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       For more than a century, ecologists have assumed that greater 
intraspecifi c variation refl ects a greater ability of species to 
exist in a more diverse range of environments ( Darwin, 1859 ). 
Since each environment presents a unique set of biotic and abi-
otic conditions, species adjust their form and function via phe-
notypic plasticity or natural selection to grow and reproduce 
under different environmental circumstances ( Violle et al., 
2007 ;  Jung et al., 2010 ). Darwin fi rst stated this idea in  The 
Origin of Species : 

  …Plants which have very wide ranges generally present 
varieties; and this might have been expected, as they 
become exposed to diverse physical conditions, and as 
they come into competition… with different sets of organic 
beings. …The species which are most common… and the 
species which are most widely diffused within their own 
country… often give rise to varieties suffi ciently well-
marked to have been recorded in botanical works.  … And 

this, perhaps, might have been anticipated; for, as varieties, 
in order to become in any degree permanent, necessarily 
have to struggle with the other inhabitants of the country, 
the species which are already dominant will be the most 
likely to yield offspring which, though in some slight 
degree modifi ed, will still inherit those advantages that 
enabled their parents to become dominant over their 
compatriots.  ( Darwin, 1859 , pages 108-109) 

 Although Darwin recognized the fundamental importance 
of intraspecifi c variation in ecology, only recently have studies 
emphasized the considerable contribution of within-species’ 
variation to community trait structure ( de Bello et al., 2011 ; 
 Albert et al., 2012 ). A better understanding of intraspecifi c 
variability may provide insight into the underlying processes 
that dictate species’ ecological breadth ( Ackerly and Cornwell, 
2007 ) and community assembly ( Jung et al., 2010 ;  Violle et al., 
2012 ). 

 Although intraspecifi c variation accounts for more than a 
quarter of community trait variance in both tropical and temper-
ate systems ( Albert et al., 2010a ;  Hulshof and Swenson, 2010 ; 
 Jung et al., 2010 ;  Messier et al., 2010 ), most studies have 
ignored the role of intraspecifi c trait variation in community 
assembly by using mean-species’ trait values or data from 
global traits ( Swenson and Enquist, 2007 ;  Kraft et al., 2008 ; 
 Freschet et al., 2011 ). This approach ignores variation among 
the most basic units of community assembly, the individual, 
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  •  Premise of the study:  Darwin fi rst proposed that species with larger ecological breadth have greater phenotypic variation. We 
tested this hypothesis by comparing intraspecifi c variation in specifi c leaf area (SLA) to species’ local elevational range and by 
assessing how external (abiotic) fi lters may infl uence observed differences in ecological breadth among species. Understanding 
the patterns of individual variation within and between populations will help evaluate differing hypotheses for structuring of 
communities and distribution of species. 

 •  Methods:  We selected 21 species with varying elevational ranges and compared the coeffi cient of variation of SLA for each 
species against its local elevational range. We examined the infl uence of external fi lters on local trait composition by determin-
ing if intraspecifi c changes in SLA with elevation have the same direction and similar rates of change as the change in com-
munity mean SLA value. 

 •  Key results:  In support of Darwin’s hypothesis, we found a positive relationship between species’ coeffi cient of variation for 
SLA with species’ local elevational range. Intraspecifi c changes in SLA had the same sign, but generally lower magnitude than 
the community mean SLA. 

 •  Conclusions:  The results indicate that wide-ranging species are indeed characterized by greater intraspecifi c variation and that 
species’ phenotypes shift along environmental gradients in the same direction as the community phenotypes. However, across 
species, the rate of intraspecifi c trait change, refl ecting plastic and/or adaptive changes across populations, is limited and prevents 
species from adjusting to environmental gradients as quickly as interspecifi c changes resulting from community assembly. 

   Key words:  community assembly; functional traits; intraspecifi c variation; species ecological breadth; specifi c leaf area. 
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to assess Darwin’s prediction that species with greater total 
variation are also more widely distributed. 

 In this study, we measured intraspecifi c changes in a key 
functional trait, the ratio of leaf area and dry leaf mass (specifi c 
leaf area or SLA), within and across populations of 21 species 
along a subalpine elevational gradient in the Colorado Rockies, 
of the western USA. SLA is a central functional trait that under-
lies variation in plant growth ( Evans, 1972 ;  Poorter, 1989 ; 
 Enquist et al., 2007 ) and is correlated with leaf life span and 
photosynthetic capacity ( Wright et al., 2004 ). An important 
environmental factor along our study sites that may infl uence 
SLA is growing season length, which is shorter at high eleva-
tions due to later snowmelt (Appendix S1; see Supplemental 
Data with the online version of this article). With a shorter 
growing season, plants should have higher SLA (thin leaves) to 
reduce construction costs of building leaves and increase pho-
tosynthetic capacity to ensure positive carbon gain during the 
growing season ( Kudo, 1996 ). Therefore, we predict that high-
elevation plants should have higher SLA than low-elevation 
plants exposed to longer growing seasons and the need for 
longer-lasting, thick leaves. Additionally, species with greater 
intraspecifi c variation in SLA should be able to balance the 
tradeoff between maximizing photosynthetic capacity and 
maintaining an adequate leaf life span across a wider range of 
environmental conditions and therefore, have greater ecologi-
cal breadth. 

 Due to the importance of SLA in plant fi tness, previous stud-
ies have used SLA to quantify intraspecifi c variance ( Albert 
et al., 2010b ;  Hulshof and Swenson, 2010 ) to address processes 
underlying community assembly ( Jung et al., 2010 ;  Spasojevic 
and Suding, 2012 ) and to quantify species’ niche breadth ( Ackerly 
and Cornwell, 2007 ;  Violle and Jiang, 2009 ). While studies that 
measure intraspecifi c variance over environmental gradients 
normally contain a small proportion of the global SLA range, 
e.g., < 50% ( Jung et al., 2010 ), the species in this study repre-
sent more than 75% of the global range in SLA ( Wright et al., 
2004 ). We selected elevation as the study’s primary environ-
mental gradient to maximize intraspecifi c and environmental 
variability. 

 This study tests three prominent hypotheses in trait-based 
community ecology. First, if external fi lters shift along an envi-
ronmental gradient and select for different phenotypes/traits in 
separate communities, then intraspecifi c traits should change in 
the same direction as the community-weighted mean pheno-
type/trait ( Cornwell and Ackerly, 2009 ). Specifi cally, intraspe-
cifi c variation should allow individuals of a species to better 
match shifts in the local abiotic environment across a gradient. 
Second, if limited intraspecifi c phenotypic/trait variation con-
fi nes species’ distributions along environmental gradients, then 
intraspecifi c traits should change more slowly than the com-
munity mean trait along a gradient. Third, if intraspecifi c varia-
tion enables species to establish under differing internal and 
external fi lters, then species with greater intraspecifi c variability 
should have greater ecological breadth. 

 MATERIALS AND METHODS 

 Study site and species —   We collected data in subalpine meadows, domi-
nated by dense perennials ( ca . 150 individuals/ m 2 ), in Washington Gulch, a 
valley whose mouth lies at 2700 m a.s.l near the town of Crested Butte, Colorado, 
USA and that extends 12 km north-northwest to 3500 m a.s.l. at the base of 
Baldy Mountain. We chose six 50  ×  50 m primary study sites located midslope 
in southeast-facing meadows at approximately even elevational intervals from 

which may overlook fundamental processes dictating community 
assembly and species’ ecological breadth ( Violle et al., 2012 ). 
In classical niche theory, intraspecifi c trait variation is thought 
to refl ect niche breadth as the outcome of competitive ability 
( Macarthur and Levins, 1967 ;  Roughgarden, 1974 ). Since func-
tional traits infl uence plant fi tness ( Poorter, 1989 ;  Reich et al., 
1998 ;  Wright et al., 2004 ), greater intraspecifi c functional vari-
ability may enable species to adjust to a wider range of com-
petitive and abiotic conditions and therefore, have greater niche 
breadth. 

 The current view in trait-based plant ecology is that external 
fi lters (e.g., climate), and internal community fi lters (e.g., com-
petition, biotic interactions, and microhabitat heterogeneity), 
are competing forces that infl uence community assembly ( Keddy, 
1992 ;  Grime, 2006 ;  Ackerly and Cornwell, 2007 ;  Cavender-
Bares et al., 2009 ;  Violle et al., 2012 ). For a given community, 
if there is a mean optimal phenotype for fi tness and/or growth 
rate ( Norberg et al., 2001 ), then external fi lters promote conver-
gence of traits around this local optimal phenotype ( Violle 
et al., 2012 ). This idea follows from a central paradigm in ecol-
ogy ( Whittaker, 1972 ) and evolutionary biology ( Levins and 
Morris, 1968 ) where observed shifts in phenotypes, species’ 
abundances, and compositional changes across environmental 
gradients refl ect differential sorting of phenotypes/species 
that maximize performance in different environments. Thus, a 
changing mean community phenotype can refl ect the effects 
of external fi ltering along environmental gradients that select 
for differing phenotypes ( Swenson and Enquist, 2007 ;  Laughlin 
et al., 2011 ;  Spasojevic and Suding, 2012 ;  Violle et al., 2012 ). 

 Strong external fi ltering on species’ traits limits the range of 
interspecifi c trait variation within a community ( Keddy, 1992 ; 
 Weiher and Keddy, 1999 ;  Kattge et al., 2011 ); however, it remains 
poorly understood how individuals within a species respond to 
external fi lters. Since phenotypic variation and heritable differ-
ences cause individuals of the same species to differ morpho-
logically and physiologically ( Bolnick et al., 2003 ;  Violle et al., 
2007 ;  Hulshof and Swenson, 2010 ), external fi lters may exclude 
certain individuals while including other individuals of the 
same species with appropriate phenotypes to establish under 
a community’s external conditions. Thus, local fi ltering of in-
traspecifi c traits may lead to differential sorting of intraspecifi c 
phenotypes along environmental gradients.  Cornwell and Ackerly 
(2009)  demonstrated this phenomenon along a water availabil-
ity gradient in costal California by showing that intraspecifi c 
traits covary in the same direction as community traits, but that 
intraspecifi c traits change at a slower rate. These fi ndings sup-
port the idea that external fi lters select for an optimal phenotype 
in each community, which drives unidirectional trait shifts in 
both the community and individual species along environmen-
tal gradients. Few studies are available that address this sim-
ilarity between intraspecifi c and community traits. 

 In the  Origin of Species ,  Darwin (1859)  argues that as com-
petitively successful species in one community spread to new 
environments, the new populations experience unique selection 
pressures that lead to subtle but new trait differences across 
populations. If this process results in more competitive advan-
tages across populations, then species will continue expanding 
and local selection will continue to generate more intraspecifi c 
trait variation. Intraspecifi c variation arises from both heritable 
differences and plasticity ( Matesanz et al., 2012 ), and both may 
be important factors infl uencing niche breadth. This study does 
not separate the respective infl uence of plasticity and heritable 
variation, however, we take a purely macroecological approach 
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breadth, we included all study species in this analysis. We adjusted raw CV by 
recalculating CV from 40 (minimum sample size) randomly selected SLA 
values of each species because intraspecifi c CV of SLA was positively corre-
lated to species’ sample size ( R 2   = 0.53,  P  = 0.0001). We believe this to be 
the most appropriate analysis to address Darwin’s prediction that trait variation 
arises across populations that experience unique selection pressures in new 
environments because it incorporates trait variation across each species’ entire 
local elevational range while standardizing the effect of sample size on 
variation. 

 RESULTS 

 Specifi c Leaf Area (SLA) —    We measured SLA of 1908 leaves 
from four sites in 2010 and 1780 leaves from 21 species in 
2011. Across all sampled leaves, SLA ranged between 1 and 68 
mm 2 /mg −1 . Within-site intraspecifi c variance also varied greatly 
among species and within species among sites. For example, 
 Claytonia lanceolata  Pursh had a variance of 11.955 at 3010 m 
and 206.699 at 3160 m, and  Hymenoxys hoopesii  (A. Gray) 
Bierner had consistently lower within-community variances with 
4.193 at 3010 m and 10.322 at 3160 m (see Appendix S2). 

 SLA along the elevational gradient —    Intraspecifi c SLA 
showed the same trend as the community, i.e., SLA increased 
with elevation. Intraspecifi c slope values from the second sea-
sonal fl owering peak ranged between 0.0037 and 0.0431 mm 2 /
mg −1 /m −1 , and 11 out of 14 slopes were significant ( Fig. 1 ). 
 These results showed that more species followed an increasing 
trend like the community than expected by chance (s = 14,  P  = 
0.0001,  Fig. 2 ),  and that the community slope was signifi cantly 
greater than intraspecifi c slopes ( t  = −5.268, df = 13,  P  = 
0.00008,  Fig. 2 ). 

 Intraspecifi c SLA variability differed greatly among species, 
and species with greater variation in SLA had greater local 
range sizes. Sample size corrected CV of SLA for the 21 spe-
cies ranged from 0.116 to 0.460, and was highly correlated to 
species’ local range sizes ( F  1, 19  = 21.96,  R 2   = 0.51,  P  = 0.00017, 
 Fig. 3 ).  

 Early-season species —    SLA for all early-season species de-
creased with elevation, the opposite of the increasing trends for 
the community and later-season species ( Fig. 1 ). Growing tem-
peratures may provide insight into the reasons for this differ-
ence. Air temperatures for the fi rst week after snowmelt varied 
little despite substantial elevational differences among sites 
(Appendix S1,  F  1, 26  =1.90,  R 2   = 0.068,  P  = 0.18; see Supple-
mental Data with the online version of this article), whereas air 
temperatures one week prior to the second fl owering peak were 
lower at high elevations than low elevations (see Appendix S3; 
 F  1, 26  =19.71,  R 2   = 0.43,  P  = 0.00015). 

 DISCUSSION 

 Since the early works of Darwin, individual variation has 
been a fundamental aspect of ecology and evolution. Utilizing a 
functional approach, we revisited Darwin’s hypothesis that spe-
cies with greater variation have greater ecological breadth. Our 
fi ndings appear consistent with the expectation (Enquist et al., 
manuscript in review;  Norberg et al., 2001 ) that there has been 
strong selection on individuals to adjust their phenotypes to 
better match an optimal phenotype within each community. 
Furthermore, since intraspecifi c traits change at a slower rate 

2710 m to 3380 m a.s.l. (Appendix 1)  and measured 21 vascular plant species, 
which were herbaceous perennials except for  Potentilla fruticosa  L. ,  a common 
subalpine shrub (Appendix 2).  Approximately 100 vascular plant species 
occurred at one or more of the six primary sites. We selected study species to 
represent multiple elevational ranges and two seasonal fl owering peaks. Study 
species included four early-season species that typically fl ower within one to 
three weeks after snowmelt and 17 peak-season species that begin fl owering 
about four weeks after snowmelt. Because several study species occurred higher 
than 3380 m, we added supplemental sites at 3450 m, where three study species 
occurred, and at 3600 m, where one study species was found (Appendix 1). This 
ensured that we sampled the entire, local elevational range of each study 
species. 

 Data collection —   We measured the abundance-weighted community SLA 
in summer 2010 and intraspecifi c SLA in summer 2011. To measure the 
abundance-weighted community SLA, we sampled one fully developed and 
sun-exposed leaf from every individual within a randomly selected 1.3  ×  1.3 m 
plot at four (2710, 2820, 3160, and 3320 m) of the six 50  ×  50 m primary sites 
during peak fl owering at each site. To measure intraspecifi c trends, we sampled 
20 fl owering individuals of all study species present at a site by sampling each 
individual of each species nearest to a random point chosen by throwing a ruler. 
Since snowmelt date and therefore phenology vary with elevation, we sampled 
all plants in 2011 at the same phenological stage, fl owering, rather than the 
same date. For example, early-season species’ flower, and were therefore 
sampled, several weeks before species from the second fl owering peak. Leaves 
were maintained at 5 ° C (no more than 6 h), scanned (including petiole) at 
300 dpi to determine leaf area (mm 2 ) with ImageJ software (NIH, Bethesda, 
Maryland, USA), dried at 65 ° C for 72 hours, and then weighed ( Cornelissen 
et al., 2003 ). 

 Data Analysis —   To determine slope values, SLA was regressed against 
elevation for the community data and for all species that occurred at three or 
more sites. For community and intraspecifi c trends between SLA and elevation, 
we evaluated signifi cance of linear regression with null models because species 
trends violated the homoscedasticity assumptions of parametric signifi cance 
tests. All analyses were completed in R ( R Development Core Team, 2011 ). 
Each null model consisted of 2000 randomized linear regressions where every 
elevation value of a species was assigned, without replacement, a randomly 
selected SLA value of that species. Slope values from the 2000 randomized 
linear regressions created a null distribution to which we compared the mea-
sured slope value for that species or community. We considered slope values 
signifi cant if they were beyond the 2.5 or 97.5 percentiles of the corresponding 
null distribution. 

 Intraspecifi c slopes were compared to the community mean slope to deter-
mine if intraspecifi c slopes had the same directional trend, but lesser rates of 
change than the community. Since community data were collected during the 
second seasonal fl owering peak, they did not incorporate the senescing early-
season species, which were therefore excluded from the analysis with the com-
munity data. We used the ‘SIGN.test’ function from the ‘BSDA’ library in R 
( Arnholt, 2010 ) to determine if a greater number of species than expected by 
chance had the same direction of slope as the community. To determine if in-
traspecifi c slopes had lesser rates of change than the community, we log 10  trans-
formed the distribution of intraspecifi c slopes and compared it to the community 
slope using a one-tailed  t  test. 

 We measured growing-season soil and air temperatures (HOBO U12, Onset, 
Pocasset, Massachusetts, USA) in 2010 at four sites (2710, 2820, 3160, and 
3320 m) to determine snowmelt date in 2011 and air temperatures 5 cm above 
the ground. At the same sites, weather stations at 3160 and 3320 m and ibutton 
temperature loggers (DS1921G, Maxim Integrated, San Jose, California, USA) 
at 2710 and 2820 m recorded summer air temperatures in 2011 at 1.3 m above 
the ground. We regressed daily air temperatures at 1100 h, a time when the sky 
is usually clear before frequent afternoon thunderstorms, for the fi rst week after 
snowmelt against the elevation for four sites (2710, 2820, 3160, and 3320 m) to 
evaluate early-season growing temperatures. For peak season, we regressed 
daily growing temperatures at 1100 h one week prior to peak fl owering (i.e., the 
average sampling date of peak-season species at a site). 

 To determine if species’ local elevational range correlated with intraspecifi c 
SLA variability, we plotted the coeffi cient of variation (CV) of SLA for each 
species against its local elevational range, determined by subtracting the lowest 
from the highest sampling elevations of each species. We did not use other 
metrics of species’ spatial distributions because this study accounts only for 
regional intraspecifi c trait variability. Since there is nothing to indicate that 
growing season affects the relationship between CV of SLA and ecological 
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 Fig. 1. Linear regressions for species that occurred at three or more sites. Signifi cant trends as tested with null models have solid lines and nonsignifi -
cant trends have dashed lines. Species from the second seasonal fl owering peak have red lines and early-season species have blue lines.   
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to local adaptation resulting from selection and/or phenotypic 
plasticity, confi nes intraspecifi c trait values ( Hughes et al., 2008 ). 
However, community traits are infl uenced by interspecifi c turn-
over, in addition to intraspecifi c trait shifts ( Garnier et al., 2004 ). 
Hence, greater species’ turnover may enable communities to shift 
their traits to changing external fi lters more quickly than individual 
species across environmental gradients. Assuming community 
traits are well-adapted to local external fi lters and that the commu-
nity mean is therefore representative of a local optimal phenotype, 
then the shallower slopes of intraspecifi c trait shifts may represent 
the failure of intraspecifi c traits to ‘keep pace’ with the changing 
optimal phenotypes across environmental gradients. Thus, species 

than the mean community trait along environmental gradients, 
we support the hypothesis that intraspecifi c trait variation limits 
species’ distributions along environmental gradients. While this 
indicates that intraspecifi c trait variation should increase with 
ecological breadth, we further support this prediction by show-
ing that species with higher variation in SLA have greater local 
range sizes. 

 Observed directional changes in trait variation ultimately 
refl ect either local adaptation and/or phenotypic plasticity. 
While our data cannot differentiate between the two, our analy-
ses nonetheless are consistent with several assumptions and 
predictions of trait-based ecology. For example, at the commu-
nity and species-level scales, we observed a directional shift in 
mean trait values with elevation ( Fig. 1 ). SLA increased with 
elevation for both individual species and the community from 
the second fl owering peak. This may indicate that plants in 
higher elevation communities have greater photosynthetic ca-
pacities to ensure positive carbon gain over a shorter growing 
season ( Kudo, 1996 ). This similarity between the community 
and intraspecifi c trends is consistent with the importance of 
external fi lters in limiting the range of intraspecifi c pheno-
types capable of establishing in each community ( Cornwell and 
Ackerly, 2009 ). Since SLA infl uences plant fi tness ( Reich et al., 
1998 ;  Wright et al., 2004 ), the observed shifts in SLA across 
the environmental gradient appear to indicate that variation in 
individual physiology and morphology may allow species to 
better respond to differing external fi lters along environmental 
gradients. These results are in concordance with  Violle et al. 
(2012) , who stated that fi ltering processes should function on 
the level of individuals instead of species, and therefore, only 
those individuals of a species with phenotypes matching the 
local community phenotypes should successfully establish under 
a community’s external fi lters. 

 Similar to the results of  Cornwell and Ackerly (2009) , intraspe-
cifi c slopes had a slower rate of change with elevation than the 
observed mean-weighted community slope ( Fig. 2 ). These fi nd-
ings support our prediction that restricted phenotypic variation 
may limit a species’ ability to establish under different external 
fi lters. Finite intraspecifi c variation, which refl ects either the limits 

 Fig. 2. (A) Trend lines for the community mean (black line) and individual species (red lines) during the second seasonal fl owering peak and trend 
lines for early-season species (blue lines). Solid lines represent species with signifi cant trends as tested with null models and nonsignifi cant trends have 
dashed lines. (B) Histogram of slopes of regressions between specifi c leaf area (SLA) and elevation (mm 2 /mg/m) from  Fig. 1  (excluding early-season spe-
cies) and slope of the community mean SLA with elevation (dotted line). As early-season species had already begun senescing before the second fl owering 
peak, they were excluded from analyses with community data that were collected during the second fl owering peak. The horizontal error bars on the dotted 
line show the 95% confi dence interval for the community mean slope. The dark columns represent species with signifi cant slope values as determined by 
the null model analysis; species without signifi cant slopes are light gray.   

 Fig. 3. Species’ local elevational range vs. intraspecifi c coeffi cient of 
variation corrected for sample size by randomly sampling 40 SLA values 
for each species. All 21 study species, including early-season species, were 
used in this analysis.   
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with greater intraspecifi c variation may adjust to more external 
fi lters and therefore, have greater niche breadth. 

 All early-season species had negative relationships between 
elevation and SLA, which was opposite of the positive relation-
ships of the species and community from the second fl owering 
peak. As this study indicates, species respond to changing external 
and internal fi lters along environmental gradients. Elevational gra-
dients serve as a proxy for other external factors that change with 
elevation (e.g., temperature and precipitation); however, the de-
gree to which these climatic factors vary along the same gradient 
can differ seasonally. For example, there was no relationship 
between temperature and elevation immediately after snowmelt, 
but there was a prominent temperature change with elevation 
during the second seasonal fl owering peak (see Appendix S3). 
Previous studies show SLA to be negatively correlated with 
temperature ( Laughlin et al., 2011 ), which may have infl uenced 
the increasing trends of peak season species. However, the min-
imal temperature variation among communities during the early-
season represents a less-pronounced temperature gradient than 
during the second fl owering peak, indicating that additional 
factors may have infl uenced early-season species’ trends. 

 We demonstrate that phenotypic variation may be important 
in infl uencing species’ ecological breadth by showing that spe-
cies with greater regional intraspecifi c variation in SLA have 
greater extent along environmental gradients ( Fig. 3 ). By using 
local elevational range, which includes the effects of both inter-
nal and external fi lters, we show that greater intraspecifi c func-
tional variation may allow species to adjust to a wider variety of 
biotic and abiotic conditions, and therefore have greater eco-
logical breadth. These results demonstrate that patterns of indi-
vidual variation within and between populations as well as 
between communities can help assess differing hypotheses for 
the structuring of communities and the distribution of species. 
While this study is unable to address the respective infl uences 
of heritable and plastic variation, our analyses support Darwin’s 
species-level hypothesis that species with greater variation are 
also more widely distributed ( Darwin, 1859 ). 
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   APPENDIX  1. Geographical coordinates for the eight sites used in this study. 

Elevation (meters) Geographical coordinates

2710 38 ° 52 ′ 55”N, 106 ° 58 ′ 52”W
2820 38 ° 53 ′ 48”N, 106 ° 58 ′ 43”W
2910 38 ° 55 ′ 40”N, 107 ° 0’24”W
3010 38 ° 56 ′ 31”N, 107 ° 1’30”W
3160 38 ° 57 ′ 39”N, 107 ° 1’52”W
3380 38 ° 58 ′ 8”N, 107 ° 2’28”W
3450 38 ° 58 ′ 23”N, 107 ° 2’34”W
3600 38 ° 59 ′ 54”N, 107 ° 4’40”W

  APPENDIX  2. Voucher information for all species in this study. Institutions where vouchers are deposited are in parentheses. 

  Taxon ; Voucher (Herbarium). 

   Achillea millefolium   L.; Brian J. Enquist 833 (ARIZ388872).   Claytonia 
lanceolata  ; Brian J. Enquist 6040 (ARIZ405103).   Collomia linearis   Nutt.; 
Charles F. Williams 2010-0179 (RMBL9604).   Corydalis caseana   A. Gray; 
Brian J. Enquist 885 (ARIZ389477).   Delphinium barbeyi   (Huth) Huth; 
Brian J. Enquist 6066 (ARIZ405099).   Delphinium nuttallianum   Pritz.; Brian 
J. Enquist 712 (ARIZ404312).   Eriogonum umbellatum   Torr.; K Taylor 113 
(RMBL3075).   Erythronium grandifl orum   Pursh; Brian J. Enquist 6140 (ARIZ 
405570).   Gayophytum racemosum   Torr. & A. Gray; Brian J. Enquist 636 
(ARIZ404886).   Geum trifl orum   Pursh; Brian J. Enquist 853 (ARIZ388864). 
  Hymenoxys hoopesii  ; Charles F. Williams 2010-0281(RMBL9674).   Lathyrus 

lanszwertii   Kellogg; Charles F. Williams 2010-0149 (RMBL9577).   Lupinus 
polyphyllus   Lindl.; Brian J. Enquist 921 (ARIZ389853).   Mertensia ciliata   
(James ex Torr.) G. Don; Brian J. Enquist 921 (ARIZ389853).   Mertensia 
fusiformis   Greene; Brian J. Enquist 6136 (ARIZ405579).   Potentilla fruticosa  ; 
Charles F. Williams 2010-0284 (RMBL 9677).   Potentilla gracilis   Douglas ex 
Hook.; Charles F. Williams 2010-0102 (RMBL9558).   Taraxacum offi cinale   
F.H. Wiggers; Brian J. Enquist 826 (ARIZ389481).   Valeriana acutiloba   Rydb.; 
Charles F. Williams 2010-0102 (RMBL9558).   Veratrum californicum   Durand; 
John E. Williams 98 (RMBL2314).   Vicia americana   Muhl. ex Willd.; Brian J. 
Enquist 511 (ARIZ404323). 


