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_____________________________________________________________________________ 

Abstract: During the Early Modern Age (1500-1800), new connections between the old and the new 
worlds induced changes, which led to new paths in evolution and adaptation.  The changes reflect the 
interplay between the ecologies of both worlds and the cultural systems and practices that accrued to 
them. How species, language and culture from the new world invaded and/or adapted to the old world, 
and vice versa, constitute problems which call for a holistic approach integrating spatio-temporal data on 
the different flows of influence between the old and the new worlds. In this talk, we will discuss how the 
integration into Early Modern History of mathematical and computational models that have been 
developed in areas as diverse as Ecology, Physics, Biology, Network Science and Economics, does provide 
a convenient framework for investigating, quantitatively, the cultural and ecological dynamics that took 
place during this period.  
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1. Introduction 

This paper is part of a broader project dealing with Environmental Impacts of Colonial 
Dynamics in the First Global Age. The focus is on the period from 1500 to 1800 and its main 
goals have been addressed, to some extent, in former publications (Polónia, 2014; Polónia, 
2015; Polónia and Pacheco, forthcoming)  

Our approach stands at the intersection between colonial studies, environmental studies, and 
recent trends of evolutionary ecology dynamics of complex (networked) systems. We 
acknowledge the existence of indirect connections between the topics of this paper and rural 
history, to which some of the concepts and ideas proposed here may spillover.  

2. Environmental History studies – new challenges for historical research 

From a theoretical point of view, it is consensual that the main stream of environmental studies 
implies connections between environment and human dynamics. Environment emerges itself as 
a historical category. Environment is not equal to either nature or the ecosystems: nature ends 
with the upsurge of environment (Sverker and Warde, 2009). Traditionally, Environmental 
History is seen as dealing with the study of the relationship between the human agents and the 
environment over time, which results in changes in ecosystems, environmental history being 
understood as the study of “the actions of humans that affect the web of connections with non-
human organisms and entities” (Donald Johnson, 2001). The assumption that those changes 
feedback into Humans themselves and their social dynamics, in a reciprocal process, is but a 
separate postulate.  Men, time, and space: those are the three main elements of the historical 
framework, historians focusing their analysis on how human agents interact with space over 
time (Lehmkuhl, 2007). These are however clearly not enough to encompass research in 
environmental history.  

This perspective contrasts with the modern framework of theoretical Ecology, in which Humans 
are viewed as yet another species in the tree of life. Nature and culture (or nurture, as it is often 
coined) thus become two key concepts calling for a complex analysis in which both categories 
are not opposed but rather entangled entities. Indeed, Environmental History cannot operate 
only with the concepts, the methods and the tools of History. Environmental History is, by 
definition, multidisciplinary: it has unavoidably to integrate expertise provided by Biology, 
Chemistry, Geology, Botany, Ecology, Hydraulics, Geography, Landscape Studies… Sociological, 
anthropological, archaeological methods are equally welcome, as well as mathematical skills. 
Those are particularly appropriate when the possibility of developing evolutionary models of 
past dynamics for pre-statistical periods is taken into consideration. 

The required reciprocal connections between History and other disciplines are indeed worth 
pointing out. John McNeil summarizes precisely that urge when considering Ecology: “The 
enormity of ecological change strongly suggests that history and ecology, at least in modern 
times, must take one another into account. [….] Ecology that neglects the complexity of social 
forces and dynamics of historical change is equally limited. Both history and ecology [….] need to 
integrate with one another” (McNeill, 2010). 

The concept itself of Environmental History stands on some ecological principles: the human 
species is part of nature, and nature consists of systems with many parts and functions; these 
systems undergo significant changes over time; human actions produce many but not all of 
those changes, in some cases carrying them beyond points of no return, inducing new paths in 
ecological dynamics; technology often amplifies human impacts, producing more rapid changes 
with long-lasting and long-distance effects. Underestimating these principles will contribute to 
deceptive evaluations of historical dynamics.  
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Concurrently, Environmental History, even if considering biomes and landscapes as open and 
complex systems, of which humans are just a part, cannot forget the role of technology, power, 
economy and law in its approaches. If the former provide the environmental frameworks in 
which societies evolve, the latter are frequently co-responsible for moulding the environmental 
framework according to political and economic aims. In this sense, environment is shaped by 
processes of interaction between humans and nature inscribed into economic practices 
sanctioned by law. Being economy, trade and world politics regulated to a great extent by the 
availability and location of natural resources, History cannot disregard the importance of past 
environmental dynamics and the evolving interaction, with consequences right until the 
present, between Humans and Nature. So, environmental studies cannot avoid the entwined 
role of History and Social Sciences. 

The association between History and Ecology as disciplines is recent: it undergoes hardly 100 
years. However, the recognition of the efforts of a more ancient colonial discourse, undertaken 
by European, i.e. British, French, Spanish or Portuguese colonisers, as contributions to 
Environmental History seems to be consensual. Acknowledged from the 18th Century onwards, 
European naturalists seemed preoccupied both with holding a systematic census of indigenous 
species and with understanding the relation between Humans and Nature, mostly in tropical 
settings. At the same time, by the end of the 18th and the 19th Centuries, concerns about the 
impact of human activity on the natural world, including climate change and energy sources, 
was triggered by the systematic observation and recording of data. Nonetheless, only during the 
first decades of the 20th Century did a gradual professionalization of a scientific discourse begin 
among anthropologists, geographers, archaeologists or ecologists preoccupied with wildlife 
preservation and environment protection. And not before the 19th Century does the historian 
have serial data to observe systematically those impacts. 

In this realm, evaluating, on a stable basis, long-term changes and environmental processes for 
the pre-statistical era seems a daunting and impossible task. Historians have to be creative in 
their inquiry and inventive in the ways they gather and cross-validate source information. Local 
inquiries and micro-analysis frequently prevail in a context in which macro-approaches reveal 
themselves almost impossible to pursue and were not even conceptualised at the time. Even if 
the processes are part of a process of globalisation resulting from an inter-connectivity that 
attained a worldwide scale, these phenomena cannot be analysed historiographically on a global 
scale. This is not necessarily a problem, since studies on micro-history sustain precisely the 
spontaneous emergence of global coherence out of local interactions. Similarly, models of 
complex systems often predict how new phenomena emerge at a global scale starting from very 
different local interactions. Local and regional studies are the prevalent way to approach 
environmental studies in a pre-statistical era.  

As for sources of information, legislation, political treaties, travellers’ literature, descriptions of 
new worlds, logbooks, geographic treaties, records of natural disasters, historical cartography, 
taxation records; customs records; monastery and confraternities records; municipal registers, 
census of maritime populations; census of fisheries and registers of fishery catches (for the 
statistical era); side by side with paleo-ecological information, these are but a few items of a list 
of possible historical data sources. Testing hypotheses based on interdisciplinary methods; 
creating significant samples which can be processed by mathematical modelling are some 
parallel strategies designed to overcome the difficulties imposed to Environmental History of 
the Early Modern Age by the lack of consistent historical data. Since theoretical agendas orient 
the academic production of knowledge in History at least as much as the sources, the 
achievements of Environmental History depend also on the creative and workable hypotheses 
put forward, as well as on the cooperation between specialists from different scientific fields. 
Ecology and Mathematics are just two of such welcome partners. 
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In fact, to the period under analysis, we do not expect to find many cases where historical 
records are sufficiently eloquent and complete to allow the reconstitution of entire ecosystems 
or the full explanation of changes. The analysis of the change is, in fact, the focus of History. 
Rather than stability and permanence, historians seek to identify dynamics of change, in the 
short, medium or long term. As many environmental processes occurred in the long term, the 
social, anthropological, political and economic contexts of the past being required to understand 
the factors and the levels of those changes, History becomes a crucial approach in scientific 
studies centred on the environment. Consequently, the coordination of History with other 
disciplinary fields is paramount.  

Those are some of the premises of this essay, in its attempt to contribute to an approach on the 
environmental impact which resulted from the new historical uses of the oceans, put forward 
by the European from 1400 to 1800, the period identified as The First Global Age. It also applies 
to the analysis of the results of the interaction of human action in ecosystems led by European 
overseas expansionism and the ensuing worldwide colonial process.   

3. Old topic, new approaches 

The subject under scrutiny is not new in historical research. Alfred Crosby, an environmental 
historian, seems to have given the tone for a field of research which strongly appealed to a 
significant number of disciples. Oriented by his civic commitment, Alfred Crosby became 
particularly interested in the History of people who were victimized, and economically exploited 
by the advance of European imperialism and capitalism. His focus was mostly centred on largely 
ignored factors of imperialism. Environmental colonialism became in his work, the ultimate 
expression of European imperialism (Crosby, varia). Current expressions of this historiographical 
trend are conveyed in a long list of works from which one can mention Richard Grove’s Green 
Imperialism (1995). 

A significant number of other works dedicated to the period under study, 1400 to 1800, 
published mostly during the 1990’s or later, could be also quoted, all of them underlining the 
impact of European colonialism mostly on the North American ecological systems. Studies on 
South American spaces, namely Brazil, are comparatively rarer, but they also exist. 

According to this historiographical perspective, Europeans tried to replicate, as much as 
possible, their way of living in the new territories, implying an intense projection of their 
influence upon the territories where they settled, with consent or by forceful means. The degree 
of adaptation and the level of transformation were, obviously, different according to the diverse 
universes of contact. A transformative process started in the 15th Century and converted, in the 
medium or long term, the alter environments to European expectations, provoking destruction 
in indigenous ecosystems. This is the context in which one should position Crosby’s well-known 
statement:  

 “The seams of Pangaea were closing, drawn together by the sailmaker’s needle. Chickens met 
kiwis, cattle met kangaroos, Irish met potatoes, Comanches met horses, Incas met smallpox - all 
for the first time. The countdown to the extinction of the passenger pigeon and the native peoples 
of the Greater Antilles and of Tasmania had begun. A vast expansion in the numbers of certain 
other species on this planet began, led off by pigs and cattle, by certain weeds and pathogens” 
(Crosby, 2009, 131).  
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This appealing statement poses the question of global ecological transfers between continents, 
across oceans. Crosby stresses the symbiotic process originated by a large-scale exchange of 
animals, plants, seeds, but also bacteria, viruses and diseases. 

Environmental colonialism seems, in this context, much more important than any other kind. 
And, in fact, a colonial economy, ruled by European markets, introduced new patterns of 
territory management, property regimes and soil exploitation. Colonial plantations, based on 
monoculture and latifundia, tended to dominate. Along with cattle breeding, they unbalanced 
old equilibriums and the profile of autochthone economies. Sugar, coffee, cacao, tobacco, tea, 
rice were transplanted to regions where they had never existed before, replacing old plantations 
or totally invading unexploited lands. Their cultivation consumed fertile soils, together with 
timber and tropical forests, required by a quest for arable land and for the energy necessary at 
the service of sugar mills. This is documented and known to Brazil and Latin America and Africa, 
even if less on the East, where the invasive (or invited) species brought to Asia or put in 
circulation by European within inter-Asian circuits seemed to have left a less impressive 
footprint.  

In the Spanish Americas’ mainland, gold and silver exploitation, extensive livestock, epidemic 
outbursts, side by side with the impact of forced or enslaved labour, through the Encomienda 
and the Repartimiento system, provoked both the depletion of ecosystems and a human 
exhaustion as high as 90 percent in some Mexican regions. Increasingly, formerly unexploited 
lands were taken by Spanish settlement and ranching, changing the natural and environmental 
balances. Mining activities in the Spanish Americas emerge as similarly responsible for the 
exhaustion of resources and, more than that, for an extended pollution increased by the use of 
mercury in its transformation process. 

Portuguese settlement in Brazil followed similar patterns even if with less extensive and 
immediate effects. Apart from the shoreline and the more intensive exploitation of the coastal 
fringes of Portuguese capitanias, there were the non-negligible actions of the bandeirantes, 
informal expeditions searching for precious metals and capturing indigenous people, acting 
without frontiers all over South America.  More than anything, it was the gold and diamond 
exploitation period, from the end of the 17th century onwards, that became responsible for a 
more extended and aggressive predation of Brazilian territory and ecosystems. The Portuguese 
replaced the indigenous patterns with a more intense exploitation of forest resources, mostly 
Brazil-wood, for which they formed a monopoly, as they replaced the autochthone small 
agrarian exploitation by latitudinarian colonial plantations of cotton and sugar, tobacco and 
coffee. Indians, well adapted to forest exploitation, but maladjusted to the plantation system, 
were replaced by an African slave work force. This is another human agent to take into 
consideration when bearing in mind shifts in ecosystems and environment. The massive forced 
migration of African populations is not without cultural and natural consequences to the 
American “New Worlds”. 

Similarly, one can argue, coffee, cacao, tobacco, tea, potatoes, tomatoes, rice changed, in the 
medium run, European habits and consumption patterns. Some had direct impact on European 
industries, like the provisioning of cotton, the use of dyes like indigo, brazil-wood, cochineal, 
pastel or heath, in the textile industry. While some of those products remained attached to elite 
circles, others contributed to a medium-term process of widespread dissemination of 
consumption patterns, as happened with sugar and spices, and to the transformation of land 
exploitation and agricultural uses of the soil, as with maize corn or potato plantations. Europe 
was not untouched by this massive process of transferences, even if an overall assessment of 
those impacts remains to be done (except, perhaps, for the maize).  
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There is a range of tropical and Asian products which should be particularly emphasized, given 
their transformation power and impact in what concerns their massive and structural effects on 
the food regime and on the agricultural landscape of Europe and Africa: the corn maize and the 
potatoes became the basis of European food regimes and prevented massive famines; the 
cassava, or the mandioca, coming from America, remains today the basis of the diet of a great 
deal of the African population. Rice, an eastern, Chinese product, became a transatlantic 
plantation product, and one of the main bases of the colonial economy of the British Empire. 
Tea became an essential product and cultural symbol. The fact that the increasing taxes on tea 
were one of the reasons contributing to the uprising of the British settlers in America against 
the crown is evidence of the way those transfers were effective and assimilated by the 
European, becoming central elements on their diet and daily habits. In some ways, colonized 
ecosystems colonized the Europeans and projected in their daily habits, as it happens to all kind 
of spices, the sugar, the coffee or the tobacco. 

4. (Re) orient the research  

It is commonly assumed that Environmental History tends to be based on an empirical 
examination of concrete processes, a casuistic approach to environmental phenomena, rather 
than a systematic and theoretical inquiry towards an overall understanding of long term 
processes. The shortage of publications based on theoretical models is taken as being 
responsible for the lack of a general depiction of the environmental phenomena. This is not, 
however, the way the analysis of “green imperialism” is being steered. According to the 
approach previously presented, the transformation of Asian, American and African ecosystems 
is understood to proceed from mechanisms of destruction and imposition forcefully executed 
by imperial agents and imperial policies. As a consequence, European imperial agents caused 
the destruction of tropical forests and the replacement of indigenous uses of the soil by an 
intensive agrarian exploitation system.  

As exemplified above, this is but a one sided, reductionist way of setting the case. On one hand, 
one does not understand (or just ignores) how the ecosystems react to this aggression and how 
they self-reconstruct by creating new biomes. On the other hand, the impact of the reciprocal 
invasion of American, African and Asian stuff into Europe is not accounted for. Indeed, the 
former analysis focus on the effects of human action on existent ecosystems, as if these were 
static pristine equilibrium configurations which changed only once the Europeans arrived. It 
stresses the connections between power (the colonial power) and nature, but usually forgets 
that it acts, itself, in an environment already moulded by pre-installed cultural systems. And 
these systems are diverse from Australia to Africa and America, and even quite different from 
one another in the same continents, not forgetting that some of them were already the result 
of previous imperial conquests, like the Aztecs or the Maya’s. 

The traditional perspective, focusing on the “ecological imperialism”, does not consider the way 
ecosystems are continuously adapting structures that react to the invaders and evolve into 
different environments. Moreover, one should not overlook the fact that as there is no natural 
determinism to human actions, there is no human determinism to nature or the configuration 
of ecosystems. Besides, through the millennia there were no stable environments: evolution and 
transformation are permanent trends in living organisms and ecosystems.  

Considering the mutual interferences between Nature and Culture, and assuming that the 
cultural systems of colonizers and indigenous people are autonomous but mutually 
interdependent, one should be aware of the need for a shift in the historical analysis. This shift 
is already on its way regarding the History of Empires. Will it be possible to initiate for 
Environmental History? 



Old and New Worlds: the Global Challenges of Rural History | International Conference, Lisbon, ISCTE-IUL, 27-30 January 2016 

 
7 

The reciprocal impacts resulting from the interconnection of different continents that happened 
in the period under scrutiny clearly call for incorporation in the analysis by Environmental 
History of theories and models of cooperation. These, together with the theoretical focus on the 
evolutionary ecology that took place on different continents, clearly has something to offer to a 
reanalysis of the environmental effects of the European colonialism, in Asia, Africa, America or 
Oceania in the First Global Age. New directions are needed, in order to question, first, how local 
actors and European interacted in order to use and manage the available natural resources and 
to react or adapt to new patterns of exploitation and to new invasive species.  

In fact, interaction, adaptation and assimilation processes have to be considered on the 
framework of our research plan. If, besides destruction patterns and stressful mechanisms 
projected over the ecosystems, one also questions — in light of what we know now from 
evolution and adaptation of ecosystems — the historical mechanisms of adaptation, both of 
men and the environment; the degrees of resilience of ecosystems and human communities to 
stressful factors; the possibility to adapt and to create alternative patterns of survival through 
the emergence of syncretic biomes and alternate behaviours and cultural patterns, maybe one 
can advance some contributions to vital questions of the present days: how to adapt to different 
climatic and biological conditions; how to create alternative  sustainability paths in a world 
which tends inexorably to unsustainability? 

Except for that, the traditional historiographical methods are not enough. One needs to put 
forward complex models of analysis and experiment new methodological tools, approved 
already in so many fields of research but not yet applied to History (at least not in the field of 
research of environmental studies). This is the challenge of our team. For that, historians will 
dialogue with ecologists, biologists and mathematicians in order to try to further understand 
both the dimensions of the changes in the landscape and the mechanism and factors that 
worked underneath the empirical, casuistic and fragmentary evidences we have available for 
the period between 1500-1800. To a large extent, adaptation of models already tested in other 
areas of knowledge may prove extremely useful in this quest. This, however, requires deep 
integration between researchers of these different areas and the development of a common 
language that will allow the fruitful combination of these models with historiographical analysis.  

The team  intends thus to employ state-of-the art methods stemming from evolutionary 
ecology, population dynamics and network science, combined with models of cooperation, to 
develop a holistic approach which, combined with pre-statistical sources and historical analysis, 
may provide  new insights regarding the environmental effects of colonial dynamics, both in the 
New and Old Worlds. This requires integration of spatio-temporal data with information on links 
and connections that transcend geography, to be dealt with using computational models 
developed in the disciplines mentioned above. Mathematical modelling of complex systems, 
with emphasis on models extrapolating across scales of space, time, and organizational 
complexity, bring the adequate tools to describe and analyse the behaviour of large and 
heterogeneous ensembles that are subject to permanent evolutionary modification (Levin, 
Grenfell, Hastings, Perelson, 1997). 

They will surely provide new methodological approaches to materialize the reorientation 
mentioned above and study of complex systems in the past. In particular, we will be interested 
in investigating which mechanisms may have been at work which promoted cooperative 
behaviour. This, together with models of disease progression and diffusion of innovations have 
been the focus of much of the research carried out by Jorge M. Pacheco and Francisco Santos in 
recent work, showing how diversity associated with the way populations are organised is 
determinant in individual choices, in particular for establishing cooperative actions(Santos, 
Santos, Pacheco, 2008). The fact that these studies combine state-of-the-art developments 
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achieved in areas such as  Evolution, Game Theory, Network Science, Ecology and Economics 
sets the stage for a fruitful integration of complex system modelling as useful tools in the new 
Environmental History we envisage.   
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