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Since prehistory, humans have altered ecosystems by hunting and foraging, us-
ing fire to clear vegetation, driving megafauna to extinction, and taking other ac-
tions that have produced long-term cascading effects across most continents [1]. 
However, the greatest transformation of the terrestrial biosphere ever wrought 
by humanity began more than 10,000 years ago, at the end of the last ice age, 
with the emergence of agricultural systems [2]. By domesticating species and 
transforming native ecosystems into agricultural fields, pastures, settlements, 
and other engineered environments in support of agricultural societies, our an-
cestors unleashed a process of unprecedented population growth, societal devel-
opment, and planetary transformation that is now increasingly recognized as the 
dawning of a new geological epoch: the Anthropocene [1-5].

A Global Human Ecology_______________________________________ 

There is growing consensus that most of the terrestrial biosphere has now been 
transformed by human populations and their use of land [2, 6-9]. While climate 
and other geophysical and biotic factors continue to constrain the form and 
functioning of the terrestrial biosphere, human populations and their use of land 
increasingly determine the realized form and dynamics of terrestrial ecosystems, 
including the cycling of the elements, biodiversity, primary productivity, and 
the presence of trees and their successional state [9-11]. As a result, the classic 
approach to mapping, classifying, and understanding the global patterns of 
terrestrial ecology as a simple function of climatic and physiographic variables, 
the “classic” biomes, is no longer accurate (e.g., [12-16]).  

Human interactions with ecosystems are diverse, dynamic, and complex, 
ranging from the relatively light impacts of mobile bands of hunter-gatherers to 
the wholesale replacement of native ecosystems by built structures [1, 4, 17, 18]. 
Population density is a useful indicator of the form and intensity of human/envi-
ronment interactions, as larger populations are both a cause and a consequence 
of ecosystem modification to produce food and supply other needs [2, 18-20]. For 
this reason, most of the classic forms of human/ecosystem interaction are associ-
ated with orders of magnitude differences in population density, including for-
aging (< 1 person km-2), shifting cultivation (> 10 persons km-2), and continuous 
cultivation (> 100 persons km-2). Populations denser than 2,500 persons km-2 are 
believed to be unsupportable by traditional subsistence agriculture [18-21].
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170 Erle C. Ellis

A Taxonomy of the Human Biosphere_____________________________  

To characterize the global ecological patterns produced by sustained direct 
human interactions with terrestrial ecosystems, Ellis and Ramankutty [9] 
introduced the concept of anthropogenic biomes, or “anthromes,” and 
developed a global classification and map of these as a new framework for 
global ecology and earth science. Anthromes were first classified and mapped 
empirically using statistical algorithms that identified globally significant 
patterns in global data on land use and human population density, an approach 
that was then modified using a rule-based classification system allowing long-
term changes to be measured over time using historical data [22].

The global extent of anthromes in year 2000 is mapped in Figure 1b, using 
the anthrome classes in Table 1 (maps viewable in Google Earth at 
http://ecotope.org/anthromes/v2). Based on this analysis, Wildlands covered 
just one quarter of Earth’s ice-free land in year 2000, with the rest classified 
as anthromes. In 2000, more than half (> 55%) of global land area was under 
intensive use as Rangelands (32%), Croplands (16%), Villages (6.5%), and Densely 
Settled (1.2%) anthromes, leaving about 20% in Seminatural anthromes having 
low levels of land use for agriculture and settlements. These results also make 
clear that large extents of Wildlands remain only in the cold and dry biomes 
(Boreal, Shrublands, Deserts), and in the global regions with large extents of 
these (North America, Australia and New Zealand, Near East, and Eurasia). 

Figure 1. The classic “potential vegetation” biomes (a; [16]) compared with anthromes (b; for 
year 2000, from [22]; class descriptions in Table 1). Eckert IV projection. 
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Anthromes Are Ancient_________________________________________ 

Human effects on ecosystems have long been perceived by ecologists and 
conservationists as consisting primarily of recent disturbances to otherwise 
pristine ecosystems [23]. While the veracity of this conception has long 
been challenged by prominent ecologists [24], especially those of Europe 
and Asia [25], and by other disciplines [23], it remains a mainstream view.  
Recent evidence from spatially explicit global histories of land use across the 
terrestrial biosphere confirms that vast areas of the terrestrial biosphere were 

Figure 2. Age of anthropogenic transformation of the terrestrial biosphere. Estimated based 
on years of intensive use determined from historical models of population density, land 
cover, and land use (based on [2]). Eckert IV projection.

Level Class Description

Dense settlements Urban and other dense settlements.

Villages

Croplands

Rangelands

Wildlands

Seminatural lands

Densely populated agricultural settlements.

Lands used mainly for annual crops.

Lands used mainly for livestock grazing and pasture.

Lands without evidence of human populations or substantial 

land use.

Inhabited lands with minor use for permanent agriculture and 

settlements (<20% of area used).

11

12

Urban

Mixed settlements

Dense built environments with very high populations.

Suburbs, towns, and rural settlements with high but fragmented 

populations.

21

22

23

24

31

32

33

35

41

42

43

51

52

53

54

61

62

Rice villages

Irrigated villages

Rain-fed villages

Pastoral villages

Residential irrigated 

croplands

Residential rain-fed 

croplands

Populated rain-fed 

cropland

Remote croplands

Residential rangelands

Populated rangelands

Remote rangelands

Residential woodlands

Populated woodlands

Remote woodlands

Inhabited treeless and 

barren lands

Wild woodlands

Wild treeless and 

barren lands

Villages dominated by paddy rice.

Villages dominated by irrigated crops.

Villages dominated by rain-fed agriculture.

Villages dominated by rangeland.

Irrigated cropland with substantial human populations.

Rain-fed croplands with substantial human populations.

Croplands with significant human populations, a mix of irrigated 

and rain-fed crops.

Croplands without significant populations.

Rangelands with substantial human populations.

Rangelands with significant human populations.

Rangelands without significant human populations.

Forest regions with minor land use and substantial populations.

Forest regions with minor land use and significant populations.

Forest regions with minor land use without significant populations.

Regions without natural tree cover having only minor land use and 

a range of populations.

Forests and Savanna.

(Grasslands, Shrublands, Tundra, Desert and Barren lands).

Table 1. Description of anthrome classes (from [22])  
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first transformed for intensive agricultural use many thousands of years ago, 
especially in parts of the Middle East, India, China, Europe, and the Americas. 
In these regions of ancient use, the pre-human state of ecosystems can be 
assessed only through paleoecological reconstructions of the distant past—
in some cases their state prior to the last ice age. The “native state” of these 
ecosystems is therefore best characterized as anthropogenic [2, 4, 26]. 

The precise historical timing of the terrestrial biosphere’s transition from 
mostly wild to mostly used depends on how historical land use is assessed and 
reconstructed [2, 4]. If seminatural levels of use are considered sufficient to 
cause this transition, then some historical reconstructions date this at around 
1000 B.C., while the most conservative reconstructions place the date just 
prior to the Industrial Revolution, around 1700 [4]. If intensive use is required 
to cause this transition, reconstructions tend to agree that the transition has 
occurred fairly recently, at the start or middle of the last century [2, 4]. Either 
way, about half of this transition resulted from anthropogenic transformation 
of lands still wild in 1700, and the other half by increasing the intensity of land 
use within the Seminatural anthromes that already covered at least half of the 
terrestrial biosphere by 1700 [22].  

By as early as 3,000 years ago, nearly half of the terrestrial biosphere, 
including about 60% of all of Earth’s Tropical and Temperate Woodlands, were 
most likely in use by shifting cultivators who may have cleared almost all 
of this area, one small patch at a time, at some point in history or prehistory 
[2, 27]. Even areas without measurable human populations or agriculture, 
considered “wild” in this analysis, may still have been significantly altered 
by anthropogenic fire regimes, exotic species introductions, and systematic 
foraging by sparse human populations [1, 23]. It is also important to note that 
Rangelands, which represent the lion’s share of global land transformation since 
1700, may have had relatively light impacts on ecosystem form and process 
compared with those of shifting cultivators in some regions. Nevertheless, by 
1950 at the latest, most of the terrestrial biosphere had been transformed by 
direct human use of land and one of its most pervasive legacies; the remnant, 
recovering, and other less intensively managed ecosystems embedded within 
the otherwise used landscapes of anthromes [2, 26]

Anthromes Are Mosaics_______________________________________

Even after thousands of years of human population growth and land use, more 
than 60% of Earth’s ice-free land still remains without direct use for agriculture 
or urban settlements [22]. As of 2000, only about 40% of this area consists of 
Wildlands [22]. The other 60% represents lands without direct use that have 
become embedded within the working landscapes of Dense Settlements (1%), 
Villages (3%), Croplands (7%), Rangelands (19%), and Seminatural anthromes 
(29%) [22]. Taken together, these embedded unused lands now cover a greater 
global extent than all of Earth’s remaining Wildlands combined, accounting 
for about 37% of all ice-free land, with 19% in Used and 18% in Seminatural 
anthromes [22]. More than half of these unused lands have been surrounded by 
agriculture and settlements for more than three centuries [22].  

While the ecosystems of unused lands embedded within anthromes may 
often resemble the undisturbed ecosystems of a biome, they almost always 
exhibit novel ecological patterns and processes, even when never cleared or 
used directly, as a result of their fragmentation into smaller habitats within 
a matrix of used lands, the anthropogenic enhancement or suppression 
of fire regimes, species invasions, air pollution and acid rain, hydrological 
alteration, and low-intensity human use for wood gathering, hunting, foraging, 
or recreation [1, 4, 11, 28]. For this reason, anthromes are best characterized 
as heterogeneous, multifunctional landscape mosaics that combine used and 
novel ecosystems. This pervasive intermingling of used and novel ecosystems 
in anthrome mosaics is especially evident when landscapes are viewed from 
the air or when anthrome maps are compared with high-resolution satellite 
imagery in Google Earth (http://ecotope.org/anthromes/v2). Urban areas are 
embedded within agricultural areas, trees are interspersed with croplands and 
housing, and managed vegetation is mixed with seminatural vegetation (e.g., 
croplands are embedded within rangelands and forests). Though some of this 
landscape heterogeneity might be explained by the relatively coarse resolution 
of the global analyses used in anthrome mapping and classification, there is a 
more basic explanation: direct interactions between humans and ecosystems 
generally take place within heterogeneous landscape mosaics [9, 29, 30]. 
Regardless, direct human influence on ecosystem structure and function has 
spread far more widely than the 40% of Earth’s ice-free land now in direct use for 
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agriculture and settlements because of the widespread intermingling of used 
and novel ecosystems in the anthrome mosaics that now cover more than three-
quarters of the terrestrial biosphere [9, 22, 26].  

The Ecology of Anthrome Mosaics________________________________ 

In undisturbed landscapes, ecosystem structure and function vary within and 
across landscapes in response to variations in terrain, hydrology, microclimate, 
dominant species, and stages of recovery from natural disturbances 
including fire [30-33]. Humans take advantage of this natural variation by 
using different parts of landscapes in different ways [4, 9, 28, 34]. The most 
productive, moist and fertile wooded plains are generally cleared and farmed 
first and most intensively, leaving steep hillsides for grazing, hunting, fuel 
gathering, or shifting cultivation [4, 9, 28, 34, 35]. Humans then build on the 
ecological legacies of this sustained use, expanding settlements into the oldest 
croplands, terracing denuded hillsides for agriculture once land is scarce 
and later abandoning agriculturally degraded lands to forestry or wildlife 

conservation [4, 17]. Humans also create entirely novel anthropogenic patterns 
by interconnecting and expanding settlements and other infrastructure [4, 36, 
37]. These three sources of natural and anthropogenic spatial variation combine 
to form the complex, multifunctional, heterogeneous landscape mosaics of 
anthromes, which explains why they both conform to preexisting natural 
patterns and further stratify and enhance them [9, 29]. Further, all of these 
patterns are fractal in nature [38], producing similar patterns across spatial 
scales ranging from the land holdings of individual households to the global 
patterning of the anthromes and biomes [9].

As agriculture and settlements tend to concentrate where gentle terrain, 
fertile soils, available water, and other conditions are most suitable for these 
uses, “islands” of unused and less intensively managed ecosystems including 
planted forests, woodlots, parks, abandoned lands, and reserves tend to form 
on hills and in other less inviting environments embedded within the broader 
extents of working landscapes [4, 9, 34, 35, 39]. Yet it is never a simple matter 
to predict land-use patterns from the preexisting characteristics of landscapes, 
as these patterns emerge through the complex interplay of coupled human and 
natural systems over time and space, with a strong legacy effect of prior human 
activities. As a result, even where environmental and anthropogenic conditions 
are uniform, land-use patterns can still be heterogeneous and hard to predict 
[40]. For example, large-scale transportation networks or other infrastructure 
can restructure vast plains, and large cities can include major parks and even 
nature reserves [36].  

A Global Ecology of Anthropogenic Landscapes_____________________

Despite the general complexity of anthrome mosaics, when they are studied 
empirically and theoretically, some general global patterns tend to emerge 
in response to variations in populations, land use, and land cover within and 
across anthrome levels, as illustrated in Figure 4. Natural variations within the 
biomes (Wildlands at left in Figure 4) combine with variations in population 
density and land-use systems (top), with lands most suitable for human use 
tending to be used and settled first, enabling populations to grow and develop, 
leading to increased land-use intensity over time [4]. Based on this basic model 
of anthrome pattern and process, global patterns in population density and 

Figure 3. Anthromes are mosaic landscapes composed of agriculture, settlements, and infra-
structure in which remnant, recovering, and more lightly used novel ecosystems are embedded.
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land use are associated with variations in fundamental ecosystem processes 
including net primary production (photosynthesis—respiration of plants), 
carbon emissions (decomposition, combustion), the formation of reactive 
nitrogen (fertilizers, combustion) and the structure of biotic communities 
(native, exotic, domestic; see the lower part of Figure 4). While global models 
that can predict ecological pattern and process within anthromes remain at an 
early stage of development, empirical assessments have confirmed the utility 
of anthrome patterns as predictors of global patterns of biodiversity [41, 42], 
the biogeochemical cycles of soils [43], and their relation to market forces 
[44]. Given the long-term global trend toward ever-increasing anthropogenic 
transformation of the terrestrial biosphere, it seems likely that the degree 
to which anthromes can explain global patterns of ecosystem process and 
biodiversity will only increase over time. 

Implications of an Anthropogenic Biosphere________________________ 

Overwhelming evidence demonstrates that most of the terrestrial biosphere, 
including its biodiversity and ecosystem processes, has now been permanently 
reshaped by direct interactions between humans and ecosystems. At this point 
in history, nearly 40% of all ice-free land on Earth is in direct use for agriculture 
or urban settlements [7]. An additional 37% of ice-free land is not currently used 
for these purposes, but is embedded as novel ecosystems within anthromes 
having these uses [22, 26]. This leaves Wildlands in the minority, a mere 23% 
of global ice-free land area, with about 85% of these located only in the colder, 
drier, and less biodiverse biomes of the world [22]. 

Given that novel ecosystems embedded within anthromes now cover 
a greater global extent than Earth’s remaining Wildlands, they offer an 
unparalleled opportunity for conserving the species and ecosystems we value 
[26, 45, 46]. The critical challenge therefore is in maintaining, enhancing, and 
restoring the ecological functions of the remnant, recovering and managed 
novel ecosystems formed by land use and its legacies within the complex 
multifunctional anthropogenic landscape mosaics that are the predominant 
form of terrestrial ecosystems today and into the future [11].    

The mosaic structure of landscapes can be managed to enhance 
connectivity and habitat values, enabling high levels of native biodiversity to 
be sustained even in the urban and village anthromes where built-up lands 
and intensive cropping systems predominate, including the most ancient 
agricultural regions [2, 47-51]. Yet efforts to sustain and enhance biodiversity in 
anthromes are challenged by the trade-offs between conservation values and 
the benefits of using land for agricultural production and settlements [17, 51, 
52]. Despite this apparent conflict, even under intensive use anthromes rarely 
consist entirely of farm fields and settlements; most anthrome landscapes 
take the form of multifunctional mosaics of used and novel ecosystems [9, 
22]. For this reason, it is possible for global efforts to conserve, enhance, and 
restore biodiversity within anthromes, even without necessarily reducing land 
use overall [46, 53]. To make this possible, ecological research, monitoring, 
conservation, and restoration efforts must be expanded in novel anthropogenic 
ecosystems, as their optimal management, landscape and community structure, 
habitat connectivity, ecosystem processes, and dynamics remain poorly 

Figure 4. Conceptual diagram illustrating ecological variation across the terrestrial 
biosphere associated with variations in population density, land use, and land cover (based 
on [4]). Relative areas of used lands and novel ecosystems are illustrated at top. Response of 
selected ecosystem variables to variations is illustrated below.
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understood and cannot be reliably predicted from past trends or historical 
environmental constraints [11, 46]. Nevertheless, the evidence so far indicates 
that biodiversity and ecosystem services in novel ecosystems can match and 
even exceed those for the native ecosystems they have replaced [11, 54].

In the Anthropocene, there is no possibility of removing human influence 
from ecosystems: anthropogenic transformation of the terrestrial biosphere 
is essentially complete and permanent [4]. What has not already been altered 
directly, we are now altering indirectly through anthropogenic climate change 
and other effects mediated through the atmosphere. As a result, the future 
of all species, including our own, now depends on better understanding and 
managing the human ecology of our anthropogenic biosphere. To do so will 
require going beyond the mythology of humans as destroyers of a pristine and 
fragile nature. Anthromes tell a completely different story, of “human systems, 
with natural ecosystems embedded within them.” This is not a minor change 
in the story of humans in the biosphere. Yet it is necessary for sustainable 
management of the biosphere in the Anthropocene. Nature is almost entirely in 
our hands now, for better or for worse, and there is no going back.  

As we come to embrace our necessary role as stewards of Earth’s 
ecological heritage, the challenges are many. Experience is very limited in 
managing the multifunctional landscapes needed to support the diverse needs 
of humanity while sustaining biodiverse ecosystems and resilient populations 
of native species over the long term at local and regional scales. Experience is 
even more limited at global scales.  

Anthromes offer a rich global view of human interactions with ecosystems, 
helping move us toward a multidimensional perspective on humanity as 
permanent shapers and stewards of ecosystem structure and function, taking 
us beyond the conventional view that human interactions form only a single 
dimension of disturbance, impact, or domination (e.g., [6]). Advances in 
integrating agronomy, forestry, ecology, and the environmental sciences will 
help. Yet this is not enough. It will take bold action and experimentation at 
socially and ecologically relevant scales, great patience, careful observation, 
and perpetual adjustment to make substantial progress in learning how to 
design, create, and sustain the landscapes, anthromes, and biosphere that we 
want in the Anthropocene. We have never had more power to do great things, 
to design better landscape ecologies both for sustenance and for nature, to 

create beauty, and to manage a biosphere that will nurture, please, and honor 
our children, ourselves, and our ancestors. And with creation comes both 
opportunity and responsibility.
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