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Human influences are reshaping plant communities around the world through both extinctions and species
gains. New work relating biodiversity shifts to rapid changes in climate and land use highlights the need for
new biogeographic frameworks to understand evolutionary change in the Anthropocene.

For millennia, human societies have
reshaped ecosystems to construct their
niche — clearing land using fire, tilling
soils, managing water and nutrients, and
transporting, propagating, domesticating,
exploiting and extirpating species [1-4].
With most of the terrestrial biosphere now
transformed by human use of land and
rapid changes in climate, wild habitats
and wild species are disappearing at
alarming rates [5]. The basic
biogeophysical and biogeographical
conditions under which life evolved for
millions of years are being transformed by
a new global force of nature distinct from
any that came before [6-9]. As this planet
moves ever deeper into its human age,
the Anthropocene, new research is
showing that the classic biogeographic
frameworks used to explain the global,
regional and local patterns of biodiversity
and the evolutionary forces that shape
them are sorely in need of updating

and revision. Two new studies, both

Gheck for
Updates

in this issue of Current Biology,

add to the growing body of work
aiming to better understand
anthropogenic changes in biodiversity
(Figure 1) by relating plant species
extinctions and increases in species
richness to rapid changes in climate
and human use of land [10,11].

Species extinctions are justifiably the
most concerning of all biodiversity
changes caused by humans [5]. Rates of
animal extinctions are now well
documented as a broad global pattern,
Anthropocene Defaunation, starting with
Late Pleistocene megafauna extinctions
caused by overexploitation, land clearing
and other environmental modifications by
Late Paleolithic hunter-gatherers and
continuing into the present [4]. The
evidence clearly shows that major shares
of faunal diversity in many taxonomic
groups are on the path to extinction, with
rates much higher than historical
baselines [4].

The extinction record for plants is much
less well documented, and rates also
appear much lower, in relative terms [12].
Le Roux and colleagues’ [10] detailed
temporal analysis across selected
biodiversity hotspots and coldspots
around the world confirms these lower
rates of plant extinctions over the past
three centuries. Though still above
predicted background rates, and
therefore a matter of significant concern,
plants do indeed show much lower rates
of extinction than most, if not all, animal
taxa, and these are also much lower than
the 20% rate recently reported by the
Intergovernmental Platform on
Biodiversity and Ecosystem Services
(IPBES) [5]. Plant extinctions are also
characterized in great detail, in terms of
diverse life forms and causes, ranging
from habitat losses, agriculture and
urbanization to species invasions and
disturbances from hydrologic
modification, mining and fire. Yet, the
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Figure 1. Published work relating to Anthropocene, evolution, biodiversity, biogeography,

extinction, and invasion.

Published work relating to the Anthropocene (gray line, total of 3,123 publications) and to evolution,
biodiversity or biogeography (solid red line, total of 589 publications), extinctions (short-dashed line,
total of 212 publications), and invasions or invasives (long-dashed line, total of 120 publications) based
on a Web of Knowledge topic search, July 18, 2019, with 2019 count adjusted for day of year.

study also demonstrates just how much
remains unknown about the causes and
processes of plant extinction — the cause
of nearly half of all extinctions remains
unknown.

More intriguing still, in contrast to the
dominant environmental narrative of the
Anthropocene [9], in which anthropogenic
global changes are portrayed as a ‘great
acceleration’ post-1950 [13], long-term
rates of plant extinctions appear to have
peaked before the 1950s, and to have
declined significantly thereafter. As the
authors and others note, data available for
global and regional analyses, including
this one, remain subject to geographic
and other limitations in data quality and
representativeness [14]. It is possible that
the regions chosen for study do not
represent the global patterns of change in
plant biodiversity — perhaps these
regions were transformed by agriculture
and cities long before others, where
extinction rates might now be
accelerating, not declining. Still, these
authors’ [10] exceptionally detailed
approach to the study of plant extinctions
around the world opens a new window
into the biodiversity changes of the
human age, showing the diversity of
functional, taxonomic and causal patterns
of plant extinction, while further
demonstrating the need for expanded

research efforts to strengthen data
availability at regional and global scales.
For good reasons, global species
extinctions have tended to capture the
lion’s share of popular and scientific
attention relating to the Anthropocene and
anthropogenic environmental change in
general. Nevertheless, decades before the
term Anthropocene even existed, the term
Homogenocene (and Homogocene) was
introduced to characterize the global scale
of regional and local biotic homogenization
caused by anthropogenic species
transport, introductions, and invasions [9].
In particular, species invasions have long
been a matter of concern, owing in part to
their potential, at least in theory, to
outgrow, out-reproduce, outcompete, or
otherwise displace species long native toa
given landscape or region, thereby
causing species extirpations and even
extinctions [15,16]. While causal evidence
for invasion-related plant extinctions
remains somewhat controversial, a
number of studies have confirmed that
anthropogenic species introductions and
invasions have either compensated for
extinctions or caused net increases in
species richness at local and regional
scales around the world (Figure 1)
[12,15-18]. But even while the empirical
basis for long-term increases in plant
species richness at local and regional
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scales has grown ever more robust,
theoretical mechanisms explaining these
biodiversity increases remain at an early
stage of development. In this light, recent
work by Suggitt et al. [11] is especially
welcome.

In their analysis of plant species
richness in quadrats and transects around
the world, Suggitt et al. [11] demonstrate
that local (alpha) diversity has increased
the most in the coolest regions of the
world. More importantly, they propose a
basic mechanism to explain these
changes — species increases are greater
where climate changes are also greater, in
absolute terms, especially in relation to
changes in precipitation. Based on robust
empirical work, a general theory now
arises. The more local communities are
‘perturbed’ by rapid climate changes, and
potentially other external geophysical or
geochemical forcings, the more they will
tend to experience net increases in
species richness. While the generality of
such a theory demands further testing, it
could prove critical to understanding the
increases in local and regional biodiversity
that have been observed around the world
in the face of the unprecedented
anthropogenic global environmental
changes of the Anthropocene. Assuming
that these changes are allowed to
continue, the general prediction of long-
term increases in local plant diversity has
profound implications for conservation
[12,19]. Nolonger can a simple indicator of
biodiversity, like local species richness,
indicate whether or not conservation
goals are being met [20], especially when it
is increasingly clear that certain types of
species, such as those with wider
geographic ranges, are generally involved
in anthropogenic species increases — not
arandom assortment [19].

Human societies began reshaping
Earth’s global, regional and local patterns
of biodiversity long before the 20th
century [1-4]. A growing body of empirical
work confirms that these anthropogenic
changes are globally significant and
ongoing at multiple spatial scales around
the world. To consider these within the
confines of the mid-20th century
Anthropocene epoch now proposed by
geologists [13] is merely to scrape the
surface of a much deeper and more
profound transformation of biological
pattern and process confirmed by an
increasing number of studies.
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Figure 2. Processes shaping plant communities in the Anthropocene.

Processes shaping plant communities in the Anthropocene, building on the model of Jackson and Blois
(left) [6]. Species interactions, environmental forcings, and neutral processes have always shaped plant
communities, including the glacial-interglacial climate cycles of the Quaternary (left) [6]. In the
Anthropocene, human sociocultural processes play an increasingly important role, through intentional
and unintentional species transport and introductions (social exchange), through direct cultural
management of species assemblages as through the propogation of favored species, agriculture and
forestry (cultural assembly), and through increasingly rapid global changes in climate, soils, hydrology,
nutrients, pollution and other biogeophysical and biogeochemical changes.

To better understand and potentially
govern the social and cultural processes
that now shape biodiversity and ecology
across the increasingly human planet we
live on will require improving and
expanding on the classic models of
community ecology, biogeography, and
evolutionary processes in general
(Figure 2). Accomplishing this is no minor
enterprise and will demand that biologists
become familiar with new forms of
scientific understanding beyond their
traditional training. The human societal
processes that shape ecology and
evolution are socially enacted, culturally
defined and heterogeneous within and
across societies — they are also evolving
rapidly over time [1]. Nevertheless, as
evidenced by the recent work presented
here, the empirical and theoretical
foundations are clearly being laid for a
biological and evolutionary science
capable of addressing the challenges of a
rapidly changing anthropogenic
biosphere.
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