frequency distribution of
corrected Al values and a higher variance, the difference
might not be significant. Exhaustive or large sampling
efforts (e.g., the whole population) are necessary to detect
sex-biased dispersal using assignment indices (Goudet et
al. 2002). Thus, our failure to detect significant differences
in mean corrected Al values between the sexes is likely a
result of sample size. Moreover, leks in northeastern
California were not highly differentiated from each other,
indicating a high rate of gene flow across the sampled
region and making it difficult to detect significant patterns
of sex-biased dispersal using assignment indices. Whether
the lack of significance in our results reflects the low power
of assignment indices to assess differences in dispersal bias
(Goudet et al. 2002), or a true lack of genetic differenti-
ation between lek sites, is unknown.

Spatial autocorrelation analysis showed that significant
spatial genetic structuring was detectable within distances
of 15 km for males. However, no such pattern was evident
in females at shorter distance classes (<80 km), which
suggests that females (rather than males) appear to be
dispersing longer distances, possibly maintaining genetic
connectivity in this population. Results from our spatial
autocorrelation analysis are commensurate with the
patterns of IBD we observed. Collectively, these results
reflect the approximate size of the area occupied by related
individuals (i.e. “genetic patch size”) and provide an
indication of what scale of dispersal is taking place in
northeastern California.

Knick and Hanser (2011) found that leks separated by
distances greater than 13—18 km could be isolated by the
decreased probability of dispersal from neighboring leks.
Lek sites within our study area were considerably farther
apart (Mean,earest neighbor = 10.9 km; Davis 2012) than has
been reported across the geographic range of sage-grouse
(range: 1.1-4.0 km; Dalke et al. 1963, Wallestad 1975, Hanf
et al. 1994). In north-central Washington, Schroeder and
Robb (2003) speculated that large inter-lek distances (10.2
km), similar to those observed in our study, and substantial
population declines were associated with habitat fragmen-
tation. Despite documentation of extensive seasonal
movements in this species (Fedy et al. 2012, Tack et al.
2012, Davis et al. 2014), the dispersal capabilities of sage-
grouse have been shown to be low (e.g., median natal
dispersal distance = 8.8 km for females and 7.4 km for
males [Dunn and Braun 1985]; and 3.8 = 1.3 km and 2.7
%+ 0.3 km for males and females, respectively [Thompson
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2012]). Although the straight-line Euclidian distance
between leks in northeastern California are within the
reported range of interseasonal movements of sage-grouse
(e.g., Fedy et al. 2012, Davis et al. 2014), it is not known
whether effective dispersal (i.e. dispersal that results in
gene flow) is occurring between adjacent leks within our
study area. If leks become isolated, movement between
occupied habitat patches could be challenging in north-
eastern California unless remnant habitat patches are large
enough to support dispersal corridors or stepping-stones
between leks and/or existing sage-grouse habitats. Conse-
quently, sage-grouse populations in northeastern Califor-
nia, which occupy increasingly disjunct portions of the
occupied range, have a higher risk of extinction than larger,
core populations (Wisdom et al. 2011).

Although sage-grouse in northeastern California have
maintained gene flow across the sampled region, contin-
ued habitat loss will likely result in small, isolated sage-
grouse subpopulations at risk of losing genetic variation.
Our results suggest that sage-grouse have tolerated some
degree of habitat deterioration and fragmentation without
losing genetic diversity, but it is unclear whether sage-
grouse populations in northeastern California are con-
nected by contemporary gene flow or if isolation from the
core of the species’ geographic range has occurred so
recently that the effects on genetic structure are not yet
detectable. Genetic diversity is necessary for a population
to respond to environmental change; therefore, loss of
genetic variation could jeopardize the persistence of
fragmented sage-grouse populations (Shaffer 1981).

Habitat fragmentation is an ongoing process and, unless
connectivity among leks is preserved, sage-grouse in
northeastern California are likely to become more
isolated—which, ultimately, will negatively affect gene flow
and genetic diversity. Maintaining and improving habitat
quality and connectivity of sage-grouse habitats in
northeastern California is critical for maintaining gene
flow and will be important for the long-term persistence of
sage-grouse populations. To sustain sage-grouse in north-
eastern California, conservation measures should focus on
securing connectivity between spatially discrete leks by
enhancing existing habitat patches and preventing future
habitat loss and fragmentation. Thus, future conservation
actions for sage-grouse must consider the processes and
patterns of gene flow operating at landscape scales to
ensure the persistence of this species in northeastern
California.

ACKNOWLEDGMENTS

We thank our field assistants M. E. Sullivan, A. J. Goad, A. C.
Pratt, B. J. Gunderson, W. R. Folland, D. R. Kohn, K. A. Clark,
W. L. Lutz, Jr., N. L. Mickle, and numerous volunteers who
assisted with data collection. All laboratory analyses were

Population genetic structure of sage-grouse 541

conducted at the University of Idaho Laboratory for
Ecological, Evolutionary, and Conservation Genetics. We
thank L. P. Waits and C. L. Anderson for assistance with
genetic analysis and data reporting. We thank C. E. Braun and
anonymous reviewers for comments on the manuscript. The
findings and conclusions in this article are those of the
author(s) and do not necessarily represent the views of the
U.S. Fish and Wildlife Service.

Funding statement: This research was funded by California
Department of Fish and Wildlife under State Wildlife Grant T-
9: Population and habitat investigations of Greater Sage-
Grouse in California. None of the funders had any input into
the content of the manuscript. None of the funders required
their approval of the manuscript before submission or
publication.

Ethics statement: All trapping and tissue collection was
approved by the University of Idaho Animal Care and Use
Committee (Protocol 2007-33).

LITERATURE CITED

Alda, F., P. Sastre, P. J. De La Cruz-Cardiel, and I. Doadrio (2011).
Population genetics of the endangered Cantabrian Caper-
caillie in northern Spain. Animal Conservation 14:249-260.

Allendorf, F. W. (1986). Genetic drift and the loss of alleles versus
heterozygosity. Zoo Biology 5:181-190.

Armentrout, D. J., and F. Hall (2005). Conservation strategy for
sage-grouse (Centrocercus urophasianus) and sagebrush
ecosystems within the Buffalo-Skedaddle population man-
agement unit. Bureau of Land Management, Eagle Lake Field
Office, Susanville, CA, USA.

Beetle, A. A. (1960). A study of sagebrush—the section
Tridentata of Artemisia. University of Wyoming Agricultural
Experiment Station Bulletin 368.

Bohonak, A. J. (1999). Dispersal, gene flow, and population
structure. Quarterly Review of Biology 74:21-45.

Bouzat, J. L, H. H. Cheng, H. A. Lewin, R. |. Westemeier, J. D.
Brawn, and K. N. Paige (1998a). Genetic evaluation of a
demographic bottleneck in the Greater Prairie-Chicken.
Conservation Biology 12:836-843.

Bouzat, J. L., J. A. Johnson, J. E. Toepfer, S. A. Simpson, T. L. Esker,
and R. L. Westemeier (2009). Beyond the beneficial effects of
translocations as an effective tool for the genetic restoration
of isolated populations. Conservation Genetics 10:191-201.

Bouzat, J. L., K. N. Paige, and H. A. Lewin (1998b). The ghost of
genetic diversity past: Historical DNA analysis of the Greater
Prairie-Chicken. The American Naturalist 152:1-6.

Braun, C. E. (1986). Changes in sage grouse lek counts with
advent of surface coal mining. Proceedings of Issues and
Techniques in the Management of Impacted Western Wildlife
2:227-231.

Braun, C. E. (1998). Sage grouse declines in western North
America: What are the problems? Proceedings of the Western
Association State Fish and Game Wildlife Agencies 78:139-
156.

Burt, D. W., D. R. Morrice, A. Sewalem, J. Smith, I. R. Paton, E. J.
Smith, J. Bentley, and P. M. Hocking (2003). Preliminary
linkage map of the turkey (Meleagris gallopavo) based on
microsatellite markers. Animal Genetics 34:399-409.

The Condor: Ornithological Applications 117:530-544, © 2015 Cooper Ornithological Society

Downloaded From: https://complete.bioone.org/journals/The-Condor on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



542 Population genetic structure of sage-grouse

Bush, K. L. (2009). Genetic diversity and paternity analysis of
endangered Canadian Greater Sage-Grouse (Centrocercus
urophasianus). Ph.D. dissertation, University of Alberta,
Edmonton, Alberta, Canada.

Bush, K. L., C. L. Aldridge, J. E. Carpenter, C. A. Paszkowski, M. S.
Boyce, and D. W. Coltman (2010). Birds of a feather do not
always lek together: Genetic diversity and kinship structure of
Greater Sage-Grouse (Centrocercus urophasianus) in Alberta.
The Auk 127:343-353.

Bush, K. L., C. K. Dyte, B. J. Moynahan, C. L. Aldridge, H. S. Sauls,
A. M. Battazzo, B. L. Walker, K. E. Doherty, J. Tack, J. Carlson, D.
Eslinger, et al. (2011). Population structure and genetic
diversity of Greater Sage-Grouse (Centrocercus urophasianus)
in fragmented landscapes at the northern edge of their
range. Conservation Genetics 12:527-452.

Bush, K. L., M. D. Vinsky, C. L. Aldridge, and C. A. Paszkowski
(2005). A comparison of sample types varying in invasiveness
for use in DNA sex determination in an endangered
population of Greater Sage-Grouse (Centrocercus urophasia-
nus). Conservation Genetics 6:867-870.

Caizergues, A., A. Bernard-Laurent, J. F. Brenot, L. Ellison, and
J.-Y. Rasplus (2003a). Population genetic structure of Rock
Ptarmigan Lagopus mutus in northern and western Europe.
Molecular Ecology 12:2267-2274.

Caizergues, A., S. Dubois, A. Loiseau, G. Mondor, and J.-Y. Rasplus
(2001). Isolation and characterization of microsatellite loci in
Black Grouse (Tetrao tetrix). Molecular Ecology Notes 1:36-38.

Caizergues, A, and L. N. Ellison (2002). Natal dispersal and its
consequences in Black Grouse Tetrao tetrix. lbis 144:478-487.

Caizergues, A., O. Ratti, P. Helle, L. Rotelli, L. Ellison, and J.-Y.
Rasplus (2003b). Population genetic structure of male Black
Grouse (Tetrao tetrix L) in fragmented vs. continuous
landscapes. Molecular Ecology 12:2297-2305.

Casgrain, P, and P. Legendre (2001). The R package for
multivariate and spatial analysis, version 4.0, user’s manual.
Department des Sciences Biologiques, Université de Mon-
treal. http://www.bio.umontreal.ca/casgrain/en/labo/R/index.
html

Cheng, H. H,, I. Levin, R. L. Vellejo, H. Khatib, J. B. Dodgson, L. B.
Crittenden, and J. Hillel (1995). Development of a genetic
map of the chicken with markers of high utility. Poultry
Science 74:1855-1874.

Connelly, J. W, and C. E. Braun (1997). Long-term changes in
sage grouse Centrocercus urophasianus populations in
western North America. Wildlife Biology 3:229-234.

Connelly, J. W., S. T. Knick, M. A. Schroeder, and S. J. Stiver (2004).
Conservation assessment of Greater Sage-Grouse and sage-
brush habitats. Western Association of Fish and Wildlife
Agencies, Cheyenne, WY, USA. http://sagemap.wr.usgs.gov/
docs/Greater_Sage-grouse_Conservation_Assessment_
060404.pdf

Crawford, J. A, R. A. Olson, N. E. West, J. C. Mosely, M. A.
Schroeder, T. D. Whitson, R. F. Miller, M. A. Gregg, and C. S.
Boyd (2004). Ecology and management of sage-grouse and
sage-grouse habitat. Journal of Range Management 57:2-19.

Crunden, C. W. (1963). Age and sex of sage grouse from wings.
Journal of Wildlife Management 27:846-850.

Cushman, S. A, K. S. McKelvey, J. Hayden, and M. K. Schwartz
(2006). Gene flow in complex landscapes: Testing multiple
hypotheses with causal modeling. The American Naturalist
168:486-499.

D. M. Davis, K. P. Reese, S. C. Gardner, and K. L. Bird

Dalke, P. D., D. B. Pyrah, D. C. Stanton, J. E. Crawford, and E. F.
Schlatterer (1963). Ecology, productivity, and management of
sage grouse in Idaho. Journal of Wildlife Management 27:
811-841.

Davis, D. M. (2012). Population structure of Greater Sage-Grouse
in northeastern California: Implications for conservation in a
declining peripheral population. Ph.D. dissertation, University
of Idaho, Moscow, ID, USA.

Davis, D. M., K. P. Reese, and S. C. Gardner (2014). Diurnal space
use and seasonal movement patterns of Greater Sage-Grouse
in northeastern California. Wildlife Society Bulletin 38:710-
720.

DeWoody, J. A. (2005). Molecular approaches to the study of
parentage, relatedness, and fitness: Practical applications for
wild animals. Journal of Wildlife Management 69:1400-1418.

DeYoung, R. W, and R. L. Honeycutt (2005). The molecular
toolbox: Genetic techniques in wildlife ecology and manage-
ment. Journal of Wildlife Management 69:1362-1384.

Dunn, P. 0., and C. E. Braun (1985). Natal dispersal and lek fidelity
of sage grouse. The Auk 102:621-627.

Favre, F., F. Balloux, J. Goudet, and N. Perrin (1997). Female-
biased dispersal in the monogamous mammal Crocidura
russula: Evidence from field data and microsatellite patterns.
Proceedings of the Royal Society of London, Series B 264:
127-132.

Fedy, B. C,, C. L. Aldridge, K. E. Doherty, M. O’'Donnell, J. L. Beck,
B. Bedrosian, M. J. Holloran, G. D. Johnson, N. W. Kaczor, C. P.
Kirol, C. A. Mandich, et al. (2012). Interseasonal movements of
Greater Sage-Grouse, migratory behavior, and an assessment
of the core regions concept in Wyoming. Journal of Wildlife
Management 76:1062-1071.

Frankham, R., J. D. Ballou, and D. A. Briscoe (2002). Introduction
to Conservation Genetics. Cambridge University Press, Cam-
bridge, UK.

Garton, E. O, J. W. Connelly, J. S. Horne, C. A. Hagen, A. Moser,
and M. A. Schroeder (2011). Greater Sage-Grouse population
dynamics and probability of persistence. Studies in Avian
Biology 38:293-381.

Gibson, R. M., D. Pires, K. S. Delaney, and R. K. Wayne (2005).
Microsatellite DNA analysis shows that Greater Sage-Grouse
leks are not kin groups. Molecular Ecology 14:4453-4459.

Giesen, K. M., and C. E. Braun (1993). Natal dispersal and
recruitment of juvenile White-tailed Ptarmigan in Colorado.
Journal of Wildlife Management 57:72-77.

Giesen, K. M., T. J. Schoenberg, and C. E. Braun (1982). Methods
for trapping sage grouse in Colorado. Wildlife Society Bulletin
10:224-231.

Goudet, J. (2001). FSTAT, a program to estimate and test gene
diversities and fixation indices, version 2.9.3. http://www.unil.
ch/popgen/softwares/fstat.htm

Goudet, J., N. Perrin, and P. Waser (2002). Tests for sex-biased
dispersal using bi-parentally inherited genetic markers.
Molecular Ecology 11:1103-1114.

Greenwood, P. J. (1980). Mating systems, philopatry and
dispersal in birds and mammals. Animal Behaviour 28:1140-
1162.

Hanf, J. M., P. A. Schmidt, and E. B. Groshens (1994). Sage grouse
in the high desert of central Oregon: Results of a study, 1988-
1993. U.S. Department of Interior, Bureau of Land Manage-
ment, Prineville District, OR, USA.

The Condor: Ornithological Applications 117:530-544, © 2015 Cooper Ornithological Society

Downloaded From: https://complete.bioone.org/journals/The-Condor on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



D. M. Davis, K. P. Reese, S. C. Gardner, and K. L. Bird

Hanski, I, and M. E. Gilpin (Editors) (1997). Metapopulation
Biology: Ecology, Genetics, and Evolution. Academic Press,
San Diego, CA, USA.

Hardy, O. J, and X. Vekemans (2002). SPAGEDI: A versatile
computer program to analyse spatial genetic structure at the
individual or population levels. Molecular Ecology Notes 2:
618-620.

Hoglund, J, J. K. Larsson, H. A. H. Jansman, and G. Segelbacher
(2007). Genetic variability in European Black Grouse (Tetrao
tetrix). Conservation Genetics 8:239-243.

Johnson, D. H., M. J. Holloran, J. W. Connelly, S. E. Hanser, C. L.
Amundson, and S. T. Knick (2011). Influences of environmen-
tal and anthropogenic features on Greater Sage-Grouse
populations, 1997-2007. Studies in Avian Biology 38:407-
450.

Johnson, J. A, M. R. Bellinger, J. E. Toepfer, and P. Dunn (2004).
Temporal changes in allele frequencies and low effective
population size in Greater Prairie-Chickens. Molecular Ecolo-
gy 13:2617-2630.

Knick, S. T., and S. E. Hanser (2011). Connecting pattern and
process in Greater Sage-Grouse populations and sagebrush
landscapes. Studies in Avian Biology 38:383-405.

Koenig, W. D., D. Van Vuren, and P. N. Hooge (1996).
Detectability, philopatry, and the distribution of dispersal
distances in vertebrates. Trends in Ecology & Evolution 11:
514-517.

Lacy, R. C. (1997). Importance of genetic variation to the viability
of mammalian populations. Journal of Mammalogy 78:320-
335.

Landguth, E. L., S. A. Cushman, M. K. Schwartz, K. S. McKelvey, M.
Murphy, and G. Luikart (2010). Quantifying the lag time to
detect barriers in landscape genetics. Molecular Ecology 19:
4179-4191.

Lesica, P, and F. W. Allendorf (1995). When are peripheral
populations valuable for conservation biology? Conservation
Biology 9:753-760.

Li, M. H., and J. Merila (2011). Population differences in levels of
linkage disequilibrium in the wild. Molecular Ecology 20:
2916-2928.

Lyon, A. G, and S. H. Anderson (2003). Potential gas develop-
ment impacts on sage grouse nest initiation and movement.
Wildlife Society Bulletin 31:486-491.

Mann, H. B., and D. R. Whitney (1947). On a test of whether one
of two random variables is stochastically larger than the
other. Annals of Mathematical Statistics 18:50-60.

Mantel, N. (1967). The detection of disease clustering and
generalized regression approach. Cancer Research 27:209-
220.

Maruyama, T., and P. A. Fuerst (1985). Population bottlenecks
and nonequilibrium models in population genetics. II.
Number of alleles in a small population that was formed by
a recent bottleneck. Genetics 111:675-689.

Miller, M. P., C. A. Bianchi, T. D. Mullins, and S. M. Haig (2013).
Associations between forest fragmentation patterns and
genetic structure in Pfrimer’s Parakeet (Pyrrhura pfrimeri), an
endangered endemic to central Brazil's dry forests. Conser-
vation Genetics 14:333-343.

Mossman, C. A, and P. M. Waser (1999). Genetic detection of
sex-biased dispersal. Molecular Ecology 8:1063-1067.

Population genetic structure of sage-grouse 543

Nei, M., T. Maruyama, and R. Chakraborty (1975). The bottleneck
effect and genetic variability in populations. Evolution 29:1-
10.

Oyler-McCance, S. J.,, M. L. Casazza, J. A. Fike, and P. S. Coates
(2014). Hierarchical spatial genetic structure in a distinct
population segment of Greater Sage-Grouse. Conservation
Genetics 15:1299-1311.

Oyler-McCance, S. J., R. S. Cornman, K. L. Jones, and J. A. Fike
(2015). Genomic single-nucleotide polymorphisms confirm
that Gunnison and Greater sage-grouse are genetically well
differentiated and that the Bi-State population is distinct. The
Condor: Ornithological Applications 117:217-227.

Oyler-McCance, S. J., N. W. Kahn, K. P. Burnham, C. E. Braun, and
T. W. Quinn (1999). A population genetic comparison of
large- and small-bodied sage grouse in Colorado using
microsatellite and mitochondrial DNA markers. Molecular
Ecology 8:1457-1465.

Oyler-McCance, S. J.,, S. E. Taylor, and T. W. Quinn (2005). A
multilocus population genetic survey of the Greater Sage-
Grouse across their range. Molecular Ecology 14:1293-1310.

Peakall R, M. Ruibal, and D. B. Lindenmayer (2003). Spatial
autocorrelation analysis offers new insights into gene flow in
the Australian bush rat, Rattus fuscipes. Evolution 57:1182-
1195.

Peakall, R., and P. E. Smouse (2006). GENALEX 6: Genetic analysis
in Excel. Population genetic software for teaching and
research. Molecular Ecology Notes 6:288-295.

Piertney, S. B., and J. F. Dallas (1997). Isolation and character-
ization of hypervariable microsatellites in Red Grouse
Lagopus lagopus scoticus. Molecular Ecology 6:93-95.

Piertney, S. B., and J. H6glund (2001). Polymorphic microsatellite
DNA markers in Black Grouse (Tetrao tetrix). Molecular
Ecology Notes 1:303-304.

Pritchard, J. K., M. Stephens, and P. Donnelly (2000). Inference of
population structure using multilocus genotype data. Genet-
ics 155:945-959.

Prugnolle, F, and T. de Meeus (2002). Inferring sex-biased
dispersal from population genetic tools: A review. Heredity
88:161-165.

Queller, D. C,, and K. F. Goodnight (1989). Estimating relatedness
using genetic markers. Evolution 43:258-275.

Raymond, M., and F. Rousset (1995). GENEPOP (version 1.2):
Population genetics software for exact tests and ecumeni-
cism. Journal of Heredity 86:248-249.

Regnaut, S., F. S. Lucas, and L. Fumgalli (2006). DNA degradation
in avian faecal samples and feasibility of non-invasive genetic
studies of threatened capercaillie populations. Conservation
Genetics 7:449-453.

Rousset, F. (1997) Genetic differentiation and estimation of gene
flow from F-statistics under isolation by distance. Genetics
145:1219-1228.

Row, J. R, S. J. Oyler-McCance, J. A. Fike, M. S. O'Donnell, K. E.
Doherty, C. L. Aldridge, Z. H. Bowen, and B. C. Fedy (2015).
Landscape characteristics influencing the genetic structure of
Greater Sage-Grouse within the stronghold of their range: A
holistic modeling approach. Ecology and Evolution 5:1955-
1969.

Schroeder, M. A, C. L. Aldridge, A. D. Apa, J. R. Bohne, C. E. Braun,
S. D. Bunnell, J. W. Connelly, P. A. Deibert, S. C. Gardner, M. A.
Hilliard, G. D. Kobriger, et al. (2004). Distribution of sage-
grouse in North America. The Condor 106:363-376.

The Condor: Ornithological Applications 117:530-544, © 2015 Cooper Ornithological Society

Downloaded From: https://complete.bioone.org/journals/The-Condor on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



544  Population genetic structure of sage-grouse

Schroeder, M. A, and L. A. Robb (2003). Fidelity of Greater Sage-
Grouse Centrocercus urophasianus to breeding areas in a
fragmented landscape. Wildlife Biology 9:291-299.

Schulwitz, S., B. Bedrosian, and J. A. Johnson (2014). Low neutral
genetic diversity in isolated Greater Sage-Grouse (Centrocer-
cus urophasianus) populations in northwest Wyoming. The
Condor: Ornithological Applications 116:560-573.

Segelbacher, G. J. Héglund, and I. Storch (2003). From
connectivity to isolation: Genetic consequences of popula-
tion fragmentation in capercaillie across Europe. Molecular
Ecology 12:1773-1780.

Segelbacher, G, S. Manel, and J. Tomiuk (2008). Temporal and
spatial analyses disclose consequences of habitat fragmen-
tation on the genetic diversity in capercaillie (Tetrao
urogallus). Molecular Ecology 17:2356-2367.

Segelbacher, G, R. J. Paxton, G. Steinbriick, P. Trontelj, and I.
Storch (2000). Characterization of microsatellites in capercail-
lie Tetrao urogallus (Aves). Molecular Ecology 9:1934-1935.

Segelbacher, G., and I. Storch (2002). Capercaillie in the Alps:
Genetic evidence of metapopulation structure and popula-
tion decline. Molecular Ecology 11:1669-1677.

Semple, K., R. K. Wayne, and R. M. Gibson (2001). Microsatellite
analysis of female mating behaviour in lek-breeding sage
grouse. Molecular Ecology 10:2043-2048.

Seutin, G., B. N. White, and P. T. Boag (1991). Preservation of
avian blood and tissue samples for DNA analyses. Canadian
Journal of Zoology 69:82-90.

Shaffer, M. L. (1981). Minimum population sizes for species
conservation. BioScience 31:131-134.

Shuford, W. D., and T. Gardali (2008). California bird species of
special concern: A ranked assessment of species, subspecies,
and distinct populations of birds of immediate conservation
concern in California. Studies of Western Birds 1. Western
Field Ornithologists, Camarillo, CA, and California Depart-
ment of Fish and Game, Sacramento, CA, USA.

Small, R. J., and D. H. Rusch (1989). The natal dispersal of Ruffed
Grouse. The Auk 106:72-79.

Smouse, P. E., and R. Peakall (1999). Spatial autocorrelation
analysis of individual multiallele and multilocus genetic
structure. Heredity 82:561-573.

Storch, I, and G. Segelbacher (2000). Genetic correlates of spatial
population structure in Central European Capercaillie Tetrao
urogallus and Black Grouse T. tetrix: A project in progress.
Wildlife Biology 6:305-310.

Tack, J. D., D. E. Naugle, J. C. Carlson, and P. J. Fargey (2012).
Greater Sage-Grouse (Centrocercus urophasianus) migration

D. M. Davis, K. P. Reese, S. C. Gardner, and K. L. Bird

links the USA and Canada: A biological basis for international
prairie conservation. Oryx 46:64-68.

Taylor, S. E., S. J. McCance, and T. W. Quinn (2003). Isolation and
characterization of microsatellite loci in Greater Sage-Grouse
(Centrocercus urophasianus). Molecular Ecology Notes 3:262-
263.

Tebbenkamp, J. M. (2014). Greater Sage-Grouse in the Bi-State
distinct population segment: An evaluation of genetic
structure, connectivity, and vital rates in Mono County,
California. M.S. thesis, University of Idaho, Moscow, ID, USA.

Thompson, T. R. (2012). Dispersal ecology of Greater Sage-
Grouse in northwestern Colorado: Evidence from demo-
graphic and genetic methods. Ph.D. dissertation, University
of Idaho, Moscow, ID, USA.

Ury, H. K. (1976). A comparison of four procedures for multiple
comparisons among means (pairwise contrasts) for arbitrary
sample sizes. Technometrics 18:89-97.

U.S. Department of Interior (2010). Endangered and threatened
wildlife and plants; 12-month findings for petitions to list the
Greater Sage-Grouse (Centrocercus urophasianus) as threat-
ened or endangered. Federal Register 75:13910-14014.

van Oosterhout, C., W. F. Hutchinson, D. P. M. Wills, and P.
Shipley (2004). Micro-checker: Software for identifying and
correcting genotyping errors in microsatellite data. Molecular
Ecology Notes 4:535-538.

Vazquez, J. F., T. Pérez, F. Quirds, J. R. Obeso, J. Albornoz, and A.
Dominguez (2012). Population genetic structure and diversity
of the endangered Cantabrian Capercaillie. Journal of Wildlife
Management 76:957-965.

Wakkinen, W. L., K. P. Reese, J. W. Connelly, and R. A. Fischer
(1992). An improved spotlighting technique for capturing
sage grouse. Wildlife Society Bulletin 20:425-426.

Wallestad, R. O. (1975). Life history and habitat requirements of
sage grouse in central Montana. Game Management Division,
Montana Department of Fish and Game, Helena, MT, USA.

Waser, P. M., and C. Strobeck (1998). Genetic signatures of
interpopulation dispersal. Trends in Ecology & Evolution 13:
43-44.

Weir, B. S., and C. C. Cockerham (1984). Estimating F-statistics for
the analysis of population structure. Evolution 38:1358-1370.

Westemeier, R. L., J. D. Brawn, S. A. Simpson, T. L. Esker, R. W.
Jansen, J. W. Walk, E. L. Kershner, J. L. Bouzat, and K. N. Paige
(1998). Tracking the long-term decline and recovery of an
isolated population. Science 282:1695-1698.

Wisdom, M. J,, C. W. Meinke, S. T. Knick, and M. A. Schroeder
(2011). Factors associated with extirpation of sage-grouse.
Studies in Avian Biology 38:451-472.

The Condor: Ornithological Applications 117:530-544, © 2015 Cooper Ornithological Society

Downloaded From: https://complete.bioone.org/journals/The-Condor on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use




<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /FlateEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects false
	/LockDistillerParams false
	/ImageMemory 1048576
	/DownsampleMonoImages false
	/ColorSettingsFile (None)
	/PassThroughJPEGImages false
	/AutoRotatePages /None
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth 8
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages false
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages false
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.4
	/MonoImageResolution 1200
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Error
	/PreserveOPIComments false
	/AutoPositionEPSFiles false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/AutoFilterColorImages false
	/DownsampleGrayImages false
	/GrayImageDict <<
		/QFactor 0.76
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/QFactor 0.76
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.0
	/ColorImageDepth 8
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Remove
	/ColorImageFilter /FlateEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/QFactor 0.76
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Preserve
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/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 /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/QFactor 0.76
		/HSamples [
			2.0
			1.0
			1.0
			2.0
		]
		/VSamples [
			2.0
			1.0
			1.0
			2.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts false
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		2400
		2400
	]
>>
setpagedevice


