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8.1

INTRODUCTION

Novel ecosystems are not new. Recognition of their
extent and significance, particularly in conservation
and restoration circles, has been slow however and
their place in conservation management engenders
debate (Hobbs et al. 2009). In this chapter, we use spatially explicit historical models to investigate how novel
ecosystems have spread across the terrestrial biosphere
in the last 8000 years, and we also show their likely
current distribution in both the terrestrial and marine
realms. Our aim here is to demonstrate that novel
ecosystems are now widespread, can be ancient and
deserve greater consideration in our efforts to manage
and conserve the biosphere for humanity and other
species over the long term. We discuss how archeological and paleoecological approaches might confirm the
patterns of spread we have modeled, as well as detail-

ing future areas of research. In particular, we highlight
the difficulties associated with inferring novel ecosystem extent and in distinguishing between hybrid and
novel ecosystems from currently available data.
We consider the application of alternative land classification systems, and also discuss the tension that
arises when applying the novel ecosystem concept
(see Chapters 5 and 6) to spatially explicit models of
the biosphere. Our message remains clear however:
human-caused environmental change is here to stay
and will continue to affect the world’s ecosystems by
rearranging biota and altering abiotic conditions. If
humanity intends to prosper over the long term while
retaining the evolutionary heritage of our planet, ecologists need to understand where novel ecosystems
have come from and how to manage these fundamentally altered and dynamic ecosystems by applying
coupled socio-ecological theory to real-world practice.
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8.2 MAPPING THE SPATIAL EXTENT
AND TEMPORAL TRAJECTORY OF
NOVEL ECOSYSTEMS
Chapter 5 outlined how novel ecosystems are formed
when intensively and productively used land or sea is
abandoned, or ‘wild’ land or sea is altered by human
activities (Hobbs et al. 2006). Human actions can be
intentional or accidental, and their influence on ecosystems can be observed onsite or offsite. To delimit
novel ecosystems the ecological changes caused by
human action must represent the formation of novel
persistent states, representing the crossing of critical
thresholds away from their state as undisturbed by
human activity (see also Chapters 5 and 6 and Hobbs
et al. 2009). The recognition of these critical thresholds can aid managers in their decisions as to how to
manage these systems (see Chapters 3 and 18).
However, mapping such thresholds and therefore
the extent of novel ecosystems at a global scale is more
than difficult given the data that are currently available. Mapping is difficult even at local and regional
scales in many regions, particularly as ‘irreversible
thresholds’ refers to economic and social as well as
ecological barriers (see Chapters 3 and 18).
Here we instead investigate the use of proxy variables in an attempt to delimit the current extent of novel
ecosystems both on land and at sea. From these proxies,
such as the spatial extent of human use of land, novel
ecosystem extent may be inferred and estimated; the
quality of these proxy estimates which (on land at
least) do not incorporate data on biotic change demands
careful consideration however, as we discuss here. We
utilize a map of current human-induced ecological
effects on the marine sphere to suggest the global
extent of novel marine ecosystem development. We then
use spatially explicit historical models of global population and land use to infer novel ecosystem extent on
land, both now and over the past 8000 years. Finally,
we integrate these estimates to outline how to create
a synthetic overview of global novel ecosystem extent
and suggest other lines of evidence that could corroborate or revise the patterns we have elucidated here.
8.3

MARINE NOVEL ECOSYSTEMS

Characterizing the spatial extent and temporal trajectory of novel ecosystems in the marine realm is not
easily tractable. There is no permanent human popula-
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tion density within marine areas, nor are there specific
types of land use except for some areas designated as
marine protected zones or sites of fish farms; utilizing
population and land-use proxies to delimit the extent
of marine novel ecosystems is therefore not a viable
option. However, human use of the marine environment through fishing or through the transfer of goods
has undoubtedly created novel marine ecosystems
directly. Species transfer, particularly of microscopic
organisms including viruses and cholera bacteria (Ruiz
et al. 2000), around the world has been aided by
the release of ballast water (Carlton and Geller 1993).
Invasions by these and macroscopic organisms have
potentially large ecological and evolutionary consequences (Grosholz 2002). Demand for particular fish
species has led to declining ‘mean trophic levels’ (i.e.
fewer top-level predators and increased catches of fish
species lower down the food web which, by definition,
have a lower trophic position than the predators) in the
world’s oceans (Pauly et al. 1998; Jennings et al. 2001,
2002) and consequent community changes (Myers
and Worm 2003). These changes threaten the delivery
of ocean ecosystem services (Worm et al. 2006), al
though the magnitude of the problem is sometimes
debated (Holker et al. 2007; Wilberg and Miller 2007).
In addition to direct onsite influences on marine
systems, offsite influences have also created novel
marine ecosystems. Coral reef systems appear to be
particularly susceptible to human-induced disruption
with community change observed due to ocean temperature rise, pollution of surface water from agricultural and industrial run-off (Fabricius 2005) and
disease (Chapter 12). In extremis, high-temperature
events potentially lead to massive coral bleaching
depending on the susceptibility of the reef due to other
factors such as species composition and the light environment (Fitt et al. 2001; Smith et al. 2005). One
of the most noticeable effects of terrestrial human
land-use intensification has been the creation of algal
blooms through non-point source pollution with
the subsequent formation of hypoxia in susceptible
ocean basins. Nitrogen and phosphorus run-off have
increased dramatically since the 1950s; humanity has
quadrupled the environmental flow of phosphorus
(Elser and Bennett 2011) and nitrogen output from
rivers had increased 20-fold as much as 15 years ago
(Howarth et al. 1996). Hypoxia formed from this nutrient input leads to community change and the creation
of novel interactions between tolerant species, typified
by the annual formation of the Gulf of Mexico ‘dead
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zone’ due to fertilizer and pesticide discharge from the
Mississippi and Atchafalaya Rivers (Rabalais et al.
2002).
One globally pervasive human-caused change has
been ocean acidification precipitated by rising atmospheric CO2 concentration. This alters ocean ecosystems (Beaufort et al. 2011) but its effect together with
temperature rise on biodiverse coral reefs has been
particularly highlighted (Hoegh-Guldberg et al. 2007;
Pandolfi et al. 2011). Irreversible reef decline has been
mooted as a logical endpoint of the changes humanity
is witnessing, due to an inability to form carbonate
with decreasing aragonite saturation state (HoeghGuldberg et al. 2007). Instead, increasingly novel
ecosystems will form in the reef ’s place. Recent work
suggests that more nuanced changes may occur
however, with some reef species showing the potential
to adapt, and carbonate formation actually increasing
despite the change in saturation state. The current
rapidly changing biosphere does not however appear
to have a precursor in the fossil record that otherwise
shows coral reefs persisting in a high CO2 concentration atmosphere (Pandolfi et al. 2011).
Whatever the exact trajectories of change, novel
marine ecosystems around the globe have likely been
created as shown by the extent of ecological change
and geographic spread of the examples. However, can
we map the temporal trajectory and spatial extent of
these systems across the world’s marine realm? We do
not have access to data that can describe the temporal
spread of marine novel ecosystems. Recent work
by Halpern et al. (2008b) has however revealed the
current extent of ecological change in the marine
realm, as wrought by human influence. Halpern et al.
(2008b) combined 17 anthropogenic drivers of ecological change (including commercial fishing, oil rigs,
shipping lanes, invasive species, land-based impact
from non-point source pollution, sea-surface temperature change, UV change and ocean acidification) that
they could map globally from the last decade, with the
known distribution of 14 ecosystem types and the
modeled distribution of a further 6 ecosystem types.
They then arrived at an intensity of ecological impact
(Halpern et al. 2008b; Fig. 8.1), which may potentially
be used as a proxy for the potential extent of novel
ecosystems in marine systems: the greater the ecological impact, the more likely there has been change that
has moved systems beyond currently irreversible
thresholds. This allows us to make a first estimate of
novel ecosystem extent in ocean ecosystems.

Figure 8.1 shows that no ocean is free of human
influence and consequent ecological change. Large
areas of little ecological impact remain however, particularly near the poles (although note Blight and
Ainley 2008). Furthermore, there are particular areas
that are heavily influenced by human activity which
may delimit novel ecosystem extent if we assume that
the greater ecological change that this human activity
has wrought corresponds to the presence of novel ecosystems. These novel systems are concentrated around
coastlines, which is unsurprising given the conjunction of high population densities leading to direct use
and the high input of inorganic and organic pollutants
from draining watersheds and geographic gradients
over short distances, leading to multiple ecosystem
types in a single square. Based on degree of ecological
change, the areas of greatest novel ecosystem extent
include the North and Norwegian (Baltic) Seas, the
South and East China Seas, the Eastern Caribbean, the
Mediterranean, the North American eastern seaboard,
the Persian Gulf, the Bering Sea and the waters around
Sri Lanka. Interestingly, it is the combination of drivers
of ecological change by ecosystem types that reveals
the pattern of novel ecosystem extent; examining the
multiple drivers in isolation, and without taking into
account the degree of ecological change they cause,
leads to a different intensity pattern that may not be so
reflective of ecological change (Halpern et al. 2008b).
Taking an average ecological impact score, rather than
summing together all the ecosystem types (as shown
in Fig. 8.1) does not change the pattern markedly
(Halpern et al. 2008b).
Although some have criticized aspects of the approach (Blight and Ainley 2008; Heath 2008), such
criticisms are unlikely to change the patterns shown
substantially and, if anything, suggest that the analysis downplays the extent of ecological change (Halpern
et al. 2008a; Selkoe et al. 2008). This is particularly
the case since inclusion of other drivers, currently not
available at the global scale, will likely exacerbate the
patterns shown. Omitted drivers include recreational,
illegal, unregulated, unreported and historical fishing,
aquaculture, disease, coastal engineering, point source
pollution, atmospheric pollution and tourism (Halpern
et al. 2008b). Although we cannot at this time show a
trajectory of ecological change and novel ecosystem
formation in the marine sphere, we can observe that
currently there has been (sometimes large) ecological
change wrought upon essentially the whole ocean
ecosystem by multiple drivers. The potential of these
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Figure 8.1 (a) Ecological impact of anthropogenic drivers on marine ecosystems (from Halpern et al. 2008b). Assuming greater
ecological impact from on- and offsite anthropogenic drivers corresponds to a greater likelihood of novel ecosystem presence, this
figure details the potential current spatial extent of marine novel ecosystems. More detailed views of highly affected areas:
(b) Caribbean; (c) North Sea; and (d) China Sea and of a relatively unaffected area (e) north of Australia. See text and Halpern
et al. (2008b) for further details. From Halpern et al. (2008b). Reprinted with permission from American Association for
Advancement of Science.

changed systems to maintain themselves is unknown,
but the impracticality of ‘going back’ (see Chapter 5)
suggests that they are potentially novel ecosystems.
8.4 TERRESTRIAL NOVEL
ECOSYSTEMS
8.4.1

Methods

We use available spatially explicit population and landuse models for the last 8000 years to characterize the

spread of novel ecosystems across the terrestrial biosphere (Ellis et al. 2010; Ellis 2011). To accomplish
this, Earth’s ice-free land surface is stratified into grid
cells of equal latitude and longitude (5 arc minutes)
within which human populations and areas of land
used for agriculture (crops, pastures) and urban settlements are estimated using two spatially explicit historical models (HYDE 3.1: Klein Goldewijk et al. 2010,
2011 and KK10: Kaplan et al. 2011) and compared
with a base map of potential vegetation (Ramankutty
and Foley 1999). Grid cells that include human
populations and/or use of land for agriculture or
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settlements (anthromes or anthropogenic biomes; Ellis
and Ramankutty 2008) often include areas without
such use. We infer that these areas of land remaining
unused for agriculture or settlements that are embedded within these anthrome grid cells represent areas
of novel ecosystem (Ellis et al. 2010). Unused areas
within anthromes typically include remnant ecosystems left unused due to their unsuitability for agriculture or infrastructure (e.g. steep slopes, wetlands),
infrequently used areas such as woodlots and lands
abandoned after use. In these cases, unused lands
usually retain elements of the native biota. They are
less disturbed by human activity than lands used
directly, and may therefore be considered to constitute
novel ecosystems (Ellis et al. 2010; Fig. 8.2). In each
grid cell we therefore delimit novel ecosystem extent as
1 minus proportion used; where proportion used is 0
(i.e. there is no population and/or no direct use of the
land), we classify the cell as ‘wild’.
Our approach is conservative and, given how novel
ecosystems are defined (see Chapter 6), some may even
say controversial since we do not consider an important additional aspect of novel ecosystem formation:
the conversion of ‘wild’ land by human influences

Wildlands
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Seminatural
Anthromes
Used
Novel

created offsite (e.g. the spread of lianas in tropical
forest may partly be due to increased CO2 concentration; Schnitzer and Bongers 2011). These indirect
changes are likely pervasive before and through
the Holocene (e.g. trophic cascades and vegetation
change caused by Paleolithic hunters; Rule et al. 2012),
although such effects could also occur in the absence
of human influence given analogues through glacial–
interglacial cycles (Ellis 2011). These indirect and
offsite drivers of novel ecosystem formation deserve
further consideration in mapping and estimating the
extent of novel ecosystems. Consideration could also
be given to the condition that, when cells containing
‘used’ land are completely abandoned, these may be
reclassified as ‘wild’ in later time periods of our current
scheme, thereby underestimating the persistence of
indirect human influence (e.g. retention of non-native
species; Williams 2008; Ellis et al. 2012). However, it
could also be argued that allowing any use in a cell
to then lead to the rest of the cell to be ‘novel’ overestimates the spread of novel ecosystems; since the
largest cells are only 85 km2, this is only a small overestimation. A further source of estimation error arises
because the techniques cannot focus on the biotic
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Figure 8.2 Degrees of novelty associated with variations in population density, land use and land cover across anthromes.
Hypothetical response of selected ecosystem variables (NPP: Net Primary Production) to these variations is illustrated in the
lower portion of the figure. Reproduced from Ellis (2011).
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changes (both past and ongoing) within cells and
hence cannot provide information on the biotic component of ecosystem change, particularly the presence
or extent of non-native species. This also limits the
ability to distinguish between novel and hybrid systems,
and we do not aim to do so in this chapter.
The two models we use to estimate land use (HYDE
3.1 and KK10) differ significantly in how they model
per capita use of land over time. The HYDE land-use
model allocates land to mapped historical populations
by assuming fairly stable land use per capita over time
based on contemporary levels of land use. This produces conservative estimates of early land use because
land use per capita is generally much higher under
earlier agricultural conditions, declining by an order of
magnitude or more as population densities increase
and land use intensifies (Williams 2008; Ruddiman
and Ellis 2009; Ellis 2011). KK10 predicts early land
use from an empirical model of prehistoric European
population and land-clearing relationships, which
include a nearly 10-fold decrease in per capita land use
as the modern era is approached. Full details on these
models are documented in the source literature (Klein
Goldewijk et al. 2010, 2011; Kaplan et al. 2011).
We show how long cells have had intensive use
(which potentially indicates when novel ecosystems
first appeared) and the current (AD 2000) extent of
novel ecosystems within used cells. We also present
and discuss the different patterns of spread by global
regions (based on Ellis and Ramankutty 2008) and as
shown by the different models. Briefly, these regions
are based on similarity in historical patterns of population increase and spread and land use. North America,
Australia and New Zealand are therefore considered as
one region due to their similar colonial history preceded by millennia of indigenous occupation, in comparison to the developed area of Europe which has
some similarity to the Near East in terms of a long
period of agricultural settlement and intensive use.
8.4.2

Results

Land has been intensively used for millennia in many
regions (Fig. 8.3a, b), with KK10 suggesting that this
older intensive use was more extensive than HYDE 3.1.
Intensive use appears to have spread from different
centers with present-day eastern China, the Indian
sub-continent, Iraq, southern Quebec and the northeastern United States, Central America and land asso-
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ciated with the Andean mountain chain having the
most historical intensive use. Interestingly, Africa has
had limited intensive use despite being regarded as the
cradle of humanity (Manica et al. 2007), although
present-day Ethiopia has had a long period of intensive
use (over 5000 years). This history of intensive use
suggests that novel ecosystems have been present
on the terrestrial biosphere, at least in certain areas,
for millennia. Contrary to these areas of ancient use,
some areas have remained ‘wild’ throughout recorded
history, particularly the Amazon, central areas of
Australia (although not according to the HYDE model)
and northern boreal regions. In between these extremes, the vast majority of the terrestrial biosphere
has been converted to intensive use sometime in the
last 250 years.
A long history of intensive use does not necessarily
lead to large areas of novel ecosystems. Rather, some
of the greatest extents of novel ecosystems are found
in areas that have most recently been converted from
‘wild’ lands (Fig. 8.4), particularly in African and
South American tropical forest areas and around the
islands and peninsulas of southeast Asia. Western
North America also has large extents of novel ecosystems, despite their more recent history of intensive use.
Some areas are so intensively used that no part of a cell
has any unused, and thereby ‘novel’, area. This is particularly the case for urban centers, a large swathe
of central North America and parts of the Arabian
Peninsula. It is likely that these urban centers, for
example, contain unused areas that could be considered novel ecosystems (see also Chapter 38), but the
coarse scale of the land-use models precludes capture
of such detail.
An interesting avenue of future research would be
quantifying the relationship between how long an area
has been used and novel ecosystem extent, as well as
how novel the ecosystems are. This would likely show
that the intensity of direct human impact does not
necessarily equate to a greater novel ecosystem area;
however, areas with more intensive use may have ecosystems with greater novelty embedded within them
due to increased anthropogenically forced ecological
changes.
Both models show similar novel ecosystem amount
at 8000 years before present, although KK10 shows
slightly more than 20% of the ice-free land being
‘novel’ as compared to under 20% in HYDE 3.1 (Fig.
8.5a, b). Increasing human population and consequent changes in land use lead to an increase in novel
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Figure 8.3 Years of intensive use across the terrestrial biosphere based on the (a) KK10 and (b) HYDE 3.1 historical models
of population density, land cover and land use. Reproduced from Ellis (2011).

ecosystem extent in both models as we move towards
the present. Both models agree that about 50% of the
ice-free surface of the terrestrial globe is the maxi
mum extent of novel ecosystem extent (48% and 53%
100 years ago in HYDE 3.1 and KK10, respectively).

Interestingly, both models show a drop in novel ecosystem extent in the very recent past (to 36% in HYDE 3.1
and 28% in KK10), probably as a consequence of more
intensive use of the land across the globe. Despite this
drop, there is still more ‘novel’ ice-free land than ‘wild’

The extent of novel ecosystems: Long in time and broad in space

73
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>0%

<100%
Wild
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Figure 8.4 Current (AD 2000) extent of novel terrestrial ecosystems, estimated as unused lands within used grid cells based
on the HYDE 3.1 dataset (not significantly distinct from KK10). Areas estimated as 100% used (“Extensive” use) or without
evidence of human populations or land use (“Wild”) are highlighted separately; these landscapes likely also include novel
ecosystems as a result of underestimation of human presence, species invasions and environmental change (“wild”), and
failure to account for smaller unused areas embedded within used grid cells. Eckert IV projection.

lands in the HYDE dataset (25.3% ‘wild’). ‘Wild’ land
still outweighs ‘novel’ ecosystem extent in KK10 (39%
‘wild’), mainly due to the amount simulated in central
Australia. The global increase in novel ecosystem area
masks some interesting regional variations, as well
as the reduction in ‘wild’ areas and the exponential
increase in ‘used’ lands.
Differences between the models are apparent (com
pare Fig. 8.6a with Fig. 8.6b) essentially as a result
of the different treatment of per capita impact of
human population on land use; there is a much more
rapid erosion of ‘wild’ land area in KK10 compared to
HYDE 3.1. The more conservative HYDE 3.1 misses
some potentially important events that characterize
the spread of anthropogenic impact on the terrestrial
globe. Particularly noticeable is the spike in ‘wild’ land
that occurs in Latin America and, to a lesser extent, in
North America 300–500 years ago. This spike corresponds to the depopulation of these areas due to disease
and warfare brought by European settlers, and likely
affected the global atmospheric concentration of carbon
dioxide (Kaplan et al. 2011). Although KK10 can
resolve this depopulation, it is likely that the increase
in ‘wild’ was in fact an increase in novel ecosystem
extent. However, depending on how ‘wild’, ‘novel’ and
‘used’ is defined for the purposes of mapping, such total

land abandonment is misclassified in terms of its likely
actual appearance.
An interesting line of further research would be how
regional differences in unused land area during different time periods relate to the extent of novel ecosystems. In other words, are all unused lands in particular
regions ‘novel’ due to the region being used intensively,
while other regions have less novel ecosystem extent
due to substantial areas of ‘wild’ unused lands? Again,
research aimed at removing some of the ambiguity
surrounding our understanding of ‘wild’ lands, and
particularly the effect of offsite influences, may aid in
furthering our understanding.
8.5 CORROBORATING THE SPREAD
OF NOVEL ECOSYSTEMS
The results we show here are based on population estimates and likely land conversion based on estimated
per capita requirements for pasture and crops through
history. The different treatment of per capita land use
of the two models leads to different patterns of novel
ecosystem spread; more land gets used earlier in time
in KK10 than HYDE 3.1. The different trajectories
highlight the uncertainty surrounding our knowledge
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Figure 8.5 Temporal trajectory of novel ecosystem spread across different world regions based on the (a) KK10 and (b)
HYDE 3.1 historical datasets.
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Figure 8.6 Proportion of Earth’s ice-free land area categorized as ‘wild’ (unpopulated, unused lands), ‘used’ (populated and/
or used for agriculture and settlements) and ‘novel’ (unused but embedded within used lands) in terrestrial regions based on
the (a) KK10 and (b) HYDE historical models.

of prehistoric and historical land-use change and population growth (Williams 2008). Various lines of evidence could corroborate the patterns of spread that we
outline (see Ellis 2011 for a review), in particular novel
anthropogenic ecological forms and geological and
archeological indicators that have been left through
the action of natural and anthropogenically novel
processes (Ellis 2011). For instance, tillage can lead to
the formation of anthrosols or combustion can lead to
concentrated deposits of charcoal and ash. These formations can be dated and hence confirm dates of

intensive land use. Pollen records can also be dated and
show vegetation changes that may include declines in
fire-sensitive trees and increases in species that benefit
from disturbance (McWethy et al. 2009). Other proxies
include total nitrogen and phosphorus, as well as
organic carbon accumulation (Ellis 2011).
Overcoming biases in the distribution of ecological
research (Martin et al. 2012) may also aid in furthering our understanding of novel ecosystem formation
and spread. In addition, natural scientists need to
engage with anthropologists and archeologists in
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order to understand anthropogenic land-cover change
(Kaplan et al. 2011) and consequently the spread of
novel ecosystems. This type of collaboration and the
gathering of multiple lines of evidence at regional
scales for paleoreconstructions (e.g. AUS2k; Turney
et al. 2008) will likely provide further backing to statements such as from Williams (2008; pp. 347–348):
“Although we know that shifts in climate phenomena
since the end of the Ice Age have caused shifts in tree
taxa, the evidence for human initiation of changes
during the past 6000 years is also clear. The evidence
may be patchy, yet the conclusion is inescapable that
humans were the primary engine of a change which
was far greater than suspected and greater than some
would care to admit.” It will also allow us to move
beyond superficial, qualitative evaluation of anthropogenic land-cover change scenario results (Kaplan et al.
2011).
Assigning causal relationships needs to be carried
out with care. For instance, macrocharcoal deposits
from five lakes in New Zealand clearly reveal the
appearance of an ‘Initial Burning Period’ that coincided with Polynesian occupation of the South Island.
Given the lack of climate change in this period (from
independent records) the deposits, and associated vegetation changes and increased rates of erosion, can
clearly be assigned to human influence (McWethy
et al. 2009). On the other hand, a global fire history for
the last 2000 years suggests that declining biomass
burning from AD 1 to 1750 was associated with a
cooling climate rather than due to anthropogenic
effects. However, a sharp increase between 1750 and
1870, and an equally abrupt decline in the years after
1870, indicated anthropogenic control (Marlon et al.
2008).
8.6 TACKLING UNCERTAINTY AND
FUTURE APPROACHES
There are a number of lines of uncertainty surrounding the trajectory of novel ecosystem spread that we
have proposed here. We have already discussed some
of these issues, such as the classification of ‘wild’ lands,
and the likelihood that at least some parts of these
lands are also ‘novel’ due to offsite human influences.
In addition, we are not able to assess the degree of
novelty in the novel ecosystems that are embedded
within anthromes using the approach here; instead,
we detail likely novel ecosystem area. In this section,

we detail sources of uncertainty in the modeling
approach before broadening our discussion to examine
potential future approaches that may allow a more
accurate characterization of novel ecosystem spread,
the degree of novelty and their drivers. At least one
approach we suggest may also provide the opportunity
to synthesize in one framework the current extent of
marine and terrestrial novel ecosystems. Although this
approach holds promise for the present, both for characterization and from a management perspective, it
will be far harder to improve our understanding of
historical spread of novel ecosystems given the data
available however.
Numerous authors have noted the uncertainty surrounding population trajectories, per capita land use
and consequent pathways of land-use change and novel
ecosystem spread (Williams 2008; Ruddiman and Ellis
2009; Ellis 2011; Kaplan et al. 2011). The gathering
of further lines of evidence mentioned earlier will
reduce uncertainty in the reconstructions of novel
ecosystem spread we have shown here. There may also
be ways to improve the modeling itself; for instance,
agricultural suitability of land in both HYDE 3.1 and
KK10 is based on land that is currently suitable.
However, it is likely that technological improvements
have increased the suitability of land up to the present
and such changes could be added to modeling efforts
(Kaplan et al. 2011). In addition, the turnover of land
under shifting cultivation could be varied depending
upon likely productivity (Kaplan et al. 2011).
One obvious omission at present is the identification
of novel freshwater systems. Given the importance of
freshwater in sustaining life (Folke 2003) in the terrestrial biosphere, understanding human effects on
these water bodies is important. It is likely that where
small water bodies exist in intensively used landscapes,
then they will be novel ecosystems. Larger water bodies
that comprise many grid squares may not be novel ecosystems, depending upon surrounding terrestrial land
use and population density. Novel ecosystem extent in
freshwater areas may therefore be inferred from the
surrounding terrestrial map, but further work would
be required to corroborate these contentions. The
inference of greater novel ecosystem extent in freshwater bodies with greater population density and land
use may also have implications for the likelihood of
novel ecosystem extent formed offsite. ‘Wild’ ecosystems
downwind of large population centers may exhibit
greater ecological change compared to those without
such influences, although change will depend at least
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in part upon the susceptibility of the species in the
ecosystem and landscape context. Such inferences
need to be made with care and with appropriate
caveats.
These broader concerns about inferring novel ecosystem extent from proxy data such as population
density and land use naturally lead to the question of
whether alternative classification schemes exist. As
has already been highlighted the ambiguity about wild
areas in particular, and the likelihood of novel ecosystems existing in such areas but being overlooked with
the use of our current classification scheme, argues for
consideration of alternative approaches. We suggest
that one way to more accurately portray the current
extent of novel ecosystems on land may be to consider
the ecological effects of multiple drivers simultaneously, in a similar manner to that pursued for the
marine sphere (Halpern et al. 2008b). In addition to
describing the extent of ecological impact with a
greater ecological impact more suggestive of the presence of novel ecosystems, such an approach would
allow the synthesizing of marine and terrestrial spheres
in one framework. However, our understanding of
multiple interacting drivers on given ecosystems is
somewhat limited, although frameworks are being
proposed (e.g. Suding et al. 2008). In addition, coming
up with global estimates of just one driver of ecological
change (such as plant invasions by non-natives) and its
consequent ecological effects is a problem with no easy
solution, although attempts have been initiated (Ellis
et al. 2012).
The mapping effort outlined earlier potentially indicates ways to approach management; for example, in
coastal areas multiple anthropogenic drivers are assailing ecosystems and coordinated management actions
will be required (Halpern et al. 2008b). Elsewhere,
anthropogenic drivers are spatially uncorrelated and
so independent regulation and conservation management tools may be more effective (Halpern et al. 2008b).
Further discussion on the management of novel ecosystems can be found in Chapters 3 and 18.
It is possible that anthropogenic domesticates and
species invasions (Ellis et al. 2012) and their relation
to the rise of transportation systems and commodity
markets (Verburg et al. 2011) are strong candidates for
confirming the emergence and trajectory of novel ecosystems terrestrially at local, regional and global scales.
Such tying of ecological and social systems together
has been alluded to before. As Alessa and Chapin
(2008) noted in their review of Ellis and Ramankutty’s
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(2008) initial approach to mapping the extent of
human influence on the terrestrial biosphere, is population density the most powerful variable in explaining
variation in socio-ecological properties? In his review
of forest clearance through human occupation of the
terrestrial biosphere, Williams (2008) raised the same
issue and noted that considering population density
alone does not explain clearing (and by implication,
the formation of novel ecosystems). He went on to
invoke a number of other factors, some of which have
more contemporary relevance (such as misdirected
past policies of aid agencies and governments) while
others are of more general relevance such as inequality in asset distribution (Williams 2008).
These considerations also raise the question of
whether our approach to categorizing novel ecosystems is valid. The suggested definition of a novel
ecosystem (Chapter 6) incorporates three facets: difference, currently irreversible thresholds and the tendency of the system to self-organize and persist (and
evolve) without intensive human management (see
also Chapter 24). Ideally, and as Chapter 24 discusses,
these attributes should all be measured to assess the
presence (or otherwise) of a novel ecosystem. We do
not explicitly measure these attributes and, indeed,
cannot at a global scale. Instead, in the terrestrial
realm we adopted a pragmatic approach that the direct
use of land by humans creates novel ecosystems in
remaining pockets of unused lands (see also Ellis et al.
2010).
As discussed earlier, other means of classifying could
potentially exist and hold promise for more accurately
delineating novel ecosystem spread at the global scale;
with the data currently available, we used the approach
presented. We would argue that the pockets of unused
land in used areas certainly possess facets of novelty,
as their fragmented nature prevents a return to some
previous state and they therefore exhibit both difference and currently irreversible thresholds. These thresholds may be more or less likely to be reversed depending
upon the degree of fragmentation and the extent of
ecological change, as well as the ecological context.
Persistence is far harder to measure, and certainly
cannot be assessed from our approach. Chapter 9
presents a case study where novel ecosystems are mapped
on a regional scale on the basis of biotic difference.
In the marine sphere, direct use of land is not a viable
approach and instead we reviewed the latest research
that shows the large ecological and evolutionary
impact that multiple human-caused environmental
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changes are having. We contend that it is reasonable
to suggest that the greater the ecological effect in a given
system, the more likely the system is novel. However,
only on-the-ground (or in-the-water) measurements
could confirm these assertions. Again, we could pose
the question to what extent difference, irreversibility
and persistence are shown by these marine systems,
and do they therefore constitute novel ecosystems?
Again, we would answer that difference and the current
irreversibility of the ecosystem state are both present.
Whether the marine systems will maintain their properties and retain their ability to evolve in the face of
future environmental change is unknown at present.
8.7

CONCLUSIONS

We have shown that novel ecosystems are spread
throughout the globe in terrestrial areas, currently
occupying between 28% and 36% of the ice-free land
surface depending upon the model used. Novel ecosystems are also likely found in marine spheres, given the
number of simultaneous drivers and degree of ecological change found around the world’s oceans. For terrestrial systems we have evidence for the long-term
presence of novel ecosystems in many areas, and the
associated land clearance has likely had impacts on the
atmosphere and potentially the climate for millennia
(Kaplan et al. 2011). Although improvements will
almost certainly be made to our current estimates as
more archeological and anthropological evidence is
gathered, and alternative frameworks may also be
developed, our conclusions will likely not change:
novel ecosystems are not new and they have been
broadly spread, particularly on land, for millennia.
Such awareness of the broad spatial distribution
and long temporal presence of these human-created
and -altered systems questions current conservation and
restoration norms of bemoaning the loss of wilderness
and returning to some historical baseline of a state
‘unaltered by humans’. Over large parts of the globe,
the ‘wilderness’ that people refer back to never existed;
setting a historical baseline is therefore problematic.
Instead, ecologists, conservationists, policy makers
and the broader public need to start engaging with
not-so-novel systems in a far more proactive manner
and perhaps philosophically accept that nature has
become embedded within human systems more
broadly (Ellis 2011). As the desired results of nature
conservation and management will depend on the

goals and aspirations of the managers and the context
within which they operate, accepting a permanent
role for humans as stewards of the biosphere opens up
possibilities for adaptive management of novel ecosystems based on more flexible interpretations of historical reference.
Theory and practice of novel ecosystem management occupies the bulk of the remainder of this book.
This chapter has shown the widespread importance
of novel ecosystems in the biosphere, while hinting at
ways to improve our understanding of their extent and
ecological significance at global and regional scales.
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