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One of the grandest of catastrophes that climate alarmists contend will result from CO2induced global warming – which they predict will be unprecedented in terms of both the speed
and level of warmth attained – is that many species of plants will not be able to migrate
poleward in latitude or upward in altitude fast enough to remain within regions with
temperature regimes suitable for their continued existence; and, therefore, they predict that
many of them will likely be driven to extinction. But
what if earth's plants can evolve? ... and evolve fast
What if earth's plants
enough to shift their ranges at a rate commensurate
with the rate at which temperatures may be
can evolve? ... and evolve fast
warming? Or what if they can adjust their inner
enough to shift their ranges
workings so as to be able to tolerate more heat
than they seem to be capable of doing nowadays?
at a rate commensurate with
These key questions are explored in detail in the
the rate at which
papers that are briefly reviewed below.
temperatures may be
1
Gunter et al. (2000) introduced their study of the
warming?
subject by noting that many models of actual or
attempted range shifts in response to global
warming lack a thorough understanding of "the role
● ● ●
that acclimation and genetic adaptation may have
in a species' response to predicted climate
Or what if they can adjust
regimes," stating that if populations "have a greater
capacity for adjustment to higher temperatures,
their inner workings so as to
and if they are not constrained by complete genetic
be able to tolerate more heat
isolation from other populations, then the effects of
global warming will probably be less severe than
than they seem to be capable
what may be predicted from a simple temperatureof doing nowadays?
response curve applied without regard to spatial or
temporal genetic variation."
In exploring this possibility, the four researchers employed random amplified polymorphic
DNA markers to evaluate population-level genetic structure as an indirect indicator of the
capacity for response to environmental change by sugar maple trees from three geographical
locations representing a north-south gradient of that species' current distribution. This work
revealed, as they described it, that "genetic diversity, as indicated by estimates of percent
polymorphic loci, expected heterozygosity, fixation coefficients, and genetic distance, is
greatest in the southern region, which consists of populations with the maximum potential risk
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due to climate change effects," and that "the high degree of variation within sugar maple
implies that it may contain genetic mechanisms for adaptation."
In discussing their findings, Gunter et al. noted that sugar maple range shift potentials derived
by the Goddard Institute for Space Studies (Hansen et al., 1983) and NASA's Geophysical Fluid
Dynamics Laboratory (Manabe and Wetherald, 1987) - as described by Davis and Zabinski
(1992) - "assume that a species grows only in a climate with temperature and precipitation
identical to its current range." But in a significant rebuff of those studies and their alarmist
implications, they went on to state that existing "high levels of genetic variation among families
indicate that vegetational models designed to predict species' responses to global-scale
environmental change may need to consider the degree and hierarchical structure of genetic
variation when making large-scale inferences." And when the latter approach is taken, one
finds that the ability of a species to adapt to a changing environment may be far greater than
what is presumed by the outdated climate envelope approach.
Four years later, Hamrick (2004) 2 also noted there were concerns that (1) "expected changes
may be of such an extent that tree species will not have adequate genetic variation to adapt to
the modified conditions (Critchfield, 1984; Davis and Zabinski, 1992)," that (2) "environmental
changes may occur at such a rapid rate that trees, with their long generation times, could not
adapt quickly enough to keep pace with predicted changes (Davis and Shaw, 2001)," and that
(3) trees "may not be capable of dispersing into newly available habitats quickly enough to
match the rate of environmental change (Clark, 1998)."
In reviewing the findings of a number of studies that focused on the responses of trees to
conditions analogous to those of computer-generated simulations of rapid global warming,
however, Hamrick found that "trees combine life-history traits and levels of genetic diversity
that will allow them to adapt relatively quickly to environmental changes," noting that they
have high genetic mobility via pollen. The plant biology and genetics professor also noted that
"tree species have faced large-scale global environmental changes many times during their
evolutionary histories," and that even though these changes "occurred quite quickly, most tree
species have survived," while maintaining traits that "may allow many tree species to survive
predicted global climatic changes while preserving much of their genetic diversity."
In another intriguing paper, Jump et al. (2006) 3 introduced their study of potential tree
responses to global warming by noting that "one of the basic assumptions in the study of plant
adaptation to environment (genecology) is that natural selection in different environments
generates genetic clines that correlate with environmental clines." Within this context, they
further stated that "temperature is of major importance as a selective agent causing population
differentiation over altitudinal and latitudinal clines (Saxe et al., 2001)," and that "temporal
changes in gene frequency that result from global warming should therefore mirror spatial
changes observed with decreasing altitude and latitude," which changes are typically manifest
in particular alleles that "may be confined to, or occur preferentially in, different sites with
contrasting environmental conditions."
2
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As a test of this hypothesis, the four researchers "combined population genomic and correlative
approaches to identify adaptive genetic differentiation linked to temperature within a natural
population of the tree species Fagus sylvatica L. [European beech] in the Montseny Mountains
of Catalonia, northeastern Spain," concentrating on three areas: the upper treeline
(high Fagus limit, HFL), the lower limit of F. sylvatica forest (low Fagus limit, LFL), and an area of
the forest interior.
With respect to the temperature differential between the HFL and LFL locations, Jump et al.
noted that the 648-meter altitudinal difference that separates them "equates to a mean
temperature difference of 3°C ... based on the altitudinal lapse rate of 0.51°C per 100 meters
reported by Penuelas and Boada (2003) for Montseny." Likewise, with respect to the change in
temperature due to the region's manifestation of 20th-century global warming, they said that
"by 2003, temperatures had increased by approximately 1.65°C when compared with the 19521975 mean," which temperature change, as they saw it, was "likely to represent a strong
selection pressure."
Numerous tests conducted by Jump et al. on the data they collected revealed that the
frequency of a particular F. sylvatica allele showed a predictable response to both altitudinal
and temporal variations in temperature, with a declining frequency and probability of presence
at the HFL site that the Spanish research team determined to be "in parallel with rising
temperatures in the region over the last half-century." And as a result, they stated that their
work "demonstrates that adaptive climatic differentiation occurs between individuals within
populations, not just between populations throughout a species geographic range," which
further suggests, in their words, that "some genotypes in a population may be 'pre-adapted' to
warmer temperatures (Davis and Shaw, 2001)."
Jump et al. also went on to contend that "the increase in frequency of these genotypes," which
occurred in their study in parallel with rising temperatures, "shows that current climatic
changes are now imposing directional selection pressure on the population," and that "the
change in allele frequency that has occurred in response to this selection pressure also
demonstrates that a significant evolutionary response can occur on the same timescale as
current changes in climate," additionally citing in this regard the studies of Davis et al. (2005),
Jump and Penuelas (2005) and Thomas (2005).
In concluding, Jump et al. thus suggested that an evolutionary response to global warming of
the type they described is likely already "underway," which further suggests that many species
of plants likely will not be forced to migrate either poleward in latitude or upward in altitude in
response to global warming, as climate alarmists adamantly claim they will be forced to do.
Instead, they will have the opportunity to so adjust their ranges (i.e., expand them) at the coldlimited boundaries of their ranges, but they may not be forced to make any major changes at
the heat-limited boundaries of their ranges, due in part to the phenomenon elucidated by
Jump et al.
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Jumping ahead five years, Keller et al. (2011)4 introduced their work by noting that "studies on
the evolution of plant populations during historical fluctuations in climate can reveal the
capacity for and constraints on adaptive evolution and may help inform predictions about
evolutionary responses to future environments." And thus imbued with this optimism, they
tested for adaptive variation in thirteen ecophysiology and phenology traits on clonally
propagated genotypes of balsam poplar (Populus balsamifera L.) trees originating from a rangewide sample of 20 sub-populations that developed during the warming of climate conditions
that marked the end of the last glacial maximum (~18 thousand years ago), when there was a
rapid environmental change that increased population sizes and led to range expansions in
many plant species, which "wave of migrations," in their words, "affected genomic diversity
within populations, as colonists sub-sampled alleles from the ancestral gene pool during the
process of expansion," as described by Lascoux et al. (2004), Petit et al. (2004) and Savolainen
and Pyhajarvi (2007). And when all was said and done, the six scientists reported that "evidence
for divergence in excess of neutral expectations was present for eight of thirteen traits," while
noting that "strong correlations were present between traits, geography [extending across the
whole of Canada from the Atlantic to Pacific Oceans], and climate," revealing "a general pattern
of northern subpopulations adapted to shorter, drier growing seasons compared with
populations in the center or eastern regions of the range."
As for the implications of these findings, Keller et al. affirmed that their study "demonstrates
pronounced adaptive variation in ecophysiology and phenology among balsam poplar
populations." And they further stated that this result suggests that "as this widespread forest
tree species expanded its range since the end of the last glacial maximum, it evolved rapidly in
response to geographically variable selection." Therefore, it can be expected to do so again, as
circumstances may warrant; for as they remarked in the concluding sentence of their paper,
"balsam poplar is both highly variable and capable of a broad range of adaptive physiological
responses to a changing climate."
In introducing their huge collaborative study one year later, Niu et al. (2012) 5 wrote that "it is
well documented that plants (Mooney et al., 1978; Berry and Bjorkman, 1980; Atkin and
Tjoelker, 2003), animals (Parmesan, 2006), and microbes (Bradford et al., 2008) acclimate
and/or adapt to prevailing environmental conditions in a way that can optimize their
functioning under varying temperatures, which is collectively termed optimality (Parker and
Maynard Smith, 1990)," and they hypothesized that "the integrated response of an ecosystem,
as an assemblage of interacting organisms, might also demonstrate thermal optimality under
temperature change," citing Loreau (2010).
In a study designed to test the merits of their hypothesis, Niu et al. "compiled data from 169
globally distributed sites of eddy covariance and quantified the temperature response functions
of net ecosystem exchange (NEE), an ecosystem-level property, to determine whether NEE
shows thermal optimality and to explore the underlying mechanisms."
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In discussing their findings, the international team of 68 researchers - hailing from Australia,
Austria, Belgium, Canada, China, the Czech Republic, Denmark, Finland, France, Germany,
Ireland, Italy, Japan, the Netherlands, Russia, Sweden, Switzerland, the United Kingdom and the
United States - said they found that "the temperature response of NEE followed a peak curve,
with the optimum temperature (corresponding to the maximum magnitude of NEE) being
positively correlated with annual mean temperature over years and across sites." And they
stated that "shifts of the optimum temperature of NEE were mostly a result of temperature
acclimation of gross primary productivity (upward shift of optimum temperature) rather than
changes in the temperature sensitivity of ecosystem respiration." In addition, they indicated
that "extended growing seasons, increased nitrogen mineralization, and enhanced root growth
(Penuelas and Filella, 2001; Churkina et al., 2005; Luo et al., 2009) may also have contributed to
the increased CO2 uptake under higher temperatures, leading to the upward shift in the
optimum temperature of gross primary productivity in warmer years." Be that as it may, if the
world begins to warm again, for whatever reason, we can probably expect the bulk of the
planet's vast array of ecosystems to become
even more productive than they are today.
In a concurrent study that came to much the same
conclusion, Pluess and Weber (2012) 6 wrote that
"with increasing temperatures and dryer summers
[as predicted by various climate models], areas
nowadays covered by beech forests are expected
to shrink tremendously," but they added that "if
individuals at the dry distribution limits [of the
species: Fagus sylvatica L.] are adapted to lower
moisture availability, F. sylvatica might contain the
genetic variation for the continuation of beech
forests under climate change," even in areas that
are predicted to become devoid of the trees.

If the world begins to warm
again, for whatever reason, we
can probably expect the bulk of
the planet's vast array of
ecosystems to become
even more productive than

they are today.
In an investigation into the strength of this
hypothesis, the two researchers used an AFLP
(Amplified Fragment Length Polymorphism)
genome scan approach that was designed to explore the "neutral and potentially adaptive
genetic variation in Fagus sylvatica in three regions [within the lowland forests of Switzerland]
containing a dry and mesic site each," after which they "linked this dataset with
dendrochronological growth measures and local moisture availabilities based on precipitation
and soil characteristics." This approach to the issue indicated that a "potential for adaptation to
water availability" was reflected in observed outlier alleles that "indicated micro-evolutionary
changes between mesic and dry stands." They also noted, in this regard, that "while Rose et al.
(2009) found adaptation to drought in a common garden experiment with seedlings originating
from provenances which were more than 1000 km apart," they found genetic differentiation in
relation to water availability in neighboring stands. And in light of this set of real-world
observations, Pluess and Weber concluded that "dispersal across large distances is thereby not
6
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needed for the spread of 'pre-adapted' genes in F. sylvatica," for the trees apparently do indeed
contain the genetic material needed for "the continuation of beech forests under climate
change," even in areas that have been predicted to become too dry for F. sylvatica trees to
survive.
Contemporaneously, Hahn et al. (2012) 7 noted that "altitudinal gradients comprise an
assemblage of environmental, especially climatic, variables which influence the distribution of
plant species and, potentially, population genetic variation," while stating that it has
consequently been concluded by some that climate change may alter species distributions with
the result that, locally, certain species "might become extinct," citing in this regard Sala et al.
(2000) and Thomas et al. (2004). The basis for this ominous conclusion, as the six scientists
described it, derives from the fact that "habitat suitability typically decreases at the upper edge
of the altitudinal range where population size might decline," plus the observation that "in
small populations genetic diversity is often reduced and inbreeding may increase (Lynch et al.,
1995; Young et al., 1996)," with the result that "low genetic diversity and high inbreeding
potentially cause loss of fitness due to fixation of deleterious alleles and inbreeding depression
(Ouborg et al., 1991; Lynch et al., 1995; Young et al., 2002), which could affect future
population persistence."
Nevertheless, and questioning the generality of this suite of speculations, Hahn et al.
investigated patterns of population genetic variation in three common plants of semi-dry
grasslands - Briza media, a wind-pollinated grass, and Trifolium montanum and Ranunculus
bulbosus, both of which are insect-pollinated herbs - at upper peripheral and lower more
central altitudes in the Swiss Alps using the amplified fragment length polymorphism (AFLP)
technique. And what did they learn?
The Swiss researchers determined that contrary to what many had long supposed, altitude
had not affected genetic diversity in the grassland species they studied. In fact, they reported
that their study indicated that "populations at the upper periphery are not genetically
depauperate or isolated," and that they thus may be "important populations for migration
under climate change." So thus it was that Hahn et al. concluded that what they called the
"potentially pre-adapted genes" of the three plant species they studied might well "spread
easily across altitudes," which would help to prevent their local extinction in a potentially
warming world of the future.
More recently, Thompson et al. (2013) 8 stated that "in addition to changes in distribution and
plasticity, an evolutionary response to climate change may occur if species evolve a geneticallybased adaptation to climate change," citing Chevin et al. (2010) and Hoffmann and Sgro (2011),
while noting that "it is important to distinguish this genetic response from a plastic response of
individuals if we are to fully understand the evolutionary potential of species to evolve with
climate change," as has been described by Gienapp et al. (2008). And, therefore, to test the
hypothesis that phenolic chemotypes (thymol and carvacrol) of Mediterranean wild thyme
(Thymus vulgaris) now occur in sites where they were previously absent or have increased their
7
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frequency in transitional sites due to a relaxation of selection normally associated with extreme
early-winter freezing, the team of eight researchers compared the chemotype composition of
populations observed in the early 1970s (Vernet et al., 1977) to that found in 2009-2010 for 36
populations sampled along six transects in and around the Saint Martin-de-Londres basin,
which covers an area of about 80 km2 with southern limits about 20 km north of Montpellier in
the Mediterranean climate region of southern France.
As a result of these efforts, the eight French researchers discovered "a rapid and probably
ongoing spatial reorganization of a genetic polymorphism that is closely associated with a
warming of extreme winter freezing events on a highly localized spatial scale," observing "both
a significant appearance of freezing-sensitive phenolic chemotypes in sites where they were
historically absent and an increase in their frequency in previously mixed populations." And in
light of these findings, Thompson et al. concluded
that their study, "done over a similar time span as
Considered in their entirety,
work reporting ecological changes in plant species
distribution, illustrates that a rapid evolutionary
the observations discussed
response to temperature modifications can occur
where genetic variation is combined with a change
in a previously strong selection pressure, even for
suggest that earth's plants
a perennial woody plant."
may be much better prepared
Last of all, Matter et al. (2013) 9 introduced their
contribution to the subject by writing that "gene
to meet whatever climatic
flow connects populations, maintains genetic
diversity, prevents inbreeding and facilitates the
challenges the future may pose
spread of adaptive genes across a species range,"
citing Slatkin (1985, 1987) and Ellstrand and Elam
for them than what almost
(1993), while further stating that "understanding
how plant populations are connected by gene
everyone had once believed.
flow, particularly across altitudinal gradients in
mountain regions, will improve our understanding
of how they will respond to future environmental
change." And in an attempt to gain some of that important "understanding," the four Swiss
scientists studied patterns of historic gene flow, flowering phenology and contemporary pollen
flow in two common herbs (Ranunculus bulbosus and Trifolium montanum) along an altitudinal
gradient of 1200-1800 meters a.s.l. over a distance of 1 km among five alpine meadows in
Switzerland.
This work revealed, as they described it, that "historic gene flow was extensive," with their data
suggesting that "contemporary pollen flow is not limited across altitudes in either species." And
so they concluded that "high levels of pollen flow among altitudes in both R. bulbosus and T.
montanum should facilitate exchange of genes which may enhance adaptive responses to rapid
climate change."
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In conclusion, and considered in their entirety, the observations discussed above suggest that
earth's plants may be much better prepared to meet whatever climatic challenges the future
may pose for them than what almost everyone had once believed.
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