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Human culture can be regarded as the general context where the human—environment relationships take place and
develop. Interestingly, studies on human culture and cultural evolution have been enriched with some novel perspectives
that appear to dovetail with recent developments in evolutionary biology. All this allows a fresh and promising
understanding of the fundamentals of human-environment interaction, according to which the environment can be shown
to exert a pedagogical role for humanity, and humanity can be understood as a species modifying the environment to the
aim of modifying itself.
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| 1. The EES and Culture-Driven Human Evolution

So-called Extended Evolutionary Synthesis (EES) substantially alters the overall picture of biological evolution relative to
the "received view" from the Neo-Darwinian Synthesis— nowadays also called the Standard Evolutionary Theory (SET).
According to the latter, in a very sketchy way, evolution proceeds thanks to genetic changes that determine changes in the
organisms’ traits, including behavioural and cognitive ones; then, natural selection “filters” the modified traits, thus
favouring the spread of those genetic endowments responsible for adaptive traits. This view has also been applied to
human evolution and to human cultural evolution specifically. Here, the picture might be summarized as follows. Key
cultural innovations characterizing Homo evolution since about 2.5 million years ago, are mainly regarded as the eventual
outcomes of genetic evolution. More precisely, the genetic endowment is seen as establishing anatomical and
physiological traits (and specifically brain anatomy and physiology), which, in turn, are claimed to fix cognitive faculties;
cultural behaviour is finally regarded as stemming from the cognitive faculties. By implication, this general view maintains
that the emergence of key cultural innovations ultimately would require genetic change. Such reasoning has been applied
to the emergence of complex cumulative culture exhibited by H. sapiens, claiming either that it depends on the genetic
change bringing about the speciation event leading to our species 260,000 years agoHRBI4IBIE o that it stems from
some key mutation that occurred about 50,000 years ago in some population of our species!ZEIEI10]

This picture, however, seems no longer tenable for at least two classes of reasonsltl. First, it nowadays appears in sharp
contrast with the emerging view of evolution advocated by the EES. The main tenets of EESIZL3I14] (re|ative to SET) can
be summarised as it follows:

« Genetic changes are no longer considered as the only, or most important, source of biological novelty, as such novelty
can emerge also by means of phenotypic plasticity or other processes happening on the phenotypic, behavioural or
cognitive level without involving genetic change.

« The environment is no longer regarded as having only a selecting role upon the organisms living in it, as it can also
induce novel morphological, behavioural or cognitive traits.

« Organisms often exert powerful niche-conctructing activities upon their environment, thus buffering the selection factors
acting upon themselves and their progeny.

« Biological, evolutionary-relevant information is no longer seen to be passed on from generation to generation only, or
mainly, through genetic channels, as it can also be passed on via epigenetic, behavioural or symbolic means; here the
notion of ecological inheritance (the idea that offspring inherits from parents key environmental features as modified by
the parents themselves) assumes particular relevance.

These four points ground a strong form of organism-environment complementarity in the general casel’d, and also
suggest that the above-sketched view of human evolution needs to be revised.



Secondly, that picture of human evolution needs a rethink because of a number of recent archaeological and paleo-
anthropological datalt2I[L8IIL7I18I19] |hdeed, the distribution in time and space of the innovations’ appearance suggested
by those data is inconsistent with a scenario attributing the spread of modern cultural traits to concomitant genetic
evolutionary processes. No concomitant rise of innovations that one might associate with a sudden shift in human
cognition produced by genetic change or speciation is observed at any given moment in the past in a particular region or
population. No accumulation of innovations is observed in only one single region (what should be expected, instead, if a
genetic change were the cause for them). Cultural innovations seem to appear, disappear, and reappear (with different
specifics) at different times, in different places, and among different human fossil species across a huge geographical
area encompassing Africa, the Near East, Europe and Asia. Such complex patterns of cultural innovation seem utterly
incompatible with a scenario in which key cultural innovations would require associated and directly causally related
genetic changes.

A quite different scenario can thus be proposed for the emergence of key cultural innovations and for cultural evolution
more generally. This scenario proposes genuinely cultural mechanisms at the basis of cultural evolution that have been
labelled as “cultural exaptation” and “cultural neural reuse’@L3l Cultural exaptation, in analogy with biological
exaptation2d, suggests that novel cultural strategies may be devised by building upon existing strategies, either putting
the latter at the service of new functions or combining them in novel ways in view of new tasks. Examples of cultural
exaptation are:

* The use of ochre pigments. Compounds made with ochre are powerful photoprotective means that shield the skin from
harmful ultraviolet radiation2l. There is evidence suggesting the symbolic use of iron-rich pigments on personal
ornaments since at least 80,000 years ago in Africal2Zl28l. One can envision a scenario in which ochre was first
exploited for its photoprotective function and, in a later phase, through cultural exaptation, becoming a means, for
example, through body painting, to reinforce cultural mechanisms related to intra- and inter-group self-identification,
leading to the emergence of diversified symbolic material cultures. A subsequent cultural exaptation may have occurred
in an already fully symbolic context when ochre was purposely employed on ornaments and clothes!22;

* The invention of systems of notation (or “Artificial Memory Systems”—AMS), up to proper writing systems. There is a
number of archaeological objects (dating from 72,000 to 14,000 years ago) that constitute Artificial Memory Systems in
that the marks and incisions they bear stored information significant to our ancestorsi&ll18124]  production of such
“notational” marks resorted to the motor and cognitive abilities previously developed for other tasks (from butchery
activities on carcasses and preys to utilitarian modification of stone or bone tools to the production of abstract but non-
notational engravings)16l23l, These abilities have been put at the service of notational function (i.e., the ability of the
marks to point to, or stand for, objects or other meanings) and thus have been “culturally exapted”. It can be argued
that the invention of writing is a further step in the process where marks on objects (such as the incisions on clay
tokens of the cuneiform writing system developed in Mesopotamia 5400 years ago) came to be associated not just with
a meaning but also with the phonology of an existing spoken language22!.

The interesting point here is that the new cultural strategy emerging via cultural exaptation may back-affect the cognitive
abilities of the groups introducing it. Symbolic use of ochre pigments likely affected aspects of social cognition. The
invention of systems of notation affected numerical cognition28Zd, The invention of writing systems affected the
phonological processing of spoken languagel28 and has had, in the course of the last few millennia, enormous impacts on
human lifestyle, up to the emergence of theoretical culture as well as of modern science and technology.

Moreover, there are convincing data showing that new cultural strategies may have a direct impact on the neural
substrates subserving them, contributing to create stable functional or anatomical brain networks specifically dedicated to
those new strategies without involving any heritable genetic change. This holds true for writing systems[28122 and systems
of numerical notation®, but likely also for much older cultural practices such as stone-tool-making. This is the core
idea of the notion of cultural neural reusel3233134, 3iso labelled as “neuronal recycling”2 or “neural exploitation”2€l,

| 2. Cultural Transmission and Pedagogy

The main and clearest examples of cultural evolution by cultural exaptation and cultural neural reuse mentioned above
are literacy and arithmetic (i.e., symbolic treatment of exact quantity). Patently, acquiring such cultural abilities requires
fine pedagogical means and enduring dedicated training. Humanity has developed the institution of schooling to this aim.
With all likelihood, transmission strategies themselves evolve. The animal kingdom displays an array of different
transmission strategiesBAE8IBA: moreover, variation in transmission strategies does not seem to be entirely dependent on
differences in the genetic make-up but rather to correlate with environmental and contextual features%. Explicit teaching,



however, seems to be a characterizing feature of our species (at least among extant hominins), and this likely depends on
the peculiarities of human cultural evolution up to exalted cumulative culturell¥2 The relevance of transmission
strategies, and their evolution, can also be ascertained on the archaeological level3l44]: studies have also suggested the
possibility that tool-making, transmission strategies, and language as an effective communication means have co-evolved
and that more effective transmission strategies may also positively affect innovation. The evolutionary relevance of
transmission strategies can also be inferred from experimental studies with non-human animals that can be trained in
subtle motor or cognitive tasks outside their behavioural repertoire in the wild. Striking is the case of chimpanzees that
acquired numerical abilities,® or that of macaque monkeys that were trained to use a tool to reach for food and were
also shown to undergo neural changes as a consequence of the training8l. This suggests that an important way for
hominins to support a sustained (and accelerating) pace of cultural evolution has been to “invest in pedagogy"—i.e.,
dedicating specific efforts in devising transmission strategies adequate to pass on cultural traits perceived as important in
the group.

It is also worth mentioning (though this point cannot be deepened here) that many recent cultural innovations—from
literacy to the fine arts or to smartphones and space-crafts—do not seem to have an immediate survival value. After all, H.
sapiens has managed quite well on this planet before the emergence of such cultural innovations. This, coupled with the
considerations that (i) many cultural innovations take time to show their utility, even in terms of competitive advantages
and not just as immediate survival means, and (ii) that investment in the transmission of cultural novelties is often
necessary before their utility is unveiled, points out that the motivations beneath human cultural evolution might not
always be in the search for (immediate) utilitarian outcomes or payoff4Z.

| 3. Cultural Transmission and Environmental Heredity

The notion of ecological inheritance put forward by the EES stresses that the modifications organisms cause in the
environment last longer than the lifespan of those organisms, thus being inherited by their progeny. Importantly, moreover,
the modified environment inherited by the progeny often plays a crucial role in the progeny’s development, sometimes
being also essential to ensure parent—offspring phenotypic similarity849: j e., the fact that the offspring has traits similar
to those of the parents may depend not just on the inherited genome but also, crucially, on the fact that the offspring
grows and develops in the same environment of the parents, where the environment includes all the modifications caused
by the parents themselves.

Now, culture—or, more precisely, the varied array of historically and geographically realized human cultures or traditions—
has a momentous impact on the environment. Thus, the issue of ecological inheritance acquires a special relevance for
the human being exactly because the human environment is always and thoroughly a cultural environment. Additionally,
this point is further sharpened by the consideration of the key role pedagogy plays in human exalted cumulative culture.

Moreover, recent human history and prehistory have seen the rise of a number of institutions—from the “Oldowan
carnivory institution” to agriculture or trade, cities or temples, up to public school systems and the United Nations. Recent
research has just begun to address the topic of institutions in the light of the EESEYEL,

Institutions are very old (the Oldowan is as old as 2.6 million years), but with the so-called Neolithic Revolution22—
characterized by the domestication of plants and animals and the consequent development of stable settings and the
possibility of accumulating goods—the urge to develop institutions increased progressively. Interestingly, this parallels the
increased capacity to modify the environment that domestication implies and brings with itB253], Not by chance, among
the proposals for the beginning of the Anthropocene®4B5_j e | the proposal to officially name the current geological
epoch after the impact of human activities on planet Earth—there is the invention of domestication in the Neolithic
Revolution[8],

It is worth stressing that, as far as the issue of institutions is concerned, a dimension of explicit long-term planning and of
shared decision making emerges as an additional character of human culture and, consequently, of the human—
environment relationship. Even contemporary protocols to assess and mitigate the risk of degradation of specific
environments tend to include human-related and institutional factors (such as policy for land use) besides physical,
chemical and biological ones. This, in turn, deepens the pedagogical role of the environment for the human being®4: as a
matter of fact, any present-day human individual is born and grows in a highly institutionalized milieu. This further
strengthens the link between the human being and its environment.

This link, in the case of humanity, turns out to be so strong and peculiar (as it involves cumulative culture and "institutional
planning”, respectively) to hint at the possibility that the the human being actually modifies the environment to the aim of



shaping itself. From this, a pedagogical criterion for human ecology can be drawn. Indeed, given the impact that a

modified environment has and can have on the human populations dwelling in it, each modification imposed to the

environment should be assessed (also) for its pedagogical import - i.e., for the consequences it has in the learning

processes all human beings constantly undergo all life long, for the messages it passes to the people living in it, for the

effects it will have on the future generations, and for the contexts it will create for all aspects of human life[8!.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Frederick L. Coolidge; Thomas Wynn; The working memory account of Neandertal cognition—How phonological storag
e capacity may be related to recursion and the pragmatics of modern speech. Journal of Human Evolution 2007, 52, 70
7-710, 10.1016/j.jhevol.2007.01.003.

. Frederick L. Coolidge; Thomas Wynn; A Cognitive and Neuropsychological Perspective on the Chéatelperronian. Journa

| of Anthropological Research 2004, 60, 55-73, 10.1086/jar.60.1.3631008.

. Johan J. Bolhuis; lan Tattersall; Noam Chomsky; Robert C. Berwick; How Could Language Have Evolved?. PLOS Biolo

gy 2014, 12, €1001934, 10.1371/journal.pbio.1001934.

. Coolidge, F.L.; Wynn, T.. The Rise of Homo Sapiens: The Evolution of Modern Thinking; Oxford University Press: Oxfor

d, UK, 2017; pp. 1.

. Sally Mcbrearty; Alison S. Brooks; The revolution that wasn't: a new interpretation of the origin of modern human behav

ior. Journal of Human Evolution 2000, 39, 453-563, 10.1006/jhev.2000.0435.

. John J. Shea; Homo sapiens Is as Homo sapiens Was. Current Anthropology 2011, 52, 1-35, 10.1086/658067.

. Ofer Bar-Yosef; On the Nature of Transitions: the Middle to Upper Palaeolithic and the Neolithic Revolution. Cambridge

Archaeological Journal 1998, 8, 141-163, 10.1017/s0959774300001815.

. Richard G. Klein; Archeology and the evolution of human behavior. Evolutionary Anthropology: Issues, News, and Revi

ews 2000, 9, 17-36, 10.1002/(sici)1520-6505(2000)9:1<17::aid-evan3>3.0.co0;2-a.

. Mellars, P.A.; Stringer, C.B. (Eds.). The Human Revolution: Behavioral and Biological Perspectives on the Origins of M

odern Humans; Edinburgh University Press: Edinburgg, UK, 1989; pp. 1.

Tattersall, I. The Fossil Trail: How We Know What We Think We Know about Human Evolution; Oxford University Pres
s: New York, 1995; pp. 1.

Ivan Colagé; Francesco D'errico; Culture: The Driving Force of Human Cognition. Topics in Cognitive Science 2018, 1
2,654-672,10.1111/tops.12372.

Kevin Neville Laland; Tobias Uller; Marcus W. Feldman; Kim Sterelny; Gerd B. Muller; Armin P Moczek; Eva Jablonka;
F John Odling-Smee; The extended evolutionary synthesis: its structure, assumptions and predictions. Proceedings of t
he Royal Society B: Biological Sciences 2015, 282, 20151019, 10.1098/rspb.2015.1019.

Gerd B. Muller; Why an extended evolutionary synthesis is necessary. Interface Focus 2017, 7, 20170015, 10.1098/rsf
$.2017.0015.

Massimo Pigliucci; An Extended Synthesis for Evolutionary Biology. Annals of the New York Academy of Sciences 200
9, 1168, 218-228, 10.1111/j.1749-6632.2009.04578.x.

Francesco D’Errico; Ivan Colagé; Cultural Exaptation and Cultural Neural Reuse: A Mechanism for the Emergence of M
odern Culture and Behavior. Biological Theory 2018, 13, 213-227, 10.1007/s13752-018-0306-x.

Francesco D'errico; Luc Doyon; lvan Colagé; Alain Queffelec; Emma Le Vraux; Giacomo Giacobini; Bernard Vanderme
ersch; Bruno Maureille; From number sense to number symbols. An archaeological perspective. Philosophical Transact
ions of the Royal Society B: Biological Sciences 2018, 373, 20160518, 10.1098/rstb.2016.0518.

Francesco D'Errico; The invisible frontier. A multiple species model for the origin of behavioral modernity. Evolutionary
Anthropology: Issues, News, and Reviews 2003, 12, 188-202, 10.1002/evan.10113.

Francesco D'errico; Chris B. Stringer; Evolution, revolution or saltation scenario for the emergence of modern culture
s?. Philosophical Transactions of the Royal Society B: Biological Sciences 2011, 366, 1060-1069, 10.1098/rstb.2010.0
340.

Paola Villa; Wil Roebroeks; Neandertal Demise: An Archaeological Analysis of the Modern Human Superiority Comple
X. PLoS ONE 2014, 9, €96424, 10.1371/journal.pone.0096424.

Stephen Jay Gould; Elisabeth S. Vrba; Exaptation—a Missing Term in the Science of Form. Paleobiology 1982, 8, 4-1
5, 10.1017/s0094837300004310.




21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Riaan F. Rifkin; Laure Dayet; Alain Queffelec; Beverley Summers; Marlize Lategan; Francesco D’Errico; Evaluating the
Photoprotective Effects of Ochre on Human Skin by In Vivo SPF Assessment: Implications for Human Evolution, Adapt
ation and Dispersal. PLoS ONE 2015, 10, e0136090, 10.1371/journal.pone.0136090.

F. D'Errico; M. Vanhaeren; N. Barton; A. Bouzouggar; H. Mienis; Daniel Richter; J.-J. Hublin; S. P. McPherron; P. Lozou
et; Additional evidence on the use of personal ornaments in the Middle Paleolithic of North Africa. Proceedings of the N
ational Academy of Sciences 2009, 106, 16051-16056, 10.1073/pnas.0903532106.

Francesco D'Errico; Lucinda Backwell; Earliest evidence of personal ornaments associated with burial: The Conus shel
Is from Border Cave. Journal of Human Evolution 2016, 93, 91-108, 10.1016/j.jhevol.2016.01.002.

Francesco D'Errico; A New Model and its Implications for the Origin of Writing: The La Marche Antler Revisited. Cambri
dge Archaeological Journal 1995, 5, 163-206, 10.1017/s095977430001502x.

E. Mellet; I. Colage; A. Bender; C.S. Henshilwood; K. Hugdabhl; T.C. Lindstrem; F. D'Errico; What processes sparked off
symbolic representations? A reply to Hodgson and an alternative perspective. Journal of Archaeological Science: Repo
rts 2019, 28, 102043, 10.1016/j.jasrep.2019.102043.

Sieghard Beller; Andrea Bender; The Limits of Counting: Numerical Cognition Between Evolution and Culture. Science
2008, 319, 213-215, 10.1126/science.1148345.

. Andrea Bender; Dirk Schlimm; Sieghard Beller; The Cognitive Advantages of Counting Specifically: A Representational

Analysis of Verbal Numeration Systems in Oceanic Languages. Topics in Cognitive Science 2015, 7, 552-569, 10.111
1/tops.12165.

Stanislas Dehaene; Laurent Cohen; José Morais; Régine Kolinsky; llliterate to literate: behavioural and cerebral chang
es induced by reading acquisition. Nature Reviews Neuroscience 2015, 16, 234-244, 10.1038/nrn3924.

Stanislas Dehaene; Felipe Pegado; Lucia W. Braga; Paulo Ventura; Gilberto Nunes Filho; Antoinette Jobert; Ghislaine
Dehaene-Lambertz; Régine Kolinsky; José Morais; Laurent Cohen; et al. How Learning to Read Changes the Cortical
Networks for Vision and Language. Science 2010, 330, 1359-1364, 10.1126/science.1194140.

Andreas Nieder; Stanislas Dehaene; Representation of Number in the Brain. Annual Review of Neuroscience 2009, 32,
185-208, 10.1146/annurev.neuro.051508.135550.

E. E. Hecht; D. A. Gutman; N. Khreisheh; S. V. Taylor; J. Kilner; A. A. Faisal; B. A. Bradley; T. Chaminade; D. Stout; Acq
uisition of Paleolithic toolmaking abilities involves structural remodeling to inferior frontoparietal regions. Brain Structure
and Function 2014, 220, 2315-2331, 10.1007/s00429-014-0789-6.

Michael L. Anderson; Neural reuse: A fundamental organizational principle of the brain. Behavioral and Brain Sciences
2010, 33, 245-266, 10.1017/s0140525x10000853.

Colage, I; Human specificity: Recent neuro-scientific advances and new perspectives. ESSSAT News Rev. 2013, 23, 5-
19,.

Colage, I; D'Ambrosio, P; Exaptation and neural reuse: A research perspective into the human specificity. Antonianum
2014, 89, 333-358, .

Stanislas Dehaene; Laurent Cohen; Cultural Recycling of Cortical Maps. Neuron 2007, 56, 384-398, 10.1016/j.neuron.
2007.10.004.

Vittorio Gallese; Mirror neurons and the social nature of language: The neural exploitation hypothesis. Social Neuroscie
nce 2008, 3, 317-333, 10.1080/17470910701563608.

C. M. Heyes; Social Learning in Animals: Categories and Mechanisms. Biological Reviews 1994, 69, 207-231, 10.111
1/j.1469-185x.1994.tb01506.x.

Hoppitt,W.;Laland,K.N.. Social Learning: An Introduction to Mechanisms, Methods and Models; Princeton University Pr
ess: Princeton, NJ, 2013; pp. 1.

Andrew Whiten; Cultural Evolution in Animals. Annual Review of Ecology, Evolution, and Systematics 2019, 50, 27-48,
10.1146/annurev-ecolsys-110218-025040.

Isabelle Coolen; Yfke Van Bergen; Rachel L Day; Kevin N Laland; Species difference in adaptive use of public informati
on in sticklebacks.. Proceedings of the Royal Society B: Biological Sciences 2003, 270, 2413-2419, 10.1098/rspb.200
3.2525.

L. G. Dean; R. L. Kendal; S. J. Schapiro; B. Thierry; K. N. Laland; Identification of the Social and Cognitive Processes
Underlying Human Cumulative Culture. Science 2012, 335, 1114-1118, 10.1126/science.1213969.

Claudio Tennie; Josep Call; Michael Tomasello; Ratcheting up the ratchet: on the evolution of cumulative culture. Philos
ophical Transactions of the Royal Society B: Biological Sciences 2009, 364, 2405-2415, 10.1098/rstb.2009.0052.




43.

44,

45.

46.

47.

48

49.

50.

51.

52.

53.

54.
55.
56.
57.
58.

Thomas Morgan; N. T. Uomini; Luke Rendell; L. Chouinard-Thuly; S. E. Street; H. M. Lewis; Catharine Cross; C. Evan
s; R. Kearney; I. De La Torre; et al. Experimental evidence for the co-evolution of hominin tool-making teaching and lan
guage. Nature Communications 2015, 6, 1-8, 10.1038/ncomms7029.

Francesco D'Errico; William E. Banks; The Archaeology of Teaching: A Conceptual Framework. Cambridge Archaeologi
cal Journal 2015, 25, 859-866, 10.1017/s0959774315000384.

Tetsuro Matsuzawa; Symbolic representation of number in chimpanzees. Current Opinion in Neurobiology 2009, 19, 92
-98, 10.1016/j.conb.2009.04.007.

Sayaka Hihara; Tomonori Notoya; Michio Tanaka; Shizuko Ichinose; Hisayuki Ojima; Shigeru Obayashi; Naotaka Fuijii;
Atsushi Iriki; Extension of corticocortical afferents into the anterior bank of the intraparietal sulcus by tool-use training in
adult monkeys. Neuropsychologia 2006, 44, 2636-2646, 10.1016/j.neuropsychologia.2005.11.020.

Ivan Colagé; The Human Being Shaping and Transcending Itself: Written Language, Brain and Culture. Zygon 2015, 5
0, 1002-1021, 10.1111/zygo.12215.

. Odling-Smee, F.J.; Laland, K.N.; Feldman, M.W.; Niche Construction: The Neglected Process in Evolution. Monograph

S in Population Biology 2003, 37, 1, .

Alexander V Badyaev; Tobias Uller; Parental effects in ecology and evolution: mechanisms, processes and implication
s. Philosophical Transactions of the Royal Society B: Biological Sciences 2009, 364, 1169-1177, 10.1098/rstb.2008.03
02.

Simon T. Powers; Carel P. Van Schaik; Laurent Lehmann; How institutions shaped the last major evolutionary transition
to large-scale human societies. Philosophical Transactions of the Royal Society B: Biological Sciences 2016, 371, 2015
0098, 10.1098/rstb.2015.0098.

Dinah R. Davison; Claes Andersson; Richard E. Michod; Steven L. Kuhn; Did Human Culture Emerge in a Cultural Evol
utionary Transition in Individuality?. Biological Theory 2021, 16, 213-236, 10.1007/s13752-021-00382-x.

Barker, G. The Agricultural Revolution in Prehistory: Why Did Foragers Become Farmers?; Oxford University Press: Ox
ford, UK, 2009; pp. 1.

Melinda A. Zeder; Domestication as a model system for the extended evolutionary synthesis. Interface Focus 2017, 7,
20160133, 10.1098/rsfs.2016.0133.

Crutzen, P.J.; Stoermer, E.F.; The “Anthropocene”. .Glob.Sci.Newsl. 2000, 41, 17-18, .

Sul concetto di Antropocene . lvan Colage, DISF.org. Retrieved 2022-2-20

Simon Lewis; Mark Maslin; Defining the Anthropocene. Nature 2015, 519, 171-180, 10.1038/nature14258.
Colage, |.; Educazione integrale tra ecologia e antropologia: prospettive bio-culturali. Antonianum 2020, 95, 51-69, .

Giuseppe Buffon; Ivan Colagé; Pedagogical Ecology for an Alternative Sustainability: With Insights from Francis of Assi
si and Contemporary Life Sciences. Sustainability 2022, 14, 1395, 10.3390/su14031395.

Retrieved from https://encyclopedia.pub/entry/history/show/47341



