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Preface 
 

Preserving the Humboldt Tradition of Scholarship in Australasia is a collection of 
papers presented at the Fourteenth Biennial Conference of the Australian Association of von 
Humboldt Fellows (AAvHF), held at Neuroscience Research Australia, Barker Street, 
Randwick, N.S.W., from Friday, 30th September to Sunday, 2nd October, 2011. The AAvHF is 
the national professional Association of von Humboldt Fellows in Australia. Membership is 
open to any Australian resident previously awarded a Fellowship or Award by the Alexander 
von Humboldt Foundation (AvHF) and to any visiting Lynen Fellow from Germany, 
researching at an Australian Institution. The AAvHF facilitates professional and social contact 
amongst Humboldtians in Australia, as well as encouraging new and existing links between 
members and German researchers. It also provides a focus to reciprocate the most generous 
hospitality afforded Australian scholars visiting Germany under the auspices of the AvHF. 

While functions involving Humboldtians are held from time to time at the State level, 
the AAvHF Biennial Conference provides a unique opportunity for researchers from many 
disciplines to gather together to present the results of their research which may represent their 
own individual work within Australia, or from periods spent overseas and, in particular, from 
research in collaboration with their German colleagues. For the Fourteenth Conference, it was 
pleasing to be able to welcome a number of New Zealand Humboldtians, several of whom 
presented papers from their recent research. In an age when research projects are often 
shrinking in their overall perspective of a particular discipline, it remains an ongoing 
challenge, in the true spirit of Alexander von Humboldt, to present a paper to an AAvHF 
Biennial Conference at which ones audience will be representative of the physical and 
biological sciences, the humanities, the arts, etc. The collection of papers presented in this 
book, which have been prepared from 11 of the 19 presentations at the Conference, attest to 
this multidisciplinary scholarship. 

All papers published have been peer-reviewed by two professional researchers and 
modifications/corrections carried out by authors in response to these two reviewers’ reports.  

The conference was officially opened by the German Ambassador, Dr. Christoph 
Müller, and the text of his opening remarks provides the Introduction to this book. In addition, 
two invited papers followed on the opening night of the conference by Professor Dr. Steffen 
Lehmann, University of South Australia and a DAAD Alumnus, and Professor Ian Frazer, 
University of Queensland. Several DAAD Alumni were able to attend these invited lectures. 
A most enjoyable dinner cruise on Sydney Harbour had been organised for the Saturday 
evening together with pleasant and appropriate Tafelmusik from the Carinya Strings 
Ensemble. A feature of this evening was an after-dinner presentation entitled, “Could 
Alexander von Humboldt have Played Cricket?” A paper with this title, resulting from the 
research undertaken in preparing this presentation, has also been included in this booklet, 
following its peer-review. 

The financial support afforded to the Conference by the Alexander von Humboldt 
Foundation, Neuroscience Research Australia, The University of Western Sydney, the 
Embassy of the Federal Republic of Germany and the Deutscher Akademischer Austausch 
Dienst (DAAD), is gratefully acknowledged. Sincere thanks must also be recorded to the 
local Committee, Associate Professor Kay Double (Neuroscience Research Australia), Dr. 
Maria Nowotny (Solar Energy Technology Research Group, University of Western Sydney) 
and Professor Rob Robson (School of Engineering and Physical Sciences, James Cook 
University), for the organisation of a most successful Conference. 
 
Trevor R. Finlayson 
Editor 
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Introduction 
 

It is with great pleasure that I take the opportunity to address this distinguished forum at 
your Biennial Meeting. Having arrived to Australia only three weeks ago I am still 
overwhelmed by all the new impressions, certainly at a place like Sydney! I regard it as a 
lucky coincidence to meet with members of one of Germany’s most prestigious science 
organizations at such an early stage of my new posting. 

The Alexander von Humboldt Community in Australia and New Zealand presents itself 
as a strong and thriving alliance, with a great number of current and former scholarship-
holders working at the forefront of academic cooperation and progress. Intercultural exchange 
in science was triggered by Humboldt himself, starting already in the late 18th century. We are 
right at the core of one the most decisive developments in international science: enhancement 
of international scientific cooperation. What is the German Government doing about it these 
days? 

Occasions like this weekend conference provide the perfect setting for researchers to 
interact and to receive new impulses for future projects. These networking opportunities are 
of growing significance since the educational and research sector worldwide has undergone 
major changes. The allocations of responsibilities between public and private research are in a 
state of flux, opening up a broad range of study and research possibilities for students and 
scientists worldwide. 

Despite Germany`s excellent reputation as an educational stronghold, it is becoming 
increasingly difficult for German universities to compete in the globalized education market. 
The only way to conquer these challenges is to realize that there cannot be excellence in 
education without international relations at its core. If Germany, as one of the world’s most 
innovative and export-oriented nations, wants to stay at the forefront of research 
developments, it is of paramount importance to promote cooperation with universities and 
other educational providers worldwide.  

In order to support the German education sector, the German Federal Ministry of 
Education and Research has launched its strategy for the Internationalization of Science and 
Research in February, 2008. The initiative aims at supporting the international exchange of 
students and researchers, while discouraging the loss of top-class scientists, i.e., permanent 
emigration. Moreover, the accessibility of innovative potential worldwide to German 
enterprises shall be ensured through the program. With the project, “German educational 
offers abroad” for example, Germany is entering a market that was formerly dominated by 
American and British education investments. With 27 projects so far, the German Academic 
Exchange Service has encouraged German educational institutions to create German 
universities and other tertiary education centres in foreign countries, for example, in 
Singapore, Ho-Chi-Minh City and Cairo.  

Furthermore, the GAIN (German Academic International Network) project also plays 
an important role in encouraging scientists to return to Germany, for example, by organizing 
conferences such as the most recent one this month in San Francisco. The initiative, founded 
in 2003, has become a well established organization with over 3,000 registered researchers 
building sustainable relationships, especially in North America.  

Besides projects abroad, also the creation of attractive offers inside of Germany is an 
important tool. For example, a number of academic prizes serve as further impulses for the 
influx of high-class researchers. Among them are the Sofja-Kovalevskaja Prize and the 
Alexander von Humboldt Professorship. Alongside improved university-marketing such as 
the “Hi!-Potentials” campaign and extended partnerships with universities worldwide, 
Germany`s university landscape is becoming increasingly international.  
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However, it is not only Germany that is facing the problem of increasing 
competitiveness in the education sector. The Australian education landscape is also 
undergoing drastic structural changes. Within the framework of the innovative agenda, 
“Powering ideas – an Innovation Strategy for the 21st Century”, the government raised the 
research budget to A$8.58m, meaning an increase of 25% compared to the previous years.  

With the establishment of a so called “Science Circle”, starting in Canberra, the 
German Embassy in Canberra is contributing its share to the interconnectedness of German 
and Australian scientists. The inaugural meeting of the Science Circle will take place on 
October 4th at the Australian National University. 

The German-Australian academic and scientific relations are already very intensive, 
with currently 361 cooperation projects involving German and Australian universities, which 
means a significant increase from 258 in 2009. About 6,000 German students were studying 
in Australia in 2010, making them the largest student group from Europe. Therefore, 
Germany highly welcomes the recommendations made in the Strategic Review of the Student 
Visa Program that would facilitate the exchange of German and Australian students even 
more. 

As Australia seeks to develop more environmentally friendly industrial technologies, 
research exchange has especially flourished in the field of renewable energies. To that effect, 
the Memorandum of Understanding signed between the Fraunhofer Institute for Solar Energy 
Systems and the Australian Solar Institute in 2010 serves as a perfect example. In 
combination with an agreement between the Australian and German Governments A$900,000 
were jointly offered to researchers in the field of renewables and especially in the field of 
photovoltaics. As we can see, Australia and Germany already nurture intensive ties 
concerning research, with much more potential to explore.  

Nevertheless, successful developments like this would not have been possible without 
continuous activities by educational institutions such as the German Academic Exchange 
Service and the Alexander von Humboldt Foundation, both of which provide a strong base for 
healthy German-Australian relations in research and education. 

I wish all the members of the Alexander von Humboldt Foundation a successful and 
thought-inspiring conference! Thank you very much! 
 
Christoph Müller 
Ambassador 
Embassy of the Federal Republic of Germany 
Canberra  
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Transforming the City for Sustainability: The Principles of 
Green Urbanism 

 
Steffen Lehmanna 

 
a Director, ZWSA Research Centre for Sustainable Design and Behaviour (sd+b), 

University of South Australia, 5000, Australia. 
 

This paper will first look at the timeline of important publications on 
sustainable design, that have emerged from different schools of thought, to 
exemplify how gradually the notion of Green Urbanism evolved. It then 
identifies the intertwined principles for achieving Green Urbanism. 

 
New Urbanism  
New Urbanism is an urban design movement, which arose in the USA in the early 1980s, 
promoting walkable, mixed-use neighbourhoods and transit-oriented development, seeking to 
end suburban sprawl and promote community. Characteristics include: narrow streets, wide 
sidewalks and higher densities.  
 
Green Urbanism 
Green Urbanism is a conceptual model for zero-emission and zero-waste, urban design, which 
arose in the 1990s, promoting compact, energy-efficient, urban development, seeking to 
transform and re-engineer existing city districts and regenerate the post-industrial city centre. 
It promotes the development of socially and environmentally sustainable city districts. 
 
1. Introduction: The origins of Green Urbanism 

Over the last thirty-five years or so, an international debate on eco-city theory has 
emerged and has developed as a relevant research field concerning the future of urbanism and 
the city itself. During that time, a number of architectural schools of thought have been 
implemented worldwide. One such school is Technical Utopianism (a technological idealism 
that relied on the quick “techno-fix”, as expressed, for instance, in the work of Archigram 
[1]). Other early writing on green urbanism was available from Ebenezer Howard [2], whose 
1902 book was entitled ‘Garden City of Tomorrow’, and whose political and social agenda 
has recently made a comeback. Much later, in 1969, Reyner Banham [3] pioneered the idea 
that technology, human needs and environmental concerns should be considered an integral 
part of architecture. Probably no historian before him had so systematically explored the 
impact of environmental engineering and services on the design of buildings. Some other 
early significant writing on green urbanism has come from Lewis Mumford and Jane Jacobs, 
although they didn’t call it green urbanism. From Silent Spring (by Rachel Carson [4]), to 
Victor Olgyay’s Design with Climate [5], to Reyner Banham’s Architecture of the Well-
tempered Environment [3], to Ian McHarg’s Design with Nature [6] and to the pivotal 
publications by authors re-connecting urbanism with the climatic condition (such as 
Königsberger [7] or Brundtland [8]), the important contributions from Robert and Brenda 
Vale [9] and the Solar City Charter (Herzog [10]), the field of sustainable city theories and 
climate-responsive urbanism has constantly been expanded. An important contribution came 
from Günther Möwes with his book Weder Hütten noch Paläste [11], which is a 
programmatic manifesto for designing and constructing longer-lasting buildings.  

More recent theories for Compact Cities and Solar Cities (Jenks and Burgess [12] and 
Lehmann [13]) encapsulate the visions based on the belief that urban revitalization and the 
future of the city can only be achieved through re-compacting and using clearly formulated, 
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sustainable, urban-design principles. These principles for achieving green urbanism have to be 
clearly defined and adjusted to an era of rapid urbanization, especially in the Asia-Pacific 
Region. In the 21st century we are working in an entirely new context for which we need new 
types of cities. As noted by Ulrich Beck [14], we have arrived in a new era of uncertainty, 
where energy, water and food supply are critical. We live in a world of increasingly non-
calculable uncertainty that we create with the same speed of its technological developments 
[14]. 

In 1972, the Club of Rome formulated, in its study Limits of Growth [15], the negative 
effect of sprawl and over-consumption of resources. Today, we know that uncontrolled 
development is a damaging exercise, and that urban growth should occur in existing city areas 
rather than on green-field sites. Portland, Oregon, USA was well ahead of most other cities 
when, in the early 1980s, it introduced a legally binding growth boundary, to stop sprawl and 
the emptying-out of its downtown area. Today, younger people don’t desire to live in the 
endless suburbs anymore, but have started to re-orientate themselves back to the city core, 
mainly for lifestyle reasons [16]. However, as several recent studies of inner-city lifestyles 
reveal, an increase in consumption can be part of the inner-city renaissance, which often 
enlarges the ecological footprint of the urban dweller (e.g., research by the Universities of 
Vancouver and Sydney on the effect of higher population density and increase in lifestyle 
gadgets owned by urban dwellers).  

At the end of the 20th century, Tokyo, Sao Paulo, Mexico-City, Mumbai, Calcutta, 
Shanghai and Beijing have grown to become endless urban landscapes. They are new types of 
mega-cities which express an impossibility of orderly planning and strategic regulation. In his 
1994 essay [17], Rem Koolhaas rightly asked What ever happened to urbanism? In 2000, the 
term Climate Change became widely introduced. We find emerging Green Urbanism theory 
for the 21st century, which aims to transform existing cities from fragmentation to 
compaction.  

Eco-city theory (Fig. 1) focuses on adjusting the relationship between city and nature. 
Leading sociologists and urban theorists, including Ulrich Beck, Saskia Sassen, Richard 
Sennett, Jan Gehl, Manuel Castells, Anthony Giddens, Herbert Girardet and Thomas Sieverts, 
to name just a few, are exploring wider areas such as globalization, urban sustainability, 
ecology, network systems, information and communication technologies and other related 
fields. Federico Butera, Ken Yeang, Richard Burdett, Jaime Lerner and Jeffrey Kenworthy 
also made some important contributions to the discussion of sustainable, urban planning. 
Solar cities in Linz-Pichling (Austria), Freiburg-Vauban and the Solar District Freiburg-
Schlierberg (Germany), Hanover-Kronsberg (Germany), Stockholm Hammarby-Sjöstad 
(Sweden), the BedZED Development in Sutton (South of London, UK), and the green district 
EVA Lanxmeer in Culemborg (The Netherlands), represent some of the built milestones in 
sustainable, urban development at the beginning of the 21st century. The Swedish city of 
Vaexjö has been very successful in reducing its CO2 emissions and will be, by 2015, entirely 
independent from fossil fuels. The industrial park in Kalundborg (Denmark) is often cited as a 
model for industrial ecology, while the city of Waitakere, in the Western part of the greater 
Auckland urban region, is New Zealand’s first eco-city. More recently, excellent compilations 
of research on sustainable cities have been published by Satterthwaite [18] and Wheeler and 
Beatley [19].  

In the meantime, Sustainability Science has emerged as a conceptual and theoretical 
basis for a new planning paradigm. Today, we can probably recognize two major breaks in the 
continuous development of cities. The first is connected to the introduction of the automobile, 
which made possible an entirely different, dispersed, city model (the de-compacted 
Functional City of the 20th century). The second, the full awareness of climate change, is of 
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Fig. 1. (Upper): The three pillars of Green Urbanism, and the 
interaction between these pillars. (Lower):  The holistic concept of 
Eco-city has again a balanced relationship between the urban (city) 
and the rural (countryside). 

equal importance and just as far-reaching, raising the possibility of entirely new city models 
and typologies that are likely to emerge:  Green Urbanism.  

Cities can and must become the most environmentally-friendly model for inhabiting 
our earth. It is more important than ever to re-conceptualize existing cities and their 
systems of infrastructure, to be compact, mixed-use and polycentric cities.  

 
2. Formulating the principles of Green Urbanism 

Green Urbanism (Fig. 1) is, by definition, interdisciplinary. It requires the collaboration 
of landscape architects, engineers, urban planners, ecologists, transport planners, physicists, 
psychologists, sociologists, economists and other specialists, in addition to architects and 
urban designers. Green Urbanism makes every effort to minimize the use of energy, water 
and materials, at each stage of the 
city’s or district’s life-cycle, 
including the embodied energy in 
the extraction and transportation 
of materials, their fabrication, 
their assembly into the buildings 
and, ultimately, the ease and 
value of their recycling when an 
individual building’s life is over. 
Today, urban and architectural 
design also have to take into 
consideration the use of energy in 
the district’s or building’s 
maintenance and changes in its 
use, not to mention the primary 
energy use for its operation, 
including lighting, heating and 
cooling. 

 
2.1 Energy, water and food 

security 
This part introduces the 15 

Principles of Green Urbanism as 
a conceptual model and as a 
framework for how we might be 
able to tackle the enormous 
challenge of transforming 
existing neighbourhoods, districts 
and communities, and how we 
can re-think the way we design, 
build and operate in future our 
urban settlements. These 
principles are partly universal, 
but there is no one single formula 
that will always work. To achieve 
more sustainable cities, urban 
designers must understand and 
apply the core principles of 
Green Urbanism in a systematic 



 4

and adapted way. These principles can be effective in a wide variety of urban situations, but 
they almost always need to be adapted to the context and the project’s scale, to the site’s 
constraints and opportunities. We need to develop a specific approach for each unique site and 
situation, adapting the principles to the particular climatic conditions, site context, availability 
of technology, social conditions, project scale, client’s brief, diverse stakeholder 
organizations, and so on. It is an approach to urban design that requires an optimization 
process and a solid understanding of the development’s wider context and its many 
dimensions before the designer can produce an effective design outcome.  

With all this technological progress, we should not lose sight of the fact that a key 
component in any society’s sustainability is more than its carbon footprint. The future of 
our societies is not just merely a technical matter of finding more eco-friendly energy 
solutions, but a question of holistic social sustainability and identifying principles for 
healthy communities.  

 
2.2 Social sustainability and a healthy community need to be part of any vision of the future 

The districts and cities where the Principles of Green Urbanism have been applied and 
integrated in every aspect are urban environments that:  
• respond well to their climate, location, orientation and context, optimizing natural assets 

such as sunlight and wind flow; 
• are quiet, clean and effective, with a healthy microclimate; 
• have reduced or have no CO2 emissions, as they are self-sufficient energy producers, 

powered by renewable energy sources; 
• eliminate the concept of waste, as they are based on a closed-loop ecosystem with 

significant recycling, reusing, remanufacturing and composting; 
• have high water quality, practising sensitive urban water management; 
• integrate landscape, gardens and green roofs to maximize urban biodiversity and mitigate 

the urban heat island effect; 
• take only their fair share of the earth’s resources, using principles of urban ecology; 
• apply new technologies such as co-generation, solar cooling and electric-mobility; 
• provide easy accessibility and mobility, are well inter-connected, and provide an efficient, 

low-impact, public-transport system; 
• use regional and local materials and apply prefabricated, modular construction systems; 
• create a vibrant sense of place and authentic, cultural identity, where existing districts are 

densified and make use of urban, mixed-use, infill projects;  
• are generally more compact communities around transport nodes (“green TODs”), with a 

special concern for affordable housing and mixed-use programs; 
• use deep-green, passive, design strategies and solar-architecture concepts for all buildings, 

with compact massing for reduced heat-gain in summer; 
• are laid-out and oriented in a way that keeps the buildings cool in summer, but which 

catches the sun in winter; 
• have a local food supply through community gardens and urban farming, which achieve 

high food security and reduced “food miles”; and  
• use a multi-disciplinary approach, best practice for urban governance and sustainable 

procurement methods.  
All these criteria make it clear that our design focus should be on the neighbourhood and 

district scale, with projects on urban infill or redevelopment (brownfield) sites, adjacent to 
existing developed areas and transport nodes (avoiding further greenfield sites or master 
planned developments in non-urban areas). The following Principles of Green Urbanism were 
developed to further flesh-out these ideas. 
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3. The 15 guiding Principles of Green Urbanism, for local action and a more 

integrated approach to urban development 
The following is a short list of the principles; for full discussion, see my book [20]. It 

must be noted, though, that in order to enable sustainable urban development and to ensure 
that eco-districts are successful on many levels, all urban design components need to work 
interactively and cannot be looked at separately. The principles are based on the triple-zero 
framework (triple-bottom line) of:  
• zero fossil-fuel energy use;  
• zero waste; and  
• zero emissions (aiming for low-to-no-carbon emissions). 

“Zero waste” means that buildings are fully demountable and fully recyclable at the end 
of their life-cycle, so that the site can return to being a green-field site after use. 
Understandably, it requires a holistic approach to put the principles into action and to guide 
the available know-how to the advantage of the city. The principles describe the strategies 
necessary for eco-districts, although they need to be adapted to the location, context and scale 
of the urban development. It may be difficult at first to achieve some of the principles, but all 
are important; they can potentially save money, reach early payback, improve livability and 
increase opportunities for social interaction of residents. The principles offer practical steps 
on the path to sustainable cities, harmonizing growth and usage of resources. The truly 
“carbon-neutral” city has not yet been built, but all projects in this direction are important 
steps towards turning the vision into a reality. 

The sustainability matrix – the 15 Principles of Green Urbanism – consists of: 
 

3.1 Principle 1  Climate and Context  
The city based on its climatic conditions, with appropriate responses to location and site 

context. What are the unique site constraints, climatic conditions and opportunities?  
Every site or place has its own unique individual conditions in regard to orientation, 

solar radiation, rain, humidity, prevailing wind direction, topography, shading, lighting, noise, 
air pollution and so on. The various aspects of this principle include: climatic conditions, 
which are seen as the fundamental influence for form-generation in the design of any project; 
understanding the site and its context, which is essential at the beginning of every sustainable 
design project; optimizing orientation and compactness to help reduce the city district’s heat 
gain or losses; achieving a city with minimized environmental footprint by working with the 
existing landscape, topography and resources particular to the site, and the existing micro-
climate of the immediate surroundings. Maintaining complexity in the system is always 
desirable (be it biodiversity, eco-system or neighbourhood layout), and a high degree of 
complexity is always beneficial for society. Enhancing the opportunities offered by 
topography and natural setting leads to a city well adapted to the local climate and its eco-
system. We can use the buildings’ envelope to filter temperature, humidity, light, wind and 
noise. Due to the different characteristics of every location, each city district has to come up 
with its own methods and tailored strategies to reach sustainability and to capture the spirit of 
the place. Each site or city is different and the drivers for re-engineering existing districts will 
need to understand how to take full advantage of each location’s potential, and how to fine-
tune the design concept to take advantage of local circumstances. As an aim, all urban 
development must be in harmony with the specific characteristics, various site factors and 
advantages of each location and be appropriate to its societal setting and contexts (cultural, 
historical, social, geographical, economical, environmental and political). In future, all 
buildings will have climate-adapted, envelope technologies, with facades that are fully 
climate-responsive. 
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3.2 Principle 2  Renewable Energy for Zero CO2 Emissions 

The city as a self-sufficient, on-site, energy producer, using decentralized district energy 
systems. How can energy be generated and supplied emission-free and in the most effective 
way?  

The various aspects of this principle include: energy supply systems and services, as 
well as energy efficient use and operation, promoting increased use of renewable power, and 
perhaps natural gas as a transition fuel in the energy mix, but always moving quickly away 
from heavy fossil-fuels such as coal and oil; and the transformation of the city district from an 
energy consumer to an energy producer, with local solutions for renewables and the 
increasing de-carbonizing of the energy supply. The supply of oil will last shorter than the 
life-expectancy of most buildings. The local availability of a renewable source of energy is 
the first selection criterion for deciding on energy generation. In general, a well-balanced 
combination of energy sources can sensibly secure future supply. A necessary aim is also to 
have a distributed energy supply through a decentralized system, utilizing local renewable 
energy sources. This will transform city districts into local power stations of renewable 
energy sources, which will include solar photovoltaic (PV), solar thermal, wind (on- and off-
shore), biomass, geothermal power, mini-hydro energy and other new technologies. Some of 
the most promising technologies are in building-integrated PV, urban wind turbines, micro-
combined-heat-and-power (CHP) plants and solar cooling. That is to say, there should be on-
site electrical generation and energy storage in combination with a smart grid which integrates 
local solar and wind generation, utilizing energy efficiency in all its forms. Solar hot water 
systems would be compulsory. Co-generation technology utilizes waste heat through CHP 
plants. Energy-efficiency programs are not enough. Too often we find that savings from 
energy-efficiency programs are absorbed by a rise in energy use. Genuine action on climate 
change means that coal-fired power stations cease to operate and are replaced by renewable 
energy sources. Eco-districts will need to operate on renewable energy sources as close to 100 
per cent as possible. As a minimum, at least 50 per cent of on-site renewable-energy 
generation should be the aim of all urban planning, where the energy mix comes from 
decentralized energy generation and takes into account the resources that are locally available, 
as well as the cost and the availability of the technology. Optimizing the energy balance can 
be achieved by using exchange, storage and cascading (exergy) principles. It is, therefore, 
essential that the fossil-fuel powered energy and transportation systems currently supporting 
our cities are rapidly turned into systems that are supplied by renewable energy sources. High 
building insulation, high energy-efficiency standards and the use of smart metering 
technology are essential, so that if a part of an office building is not in use, the intelligent 
building management system will shut down lights and ventilation.  

 
3.3 Principle 3  Zero-Waste City 

The zero-waste city as a circular, closed-loop eco-system. How to avoid the creation of 
waste in the first place – changing behaviour of consumption?  

Sustainable waste management means to turn waste into a resource. All cities should 
adopt nature’s, zero-waste, management system. Zero-waste, urban planning includes 
reducing, recycling, reusing and composting waste to produce energy. All material flows need 
to be examined and fully understood, and special attention needs to be given to industrial 
waste and e-waste treatment. We need to plan for recycling centres, for zero landfill and 
eliminating the concept of waste and better understanding nutrient flows [21]. Eco-districts 
are neighbourhoods where we reuse and recycle materials and significantly reduce the volume 
of solid waste and toxic chemical releases. All construction materials as well as the 
production of goods (and building components) need to be healthy and fully-recyclable. 
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Waste prevention is always better than the treatment or cleaning-up after waste is formed. 
Some other systems that need to be put in place are: the remanufacturing of metals, glass, 
plastics and paper into new products needs to be a routine (without down-grading the 
product); waste-to-energy strategies are needed for residual waste; and an “extended producer 
responsibility” clause is needed for all products. In this context of waste, better management 
of the nitrogen cycle has emerged as an important topic: to restore the balance to the nitrogen 
cycle by developing improved fertilization technologies, and technologies in capturing and 
recycling waste. Controlling the impact of agriculture on the global cycle of nitrogen is a 
growing challenge for sustainable development. Essentially, we need to become (again) a 
“recycling society”, where it is common that around 60 to 90 per cent of all waste is recycled 
and composted. 

 
3.4 Principle 4  Water 

The city with closed urban water management and a high water quality. What is the 
situation in regard to the sustainable supply of potable drinking water?  

The various aspects of this principle include, in general, reducing water consumption, 
finding more efficient uses for water resources, ensuring good water quality and the 
protection of aquatic habitats. The city can be used as a water-catchment area by educating 
the population in water efficiency, promoting rainwater collection and using wastewater 
recycling and storm-water-harvesting techniques (e.g., solar-powered, desalination plants). 
Storm-water and flood management concepts need to be adopted as part of the urban design, 
and this includes storm-water run-offs and improved drainage systems and the treatment of 
wastewater. As part of the eco-district’s adequate and affordable health-care provisions, it 
needs to ensure the supply of safe water and sanitation. This includes such things as algae and 
bio-filtration systems for grey water and improving the quality of our rivers and lakes so that 
they are fishable and swimmable again. An integrated urban-water-cycle planning and 
management system that includes a high-performance infrastructure for sewage recycling 
(grey and black water recycling), storm water retention and harvesting the substantial run-off 
through storage, must be a routine in all design projects. On a household level we need to 
collect rain water and use it sparingly for washing and install dual-water systems and low-
flush toilets. On a food production level we need to investigate the development of crops that 
need less water and are more drought resistant. 

 
3.5 Principle 5  Landscape, Gardens and Urban Biodiversity 

The city that integrates landscapes, urban gardens and green roofs to maximize 
biodiversity. Which strategies can be applied to protect and maximize biodiversity and to re-
introduce landscape and garden ideas back in the city, to ensure urban cooling?  

A sustainable city takes pride in its many beautiful parks and public gardens. This pride 
is best formed through a strong focus on local biodiversity, habitat and ecology, wildlife 
rehabilitation, forest conservation and the protecting of regional characteristics. Ready access 
to these public parks, gardens and public spaces, with opportunities for leisure and recreation, 
are essential components of a healthy city, as is arresting the loss of biodiversity by enhancing 
the natural environment and landscape, and planning the city using ecological principles 
based on natural cycles (not on energy-intensive technology) as a guide, and increasing urban 
vegetation. A city that preserves and maximizes its open spaces, natural landscapes and 
recreational opportunities is a more healthy and resilient city. The sustainable city also needs 
to introduce inner-city gardens, urban farming/agriculture and green roofs in all its urban-
design projects (using the city for food supply). It needs to maximize the resilience of the eco-
system through urban landscapes that mitigate the “urban heat island” (UHI) effect, using 
plants for air-purification and urban cooling. Further, the narrowing of roads, which calms 
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traffic and lowers the UHI effect, allows for more (all-important) tree planting. Preserving 
green space, gardens and farmland, maintaining a green belt around the city, and planting 
trees everywhere (including golf courses), as trees absorb CO2, is an important mission, as is 
conserving natural resources, respecting natural energy streams and restoring stream and river 
banks, maximizing species diversity. At home, we need to de-pave the driveway or tear up 
parking lots. In all urban planning, we need to maintain and protect the existing eco-system 
that stores carbon (e.g., through a grove or a park), and plan for the creation of new carbon 
storage sites by increasing the amount of tree planting in all projects. The increase in the 
percentage of green space as a share of total city land is to be performed in combination with 
densification activities.  

 
3.6 Principle 6  Sustainable Transport and Good Public Space: Compact and Poly-Centric 

Cities  
The city of eco-mobility, with a good public space network and an efficient, low-

impact, public-transport system for post-fossil-fuel mobility. How can we get people out of 
their cars, to walk, cycle, and use public transport?  

Good access to basic transport services is crucial, as it helps to reduce automobile 
dependency, as does reducing the need to travel. We need to see integrated, non-motorized 
transport, such as cycling or walking, and, consequently, bicycle/pedestrian-friendly 
environments, with safe bicycle ways, free-rental, bike schemes and pleasant public spaces. It 
is important to identify the optimal transport mix that offers inter-connections for public 
transport and the integration of private and public transport systems. Some ideas here include: 
eco-mobility concepts and smart infrastructure (electric vehicles); integrated transport systems 
(bus transit, light railway, bike stations); improved public space networks and connectivity, 
and a focus on transport-oriented development (“green TODs”). It is a fact that more and 
wider roads result in more car and truck traffic, and CO2 emissions, and also allows for 
sprawling development and suburbs that increase electricity demand and provide less green 
space. The transport sector is responsible for causing significant greenhouse-gas emissions 
(over 20 per cent). To combat this effect we need to change our lifestyles by, for example, 
taking public transport, driving the car less, or car-pooling. Alternatively, we can ride a bike 
or walk, if the city district has been designed for it. Personal arrangements have the potential 
to reduce commuting and to boost community spirit. We want a city district which is well-
connected for pedestrians, a city with streetscapes that encourage a healthy, active lifestyle 
and where residents travel less and less by car. “Green TODs” are the future, as these 
developments can create a range of medium-density-housing typologies and provide a variety 
of transportation choices, achieving a balance of residences and employment.  

 
3.7 Principle 7  Local and Sustainable Materials with Less Embodied Energy 

City construction using regional, local materials with less embodied energy and 
applying prefabricated, modular systems. What kind of materials are locally available and 
appear in regional, vernacular architecture?  

The various aspects of this principle include advanced materials technologies, using 
opportunities for shorter supply chains, where all urban designs focus on local materials and 
technological know-how, such as, regional timber in common use. Affordable housing can be 
achieved through modular prefabrication. Prefabrication has come and gone several times in 
modern architecture, but this time, with closer collaboration with manufacturers of 
construction systems and building components in the design phase, the focus will be on 
sustainability. We need to support innovation and be aware of sustainable production and 
consumption, the embodied energy of materials and the flow of energy in closing life-cycles. 
We need to emphasize green manufacturing and an economy of means, such as process-
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integrated technologies that lead to waste reduction. It is more environmentally friendly to use 
lightweight structures, enclosures and local materials with less embodied energy, requiring 
minimal transport. We need improved material and system specifications, supported by 
research in new materials and technological innovation, reduced material diversity in multi-
component products to help facilitate the design for resource recovery, disassembly, value 
retention and the possibility of reusing entire building components. Success in this area will 
increase the long-term durability of buildings, reduce waste and minimize packaging.  

 
3.8 Principle 8  Density and Retrofitting of Existing Districts  

The city with retrofitted districts, urban infill, and densification/intensification strategies 
for existing neighbourhoods. What are the opportunities to motivate people to move back to 
the city, closer to workplaces in the city centre?  

The various aspects of this principle include: encouraging the densification of the city 
centre through mixed-use, urban infill, centre regeneration and green TODs; increasing 
sustainability through density and compactness (compact building design means developing 
buildings vertically rather than horizontally); promoting business opportunities around green 
TODs; optimizing the relationship between urban planning and transport systems; retrofitting 
inefficient building stock and systematically reducing the city district’s carbon footprint. 
Consideration will need to be given to better land-use planning to reduce the impact of urban 
areas on agricultural land and landscape; increasing urban resilience by transforming city 
districts into more compact communities and designing flexible typologies for inner-city 
living and working. Special strategies for large metropolitan areas and fast-growing cities are 
required. Here, examples of rapid development are being provided by Asian cities. Special 
strategies are also needed for small and medium-sized towns due to their particular milieu, 
and creative concepts are needed for the particular vulnerabilities of Small Island States and 
coastal cities. Public space upgrading through urban renewal programs will bring people back 
to the city centre. This will need some strategic thinking about how to use brownfield and 
greyfield developments and also the adaptive reuse of existing buildings. Remodeling and re-
energizing existing city centres to bring about diverse and vibrant communities requires 
people to move back into downtown areas. This can be achieved through mixed-use, urban, 
infill projects, building the “city above the city” by converting low-density districts into 
higher-density communities and by revitalizing underutilized land for community benefit and 
affordable housing. In the compact city, every neighbourhood is sustainable and self-
sufficient and uses ESCo principles for self-financing energy efficiency and in all retrofitting 
programs.  

 
3.9 Principle 9  Green Buildings and Districts, using Passive Design Principles 

The city that applies deep-green, building-design strategies and offers solar access for 
all new buildings. How can we best apply sustainable design and passive design principles in 
all their forms and for all buildings?  

The various aspects of this principle include: low-energy, zero-emission designs, 
applying best practice for passive design principles, for all buildings and groups of buildings; 
dramatically reducing building energy use; introducing compact solar architecture; and 
renovating and retrofitting the entire building stock. New design typologies need to be 
developed at low cost, and we need to produce functionally neutral buildings that last longer. 
We need to apply facade technology with responsive building skins for bio-climatic 
architecture, to take advantage of cooling breezes and natural cross-ventilation, maximizing 
cross-ventilation, day-lighting and opportunities for night-flush cooling; we need to focus on 
the low consumption of resources and materials, including the reuse of building elements; and 
design for disassembly. Other ideas include: mixed-use concepts for compact housing 
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typologies; adaptive reuse projects that rejuvenate mature estates; solar architecture that 
optimizes solar gain in winter and sun shading technology for summer, catching the low 
winter sun and avoiding too much heat gain in summer. It is important to renew the city with 
energy-efficient, green architecture, creating more flexible buildings of long-term value and 
longevity. Flexibility in plan leads to a longer life for buildings. Technical systems and 
services have a shorter life-cycle. This means, first of all, applying technical aids sparingly 
and making the most of all passive means provided by the building fabric and natural 
conditions. Buildings that generate more energy than they consume, and collect and purify 
their own water, are totally achievable. We need to acknowledge that the city as a whole is 
more important than any individual building.  

 
3.10 Principle 10  Livability, Healthy Communities and Mixed-Use Programs 

The city with a special concern for affordable housing, mixed-use programs, and a 
healthy community. How does urban design recognize the particular need for affordable 
housing, to ensure a vibrant mix of society and multi-functional mixed-use programs?  

Land-use, development patterns are the key to sustainability. A mixed-use (and mixed-
income) city delivers more social sustainability and social inclusion, and helps to repopulate 
the city centre. Demographic changes, such as age, are a major issue for urban design. It is 
advantageous for any project to maximize the diversity of its users. Different sectors in the 
city can take on different roles over a 24-hour cycle, for example, the central business district 
is used for more than just office work. In general, we want connected, compact communities, 
for a livable city, applying mixed-use concepts and strategies for housing affordability, and 
offering different typologies for different housing needs. To this end we need affordable and 
livable housing together with new flexible typologies for inner-city living. These mixed-use 
neighbourhoods (of housing types, prices and ownership forms) have to avoid gentrification 
and provide affordable housing with districts inclusive for the poor and the rich, young and 
old, and workers of all walks of life, and also provide secure tenure (ensuring “aging in 
place”). Housing typologies need to deal with demographic changes. We have to understand 
migration and diversity as both an opportunity and a challenge. Mixed land uses are 
particularly important as they help reduce traffic. Master plans should require all private 
developments to contain 40 to 50 per cent of public (social) housing, and have it integrated 
with private housing. Higher densities should centre on green TODs. Essentially, these 
changes will aim to introduce more sustainable lifestyle choices, with jobs, retail, housing and 
a city campus being close by with IT and tele-working from home significantly helping to 
reduce the amount of travel. (Motto: “Don’t commute to compute.”)  By integrating a diverse 
range of economic and cultural activities, we avoid mono-functional projects, which generate 
a higher demand for mobility. Green businesses would be supported through the use of ethical 
investments to generate funding. The question is: how specific or adaptable should buildings 
be to their use?  

 
3.11 Principle 11  Local Food and Short Supply Chains 

The city for local food supply, with high food security and urban agriculture. Which 
strategies can be applied to grow food locally in gardens, on roof tops and on small spaces in 
the city?  

The various aspects of this principle include: local food production; regional supply; an 
emphasis on urban farming and agriculture, including “eat-local” and “slow-food” initiatives. 
The sustainable city makes provision for adequate land for food production in the city, a 
return to the community and to the allotment gardens of past days, where roof gardens 
become an urban, market garden. It is essential that we bridge the urban-rural disconnect and 
move cities towards models that deal in natural eco-systems and healthy, food systems. The 
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people of the eco-city would garden and farm locally, sharing food, creating compost with 
kitchen scraps and garden clippings and growing “community” vegetables. Buying and 
consuming locally will be necessary to cut down on petrol-based transport. Such things as re-
using paper bags and glass containers, paper recycling and the cost of food processing will 
need reconsideration. We will need to reduce our consumption of meat and other animal 
products, especially shipped-in beef, as the meat cycle is very intensive in terms of energy and 
water consumption and herds create methane and demand great quantities of electricity. 
Perhaps as much as 50 per cent of our food will need to be organically produced, without the 
use of fertilizers or pesticides made from oil, and grown in local allotments.  

 
3.12 Principle 12  Cultural Heritages, Identity and Sense of Place 

The city of public health and cultural identity: a safe and healthy city, which is secure 
and just. How to maintain and enhance a city’s or region’s identity, unique character and 
valued urban heritage, avoiding interchangeable design that makes all cities look the same?  

All sustainable cities aim for air quality, health and pollution reduction, to foster 
resilient communities, to have strong public space networks and modern community facilities. 
This is the nature of sustainable cities. However, each city has its own distinct environment, 
whether it be by the sea, a river, in a dessert or on a mountain; whether its climate is tropical, 
arid, temperate, etc., each situation is unique. The design of the city will take all these factors 
into consideration, including materials, history and population desires. The essence of place is 
the up-swelling of grassroots strategies, the protection of its built heritage and the 
maintenance of a distinct cultural identity, e.g., by promoting locally owned businesses, 
supporting creativity and cultural development. New ideas require affordable and flexible 
studio space in historic buildings and warehouses. Cities will grow according to the details 
and unique qualities of localities, demographic qualities of the populace and the creativity of 
the authorities and citizens. The aim of a city is to support the health, the activities and the 
safety of its residents. It is, therefore, incumbent on city councils to protect the city by 
developing a master plan that balances heritage with conservation and development, fostering 
distinctive places with a strong sense of place, where densities are high enough to support 
basic public transit and walk-to, retail services.  

 
3.13 Principle 13  Urban Governance, Leadership and Best Practice 

The city applying best practice for urban governance and sustainable procurement 
methods. Which networks and skills can be activated and utilized through engaging the local 
community and key stakeholders, to ensure sustainable outcomes?  

Good urban governance is extremely important if we want to transform existing cities 
into sustainable compact communities. It has to provide efficient public transport, good public 
space and affordable housing, high standards of urban management, and without political 
support, change will not happen. City councils need strong management and political support 
for their urban visions to be realized. They need strong support for a strategic direction in 
order to manage sustainability through coherent combined management and governance 
approaches, which include evolutionary and adaptive policies linked to a balanced process of 
review, and to public authorities overcoming their own unsustainable consumption practices 
and changing their methods of urban decision-making. A city that leads and designs 
holistically, that implements change harmoniously, and where decision-making and 
responsibility is shared with the empowered citizenry, is a city that is on the road to 
sustainable practices. In balancing community needs with development, public consultation 
exercises and grassroots participation are essential to ensuring people-sensitive urban design 
and to encouraging community participation. Citizens need to participate in community 
actions aimed at governments and big corporations, by writing letters and attending city-
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council hearings. Empowering and enabling people to be actively involved in shaping their 
community and urban environment is one of the hallmarks of a democracy. Cities are a 
collective responsibility. As far as bureaucratic urban governance and best practice are 
concerned, authorities could consider many of the following: updating building code and 
regulations; creating a database of best practice and worldwide policies for eco-cities; revising 
contracts for construction projects and integrated public management; raising public 
awareness; improving planning participation and policy-making; creating sustainable 
subdivisions, implementing anti-sprawl land-use and growth boundary policies; legislating for 
controls in density and supporting high-quality densification; arriving at a political decision to 
adopt the Principles of Green Urbanism, based on an integrated Action Plan; measures to 
finance a low-to-no-carbon pathway; implementing environmental emergency management; 
introducing a program of incentives, subsidies and tax exemptions for sustainable projects 
that foster green jobs; eliminating fossil-fuel subsidies; developing mechanisms for incentives 
to accelerate renewable energy take-up; implementing integrated land-use planning; and 
having a sustainability assessment and certification of urban-development projects.  

 
3.14 Principle 14  Education, Research and Knowledge 

The city with education and training for all in sustainable, urban development. How to 
best raise awareness and change behaviour?  

The various aspects of this principle include: technical training and up-skilling; 
research; exchange of experiences; knowledge dissemination through research publications 
about ecological city theory; and sustainable design. Primary and secondary teaching 
programs need to be developed for students in such subjects as waste recycling, water 
efficiency and sustainable behaviour. Changes in attitude and personal lifestyles will be 
necessary. The city is a hub of institutions, such as galleries, libraries and museums, where 
knowledge can be shared. We must provide sufficient access to educational opportunities and 
training for the citizenry, thus increasing their chances of finding green jobs. Universities can 
act as “think tanks” for the transformation of their cities. We also need to redefine the 
education of architects, urban designers, planners and landscape architects. Research centres 
for sustainable urban-development policies and best practice in eco-city planning could be 
founded, where assessment tools to measure environmental performance are developed and 
local building capacity is studied.  

 
3.15 Principle 15  Strategies for Cities in Developing Countries 

Particular sustainability strategies for cities in developing countries, harmonizing the 
impacts of rapid urbanization and globalization. What are the specific strategies and 
measurements we need to apply for basic, low-cost solutions appropriate to cities in the 
developing world?  

Developing and emerging countries have their own needs and require particular 
strategies, appropriate technology transfers and funding mechanisms. Cities in the developing 
world cannot have the same strategies and debates as cities in the developed world. Similarly, 
particular strategies for emerging economies and fast-growing cities are required, as is the 
problem of informal settlements and urban slums and slum-upgrading programs. Low-cost-
building and mass-housing typologies for rapid urbanization are required in cooperation with 
poverty-reduction programs. It is essential that we train local people to empower 
communities, creating new jobs and diversifying job structures, so as not to focus on only one 
segment of the economy (e.g., tourism). Achieving more sustainable growth for Asian 
metropolitan cities is a necessity. Combating climate change, which was mainly caused 
through the emissions by industrialized nations and which is having its worst effect in poorer 
countries in Africa, Asia and Latin America, with a focus on Small Island States, is a priority.  
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It is important to note, that a couple of innovative engineering solutions will not 
deliver a vibrant city. All the technology in the world cannot achieve sustainability and 
vitality by itself.  

The problem of urban design is far more complex. Designing a city requires holistic, 
multi-dimensional approaches, and each time the adaptation of strategies to a unique 
context, the integration and combination of qualitative and quantitative knowledge.  

 
4. Conclusion 

Much of Green Urbanism is common-sense urbanism. In the future, Green Urbanism 
has to become the norm for all urban developments.  

The Principles of Green Urbanism are practical and holistic, offering an integrated 
framework, encompassing all the key aspects needed to establish sustainable development and 
encouraging best-practice models. The replicability of models is hereby very important. The 
principles form a sustainability matrix, which will empower the urban designer – to use 
Richard Buckminster Fuller’s words – to be able to employ these principles to do more with 
less.  
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The history of disease from the 19th to the 21st century is reviewed briefly with 
reference to the development of certain drugs for the successful treatment of 
previously life-threatening diseases. The responsibility for the costs of 
developing drugs and their availability in underdeveloped communities at an 
affordable figure is discussed. For Australia, it is argued that for the future, our 
state of health can be improved, with a consequential reduction in the national 
health costs, through basic improvements in lifestyle and in more-informed 
public education.  

 
1. Introduction 

To answer the question “Is Australia a good society”, I propose that we test society 
against the benchmarks that society applies to individuals:  
• Do we look after our young well, feed and educated them, plan for their future? 
• Do we care well for the old and infirm, our neighbours in times of trouble, and those less 

fortunate than ourselves? 
• Do we put in a fair day’s work and take no more out of the system than others would 

reasonably agree we’re entitled to?   
• Do we treat others equitably, and not exploit them? 

Australians score well against these criteria. The scale and commitment of the help 
offered to the community, by the community, after natural disasters could only be described 
as heart-warming. For example, it was impressive to observe how many young people 
chipped in to help along the banks of the Brisbane River following recent floods, without 
being asked. Similarly, the extent to which we give collectively to charity, participate in 
service clubs and take on voluntary service overseas, is testimony to the community spirit of 
helping out that I believe characterises most Australians. The 64-dollar question for me is 
whether what’s good in Australia, which is perhaps the product of good fortune in “the lucky 
country,” as much as the product of good management by government, is going to prove 
sustainable over the lifetime of my children. We might wish to ask whether we are engaging 
our youth enough in this discussion – the future of Australian society will of course be more 
their problem than ours.  

For the purposes of this discussion, rather than reflecting on the present or the past, I 
intend to look forward to one of the challenges we face if we want to ensure that Australia not 
only is, but stays, a “good society.” I could talk about the sustainability of a two-speed 
economy in which Australia’s prosperity depends on selling its very substance to other 
countries. However, I’d like to avoid this issue, as it is in large measure outside our control. 
Instead, I’d like to discuss an issue which is definitely in our control. The issue is “What will 
be necessary to maintain a healthy Australian society?” 

Our near-neighbour island, Vanuatu, despite a subsistence economy and 55-year, life 
expectancy, is rated the happiest place on earth to live, whereas we live 82 years on average 
and go around measuring our stress levels!  However, I think we would all agree that access 
to good health is one determinant of a great society. So, what are the challenges we face to 
ensure that Australia is a healthy society in the future?   
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2. Australia – a healthy society 
We generally think we’re doing a good job in delivering health care in this country, and 

by some measure we must be, as we live long and healthy lives, second only to Japan in life 
expectancy. Interestingly, this is only eight years off the age at which life expectancy is no 
longer age dependent. We are not unique in this regard, as a similar phenomenon is observed 
in ageing fruit flies, and says something fundamental about the ageing process. To our 
discredit, the 82-year figure does not apply to our aboriginal community who, for various 
reasons, do much less well (17 years on average) than ourselves, something we need to help 
them to fix.    

Australia’s good health comes at a considerable cost, about 8% of GDP, and this 
percentage is steadily increasing, with our ageing society. It has been estimated to reach 20% 
or more if things carry on as they’re doing, for the next 15 years. There are three interlinked 
issues which will impact on Australia’s health: 
• prevention of chronic disease; 
• equity of access to health resources; and 
• sustainability of the current model of medical research.  
I will argue that a commercial model of health care as is current in Australia and elsewhere is 
unhealthy and, in large measure, unsustainable. I hold that one part of the solution must be 
educating the public to take more responsibility for their own health. 

 Firstly, let us consider the health problems we face in the 21st century. Until the mid- 
1800s, famine, infectious disease, childbirth, accidents and wars were the major challenges 
that shortened life and caused disability. In the 19th century the industrial and agricultural 
revolutions reduced the problems of famine, while better sanitation and better nutrition 
reduced infections and the risks associated with childbirth. The 20th century brought 
antibiotics, the first medical intervention of note in the public health arena, trauma surgery 
and better industrial practices, further reducing the burden of death and disability. In parallel, 
medical research gave us insights into the disease process. Globally, much of the world has 
yet to advance beyond the health problems of the pre-1800 era, as reflected by life expectancy 
and childhood mortality rates. However, as we are discussing Australia, I shall focus on our 
local problem. 

The 21st century will be, at least for Australia, a century of chronic, non-infectious 
disease. These diseases include cancer, heart disease, stroke, arthritis, neurodegenerative 
disease and diabetes. These are generally a consequence of age-associated failure of the 
biological machine that we are, and are to some extent inevitable though don’t forget the fruit 
flies. Chronic, non-infectious diseases are causes of death, but, more importantly from the 
point of view of a healthy Australian society, they are increasingly a cause of chronic 
disability. This is a consequence of our recent ability to manage these disorders better, but not 
to prevent or cure them, through application of knowledge from medical research. 
Management of chronic disease is in consequence a huge fraction of the health-care-cost 
burden we now face, and will be the main driver of increased health costs in the future. 

So, our challenge is to reduce the burden of these diseases, and thus prevent the 
escalation of costs foreshadowed in my earlier remarks. We are developing new treatments 
for chronic, non-infectious disease, and new methods of reducing our risk of developing them. 
The number of new treatments, which result from research, continues to grow exponentially. 
Further, the cost of new treatments is generally high. The high cost  rarely reflects a high cost 
of product manufacture, but rather the high cost of development and of testing new products 
for safety and efficacy – the human papilloma virus vaccines were estimated to cost over $1b 
to get to market, and now retails for from $5 to $120 a dose depending on where you are. This 
difference reflects the cost, charged to the western world, of 15 years of development, 
involving thousands of health-care professionals and tens of thousands of volunteer women. 



 17

This story could be repeated for each new product that comes on the market, whether for 
reducing the risk of recurrence of breast cancer (e.g., Herceptin), for prevention of heart 
disease (the statin drugs) or for dealing with male impotence (Viagra).  

Few would disagree that the use of Viagra is a lifestyle decision, and those who wish to 
use it pay the full cost of the drug and its development (as an anti-angina drug!)  Drugs like 
Herceptin, however, add significantly to life expectancy and chance for a cure in women with 
breast cancer, which one in 12 women can expect to develop in their lifetimes. At $30k to 
$60k for a course of treatment, these drugs are too expensive for most individuals to afford. 
They are available through the pharmaceutical benefits scheme if there is an evidence base of 
efficacy, e.g., for Herceptin, a 20% improvement in disease-free survival. At the other end of 
the cost-benefit spectrum, one of the newer treatments for advanced prostate cancer, 
Provenge, costs over $75k. The evidence says it is effective. However, it cures no one and 
extends life expectancy by an average of four months. This treatment is not currently 
available at the taxpayer’s expense in Australia, and nor is it likely to be. However, those who 
can afford it can have it, though they might have to travel to the United States to get it. How 
do we cope with availability of some effective health care only to those who can afford it, 
without dividing society – four months of extra life is equally valuable to those who can and 
can’t pay for the treatment?  We have an expert committee that advises on cost effectiveness 
of medicines, and values an extra year of human life to the community at a particular price 
(about $50k). The advice of this committee has until recently been listened to by government. 
However, recently, government has decided to take over the control of the National Health 
Scheme system at cabinet level, thus exposing us to the risk that drugs that are politically 
popular (Viagra, anyone?) might win out over those that are more cost-effective but less 
popular (for Schizophrenia, for example), while expensive medications might be 
unsubsidised, regardless of benefit. 

We need to decide where we draw the line. Given that anyone with the money can buy a 
licensed drug and indeed many unlicensed ones from overseas, how can we ensure equity of 
access in our own country, let alone on a global basis?  This is especially true in a country 
where take-home salaries for a full day’s work can range from minimum wage to 100 times 
that much, an equity issue which I’d discuss more if space permitted. There may not be a 
simple answer to this question. However, I should like us to consider a couple of solutions.  

One is that we need to focus more on prevention of disease than on treating it – most of 
the great improvements in community health have been due to public health measures 
designed to prevent disease (clean water, vaccines, better nutrition) rather than to disease 
interventions. There are two components to better public health I wish to consider, lifestyle 
and genetics.  

 
2.1 Lifestyle 

Most of the chronic, non-infectious diseases have a strong lifestyle component to their 
cause. If we use cancer as an example, and one in two of us is destined to get cancer by the 
age of 80, over 30% of cancer could be avoided, along with a $4b annual dollar cost of 
treatment to Federal and State Governments (8% of the total health budget), by making use of 
current knowledge of the role of lifestyle decisions in cancer development. Top of the list 
would be to eliminate smoking. 15% of the Australian population continue to smoke, and the 
uptake of smoking, particularly amongst teenage girls, continues. Not only would elimination 
of smoking reduce the burden of cancer, it would also significantly reduce cardiovascular 
disease (heart attacks and strokes) and arthritis. The total tangible and intangible costs to the 
community were estimated by the Australian Institute of Health and Welfare at $31b per 
annum in 2005. Maintaining a correct body-weight would sharply reduce the incidence of 
several cancers including breast and bowel cancer, two of the most common, and of adult 
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onset diabetes and heart disease with a total annual savings of $21b. By the way, Fran 
Lebowitz wrote, Food is an important part of a balanced diet, and that was more right than 
she knew.  

Studies show it’s much more important how much you eat than what you eat when it 
comes to preventing cancer. Preventing sun-bed use would reduce the incidence of skin 
cancer by 2,500 cases per year, at a saving of $2.5m, and would eliminate many of the 
melanoma skin cancers that kill 1,400 people per year in Australia, generally after a 
prolonged and expensive battle with the disease. Moderating our alcohol intake would reduce 
incidence of mouth, head and neck cancer, reduce the burden of accident associated chronic 
injury, and remove 3.3% of the total disease burden in Australia, saving potentially $15b of 
cost to the economy. We have some education to do to achieve these lifestyle changes, of 
which more later, and a huge saving to reap if we succeed. What should we make mandatory, 
in the interests of public health, as we have done with seatbelts and helmets? 

 
2.2 Genetics 

We can’t choose our genes. However, medical research is making significant advances 
in mapping out what gives some of us extra risk of developing chronic disease. Some genetic 
risk factors are obvious: fair skin and skin cancer; strong family history of breast cancer and 
increased risk in the next generation. However, some are more subtle, showing up only after 
genetic fingerprinting. To reduce our risk of chronic disease and the associated community 
costs, we may first need to map our genetic-risk profiles. Such screening is currently available 
commercially albeit with a very low degree of accuracy. The future, however, holds the 
prospects of relatively cheap and much more accurate profiling of disease risk through gene 
sequencing. Knowing that you are particularly at risk of the consequences of a lifestyle 
decision has been shown to increase likelihood of a behaviour change. However, possession 
of the knowledge of what your genes have in store for you, creates anxiety in itself. Then 
there are the privacy issues - the impact of the knowledge on behaviour modification may be 
of benefit, but what about the impact on employability, insurance, and social partnering?  
Something to discuss. 

 
2.3 Alternative health issues 

I could spend much time arguing the need for evidence-based, health services, and also 
evidence-based, government decision-making. Note that the carbon tax is one of the biggest 
experiments in the social sciences ever undertaken – 24 million participants, and none has 
given informed consent. In Australia (and in many other countries in the developed world) we 
seem addicted to non-mainstream approaches to our personal health. Today, in the context of 
considering cost control, I shall consider only one of these.  

We spend four times as much on alternative medication, mostly vitamin and mineral 
supplements, as we do on conventional medications. We might like to think that using 
alternative medicine is in some way taking control of our health, and could perhaps ameliorate 
the effects of the dubious lifestyle decisions that we are prone to make. This would perhaps be 
an acceptable strategy, if the use of vitamin supplements and alternative medications was 
evidence-based. Unfortunately, to the extent that there is an evidence base, and generally 
there is a pretty good one, the evidence for almost all of the available products is that we don’t 
need them, or that they don’t work. I should point out that there are notable exceptions e.g., 
folate supplementation in pregnancy to reduce the risk of nervous-system defects in the baby 
even in the absence of measurable folate deficiency. Also, some people may benefit from 
limited supplementation – women with menstrual problems, for example, may need iron.  

However, it is also important to remember that supplementation can be harmful – for 
the one in 200 people with hemochromatosis, a genetically determined but clinically silent 
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iron-storage disease, iron supplements will shorten life. For any of us, megadose vitamin C 
can cause renal failure, and there is no evidence of reduced risk of anything with its use. For 
some supplements, we need more evidence. For example, routine fish-oil supplementation is 
said to reduce risk of cardiovascular disease in countries where the majority of fat in the diet 
is animal-derived, though the evidence to date is thin. But in general, dietary supplements are 
of no proven benefit, and the money freed up by not using them would go a long way to meet 
the cost of equitable availability of existing, effective, evidence-based, health interventions, 
and to pay for the research that will lead to the next generation of useful interventions - just as 
the polio vaccine has paid for all the medical research that has ever been done and ever will 
be done, by reducing the need to care for polio victims. So in a free society how do we get 
people to make sensible choices, and can we afford to remain a free society?  The answer 
must lie in education. 

The issue of ensuring equitable and affordable access to health is challenging enough. 
However, the problem is worse when we think about sustainability of our current model for 
developing new treatments. There is currently a strong feeling that the whole, business model 
on which the pharmaceutical industry and the regulatory process for introducing new drugs is 
based, is broken. This process includes risk-averse, drug-evaluation strategies, patent-
protected products, and profit-drug development. There aren’t enough new products coming 
along in the pipeline with the potential for the huge profit necessary to sustain the machinery. 
Further, the needs for the future are mostly for problems in the developing world, where life 
expectancy remains stubbornly similar to that amongst our aboriginal community, and the 
major problems remain with infectious diseases, HIV, TB, and diarrhoeal illnesses for which 
the value proposition does not look good for big pharma. The developing world relies on a 
duel pricing system for drugs, in which countries are sold drugs at prices proportional to their 
ability to pay.  

The pharmaceutical industry makes drugs available at no profit (or sometimes at a loss, 
e.g., ivermectin for river blindness) to the developing world. However, sustaining this process 
can only happen through profits to be made in the developed world. The value proposition, 
once disease has developed, is getting worse for interventions in the developed world, as the 
principal challenges we face are of non-infectious, chronic disease (cancer, heart disease, 
dementia, mental illness) requiring ongoing medication, and we already have excellent, if 
expensive, medications to ameliorate many of these diseases. The market for new products is 
necessarily limited if only incremental gains in outcome are to be made and the profit margin 
is correspondingly smaller. So we need a new approach to product development for the next 
generation.  

If the “big pharma,” research model (i.e., pay up-front for research and development 
(R+D) costs, take the risk of failure, recover the costs through high drug-pricing down the 
track if you make a good product) is broken, and the industry seems to think it may be and is 
closing down its R+D departments, the solution may need to be to return the cost of new 
medical product development entirely to the public purse. Governments, and therefore we, 
already pay directly for over 30% of the cost of development of new drugs, according to 
estimates from the United States. We are increasingly going to pay more as the 
pharmaceutical industry, having worked out that R+D is more cost-effectively done in 
academia, gradually scales back their own in-house programs. If this is the case, should we 
not be taking control of the agenda? 

 
3. Education 

I now wish to consider briefly the issue of education. To implement my 
recommendations requires, or at least will be facilitated by, education that allows people to 
understand the benefits of evidence-based processes, and the consequences of not using them!  
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This education needs to start in school, where “life-education” programs such as those 
promoted by Healthy Harold are available in some States, but not all, unfortunately. Let me 
draw attention to another approach to health education which needs some immediate 
reorganising, if we are to encourage healthy lifestyles, reduce our consumption of expensive 
and ineffective, over-the-counter medications, and ensure our youth get the message too.  

Reporting of health and medical research issues in the media (social, press and visual) 
needs to improve. The tabloid press prefers sensational stories, and is distinctly short of 
science- and medicine-literate journalists who understand the process of health care and the 
need for a clear, evidence base to influence behaviour. For example, coffee is “off again, on 
again” as a cause/cure for every known disease in consequence, and we are not getting clear 
messages out there. This lack of educated journalism needs to be fixed if we are to deliver 
health messages effectively enough to impact on human behaviour.  

Government funding for quality, populist education on medical research and health, for 
example, through the science shows on national radio and television, is being cut back, 
despite great ratings for these programs. Is this a good decision, given the need to educate the 
population on how we are to retain a sustainable health system into the 21st century, and the 
critical role that taking responsibility for our own health will play in this process. I think not!  

 
4. Concluding remarks 

Finally, I note that the publicly funded, research-funding model needs an overhaul. 
Keeping talented people in the system requires access to a career structure, which in turn 
requires workforce planning. Currently, planning is limited to a university-funding model 
which rewards the enrolment of ever more Ph.D. students. In reality, only one in five will be 
able to pursue a research career on account of limited funding, and the uncertainty created by 
this ratio keeps much talent out of the system. We need to resolve this issue soon.  
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Fig. 1. Dr Ferdinand Mueller
[Photography by John 
Botterill, ca. 1867, La Trobe 
Picture Collection, State 
Library of Victoria, H4146] 
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Focussing on high-profile, Melbourne-based members of the German 
community, this paper explores the influence of Alexander von Humboldt on 
their lives, before taking a wider Australian focus. 

 
1. Introduction 

Pleasingly, in recent years an increasing number of papers exploring Alexander von 
Humboldt's significance for Australia have been published, and not just by former Humboldt 
Fellows. As Australia becomes more globally-oriented and perhaps as time elapses since the 
conflicts where Australia and Germany were on opposite sides (i.e., colonisation in New 
Guinea and the Pacific, the Boer War and First and Second World Wars), there seems to be a 
new openness to recognising Humboldt's contribution in the Fifth Continent. This paper seeks 
to synthesise relevant studies and to demonstrate the significance of his influence in Australia 
[1]. 

 
2. The Humboldtfeier 

Following Humboldt’s death in May, 1859, Melbourne’s German community held a 
ceremony on 14th September to commemorate the deceased’s ninetieth birthday [2]. For those 
who gathered on this occasion Humboldt was certainly their most distinguished fellow 
countryman to whom they wished to pay public tribute at the end of his long and productive life. 
Significantly, included in their number were several Germans who had a “closer” relationship 
with Humboldt, in that he had been the inspiration for their life’s work and, in some instances, 
actually supported their undertakings. 

  
3. Dr Ferdinand Mueller 

One of the three speakers on the occasion of the 
Humboldtfeier was Dr Ferdinand Mueller (1825-1896) (Fig. 1), 
the first Government Botanist in Victoria and founding Director 
of the Botanic Gardens [3], who delivered a long lecture extolling 
Humboldt’s science and travels. He told his compatriots that 
Humboldt had exerted his influence on Australia and all parts of 
the world, and on him personally:  

If I dared at all to choose Humboldt’s journeys as a subject 
for an attempt to honour briefly at this celebration the 
magnificent contribution of the great man, it occurred 
because his grand accounts of his journeys … left an 
unspeakable and ever unquenchable impression on my 
youthful mind, an impression that determined the direction 
to my life’s plan, ... Humboldt’s works ... also inspired me to 
contribute to investigations of the realms of nature, drove 
me as well, with endless longing, to distant places in order to give the great 
master a few, potentially valuable stones for the construction of the palace of 
science. I owe this tribute to the memory of the deceased [4]. 
When Mueller arrived in Australia in 1847 as a qualified pharmacist, he was already 

well-grounded in botany. Initially, he practised as a pharmacist in Adelaide while undertaking 
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Fig. 2. Professor Georg 
Neumayer [Photography by 
Frederick Frith, 1864, La Trobe 
Picture Collection, State Library 
of Victoria, H3850] 

field trips and becoming captivated by and an expert on the remarkable local flora, and 
gaining the position as Government Botanist of Victoria six years later. Ultimately, he rose to 
be Australia’s most eminent nineteenth century scientist. In his younger years Mueller 
actively participated in exploration of Australia. As advocated by Humboldt, Mueller sought 
to promote the economic benefits of opening up Australia as well as the scientific 
opportunities from exploration [5]. In correspondence of 1874 the distinguished geographer 
August Petermann (1822-1878) pays a singular tribute to Mueller in titling him “my revered 
Australian Humboldt” [6]. As indicated below, this title was not accorded uniquely to 
Mueller. 

Mueller’s regard for Humboldt is expressed in his prolific writings [7]. In particular, on 
several occasions Mueller wrote wishing fellow international scientists good health and a 
Humboldtian (i.e., a long and productive) life [8]. 

 
4. Professor Georg Neumayer 

A second speaker at the Humboldtfeier was Professor 
Georg Neumayer (1826-1909) (Fig. 2). A dedicated scientist 
like Mueller, Neumayer practised as a geophysicist, 
meteorologist and oceanographer, following studies in Munich. 
Making his first trip to Australia in 1852-1854 to gain field and 
research experience, he worked as a sailor and a miner as well 
as professionally. Neumayer is said to have: 

thoroughly idolised the German scientist (Humboldt), 
discussing his theorems with those he met and carrying a 
well read copy of Cosmos as he trekked across Victoria 
[9]. 
Realising the potential for scientific research in Australia 

and desirous of a leadership role, he returned home to champion 
his cause. For the establishment of the magnetic and 
meteorological observatory in Melbourne, he gained the 
backing of Humboldt and the support of King Maximilian of 
Bavaria. He returned to Melbourne in January, 1857 and, after overcoming some local 
opposition, established the observatory in May, 1858 [10]. 

Neumayer, who became Government Meteorologist in 1859, brought “new standards of 
precision and sophistication in physical inquiry” to Australia while reinforcing the integrative 
Humboldtian orientation in his work. The sound basis of his scientific endeavours ensured 
that they could be continued after his 1864 return to Germany, where he eventually became 
Director of the German Naval Observatory in Hamburg [11]. 

The third speaker at the Humboldtfeier was Professor Karl Damm (1812-1886), an 
educationalist and member of the 1848 German parliament, who founded the short-lived 
German college in East Melbourne [12]. 

 
5. Ludwig Becker 

Ludwig Becker (1808-1861) (Fig. 3), artist, enthusiastic naturalist and an organiser of 
the Humboldtfeier, grew up in Offenbach near Frankfurt and then Darmstadt, where he took 
art lessons at both his Gymnasium (secondary school) and the gallery drawing school. From 
the age of 18 years, he had illustrations published and later also trained as a lithographer [13]. 
The quality of his work is reflected in three of his later miniatures auctioned in May, 2011 for 
$170,000 [14]. 

In parallel with his artistic work, Becker also had a passion for natural sciences and, 
although self-taught, was able to publish some observations and speculations relating to his 
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Fig. 3. Ludwig Becker 
[Photography by F. Schoenfeld 
and J.M. Ferguson, 1850s, 
Allport Library and Museum of 
Fine Arts, State Library of 
Tasmania, AUTAS-
001124072414]  

work in scientific magazines. In 1850 he headed for England, in part, seeking to sell some of 
the antiquities he had collected but also to broaden his artistic and scientific interests. He 
travelled and sketched in Britain and presented two papers at the meeting of the British 
Association for the Advancement of Science in Edinburgh, before departing from Liverpool 
in November for Tasmania. There he earned his living by portrait painting while continuing 
his natural science [15]. 

From Tasmania, Becker went in late 1852 to the 
goldfields of Bendigo, where he found portrait painting more 
lucrative than prospecting, and then in early 1854 to Melbourne 
[16]. Here he continued his artistic and scientific interests, 
earning his living mostly as a natural history draftsman and 
lithographer. When planning for the Burke and Wills expedition 
was underway, Mueller and Neumayer advocated for his 
inclusion [17]. Engaged as the expedition’s artist, ethnographer 
and naturalist, Becker was the only member of the Royal 
Society of Victoria included and, at 52 years, the oldest member 
of the party. Burke neglected the scientific aims of the 
expedition and assigned Becker largely manual duties. During 
the journey the arduous work allowed Becker little opportunity 
to pursue either sketching or natural history and affected his 
health. He died of beriberi at Cooper's Creek in April, 1861 
[18]. 

Humboldt did not only influence the professional lives of 
scientists and explorers but also those of artists. He saw the 
physical world as an integrated system and devoted his life to 

its exploration and, through his writings, making his discoveries accessible. In support of his 
endeavours he advocated that art had a critical role to play in understanding natural 
phenomena and artists in the advancement of science. Based on plein air (open air) studies 
and drawings, the landscape artist should present a scientifically accurate work which 
“conveyed a strong sense of the geographic zone and showed typical botanical, geological and 
climatic features”. Humboldt saw the New World, including Australia, as the sphere for the 
development of such Naturgemälde (nature painting). For Becker and other artist “disciples” 
of Humboldt, their inspiration was “Humboldt’s rule that the landscapist should be a precise 
natural historian” [19]. With his experiences as a naturalist explorer Becker, as artist, was able 
to contribute to this endeavour during his years in Australia, including in the limited 
opportunities presented during the Burke and Wills expedition [20]. 

 
6. Dr Hermann Beckler 

The second German on the Burke and Wills expedition was Dr Hermann Beckler (1828-
1914) (Fig. 4) who was engaged as the expedition’s medical officer and botanist [21]. During 
his medical studies in Munich Beckler had developed a keen interest in science. Upon 
graduation he had little inclination to practice medicine. Like his compatriots described 
above, he too had been inspired by the life and exploits of Humboldt and his decision to go to 
Australia was motivated by his desire to be a naturalist traveller as well as dissatisfaction with 
the political climate in Germany. He gained information about Australia from Neumayer, who 
assisted him to obtain a letter from Humboldt recommending Beckler as a naturalist and 
skilful doctor [22]. Following Beckler’s arrival in Queensland in 1856, Humboldt remained 
prominent in his mind during his time in Australia [23]. 
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Fig. 4. Dr Hermann Bekler 
[Photographer unknown, 1861, 
State Botanical Collection, Royal 
Botanic Gardens, Melbourne] 

Fig. 5. Eugène von Guérard 
[Photography by John Botterill, 
ca. 1870s, La Trobe Picture 
Collection, State Library of 
Victoria, H4142] 

Beckler had intended to make a new life as a collector 
while supporting himself as a medical practitioner but, failing 
to gain adequate medical engagements, travelled overland to 
Victoria in 1859, acting as a shepherd. In Melbourne he 
became an assistant to and collector for Mueller who 
subsequently recommended him for the Burke and Wills 
expedition, as did Neumayer. Significantly, he resigned from 
the expedition, together with George Landells, at a camp on the 
Darling River in October, 1860, citing several grounds but 
particularly the ongoing disagreements between Burke and 
Landells. Other reasons included minimal opportunity to 
undertake scientific work and lack of appreciation of his 
contributions. When no replacement medical officer was 
available, he volunteered to remain at the supply depot [24]. 

Both Becker and Beckler provided extensive written and 
illustrated accounts of their Australian experiences, which were 
subsequently published. In their accounts of the Burke and 
Wills expedition they and others (e.g., Mueller) raised concerns about its conduct ahead of its 
ultimately tragic end [25]. 

Following his testimony of December, 1861 to the Royal Commission into the Burke 
and Wills expedition, Beckler returned to Germany, where he extended his medical studies 
and spent the remainder of his professional life as a country doctor in Bavaria. In the first 
decade after his return he published substantial articles on his Australian observations [26]. 

The third German member of the Burke and Wills expedition was Wilhelm Brahe 
(1835-1912), who had worked in Australia as a gold miner, carrier and drover, gaining 
experience in handling stock and horses and of living in the bush, which equipped him for the 
role of supervisor of the party’s supplies [27]. This strong German presence on the expedition 
was a reflection of the quality of education and training in their homeland and perhaps also of 
the political climate there which drove many talented and well-educated Germans to seek a 
more democratic society. 

 
7. Eugène von Guérard 

The Austrian-born but German-trained artist Eugène von Guérard (1811-1901) (Fig. 5) 
was on a field trip at the time of the Humboldtfeier. In the Australian context, he is the 
example par excellence of Humboldt’s landscape artist and 
must have regretted his absence. He had studied in Italy under 
his father, Bernhard, previously a portrait painter in the 
Austrian court, and then at the highly-regarded Düsseldorf 
Academy, members of which had active links with Humboldt 
[28]. 

In 1852 he left for Australia and initially spent 13 months 
on the Ballarat goldfields, where he had limited success as a 
miner but gained a more lasting legacy in his diary and 
sketches. From 1854 he was based in Melbourne, from where, 
after some months, he commenced the first of his 13 major 
excursions which over 15 years were to take him throughout 
Victoria and to New South Wales, South Australia and 
Tasmania, including into remote locations and accompanying 
scientific expeditions, two of which were with Neumayer. In his 
sketch books he recorded the unique geological, botanical and 
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Fig. 7. Ludwig Leichhardt 
[wood engraving by Samuel 
Calvert (1828-1913), 1862, La 
Trobe Picture Collection, State 
Library of Victoria 
IMP00/01/62/4] 

Fig. 6. Eugène von Guérard, Tower Hill, 1855, oil on 
canvas.  Reproduced courtesy of the Department of 
Sustainability and Environment and Warrnambool Art 
Gallery. 

climatic characteristics of the Australian landscape and the forces of nature impacting upon it 
– he subsequently captured Naturgemälde on canvas in true Humboldtian style  (Fig. 6). He 
gained a reputation as “decidedly the landscape painter of Australia” and was able to exhibit 

his work in Melbourne and later 
internationally [29]. 

In 1870 von Guérard gained formal 
recognition in Melbourne with his 
appointments as foundation curator at the 
National Gallery of Victoria and master 
of its School of Art and painting 
instructor. As the 2011 exhibition 
Eugene von Guérard: Nature Revealed 
indicated, his contribution to Australian 
art was highly significant. Von Guérard 
left Australia in 1882 and died in London 
in 1901 [30]. 

Von Guérard responded to 
Humboldt’s call for Reisekünstler 

(travelling artists) and came to Australia where he covered vast distances in the south-east of 
the continent to capture the pristine wilderness and, in other locations, explicitly to record the 
impact of European settlement. Significantly his works have contemporary scientific (as well 
as their artistic) relevance in furnishing information about the virgin environment and aiding 
environmental restoration [31]. 

 
8. Ludwig Leichhardt 

Australian Humboldtian links were not confined to the 
Melbourne German community as is illustrated by the 
contribution of Ludwig Leichhardt and the visit to Sydney, 
described below, of the Austrian Imperial frigate Novara [32]. 

Leichhardt (1813-c1848) (Fig. 7) had elements in 
common with his “grandmaster” whom he (and others) 
honoured “as a father” [33]. As a youth, Leichhardt eagerly read 
the travelogues of his time, including Humboldt’s works. 
Driven by a desire to explore foreign lands, both Humboldt and 
Leichhardt set out as scientist-explorers at about 30 years of 
age. Each had the financial means to do so, Humboldt through 
an inheritance and Leichhardt with support from an English 
friend. Leichhardt prepared himself for the task by studies in 
Berlin and Paris, practical work in London, and extensive 
excursions in Europe [34]. 

Leichhardt thus left for Australia in 1841, well-qualified 
for scientific explorations. Although he did not formally 
complete a degree, he was possibly the best-trained scientist to 
come to New Holland up to that point [35]. Upon arrival in Sydney, Leichhardt invested 
considerable time in gaining local knowledge and making scientific contributions before 
undertaking his successful but harsh Moreton Bay (Brisbane) to Port Esslington (near 
Darwin) expedition, which contributed significantly to opening up Northern Australia, both 
geographically and scientifically. Two years later he set out again to cross the continent from 
east to west on the ill-fated expedition from which he failed to return [36]. 
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Fig. 8. Dr Ferdinand 
Hochstetter [Lithography by 
Adolf Dauhage (1825-1883) 
Vienna, 1857, Hochstetter 
Collection, Basel] 

During Leichhardt’s arduous explorations, Humboldt continued to inspire him – he had 
Humboldt “continually in mind” “as one of those men ... whose deeds sounded like legends to 
the boy, filled the youth with rapture and finally drew him to follow a similar direction” [37]. 

Leichhardt only met Humboldt once, in Paris shortly before his departure for Australia. 
Leichhardt had failed to undertake his military service and Humboldt’s subsequent 
intervention gained him a formal reprieve. Humboldt later acknowledged and promoted the 
significance of Leichhardt’s work in Australia and lamented that his contributions were better 
known in England than in Germany [38]. 

 
9. Celebration of the Novara’s visit to Sydney 

On 24 November, 1858 a delegation of some 300 Germans welcomed the Novara to 
Sydney with a Ständchen (serenade) and elaborate address. Their tribute included 
acknowledgement of the Germans who had supported the expedition, especially their “world 
famous and revered compatriot Alexander von Humboldt” [39]. 

The following evening, the German Club held a festive dinner in honour of the Novara 
and, as was customary on such occasions, numerous toasts were proposed, including a toast to 
Humboldt who had provided a scientific brief for the Novara’s 
circumnavigation of the globe. One of the speakers was Dr 
Ferdinand Hochstetter (1829-1884) (Fig. 8), geologist, 
mineralogist and palaeontologist to the expedition, who 
subsequently left the Novara in New Zealand and undertook 
geological explorations there and then in Victoria, prior to 
returning to Austria [40]. 

Hochstetter “reminded the audience of the merits of German 
science which had also accrued in Australia” and acknowledged 
Germans’ pride in Leichhardt as a significant German scientific 
explorer who had “most probably … died a martyr’s death in the 
service of science” [41]. 

In his later account of the visit, Karl von Scherzer (1821-
1903), the Novara's expert in economics, ethnology and 
topographical geography, as well as official historiographer of the 
expedition, recorded: 

The name of Leichhardt is the most popular and most highly honoured of the 
learned names in Australia. Repeatedly we heard him spoken of as the Australian 
Humboldt. 
The toast in honour of Humboldt was proposed by the Commodore of the Novara, 

Bernhard von Wüllerstorf-Urbair:  
I now have the honour to propose the health of another of our countrymen whose 
name being the emblem of German unity, appertains to no particular nationality, 
but to the “whole Germany” – the health, gentlemen, of the illustrious and noble 
Alexander von Humboldt! [42]. 

The “ownership” of Humboldt by all Germans, including the Austrians, is worthy of note. 
Some months after the visit of the Novara, Sydney, like Melbourne, conducted a 

Humboldtfeier to pay tribute to the recently deceased Humboldt [43]. 
 

10. Geographic recognition of Humboldt 
While there are other examples of Humboldtian Australians, which might be presented, 

geographic recognition of Humboldt provides a further measure of his influence on Australia. 
In Tasmania and Queensland, Humboldt has received significant geographic recognition 

[44]. Thus, Tasmania has a number of land features named in his honour - in 1835 Surveyor 
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General, George Frankland named Mount Humboldt and the Humboldt River as a tribute to 
the “distinguished Naturalist”. In the vicinity of the river are also Humboldt Ridge and 
Humboldt Divide [45]. 

The name of Humboldt features a number of times in Queensland and was probably 
introduced by Leichhardt. In the Leichhardt District in the Central Highlands region west of 
Rockhampton there is the township of Humboldt, Humboldt Station, the Parish and County of 
Humboldt and Humboldt Creek, which is a tributary of the Comet River. Leichhardt explored 
this district and named the Comet River so it is likely that he also named its tributary [46]. 

There were also extensive associations of Humboldt’s name with the Australian mining 
industry [47]. 

 
11. Benefits to Australia of Humboldt’s influence 

How did Australia benefit from the influence of Humboldt summarised in this paper?  
In relation to Neumayer’s contribution to Australian science, Home has captured the nature of 
Humboldtian science and the undertakings of those who were inspired by Humboldt, and had 
the capacity, to follow in his footsteps. Thus, Neumayer was “the first professionally trained 
physicist to work in Australia” and his 

was not laboratory-style investigation but the Humboldtian, field-based, 
observational and world-encompassing style, entirely of a piece with that which 
motivated many of the great naturalist-explorers such as Ludwig Leichhardt [48]. 

Humboldt, on his part, encouraged and supported capable younger naturalist travellers to explore 
unknown regions of the world and vast areas of the Fifth Continent remained to be discovered.  

Home has identified “science as a German export to nineteenth-century Australia”  - 
Mueller and Neumayer emerge as examples par excellence in support of this thesis [49]. In fact, 
at the 1860 annual dinner of the Royal Society of Victoria, Dr John Macadam, Victorian 
Government Analytical Chemist and later Health Officer for the City of Melbourne, 
commented, “Where would science be in Victoria without the Germans?”  Mueller and 
Neumayer were present on this occasion [50]. 

Although a nobleman, Humboldt was liberal-minded and cherished the political “ideas 
of 1789”. Significantly, many of those described in this paper whom he influenced and, on 
occasions, supported to come to the Fifth Continent, were seeking a more democratic nation 
[51]. Australia benefited from the presence of these migrants who were not only well-
educated and -trained but also seeking societal reforms [52]. 

 
12. Conclusion 

Australia is the richer for the influence of Alexander von Humboldt on this continent 
during the nineteenth century. It is important on occasions like the fourteenth biennial 
colloquium to pay tribute to his own contributions and to those of the many Germans and 
non-Germans who were inspired by him to explore and progress the Fifth Continent. 
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Many expeditions set out from Europe in the 18th and 19th centuries to 
discover new plants and animals. Some of them, such as that of Alexander von 
Humboldt, brought specimens back to Europe and employed artists so that 
their discoveries could be published. Other expeditions, such as those of 
Joseph Banks and Matthew Flinders, took illustrators with them. All depended 
on the skills of engravers, colourists and printers to publish pictures of the 
plants and animals that they found, to ensure their place in the history of 
science. But who were these artists and artisans, why were they so industrious, 
and what did they really achieve? 

 
At the time of James Cook’s voyage in the Endeavour to the Pacfic, and Alexander von 

Humboldt's journey in Central America, new scientific ideas abounded. This was exemplified 
in the “Nullius in verba” motto of the Royal Society of London, implying that doctrine should 
be replaced by verification of all statements by observation and experiment. 

Observers of the natural world became very adventurous. The first scientist to 
accompany an exploring expedition was the botanist Philibert Commerçon who from 1766-
1769 accompanied Louis de Bougainville in the Boudeuse and the Étoile in a 
circumnavigation of the world and identified 1000 new species of plants. He is famous for 
smuggling a woman as his valet on board. It would have been more advisable to have enlisted 
an artist to illustrate and assist in the identification of his specimens. From this time, all 
voyages of discovery included scientists who were fascinated by the new-found diversity of 
plants and animals. The Endeavour expedition of 1769-71 was the first to sail with purely 
scientific enquiry as the objective [1]. To this end, it was largely funded by the personal 
fortune of Joseph Banks [2]. He encouraged the naturalist Daniel Solander who had arrived in 
London from Sweden to promote the ideas of Carl Linnaeus on the classification of species, 
to accompany him. Banks also employed five assistants including the artist Sydney 
Parkinson. All these lost their lives on the voyage, although three were still living at the time 
the Endeavour was beached for repairs on the banks of the Endeavour River.  

This was, inadvertently, the first European settlement on Australian soil. Life there was 
hardly a picnic, but at least all the men had seven weeks to recover from the long sea voyage 
and the miraculous escape from shipwreck and death on the coral reefs that had holed their 
ship. It was also an opportunity to add to the collections and observations made during their 
few previous and much briefer landings along the coast. Almost out of provisions and with 
outbreaks of scurvy beginning, Cook would have much preferred to be making his way out of 
the reef and heading for home under full sail.  

Everything in this strange new land was different from Europe. Only the human 
inhabitants of the banks of the Endeavour River, and their dogs, were familiar to the visitors. 
A key player in the interaction with these people was the Polynesian aristocrat, Tupaia, who 
had travelled with them from Tahit [3]. With the aid of this skilful communicator, the visitors 
were able to record many words of the local language. One of them referred to the animal 
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Fig. 1.  Image of the kangaroo by George 
Stubbs. [Image taken from John 
Hawksworth [5].] 

with the unusual gait that they had glimpsed, and subsequently shot and ate, as “kangaroo” 
[4]. Skins and sketches of this animal were arguably the most exciting novelty they had 
obtained to present to the Royal Society on their return to England. It was essentially the only 
new animal that the expedition had to report on. The artist and anatomist George Stubbs used 
the skin, the skull and Parkinson’s sketches of a 
kangaroo imaginatively to paint a picture, with no 
pouch, that was published in an eagerly sought book by 
John Hawksworth (Fig. 1) [5]. Even had it been known, 
it would have been inappropriate to point out that a 
Dutchman, Cornelius de Bruijn, had 60 years 
previously drawn a member of the kangaroo family, 
complete with a pouch [6]. He had sketched, in 1711, a 
Dusky Pademelon from New Guinea that was exhibited 
in a zoo in Java. Today we know that many thousands 
of years before Europeans left evidence of their ability 
to paint animals on cave walls, distant ancestors of the 
people at the Endeavour River had recorded accurate 
renditions of the kangaroo. Along with all the strange 
new plants, the kangaroo challenged accepted ideas of 
creation, even though it took over 40 years to show that 
these animals were marsupials. Banks and Solander were botanists rather than zoologists, and 
one supposes that they were not interested in the organs that were removed in preparing the 
kangaroo for cooking. 

The artists Sydney Parkinson and Herman Spöring had been busy sketching and painting 
[7]. All of their work reached England even though these artists fell ill and never returned 
home. Neither did the noble Tupaia survive the journey, since he was especially susceptible to 
scurvy. It was left largely to Banks to present the discoveries to a public eager to learn about 
the strange new lands. Cook’s cartography completed much of the mapping of the western 
Pacific, but in effect, no new lands were discovered, and none of the future harbours were 
identified as such. The public was mostly interested in the specimens, and Banks was skilful 
with his publicity. He employed many artists and engravers in an attempt to publish results 
from the plant material he brought home, and to prepare Parkinson's watercolours and 
sketches that totalled nearly 1000. But it was a long time after his death that this was 
achieved. Banks’ Florigenium, based on over 500 plates prepared in the 18th century, was 
published two centuries later in 1978. During Banks’ lifetime, science was an indulgence for 
the elite. Cook, as the son of a farm labourer, could have no part in the preparation of the 
publications and left almost immediately on another voyage. 

Later, expeditions such as that from France in 1800-02 of Nicholas Baudin and 
Emmanuel Hamelin in the Géographe and Naturaliste carried as many as 22 scientists keen to 
collect, identify, name, draw and classify as many new plant and animal specimens as they 
could locate and transport home from Australia's western and southern coasts. All of these 
specimens returned to France at a time of war and political turmoil that frustrated progress in 
French science and discovery. Some specimens, such as those collected by Jaques de la 
Billardière who sailed with Bruny d’Entrecasteaux in the Recherche and the Espérance in 
1792 ended up as spoils of war in London in the hands of Joseph Banks. But in the true spirit 
of science, or because he had plenty else to do, he ensured that they ended up back in the 
hands of the French botanist. It was by a similar twist of fate that saw the eucalypt, first 
collected by Banks and Solander in 1770, studied and named by a Frenchman Charles 
l’Héritier in 1788 from a specimen collected in Tasmania on Cook's third voyage. 
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Banks was now president of the Royal Society, and still enthusiastic about the lands 
down under. He ensured that scientists aboard the Investigator captained by Matthew Flinders 
would achieve more from the circumnavigation of Australia from 1801 to 1803 than a search 
for large navigable rivers. He recommended the botanist Robert Brown and an artist from 
Austria, Ferdinand Bauer. During and after this voyage, Bauer completed some 2000 of the 
finest paintings of plants and animals ever made of Australian wildlife, earning the following 
poetic comment from Johann von Goethe: We are enchanted by the sight of these leaves, 
nature is revealed, great in its precision, gentle in the execution, decisive and satisfying in 
appearance. After his death, however, Bauer was forgotten until a recent revival of his talent 
was made with publications and exhibitions. 

Alexander von Humboldt and Aimé Bonpland began their expedition to Central America 
in 1800, at the same time as these voyages round Australia [8]. Although they travelled in 
regions already discovered by Europeans, they covered 6000 km by land and climbed to high 
altitudes. They ascended Chimborazo (6268 m), then considered the highest mountain in the 
world, and because of the equatorial bulge, still the fathest point from the centre of the earth. 
Suffering inevitably and severely from altitude sickness, at about 5875 m they reached a 
height greater than previously attained by any European. Their purpose was not only to 
collect plants but also to relate the distribution of species with temperature and air pressure. 
Also in contrast, they did not take illustrators with them, but managed to transport trunk loads 
of plant specimens back to Europe, and made much documentation. Von Humboldt employed 
a team of illustrators, engravers, colourists and printers who were encouraged to get the work 
published rapidly. The most diligent and prolific of these was Charles Kunth, a botanist from 
Leipzig. In the space of 15 years, he prepared copperplate prints of 3500 new species of 
plants and classified them. Numerous volumes were published between 1809 and 1834. This 
effort took its toll and Kunth died of his own hand after much illness.  

In interpreting the material, the artists would have to have had an understanding of 
biology as good as, or probably far better, than that of the collectors. But because of their 
lower socioeconomic status, their names have become obscure, being found only occasionally 
in plant and place names. For the leaders there remained the daunting task of finding the 
funds to bring their work to publication. Von Humboldt had exhausted his personal funds on 
his major expedition, and needed to seek patronage from royalty and elsewhere to pay his 
assistants. The best printing processes were time consuming, difficult and expensive. The 
most highly favoured methods were also the most laborious. An example is that of colour 
stipple engraving. Where a series of colours was applied in sequence to a copperplate 
engraved with small indentations. Paris was the centre of excellence for this technique. 

A classification of plants and animals based on morphological similarities and 
differences inevitably led to theories about the origin of species. Each continent had its own 
unique fauna and flora. The analysis of the vast stocks of specimens and their biological 
variation by scientific explorers and their artists eventually led Alfred Russel Wallace, 
Charles Darwin and others, by 1859, to a theory of evolution. Arguably the most significant 
biological theory of all time, it was not established by experiment, but by perilous adventure 
and painstaking observation and recording over many years. 

Meanwhile, alternative forms of artistry began to emerge. With the daguerreotype, from 
1839, photography developed into a competing method of recording many objects and 
phenomena. By 1878, photography had developed sufficiently to capture sequences too fast 
for the human eye and brain, and pictures began to reveal to us what we never could have 
imagined. Edweard Muybridge developed a method with multiple cameras to discover aspects 
of animal locomotion hitherto a mystery, and foreshadowed the motion picture industry [9]. 
Since then technological advances have produced art from nature, from subatomic to 
interstellar space, without the need for hazardous journeys to the ends of the earth.   
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The German philosopher Martin Heidegger is one of the most important and 
influential thinkers of the twentieth century. Much of his thinking can be read 
as a critique of certain aspects of modern thought that are often referred to 
under the heading of “Cartesianism”, and that give ontological and 
epistemological primacy to the distinction between subject and object. In 
contrast, rather than seeing human being as already apart from the world, 
Heidegger takes human being as always already in the world, as essentially 
placed. The “topology” that develops in Heidegger’s thinking connects with 
an increasing emphasis on concepts of place and space in many areas of 
contemporary arts, humanities and social sciences. Heidegger’s approach has a 
number of implications for the understanding of mind, meaning, and existence, 
while also providing the basis for a critique of contemporary technological 
modernity. 

 
1. Introduction 

Martin Heidegger was born in Messkirch, in Southern Germany, in 1889, and died in 
1976. Studying at Freiburg, he was assistant to the founder of modern phenomenology, 
Edmund Husserl, before taking a chair at Marburg in 1923, and then returning to Freiburg as 
Husserl’s successor in 1928. In 1933, Heidegger became the Nazi-appointed rector at 
Freiburg, and although he lasted in the position for only one year, resigning in 1934, his 
entanglement with Nazism has been a continuing source of controversy. Heidegger’s most 
famous work is his 1927 magnum opus, Being and Time [1], but he produced a large number 
of other books, essays and lectures that are now collected in the Heidegger Gesamtausgabe 
(Complete Works) [2] – a projected 102 volume edition. Together with Jean-Paul Sartre, 
Heidegger is a key thinker in the philosophical movement known as existentialism (or, in 
German, Existenzphilosophie – a term also used by Karl Jaspers) which emphasises individual 
human existence as the primary focus for philosophical inquiry. After Husserl, Heidegger is 
the most important figure in phenomenology, and although Heidegger departs from Husserl 
on many key points, his work remains phenomenological in its return “to the things 
themselves” – that is, to phenomena as such in their original appearance or presentation 
(phenomenology thus resists the usual assumptions of rationalism, empiricism, materialism, 
empirical idealism or scientism). Heidegger is also the pivotal figure in the transformation of 
hermeneutics from a methodology for the human sciences, as developed by Wilhelm Dilthey, 
into a basic mode of engagement that underpins all understanding and is foundational to 
human being – an idea taken further by Heidegger’s student, Hans-Georg Gadamer [3]. 

 
2. Heidegger’s critique of “Cartesianism” 

Much of twentieth century philosophy can be read as a struggle against the 
“Cartesianism” that is often taken to characterise modern philosophy as it develops from the 
seventeenth century onward. While Cartesianism derives from the work of the seventeenth 
century French thinker René Descartes, the extent to which Descartes’ own work exemplifies 
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all of the features now associated with “Cartesianism” is debateable – Cartesianism thus 
names a philosophical tendency rather than a well-defined position. There are a number of 
elements usually taken to be characteristic of Cartesian thinking. The first, and perhaps most 
fundamental, involves the assumption of a basic dichotomy between subject and object. This 
dichotomy is in part metaphysical and in part epistemological. Understood metaphysically, 
the subject-object division refers to the separation of what is into the realm of the mental on 
the one hand and the material on the other. These are understood as completely separate from 
one another and as two different substances – it is this that is the core of Cartesian “dualism”. 
Heidegger is no dualist, but he takes issue, not with the specific claims regarding mind and 
matter as basic substances, but rather with the very idea that one can understand the world, 
that one can understand “being”, on the basis of any particular being or kind of being. So far 
as the division between subject and object is concerned, Heidegger takes this to exemplify a 
characteristic tendency of modern thought not only to understand the world on the basis of 
some single foundational element (whether mind or matter), but also to understand the world 
in terms of the contrast between the subject construed as that which knows and the object 
construed as that which is known or can be known. Modern metaphysics – Cartesian 
metaphysics – is thus erected on the basis of what is essentially an epistemological 
conception, namely, the idea that the fundamental relation is that between knowing subject 
and known object. Heidegger would argue that even materialism remains within this 
framework – the materialist construal of things rests on a particular “objectified” 
understanding of things that derives from the epistemological paradigm even though it also 
reduces the ‘subject’ to the status of an “object”. The epistemological paradigm at work here 
also depends on treating the relationship between subject and object as both causal and 
representational. Thus objects, or the entities and events that make up the objective world, 
causally affect the mind, but the subject, or the thoughts and ideas that belong to the subject, 
also represents the world. The representational character of mental contents – of thoughts or 
ideas – becomes a key issue for much modern philosophy, since not only does it give rise to 
the question as to how such representation is possible (what is it for something to represent 
something else?), but it also raises the question as to the accuracy and reliability of such 
representation. At this point one encounters the classic Cartesian problem of external world 
scepticism: could it not be possible that we are entirely deceived in our beliefs about the 
world – imagine a powerful, but evil genius who can control our thoughts and experiences. It 
is this scenario that forms the basis for the movie The Matrix, and many other movies and 
stories like it, but that appears originally in Descartes Meditations [4]. 

Part of what marks out Heidegger’s work from that of many other twentieth-century 
thinkers (although it also brings him into convergence with some other key philosophers of 
the last hundred years or so, including such as John Dewey and Ludwig Wittgenstein) is his 
rejection of any strong dichotomy between subject and object, and the Cartesian picture 
within which it is associated. This is already clear in Heidegger’s Being and Time. In this 
work Heidegger takes the question of the “meaning” of being as his focus – his aim is to 
uncover the structure within which it is possible for anything to appear or to be present 
(sometimes, a little misleadingly, this is taken as the same as the question as to how anything 
can appear as intelligible). Heidegger addresses this question through an investigation of the 
being of human being, but he refuses to understand this in terms of consciousness, mind or 
even “subjectivity”. Instead, the being of human being is referred to as Dasein – literally, 
“There-being” or “Being-there” – and Dasein is characterised as being-in-the-world. The 
being of human being is thus already treated by Heidegger as inseparable from the world in a 
way that is sometimes taken to be analogous to the way early ethological thinking took the 
animal to be inseparable from its environment (although there are also important differences 
here [5]). Moreover, in contrast to the Cartesian paradigm, Heidegger takes Dasein to be in 
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the world, not simply through knowing, but rather through activity. Dasein is “in” the world 
through its active involvement and so it engages with things, at least in part, as they are 
presented in terms of possible modes of action. (So Heidegger talks of the world as given in 
terms of a structure of equipment – of things for use). The emphasis on activity here has led 
many to connect Heidegger’s thinking in Being and Time with the philosophical position 
known as “pragmatism” – a view that also takes pragmatic involvement as determinative of 
human being. 

If one takes the sort of approach that Heidegger adopts in Being and Time, then the 
sceptical possibility envisaged by Cartesianism, and by movies like The Matrix, turns out to 
be epistemologically irrelevant. For us to have thoughts or ideas, we must already be actively 
involved in the world, and while we might get some things about that world wrong, to 
suppose we could be wrong about almost everything is to suppose that we might not actually 
be involved in the world at all. To paraphrase Heidegger: who would raise a question about 
their being in the world but Dasein, and yet such a question can only be raised on the basis of 
Dasein’s being already in the world. One might say that part of what motivates Cartesian 
scepticism is the idea that it is the limited character of our access to the world – our finitude – 
that puts knowledge in question. What Heidegger’s position suggests, in contrast, is that far 
from cutting us off from the world, our finitude is what makes the world available to us. It is 
because we are already actively involved in the world, and so have a certain orientation 
towards things, have a care for them, that we can know anything at all. Knowledge is thus 
made possible by our finite locatedness rather than being undermined by it. Heidegger 
emphasises Dasein as determined on the basis of its active involvement in the world, rather 
than through some form of abstracted separation, and as a result, he rejects the idea of any 
purely “internal” realm of subjectivity to be set against the external world of objects. There is 
thus no such thing as the mind understood as a realm of ‘internal’ private states that is 
immediately known – the conception that is ordinarily associated with Cartesianism. But this 
does not mean that there is no “mind” at all, no thoughts or ideas. Instead, we know the mind, 
and ourselves, only inasmuch as we know the world. One consequence is that, unlike the 
Cartesian position, the Heideggerian does not allow us to assume that our knowledge of 
ourselves, or our knowledge of our own thoughts, is automatically more secure than our 
knowledge of the world and of others. Knowledge, of whatever kind, is itself determined as 
already in the world, as already part of our active involvement with things – subjectivity, we 
might say, is thus always bound up with objectivity, and the division between the two cannot 
be taken as basic or irreducible. Moreover, if we look to inquire into being, then we cannot 
understand being by reference to anything subjective or objective – being is more 
fundamental than either of these. 
 
3.  Contemporary influences and developments 

Heidegger’s influence is felt in the European tradition in the work of almost every major 
thinker of the last half-century, even among those who would deny any direct connection to 
his work. In recent and contemporary English-speaking philosophy, Heidegger’s influence is 
immediately present in a number of areas, and with respect to a number of philosophers. The 
work of Richard Rorty, and especially Rorty’s 1989 volume, Philosophy and the Mirror of 
Nature [6] draws on Heidegger, among a number of other thinkers (including Gadamer, 
Wittgenstein and Dewey) as part of an attack on representationalism, and the epistemological 
paradigm, understood through the idea of the mind as “mirroring” nature. Rorty’s sympathies 
are strongly pragmatist, and he reads the history of philosophy as a history largely consisting 
of pseudo-problems that derive from mistaken metaphors and linguistic confusions, many of 
which centre around the subject-object dichotomy, as well as the misplaced desire for a 
metaphysical and epistemological foundation. Hubert Dreyfus also draws on Heideggerian 
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sources in his critique of what can be viewed as a close relative of representationalism, 
namely, computationalism – the view that human functioning, including human thought, is 
best understood on the model of a computational programme [7]. Dreyfus takes Heidegger’s 
emphasis on our being-in-the-world as a matter of active involvement rather than abstract 
theorisation to show the unviability of many of the standard approaches to artificial 
intelligence. Dreyfus’ critique has now largely been accepted within the cognitive science and 
artificial intelligence community (although not all would endorse the full set of implications 
that Dreyfus draws), and can be seen as a significant influence on the rise of “embodied 
cognition” and similar approaches (exemplified, for instance, in the work of such as Andy 
Clark [8]). 

While it is a direct or indirect influence on some, Heidegger’s thinking also converges 
with that of others. Wittgenstein and Dewey are two figures often cited in this regard, but the 
same also applies to a more contemporary figure, Donald Davidson, also a major influence on 
Rorty. Especially interesting about Davidson is his explicit rejection of what he has referred to 
as the “myth of the subjective” [9], and his adoption of what is often referred to as an 
“externalist” theory of content. According to Davidson, mental content is determined by the 
existing entities and events to which our thoughts and ideas are causally connected through 
our active engagement in the world. Davidson’s work has been particularly important in my 
own research, not only in relation to the reading of Heidegger, but also in the development of 
the understanding of place and placidness as key philosophical concepts. Davidson 
emphasises the way in which the meaning of sentences and the contents of beliefs only arise 
in the context of a threefold relatedness that encompasses self, others, and world (“subjective, 
intersubjective, objective” [10]) – which he explicates using the idea, taken from 
topographical surveying, of “triangulation”. While Heidegger also emphasises the complexity 
of engagement in which human being is embedded, he talks in his later writings of the 
structure at issue here, and the attempt to articulate that structure, in terms of a “topology of 
being” [11]. What seems to come to the fore in Heidegger’s work, and especially as it 
connects with Davidson’s, is the idea that what Heidegger pursues under the “question of 
being” is actually the question of place or topos, since it is only in and through place that the 
world appears as world or that things appear as things. The happening of being, including the 
happening of human being, is identical with the happening of place [12]. 

 
4. Contemporary topology 

Outside of philosophy, Heidegger’s thinking has also been influential, and especially in 
disciplines for which place is an important notion. Indeed, the topology that is prefigured in 
Heidegger’s work can be seen as an increasingly important element in a range of areas of 
contemporary thought across the social sciences and humanities. Place is a particularly 
significant concept in thinking about the environment, and not only in relation to the 
“natural”, but also the “built”. Although Heidegger uses “being-in-the-world” to characterise 
what is essential about human being in his early work, in his later writing, he uses the term 
“dwelling” (Bauen) to refer to the way human beings are in the world [13]. Dwelling refers to 
a mode of engaging with the world that is attentive to, but also determined by, the complex 
interaction of earth and sky, gods and mortals (what Heidegger calls “the Fourfold”) that he 
presents as integral to the unity of any and every place [14,15] – it is a concept that bears 
comparison with the emphasis in indigenous cultures on the fundamental importance of the 
relation to place, land or country. The concept of dwelling, together with the associated idea 
of place, has been drawn upon by contemporary architectural and environmental theorists, as 
well as geographers and others. It is suggestive of a mode of being-in-place that is essentially 
relational, and that stresses the interdependence of places, as well as of those entities and 
elements that appear within a place. Such an idea can be developed in ways that draw more 
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directly upon Davidson and other “analytic” thinkers, as well as upon Heidegger, while also 
connecting with much contemporary empirical research [16]. Although Heidegger tended to 
avoid explicit use of the language of ethics or morality in his own work, Heideggerian 
topology clearly has important ethical implications. The analysis it offers of the essentially 
emplaced character of human being stands in opposition to a range of contemporary 
approaches that look to emphasise the anonymous, the prudential and the procedural – 
approaches that treat human being, whether understood ethically, epistemological or 
ontologically, as displaced and separated from the world, and isolated from any sense of the 
human other than as instantiated in the solitary “individual”. Heidegger was certainly critical 
of “humanism” as it arises in modern thought (just as he was critical of other forms of  
“subjectivism”), and yet his approach is nevertheless given over to a thoroughly “humane” 
conception that aims to return us to a sense of the human in its essential relation to the 
encompassing structure of place and world. Heidegger’s emphasis on the importance of place 
here should not be misconstrued as mere “nostalgia” or as a form of backward conservatism 
(even though it is often read as such). His claim is that we only come to be as human beings 
through our participation in the openness of the world as that arises in and through specific 
places, and that only thus do we encounter ourselves as well as others (hence the importance 
of the Fourfold as bringing together gods and mortals and earth and sky). Moreover, the place 
that is thereby opened up is always, for Heidegger, a space of questionability as well as of 
attentiveness. It is a space that addresses us, requiring that we take seriously the matter of our 
own being, our own existence, our own place.  

 
5. Place and the problems of modernity 

Central to Heidegger’s later thinking, especially, is his critique of technological 
modernity – a critique that is itself directly tied to his critique of modern philosophy. 
Heidegger does not view philosophy as any form of abstract speculation having little or no 
effect on the world in which it appears, but rather takes the appearance of the world as itself 
the embodiment of an essential philosophical, or better, metaphysical, orientation. The 
emphasis on the representational, the epistemological, and the subjectivist that characterise 
modern philosophy thus also characterise the modern formation of the world – a formation 
that is also inseparable from technology. It is important to note, however, that Heidegger does 
not identify technology with any technological device or technique or with any assemblage of 
such devices or techniques. Instead, technology is a system of ordering of the world that is 
essentially determined by an orientation towards nothing other than the perpetuation of such 
ordering – an ordering that draws everything into a single network of connections, and in 
which everything is positioned within an encompassing frame of quantity and measurability. 
Technological modernity thus understands the world in terms only of what is amenable (or is 
taken to be amenable) to calculation and control – it reduces places to mere locations, and 
transforms even human beings into something available for use and deployment (already, in 
the 1940s and 1950s, Heidegger had taken note of the language of ‘human resource’ [17]). 
From a Heideggerian perspective, two of the most potent examples of the dominance of the 
technological in its modern form are the phenomena of “globalisation” (in which the entire 
world is seen as a network of flows and transformations), and what might be termed 
“governmentalisation” (or the rise of an all-encompassing bureaucratic mode of organisation 
based around systems of audit, assurance, and accountability.)  Both of these phenomena can 
be understood as operating through the abstracting of the concrete forms of human existence 
from the bounded localities in which they are otherwise embedded. In this respect, 
technological modernity is characterised by a refusal of the very idea of limit – including the 
limit that belongs to technological modernity itself. This is a key point, since as Heidegger 
views matters, limit or boundary is not merely restrictive, but also productive – “A boundary 
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is not that at which something stops but, as the Greeks recognized, the boundary is that from 
which something begins its presencing” [18]. Many of the most urgent problems that face us 
today, climate change being a particularly salient example, are problems that derive from our 
inability or refusal to recognise the limits that both constrain and also make possible human 
existence. Inasmuch as the idea of limit or boundary is directly connected with the idea of 
place, so we can say, following Heidegger, that one of the key challenges of the contemporary 
world is precisely to regain a sense of our own place, or at least to re-establish it as a genuine 
point of questioning. The re-thinking of place that this entails is central to much of my own 
work – work that encompasses, but is not restricted to, the engagement with Heideggerian 
topology [16,19].  
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Encephalitis lethargica, an epidemic infectious disorder of the 1920s, elicited a 
panoply of neurologic and psychiatric symptoms that undermined ongoing 
attempts to cleanly demarcate the areas of clinical neuroscience occupied by 
‘neurology’ and ‘psychiatry’. Further, it undermined existing conceptions of 
the will, the personality and consciousness as exclusive functions of the 
cerebral cortex; in particular, the disorder suggested that the brainstem was 
more involved in these faculties than hitherto suspected. 

 
1. Neurology and psychiatry: partitioning clinical neuroscience in the early 20th 

century 
The neurobiological approach to mental disorders had been inaugurated in 1845 by the 

young German internist, Wilhelm Griesinger (1817-1868) – we must … recognize that mental 
disorders are disorders of the brain [1] – and the Austrian physician Ernst von 
Feuchtersleben (1806-1849) – every psychosis is at the same time a neurosis because without 
mediation of nervous activity no psychic change is manifested [2]. This neuropsychiatric view 
of mental disease gathered strength during the second half of the 19th century, substantially 
favored by the golden age of neuroanatomy that commenced in the 1860s, particularly in the 
German-speaking world. As technical developments allowed ever finer investigation of brain 
structure, it appeared that it was only a matter of time before psychiatric symptoms could all 
be assigned to localized brain tissue defects.  

Despite dramatic progress in the investigation of both the micro- and macro-architecture 
of the central nervous system, however, this optimism had been considerably dampened by 
the early 20th century. The major problem was that although the then dominant classification 
of mental disorders – with its two major pillars, dementia praecox and manic-depressive 
illness, and introduced by Munich psychiatrist Emil Kraepelin (1856-1926) in the 6th edition 
of his influential psychiatry textbook [3] – was itself conceptually grounded in biologic 
psychiatry – epitomized by Kraepelin’s assumption that similar disease processes will 
produce identical symptom pictures, identical pathological anatomy, and an identical etiology 
[4] – attempts by the finest neuroanatomists of the period to identify neuropathology 
associated with either disease form had thus far proved fruitless. 

The curious situation had thus arisen that while nobody who subscribed to scientific 
medicine doubted that mental function was at least closely associated with neural function, 
establishing the details of this association, or the neurologic basis of mental dysfunction was 
frustratingly impervious to investigation. Swiss psychiatrist Eugen Bleuler (1857-1939) – 
who had coined the term ‘schizophrenia’ as a more convenient alternative to ‘dementia 
praecox’ [5] – exemplified the biologic view of mental function in his classic 1921 text 
Naturgeschichte der Seele und ihres Bewußtwerdens. Eine Elementarpsychologie (‘Natural 
history of the soul and of its becoming conscious. An elementary psychology’: a title that, 
incidentally, illustrates the advantages of the German language for discussing such themes). 
By using the terms ‘soul’ and psyche, Bleuler underscored the fact that he was discussing 
what in popular parlance was regarded self-evidently as the ‘person’ and indeed still 
commonly described outside medicine as ‘soul’ or ‘spirit’, but at the same time he 
emphasized that the psyche is a brain function [6]. He also frankly conceded, however, that a 
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major conceptual gap (eine große Lücke) between the neural substrate and the internal 
experience of ‘self’ and consciousness remained to be bridged [7]. 

In Europe this conceptual gap fostered the development of ‘psychologic’ approaches to 
mental disease, approaches regarded by neurologists, at best, with suspicion, but by 
psychiatrists as the opportunity for emancipation of their specialty from neurology and 
internal medicine. Psychiatry labored under its history as both a futile and dubiously scientific 
branch of medicine; its image was also darkened by the perception of mental institutions as 
the mode of medical practice in which the precept Primum non nocere was least likely to be 
fulfilled. University clinic psychiatrists sought independence from neurology in order to 
achieve the recognition they believed neurologists denied them – one knows that our love [for 
neurology] was long an unhappy one, it was unrequited by the other side, and not encouraged 
by the shared mother, inner medicine [8] – and mental disease without evidence of brain 
disease potentially provided pastureland over which they could claim sole tenure. 

The diseases that psychiatry initially claimed as its core territory encompassed what 
were then denoted ‘neuroses’ – brain-related disorders without identifiable brain pathology – 
but as the meaning of this term shifted following its appropriation by Freud for his 
psychoanalytic theory (at this point the psychologic approach to mental disease that most 
radically turned from the neurologic mindset), preference for the term ‘functional disorders’ 
increased: disorders in which not only was there no brain pathology, but in which there was, a 
priori, no pathology to discover. This bold assertion predicated the possibility of clinically 
distinguishing between ‘functional’ and ‘neurologic’ disorders with similar clinical 
symptoms, and two features were seized upon for this purpose: the ability of suggestion to 
modify symptoms in functional disorders, and the presence or absence of certain objective 
signs in neurologic disease (such as the Babinski sign in pyramidal motor disease) that could 
not be simulated by healthy persons. ‘Genuine epilepsy’ (neurological) could, for instance, be 
distinguished from ‘hysterical epilepsy’ (functional) on the basis that suggestion ameliorated 
symptoms only occur in the latter. It was certainly recognized that somatic disorders, 
including infections such as influenza and syphilis, could elicit psychiatric symptoms, but 
they were regarded as being fundamentally different to idiopathic psychiatric disorders, 
regardless of similarities in presentation.  

The psychologic approach to mental disease did not necessarily entail rejection of 
Griesinger’s equation of mental disease with brain disease. The analysis of mental life in 
terms of ‘complexes’, ‘reactive forms’, ‘archetypal behavioral templates’ and similar 
constructs could be justified as a convenient alternative means for examining mental 
phenomena that did not depend upon (perhaps impossibly) precise knowledge of their 
neurologic basis, just as an author can use a word processing program without understanding 
the computer language in which that program was written, let alone the hardware of his 
computer. Even Freud conceded this point in a late review (1939, published 1940): 

Here we are concerned only with therapy only with respect to its use of 
psychological means: at the moment we have no alternatives. The future may 
teach us how to directly influence energy resources and their distribution in the 
psychic apparatus by means of particular chemical substances [9]. 

In any case, one assumption was shared by all concerned: consciousness, intellect, memory, 
and other higher faculties formerly associated with the soul were functions of the cerebral 
cortex. Neuroanatomic research had largely neglected subcortical regions during the 19th and 
early 20th centuries, in the understanding that what was specifically human in the brain 
should be sought in its ‘highest’ structures, both spatially and phylogenetically. In the mid-
1920s Economo described as progressive cerebration the process by which many functions 
managed by subcortical structures in phylogenetically lower species had gradually been 
relocated to the cerebral hemispheres in the course of evolution [10]. 
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By 1918 the psychological approach to mental disease was gaining strength in European 
psychiatry, and the final severance of psychiatry from neurology seemed imminent: much to 
the chagrin of many neurologists, who argued that it was somewhat precipitate to discretely 
dissect brain function into unambiguously psychic and neurologic components. It was 
precisely at this point that a new disorder appeared that cast doubt upon the conclusions so 
confidently drawn before the Great War: as with the world in general, it became clear that old 
certainties and boundaries required urgent reconsideration. 
 
2. Encephalitis lethargica 

A new and mysterious infectious disease first appeared in Europe during the First World 
War: encephalitis lethargica (EL) or ‘encephalitis epidemica’, popularly known as the 
‘sleeping’ or ‘sleepy sickness’ (but not to be confused with the tropical African disorder 
conveyed by tsetse flies). EL was first specifically described in early 1917 in Vienna by the 
colorful Austrian neurologist Constantin von Economo (1876-1931) [11]. At about the same 
time, the Frenchman René Cruchet (1875-1959) reported a similar syndrome in soldiers on 
the Western Front, but did not immediately recognize it as a distinct disorder [12]. In the 
course of 1918, epidemics of the disease visited France and England, following which it was 
gradually recognized in most parts of Europe; by autumn it had also reached North America. 
The major European epidemic, however, pushed northwards from Italy in the winter of 
1919/20; after this outbreak EL persisted as a sporadic disorder into the 1930s, but never 
again achieved the levels of 1918-1921 – except in England/Wales, where a massive outbreak 
in 1924 (5,039 cases, 1,407 deaths) proved to be not only the greatest but also the last EL 
epidemic anywhere in the world [reviewed: 13]. 

EL was an exceedingly complex disease throughout its brief appearance on the medical 
stage, and even the consistencies it exhibited shifted over time. At its height (1918-21), EL 
was a disease of late winter/spring to which those aged between 15 and 35 years of age were 
most prone; from 1922, 5-20 year old children and youths were at greatest risk for a disorder 
that was no longer restricted to a particular time of year. There was no consistent association 
with social standing, occupation or race, but around 65% of acute cases were males. It was 
indubitably a contagious disease, but evidence for direct person-to-person transmission was 
apparent in no more than 5% of cases. Comparisons with epidemic poliomyelitis were thus 
inevitable, so it was assumed that many cases of EL – perhaps even the large majority – were 
either rudimentary infections (where symptoms are so mild that they might not be recognized 
as such) or completely silent. The EL pathogen was never identified. The initial suspects were 
the poliovirus itself and the botulism bacterium, but, as with influenza and the streptococcus, 
these were quickly dismissed as being inconsistent with the symptomatology, epidemiology 
and neuropathology of EL. The major pathogen investigated during the EL period was, in 
fact, the herpes virus, but by the mid-1920s its role in EL was more than dubious for all but a 
handful of investigators, leaving the etiologic question open. 

The clinical presentation of acute EL could also be confusing. It was initially 
characterized by the ‘classic triad’ of somnolence (hence the name of the disease), oculomotor 
pareses (particularly diplopia and loss of accommodation reflexes), and mild fever. During the 
1920/21 epidemic, however, an almost completely antithetic form achieved prominence, in 
which insomnia and motor hyperkinesias (involuntary movements, including choreiform, 
athetotic and myoclonic symptoms) combined with deep pain dominated the acute phase. The 
apparent death rate during acute EL in local outbreaks could be as high as 50%, but the true 
overall figure was probably closer to 15% when rudimentary cases were also taken into 
consideration. This was higher than that for influenza during the 1918/19 epidemic in 
northern European countries (c. 1%) or for other infectious diseases of this period, but the 
case numbers were also much lower (for example: nearly 120,000 cases of scarlet fever were 
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registered in England-Wales in 1920, with a 1.2% mortality; 70,000 cases of diphtheria, 8% 
mortality [14]). 

As if all this were not sufficient to alarm both the medical community and the general 
public, it was gradually recognized that acute EL was only the start of the disease. Although 
their condition slowly improved over many months, the vast majority of those who survived 
acute EL never completely recovered; in fact, the worst lay before them. The sufferer initially 
entered what the leading EL authority, Göttingen neurologist Felix Stern (1884-1941), termed 
the ‘pseudo-neurasthenic period.’ The major symptoms had abated, but the patient was not 
quite the person they once were: they were irritable, lacked concentration and energy, and 
were interested in neither their work nor other people; the picture of ennui and apathetic 
listlessness was not unlike more recent descriptions of chronic fatigue syndrome. This state 
could persist for a few days, but also for years or even decades; the younger the person at the 
time of their acute illness, the longer the pseudo-neurasthenic period tended to be. This period 
was also known simply as the ‘interval’, for it was ended not by the long yearned for 
restitution ad integrum, but by the descent into the third, abiding phase of the disease, chronic 
EL. 

The relative peace of the interval often meant that many believed, together with their 
physicians, that they had overcome EL; by 1930 this optimism had largely evaporated. Even 
more disturbing were the increasing numbers of patients presenting ‘chronic EL’ who had 
apparently never suffered the acute disease: as many as 30% of chronic EL patients would 
ultimately fall into this category. At least 80% of chronic phase patients suffered symptoms 
difficult to distinguish from those of Parkinson’s disease, a debilitating disorder of motor 
control characterized by tremor, rigidity and poverty of movement. The major difference was 
that Parkinson’s disease is a disorder of the aged, whereas ‘post-encephalitic parkinsonism’ 
(PEP) generally struck persons who had not yet reached 30 years of age, and many were still 
in their teens: with the consequence that many would be forced to endure crippling disability 
for more than half a century. While treatment with belladonna alkaloids brought some early 
relief, albeit often at the cost of significant visual impairment and other side-effects, no 
therapy halted the progression of the disorder or ameliorated the symptoms sufficiently to 
allow a return to normal life; most were sooner or later permanently institutionalized. 

 
3. The psychiatric symptoms of encephalitis lethargica 

EL also elicited an incredible array of psychiatric symptoms, many not previously seen 
in neurologic diseases. Unlike the long-term neurologic complaints, the seeds of the chronic 
psychiatric symptoms were evident (at least in retrospect) in the altered disposition of the 
patient during the interval. The dominant features were first described in France as 
‘bradyphrenia’ [15] – the novelty of so many phenomena in EL necessitated the introduction 
or renovation of a number of specific terms – and elsewhere as a pathologic loss of drive and 
impairment of the processes of volition. ‘Bradyphrenia’ described the slowness, the viscosity 
of thought experienced by patients, but was much more complex than simple mental 
sluggishness: their intelligence was generally unimpaired, but the automatic nature of thought 
had deteriorated, just as motor automatisms were corrupted by EL. This was puzzling for both 
patients and physicians at the time; it had not previously been clear how much of ‘conscious 
thought’ and the exercise of the will actually depended upon mental automatisms (analogous 
to the swinging arms and other automatic postural adjustments that make walking upright 
possible). The result of this situation was that the patients were isolated from their 
surroundings, and disturbed those around them with a seemingly imperturbable apathy and 
disinterest, an impression elevated to the grotesque by their ‘mask face’ – total facial 
immobility associated neither with true paralysis nor rigidity; one of the early features of 
chronic EL – and muscular rigidity of limbs and trunk that bound them to their beds. 
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Depression was regarded, with surprise, as unusual in chronic EL; although patients were 
generally fully cognizant of both their condition and their inevitable future incapacity, this 
knowledge lacked the emotional coloring required for the experience of melancholy. Where 
patients committed suicide it was often seen as an impulsive act related to guilt for the burden 
their disorder imposed upon others rather than as an escape from personal pain. 

Other symptoms exhibited by these patients included heightened suggestibility, a certain 
clinginess with respect to authority figures and other persons of emotional importance, and a 
degree of impulsiveness; compulsive thoughts could also be significant (particularly in 
association with oculogyric crises, a peculiar oculomotor seizure that was undoubtedly 
neurologic in origin, but also exhibiting psychiatric features). A minority of patients (~2%) 
exhibited symptoms that could (and often did) attract a false diagnosis of schizophrenia, 
leading to a sometimes impassioned debate about whether post-EL psychosis was 
fundamentally different from idiopathic psychoses. Bleuler [5] had suspected that 
schizophrenia was, in some cases the result of infection, and a number of infectious diseases 
were still implicated in schizophrenia during the 1920s (reviews: [16,17]); tuberculosis 
attracted particular intention, but this probably reflected the conditions in mental hospitals 
more than the origin of their mental symptoms. 

Psychiatric symptoms were not unknown in neurologic or infectious diseases (see [18]), 
but EL was different in critical respects: the psychiatric symptoms were not related to the 
degree of fever, as was generally the case with infection-related psychoses, nor were the 
psychiatric and motor symptoms of chronic EL correlated. Heidelberg psychiatrist Kurt 
Beringer (1893-1949), for instance, was initially astonished that patients relieved of rigidity 
and tremor by harmine were not more mobile. He had, in fact, demonstrated that akinesia – 
the pathological absence of voluntary motor activity previously described in both 
schizophrenia and Parkinson’s disease – was autonomous of the motor symptoms of 
parkinsonism [19]. 

A further surprising element was that EL largely spared the cerebral cortex: it was a 
polioencephalitis superior, primarily restricted to the mesencephalon, the basement of the 
brain. Vegetative centres involved in the regulation of a palette of essential physiological 
functions were located here, but with few exceptions – most notably Martin Reichardt 
(Würzburg) and Josef Berze (Vienna) – no-one had hitherto foreseen a significant role for the 
brainstem in psychic processes [20,21]. 

EL was thus a challenge to psychiatry and a welcome vindication for neurology: a 
clearly organic disorder in which it was nigh impossible to extricate the psychiatric elements 
from the neurologic components. The greater significance of the EL patient with regard to 
psychiatry was, however, that the mental deficits exhibited appeared to be quite focal: that is, 
there was no evidence of the general disintegration of personality or loss of contact with 
reality that characterized schizophrenia. It was thus hoped that EL might provide otherwise 
unattainable insights into the internal experience of psychiatric disease, and some neurologists 
were prepared to place more value on the reports by patients themselves ‘from within’ than 
they would normally have granted introspective analyses. The partially mentally ill patient 
[21] might provide more valuable information than even the most empathetic clinical 
psychologist could hope to achieve from without. 

The most important publication of this type was the 72 page paper published in 1922 by 
Freiburg Nervenarzt Alfred Hauptmann (1881-1948): The deficiency of drive – as seen from 
within. The psychic correlate of akinesia [22]. Hauptmann saw himself primarily as a 
neurologist, not a psychiatrist, and disapproved of over-interpreting one’s findings [23]. The 
first question he addressed was that of the contribution of psychic processes to akinesia. The 
patient who initially aroused his interest was a law student who had contracted EL at the age 
of 22, and had suffered psychiatric symptoms from the beginning of his illness: 
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• There was no diminution of intellectual and sensory performance, but it was no longer 
linked with feelings of either pleasure or aversion. He could appreciate that a musical 
performance was beautiful, but without it evoking any sense of pleasure; a full bladder, for 
instance, would be noted without being perceived as discomfiting. Feelings of hunger and 
tiredness were diminished. 

• Fluidity of thought and movement was eroded by recurring chains of thought, compulsive 
phenomena, increased internal consciousness, indecisiveness of action and thought, and by 
bizarre forebodings.  

• He needed to devise curious stratagems to ‘trick’ his mind or body to behave as required, 
circumventing his all-dominating psychomotor inhibition. 

• His perception of the distinction between the dreaming and waking states was reduced.  
• His empathy for others was increased, but his sympathy for them was diminished.  
• Thoughts of suicide, including detailed plans, were elicited not by depression but because 

his inactive, enervated existence nagged at his conscience.  
This young man had been reduced to a super-vigilant spectator, no longer an active participant 
in his own life. He also suffered rapidly advancing parkinsonism, which he noted with 
dismay, but not with the horror one might expect; he was even oblivious to the severity of 
some symptoms, including his debilitating rigidity. 

It is ironic that another frequent symptom of EL, impulsive wandering, deprived 
Hauptmann of the possibility of describing this case in print, which was consequently 
published by his Heidelberg colleagues Willi Mayer-Gross and Georg Steiner [24]. This was 
nevertheless among the cases he studied in order to elucidate how it ‘felt’ to be akinetic, 
analyzed in terms of Hauptmann’s concept that ‘acts of free will’ were actually the results of 
complex combinations of interacting, unconscious responses to external stimuli, primarily 
automatic processes of the phylogenetically older basal ganglia that regulate the essential 
vegetative and animal needs of the organism: 

The actions no longer appear to us to be reflex processes only because their 
modification through the intervention of cortical activity obscures their 
inevitability…. It appears that ‘I’ move myself, but I am in fact moved [22]; see also 
[25]. 

Hauptmann accordingly discerned two distinct types of impairment of volition in different EL 
patients: 
• Motivation provided by normal stimuli was insufficient to evoke action: the patient, for 

example, might ‘want’ to scratch an itch, but the emotional component of the motivation 
normally provided by the stimulus was insufficient to initiate the required muscular 
responses, much to the surprise of the patient. Unconscious execution was less affected, so 
that a patient might, for instance, be able to ‘initiate’ movement if distracted by 
conversation. Alternatively, the patient might artificially build their emotional involvement 
in an action through feigned enthusiasm; the same end could also be achieved by genuinely 
emotional situations, such as danger or the desire to please an authority figure (such as their 
neurologist or employer). 

• A genuine deficit of drive, the inability to even initiate a decision-making process, 
reflecting the total uncoupling of the will from affect, probably the result of a thalamic 
lesion. The indifference of such patients was so intense that the words of a conversation 
could literally be forgotten as quickly as they were heard, leading to misguided suspicions 
of dementia. The lot of such patients was, in a sense, less oppressive than that of the first 
group, as their perception of their disabilities was completely devoid of emotion, and 
depression, by definition, requires a functional affective life. 

For Hauptmann the first group possessed a healthy will hindered by difficulties in the 
execution, the second difficulties in the initiation of volition itself. In practical terms, this 
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meant that a patient from the first group readily raised a handkerchief to their nose when 
instructed to clean it, but the action might break down at any point; it was more difficult for 
the second type to initiate movement, but, once started, it proceeded smoothly to completion. 

Hauptmann interpreted his patients’ accounts as corroborating his model of the will as 
an epiphenomenon of automatic reflexes: 

… it is certainly possible to distinguish between disorders of volition …; disorders 
of affective life; and hindrance of the capacity for realization of the intact will. We 
have seen how misguided it is to speak of lack of drive, lack of expression, 
stupidity, apathy, etc., if one derives justification for the presumption of these 
disturbances only from the apparent manifestations of their affective and 
volitional life. We have seen how through the interaction and mutual influence of 
affective and motor components a structure with a life of its own emerges, the 
function of which can simulate the existence of a process [that is, the will] [22]. 
Hauptmann’s conclusions were widely discussed during the 1920s, and further patient 

reports published, including those of physicians who themselves suffered EL [26]. Despite the 
controversies that ensued, one conclusion was not in dispute: the EL patient had provided an 
intriguing insight into the processes of volition, demonstrating clearly that the will could be 
regarded neither as the keystone of consciousness, nor as a monistic structure or function. 
Volition and consciousness were evidently more complex functions than either neurologists 
or psychiatrists had previously envisaged, and substantial components related to both were 
indubitably functions of the ‘lower’ or ‘primitive brain’, including the brainstem. 
 
4. Children and encephalitis lethargica 

The awfulness of EL in childhood was encapsulated eloquently by Sheffield physician 
Arthur Hall (1866-1955) at a meeting of the Royal Society of Medicine in January 1925, 
where he commented that phenomena were being seen which have hitherto been regarded 
almost as the perquisites of adult or even senile years. Sleeplessness that defied the most 
powerful sedatives, parkinsonism, hooliganism, homicide and suicide in children of tender 
years are events to which the community is unaccustomed, and for which it is unprepared 
[27]. 

Most disturbing were the so-called ‘post-encephalitic behavioral syndromes’; so-called, 
because they were actually part of the extended ‘interval’ experienced by younger EL 
patients, although there was little that was neurasthenic about this period in those who 
suffered acute EL before adulthood. Initially the problem appeared limited to ‘agrypnia’ or 
‘sleep inversion’, an unexplained restlessness that compelled the children to spend their nights 
in unceasing, noisy commotion, followed by sleepy days of inactivity and, in some cases, 
motor incapacity. But further experience quickly indicated that matters were much worse. 
Berlin psychiatrist Karl Bonhoeffer (1868-1948) offered a concise description of the effects of 
EL in children: 

The children are more talkative, unsettled, characterized by a 
hypermetamorphotic compulsive mobility, harassing, cheeky, devoid of respect 
and inhibitions, unsocial and often blatantly harassing in their interactions with 
playmates, some also inclined to sudden, explosive affective outbursts [28]. 

Bonhoeffer, who had published a authoritative text on post-infection psychoses in 1912 [18], 
suggested that hitherto unsuspected subcortical aspects of personality might be injured in EL. 
In any case, the psychic changes he saw in these children were unprecedented: I am not aware 
of any other acute infectious disorder which affects the juvenile psyche in a similarly 
consistent manner [29]. 

Bonhoeffer’s assessment sounds somewhat abstract, however, when compared with that 
of those who more regularly came into contact with such children. The anguish of the parents 
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was captured well by Heidelberg psychiatrist August Homburger (1873-1930) in his 1926 
textbook Psychopathologie des Kindesalters (“Pediatric psychopathology”): 

The mother’s efforts to interest [the child] in a game, a story, a picture book that 
was earlier met with great enthusiasm, now elicit momentary interest at best, or 
are completely in vain. Friendly, then stern words of reprimand, threats, minor 
punishments, even energetic disciplinary measures achieve at most a fleeting 
effect; lectures, promises of future rewards for good conduct are equally 
ineffective. The parents are driven to despair, the mother pleads and weeps; even 
this makes no impression at all … on the contrary, the child becomes more 
excited, he strikes out at his parents, he abuses them. 
Occasionally, however, the former character of the child breaks through. The 
child snuggles up to his mother, plays up to her, shows her affection, laughs 
mischievously; she jokes with him, he plays along, speaks tenderly with her – but 
suddenly and without cause he becomes insolent and coarse, and does something 
horrible. The mother is shocked and offended, lets the child know this clearly, he 
cries and appears to be sorry for what he has done; but it doesn’t last long before 
he again swears, spits, and runs riot [30]. 

This alternation of cruelty and genuine remorse was characteristic of EL children, as was, 
more ominously, deceitfulness, gluttony, wanderlust, excessive risk-taking, and premature or 
hypersexuality. The older the child, the greater the physical capacity and intellect invested in 
their excesses; at the entry to adulthood the behavioral problem could pass from critical to 
criminal, from intransigent delinquency to compulsive theft (often without point: the stolen 
objects were often immediately abandoned), vandalism, violence against people and animals, 
murder, and rape (without regard for age or gender of the victim). Nor was the brutality, 
which in most cases lacked spite or potential personal gain, always directed outwards: self-
mutilation was common, including acts as shocking as boring a hole with a finger through the 
cheek or nasal septum, and even the removal of the child’s own teeth or eyes. At some point 
the parents were ultimately compelled to declare their incapability to manage their on the one 
hand, restless, excited, uncontrolled, on the other, irascible, insufferable, moody, destructive, 
disobedient, intractable, violent and aggressive, crude, callous, impudent, duplicitous and 
emotionally cold child, and entrusted them to a hospital [30]. 

The character changes in EL children were invariably negative. Some aspects could be 
seen as exaggerated, more violent versions of normal early childhood behaviors, others recall 
more recent descriptions of attention deficit/hyperactivity syndromes, yet others then, as now, 
could only be described as psychopathic. Special educational units and wards were 
established in several countries, but none found a solution for the majority of children. The 
problem was sufficiently dramatic to arouse fears in the general public, most dramatically 
during the English epidemic of 1924. When this already frighteningly intense outbreak 
persisted into summer, the Ministry of Health issued a memorandum, from which the London 
Times excerpted only the portion concerning after-effects: 

“The most important after-effect is the mental condition which may supervene and 
may include:— Irritability, maniacal outbursts, complete change in moral 
character and self-control; lying and theft may appear for the first time in the 
conduct of the victim of encephalitis as well as grosser mental defects (including 
even homicidal attacks), which result in the patient’s transference to a mental 
institution. These symptoms are of all grades of severity, and may be associated 
with nervous lesions. They are usually seen in children or in the young adult.” 
Thus it is possible that some instances of motiveless crime and of violent 
behaviour are the result of this disease, and not, as might be supposed, of inherent 
vice [31]. 
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In August the Times published a report under the disquieting headline The disease that makes 
criminals [32]. A later feature article (An epidemic and its lessons) noted that of 41 children 
who had contracted EL in 1923, only seven escaped some more or less severe consequences 
[33]; when the statistics for the 1924 epidemic had been collated, 1,136 school children had 
been attacked, and 26.4% had suffered mental changes of some degree, more than half 
severely [34]. Fortunately, 1924 proved to be the swan song for EL in England, and fears that 
the future for English youth was one of violent hooliganism were not realized during the 
1920s. 

The puzzle of why children, but very few adults, exhibited such dramatic behavioral 
changes following EL was never completely resolved. In many cases the acute episode had 
not been marked; the brains of the few cases that came to autopsy presented only the 
neuropathology familiar from adult cases. Indeed, the behavioral anomalies were often 
dampened as the child passed into adulthood and into the chronic, parkinsonian phase of the 
disorder, although troublesome character traits could persist for life.  

 
5. I am many: the complex unity of the brain revealed by encephalitis lethargica 

The most widely accepted explanation for the behavioral abnormalities in children was 
that behavioral automatisms had been released from higher, conscious control. This was not 
only consistent with the reports by adult EL patients that the exercise of their will was more 
complex than either they or physicians had assumed, but also with a stream of thought 
especially prominent in Germany during the 1920s: the conception that the personality was a 
complex, stratified structure that required not only the traditional higher centres of the 
cerebral cortex, but also the phylogenetically more ancient subcortical structures, particularly 
for the automatisms and other subconscious processes crucial to the fluent performance of 
higher mental faculties. This was interpreted differently by a number of authors: Reichardt 
regarded the vegetative brainstem as the source of the will [9,35], Berze saw it rather as 
providing the ‘energy’ requisite for mental processes [11,36]. Friedrich Kraus (1858-1936) 
distinguished between the Tiefenperson (‘lower personality’) and Corticalperson [37], a 
conception combining the earlier thymopsyche and noöpsyche described by Erwin Stransky 
[38] with more recent findings regarding specific brainstem functions. The prominent 
Frankfurt am Main neuropsychiatrist Karl Kleist (1879-1960) similarly spoke of the 
‘personality’ (the Persönlichkeit, distinct from the somatic Körperlichkeit) as consisting of the 
partially subcortical Innenperson (including a ‘personal self’, ‘social self’, and ‘world self’) 
and the cortical Außenperson, the two linked by the cingulated gyrus and corpus callosum 
[39]. Kleist even proposed a detailed subcortical schema for myostasis and psychomotor 
regulation [40]. The growing recognition significance of subcortical functions for mental 
processes was underscored by the title change between the first (1920) and third (1931) 
editions of the influential monograph published by Ludwig Robert Müller (1870-1962) 
[41,42], while the most comprehensive treatment of the theme was the four volumes of Die 
Biologie der Person (1926-31) by Theodor Brugsch (1878-1963) and Friedrich Lewy (1885-
1950) [43]. 

In retrospect, the brief history of EL occurred at precisely the right point in time to both 
support the more complex biologic models of personality and consciousness that had 
commenced a few years before its arrival, as well as to emphasize that it is not possible to 
separate the neurologic from the psychiatric in human brain function, in health or disease. It 
also established the close ties that exist between motor and mental activity at the level of the 
brainstem. It has not been possible to discuss all the aspects of this interaction between EL 
and neurology/psychiatry in the inter-War years – for example, it also provided a wealth of 
material that strongly suggested that ‘hysteria’ was at least as much (if not more) a neurologic 
(brainstem) problem as it was a psychiatric disorder – but the impact of the study of this 
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disease on the neurosciences was greater than might be expected on the basis of the number of 
cases it involved. 

Biological psychiatry, however, fell out of favor after the Second World War, and the 
contribution of the brainstem to higher mental functions was largely forgotten, a fall sealed 
when Paul MacLean (1913-2007) made his oft-cited reference to the brainstem as the 
reptilian brain [44]. As late as 1975, on the other hand, the eminent Canadian neuroscientist 
Wilder Penfield (1891-1976) proposed that the central grey matter of the thalamus and basal 
ganglia exercised the role of highest brain mechanism [45], albeit with little echo from his 
colleagues. It is only in recent years that interest has been revived in the role of the brainstem 
in higher mental functions [46], partly on the basis of theoretical considerations, partly on the 
basis of congenitally decorticate children [47], but in both cases dealing with a question with 
serious consequences (particularly for the ethical nature of passive euthanasia). Is a 
rudimentary or proto-consciousness evolved at the level of subcortical structures, an 
awareness that might persist in the absence of cortical activity? 

The recent resurgence of biological psychiatry has not been greeted with universal 
enthusiasm. Viewing the brain as an integrated whole, rather than as consisting of parallel 
psychic and neurologic systems, need not, however, reduce humans to soulless automatons 
without will, but simply recognizes the remarkable synthesis of vegetative, animal and 
psychic functions realized by our brains. 
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Broca’s area has been associated with speech production, gesture recognition 
and imitation, working memory and object naming. The process of verbal 
labelling of sequential gestures involves all these functions of Broca’s area. 
Ontgenic and phylogenic development from gestural to verbal communication 
may be driven by neural efficiency for employing verbal over visual working 
memory. Our recent functional magnetic resonance imaging study provides 
evidence of such efficiency. 

 
1. Introduction 

Broca’s region has been traditionally associated with the motor aspect of language. 
Accumulated research has also uncovered several other neurocognitive functions, including 
gesture recognition and imitation, working memory, and the naming of objects. 

The naming of objects with words is a unique, human endowment accomplished by 
cross-modal, corticocortical associations between object recognition through cortical 
perception and language [1]. In fact, the naming of a visual object, particularly the 
establishment of an association between a gesture and a word - verbal labelling of hand 
movements - requires the other two cognitive functions: gesture recognition, and encoding the 
gesture into verbal working memory. Though investigated independently in most studies, the 
three neurocognitive functions assigned to Broca’s region appear to be interrelated in the 
context of verbal labelling of gestures. 

To remember a series of hand movements, one strategy for expanding our memory 
capacity is to encode visual information into words. By thus applying verbal labels to 
visuospatial stimuli, the capacity of our visual working memory can be expanded to seven 
digits [2] from its usual capacity of three or four digits [3]. How can such an expansion be 
explained theoretically? When do children start using verbal labels? Do old adults continue to 
use the strategy? What role does Broca’s area play in verbal labelling of gestures?  

 
2. A theoretical model of verbal labeling 

The process of verbal labelling can be explained in Baddeley’s model of working 
memory [4] (Fig. 1). This model consists of a central executive and its slave systems, 
consisting of the visuospatial sketchpad, the phonological loop, and the episodic buffer (5).  
In this model, visuospatial information is managed by the visuospatial sketchpad up to the 
limit of its capacity. Detecting that the limit has been reached, the central executive recruits 
the phonological loop, or speech-based information to associate a suitable word, presumably 
via the episodic buffer, with the visuospatial stimulus. This association of visuospatial 
stimulus with phonological information is verbal labelling. 

 
3. Developmental progression and aging decline of verbal labeling 

Young children first communicate with others nonverbally by expressing themselves 
with various oral sounds, such as crying, cooing, utterance, and laughter, facial and body 
movements. Eventually, the oral sounds begin to resemble verbal language, whereas facial 
and body movements are transformed to facial expressions, pointing and symbolic gestures. 
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In the parallel development of verbal and nonverbal communications are intricate 
intermingling of gestures and words. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Mechanism of verbal labelling based on the working memory  
model of Baddeley & Hitch [4]. LTM: Long Term Memory 

 
Children's early exposure to parental gestures [6] and the children's early use of gestures 

[7] are related to their later development of verbal language. This is probably because parental 
verbal labelling of young children’s gestures help the children’s verbal language acquisitions 
[8]. Indeed, there is a pattern in parents’ teaching behaviours when they introduce new objects 
to young children. First, the parents draw children’s attention to an object, then vocalise a 
verbal label for the object, and finally explain the functions and properties of the objects with 
words and gestures [9]. Thus, symbolic gestures play a critical role in the development of 
verbal language in young children. 

Increasingly proficient in verbal language, children between 5 and 8 years of age start 
speaking their actions out loud if the tasks at hand are challenging [10,11]. Further, children 
ages 7 and 9 years can use verbal labels if instructed to do so, and early adolescents 
spontaneously put verbal labels on nonverbal items [12]. Because the verbal labelling strategy 
can expand the memory capacity of visuospatial items, young people seem to take advantage 
of the strategy throughout the rest of their educational lives and later in their professional 
careers [13]. Although it has been known that the capacity of sequential gestures declines 
through the middle adulthood into the older adulthood [14], it remains unknown whether the 
age-related decrement derives from a decreased capacity of visuospatial working memory or a 
cease of employing the verbal labelling strategy. When those old adults, who fail to use the 
strategy, are instructed to use it, their performance of sequential gestures is enhanced to the 
level of young adults who all use the strategy [13]. Thus, the cease of recruiting the verbal 
labelling strategy has been implicated in the age-related decline of sequential gestures. 

 
4. Broca’s area and verbal labeling of sequential gestures 

Verbal labelling is an efficient heuristic to expand the working memory capacity for 
visuospatial items. This functional efficiency may be reflected on cortical activation patterns. 
In a functional magnetic resonance imaging (fMRI) study, my collaborators and I [15] used a 
task of true imitation, not simultaneous mimicry, but an immediate or a delayed imitation of a 
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sequential gesture that has been considered as a unique human capacity, involving working 
memory in that subjects learned a new movement in each trial [16,17]. 

For such a true imitation, the imitator needed to identify the elements, order and length 
of the sequence before reproducing it. Though not specifically in the context of imitating 
sequential gestures, a fMRI study [18] found that Broca’s area was more activated for 
processing sequences of rotated geometric figures according to the hierarchical dependency 
(i.e., complex) rule than to the adjacent dependency (i.e., simple) rule. This finding was 
considered analogous to the role that Broca’s area plays in processing the hierarchical 
sequencing of linguistic syntax. Indeed, Broca’s area has been mentioned not only in the 
context of motor speech, but also decoding and understanding gestures into verbal language 
[17-20]. Therefore, Broca’s area may be activated more with increasing complexity of 
sequential gestures for decoding and preparation for imitation. 

To test a hypothesis that employment of the verbal labelling strategy to remember 
sequential gestures would reduce neuronal activity in Broca's area, we asked 16 healthy adults 
to perform an immediate imitation task involving six levels of increasing complexity. Based 
on the self-report on which complexity level they had formed verbal labels, we categorized 
the task blocks at each complexity level as either with verbal labeling (VL+) or without 
(VL-). Compared with VL+, the VL– condition activated Broca’s area or the left inferior 
frontal gyrus (IFG) (i.e., Broca’s area), as well as the middle frontal gyrus, precentral gyrus, 
and angular gyrus. In contrast, the opposite contrast (VL+) – (VL–) revealed no significant 
brain activation. 

Thus, this fMRI study supported the hypothesis on neuronal efficiency of verbal 
labelling for immediate imitation of increasingly complex gestures. The efficiency of verbal 
working memory over visual working memory may be one of the benefits to use words 
instead gestures, the transition that may have contributed to driving the evolution of human 
language [19,20]. 
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Non-photochemical quenching (NPQ) is an efficient mechanism by which 
plants adapt to fluctuations in the intensity of incident light. Its main 
component is termed energy dependent quenching (qE). The photo-physics 
and the location of this process are still under much debate. Here, we analyse 
the current experimental models of qE mechanisms and discuss possible 
model calculations that can add to the understanding of the mechanisms. 

 
1. Introduction 

Plants and other photosynthetic organisms utilise sunlight to power their metabolism. 
They possess highly efficient light-harvesting antenna systems that absorb incident light and 
transfer the excitation energy to the photosynthetic reaction centres [1,2]. There, the excitation 
energy is converted into chemical energy by charge separation. The antenna systems transfer 
excitation energy with almost 100% quantum yield to allow for optimal function at low light 
intensities [3]. Yet, light intensities can vary by several orders of magnitude within minutes 
and days. If light intensity increases, the rate at which excitation energy is delivered from the 
antenna system to the reaction centre can exceed the maximum rate of charge separation. 
Then, the excess energy can permanently damage the photosystem [4]. To avoid this situation 
plants have developed a protective mechanism to thermally dissipate excess energy, which is 
termed non-photochemical quenching (NPQ) [5,6]. Its fastest component, the energy 
dependent quenching, qE, can be activated within seconds to minutes after exposure to intense 
light conditions [7,8].  

For photosystem II (PS2) of higher plants, qE is triggered by a pH gradient across the 
thylakoid membrane where PS2 is located [7,9]. It has been established that the qE process 
takes place in the antenna system of PS2 [9,10], but not in the reaction centre as previously 
suggested [11,12]. The antenna system of PS2 consists of the major trimeric light-harvesting 
complex LHC2b and the minor complexes CP24, CP26, and CP29. Structures of LHC2b 
(Fig. 1a) have been resolved by X-ray crystallography [13,14] and reveal dense packing of 
pigment molecules in the complex: each monomer of LHC2b binds 14 chlorophyll (8 Chl a 
and 6 Chl b) and 4 xanthophyll molecules (4 lutein, 1 violaxanthin, and 1 neoxanthin). 
Homology models of the minor complexes (Fig. 1b for CP29) suggest similarly dense packing 
of pigments [15,16]. This complicated arrangement of pigments in the PS2 antenna system is 
optimised for efficient excitation energy transfer (EET) to the reaction centre. During the 
induction time of qE, changes in the pigment arrangement must occur that switch the system 
to the state of energy dissipation. Experimentally, it has been found that the formation of qE 
coincides with structural rearrangements in the PS2 antenna system particularly aggregation 
of LHC2b complexes [17-20]. Yet, it remains unclear how this rearrangement affects the 
pigments in the antenna system. Thus, the site where the energy dissipation of qE takes place 
and its photo-physics remain subject to intense debate [21,22]. Currently, three molecular 
mechanisms of qE are discussed: (i) violaxanthin (Vio) is converted into zeaxanthin (Zea) 
which acts as the terminal quencher by either energy transfer to its S1 state or electron transfer 
to adjacent Chls; (ii) subtle conformational changes in the antenna proteins due to aggregation 
lead to changes in lutein (Lut)–Chl arrangements, so that Lut can act as the terminal quencher; 
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(iii) aggregation of antenna proteins results in strongly interacting Chl–Chl complexes that 
can quench Chl excitation by formation of Chl–Chl CT states.  

 

 
Fig. 1. Structural arrangement of pigment molecules in PS2 antenna proteins: (a) trimeric LHC2b, (b) CP29.   

 
Each of these hypotheses is supported by experimental evidence [23-28], yet none of the 

evidence is conclusive. Furthermore, similar experimental data can support different 
hypotheses, if different approaches for data analysis have been employed [21]. At this stage 
theoretical assistance is required to assign features in experimental data to particular 
molecular species or processes, and possibly to identify complementary experiments that can 
discern different hypotheses. Since all proposed molecular mechanisms for qE comprise the 
formation of pigment–pigment complexes, as well as the EET or electron transfer (ET) 
between pigments in close proximity, quantum effects become dominant and have to be 
included in any theoretical model.  

 

 
Fig. 2. Structures of pigment molecules in the PS2 antenna system that may participate in the excess energy 

quenching: (a) violaxanthin, (b) zeaxanthin, (c) lutein, and (d) chlorophyll a, b.  
 
2. Construction of Models 

The theoretical description of the EET and ET processes involved in qE requires the 
quantum chemical treatment of the excited states of relevant pigment molecules and their 
interaction among one another. Since the pigment molecules that are important for qE (see 
Fig. 2) are already quite large from a quantum chemical perspective, the model complexes 
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have to be as small as possible while still being large enough to provide useful insights about 
the studied processes.  

A viable approach to model EET processes in proteins is to employ excitonic coupling 
theory [29,30]. Then, the excited states of every pigment are calculated separately using the 
best available quantum chemical method. The influence of pigment-pigment interactions on 
the excited states is computed as an electrostatic interaction of the transition dipole moments 
or transition densities of the excited states [31-33]. Using this approach, good estimates of 
energy transfer rates have been obtained for various photosynthetic proteins [34-37]. Yet, in 
the case of qE models, dense packing of the pigment molecules in the antenna proteins and 
the necessarily high efficiency of quenching suggest that the pigments are strongly coupled. 
Thus, the approximation to model pigment–pigment interaction by electrostatics only is no 
longer sufficient. 

To include all quantum effects of the pigment–pigment interactions the excited states of 
two or more pigment molecules have to be calculated together in one quantum chemical 
calculation [38-41]. This provides insights on the mutual influence of the pigments by 
comparison of results of the joint calculations with calculations on the individual pigments. 
Also, information on the energetics of ET between the pigments can be obtained directly from 
the joint calculations. However, the required quantum chemical calculations become 
computationally even more demanding and approximate excited state methods have to be 
used. 

Out of the available methods that allow for the calculation of several pigment molecules 
in one complex, the Tamm-Dancoff approximation [48] of time-dependent density functional 
theory (TDDFT) has proven to yield good estimates for the energies of the low-lying excited 
states of xanthophylls and chlorophylls [38,39,49]. In combination with the Becke-Lee-Yang-
Parr (BLYP) exchange-correlation (xc) functional [50] and the small 3-21G basis the 
excitation energies of the Qy state of Chls as well as of the S1 and S2 states of the xanthophylls 
exhibit errors of about 0.2 eV. Only the excitation energies of the ET states are given at far 
too low energies, since they suffer from the well-known charge transfer problem of TDDFT 
[51]. This error, however, can be corrected for by a hybrid approach devised in [52] resulting 
in ET energies that exhibit errors similar to the errors of the valence-excited states, which is 
closely related to the recently developed long-range separated xc functionals [53-59].  
 Before any quantum chemical calculations can be performed, the respective model 
complexes have to be constructed. Therefore, the relevant pigments and their relative 
conformations need to be identified first. If the pigments are part of a protein for which a 
crystal structure is available, the coordinates of the molecules can serve as the starting point. 
Otherwise, other types of experimental information (e.g., NMR data, electron refraction data, 
similarity models) have to be used to guess the relative orientations. Afterwards, the geometry 
of the complexes needs to be optimised to account for inaccuracies in the experimental data 
[60]. If necessary, constraints need to be included during optimisation to keep the relative 
orientation of the pigments fixed.  
 Besides the pigment molecules also part of the protein environment might have to be 
included in the model complexes, since it can strongly influence the excited states of interest. 
How different parts of the protein environment are included depends on their effect on the 
molecules of interest. Those parts that form relatively strong H-bonds to the pigment 
molecules or that are coordinated to the magnesium atom of a Chl have to be included 
explicitly in the model complexes, since they directly influence the equilibrium geometries 
and the excited states. Other parts of the protein environment only influence the electronic 
states indirectly by their partial charges or the geometry by restricting the movement of the 
pigment molecules. They can be accounted for implicitly by an effective electric field or 
constraints during the geometry optimisation.  
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3. Models for Energy Dependent Quenching (qE) 
 
3.1 Zeaxanthin as terminal quencher 
 The assumption that Zea is involved in the qE component of NPQ is mainly based on 
two observations: (i) the pH gradient which triggers NPQ also activates the xanthophyll cycle 
which converts Vio into Zea by de-epoxidation [61]; (ii) the qE component of NPQ is much 
less efficient in photosystems that cannot convert Vio into Zea [62]. This does not necessarily 
mean that Zea is directly involved in the quenching of Chl fluorescence during qE. However, 
it has been shown by quantum chemical calculations [38,39] that in contrast to Vio, Zea can 
in principle quench Chl fluorescence either via EET to the Zea S1 state or via ET from Zea to 
Chl. A prerequisite for this would be the formation of a strongly coupled Zea–Chl complex 
during the induction time of qE.  

One possible location where such a Zea–Chl complex could form was revealed by the 
crystal structure of LHC2b [13,14]. The structure shows the binding site of Vio located 
towards the outside of the trimeric protein close to three Chl molecules. Thus, it is plausible 
that Zea replaces Vio in its binding pocket in LHC2b during qE induction. The essential 
question is whether the conformation of the resulting Zea–Chl complex in LHC2b allows for 
Chl fluorescence quenching. 

 

 
Fig. 3. Structure of Vio–Chl 609–Tyr model complex. R defines the intermolecular distance between  

Vio and Chl. 
 

We have investigated this question by performing quantum chemical calculations on 
simplified model complexes obtained from the crystal structure of LHC2b [41,63]. The model 
complexes comprise either Vio or Zea, the spatially closest Chl 609, and part of the amino 
acid residue Tyr coordinated to the magnesium atom of Chl (Fig. 3). The excited states of the 
complexes have been calculated using the methodology described in Sec. 2 at different values 
of the intermolecular distance coordinate R (see Fig. 3) to assess the influence of the 
pigment–pigment interaction on the excited states. In Fig. 4 the excitation energies of the 
lowest lying excited states of the pigment complexes are displayed at equilibrium distance and 
at large distance. Obviously, the ET states exhibit the biggest decrease in excitation energy 
due to the electrostatic attraction of the positive and negative charges on the pigment 
molecules. Otherwise, the S1 states of Vio and Zea are most strongly affected by the pigment–
pigment interaction, while the Qy state of Chl is hardly influenced at all. Interestingly, the 
excitation energy of the S2 state of Vio is increased by the interaction, while the S2 state of 
Zea is decreased. Overall, the calculations show that the Qy state of Chl is lower in energy 
than the S1 state of both xanthophyll molecules. Thus, Chl excitation energy can neither be 
transferred to Vio nor to Zea. However, for both complexes the ET state in which one electron 
is transferred to the Chl is energetically almost degenerate to the Qy state of Chl, i.e., both 
complexes should behave similarly with regard to ET. Consequently, Chl fluorescence 
quenching via ET should not occur with Zea present, since it does not occur with Vio. This 
theoretical finding is in agreement with recent femtosecond pump-probe experiments on 
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LHC2b containing Vio and Zea, respectively [64]. No difference in the Chl fluorescence 
lifetime could be observed in the two samples. 
 

 
Fig. 4. Calculated excitation energies of the Vio–Chl 609–Tyr (left) and Zea–Chl 609–Tyr (right) model 

complexes in the orientation of the crystal structure of LHC2b at equilibrium distance and at large distance. 
 

Although the simple replacement of Vio by Zea in its LHC2b binding pocket cannot 
solely be responsible for qE, there is still the possibility that additional factors facilitate the 
quenching of Chl fluorescence by Zea in LHC2b, like additional interactions with other 
pigments due to subtle conformational changes. Also, the site of the quenching by Zea might 
not be located in LHC2b at all, but in one of the minor complexes of the PS2 antenna system. 
For instance, CP29 has been suggested as the quenching site based on near-infrared transient 
absorption experiments [27]. There, the quenching is supposed to take place via ET to a 
coupled pair of Chl molecules.  

To further investigate the quenching of Chl fluorescence by Zea theoretically, the 
current model complexes need to be improved and extended. Or, in case of CP29 as the 
quenching site, new model complexes have to be constructed. However, it probably will not 
be sufficient to simply add more pigment molecules to the model complexes. This will only 
increase the computational effort, while at the same time complicate the qualitative 
interpretation of the results. Also, it is not clear which other pigment molecules would have to 
be included, since the details of the proposed conformational changes are unknown. Much 
more important is to model the modulation of the excited states couplings by slight changes in 
the relative orientation of Zea and Chl. Furthermore, if the quenching by Zea is really 
facilitated by additional interactions to other pigments, it is necessary to understand the 
differences in the excited states couplings of Zea and a single Chl compared to, e.g., Zea and a 
coupled Chl dimer. As for the investigation of CP29 as the quenching site, it would be 
interesting to see for which relative orientation of the two Chl molecules an additional 
electron would be delocalized and what its spectral signature then is. This can already give 
some indication, if only the proposed mechanism can explain the experimental observations 
or if the mechanism should rather be modified.  
  
3.2 Lutein as terminal quencher 
 The observation that the qE component of NPQ is still present in photosystems, which 
do not contain any Zea molecules, has lead to the proposal that Lut can also act as a quencher 
of Chl fluorescence [28]. Based on resonance Raman spectroscopy and transient absorption 
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experiments, it has been suggested that subtle conformational changes in LHC2b during the 
induction time of qE induce the formation of a strongly coupled Lut–Chl complex with one of 
the central Lut molecules in LHC2b. This complex then facilitates EET from Chl to Lut from 
where the excess energy is dissipated as heat.  

 

 
Fig. 5. Structure of model complexes Lut 501–Chl 602–Asn (left) and Lut 502–Chl 605–His (right) 

 
Based on this hypothesis we have calculated the excited states of the two central Lut 

molecules and the spatially closest Chl molecules using similarly simple model complexes 
(Fig. 5) [62] as before for Vio and Zea. Again the model complexes have been obtained from 
the LHC2b crystal structure and the excited states of the complexes have been calculated at 
different values of the intermolecular distance coordinates R depicted in Fig. 5. The obtained 
excitation energies of the lowest lying excited states are shown in Fig. 6. This time hardly any 
influence of the pigment–pigment interaction on the excited states can be observed for any of 
the two complexes. Or more specifically, the magnitude of the pigment–pigment interaction 
between Lut and Chl is the same for the ground state and the excited states. Comparing the 
excited states of the two complexes a few distinct differences can be observed. For the 

 
Fig. 6. Calculated excitation energies of the Lut 501–Chl 602–Asn (left) and Lut 502–Chl 605–His (right) model 

complexes in the orientation of the crystal structure of LHC2b at equilibrium distance and at large distance. 
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complex comprising Lut 501, the S1 state and the ET state are energetically slightly lower 
than the Chl Qy state, while for the complex with Lut 502, the Qy state is lowest in energy. 
Particularly, the ET state of the latter complex is much higher in energy than any of the 
calculated valence excited states. Thus, we can clearly state that ET quenching is not possible 
in this conformation of the Lut 502–Chl 602 complex. Further conclusive statements are 
impossible, since the energy differences between the excited states are too small with respect 
to the accuracy of the employed methodology.  

To improve the significance of our investigation, the current model complexes need to 
be extended. Both Lut molecules in LHC2b are surrounded by at least three pairs of Chl 
molecules of which those included in the model complexes are spatially closest. The effect of 
the other Chl molecules needs to be assessed by future calculations. Also, changes in the 
excitation energies and couplings due to slight changes of relative positions of the Chls with 
respect to the Luts have to be considered to incorporate the proposed conformational changes 
during the induction time of qE.  

 
3.3 Quenching via chlorophyll-to-chlorophyll electron transfer 
 Recently, Chl–Chl complexes have also been suggested as quenchers of Chl 
fluorescence by ET [65]. The proposal was made after a transient absorption experiment 
showed no evidence for the participation of xanthophylls in quenching. Although this 
interpretation of the data is debatable [21], it is still worth investigating the suggested 
mechanism. Therefore, the different motifs of Chl dimers present in the PS2 proteins need to 
be examined. Of interest are the energy of the ET states relative to the valence excited states 
of the Chl, as well as the influence of weak electric fields that might be caused by the protein 
environment on the ET states. Based on this information it might be possible to identify the 
location of Chl dimers whose ET state is sufficiently stabilised by an external electric field so 
that quenching is possible.  
 
4. Concluding Remarks 

We have examined the current hypotheses for molecular mechanisms of the qE 
component of NPQ with respect to feasible model calculations that can assist in elucidating 
the true mechanism(s). With two examples we have shown how even simple models can still 
yield some qualitative insights about the respective mechanisms. Future model calculations 
need to address the following issues to improve the significance of the results: (i) some 
intuition into the influence of slight variations in the relative orientation of the pigment 
molecules on their excited states must be developed; (ii) the difference in the coupling of two 
pigment molecules compared to a pigment dimer and another molecule needs to be assessed; 
(iii) techniques are required by which the important parts of the protein environment are 
selected and included in the model calculations. 
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In positron emission tomography (PET) imaging, a radiopharmaceutical 
injected into the body preferentially seeks abnormalities (e.g., regions of high 
metabolic activity), where high energy anti-matter particles called positrons 
are emitted. These positrons then slow down and annihilate with electrons in 
the body tissue, producing two back-to-back gamma rays with directions 
governed by Newton’s laws, and energies prescribed by Einstein’s mass-
energy equivalence relation, E = mc2. The gamma radiation is used to form an 
image of the abnormality but, since the points of emission of the positron and 
the gamma rays respectively are displaced, the image is blurred. In order to 
come to terms with this fundamental limitation on resolution of PET, it is 
necessary to model the physics of positrons in soft biological tissue using the 
methods of non-equilibrium statistical mechanics, and incorporating recently 
measured positron-molecule scattering cross sections.  

 
1. Introduction 
 Everyday objects are all made of “matter”, which is comprised of atoms and molecules, 
and which in turn are made of smaller particles, electrons, protons, neutrons and, at a sub-
nuclear level, quarks [1]. The way the protons, neutrons and electrons are arranged in an atom 
tells us what sort of atom it is, and the equations of quantum mechanics describe exactly how 
the particles behave inside each atom. In 1928, a Cambridge theoretical physicist, Paul Dirac, 
found that there was not one solution to these equations, but two. The first solution described 
a normal negatively charged electron, as expected, but the second appeared to describe a new 
type of electron, one with the same mass as the electron, but a positive charge. This was 
something of a revolutionary idea, but Dirac’s analysis was correct: this new type of electron 
had to exist. He called it the positive electron, but nowadays it is known as the positron. Some 
four years after Dirac’s mathematical prediction, Carl Anderson found experimental evidence 
for the positron in a cloud chamber. Dirac and Anderson both received the Nobel Prize for 
Physics in 1933 and 1936, respectively. Nowadays it is recognised that almost every particle 
has a corresponding antiparticle, e.g., electrons and positrons, protons and antiprotons, 
neutrons and antineutrons, of opposite charge, but in all other respects the same. 
 When an antiparticle of mass, m, meets its corresponding particle (also of mass, m), they 
annihilate, and the total mass of 2m is converted completely into radiant energy, E, which 
according to Einstein’s famous mass-energy equivalence equation, is given by E = 2mc2 [2], 
where c = 3 ×108 m/sec is the speed of light in vacuum (see Fig. 1). In the case of a positron 
(e+) and electron (e- ), mc2 = 0.511 MeV, where the unit of energy is the electron volt (eV) 
and 1Mev = 106 eV. (To put this in perspective, we note that a typical air molecule at room 
temperature has an energy of about 1/40 eV.) There are two radiation quanta, or photons 
produced in the annihilation process and, in order to conserve momentum they are emitted 
“back-to-back”, i.e., in opposite directions, to satisfy Newton’s third law of motion, that for 
every reaction there is an equal and opposite reaction. Moreover the available energy is 
divided equally between the two, so that each photon has an energy of 0.511 MeV, or 
equivalently a wavelength of 0.0024 nm. This corresponds to the gamma radiation region of 
the electromagnetic spectrum. 
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 The two factors outlined above, i.e., Einstein’s mass-energy equivalence and Newton’s 
laws of motion, underpin the operation of positron emission tomography, but more of that 
later.  
 
 
 
                                                           e- 

                                       γ                                                  γ 

                                               
             
                                                           e+ 
 
 

Fig. 1. Annihilation of a positron and electron with creation of two back-to-back gamma rays, γ (in centre of 
mass frame) each of energy equal to the rest energy E = mc2 = 0.511 MeV of a positron and an electron. 

 
 In a state of equilibrium, the reverse process, called pair production (the production of 
matter from radiation, also following Einstein’s mass-energy equivalence) proceeds at an 
equal rate, maintaining overall equal populations of matter and antimatter particles. According 
to the standard model of cosmology [3] the early Universe contained equal numbers of 
particles and antiparticles. Given this initial symmetry, why then does matter dominate over 
antimatter in the present universe, some 14 billion years later? Some sort of subtle asymmetry 
must exist in the laws of physics, the search for which occupies a prominent place in modern-
day, fundamental physics [4]. Thus, for example, the international ALPHA project based at 
CERN aims at manufacturing and trapping anti-hydrogen atoms (consisting of an antiproton 
and a positron) for a sufficient length of time to enable examination of the putative 
symmetries of matter and antimatter. Recent reports of a confinement time of about 1,000 
seconds [5] would be sufficient for most of the trapped anti-atoms to reach the ground state. 
These advances open up a range of experimental possibilities, including precision studies of 
possible violations of charge–parity–time-reversal symmetry. 
 For present purposes, however, the practical implication of this asymmetry in the current 
universe is that positrons must be produced by the radioactive decay of artificially 
manufactured radioisotopes, e.g., 22Na  or 18F, for use in either positron beamlines in the 
physics laboratory [6], or for radiopharmaceuticals in positron emission tomography (PET) in 
medicine, respectively.  
 Whatever the perspective, theoretical or applied, it can be truly said that “antimatter 
matters”. 
 
2. Positron Emission Tomography 

Positron emission tomography (PET) is an established technology for pinpointing 
abnormalities in living tissue, and is commonly used as a cancer and brain function diagnostic 
[7]. A radiopharmaceutical such as fluoro-deoxyglucose, incorporating the positron (e+) 
emitting atom, 18F (half life 110 minutes), is injected into the patient, and seeks out regions of 
high metabolic activity, e.g., a cancerous tumour. Positrons are thus emitted from the site of 
the tumour into the surrounding body tissue, where they slow down through collisions and 
eventually combine with an electron (e-) to form a positronium (Ps) atom. The electron and 
positron annihilate to generally produce the two back-to-back gamma-ray photons (three 
photons for ortho-positronium), which are detected by coincidence measuring techniques in 
the external imaging apparatus, and the point of annihilation of the positron (as distinct from 
its point of emission from the tumour) in the body is thus determined. Each point in the 
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external image is therefore displaced from the point in the source at which the positron 
actually originates and, since there is a distribution of such displacements due to the 
randomising nature of the intervening scattering processes, the overall image is blurred. The 
positron range, ρ (the average distance a positron moves between emission from the source 
and the point of annihilation), is one of the fundamental limiting factors on the accuracy of 
PET, and is also one of the least well understood. Any estimate of ρ must clearly allow for all 
the relevant scattering events leading to Ps formation, and can best be treated through the 
methods of non-equilibrium statistical mechanics.  

The highly non-equilibrium nature of a PET environment derives from the fact that high 
energy (~100 keV) positrons emitted by the radioactive source (in the region of the 
abnormality) must slow down to sufficiently low energies (~10-100 eV) before positronium 
(Ps) formation is appreciable, and annihilation of the constituent positron and electron can 
subsequently proceed, to yield the signature back-to-back gamma rays. Another important 
factor to consider at low energies is that positrons may undergo coherent multiple scattering 
due to the structure of the soft condensed medium. In effect, the medium acts as a diffraction 
grating for positrons, something which has only recently been accounted for.  Earlier analyses 
simply treat the condensed matter as an unstructured gas. It is also only recently that cross 
sections for many of the scattering processes have become available, which may explain why 
the key low energy processes have not been included in previous modelling [8]. On the other 
hand, structure factors for various types of soft matter media have been available for some 
time.   

Any serious model of the physics of a PET environment has to combine all these 
elements. The way in which we proceed is described in the next section. 

 
3. Kinetic theory of positrons in a PET environment 
 
3.1 General considerations: the positron Boltzmann equation 

We now reach back in time to 1872 to the famous kinetic equation of Ludwig 
Boltzmann [9] for the probability density f(r, v, t) of positrons with positions, r, and 
velocities, v, at any time, t, which can be readily adapted to the present problem and which, in 
the absence of external force fields, can be written as: 

                                                                                                    (1) 

where ∂ f ∂t( )coll
is the rate of change of f due to all possible interactions with the medium: 

coherent elastic scattering, incoherent inelastic scattering, ionising and annihilating collisions, 
and loss by Ps formation. The explicit form of the collision term can be found in [10]. All we 
need to note at present is that Eqn (1) can be solved (at least in principle) for f once boundary 
and initial conditions are specified. The physically interesting quantities can then be obtained 
as velocity “moments” of the distribution function, e.g., the number density of positrons, 

 
                              3(r, ) (r, v, )n t f t d v= ∫             (2) 

and the average positronium formation rate,  

                        31(r, ) ( ) (r, v, )
(r, )Ps PsR t v f t d v

n t
ν= ∫           (3) 

where ( )Ps vν  is the rate of loss of positrons with speed v through Ps formation. This is a 
general prescription for calculation of the positron properties, as illustrated schematically in 
Fig. 2 below. 
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Fig. 3. A spherical source of radius, r′, emits positrons of speed, c′, at a steady rate into a 
surrounding soft matter medium of infinite extent.spherical source of radius 
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Fig. 2. Schematic representation of the way in which the Ps formation rate for PET is calculated starting from the 

fundamental physical quantities, i.e., cross sections and structure function. 
 

Methods of solution of Eqn (1) have been established in the literature for many years for 
electrons and positrons in gaseous media [11], and can readily be adapted to soft condensed 
matter, following the prescription of Cohen and Lekner [12] and White and Robson [10]. To 
make matters more concrete we now proceed to our model of positrons in a PET environment, 
and specify geometry and boundary conditions in particular. 
 
3.2 Model of positrons in a PET environment 

To begin with, we take liquid water as a surrogate for human tissue and in that case the 
cross sections for most of the relevant processes at low energies are known, as discussed in 
[13], and the structure function is available in the literature [14]. The model employed is 
shown in Fig. 3, where positrons are emitted at a constant rate from a spherical source into a 
homogeneous soft matter medium at temperature T0. We solve (1) with ∂ f ∂t = 0, assume 
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that the problem is spherically symmetric and take as the boundary condition that f and all its 
velocity moments remain finite at large distances, r, from the source.  

The asymptotic solution for the Ps formation rate (3) at large r is then  
 

                                        1
1

cαrrK

Ps R
rrK

erR
22

2
1

1

′
≈

′+′−− )(

)(                                                  (4) 

 
where R1 is an average over the Ps formation cross section, α2 = m/kT0 and K1 is the 
eigenvalue of a certain universal eigenvalue problem in kinetic theory [15]. For the set of 
positron water vapour cross sections prescribed in [13], it is found that K1 = 3.2×108 m-1 and 
since 1/2α2c′.2 (where c′ is the positron emission speed) is approximately 4×106 for typical 
emission energies of ~100 keV, Eqn (4) implies that Ps formation is negligible at distances 
 

                                                                                                                                        (5) 
 
This gives an estimate of the positron range, ρ, in liquid water and, if we assume that the 
distance from Ps formation to (e+, e-) annihilation is negligibly small, this also gives an 
estimate of the dislocation between the point of emission from the source and the point at 
which the back-to-back gamma rays are emitted. 
 Eqn (5) is at best a rough estimate, however, since many scattering processes above 
100 eV have been neglected in the positron water-vapour cross-section set used here [13] and 
a non-relativistic kinetic theory has been used, even though near the source, positrons 
typically have energies comparable with their rest energy of 510 keV. A full and accurate 
analysis would require a relativistic form of Boltzmann’s equation from the outset, 
incorporating additional higher energy cross sections to those in [13]. This is our program for 
future work. 
 
4.  Summary  
 Antimatter and matter co-existed in the early Universe, but only matter exists today (or 
at least in our region of the Universe). Experimental investigations (e.g., at CERN) have been 
focussed on establishing the reason for this asymmetry – this is a fundamental issue for the 
“standard model” of physics. Positrons are now produced in the laboratory for use in materials 
studies and medical applications (PET). We have modelled positrons in soft matter using the 
Boltzmann kinetic equation for gases, adapted to soft condensed matter. A formalism has 
been developed for a prototype model of PET for estimation of positron properties in 
biological tissue. Further progress requires inclusion of high-energy scattering processes and 
perhaps a relativistic kinetic theory formulation of the problem. 
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Is there a role for fundamental quantum physics in biology or evolution? 
Quantum physics was invented about a century ago, but in recent years has 
been undergoing an epistemological exodus, with its ideas and methods 
expanding from physics into information and communication and associated 
technologies, but also, re-addressing fundamental questions of biology. This 
paper will give some background to explain these assertions, and will take up 
a particular case study showing how quantum mechanisms may be intimately 
involved in some key biological processes relating to molecular mechanisms 
of olfaction. 

 
1. Introduction 

Quantum physics was forged in the early decades of the last century, against a backdrop 
of intense debate about its radical implications, not only for the laws of physics and the 
workings of the subatomic world, but for the very meaning of scientific accounts of reality. It 
is remarkable that many of the founding figures, steeped in European traditions of learning, 
took this philosophical re-examination into realms well beyond physics, especially in their 
later scientific work. This interest was engendered by the prodigious progress during the 
golden years of physics in the ’twenties and ’thirties, when a huge range of physical 
phenomena at the atomic level – from chemical bonding to condensed matter, to say nothing 
of nuclear physics at subatomic scales – succumbed to the explanatory power of quantum 
mechanics. The optimism extended to an expectation that the fundamentals of biology and 
even the secret of life would also yield to the new quantum physics. No less a figure than 
Erwin Schroedinger himself was in the vanguard of this movement, with his monograph Was 
ist Leben [1]; but the same message can be inferred from the writings of other prominent 
figures of the time [2]. 

The post-war era saw the dispersal of many of the earlier leading theoretical institutes in 
Germany1 and elsewhere in Europe; in the US, attention turned towards the cold war and 
technological progress. The more contemplative modes of physics education were supplanted 
by an engineering ‘shut-up-and-calculate’ attitude, which tended to stifle the philosophical 
debates. However, the deep questions from the early years had only been papered over, not 
resolved. 

Arguably [3], it was only a rag-tag movement of physicists and fellow travellers on the 
fringe of academia, which kept the debates alive. They were aided by a few established 
figures, who could afford the luxury of serious contributions to what were otherwise 
perceived to be unimportant sidelines, without endangering their careers. The seminal 1964 
paper of the CERN physicist John Bell [4] was initially met with only a trickle of citations, 
and it would be 20 more years before its astonishingly counter-intuitive predictions about 
quantum behaviour were verified experimentally. 

What of the present, almost one century on? In a sense, physics is buried by its own 
success – it is taken for granted that atomic stability, chemical bonding, molecular stucture 
and interactions, and all that, is the known, underlying domain of quantum physics, while the 

                                                 
1 The first President of the Alexander von Humboldt Foundation was the physicist Werner Heisenberg. 
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real action is played out in the biochemical machinery of the molecules of life, with their 
incredibly complex and subtle reaction cycles, and feedback and control mechanisms. On the 
biomedical side, one could be forgiven for thinking that the place of fundamental physics is as 
the handmaiden of biology, in supplying an increasingly sophisticated panoply of clinical 
precision tools – CT, PET, SPECT, MRI, and many more, not to mention the humble laser, 
for everything from microsurgery to optogenetics!   

Meanwhile, technology has become nano, to the extent that many of the old ‘thought 
experiments’ about subatomic behaviour are now subject to experimental testing. Quantum 
physics itself has been undergoing an epistemological exodus, with key ideas and methods re-
assimilated from the fringe into the mainstream, and expanding its purview from traditional 
domains into information and communication and associated technologies. Thus it is that 
there is currently a renewed, and more mature, examination of the role of quantum effects in 
biological processes. The molecular machinery of life has had billions of years of evolution to 
exploit nature's every loophole to do its bidding, and it is natural to ask if truly `quantum' 
phenomena are already to be found at work in biological systems. 

To answer this question with a qualified ‘yes’, we present a case study: the quantum 
mechanics of molecular mechanisms of olfaction, according to a model proposed about 15 
years ago by Luca Turin [5]. We report below on a recent theoretical paper which provides 
confirmation of the dynamical feasibility of the model [6], and we note some recent 
experimental support for it [7]. The paper concludes with some remarks about the wider 
significance of this interdisciplinary common ground between physics and biology. 

 
2. A case study: can you smell the shape of a molecule? 

About 20 years ago, Buck and Axel [8] identified the transmembrane proteins and genes 
involved in human olfaction, thereby revolutionising our knowledge of the associated 
molecular mechanisms. Hitherto it had been assumed that a traditional steric, or lock-and-key, 
process was at play, allowing recognition of a limited number of odorant molecules, which in 
combination would provide sensing of a spectrum of odours. However, with several hundred 
actively expressed genes, each coding for a particular transmembrane protein, and as many 
(non-coding) pseudogenes, in the case of humans accounting for 3% or so of the genome, it 
became clear that a very significant investment in hardware was involved in olfaction, and 
that the molecular mechanisms would be highly sophisticated [9]. 

Turin’s ‘swipe card’ model [5] proposes a radically quantal mechanism for olfaction. 
The central claim is that inelastic electron or hole tunnelling occurs, between donor and 
acceptor sites on different helices of a trans-membrane G-coupled receptor protein, across a 
docked olfactant molecule, together with emission of a single vibrational phonon. The release 
of the G protein, which initiates ion-channel opening and ultimately a nerve impulse in the 
olfactory neuron, is thus tuned resonantly to the vibrational spectrum of the odorant. 

The phenomenon of tunnelling is of course a quintessentially quantum effect, described 
in popular accounts by images of material objects being mysteriously able to pass through 
solid barriers. In text book understanding of electronic energy levels, the resonant phenomena 
underlying MRI, and some types of electron microscopy, tunnelling is a consequence of the 
wave-particle duality of electrons (and protons, in the case of H-bonds). However, the 
assertion that tunnelling is implicated in a read-out mechanism as subtle as that described 
above, reads like the technical specifications of some new nano-device, and goes well beyond 
the ‘business as usual’ place of quantum physics as merely part of the underpinnings of the 
biochemistry of life. 

Turin’s model has been studied in detail in a recent paper by Brookes et al. [6]. 
According to their analysis, the mechanism entails a molecular reaction cycle whereby 
specific intracellular reducing reagents provide a supply of electrons to one of the 
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transmembrane helices on the olfactory neuron, which are then transported by hopping to an 
active local site. Having tunnelled to an acceptor site on an adjacent helix, the electron 
undergoes further hopping and is able to reduce a disulphide bond, releasing the G-protein 
and initiating the electrochemical trigger for an action potential. (See Fig. 1 [10].) 

 

 
 

Fig. 1. Molecular level schematic of Turin’s ‘swipe-card’ model of olfaction [5]. 
(Figure courtesy of Tim Jacobs [10].) 

 
Assuming that the initial and final electron transfer stages occur at rates typical of other 

cellular reaction mechanisms, the efficacy of the model hinges on the tunnelling rate, for 
which a detailed calculation is required. In the paper of Brookes et al. [6], the situation is 
idealised as a ‘quantum dissipative system’ [11] in which a quantum system, with explicitly 
given energy levels and interactions, interacts with a complex perturbing environment, 
consisting of a spectrum of oscillation frequencies. In this case the quantum system consists 
of just two states, the localised electronic states on the ‘donor’ helix (the upper energy level), 
and the ‘acceptor’ helix (the lower level), respectively. The environmental frequencies and 
couplings are described in a statistical way [11], except that one oscillation frequency is very 
special, in that it is assumed to stem from the docked odorant molecule (corresponding to one 
of its infrared vibrational levels), and it is tuned to the energy difference between the upper 
and lower levels. 

The crucial calculation is then to compare the tunnelling rate both without, and with, the 
emission of a single phonon from the odorant. With all these simplifications, the tunnelling 
rates can be worked out in terms of the corresponding spectral distribution functions in a 
fairly standard way. The details are technical, but the final result is simple enough to give in 
full arithmetical form.  

Let τ1, τ0 be the mean lifetimes (the inverses of the rate) for inelastic tunnelling – with a 
single phonon in the final state, and elastic (no phonon) tunnelling – determining the 
background firing rate, respectively. We have  

 
Up to a suppression factor ratio, estimated from changes to the average force on the 

odorant associated with the electronic transition, the inelastic tunnelling rate is thus 
determined by the energy factors in the exponential. Here EDA = ED – EA is the energy 
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difference between the donor state energy level ED, and the acceptor state energy level EA. 
kBT is a measure of average thermal energy at temperature T (= RT per mole in chemical 
terms), and ER is the crucial ‘rearrangement energy’, a weighted spectral sum over all 
oscillator frequencies, of the difference between the environmental couplings and energies of 
the upper and lower states.  

Given the available energy difference ∆E = EDA, one would expect a rate enhancement 
of the Arrhenius type, exp(∆Ε/kBT). However ER brings another energy scale into the 
problem, and the Arrhenius form is exponentially modulated by a further factor (EDA – 
ER)/4ER. The inelastic rate is greater, the larger this factor, and conversely. Ball-park 
estimates for these various quantities give an indication of whether the Turin mechanism can 
possibly provide an acceptable ‘signal-to-noise’ ratio. If we take EDA ~ 200 meV, a typical 
infrared mode, kBT ~ 25 meV at room temperature, and ER = 30 meV, the exponent is 

 
which, with log10 e ~ 0.4, and against a suppression factor ratio s1/s0 of around 102, leads 
finally to a rate ratio of something less than 100. Specifically, it is found [6] that 

.  
The outcome is thus that the mechanism is indeed plausible, but it is extremely sensitive 

to the rearrangement energy – note that if this were increased from 30 meV to 50 meV, the 
inelastic rate enhancement would be minimal, and the mechanism would be ineffectual. 
However, a positive indication of the reasonableness of the model seems to be that, as ER 
depends crucially on the precise nature of the molecular environment of the active sites, there 
is opportunity for an active role for selection: not only to achieve tuning to the appropriate 
infrared band (by adjustment of the electronic energies), but also, to provide adequate 
shielding to minimise ER (via optimisation of the neighbouring residues).  

Finally we turn briefly to experimental evidence. The role of ‘vibrations’ in smell seems 
to have been inspired early on by such folklore as the lure of the candle flame to the moth, 
with the inference that some recognition in the infrared (as in heat radiation) was involved in 
smell. But the early proposals were mechanical, rather than quantum-mechanical, in their 
details. Turin's model met with some skepticism after its publication, but a recent study of 
fruit-fly behaviour [7] provides some confirmation. The argument is well summarised by the 
paper’s abstract: 

A common explanation of molecular recognition by the olfactory system posits 
that receptors recognize the structure or shape of the odorant molecule. We 
performed a rigorous test of shape recognition by replacing hydrogen with 
deuterium in odorants and asking whether Drosophila melanogaster can 
distinguish these identically shaped isotopes. We report that flies not only 
differentiate between isotopic odorants, but can be conditioned to selectively 
avoid the common or the deuterated isotope. Furthermore, flies trained to 
discriminate against the normal or deuterated isotopes of a compound, 
selectively avoid the corresponding isotope of a different odorant. Finally, flies 
trained to avoid a deuterated compound exhibit selective aversion to an 
unrelated molecule with a vibrational mode in the energy range of the carbon-
deuterium stretch. These findings are inconsistent with a shape-only model for 
smell, and instead support the existence of a molecular vibration-sensing 
component to olfactory reception. 
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Despite these thorough experiments, it is probably still not possible to draw any 
definitive conclusions from them about the role of the specific quantal effects proposed by 
Turin in the process of olfaction. Whatever the complete explanation, it is clear that this case 
is illustrative of the rich insights and explanatory possibilities opened up by exploring 
mechanisms for molecular behaviour going well beyond the classical ‘ball and stick’ regime.     
 
3. Conclusions 

In this paper we have argued for a re-examination of a fundamental role for quantum 
effects in biological processes, and we have illustrated one such case, Turin’s model of 
olfaction by inelastic electron tunnelling, in detail. Discussions of the type alluded to in the 
introduction are to be found in the professional physics (and biology) literature, and more 
floridly, in popular science books and magazines. The review article whose title inspired that 
of the present paper [12] explains the distinction between the new literature, and ‘run-of-the-
mill’ textbook physics dealing with the underpinnings of chemistry and biochemistry. It 
identifies several ‘quantum’ scenarios which might be at large in various biological systems, 
illustrative of characteristic signatures like path interference, entanglement, and tunnelling (as 
we have already seen).  

However, as with the modelling of olfaction described in this paper, the details are 
complicated – for example, there are simply no ‘double slit’ experiments going on in our 
heads, whose outcomes might magically confer on us free will and indeterminism! Rather, the 
quantum mechanisms typically involve subtle aspects of the interaction of the system with its 
complex environment. This is the case for recent investigations of the physics of energy 
transport in the photosynthetic light gathering complexes of the chromophores [13], where the 
environmental coupling is thought to conspire to negate the tendency of excitons to get locally 
trapped rather than arrive at the active site. The same caveats apply for proposals for the 
physics of avian and other animal magnetonavigation [14]. There, it is hypothesised that a 
supply of UV photons in the retina creates radical pairs, which exist as correlated entangled 
electronic states, subject to anisotropic hyperfine interactions with aligned magnetic materials. 
This results in differential rates for subsequent chemical changes, ultimately providing a kind 
of `heads up' retinal display of the earth's magnetic field. Beyond these specific scenarios, 
there is also current enthusiasm for a renewed look at ‘quantum life’ [15] – can basic physics 
cast light on some of the deepest questions of biology and evolution? 

There is a further moral to our account of the tunnelling rate calculation. In typical 
theoretical physics fashion, the calculation brashly sweeps under the carpet, all of the details 
of the molecules, binding sites, and reaction processes involved. Instead a kind of general 
purpose, simplistic proxy model is used, the so–called ‘quantum dissipative system’ [11]. At 
the same time, one has the hope that results derived using such a coarse approach are robust to 
the very details which have been omitted, and so have a universal validity. If understanding of 
a phenomenon under study has reached this stage, then intensive computational work to 
model all the details is warranted. This methodological paradigm is common in theoretical 
and mathematical physics, and is grounded in practical experience derived especially from 
statistical physics. There, it is found that critical behaviour and phase transitions can be 
mathematically identical, or universal – irrespective of whether they are in a magnetic system, 
a pile of granular material near its critical angle of rest, or in a solid-liquid melting phase, for 
example. In the same way, there is some point to exploring variations on the theme of 
elucidating the properties and solutions of so-called ‘exactly solvable’ quantum dissipative 
systems, and there are rich veins of investigation of the solutions and properties of different 
classes of such models [17].  

The ‘classical’ physics of Alexander von Humboldt’s time had not yet developed into 
the ‘crisis’ which engulfed it in the late nineteenth century, which eventually ushered in 
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relativity and quantum mechanics. Instead, Humboldt would have been steeped in the heroic 
traditions of the mechanical paradigm of Newton, and the mathematical heritage of Leibniz, 
as manifested in the achievements of his near-contemporary, Karl Friedrich Gauss [16]. Of 
course, had he lived a hundred years later, Humboldt the philosopher-scientist would have 
warmed to the early twentieth century debates on the ‘interpretation’ of quantum mechanics. 
And as a precursor of Darwin, he would also have been impressed by our conclusion – that 
the story of evolution is not complete, until an accommodation of biology with the 
fundamental workings of the quantum world has been effected. 
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Could Alexander von Humboldt Have Played Cricket? 
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The origins of the game of cricket, the development of The Laws of Cricket 
and the status of the game in countries visited by Alexander von Humboldt, 
are reviewed. Included in this discussion is the current status of cricket in 
Germany. In view of Humboldt’s travels of exploration and discovery, the 
possibility of his having observed the game of cricket are considered, in an 
effort to answer the question posed as the title of this paper. 

 
1. Introduction 

Cricket is a traditional game with very formal laws. Its long history is generally 
associated with England and its spread throughout the world has been, to a significant, 
associated with countries which were formally part of the British Commonwealth. There are a 
few exceptions to this, such as the United States. To attempt to answer the question posed in 
the title of this paper, some of the relevant aspects of this history have been reviewed. 

However, the playing of the game is spreading to many other areas, under the auspices 
of the International Cricket Council (ICC). Germany is one such “non-British” country in this 
category although in addressing this specific question, it will be of interest to examine the 
topic of cricket in Germany in some detail. Indeed, a study of participation in the game within 
various regions of Germany, reveals some novel approaches to the application of the 
“traditional” Laws of Cricket. In addition, a study of the history associated with some German 
Cricket Clubs, and some grounds on which the game is played in Germany, indicates that the 
origins of the game in Germany pre-date the ICC and may provide a part answer to the 
question posed as the title of this paper. 

We have been left with an image of Alexander von Humboldt as a most fit youth, to be 
capable of undertaking his major journey of exploration and discovery. An examination of 
this image, in a logical and comparative way, should also help us towards an answer. 

 
2. The origins of cricket 

Much has been written about the beginnings of cricket and various opinions can be 
found in the history of cricket concerning its possible origins [1]. The most popular one is that 
it began in medieval England, particularly Kent, Sussex, Surrey and Hampshire as a game for 
children, the aim of which was to prevent a ball reaching its target [2]. It is recorded, as a 
consequence of accounts for payments made by King Edward I to enable his son, Prince 
Edward (later Edward II (1284 – 1327)), to play “creag and other sports” [3], that the Prince 
had played “creag” in his youth. While one suggested meaning for the word “creag” (short 
for “craeget”) is an early form of cricket [4], an alternative is that it is an early spelling for an 
Irish word, “craic”, meaning fun [5]. In records of a Guildford court hearing from the late 
sixteenth century, evidence given by John Derrick records that he and his friends played 
“creckett” at Guildford Grammar School in 1550 [4]. 

However, at much the same time, on the continent, the Dutch had begun games 
involving “bat and ball” and one finds the word “krik(-e)” (literally meaning “a stick”) or 
“met de (krik ket)sen” (literal meaning “with the stick chase”) appearing in the historical 
writings [6]. The structure of a cricket bat from the early 18th century and its resemblance to 
what today would be called a hockey stick (Fig. 1), provides some evidence to suggest the 
evolution of cricket as being from within Middle Dutch hockey. Such a cricket bat was 
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Fig. 1. A cricket bat typical of that used in the early 18th century. 
(Image taken from [1].)

Fig. 2. The Bat & Ball pub, in Hambledon, 
Hampshire, England, adjacent to the Hambledon 
Cricket Ground. (Photograph by the author, 2009) 

appropriate considering that under-
arm bowling was an acceptable mode 
of delivery in early times. A related 
idea was that the game found its way 
to England along with an influx of 
immigrant weavers from Flanders. 
Indeed, in The Image of Ipocrisie, 
published in 1533 [7], John Skelton describes these immigrants as “kings of crekettes”. 

A somewhat unrelated reference is to be found in Giovanni Florio’s Italian-English 
Dictionary (1598) where the word “sgrillare” is defined to mean “to play cricket-a-wicket” 
[8]. However this may be a confusion between the sport and the insect of the same name since 
Florio also gave this word the alternative meaning “to make a noise as a cricket, and be 
merry.” Indeed the famous madrigal, “El Grillo,” composed by Josquin des Prez in 1504 is all 
about the insect!   

 
3. The origins of the modern game 

The game “as we know it today,” being a game governed by The Laws of Cricket (now 
42 of them, to be precise [9]), is generally recognised to have had its origins in the village of 
Hambledon, in Hampshire, England, where the first set of “Laws” (or “Rules”) were drawn up 
in 1744, according to a large notice to be found on the “Bat & Ball” pub (Fig. 2) and on which 
one can read: 

The “Bat & Ball” Hambledon, is known 
as the cradle of cricket and was the first 
headquarters of English cricket although 
cricket had been played on the South 
Downs for two hundred years prior to 
that. The modern game was formulated 
on rules drawn up by The Hambledon 
Cricket Club on Broadhalfpenny Down. 
This formidable cricket club led by 
Richard Nyren, the landlord of the “Bat 
& Ball”, played an All England Team on 
51 occasions winning no less than 29 
times! Artifacts relating to the origins of 
cricket can be found hanging on the 
walls around the pub. 
There have been many revisions to the original 

laws, with revisions and/or additions to the Laws often being specifically introduced as a 
consequence of the behaviour of players involved in the game. It is noteworthy that in the 
most recent version of The Laws of Cricket [9], Law 42, concerned with the “Spirit of the 
Game”, occupies 14 pages of a small, blue booklet in which all the Laws comprise 94 pages. 

Throughout the 17th and early 18th centuries, the English class system had a clear 
influence on the conduct of the game, with the “gentlemen” generally being the “amateurs” 
and the “professionals” amongst the players being members of the lower social classes or the 
working class. In English cricket this “amateur” and “professional” status amongst players 
persisted until well into the 20th century, with the two groups even using different entrances to 
cricket grounds and different rooms for their preparations for play. 

Gambling on cricket, which, in very recent times, has brought the game into disrepute 
and has led to the arrest and jailing of those involved [10], was prevalent in the game during 
this period, when many cricket teams played in the name of their Patron, a gentleman of 
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Fig. 3. Image of Charles Lennox, 
First Duke of Richmond and 
well-known Patron of cricket in 
18th century England. (Image 
taken from [1].)  

 
Fig. 4. “Boy with the Bat”, 
postcard image of original 
painting in Braemore House, 
Hampshire. 

considerable wealth and for whom a pleasurable pastime was a 
cricket match on which significant sums of money would be 
wagered on the final result of the match. Charles Lennox, The 
First Duke of Richmond (Fig. 3) is an example of one such 
cricket Patron. Whether or not “match fixing”, as it is now 
termed, amongst this group of wealthy gentlemen, the “Cricket 
Patrons”, ever occurred, is unknown although it is interesting to 
observe that gambling on cricket is not just a 20th/21st century 
phenomenon. 

 
4. Humboldt’s travels 
 
4.1 Travels in Europe 

In the summer of 1790, Alexander von Humboldt, in the 
company of George Forster whom he had met during his one 
year at the University of Göttingen, travelled mainly on foot 
down the Rhine, to the Netherlands, from where they sailed to 
England [11]. Forster’s motives for this journey were of a 
personal nature, to attempt to obtain a redress from the English Government for the injustices 
he belierved to have been dealt to his father, Reinhold, who had accompanied Captain James 
Cook on his second journey of discovery to the South Pacific, as commander of HMS 
Resolution and accompanied by HMS Adventure in 1772-73. George, as a boy of ten, had 
accompanied his father on this voyage and had subsequently dreamed of an ambitious work 
on the South Seas, for which he was seeking a publisher in London. Voyage round the World 

in His Britannic Majesty’s Sloop Resolution, Commanded by 
Capt. James Cook, containing an account of the South Seas 
expedition, had been published by George Forster in 1777, 
since his father had been prevented from doing so [11]. This 
particular publication which was widely read in Germany, had 
considerable influence on the German public, including 
Alexander von Humboldt. But George’s untimely death in 1794 
at the age of 40, meant that the more ambitious work was never 
completed. 

By 1790 the modern game of cricket as played by adults 
was well established, particularly across Southern England. 
Cricket equipment was not quite as we know it today and what 
von Humboldt would have seen, had he passed by a cricket 
field, would have been players dressed in ordinary street 
clothing of the day, as illustrated in the painting, “Boy with the 
Bat”, on display in the collection in Braemore House, 
Hampshire (Fig. 4). (The bat can be seen to be a development 
from the “hockey stick” style from earlier times (Fig. 1).)  

It would seem from these observations that Alexander von Humboldt and his colleague 
George Forster, could have participated in a game of cricket had the opportunity arisen during 
their visit to England, as very little special equipment would have been necessary to take part. 

 
4.2 The epic journey 

Following the death of his mother in 1796, Alexander von Humboldt could at last follow 
the dream which had occupied his mind for a number of years and with his French colleague, 
Aimé Bonpland, embarked on his epic journey of discovery to the Americas. Of particular 
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Fig. 5. Portrait of William Byrd 
II (1674-1744), attributed to 
Hans Hysing, c. 1724.  (Image 
taken from [13].) 

relevance to this current title is not his famous activities in the northern regions of Tropical 
South America, (although we shall return to consider an image from this part of his journey 
later) nor his excursion through what is now known as the West Indies (a most noted 
international cricketing region of modern times), but rather the final part of his journey which, 
in 1804 took him to the former British colonies in the north, namely Virginia and 
Philadelphia.  

Cricket had been established in the colonies in 1709 by 
William Byrd II who is pictured in Fig. 5. From this image of 
William Byrd II, one could form the impression that the 
development of cricket in the “New World” was following the 
trend of the Patron period in Southern England. On account of 
the fact that von Humboldt and Bonpland were guests of 
President Thomas Jefferson [12], it would not be difficult to 
imagine that they may have witnessed cricket, or even taken 
part in a match.  

While cricket remains a popular sport in certain parts of 
the United States, particularly amongst immigrants from the 
Asian sub-continent and the West Indies, it suffices to say that 
it has not prospered to the same extent as has been the case in 
other British colonies. Indeed, while it maintained its popularity 
along with baseball throughout the early part of the 18th century 
[14], following the Civil War it began to decrease in popularity, 
by comparison with baseball, in all regions except for 
Philadelphia where the Philadelphian Cricket Team enjoyed a brief “golden age”, prior to 
World War I, not dissimilar to the “golden age” of Australian Cricket (1895-1915) which 
featured such famous names as Monty Noble and, “The Big Ship”, Warwick Armstrong [15].  

 
5. Cricket in Germany 
 
5.1 First cricket in Germany 

The now famous, Berlin Cricket Club was founded in 1850 by British and U.S. visitors 
to the city [16]. So while Alexander von Humboldt (1769-1859) was well past the age of 
active participation in the sport by this time, it is relevant to our theme to look briefly at the 
development of cricket in Germany.  

 
5.2 Cricket in Germany today 

From these early beginnings, cricket has continued to prosper in Germany to the extent 
that nowadays, one finds six Cricket Associations (Verbände) throughout the Federal 
Republic (Berlin, Norddeutscher, Nord Rhine Westphalia, Hesse, Baden Württenberg and 
Bayrischer). 

My own personal experiences of cricket in Germany occurred in 1998 when, as an 
Alexander von Humboldt Fellow researching as a visitor in the Physikalische Institut, Ludwig 
Maximillians Universität, München, I played cricket for the European Patents Office Club in 
the Bayrischer Verband. Rather ironically, the home ground for this club was Ein Englische 
Garten, a most peaceful recreational park in the centre of Munich, perhaps more noted for 
recreational swimming, eating and drinking by young people in the heat of the summer, than 
for the watching of the cricket matches. But nevertheless, the European Patents Office Club 
whose President at the time was a dedicated German lady, had a most enthusiastic following 
and the players, ranging from native Germans to visiting employees from the United 
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Fig. 6. Presentation to the winning combination following 
a double wicket event at the European Patents Office 
Cricket Club, Munich – September, 1998. (From original 
photograph belonging to author.) 

 
Fig. 7. ”Separated at Birth” – (Left) 
Alexander von Humboldt (c. 1800) [19]. 
(Right) Brett Lee (c. 2007) [20]. 

Kingdom and included foreign visitors, such as myself. (The picture (Fig. 6) shows the 
presentation day at the end of the cricket season.) 

The preparation of a cricket pitch was 
somewhat different to what I was 
accustomed in Australia. Prior to the day’s 
match, the home club would use a push 
mower, to cut a strip of grass, of 
approximate dimensions 66 ft x 10 ft, 
somewhere near to the middle of the field. 
On this mown area would be placed a coir 
mat, identical in texture to those which, in 
my childhood, we would spread over a slab 
of concrete in a park and which was known 
as a “Matting Wicket”. There was no pitch 
rolling and what is more, it was well 
known in Munich that if one happened to 
be playing against The Pakinstani Cricket 
Club (another team in the Munich 

competition) on their home ground, then it was highly likely that for that match, the selection 
of the area of grass to mow, prior to placing the coir mat in position, would have included a 
“mole hill” somewhere near to “a good length” for a bowler. Only the home side would have 
been aware of this potential hazard for an unsuspecting batsman – hardly in the Spirit of the 
Game [9]! 

 
5.3 German cricket at the national level 

At the national level, Germany is part of the ICC and, for example, in July, 2011, 
participated in the ICC European T20 Championship, on the island of Jersey in the English 
Channel. For the record, the German team posted the highest score for any team taking part in 
the championship, 222 runs (from their 20 overs) in a match against Croatia [18].  

But more relevant to the theme of this present discussion, it is of interest to take note of 
the names of the cricketers selected for the German National Team [17]:   

Asif Khan (Captain), Javed-Rana Iqbal, Shakeel Hassan, Dilshan Rajudeen, 
Mudassar Razzaq, Fazal-Azeem Rathore, Kashif Haider, Kashif Mahmood, 
Syed Farid Shah, Milan Fernando, Benjamin Das, Eksan Latif, Imran Chaudhry, 
Ayoma Abeywickrama 

One feels that while an observation of these names is irrelevant to a definite answer to the 
question posed in the title or this paper, Alexander von Humboldt would have been pleased 
with the number of international cricketers who 
comprised the 2011 German National Team. Somewhat 
by contrast, the German National Women’s Cricket 
Team for 2011 [18], would appear to comprise native, 
German-speaking, young ladies! 

 
6. One last thought!  

In a regular column in “The Sunday Age”, readers 
are offered the opportunity to draw comparisons 
between famous, and sometimes not-so-famous, people 
in a column headed “Separated at Birth”. As a final 
point of discussion of the question posed in this 
presentation, I should like to offer a picture (Fig. 7) of a 
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youthful Alexander von Humboldt taken from a painting done of him in his jungle laboratory 
in the tropical region of South America [19], during his epic journey of discovery with Aimé 
Bonpland, and a recent photograph of an equally youthful, Australian cricketer, Brett Lee. 
There is quite clearly a likeness which may support an affirmative answer to the question, 
provided one could ignore the two centuries separating the images. 

 
7. Conclusion 
 One must confess that this title (together with the correctly submitted abstract) was 
chosen by the Organizing Committee for the 14th Biennial Meeting as an “after-dinner” 
presentation at the Meeting Dinner, held while cruising on Sydney Harbour. Thus, as such, 
the presentation itself had to be both entertaining and amusing. Nevertheless, the thoughts 
collected and presented both from Alexander von Humboldt’s life and travels, and the status 
of the great game of cricket which had spread throughout the world during his lifetime, 
suggest that he could have played the game, despite the fact that there is no written record of 
this being so. But then, despite the fact that cricket is a game which is noted for its statistics, 
there are many records which, over the years of the game’s history, have been lost forever. 
 There is little doubt, however, that Alexander von Humboldt would have given his 
approval to the international flavour of the current German National Men’s Team, consistent 
with the philosophy towards research and scholarship, of the Foundation which bears his 
name. 
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