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Patterns of genetic diversity across a species’ range arise from
a complex interplay between the diversifying effect of de-

mographic variation across landscapes with different selection
pressures and the homogenizing effects of dispersal (1–3). On
one hand, variability in demographic performance influences
genetic diversity through its influence on effective population
size (4). Short-lived, highly fecund species generally have higher
levels of genetic diversity compared with species that are long
lived or have low fecundity (5, 6). On the other hand, dispersal
modulates these relationships by facilitating gene flow between
populations (7). Gene flow from seed and pollen can increase
genetic diversity and reduce genetic differences among pop-
ulations. While the importance of these forces is widely accepted
(8), there is uncertainty about the relative strength of demography

and dispersal in shaping genetic structure across global environ-
mental gradients (9, 10).

For invasive species, the situation is even more complex
because humans disrupt many of the natural processes that
determine genetic diversity (Fig. 1). For example, repeated
introductions and long-distance dispersal by humans can re-
lease invasive plant species from demographic constraints, such
as those imposed by the colonization–competition tradeoff
(11). Invasive species might also overcome climatic constraints
on phenotypic traits as a result of rapid adaptation to new
environments (12) or nonadaptive processes, such as repeated
introductions, which can swamp locally adapted phenotypes
(13). Thus, emerging evidence suggests that plants in their
nonnative range can break ecological “rules” because they are
not always constrained by the same biological and climatic
forces that operate in their native range.

Some populations of invasive species lose genetic diversity
during invasion through founder effects (14), but many have
higher genetic diversity outside their native range (15, 16). The
mechanisms underlying this phenomenon include admixture
(i.e., new genotypes arising from interbreeding among divergent
source populations) (17), hybridization (18), rapid mutation
(19), and exposure of cryptic genetic variation (20). Such in-
creases in genetic diversity can enhance colonization success (21)
and adaptive potential (22) in invasive species. Demographic
changes can also improve invasive plant performance (23), which
is sometimes associated with release from natural enemies (24).
Unfortunately, demographic and genetic aspects of invasion are

Effective population 
size (Ne) 



https://www.pnas.org/cgi/doi/10.1073/pnas.1915848117


Results and Discussion
Hypothesis 1: Dispersal between Populations Will Dilute Demographic
Effects on Genetic Diversity. In two simulated populations un-
connected by dispersal, with different rates of juvenile survival
(σj = 0.1 and 0.2) and female fecundity (seeds per plant, ΦF = 1
to 100), higher juvenile survival led to greater genetic diversity
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invasive species adapt quickly to new environments. However, we
also detected private alleles within sites in Europe (SI Appendix,
Table S1), and therefore, our sample does not represent the full
range of genetic diversity in the species.

Genetic structure measured by FST (genetic differentiation
between all pairs of populations) was stronger among populations
in the native range (mean FST = 0.16) than the nonnative range
(mean FST = 0.09). To analyze the influence of environmental
gradients on FST, we used three separate generalized dissimilarity
models, one for each range type: native range, nonnative range,
and the global l
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Increases in genetic diversity can arise when environmental
heterogeneity drives population turnover through increases in
sexual reproduction, population growth, and survival (6, 44). In
our study, however, population growth was affected by mean
temperature, not variability in temperature; cooler sites gener-
ally had higher rates of population growth across the first two
demographic censuses. This is consistent with previous work
showing that high mean temperature was associated with mor-
tality in P. lanceolata (42). Thus, we did not find a clear de-
mographic explanation for the effect of temperature seasonality
on genetic diversity. Temperature stability might have promoted
clonality in P. lanceolata, leading to lower genetic diversity (45).
However, rates of sexual and clonal reproduction within species
are often inversely related (46), and genetic diversity was un-
affected by rates of sexual reproduction in our study. The in-
fluence of global variation in clonality on genetic diversity needs
further investigation, particularly because clonality combined
with sexual reproduction can increase invasion success (36).

Our prediction that environmental effects on genetic diversity
could be explained by demographic variation had only little
support, even in the native range. Except for a weak increase in
neutral genetic diversity with density (SI Appendix, Figtl-569.5g7nombrJ
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related to gene flow and admixture rather than demographic vari-
ation. Our data support the prediction that high dispersal would
dilute demographic effects on genetic diversity (Hypothesis 1).
Globally, our analyses suggest that genetic diversity in the nonnative
range is shaped by admixture from multiple source populations and
ongoing introductions, leading to high neutral and adaptive genetic
diversity (Hypothesis 2). Our data suggest that invasive populations
can establish in a broad range of environments without the need
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(BayeScan) and two individual-level methods (PCAdapt and LFMM). BayeScan
uses a Markov chain Monte Carlo algorithm to examine outlier loci against
background values of population differentiation (FST) among predefined
populations (65). PCAdapt and LFMM both define background population
structure as K
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three variables that can influence genetic diversity (Table 1): population
density (rosettes per meter2), fecundity, and empirical population growth
rate. For fecundity, we used reproductive effort estimated as the rosette-
level inflorescence length × number of flowering stems per meter2
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