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Mathis Wackernagel & William Rees (1990) 
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Ecological footprint contemporary dimensions 
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The ecological “debt” 



Anthropocene 
 
 
 
 
 
Crutzen, P. J. & Stoermer, E. F. The Anthropocene. 
IGBP Global Change Newsl. 41, 17–18 (2000) 
 
 
“Considering these and many other major and still 
growing impacts of human activities on earth […] it 
seems to us more than appropriate to emphasize the 
central role of mankind in geology and ecology by 
proposing to use the term “anthropocene” for the cur- 
rent geological epoch.” […] 
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Anthropocene: the precursors 
 
 
 
1864 – George P. Marsh 
            Man and Nature 
 
1873 – Antonio Stoppani 
            Era Antropozoica 
            man as “a new telluric force” 
 
1926 – Victor I. Vernadsky 
            Biogeochemistry & Biosphere 
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AD 1750 – The Industrial revolution 
and the beginning of global atmospheric change 
Crutzen & Stoermer 2000 

“To assign a more specific date to the onset of the anthropocene 
seems somewhat arbitrary, but we propose the latter part 
of the 18th century, although we are aware that alternative 
proposals can be made (some may even want to include 
the entire Holocene)”  

The original proposal 
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5-8 Ky BP - The Neolithic revolution and 
the first evidence of atmospheric change 

“The hypothesis advanced here is that the Anthropocene actually 
began thousands of years ago as a result of discovery of 
agricolture and subsequent technological innovations and 
population growth” William F. Ruddiman 2000 
 
 

The Neolithic onset 

Guido Chelazzi 

Th
ou

sa
nd

s 
of

 y
ea

rs
 b

ef
or

e 
pr

es
en

t 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 



11-9 Ky BP – Initial domestication of plants and    
animals in SW Asia 
“Emergence of significant niche construction” 

The Neolithic onset in SW Asia 
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Original “core areas” of Neolithic transition 
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Neolithic diffusion in Europe 

LBK: Linienbandkeramik; CC: Ceramica Cardiale 
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Weath & barley diffusion in Europe 
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Triticum aestivum 

Hordeum vulgare 



“Landnám” forest clearing in neolithic Ireland 
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5.75 Cal BP 

5.05 Cal BP 
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The first global signature ?  
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Diffusion of farming 
from SW Asia 

(Near East Neolithic) 

Diffusion of farming 
from East Asia 

(China Neolithic) 



Between Palaeolithic hunting-gathering and fully-fledged 
Neolithic agricoltural economy there is a long and diverse 
“no-man land” full of “experiments” for deploying new 
forms of control of ecosystem productivity: the Mesolithic  

Beyond the Neolithic border 
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The Mesolithic slash & burn in NW Europe 
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Fig. 6. Fine-resolution non-pollen palynomorph (NPP) diagram from Bonfield Gill Head through a phase of woodland disturbance of Late Mesolithic age at 2 mm sampling intervals. NPP frequencies are calculated as percentages of the
total NPP sum. Microscopic charcoal frequencies are calculated as percentages of the total tree pollen sum. NPPs are grouped following Ryan and Blackford (2010), with remaining types either local wetland indicators or of unknown
ecology.
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Burning Wood decay 



The Paleolithic forest-firing 

J. B. Innes, J J. Blackford, P A. Rowley-Conwy 
Late Mesolithic and early Neolithic forest disturbance: 
a high resolution palaeoecological test of human impact hypotheses 
Quaternary Science Reviews 77 (2013) 

Sedimentary & palinological evidence 
for the active use of fire for clearing the 
forest at Niah Cave (Sarawak) 45 Ky BP 
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     Ky before present 

•  Africa        21%    >100  
•  Eurasia        35 %    48-25 / 20-10 
•  N America                72%    15-11 
•  S America                83%    15-8 
•  Australia        86%    50-40 

Paleolithic footprints 

100 on 150 genera of “great” animals (>44 kg) 
Went extinct between the last part of Pleistocene 
And the beginning of Holocene 
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Geographic expansion 
Homo sapiens 
 
120-15 Ka PdP 



Megafauna extinction vs human population 
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America Megafauna Overkill (Paul S. Martin) 
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Density of herbivor mammals (and birds) 

The Sporormiella proxy S
pororm

iella 
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The Clovis megafauna collapse 
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The Pleistocene – Holocene transition 
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The climate-humans causation 
of megafauna extinction 

at the Pleistocene-Holocene transition 

Contraction 
(climate) 

Extinction 
(humans) 

ONE TWO 
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The LQME putative effects 

climate 

enhances 
depress Fire 

Humans 

Herbivores Vegetation 

affects 
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genes 

culture environment 

The pre-Neolithic Niche Construction 
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Coevolution of Sociocultural 
and Ecological systems 
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Ellis’ anthroecosystem 

AN EVOLUTIONARY THEORY OF LONG-TERM

ANTHROECOLOGICAL CHANGE

By weaving together existing theories of ecosystem
engineering, niche construction, inclusive inheritance,

cultural evolution, ultrasociality, and social change, we

have the basis for a theory explaining the long-term
upscaling of human societies and their unprecedented

capacity to transform the biosphere through long-term
changes in human sociocultural niche construction

(Table 1, Boxes 1 and 2). The next step is to integrate

these within an evolutionary framework in which

sociocultural systems, ecosystems, and sociocultural
niche construction are coupled with their cultural,
ecological, and material inheritances, as ‘‘anthroecosys-
tems’’ (Fig. 2A). Material inheritances represent the
heritable adaptive benefits and detriments of artificial
materials and constructs, such as buildings, roads, and
pollutants that are produced exclusively by behaviorally
modern human societies and are incapable of being
produced by natural processes.
In the anthroecosystem framework, sociocultural

systems and the biota within ecosystems coevolve
through the sustained direct interactions of sociocultural
systems and ecosystems across human generational time
(Fig. 2A). Anthroecosystems are formed of these
systems and their cross-generational interactions, and
change through processes of natural selection acting on
their cultural, material, and ecological inheritances, with
inheritances conferring adaptive benefits to individuals,
groups, and societies being selected for, and those
producing detriments, against. In such a way, anthro-
ecosystems change through evolutionary processes act-
ing on sociocultural niche construction over the course
of human generations, accumulating, losing, and com-
bining cultural, material, and ecological inheritances
through gradual processes of selection, accumulation,
attrition, and recombination, and also more rapidly by
regime shifts in subsistence regimes and social organ-
ization (Fig. 2B).

Patterns of long-term change in sociocultural niche
construction

By applying the anthroecosystem framework (Fig.
2), we may examine major regime shifts in socio-
cultural niche construction associated with major
societal transitions (Table 3) in terms of their relative
cultural, material, ecological, and human genetic
inheritances as depicted in Fig. 3A and also their
long-term effects on ecosystem transformation and
energy use (Fig. 3B). Examples of subsistence regimes
producing the cultural, material, and ecological
inheritances in Fig. 3A are detailed in Table 4. The
emergence of anatomically modern Homo sapiens
about 200 ka BP (thousands of years before present)
is depicted at the far left in Fig. 3, highlighting that
control of fire, meat-eating, rudimentary cooking, and
the manufacture of stone tools were already estab-
lished cultural traits of multiple hominin species long
before the emergence of our species (Ambrose 2001,
Antón et al. 2014). A global timeline of changes in
human societies, populations, and ecosystem trans-
formation is presented in Fig. 4.
Hunter-gatherers.—The rise of behaviorally modern

human populations in Africa .50 ka BP is associated
with a major expansion in the adaptive role of cultural
inheritance as a wide array of novel subsistence regimes
emerged then, including landscape modification for
hunting, use of lithic projectile point weapons for
hunting, symbolic and aesthetic expression (symbolic

FIG. 2. Conceptual model of (A) an anthroecosystem
combining sociocultural and ecological systems through herit-
able and path-dependent interactions, and (B) long-term, cross-
generational changes in anthroecosystems caused by socio-
cultural niche construction both through gradual variations in
inheritances and by regime shifts caused by novel and trans-
formative inheritances and combinations of inheritances. The
regime shift illustrated here depicts new trading system (cultural
þ material inheritance) þ facilitated species invasion (orange
circle) þ new biotic interactions (arrows between shapes in the
green oval). The boldface type denotes major systems, and
regular type indicate processes. Widening purple bar depicts the
increasing role of sociocultural niche construction in shaping
anthroecosystem structure and function. Path-dependent abi-
otic change is depicted here by erosive reshaping of brown
landform.

ERLE C. ELLIS304 Ecological Monographs
Vol. 85, No. 3



The long history of human niche construction 
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The Great Acceleration (after WWII) 
Steffen et al. 87

Figure 3. Trends from 1750 to 2010 in indicators for the structure and functioning of the Earth System. 
(1) Carbon dioxide from firn and ice core records (Law Dome, Antarctica) and Cape Grim, Australia 
(deseasonalised flask and instrumental records); spline fit. (2) Nitrous oxide from firn and ice core records 
(Law Dome, Antarctica) and Cape Grim, Australia (deseasonalised flask and instrumental records); 
spline fit. (3) Methane from firn and ice core records (Law Dome, Antarctica) and Cape Grim, Australia 
(deseasonalised flask and instrumental records); spline fit. (4) Maximum percentage total column ozone 
decline (2-year moving average) over Halley, Antarctica during October, using 305 DU, the average 
October total column ozone for the first decade of measurements, as a baseline. (5) Global surface 
temperature anomaly (HadCRUT4: combined land and ocean observations, relative to 1961–1990, 20 
yr Gaussian smoothed). (6) Ocean acidification expressed as global mean surface ocean hydrogen ion 

 (Continued)

 at Dip Di Psicologia-Pa on June 13, 2016anr.sagepub.comDownloaded from 

Guido Chelazzi 



Barnosky A.D. et al. Nature 2012 
 

Approaching a State Shift in Earth’s Biosphere 
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The Anthropocene future 

 
Will the next 50 years bring the Great Decoupling 
or the Great Collapse?  
 
The latest 10 years of the Great Acceleration 
graphs show signs of both but cannot distinguish 
between these scenarios, or other possibilities. 
But 100 years on from the advent of the Great 
Acceleration, in 2050, we’ll almost certainly know 
the answer. 

 
Steffen, Broadgate, Deutsch, Gaffney and Ludwig 
 

The trajectory of the Anthropocene: 
The Great Acceleration 
 
The Anthropocene Review 2015, Vol. 2(1) 81–98  
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The “open” future 
vs the myth of linear progress 
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Past 
(history) 

Present 
(neutral observatory) 

Future 
(destiny) 

Biological & Cultural 
Evolution 

Open future 
(decisions) 

Antrhopocene 
critical level of 

knowledge and agency 



Critical level of 
Knowledge & Agency 

 
means also 

 
Critical (unprecedented) level of 

 
RESPONSIBILITY 
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Responsibility vs forecasting 

? 
With the Anthropocene 

the future of the Earth System 
is not simply a matter of FORECASTING 

but of RESPONSIBILITY 
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Some key questions 
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ü Who is in charge (i.e. who has the right-duty) to take 
the decisions 

Single persons, society, states, sovranational political institutions, 
multinational companies (not mutually exclusive cathegories) 
 
 

ü Which goals and priorities in the “planning of the future” 
 

•  Demographic survival of the human kind: 
    (how much and which human kind) 

•  Structural and functional integrity of 
     natural ecosystems  

•  Conservation of single species 
     because of all living organisms, 
     not only humans,  
     have their own rights 



Ethic in the Antropocene 
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The future (of the global anthroecosystem) is not a purely 
scientific problem but a moral matter 
 
However, science (e.g. ecology, anthropology) has the strategic responsibility 
to inform the society on the state of affairs and the consequence of individual 
and collective actions 


