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Abstract Phenotypic differentiation can occur

between the native and introduced ranges of a species

as a result of novel selective pressures, or by neutral

processes and historical events. Our aim was to

determine how underlying patterns of genetic diversity

and potential population origin might have contributed

to phenotypic differentiation between the native and

introduced ranges of an herbaceous weed. We combined

data from microsatellite markers from 16 native and 16

introduced populations of Cynoglossum officinale, a

noxious weed of the western US, with previously

published phenotypic data from common gardens to

investigate genetic diversity in both ranges and relate

population structure to phenotypic differentiation. Sev-

eral lines of evidence suggest loss of genetic diversity

during the introduction of C. officinale. Despite reduced

diversity, introduced plants out-performed natives in a

common garden in one environment. We found little

evidence that population-level variation in diversity

contributed to phenotypic variation (e.g. through

inbreeding depression). Our results suggest that estab-

lishment, spread, and potentially adaptation of a species

to a new range is not prevented by reductions in genetic

diversity of the magnitude we observed. Further, we

suggest that non-random filtering or biased introduction

at the point of emigration may contribute to phenotypic

divergence between ranges.

Keywords Common garden � Cynoglossum

officinale � Founder effects � Genetic diversity �
Houndstongue � Invasive plant �Native and introduced

ranges �Weed

Introduction

In invasive plants, genotypes from the introduced

range are often phenotypically divergent from home

range populations. Observed shifts include changes in

phenology, vigor, allocation to defense, or the ability

to respond favorably to multiple growing conditions

(Bossdorf et al. 2005; Novak and Mack 2005;

Richards et al. 2006). Phenotypic divergence of

introduced populations is often attributed to the action

of novel biotic and abiotic selective pressures that may

operate along the pathway of introduction, establish-

ment and spread during the invasion process (e.g. Blair

and Wolfe 2004; Bossdorf et al. 2005). Alternatively,

similar patterns in phenotypic divergence may be
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driven by neutral processes or historical events (Keller

and Taylor 2008; Novak and Mack 2005), including

genetic drift during bottlenecks (Barrett and Husband

1990; Nei et al. 1975) and non-random filtering of

genotypes during the invasion process. For example,

non-random filtering may shape phenotypic variation

in the invaded range if some genotypes have a higher

probability of becoming crop contaminants or horti-

cultural introductions (Keller and Taylor 2008; Kolar

and Lodge 2001). Biased introduction, as much as

selection among genotypes present in the invaded

range, may interact with drift to contribute to invasion-

associated shifts in phenotype.

Distinguishing the relative roles of adaptive evolu-

tion and chance events in phenotypic divergence

during any particular invasion is a challenge (Keller

and Taylor 2008). To do so requires integrating

analyses of genetic marker variation (e.g. microsatel-

lites, AFLPs) with phenotypic data from across

populations in the native and introduced ranges.

Studies using genetic markers demonstrate that inva-

sive taxa often have reduced genetic diversity in the

introduced range, although this is not true in every

case (Bossdorf et al. 2005; Dlugosch and Parker 2008;

Novak and Mack 2005; Wares et al. 2005). Those

studies that have combined population genetics with

phenotypic data from common gardens have generally

found that selection in the introduced range has likely

altered some traits, but that the mechanisms are

specific to each species (e.g. Chun et al. 2009, 2011;

Dlugosch and Parker 2008; Lavergne and Molofsky

2007; Maron et al. 2004; Xu et al. 2010). Understand-

ing how variation in genetic diversity has changed

between ranges can also offer clues about particular

introduction pathways (Gladieux et al. 2011; Hardesty

et al. 2012).

Here, we use microsatellite markers to assess

genetic diversity in the native and introduced ranges

of houndstongue (Cynoglossum officinale), a noxious

weed of the Intermountain Western US (Upadhyaya

et al. 1988). Using common garden experiments in

both ranges, we previously found that plants from

native and introduced populations differ in relative

performance rank at each site (Williams et al. 2008).

Plants from introduced populations responded

strongly to favorable growing conditions, achieving

higher lifetime fitness in a European garden with high

water availability (within the native range), whereas

plants from native populations had higher fitness in a

Montana garden (within the introduced range) where

growing conditions were harsher. This non-intuitive

crossing of fitness reaction norms suggests that factors

beyond local adaptation may contribute to the overall

divergence between native and introduced C. offici-

nale populations. In addition, we have established that

C. officinale has undergone a major life history shift

between ranges, with introduced populations contain-

ing a high fraction of iteroparous individuals com-

pared to the native range, where semelparity

dominates and iteroparity is extremely rare (Williams

2009). We therefore wanted to know how the under-

lying patterns of genetic diversity and potential

population origin might have contributed to pheno-

typic differentiation, and in particular, how they might

have contributed to the observed fitness differences

between range in the common gardens. We examined

microsatellite markers from 16 native and 16 intro-

duced populations to ask: (1) How is genetic variation

distributed across the native and introduced ranges?

(2) Is there evidence for loss of genetic diversity

occurring with introduction? (3) Do changes in the

patterns of genetic diversity relate to changes in

phenotype?

Methods

Study system

Cynoglossum officinale L. (Boraginaceae), commonly

known as houndstongue, is native to central Europe,

where it occurs in open woodlands, meadows, sand

dunes, and marginal habitats adjacent to tilled fields

(de Jong et al. 1990). Its range extends from central

Asia (where published documentation is sparse) west

to the Atlantic Ocean, and latitudinally across Europe,

although it does not grow in the extreme south or north

of southern Scandinavia or Britain (de Jong et al.

1990). It is considered a rare plant in parts of its native

range, including in central and northern Germany

(Enßlin et al. 2011). It was introduced to North

America in the mid-nineteenth century as a feed

contaminant, where it now occurs across the United

States, with the exception of the most southerly states,

and southern Canada (Upadhyaya et al. 1988). It is a

particular problem in the Intermountain West, where it

has been placed on the noxious weed list in a number

of states, in part due to its toxicity to livestock
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(Upadhyaya et al. 1988). In the introduced range, C.

officinale commonly occurs in riparian areas and

grasslands, as well as in grazed and clear-cut areas.

Cynoglossum officinale is a self-compatible, facul-

tatively monocarpic perennial (de Jong et al. 1990).

Although flowers are self-compatible, seed set is

increased by insect pollination, which is carried out

mainly by bumble-bees (Bombus spp.) (de Jong et al.

1990). Pollination also can result in geitonogamous

selfing, or pollen transfer within a plant, and geito-

nogamy can account for as much as 70 % of seeds

(Vrieling et al. 1999). Each flower produces up to four

large nutlets that are barbed and dispersed on mammal

fur; seeds that are not dispersed typically germinate

within 2 m (Boorman and Fuller 1984). Although

most native plants die after flowering, a small

percentage of individuals may flower a second time

in the subsequent year, after which they die (de Jong

et al. 1990). In contrast, flowering in subsequent years

(iteroparity) is common in the introduced range,

occurring, on average, in 20 % of the individuals

within a population (Williams 2009).

Sample collection and preparation

Seeds of C. officinale were collected from 16 field sites

in each range in 2003–2005 (Fig. 1; Table 1) from 10

to 20 individuals at each site, with individuals

separated by at least 1 m. Field sites occurred in

broadly representative habitats in central Europe (the

center of the native range) and in the region of the

introduced range (the Intermountain West) where C.

officinale is considered noxious, and were chosen

haphazardly based on recommendations from local

botanists and land managers. In 2007, seeds were

placed into cold stratification for 6 weeks to break

dormancy and then sown in potting soil in small pots in

a greenhouse at the University of Montana (Missoula,

MT). A subset of sampled populations (10 from each

range) were used in previous common garden exper-

iments that were conducted in Missoula, MT and Bad

Lauchstädt, Germany from 2004 to 2005 (Table 1; for

more details, see Williams et al. 2008).

We collected approximately 200 mg tissue from

the first or second true leaf (2–3 cm) of one plant from

each maternal family, and stored tissues in a -80 �C

freezer. Due to variable seed germination, the number

of maternal families sampled from each population

ranged from 5 to 20 (Table 1). We extracted genomic

DNA following a CTAB/chloroform extraction pro-

tocol that was modified for 96-well format and using a

bead beater (Geno/Grinder 2000, Spex Certiprep,

Meutchen, NJ) for tissue homogenization (Doyle and

Doyle 1990; Fishman and Willis 2005).

Microsatellite analysis

We analyzed six microsatellite loci that were previ-

ously developed for C. officinale and 50-labeled with

the fluorescent dyes noted in parentheses: C2-19

(NED), C3-41 (FAM), C2-43 (HEX), C2-62 (HEX),

C2-72 (FAM), and C3-79 (FAM) (Korbecka and

Wolff 2004) combined into one multiplex set. Poly-

merase chain reactions (PCR) were performed in a

total volume of 10 lL with 2 lL of 1:20 diluted DNA

solution, and 0.2 lL of 10 lM C2-19, C3-41 and C2-

72 and 0.1 lL of 10 lM C2-43, C2-62, and C3-79

labeled forward primers and unlabelled reverse prim-

ers in the following reaction mix: 2.5 lL H20, 2.0 lL

5 9 GoTAQ Flexi buffer, 0.8 lL 25 mM MgCl2,

0.8 lL 2.5 mM dNTPs, and 0.1 lL GoTAQ Flexi.

The markers were amplified using a touchdown PCR

program: 3 min at 94 �C, 10 touchdown amplification

cycles (30 s at 94 �C, 30 s at 58 �C, 45 s at 72 �C)

with the annealing temperature decremented by 1 �C

each cycle, 30 amplification cycles (30 s at 94 �C,

30 s at 48 �C, 45 s at 72 �C), and a 10-min final

extension (72 �C). PCR products were run on an ABI

3130xl automated capillary sequencer (Applied Bio-

systems, Foster City, CA) and marker genotypes were

assigned automatically using GeneMapper software

(Applied Biosystems) and then manually verified.

Statistical analyses

Measures of genetic diversity, including observed (Ho)

and expected heterozygosity (He) and allele number

(Na), were calculated using GenAlEx 6.1 (Peakall and

Smouse 2006), and inbreeding coefficients (FIS) were

calculated using Fstat 2.9.3 (Goudet 2001). To account

for different sample sizes among populations in the

calculations of allelic richness, we calculated the

rarefied allelic richness for each population using the

hierfstat package in R (Goudet 2005). Range means

for each diversity statistic were compared using two-

sided t tests on mean values for each population in R

3.0.0 (R Core Development Team (2013).
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To examine the relationship between isolation and

distance, pairwise FST values were regressed over the

geographic distance (km) between pairs of populations

within each range; significance was tested using a

Mantel test with 1,000 randomizations performed in

GenAlEx 6.1 (Peakall and Smouse 2006). We further

looked for spatial structuring of genetic variability

within and between ranges and populations with an

analysis of molecular variance using ARLEQUIN

version 3.1 (Excoffier et al. 2005). Within ranges, we

grouped populations into regions based on geographic

proximity. The native range contained four groups:

Netherlands (2 populations), northern Germany (1

population), central Germany (5 populations), and

Hungary (8 populations). The introduced range con-

tained 5 groups: Wyoming (1 population), central

Montana (4 populations), western Montana (7 popula-

tions), southern Canada (2 populations), and Washing-

ton/Idaho (2 populations). We further examined the

pattern of the relationship of populations using a

Bayesian clustering approach in STRUCTURE (Prit-

chard et al. 2000). The STRUCTURE analysis used an

admixture ancestry model with correlated allele fre-

quencies. We estimated the posterior probability (L(K))

for values of K (number of clusters) ranging from 1 to

32 (n = 20 runs each), using a burn-in period and run

length of the Markov Chain Monte Carlo (MCMC) of

10,000 and 50,000 iterations, respectively. Parameters

(e.g., alpha) generally converged after \2,500 itera-

tions, so these run times were adequate for estimation of

K. To assign individual multi-locus genotypes to

clusters and estimate population mean membership,

we examined L(K) directly and calculated DK using the

method of Evanno et al. (2005). We also used the

program InStruct (Gao et al. 2007), which estimates K

(using similar algorithms and identical settings as the

STRUCTURE runs) while relaxing the assumption of

Hardy–Weinberg equilibrium (HWE) within clusters.

Because C. officinale can have high rates of geitonog-

amous selfing, deviations from HWE conditions within

populations may be common, violating the assumptions

of STRUCTURE and potentially leading to spurious

evidence of admixture (Gao et al. 2007).

We used linear models to investigate the link

between genotypic diversity and the phenotypic data

collected in common garden experiments (Williams

et al. 2008). Specifically, models examined whether

range, expected heterozygosity (He), and the interac-

tion were significant predictors of two phenotypic

traits: plant volume and seed set (both log-trans-

formed) in common gardens in Germany and Mon-

tana. We expected that these two fitness traits might be

influenced by the population history of inbreeding.

When interaction terms were significant, separate

a b

Fig. 1 Locations of sampled Cynoglossum officinale popula-

tions in the introduced range (a North America) and native range

(b Europe). Pies represent proportional assignment of popula-

tions to one of two groups based on the results of a Bayesian

clustering analysis. The native range extends from northern

Spain to southern Britain and Sweden and east through central

Russia; C. officinale is present across southern Canada and the

United States, excluding the most southern states, but is of

particular concern as an invasive plant in the Intermountain

West, where populations were sampled for this study
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models were fit to populations from each range. In

these analyses, each population was represented by the

mean for that trait. We ran identical models with

average allele number (Na) as the predictor variable.

We were unable to use the average inbreeding

coefficient (FIS) as a more direct measure of inbreed-

ing due to the number of markers that were fixed for a

single allele, particularly in the introduced range (see

Table 1), leading to an observed heterozygosity of

zero.

Results

At each of the six microsatellite markers for C.

officinale, we found fewer alleles in introduced popu-

lations compared to native populations (Table 2). At

four out of the six loci, two-thirds or more of the alleles

were restricted to populations in the native range

(Table 2), and we found only one allele (at marker 79)

that was restricted to the region we sampled in the

introduced range. On average, rarefied allelic richness

was lower in introduced populations compared to native

populations, a proportional loss of 13 % (Fig. 2a;

t29.97 = 2.05, P = 0.049). Expected heterozygosity

(He) was also lower (32 %) in introduced populations

(Fig. 2b; t29.90 = 2.21, P = 0.035), but the average

inbreeding coefficient (FIS) did not differ between

ranges (Fig. 2c; t28.66 = 1.25, P = 0.22). However, the

latter comparison is biased by the fact that many

introduced populations, and presumably those with the

greatest history of inbreeding, lacked the polymorphism

necessary to calculate FIS for more than one locus. Thus

for nearly half of the introduced populations, the value

represents FIS for only the most variable marker (79).

Most populations contained at least one locus that was

fixed for a particular allele (Table 1), and within

populations, the proportion of polymorphic loci was

significantly lower in the introduced range compared to

in the native range (Fig. 2d; Z = 3.034, P = 0.002).

Continent of origin (North America vs. Europe)

explained *20 % of the overall variation in genetic

diversity (AMOVA results in Table 3). Within the

native range, more than half (51.1 %) of the variation

in genetic diversity could be attributed to variation

within populations, whereas differences among

regions explained only 20.6 % (Table 3). In contrast,

in the introduced range, the variation in genetic

diversity was distributed nearly equally amongT
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regions, among populations within regions, and within

populations (Table 3). While there was no relationship

between geographic and genetic distance in the

introduced range (R2 = 0.0002, P = 0.46), genetic

distance increased significantly but weakly with

geographic distance in the native range (R2 = 0.061,

P = 0.033, increase in FST of 0.009 units for every

100 km).

Consistent with the AMOVA results, Bayesian

clustering analyses indicated only moderate popula-

tion genetic structure associated with geographical

location. At K = 16, where mean values of L(K) as-

ymptoted in STRUCTURE (Pritchard et al. 2000), a

few populations were composed of individuals

assigned to a single cluster, but many individuals

(particularly in European populations) were assigned

to multiple clusters, and there was little correspon-

dence between cluster assignment and geography

(data not shown). Similarly, the InSTRUCT analysis

(which is similar to STRUCTURE, but relaxes

assumptions of Hardy–Weinberg equilibrium within

clusters), indicated that K = 13 was best by the

Deviance Information Criterion (DIC); however, at

K = 13, most individuals were again assigned par-

tially to 2–4 clusters each (data not shown), indicating

that these assignments may not be robust. In contrast,

the DK method of Evanno et al. (Evanno et al. 2005)

indicated that K = 2 had the highest support in the

STRUCTURE analysis. At K = 2, individual assign-

ments (Fig. S1) and the proportional membership of

each population (Fig. 1) reveal an interesting pattern

potentially reflecting the history of the invasion. At

this level, the majority of North American populations

cluster with a single European population (EHX, near

Staßfurt, central Germany), indicating that popula-

tions in the invaded range represent a subset of the

genetic and phenotypic diversity present in the native

range. However, populations from southern Canada,

Idaho and Washington belong to the dominant Euro-

pean cluster, potentially indicating multiple

introductions.

To determine whether genetic diversity within

populations was associated with population mean

performance, as might be the case if bottlenecks and

inbreeding had also increased the frequency of dele-

terious alleles, we examined the relationship between

expected heterozygosity (He) and two fitness traits in

two different garden environments. In the German

garden (within the native range), all plants were larger

and more fecund compared to in the Montana garden

(within the introduced range) (Williams et al. 2008),

indicating growing conditions were relatively favor-

able. In the German garden, plants from introduced

populations were larger and more fecund on average

than those from native populations, but neither trait

was associated with He (Fig. 3a; He (introduced) on

plant size: F1,8 = 0.049, P = 0.83; seeds: He:

F1,16 = 1.02, P = 0.33). In contrast, plants that came

from native populations with higher He were larger

(Fig. 3a; He 9 range: F1,16 = 5.31, P = 0.035; He

(native): F1,8 = 6.62, P = 0.033), but the effect did

not persist through seed production (He: F1,16 = 1.02,

P = 0.33). In the less favorable environment in the

garden in Montana, He was not related to plant size or

seed production for either native or introduced pop-

ulations (Fig. 3b; size: F1,16 = 0.0052, P = 0.94;

seed production: F1,16 = 1.52, P = 0.23). We found

qualitatively similar relationships between genotype

and phenotype when average allelic diversity (Na) was

used as the predictor variable.

Discussion

Cynoglossum officinale has lost substantial genetic

diversity during its introduction to North America, as

indicated by declines in allelic diversity and expected

heterozygosity between the native and introduced

ranges. However, reductions in genetic diversity have

not prevented C. officinale from spreading across the

introduced range, where it is now considered a noxious

weed in several states, nor from shifting its life history

from almost exclusive semelparity in the native range

to a high frequency of iteroparity in some introduced

populations. Here we discuss the factors contributing

to the observed genotypic patterns and their potential

influences on phenotypic variation.

The life history and habit of C. officinale shape the

patterns of genetic variation in microsatellite markers

that we observed. In both ranges, new populations of

C. officinale are often established by a few seeds that

may be dispersed by mammals into recently disturbed

areas or by recolonization of old populations from the

short-lived seed bank following local extinction

events (van der Meijden et al. 1992). The frequent

colonization and extinction of populations on the

landscape results in new populations that have a high

probability of containing a subset of the regional
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genetic diversity, and leads to populations that are

nearby in space but genetically quite different. This

differentiation is strongest in the native range, where

more than half of the total genetic variation can be

explained by differences among populations

(Table 3). In contrast, we observed much weaker

patterns in differentiation across space in the intro-

duced range, both in the amount of genetic variation

observed among populations and in the absence of a

relationship between geographic distance and genetic

differentiation. We also found that within introduced

populations, at least one locus, and frequently several,

were fixed for a single allele. Unless a new population

was colonized by seeds from several different popu-

lations, the loss of alleles would persist following

introduction. The differences in genetic structure

between continents reflect both bottlenecks associated

with introduction to North America (Genton et al.

2005; Gladieux et al. 2011), which reduced the total

pool of variation, and rapid human-mediated spread to

disturbed/cultivated habitats within the invaded range.

A shallower spatial genetic structure in the introduced

range compared to the native range has also been

demonstrated for other invasive plants (Durka et al.

2005; Genton et al. 2005).

The exact geographic origin of C. officinale popu-

lations in North America is unknown. The results of the

Table 2 Total number of alleles for each microsatellite marker

in the native and introduced ranges of Cynoglossum officinale,

and percent of alleles that were unique to the native range

Marker Total native

range

Total

introduced

range

% restricted to

native range

19 6 2 66.6

41 5 1 80.0

43 5 2 60.0

62 5 4 20.0

72 6 2 66.7

79 10 8 18.2

All 37 19 47.4

a b

c d

Fig. 2 Box plots comparing measures of genetic diversity between native and introduced populations: a rarefied allelic richness,

b expected heterozygosity (He), c inbreeding coefficient (FIS), and d number of polymorphic loci (out of 6)
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STRUCTURE analysis do suggest that invasive

western North American populations likely came from

at least two sources. Historical records indicate that

seeds were introduced as a contaminant of feed being

shipped from Europe to North America (de Jong et al.

1990; Upadhyaya et al. 1988). Since feed entering

North America was not required to be cleaned until the

early 1800s and this rule was rarely enforced even after

that, many weeds that arrived as contaminants arrived

multiple times (Gaskin et al. 2005; Mack 2003; Novak

and Mack 2005). This history, along with the patterns of

genetic diversity in C. officinale that we observed,

suggest that more than one introduction occurred. The

large proportion of introduced populations that were

Table 3 Analysis of molecular variance (AMOVA) results showing the distribution of variation in genetic diversity of microsatellite

markers among continents, regions, and populations

Source of variation Df Sum of squares Variance components Percentage of variation

Native and introduced ranges

Among ranges 1 87.1 0.202*** 19.68

Among populations within ranges 31 352.1 0.504*** 49.14

Within populations 699 223.6 0.320*** 31.18

Total 731 662.8 1.026

Native range

Among regions 3 83.0 0.261*** 20.64

Among populations within regions 13 94.1 0.357*** 28.28

Within populations 319 205.8 0.645** 51.07

Total 335 382.9 1.263

Introduced range

Among regions 4 91.4 0.252*** 31.69

Among populations within regions 11 81.1 0.277*** 34.82

Within populations 380 101.2 0.266** 33.48

Total 395 273.75 0.795

*** P \ 0.001; ** P \ 0.01

a b

Fig. 3 Relationships between average expected heterozygosity

(He) and average measure of plant size for each population for

plants grown in a common garden in (a) Germany (within the

native range) and (b) in Montana (within the introduced range).

When linear models were statistically significant, best fit lines

are shown (significance of all linear models is presented in

‘‘Results’’)
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assigned to the same cluster (at K = 2) as one of the

German populations we sampled could indicate that

these populations originated in Germany (Fig. 1).

Alternatively, the true populations of origin were not

included in our sample of the native range, or popula-

tions in western North America were secondarily

introduced from eastern North America.

The pathway of migration as a feed contaminant

makes it likely that introduced genotypes came from

crop field margins in the native range and thus may not

represent genotypes from the full range of native

habitats. Our genotypic and phenotypic data are

consistent with this scenario. In particular, in the

STRUCTURE analysis, many populations in the intro-

duced range cluster with the single European popula-

tion (EHX) sampled from crop-adjacent habitat

(Fig. 1). With data from only six polymorphic loci

and a restricted sampling of populations, we do not

want to over-interpret this finding. However, introduc-

tion of genotypes primarily from a subset of native

populations that perform well in high nutrient areas

such as crop margins could contribute to the non-

intuitive patterns of phenotypic variation observed for

houndstongue. Specifically, plants from the introduced

range were able to achieve much higher fitness than

plants from native populations when grown in lush

growing conditions in a common garden in Germany,

despite having lower genetic diversity, consistent with a

history of bottlenecks and/or inbreeding (Fig. 3a;

Williams et al. 2008). In contrast, plants from native

populations were smaller and their size was positively

correlated with population heterozygosity in the same

garden (Fig. 3a). In the Montana garden, where grow-

ing conditions were harsher, plants from native popu-

lations, which were sampled from a variety of habitats,

were able to outperform plants from introduced pop-

ulations. More targeted sampling would be necessary to

test for a consistent differences among native popula-

tions from different habitats, but biased probability of

introduction, rather than selection within the introduced

range, may (in part) account for patterns of phenotypic

variation in this invasive species. This result empha-

sizes that the genotypes which are best suited to a new

range are not necessarily the ones which are introduced

(Novak and Mack 2005) and yet they may still do well

for a variety of other reasons.

Our analyses, as well as a recent study of native

German and botanical garden populations (Enßlin

et al. 2011) indicate that C. officinale harbors

substantial among-population variability in life his-

tory and fitness traits despite relatively low levels of

genetic diversity range-wide. Although average

genetic diversity is further reduced in North American

populations (Fig. 2), due to bottlenecks during intro-

duction and drift in the introduced range, this may or

may not inhibit its success in North America. On the

one hand, C. officinale is a successful invader (De

Clerck-Floate and Wikeem 2009; Upadhyaya et al.

1988) and introduced genotypes harbored sufficient

variation to undergo a shift to iteroparity despite the

rarity of this trait the native range. On the other hand, it

is clear that some native genotypes not present in the

sampled introduced range actually outperform plants

from invasive populations in drier North American

habitats. Coupled with the observation that only the

most diverse native populations perform as well as

plants from the introduced range in a lush (native

range) common garden, this suggests that the overall

loss of genetic diversity maybe much less important

than historical events (such as biased introduction

from agricultural habitats) and selection within the

introduced range in shaping the ecology and evolution

of invasive plant populations.
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