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P
olyploidy is a prominent chromo-
somal/genetical feature in most
flowering plant groups (1, 2).
Change in the number of chro-

mosome sets (and thus gene dosage) is an
important factor in the genesis of new
species, in part because plants with higher
ploidal levels often have ecological toler-
ances that differ from those of their pro-
genitors. Plant evolutionists have been
very interested in the origin of such dif-
ferences, which may arise in two distinctive
ways (3, 4). In the absence of hybridiza-
tion, ecological divergence may be a sim-
ple by-product of change in ploidal level.
Ecological divergence also may arise from
natural selection acting on polyploid pop-
ulations. It is impossible to distinguish
between these alternatives from studies
of two established entities that may have
diverged in ploidal level thousands of
years ago. In PNAS, Ramsey (5) demon-
strates that a ploidal increase alone indeed
may allow the invasion of a habitat that
was previously unassailable by a long-
established species. This study also dem-
onstrates that long-standing polyploids are
better adapted to this new habitat than
are newly emergent ones.

Polyploid Preadaptation
Ramsey (5) focuses on ecological differ-
ences between tetraploid (2n = 4x = 36
chromosomes) and hexaploid (2n = 6x =
54 chromosomes) populations of Achillea
borealis (Asteraceae). This study system is
well chosen for the issue under consider-
ation because unlike most ploidal shifts,
the shift in A. borealis is not associated
with interspecific hybridization; if it had
been, it probably would have been impos-
sible to ascertain the role of chromosomal
change per se in ecological divergence,
because the interaction of two disparate
genomes also could generate new habitat
tolerances (6). Hexaploid A. borealis has
a common genetic background with its
tetraploid progenitors.
The tetraploid and hexaploid Achillea

cytotypes do not coexist. Hexaploid pop-
ulations prefer more xeric habitats than
their tetraploid compatriots. Whereas
many studies comparing the habitats of
alternate cytotypes do not provide speci-
fic habitat differentials, Ramsey (5) ana-
lyzes soil texture and resident species.
Soils in tetraploid sites have significantly
more organic matter and gravel, but
less sand, than soils in hexaploid sites.
Hexaploid Achillea is allied with sand dune
specialists, whereas tetraploid Achillea

is associated with grassland and forest
edge species.
To determine whether an increase in

ploidal level contributed to this difference,
Ramsey (5) introduces tetraploids and
hexaploids produced by tetraploids (here-
after referred to as neohexaploids) into
dune sites populated by the long-existent
hexaploids. During a 3-y trial, the neo-
hexaploids had a 70% survival advantage
over their tetraploid progenitors, thus
demonstrating that a ploidal change alone
could foster a niche shift. Although no
information was provided, we may surmise
that the former had a substantial repro-
ductive advantage as well. We are told
that both tetraploids and hexaploids flow-
ered in the dune site.
Greenhouse and garden trials in many

species have shown that neopolyploids

A ploidal increase alone

indeed may allow the

invasion of a habitat

that was previously

unassailable.

differ from their progenitors in a spec-
trum of attributes, including flowering
time, flower size, photosynthetic rate,
production of secondary products, herbi-
vore resistance, and tolerance to a range
of soil conditions (3). Are such differences
adaptive or just meaningless in the real
world? The Achillea study shows that a
shift in ecological tolerance may be bio-
logically relevant, because a habitat where
such a shift is adaptive was within seed
dispersal range. If neopolyploids were
preadapted to habitats that were not
available locally or did not exist anywhere,
then the neopolyploids would be evolu-
tionary novelties without a future.
Ramsey (5) demonstrates that resident

hexaploid introductions have a 500% sur-
vival advantage over the tetraploid in-
troductions in dune sites, which means
that they are better adapted to these sites
than either the tetraploids or neohexa-
ploids. This greater acumen must have
developed during the evolutionary history
of the hexaploid, much as novel ecological
tolerances may evolve following the colo-
nization of novel habitats without a change
in ploidal level (7). The time when hex-
aploids began diverging from neohexa-

ploid colonists is unknown. The earlier
the presence of self-sustaining hexaploid
populations, the more time would have
been available to reach contemporary
levels of adaptation.

The Establishment of Polyploids
The rate of neohexaploid formation by
tetraploid A. borealis is very low (about
0.4%) (8). Neohexaploids have not been
found in tetraploid sites, but only during
the screening of tetraploid progeny. As
Ramsey (5) notes, the absence of neo-
hexaploids may be due to minority disad-
vantage, because most of their offspring
will be sired by tetraploids and thus result
in sterile pentaploids. This absence may
also be due to maladaptedness to tetra-
ploid habitats; to the extent that neo-
hexaploids did grow and reproduce in
tetraploid sites, their populations would
persist only through the continued input
of “immigrants” from the tetraploid sub-
population.
Dispersal of neohexaploid seeds from

tetraploid populations to potentially hos-
pitable sites does not ensure the estab-
lishment of hexaploid populations. The
genesis of polyploid populations is some-
what analogous to the arrival of an in-
vasive species from a distant source. In
both cases, the greater the number of
seeds reaching a suitable site per unit
time, the greater the probability of estab-
lishment. The probability of reaching
suitable sites is a function of the distance
between the seed source and such sites,
because most seeds tend to move short
distances. Propagule pressure is the para-
mount variable in dictating the success
or failure of colonization attempts (9).
The establishment of populations does

not mean that they will persist for long
time periods. Recently formed popula-
tions may not be well adapted to new
surroundings, making them especially
prone to extinction as a result of environ-
mental and demographic stochasticity
(10), and inverse density-dependent pro-
cesses (11).
Recently established hexaploid pop-

ulations face another obstacle to long-
term survival: If they are within pollina-
tion range of tetraploids, as they are apt
to be because colonization is most likely
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to be successful near tetraploid pop-
ulations, hexaploid reproductive success
will be reduced by the production of some
sterile pentaploid progeny. If tetraploid
pollen sources are large, more pollen
reaching hexaploid stigmas may be from
tetraploids than from other hexaploids.
However, Ramsey notes (5), the potential
for pentaploid seed production is muted
by the neohexaploids initiating flowering
somewhat earlier than the tetraploids.
Given the various factors opposing suc-
cessful establishment of hexaploid pop-
ulations, their long-term persistence and
subsequent evolution probably was ach-
ieved only after large numbers of coloni-
zation episodes.
Ramsey (5) reports that established

hexaploids flowered about 3 wk later than
neohexaploids. The phenological shift
could be the result of selection for en-
hanced local adaptedness. However, the
later flowering of the native also could be

the result of selection to minimize the
production pentaploid seeds, which would
have been very detrimental in the early
history of this cytotype.
As with polyploids in general (1, 3, 6),

established hexaploid populations must
have passed through severe genetic bot-
tlenecks in their evolutionary history.
Newly founded hexaploid populations os-
tensibly carried only a small sample of the
tetraploid gene pool. This being the case,
where did the genetic variation allowing
hexaploids to evolve greater tolerance to
xeric habitats originate? Mutation is one
likely source (12, 13). Existing popula-
tions may have been a source of greater
importance. The tetraploid population(s)
from which a hexaploid population was
derived presumably had a history of re-
current neohexaploid seed formation and
export, so that over time, neohexaploid
seeds would transport different samples
of tetraploid gene pool(s) to the hexaploid

population. The tetraploid gene pool per
se also may change over time via gene flow
from other tetraploid populations or via
mutation. In addition to immigration
from nearby tetraploid populations, estab-
lished hexaploid populations may obtain
novel variation from other such popu-
lations, especially if the hexaploids had
multiple independent origins in genetically
differentiated tetraploid populations. The
recurrent origin of polyploids is the rule
rather than the exception (14).
Ramsey’s (5) A. borealis paper offers

insights into not only a critical stage of
polyploid evolution within the species, but
also the role of ploidal change in fostering
rapid, adaptive divergence, as exempli-
fied by the numerous ecological races of
Achillea millefolium (15). Ramsey’s work
also provokes thought about demographic
aspects of ploidal transitions that have
not been widely considered.
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