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ABSTRACT OF THE THESIS 

The Impact of Human Health on Global Climate Change: 
An Example of the Scale Free Nature of Health 

by 
Nathan A. Daley 

Master of Public Health 
San Diego State University, 2010 

 
 Humankind currently faces numerous challenges which threaten multiple domains of 
health. These challenges are typically approached as independent problems in need of 
independent solutions developed within independent disciplines targeting a specific domain 
of health. Personal health, public health, global health, and ecosystem health are just a few of 
these domains of health. This thesis argues that a gene-environment concordance approach to 
improving individual health simultaneously improves public, global, and ecosystem health, 
and attempts to illustrate this through projecting the nationwide adoption of basic elements of 
gene-environment concordance and translating this to greenhouse gas emissions as a 
representation of global ecosystem health or biospheric health. Environmental interactions 
consistent with gene-environment concordance were inferred from those common to the 
environment of evolutionary adaptedness and several very basic components were selected 
for modeling. These components included changes in diet, transportation and physical 
activity, sleep duration and timing, indoor temperature control, and consumer activity. 
greenhouse gas emissions related to these human-environment interactions were calculated 
from national databases of greenhouse gas inventories or converted from economic and 
demographic data using common conversion values. The related changes in greenhouse gas 
emissions from the national average were used to construct the Direct Health Scenario of 
future U.S. emissions. These emissions were compared with available national greenhouse 
gas emissions for fossil fuel intensive and alternate fuel intensive scenarios. The Direct 
Health Scenario emissions were also compared to estimated changes in the national 
prevalence of selected chronic diseases. This exploration shows that the partial adoption of 
several basic human-environment interactions. by the majority of the U.S. population would 
dramatically reduce chronic disease prevalence and simultaneously reduce greenhouse gas 
emissions well below those projected by available "best case" models. The Direct Health 
Scenario produced a 66% reduction in total U.S. greenhouse gas emissions and a 
corresponding 73% average reduction in the prevalence of several chronic diseases. These 
relationships suggest that the entity of health is scale-free, human health and ecosystem 
health are interdependent, and multiple challenges of modernity can be addressed 
simultaneously. 
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CHAPTER 1 

INTRODUCTION 

BACKGROUND 
 This thesis is an exploration of the hypothesis that human health and ecosystem 

health are positively correlated and interdependent. This hypothesis arises from a more 

holistic concept that health is a property of the whole and the whole, in this case, is the 

earth's biosphere. The health of the biosphere and each of it's parts or subsystems, all of 

which also have nested subsystems, mutually influence one another. Health, therefore, is 

scale-free. Ecosystem health, in this thesis, is broadly defined as the condition of an 

organism's natural environment, which suggests the entity equally refers to both local and 

global scales. In essence, the health of an organism (human in this case) or population of 

organisms (humankind in this case) is interdependent with the health of the whole natural 

environment (the biosphere), though it may be largely mediated by the local ecosystem. 

 This holistic view of cause and effect and the place of humankind on earth is as old as 

recorded history. Ancient eastern philosophies hold such holism as central to understanding 

the world. More recently, complex systems science and sub-specialties in ecology have been 

exploring this holism scientifically. The “nestedness” of open complex systems such as the 

human body system, ecosystems, and the biospheric system, suggest that a dysfunction in 

one may produce a dysfunction in another. Given the incredible variety and, in fact totality, 

of life sustaining services provided by nature, it may seem intuitive to many that human 

health changes in proportion to the health or preservation of nature. Yet this has hardly been 

an area of scientific inquiry. The only study specifically investigating a broad association 

between human health and ecosystem health failed to show a positive correlation. A 

cross-sectional aggregate study by Sieswerda, Soskolne, Newman, Schopflocher, and 

Smoyer published in 2001 used life expectancy, infant mortality, and underweight infants to 

represent human health and compared these outcomes with gross domestic product (GDP) as 

a surrogate for ecosystem dis-integrity or degradation. Not surprisingly, using these 

parameters, a positive association was found between GDP and human health (Sieswerda et 
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al., 2001). This study, however, has tremendous weaknesses not the least of which is it's 

cross-sectional methodology and its use of GDP and neonatal morbidity and mortality as 

variables. Countries with low GDP certainly can not be assumed to exist in a more “natural” 

state with preserved ecological integrity and robustness. It has been argued, in fact, that low 

GDP is often, itself, a result of poor ecological integrity (Diamond, 1999). Further, low infant 

morbidity and mortality may not be consistent with human “health” in its most natural 

variety, as will be explained in more detail later. To ask and answer the question of whether 

human health is positively related to ecosystem health will require consistency in defining 

health across complex systems. This challenge, however, is much too great to tackle in these 

pages, but will inevitably depend upon a definition which is relational between two or more 

dynamic systems. Boyd Eaton and Loren Cordain are perhaps two of the most outspoken and 

published advocates of one possible definition of health. Boyd Eaton published The 

Paleolithic Prescription in 1988 with Marjorie Shostak and Melvin Konner. In it, he 

introduced the concept of gene-environment concordance. The simple premise entailed by 

this concept is that the human genome has dynamically adapted to the human environment 

over millions of years, and this adaptation maintains human survival, reproduction, and, 

essentially, health. In other words, the human organism and the human environment must be 

in agreement in order to maintain health. Eaton then argues that disagreement or discordance 

between genome and environment results in disease and specifically the chronic diseases of 

modernity (Eaton, Konner, & Shostak, 1988b).  

 More recently Loren Cordain has partnered with Eaton and colleagues to inject this 

concept into the academic dialogue. Together, Cordain and Eaton have published numerous 

articles explaining the epidemiological and physiological association between 

gene-environment discordance and diseases such as coronary and peripheral artery 

atherosclerosis, osteoporosis, diabetes mellitus, dyslipidemia, obesity, hypertension, 

sarcopenia (low muscle mass), chronic obstructive lung diseases, dental caries, diverticulosis 

and diverticulitis, acne vulgaris, cancer, and autoimmune diseases such as systemic lupus 

erythematosis, multiple sclerosis, and rheumatoid arthritis. The evolutionary template they 

advocate and the mechanisms proposed for its efficacy are strikingly congruent with, yet 

more complete than, the current recommendations derived from epidemiological and basic 

science research (Abuissa, O'Keefe, & Cordain, 2005; Cordain, 1997, 1999; Cordain, Eades, 



 

 

13 

& Eades, 2003; Cordain, Eaton, Miller, Mann, & Hill, 2002; Cordain et al., 2002b; Eaton & 

Eaton, 2000; Eaton, Cordain, & Eaton, 2001; Eaton, Cordain, & Lindeberg, 2002; Eaton, 

Eaton, & Cordain, 2002; Eaton, Eaton, & Konner,1997; Eaton, Konner, & Shostak, 1988a, 

1988b; Lindeberg, Cordain, & Eaton, 2003).  

 This gene-environment concordance concept is not completely lost in the mainstream 

of health and medicine research. It is generally accepted that genes and environment are, 

together or alone, responsible for most, or all, of the known human diseases, and for the 

maintenance of and potential for health. Indeed, science, and specifically medicine, already 

dedicates an enormous quantity of resources hoping to understand the innumerable 

mechanisms and components that comprise these two general domains.. What is lacking, 

however, is an approach to understanding these domains together, as a whole. Such a holistic 

and relative perspective is necessary to examine the relationship between human health 

(genes, genome, epigenome, and phenotype) and ecosystem health (the environment). 

Further, until the whole picture can be assembled, or at least postulated with some degree of 

confidence, interventions toward disease therapy and prevention remain focused on the most 

proximal and, therefore, fragmented mechanisms and components of the human organism 

and environment in which dysfunction or risks of dysfunction are identified. Further, without 

this relational and process-oriented non-directional perspective between human and 

environment, the question of how human health impacts ecosystem health will rarely receive 

consideration.  

 Therefore, examining the interactions or relationships between the human organism 

and it's environment, also called human ecology, is absolutely necessary for understanding 

health and disease as well as the association of environmental or ecosystem health and 

human health. What is needed to successfully study and demonstrate these relationships is a 

true baseline of human ecology. Since genes are selected to remain in an organism's genome 

through evolution within past and present environmental circumstances, and recent 

environmental changes have exceeded the expected rate of evolutionary change, a baseline 

for human gene-environment concordance can only be established from contemplating the 

evolutionary past. Perhaps the most important element of an ecological perspective is that of 

the interaction, rather than the organism, gene, or environment. The interactions represent the 

process which mutually shapes these organized domains. The true dynamic essence of health 



 

 

14 

only comes into focus at the interface of human and environment. It is the interaction that 

links the gene and environment, thus allowing co-evolution. Therefore, adaptation is circular. 

The genome adapts to the environment and the environment, which consists of adaptable and 

dynamic components, adapts to the genome. Upon the organization of the most primitive 

form of life on earth, there began interactions between life and earth which have since never 

ceased. The two domains of organism and environment where hardly independent, but 

instead continuously and mutually influenced the characteristics of one another. This process 

of dynamic co-evolution has continued 4.5 billion years to today, going through periods of 

relative stability and moments of rapid or punctuated alteration. The limited geochemical 

cycle of the earth became the greatly expanded biogeochemical cycle of the earth and it's life 

forms. The chemical characteristics of the oceans were influenced by ocean life and at the 

same time incorporated into this life. Ocean life became terrestrial life and influenced the 

chemical characteristics of the earth's crust while at the same time incorporating these 

characteristics biologically. Respiring life influenced the atmosphere yet, at the same time, 

incorporated it's characteristics into it's aerobic physiology. All the while, none of this was 

static. The air, soil, water, and solar energy continuously cycled between the organized 

patterns of organism and environment. The organism reflects the environment reflects the 

organism, and so on. The constantly changing relationships between organisms and 

environment (which includes other organisms of course) determined the habitability of the 

environment and the fitness of the organism. The co-evolution of these domains meant that 

they changed in pace with on another. The better an organism was matched to its 

environment, the better its capacity to avoid, absorb, or adapt to perturbations or stress, and 

the more likely it would be to maintain and replicate itself. A species ability to genotypically 

or phenotypically adapt to the environment would allow improved or maintained individual 

fitness, but then, in doing so, or by the activities of other organisms, the environment may 

become altered and require further adaptation (Corning, 2005). Therefore, to understand 

health and, more importantly, pursue it, one needs to understand the human place in the 

natural environment.  

OBJECTIVES 
 The pursuit of this paper will be to: 
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1. identify aspects of evolutionary human ecology or environmental interactions.  

2. explore the actual extent of human health or disease present in this evolutionary 
environment.  

3. postulate the origin and progression of gene-environment discordance and human 
disease.  

4. explore some possible methods of simulating or adopting basic components of the 
evolutionary human ecology in modernity.  

5. review cross-sectional aggregate evidence that simulating or adopting greater 
gene-environment concordance will improve individual or population health.  

6. model the impact of population wide adoption of some of these basic components on 
ecosystem and population health.  
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CHAPTER 2 

REVIEW OF THE LITERATURE 

EVOLUTIONARY HUMAN ECOLOGY 
 Much of the available paleoanthropological and archeological evidence from which to 

characterize the evolutionary human-environment interactions of anatomically modern 

humans dates to the Upper Paleolithic period (45,000-10,000 years ago). Much additional 

evidence has been gathered from ethnographic studies of recent hunter-gatherers over the last 

150 years. Comparisons of the characteristics and variabilities of these Upper Paleolithic and 

modern hunter-gatherers demonstrate a high degree of congruence. Less congruence exists, 

however, between Middle Paleolithic (300,000 to 30,000 years ago) evidence and Upper 

Paleolithic and modern hunter-gatherer evidence. Yet, Middle Paleolithic hunter-gatherer 

characteristics appear less variable between groups compared to Upper Paleolithic groups, 

despite similar geographic variability. Some of this is likely to be an artifact of selective 

degradation, yet it also makes sense that groups more proximal to geographic migrations out 

of Africa would appear more similar and less adapted to new environments. While natural 

environmental stresses like the Toba supervolcano eruption (75,000 years ago) and ongoing 

climate fluctuations including interglacial periods (240,000, 130,000, and 15,000 years ago) 

could lead to punctuated periods of human evolution, the Middle Paleolithic accounts for a 

significant period of the modern human's evolutionary baseline. Characteristics of homo 

sapiens from throughout this period will be discussed where appropriate, yet whatever 

adaptations occurred within or following this period will be critically important to exploring 

the optimal human-environment concordance of modern humans. Therefore, information 

from the Upper Paleolithic and modern hunter-gatherer populations will be considered as 

representative of the recent evolutionary baseline of modern human genome and comprise 

most of the following discussion. Adaptive genomic changes occurring in Neolithic times 

will be discussed later as well, but as these changes have been selected more directly by 

anthropogenic rather than natural environmental circumstances, they cannot be considered as 

the result of a holistically evolved ecology (Kuhn & Stiner, 2001). 
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 In addition to exploring the ecology for which the human genome is dependently 

adapted, this section serves to demonstrate the indivisibility of human survival, reproduction, 

and health with the natural environment. Human-environment interactions, and the cognition 

behind them, were determined by the natural environment which was then influenced by 

these interactions. Therefore, the discussion alone serves as evidence of an intimate 

association between human health and ecosystem health. 

 In order to discuss the essentially unbounded evolutionary environment, or the 

environment of evolutionary adaptedness (EEA) as it has been called, a perceptive 

framework is needed. While this environment operates as a single system which includes the 

organism, an organized discussion of this system ironically requires boundaries. Based on 

modern concepts of environmental components and interactions which may be modified by 

individual choice, the past and present environment will be divided into food, solid matter, 

electromagnetic energy, air, and water. From these categories, respectively, 

human-environment interactions can be categorized as diet, mechanico-gravitational 

(physical activity), electromagnetic radiations and rhythms (chronobiology), air, and water.  

Diet Interactions 
 The last common ancestor to humans and other primates likely evolved in a tropical 

forest setting, consuming dicotyledonous (C3 photosynthesis pathway) plants (common in 

temperate climates) including fruits, leaves, gums, and stalks almost exclusively. Insects, 

eggs, and small animals may have comprised about 5% of the diet. Humans, like other 

primates demonstrate morphological characteristics indicating persistent adaption to these 

plant sources. However, the transition of the human lineage to African savanna, associated 

with global cooling and drying related habitat changes 2.5 million years ago, likely increased 

the contact with and occasionally consumption of monocotyledonous (C4 photosynthesis 

pathway) plant species (common in hot and dry climates) such as grasses in times of need or 

desperation (Milton, 1987; Teaford, Ungar, & Grines, 2002). C3 plant sources, however, 

would have certainly remained the obvious preference. Based on observations of primate 

preferences, early humans are likely to have selectively consumed young foliage which 

provide a higher protein to fiber ratio and are less lignified than older plants (Milton, 1987). 

Comparative studies of humans and primates suggest early humans were most certainly 
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omnivores, seeking out highly digestible plant and animal source foods of the highest quality, 

with animal sources being a bulk minority yet nonetheless essential, covering large territories 

to acquire adequate quantities (a demand requiring efficient bipedal locomotion; Milton, 

1987). Paleodental evidence suggests that early humans continued to evolve toward 

consuming harder foods requiring chewing such as nuts and seeds as well as increasing 

quantities of animal tissues. The consumption of underground storage organs such as roots, 

tubers, rhizomes, and corms, as a consequence of changing from a forested to savanna 

habitat, may have been significant in the divergence of early human and chimpanzee species 

(Conklin-Brittain, Wrangham, & Smith, 2002). Following this split, the consumption of 

vegetable and animal fats and proteins by early humans gradually increased. This progressive 

increase in protein and fat included polyunsaturated fatty acids such as arachadonic acid 

(AA), docosatetrenoic acid (DTA), and docosahexanoic acid (DHA) which are critical for 

brain development and myelination (Eaton et al., 2002). The gradual increase in stature, brain 

size, and social complexity observed in early humans is likely attributed to these evolutionary 

changes in diet, and likely potentiated further expansion of dietary breadth and acquisition 

efficiency. 

 There is some suggestion that among early humans, who appear to have had a strong 

preference for open savanna-like biomes, a slow transition toward a broader variety of foods 

occurred throughout the Pleistocene. While megafauna like mammoths, mastodons, and 

rhinoceros may have been consumed it is unlikely they were regularly hunted. Instead, 

Middle Paleolithic humans appear to have had initial success hunting high priority regional 

ungulate species such as sheep, reindeer, horse, bison, ibex, and etc., while, over time, their 

diets increasingly moved toward dependence upon a larger variety of small game, fowl, 

reptiles, eggs, shellfish, fish, fauna, seeds, tubers, and many other fruits and vegetables 

(Kuhn & Stiner, 2001). This has been called the “broad-spectrum revolution,” and its been 

suggested that this may have been the result of declining large game populations, improved 

food acquisition technology, environmental deterioration, and increasing human populations. 

How much of this apparent transition is the result of preservation artifact is uncertain 

however (Cohen, 1987). Further, there is evidence that fire has been used in food preparation 

for several hundred thousand years, well before anatomically modern humans had evolved 
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(Cohen, 1989). Therefore, the common assumption that pre-agricultural humans ate only raw 

meat is certainly incorrect. 

 It may have been the pursuit of migrating animal source foods coupled with major 

climate changes during the Middle Paleolithic which lead Homo erectus out of Africa and 

began the Homo migrations which dramatically increased food source, climate, habitat, and 

ecosystem variability for the species (Abrams, 1987). For every new environment 

encountered or experienced and with the continuous variability of ecosystems, the human 

diet adjusts based on optimal nutritional return (driven primarily by energy content with 

nutrient needs met incidentally) per effort in acquisition (Hamilton, 1987) or, better yet, the 

potential benefits and costs to overall fitness and survival (Hawkes, 1987). Said another way, 

preferred foods have a more favorable balance of benefits over costs than avoided foods 

(Harris, 1987). This optimal foraging theory, as it is known, is commonly underestimated in 

its dynamism and diversity. In typical complex system form, the preference for a particular 

food item is defined relative to all other available food items and this entire optimality 

“ranking” can change due to a variation in a single component. In reality, however, many 

components vary constantly and are influenced by constant variability within the surrounding 

ecosystem and biosphere, yet the pace of this total variability is one to which humans have 

adapted through co-evolution, and from which we are inseparable. Human activity such as 

hunting and gathering, can reduce the supply of a particular animal or plant locally, 

increasing the time and effort necessary to acquire it, and, therefore, reducing its optimality 

and re-sorting the entire ranking of preferred food sources or moving the ranking intact to a 

new habitat. The latter result of migrating to a new habitat, the norm for hunter-gatherers, 

would allow continued access to the preferred but declining hunted or gathered species, 

prevent species endangerment, and promote replenishment of habitats. A cycle of sustainable 

optimality, and thus greater net optimality, is the result (Winterhalder, 1987). It should be 

noted that “optimality”, here and throughout the text unless otherwise stated, is used 

synonymously with concordance, but in a more specific context. While concordance 

considers the totality of all interactions, optimality refers to the most ideal relationship within 

a more selected set of variables such as diet in optimal foraging theory.  

 Though numerous calculations and economic models have been used in moderately 

successful attempts to theoretically understand the preferential acquisition of food of 
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hunter-gatherers, optimality in practice is not a consciously calculated value and, further, is 

not operable for fractionated time. Nutritional optimality is driven by psychophysiological 

preference or affinity, which is a evolutionary product of biological, sociological, cultural, 

and ecological cybernetic interactions operating across time boundaries. These inputs 

underlie apparently rational decision making in the context of a nature connected society. 

Observation of and attunement to the natural environment provides information which is 

meaningfully interpreted and acted upon as individuals and social bands, yet conceptual or 

paradigmatic processes would have likely been absent. A decision is made not because 

validated conceptual tools and calculations conclude it should be, but simply because it is 

obvious. The conditions of nature determine the decision, the skill is in correctly observing 

the conditions. Modern hunter-gatherers may carefully examine animal tracks and infer 

characteristics about the animal which made them, and they may combine this information 

with the observations of weather, terrain, season, etc. to determine a plan of action, yet its 

doubtful that any of this is based on concepts, only experience (Winterhalder, 2001). Of 

course, diet and optimal nutrition do not operate in these domains in isolation, but as a 

composite of all possible activities and variables conducive to survival, sustainability, and 

health. The result of these interactions is a perceived (consciously or unconsciously) 

optimality in activity, or environmental interaction, which often includes hunting and 

gathering. In the case of food acquiring activities, these system cybernetics integrate an 

underlying quantitative or true optimality in nutrient acquisition efficiency with biologically 

prioritized nutrient demands due to deprivation, imbalance, or normal adaptation to past and 

future variability. The nearly universal affinity for foods associated with energy density, such 

as sugars and oils, was important in optimizing nutrition evolutionarily, as these sources were 

not present in isolation but associated with nutrient dense fruits and animal foods.  

 For a more physiologic example, a diet with a relative lack of protein tends to result 

in increased serotonin levels and an increased craving or biological drive, and therefore 

perceived optimality, for animal source foods. Further yet, this optimality is influenced by 

non-nutrient utilities such as animal fur and bone or even mythical or symbolic value, all of 

which are partially determined by the social and cultural systems they, themselves, influence. 

This is indeed a complex and continuous process, influenced by numerous sources of 

variability and feedback cycles both intrinsic and extrinsic to the immediate human system 
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and ecosystem. The same dynamics and variability can be observed between different groups 

and habitats as well as within. Based on modern day hunter gatherer research, Eric Ross 

points out that access to aquatic food sources has a system wide effect on subsistence and 

social structures, essentially as a result of optimal foraging theory. Productive aquatic 

systems are preferential food sources due to their seasonal stability and yield efficiency 

compared to large migratory land animals. The availability of a productive aquatic source, 

therefore, reduces the nomadic characteristic of the population, increases sedentism, and 

increases the likelihood for horticulture, which in turn modifies the local habitat to favor 

small animals rather than large animals. The food sources then, tend to become weighted 

toward aquatic sources such as fish, small game and land animals, and both wild and 

cultivated plant source foods. The social norms may reflect and reinforce this optimal 

foraging relationship with taboos against and aversions to consuming large land animals. In 

the absence of aquatic sources, groups remain nomadic, without aversions to large land 

animals, and without horticulture (Ross, 1987).  

 It is likely that fish consumption commonly occurred during Paleolithic times and 

equally probable that horticulture was intermittently or selectively present throughout the 

Paleolithic period in certain regions, especially near coasts, rivers, and large bodies of water 

and during suitable climate periods (interglacial periods). The exact frequency and value 

given to marine source foods during the Paleolithic, however, is difficult to evaluate since 

coastal locations became submerged in ocean as the last glacial period ended. The shell 

midden at Harold’s Bay in southern Africa is dated at 125,000 years old, suggesting 

exploitation of marine source foods may have occurred at specific geographic sites in the 

Middle Paleolithic and perhaps even earlier (Kuhn & Stiner, 2001; Rowley-Conwy, 2001). 

However, it appears that marine source foods were not used with great regularity in the 

coastal areas protected from rising interglacial waters, and thus available for study, until late 

Upper Paleolithic times. It is proposed that acquiring marine source foods remained more 

costly per energy return than terrestrial sources of food, thus making them less optimal. 

Energy dense large marine mammals are far fewer than smaller species of fish which, 

supposedly, require more tedious methods and technology to catch. Perhaps a complicating 

factor is the conflict between the nomadism necessary to cycle between abundant terrestrial 

habitats and the sedentism necessary to fully exploit limited marine sources (Yesner, 1987). 
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It appears that when plant sources were readily available, marine sources were not pursued, 

regardless of their proximity (Larsen, 2002). For groups of homo sapiens which migrated to 

high latitudes where plant sources become less and less abundant, marine source foods 

become a greater and greater proportion of the diet, effectively substituting for plant foods 

(Harris, 1982). For some northern populations (Maine), 80% of their diet in later winter and 

spring may have been from marine source foods (Yesner, 1987). Within groups which 

consumed marine source foods, the mechanisms behind the optimal foraging theory would 

have resulted in differential values and preferential consumption of certain species. Large 

mammals such as seals, migrating river fish such as salmon, and shallow water shellfish such 

as oysters and clams would likely have provided the highest energy returns depending on the 

season and other variables (Yesner, 1987). It has been estimated that a single individual can 

collect enough shellfish in one day to satisfy the protein needs of 100-500 people (Erlandson, 

1988). Marine source foods would, of course, also include aquatic plants such as seaweed, 

which likely also had a seasonally variable value. Sea plants, however, would be relatively 

easy to acquire after boating technology was developed, and would have been a protein and 

nutrient rich food source, especially considering that their B12, iodine, and fluorine content is 

unique for plants. The increased dependency on marine source foods in the Upper Paleolithic 

may have been the result of technological advances in boating, catching and storing food 

(storage pits), as well as a reduction in the reliability of terrestrial food sources as a result of 

increasing climate fluctuations toward the end of the last glacial period. In general, marine 

source foods demonstrate more temporal and spatial reliability. Marine sources are available 

year round, with seasonal abundances, and in predictable locations (Yesner, 1987). 

Interestingly, some marine source foods show a seasonal pattern in nutrient density very 

compatible to that of terrestrial sources. Protein and fat content of crustaceans peak in the late 

winter just as they are at their lowest in terrestrial game (Borgstrom, 1962; Yesner, 1987). 

Many coastal artifacts appear to represent seasonal settlement sites, supporting the idea of 

terrestrial and marine complementarity. In considering such relationship, it remains entirely 

possible, if not likely, that marine resources were utilized periodically, and perhaps 

seasonally, to some extent throughout the entire Paleolithic as a compensation for terrestrial 

variability. 
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 Certain features of evolutionary diets were assuredly universal across all regions due 

to natural limitation and variability, and universally selected biologic characteristics. Some 

innate affinities and aversions based on sensory perceptions such as taste, smell, sight, and 

satiety are universal and genetically determined, especially the affinity for sweet tasting, 

sweet smelling, and colorful foods and aversion to bitter tasting and putrid or noxious 

smelling foods. Memory in the form of physiologic integration of personal experience and 

psycho-socio-cultural inputs is such a powerful influence on food preferences, however, that 

the relative contributions of genotypic or phenotypic components to biologic universals 

remain unclear. However, it seems that aversions may be more prone to 

psycho-socio-cultural modification (both establishing and eliminating aversions) than are 

preferences. Sweetness as we know it today, for example, is a profoundly universal affinity 

and requires very high carbohydrate densities which were likely limited to honey from sparse 

beehives, or extractions from various plants such as agave and sago palm. Thus, the 

biological affinity for sugar is nearly universal, likely selected due to improved survival from 

acquiring these energy dense foods despite greater potential costs. It has been shown that the 

introduction of sugar into amniotic fluid causes the fetus to begin to suckle (Beidler, 1982), 

and this innate affinity is most certainly maintained and amplified through epigenetic means 

by the immediate and exclusive post-natal exposure to mildly sweet breast milk.  

 These genetically established preferences, of course, are not free from additional 

socio-cultural modification, and the potential for this rather powerful influence on food 

preferences, like the rest of behavior and perception, is certainly itself biologically 

potentiated. Industrialization, globalized trade, and capitalism have allowed the highly valued 

commodity of sugar to be widely accessible and affordable. Politically driven subsidies, in 

addition, have helped push sugar to ubiquity. It’s use in candies and treats, which are often 

most abundant during festive occasions and commonly used as rewards for children, 

condition an even more positive psychological perception of sweet foods, and the feedback 

continues, perpetuated biologically, socially, and culturally generation after generation. In 

addition to biopsychological responsivity to sociocultural influences on food preference, 

there exists a universal biologic capacity for continuous dietary preference and taste 

responses to the environment and the bodies moment to moment physiologic condition. 

Studies in rats show that they are able to detect (taste) variations in the nutrient content of 
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food, and self regulate intake to meet physiologic demand through preferential consumption 

(Roosevelt, 1987). This is no less true for humans, although the sensitivity of this mechanism 

has atrophied in the modern disconnected individual and anthropogenic environment. 

Fortunately, this phenotypic ability can be redeveloped, and many obvious and familiar 

examples still persist. Thirst provides a great example, in which the presence and intensity of 

thirst (which can be considered an affinity for water) is produced by increased serum sodium 

levels, which in turn are determined largely by hydration status and sodium intake, which are 

related to activity, ambient temperature and humidity, and diet. The universal affinity for salt, 

likewise, varies depending on serum sodium levels, with affinity increasing with sodium 

deficiency (Rozin, 1987). While these affinities are genetically potentiated, the variability is 

phenotypically determined through complex and circular physiologic mechanisms adapted to 

and individual’s past and present experiences. The activity of the body’s major salt regulating 

hormones (aldosterone and anti-diruetic hormone) are influenced by the intake and utilization 

of sodium and water, of which they, in turn, influence the intake and utilization. Therefore, 

thirst and salt affinity are relative to past and present conditions and not linearly related to 

any particular sodium level. This explains why people in western societies which consume 

far too much sodium can still crave salt, and, in fact, may do so more than those with lower 

intake. Individuals with a more recent tropical ancestry, as usually evidenced by darker skin 

pigmentation, tend to have a more sodium conserving phenotype adapted to compensate for 

the greater losses that come with high temperatures, manifesting as hypertension in the 

modern high salt environment. On the opposite extreme, the Inuit seem to have an increased 

taste sensitivity, though not an aversion, for salt, perhaps due to their high salt coastal 

environment and animal source foods and the need to identify sources of fresh water 

(Froment, 2001). This intra-individual and inter-individual phenotypic variability enhances 

the already great plasticity of the psycho-socio-cultural system. Since sodium is critical to 

life and dietary sodium was evolutionarily limited to animal source foods, with the limited 

exception of precipitated sodium chloride in coastal and desert areas, the biologic affinity for 

salt is universal. Being limited yet desired, salt in granulated forms would have been highly 

valued, setting up a bio-psycho-socio-cultural positive feedback cycle held in check only by 

the negative feedback of it’s limited availability in nature. Global exploration, capitalism, 

and the industrial revolution would eliminate this limiting component and set the system free 
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to self-amplify, setting a sociocultural standard of high salt, which typifies one of the 

principle flavors in western and westernized cuisines.  

 Like salt and water, many, if not most, other components of the human diet are 

variably preferred depending on the circumstances of, and their feedback upon, these 

bio-psycho-socio-cultural and environmental elements. The affinity for fats and oils, for 

example, may increase after exposure to certain toxins (explaining the association of fatty 

h'orderves with cocktail parties [Dubos, 1969]) which improves hepatic excretion through 

bile turnover. Similarly, the affinity for clay (geophagia) may develop in response to toxin 

exposure or mineral deficiency, as the carbon within it can bind certain toxins and clay is rich 

in calcium, magnesium, potassium, copper, zinc, and iron (Armelagos, 1987). Affinities for 

foods high in protein, fats, or carbohydrates may be greatly increased by their relative and 

respective deficiencies. This explains the affinity for fruit flavors during and after physical 

activity and the cravings for meat, fat, or carbohydrate dense foods after a period of fasting or 

restrictive dieting (the inescapable biology in yo-yo dieting). The universal and 

physiologically enhanced affinity for fats may be a result of the tendency for animal sources 

in higher latitudes to become quite lean in winter, yet the digestion of protein is energy 

intensive and calories from fat or carbohydrate are necessary for its utilization. The winter 

diet would have increased in protein more than fat, while carbohydrates were limited. 

Therefore, acquiring and consuming fat, or the very limited sources of carbohydrates, during 

the winter season was evolutionarily important (Lieberman, 1987). Indeed, there appears to 

be a modern affinity for fatty foods, and a tendency for weight gain, during the winter. This 

of course involves physiologic changes beyond simple dietary variation. Nonetheless, these 

factors are not independent, and continuous and holistic dynamics span all seasons. 

Therefore, a common pattern in food preference variability is expected to be present for other 

seasons as well.  

 It seems likely that the constancy and regularity of seasonal patterns throughout 

evolution, and the resulting seasonal variability in food types, would lead to a seasonal 

variability in food preferences, just as it has lead to innumerable other tightly evolved 

chronobiological rhythms. While this has not been specifically studied, one can infer from 

the great importance of other forms of environmental variability, that seasonal patterns must 

be significant. Already discussed above is the nutritional complementarity of seasonal 
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variations in terrestrial and marine food sources. Such complementary relationships are 

certain to be present for all seasonal variations in specific food types. This seasonal 

variability in nutrients and nutrient proportions are certain to have influenced biologic and 

cultural domains which would continue to perpetuate related behaviors. Indeed, seasonal 

variability in diets can be observed in most cultures which experience seasons, with most of 

the population expressing a preference for and anticipation of the specific seasonal foods. 

Significant seasonal variability has been documented in hunter gatherer diets for food items 

such as honey, caterpillars, termites, nuts, and practically all fruits and vegetables (Jenike, 

2001). The most important components of seasonal variability appear to be the variable 

abundance of plant and insect sources of foods and changes in animal fat content. A fairly 

universal pattern for temperate climates might be fresh fruits and vegetables in the summer, 

vegetables, tubers, meats, and nuts in the fall, and meats and preparations from preserved or 

frozen sources in the winter lasting until early spring fruits and vegetables begin to emerge. 

In terms of macronutrients for temperate regions, summer diets where relatively higher in 

carbohydrates, while winter diets were slightly higher in fats and moderately higher in 

protein. In tropical regions, nutritional variability would have been most impacted by the 

differences between dry and wet seasons. Wet seasons allow diets higher in carbohydrates 

and lower in protein while dry seasons allow the opposite. Animal source foods (with 

supplemental underground storage organs such as roots and tubers) dominate in dry seasons, 

yet animals become progressively leaner. For this reason, proteins would be expected to have 

increased more than fats in regards to macronutrient proportion. One study of tropical 

dwelling Oto tribe demonstrated a decrease in fats while protein increased during the dry 

season (Conklin-Brittain et al., 2002). Total calories likely decreased in the winter or dry 

seasons and seasonal weight may have been the norm. Seasonal weight losses of 1.3 and 

4.4 pounds have been reported for the Dobe !Kung people. For this population, there was no 

increased mortality associated with the seasonal decline in caloric intake and overall 

micronutrient intake remained high (Cohen, 1989). For higher latitudes and areas with fall 

and winter cloud cover, the increased availability (though migrations) and consumption of 

terrestrial and marine animal source foods in fall and winter was obviously critical to offset 

the lack of vegetation, but might have been equally critical in compensating for the reduction 

in solar induced vitamin D production, as animal source foods, especially organ meats, 
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provide a modest amount of this nutrient. The Alaskan inuit even maintain protective darker 

constitutional skin color despite limited solar vitamin D production, due to the sufficient 

quantities of vitamin D in animal source foods. The fact that vitamins A, D, E, and K are fat 

soluble and therefore stored for much longer periods of time than others, also supports the 

evolutionary impact of seasonal variability suggesting that these nutrients are necessary in 

fairly stable quantities year round even though they are most available in the summer and 

fall. It is also relevant to note that fall would typically provide the greatest abundance, and 

late winter and early spring may have regularly produced a relative fast. This pattern too is 

certain to be embedded in our genome, and relevant to health. The idea of fasting for health 

may indeed have an evolutionary basis and might be best performed during the late winter as 

long as one adheres to the entire seasonal pattern (for all interaction categories) throughout 

the year.  

 In additional to seasonal complementarity, the particular combinations of foods 

consumed within the same season also has important consequences. Hunter gatherers would, 

of course, consume food whole, without removing specific nutrients, and certain 

combinations of whole foods, determined by methods of acquisition, their habitat 

proximities, and seasonal variation, were typical. Foraged foods, such as fruits, roots, tubers, 

and nuts were usually collected and consumed together, while hunted foods were often 

consumed separately. This created a partial separation between the consumption of 

carbohydrate and phytonutrient rich plant source foods, and fat and protein rich animal 

source foods. Co-evolution would suggest that what goes well and is found together in 

nature, goes well together in the body. Indeed, it is well known that some nutrients in 

combination can alter nutrient absorption, nutrient metabolism and utilization, or produce 

unfavorable metabolites. The binding of minerals (such as zinc found in animal foods) by 

phytic acid (found in some plant foods) in the gut prevents their absorption, and is one of 

innumerable examples. In other cases, this intraluminal binding is protective, as with calcium 

and oxalate (both common to plant sources) in which the absorption of unbound oxalate can 

lead to kidney stones. The consumption of sugars without their associated fibers (such as in 

fruit juice and many processed products) allows abnormally fast absorption which produces 

hyperinsulinemia and leads to insulin resistance. The consumption of carbohydrates (plants) 

and fats (mostly animal) together leads to abnormal postprandial lipids as well as various 
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advanced glycation and lipoxidation end products. It is clear that human physiology has 

evolved to optimally function with the separate intake of foraged plant source foods and 

hunted animal source foods. In general, with the exception of some gourmet recipes, it is 

normal to consume these food sources separately today. Even when present in the same meal, 

plant and animal sources are still eaten separately or divided into courses. A similar 

association can be made regarding preparation techniques. For example, the human 

digestibility of meat is enhanced through a certain degree of cooking, which may have been 

common since over 200,000 years ago, and so it is likely that the human preference for 

certain meats to be cooked, is biological as much as psychosocial.  Perhaps the most 

important and interesting examples of biologically and evolutionarily potentiated phenotypic 

variability in regards to diet is referred to as the omnivore’s dilemma. The dilemma is 

between choosing a familiar and regularly consumed food or a new unknown food. The new 

food poses unknown risks as well as unknown benefits, while the familiar food may be 

inadequate by itself and unsatisfying. The affinity for diversity and new foods and the 

aversion to monotony in diets (and the rest of life) is a universal trait that assures complete 

nutrition and balance (Rozin, 1987). Diversity, variety, and variability (spatial and temporal) 

are essential for providing the necessary spectrum of nutrients in the appropriate proportions, 

groupings, and periods, to allow optimal health. For example, animal source foods usually 

provide a complete combination of essential amino acids, but plant sources do not. A plant 

based diet of low variety is at risk of amino acid and, therefore, protein deficiency. The 

deficiency of one amino acid can limit any benefit from the others. Unfortunately, today’s 

diet is far more limited and monotonous than during Paleolithic times, increasing the 

likelihood of malnutrition. Besides having immediate consequences, this situation can 

effectively alter the nutritional needs and preferences of future generations. As previously 

eluded to, individual variability due to epigenetic phenotypic plasticity likely plays are large 

role in dietary needs and, therefore, preferences. The well known thrifty phenotype is thought 

to be in part a result of restricted prenatal calories, suggesting to the developing fetus that the 

natural environment is providing limited sources of food, and increasing it’s ability to store 

energy. The opposite possibility is a profligate phenotype in which excess caloric intake 

suggests a plentiful environment, and the developing fetus is able to increase expression of 

energy intensive traits or establish increased nutrient elimination in order to maintain optimal 
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ranges and avoid excesses. The situation is far more complicated when extended beyond 

calories to all nutrients and one considers the importance of proportionate nutrition, in which 

disproportionate quantities of two or more nutrients may be just as detrimental as deficiency 

or excess in some cases. The ingestion of isolated vitamins and minerals, and even most 

multivitamins, deviates from the nutrient proportions and quantities of whole foods and may, 

therefore, produce detrimental disproportions and excesses. This is true even during 

pregnancy. The development of a phenotype adapted to disproportionate and excessive 

nutrients may develop a profligate phenotype which requires such proportions and quantities 

to be artificially maintained for optimal health. The well known food aversions and 

intolerances of pregnancy provide another great example of physiologically determined food 

preferences. It has been proposed that morning sickness, mild anorexia, and the common 

pregnancy aversions to strong spices and raw vegetables and preferences for cooked bland 

food, is an adaptation that prevents consumption of potentially harmful phytotoxins and 

infectious agents during embryogenesis. The period is early in pregnancy and so the reduced 

nutrient intake can be compensated for by accessing maternal nutrient stores, provided the 

mother was optimally nourished prior to pregnancy. The exact physiologic mechanisms are 

unclear, but perhaps involve a generally increased sensitivity of the area postrema (a brain 

center which responds to toxins with nausea and vomiting). If such a general mechanism is 

involved, one might expect an increase in the prevalence of morning sickness and nausea 

during pregnancy as a result of the many novel anthropogenic toxins present in our food and 

environment. The fact that a condition called hyperemesis gravidarum is at all common 

suggests this may be the case. The condition, which increases with each pregnancy, consists 

of severe and intractable nausea and vomiting during pregnancy and often needs medical 

treatment and nutritional management. The evolved physiology of early pregnancy, perhaps 

under the influence of early embryonic hormones, greatly amplifies the normal 

neurophysiologic response to serum toxins and protective aversions and responses to certain 

flavors such a bitterness and burning spices, but with apparent added specificity.  

 The rather universal aversion to bitterness, likewise, has been selected to avoid 

consumption of potential toxins, which can be found in most habitats with diverse vegetation. 

Aversive adaptations such as this, and the biologic potential for generating them, often error 

on the side of precaution, allowing them to be rather general and easily established as a result 
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of unpleasant experiences. The intimate neuroanatomic and functional associations of 

memory (hippocampus), smell (olfactory and parahippocampal), and emotion (limbic) are 

powerfully involved in maintaining these negative food associations and aversions. Often for 

a lifetime after an unpleasant experience with a food, the slightest smell of it can invoke an 

emotional avoidance, even when the smell was not particularly noticeable initially. The 

thought, sight, touch, and taste of an aversive food can, of course, independently trigger 

avoidance as well. Psycho-socio-cultural adaptations can occur to circumvent a general or 

innate aversion in specific cases when benefits exceed costs, costs are discovered to be 

minimal or non-existent, or the costly effect becomes preferable in some cases. Such is the 

case with many botanical medicines in which the toxic effect may provide protection 

(emetics), relief (narcotics), energy (stimulants), or valued visions and states of mind 

(hallucinogens/entheogens) as well as with culinary and preserving spices such as thyme, 

sage, marjoram, oregano, tarragon, and hot peppers (Harris, 1987). Alcohol was naturally 

limited, occurring only in fermenting plant materials such as fruits and in quantities 

consisting of no more than a few percent of the total calories. A biologic affinity to a mild 

ethanol flavor in fruits may be universal, as ethanol provides a caloric density second only to 

fat, and was always coupled with nutrient dense items such as fruit and many animals other 

than humans seem to express an affinity for ethanol, such as bears. Consumption in the 

quantities seen today were impossible, however, until agriculture was able to provide 

abundant substrate to ferment and technology became available to do so in a controlled 

manner. It is possible that alcohol was first used ritualistically, as an entheogen, similar to 

most other psychoactive botanicals. Some cultures even today still manifest a context 

specific pattern of use in which alcohol use maintains a loose symbolic purpose and 

ritualistic nature. However, the widespread high quantity consumption common in many 

cultures can be seen as a result of losing negative feedback from the ecospheric domain 

(limited natural abundance) by establishing an alternative positive feedback through the 

anthropogenic environment domains (agriculture and technology) and sociocultural domains 

(fermentation knowledge and techniques, acceptance of purposeful or unpurposeful 

intoxication, and great economic viability), all potentiated by a biologic affinity, and adaptive 

and integrative psyche. Tobacco, coffee, caffeine, and many other botanical agents, all 

naturally limited and used sparingly or ritualistically, share similar stories, although most of 
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these begin with universal biologic aversions which are countered or reversed by powerful 

feedback through the other domains. These serve as good examples of how biologic 

aversions, which provided survival advantages, can become affinities and completely 

reversed in abundance and consumption from rarity to ubiquity. Some of these new affinities 

may even be due to circumstantially relative biologic advantages realized as a result of 

sociocultural empowerment of the psyche, such as the case with chili pepper, which may 

improve salivation, digestion, gut motility, pain relief, and relaxation while providing a dense 

source of vitamins and antioxidants (Rozin, 1987). The human consumption of most 

psychoactive substances, however, has dramatically changed and far exceeds the range of 

optimal human-environment interaction. While the current level of consumption is clearly 

unhealthy, a zero level is likely not optimal either. Psychoactive substances were likely 

important to human survival and evolution as much as any other known medicinal. Their 

psycho-socio-cultural contributions are suspected to have been highly significant, and their 

limited use today in purposeful, therapeutic, and ritualistic ways should not be considered 

trivial. Cultures which preserve a highly patterned or ritualistic approach rarely suffer the 

detrimental effects related to use of psychoactive substances (Weil, 2004). It is interesting 

that the major motive in using psychoactive substances today, in addition to social 

interaction, is self-medicative and therapeutic. Users seek to transiently alter, eliminate, 

re-interpret, or better process the many powerful channels of input coalescing upon the 

psyche from biological, social, cultural, and environmental domains. The magnitude of this 

particular motive and the widespread use of psychoactive substances is highly suggestive of 

incompatibilities among the bio-socio-cultural, ecospheric, and anthropogenic inputs and the 

presence of widespread dysfunction within the human system.  

 In considering food preferences then, one can conclude that, ideally, individual 

preferences should reflect physiologic needs, and should be reflected and reinforced by 

sociocultural characteristics, all of which reflect natural variability and diversity and facilitate 

optimal niche utilization. Given the dynamics of local, regional, and global ecosystems, their 

complex bio-psycho-socio-cultural responses, and the geographic extent of human 

migrations, it is certain that diversity and variability in the human diet was a universal 

characteristic, and food selection fundamentally adhered to biologic demands. The optimality 

in optimal foraging theory is no different from the optimality in any other 
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human-environment interaction, and should be considered a relative and dynamic optimality 

responsive to the past and present circumstances of the whole system, the capacity for which, 

like all other potentials for adaptation, is embedded within the range of adaptive genomic 

variability produced through co-evolutionary variability. This is no less true today and serves 

as a reinforcement of the holistic concepts of complex systems, in that any part cannot be 

understood in isolation from the whole. The optimal diet of today will need to consider the 

past and present circumstances of the whole system as well as the individual, yet remain 

within the range of co-evolutionary variability which determines system-wide compatibility 

and sustainability.  

 A great deal of information on Paleolithic human diets can be inferred from modern 

hunter gatherer populations. However, these populations almost universally have been 

affected by globalization and neighboring civilizations. Most now subsist on marginal and 

altered lands and with regular influence from outside economic pressures (Hamilton, 1987). 

Still, many observations are still useful in inferring generalities about hunter-gatherer diets, 

so long as they it is remember that times are more difficult for them today than in the past, 

and these populations cannot be fully representative of hunter-gatherers during the 

Paleolithic. Further, the relative absence of chronic disease in these populations suggests that 

an effective degree of evolutionary human-environment concordance still persists, and 

dietary concordance is likely to be included. 

 The proportion of animal to plant source foods and macronutrient contributions to 

diet are widely variable across modern hunter-gatherer populations. Animal source 

contribution to total energy ranged from 9-68% based on five modern groups and 15-100% 

based on Murdoch’s ethnographic atlas. Plant sources ranged from 27-69% based on the five 

groups and 0-85% based on the ethnographic atlas. Macronutrient content also varied widely 

with energy from protein ranging from 13-44% across different latitudes and seasons (Jenike, 

2001). The !Kung of the Kalahari desert were found to have a diet made up of 75-80% plant 

source foods and 20-25% animal source foods. Their protein intake averaged 93 grams per 

person each day, with 34 grams of this coming from animal source foods (Lee, 1969).  

 In regards to animal source foods, modern hunter-gatherers demonstrate a great deal 

of dietary diversity. While some of this tremendous variety may be the result of forced 

subsistence in marginal habitats, even the most productive habitats would require utilization 
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of numerous food sources and would, in fact, provide even greater variety from which to do 

so. Tasmanians consumed oyster, crab, other shellfish, ant, grubworms, snake, lizard, 

kangaroo, wallaby, bandicoot, and wombat (fish was taboo). Australian aborigines used 

almost all animal sources available and favored the wallaby, kangaroo, fish, eels, crayfish, 

birds (including turkey, goose, duck, and hen), eggs, opossums, rats, snakes (pythons), and 

iguanas (Harris, 1987). The Yahgan of Tierra del Fuego consumed seal, whale, mussel, 

conch, shellfish, and limpet. Andaman Islanders consumed pig, civet cat, lizards, snake, rat, 

dugong, turtle, fish, crab, crayfish, and mollusk (Murdock, 1934; Service 1978). The 

Dobe-area bushmen of the Kalahari desert consider 54 animal species edible (Lee, 1968). 

The !Kung of the Kalahari desert recognize 260 animal species as edible (Armelagos, 1987). 

The Ache of Paraguay value peccaries, paces, coatis, armadillos, capuchin monkeys, and 

various insects (Hawkes, 1987). The Jivaro of the Amazon hunt wild hog, peccary, bird, 

crocodile, tortoise, snail, snake, lizard, frog, and ant larvae (Service, 1958). The Yanomamo 

consume monkey, wild turkey, wild hog, armadillo, anteater, tapir, deer, alligator, rodents, 

and several bird species (Chagnon, 1968). The eastern Amerindians valued deer, bear, fowl, 

fish, shellfish, mollusk, and several smaller mammals (Owen, Deetz, & Fisher, 1967). In 

addition to skeletal muscle, highly nutritious organs and tissues such as liver, heart, carcass 

fat, and bone marrow are often consumed as well. Further, of societies studied which 

consume beef, dairy, and other ungulates, it was observed, on average, that these sources are 

less preferred than fowl and fish (Abrams, 1987). Despite the great variety in animal sources 

consumed, however, most scholars agree that large game tends to be more highly valued in 

general, depending on the complexities of the optimal foraging dynamics. Daily protein 

intake varied widely from 10 g for some Papua New Guineans to 200 g for some Inuit males 

(Lieberman, 1987). 

 While animal source foods may be the most highly preferred source, most of the 

recent hunter gatherer societies studied demonstrate a diet dominated by plant sources. Both 

of these characteristics are related to the relative abundance and energy efficiency of these 

two sources. Animal sources are generally less abundant yet nutrient dense, and so 

preference intensity must match the increased energy cost necessary to acquire them. Plants 

are more abundant, and also nutrient dense, and so are abundantly maintained in the diet by a 

lower preference intensity. Due to the infrequent yield of large game hunting, a number of 
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studies have indicated that the foraging of plant source food and intermittent small game 

hunting is largely responsible for meeting nutrient needs on a regular basis. These activities 

are typically performed by females and children, including and dependent upon 

post-reproductive females (O’Connell, Hawkes, & Jones, 2002). The great variety of plant 

source foods exceeds that of the animal source foods (Cohen, 1987). In fact, few of the plant 

sources in any given habitat are considered useless, and many even provide more than one 

resource. Often, plant source food consumption includes over 100 different types over the 

seasons, depending on latitude. Multiple parts of the plants used by hunter-gatherers may be 

harvested, including fruit, nut, leaves, bark, trunk, and roots, to provide multiple functions 

including food, medicine, and material. Australian aborigines in or near forested habitats 

reportedly consumed seven species of roots or tubors, at least 15 species of nuts, seven 

species of shoots or stems, 28 species of fruit, and a variety of leaves, all with variable 

processing techniques (raw, dried, roasted, etc.; Harris, 1987). The !Kung of the Kalahari 

desert recognize 105 species of edible plants. Of these, the mogongo nut is their primary food 

source, while 32 other species are consumed regularly depending on seasonal availability. A 

quarter of these are roots and tubers, requiring a digging stick for acquisition (Armelagos, 

1987). The consumption of edible flowers may have provided a significant source of 

additional protein as well (Milton, 2002). 

 Caloric return per unit effort has been calculated for the acquisition of foods by some 

hunter gather populations. In game rich ecosystems, 10,000-15,000 Calories or more per hour 

of hunting effort could be achieved. Returns of 2,500-6,000 Calories per hour were achieved 

in game poor environments. The gathering of plant source foods returned 

5,000-6,000 Calories per hour of effort. Shellfish harvesting achieved 1,000-2,000 Calories 

per hour (Cohen, 1989). Average total calories among these modern hunter-gatherer 

populations are also quite variable, both between groups and seasonally within groups. The 

discrepancy between the San or !Kung Bushmen of the Kalahari desert in southern Africa 

and the Ache of Eastern Paraguay illustrates this point. The !Kung typically consume about 

2100 Kcal per person per day while the Ache consume 3800 Kcal/person-day. Several other 

hunter gatherer populations have average caloric intakes between these numbers (Jenike, 

2001). A number of variables act through the bio-psyco-socio-culturo-environmental system 

to produce this result. While both populations are roughly equal in average height, the Ache 
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are typically heavier and more muscular, the populations live in different habitats on different 

continents, and use different subsistence approaches with different proportions of hunting 

and gathering. The Ache hunt more, in a humid tropical forest ecosystem, with the aid of 

more plentiful water sources, and expend more energy in doing so, establishing a higher 

energy throughput subsistence. Ache hunters have been reported to consume as much as 

5400 Kcal/day depending on the season. !Kung hunters are restricted in the dry winter 

months due to limited water sources in their desert habitat, and, therefore, maintain a lower 

energy throughput during that time (Hawkes, 1987). In general, activity levels and energy 

consumption increase or decrease when food and water sources increase or decrease in 

availability. Predictable annual cycles often exist consisting of a low energy season directly 

followed by the highest energy season (sometimes twice the energy of the low season), with 

corresponding changes in activity levels and body weight and fat (all lowest during the low 

energy season). Further, the depletion of body nutrient stores in the low season is followed 

by enhanced absorption and physiologic handling of nutrients in the high season (Jenike, 

2001). One could hypothesize that this seasonal caloric reduction could have implications for 

human health and the modern concept of fasting. Regarding the total human response to 

environmental variability, it is the biological domain that provides critical negative feedback 

in the acquisition and consumption of resources, which then maintains reproductive rates, 

population density, and anthropogenic products within the limits of sustainability and 

sustainable health. 

 Considering the great variability in diet throughout time and place, and the great 

importance of phenotypic plasticity in responding to the present environment and shaping 

individual nutritional needs, it is clear that no simple diet is correct for every person. I agree 

with Rene Dubos (1980) who said, “every person has a nutritional metabolic pattern that is 

characteristic, indeed as unique as a fingerprint” (p. 20). However, a number of critically 

important generalizations can be made in regards to near-optimal dietary gene-environment 

concordance.  

 Common to all evolutionary diets was broad variety and seasonal oscillations in 

diversity and nutrient content. Further, this variety of foods was acquired from a variety of 

habitats. Plant source foods such as fruits, vegetables, and nuts comprised most of a diet's 

volume, and possibly most a diet's mass and energy though animal source foods would 
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exceed plant source foods during certain seasons or at higher latitudes. Selected foods, 

typically animal source foods, were cooked slowly such as in a cooking pit with fire heated 

rocks. Foods were wild and constantly under the influence of insect or animal symbionts and 

predators, and obviously free of novel chemical contaminates, pesticides, and fertilizers. The 

acquisition of food calories required the expenditure of calories through movement. 

Mechanico-Gravitational Interactions 
 Mobility, both locally and across large geographic regions, was a central 

characteristic of hunter-gatherers of the Middle Paleolithic. In fact, it can be said that 

individual and group mobility was perhaps the major source of adaptability to environmental 

change during this period (Kuhn & Stiner, 2001). While mobility patterns appear to have 

been more variable in the Upper Paleolithic, in some cases oscillating with more stationary 

patterns in specific geographies and complemented with more technological adaptations, a 

high level of physical activity remained central to hunter-gatherer life (Torrence, 2001). 

Modern hunter-gatherers demonstrate similar, though now geographically constrained, 

regularity in movement. Human movement was the way of life, allowing the procurement of 

food sources and other resources through hunting and gathering and compensating for 

shortcomings through relocation, migration, and even long distance exchange with other 

groups (Kuhn & Stiner, 2001). Most bands observed moved their camps every few days, 

weeks, or months depending upon numerous variables including predicted or actual 

diminishing hunting and gathering returns or the movement of game, waste avoidance, 

trouble shooting social conflict, boredom, and seasonal routine (Cohen, 1989). 

 One might suspect that physical activity would increase in response to declining 

resources in an attempt to locate more plentiful habitats. However, the opposite appears to be 

true. Highly mobile hunter-gatherer populations were constantly in the process of re-locating 

and optimizing habitat productivity, preventing the need for large investments in energy for 

infrequent long distance migrations. Instead, low energy intake, often seasonally induced, 

lead to low energy output, and high energy intake lead to high energy output. Energy was 

conserved when low and reinvested into further energy acquisition efforts when high. 

Populations with regularly high caloric intake have indeed evolved hunting and gathering 

approaches which require higher levels of physical activity and energy output then those 
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populations which consume fewer calories on average. The !Kung and Efe populations, for 

example, demonstrate a “low energy” hunter-gatherer way of life with slower growth, 

smaller body size, less physical activity, slower reproduction, and lower energy budgets 

compared to the Ache of Paraguay (Jenike, 2001). It must be noted, however, that the 

physical activity level of “low energy” hunter-gatherers is still well above that of modern 

industrialized populations. For hunter-gatherer’s, the input/output energy balance appears to 

have been naturally maintained by past and present environmental circumstances. This 

regulation of course would extend beyond physical activity and throughout the entire 

bio-psycho-socio-culturo-environmental system. Body size and morphology, resting 

metabolic rates and other physiologic dynamics, reproductive rates, water intake and 

availability, and diverse sociocultural characteristics all combine with physical activity to 

establish an environmentally concordant energy balance. 

 Evolutionary physical activity included a great variety of movements and efforts from 

walking, running, jumping, climbing, hanging, reaching, crawling, squatting, lifting, pushing, 

pulling, holding, and practically any other movement imaginable without the assistance of 

modern technologies. Additionally, the intensity of such activities was quite variable from a 

casual easy effort to an all out short burst of anaerobic effort. The physical agility of some 

hunter gatherer populations is striking. Australian aborigines, for example, were able to 

rapidly climb trees and walk the branches in search of food sources, moving within the tree 

canopy one tree to the next (Harris, 1987). 

 Numerous features of the human body indicate a high degree of adaptation to 

endurance or long-distance running. The skeletal structure and biomechanical dynamics of 

the homo sapiens feet, legs, pelvis, and lumbar spine coupled with the elasticity of the lower 

extremity muscular and connective tissues are well suited for high efficiency, barefoot 

running and well beyond what is necessary for only walking or brief running. The plantar 

arch as well as the skeletal and muscular morphology of the legs, pelvis, vertebral, and 

paravertebral anatomy in particular enable a cohesive impulse conducting elasticity which 

requires regular dynamic stress to condition and maintain optimal function. In fact, humans 

are born without this elastic morphology, including an absent plantar arch, and phenotypic 

maturation in addition to mechanico-gravitational conditioning are necessary for full 

biomechanical development. Sedenarism and the use of insulating apparel like cushioned 
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footwear, may prohibit this primary development during childhood, and may lead to 

deconditioning during adulthood. When appropriately developed, these dynamics are adapted 

to maximize the exchange of kinetic and potential energy (both gravitational and elastic), 

maintaining relatively level energy costs, at paces between 2.5-7 m/s (3:48-11:00 min/miles 

with variable stride lengths at cadences of 160-180 steps/min. Further, the particular 

morphology of the upper body, head, and neck appear specifically adapted for stabilization 

and efficient counter-rotation during endurance running. Thermoregulatory traits such as 

eccrine sweat glands, hairless skin, large conductive and evaporative skin surface area, 

upright posture, and a counter-current thermal exchanging cerebral vascular anatomy appear 

to be beyond the needs of walking and short bursts of running as well (Bramble & 

Lieberman, 2004; Liebenberg, 2006). Further, these features are unique to humans, perhaps 

providing an advantage over prey in hot conditions. Like all human-environment 

interactions, the evolutionary dependence on and characteristics of endurance running are 

likely to have been quite variable depending upon environmental circumstances. A likely 

hypothesis is that endurance running was important to scavenging in early homo two million 

years ago, and increasingly selected as anatomically modern human hunters evolved. 

Observations of modern hunter-gatherers support the utility of endurance running in specific 

circumstances, particularly for the impressive practice of persistence hunting in which 

mammals are pursued (run) to exhaustion over rough and wild terrain, typically during the 

hottest time of day when prey is most likely to overheat (at temperatures up to 42 degrees C 

[107.6 degrees F] in Africa). The success of these hunts was approximately 80%, as good or 

better than alternate methods such as bow and arrow hunting. Dogs were occasionally used 

which improved the hunts success to 100%, a cooperation which might have occurred 

starting 40-50,000 years ago with canine domestication. Once the prey has been spotted, the 

hunters drink large volumes of water and then chase after it, following its tracks, until it is 

too exhausted to escape further. The actual pursuit typically goes on for 3-6 hours and 

covering 20-35 km (12-22 miles). Use of this method has been documented in the Kalahari 

for a variety of prey, from small animals like aardvark and porcupine to large, efficiently 

mobile prey such as eland, kudu, gemsbok, hartebeest, duiker, steenbok, caracal, African 

wildcat, wildebeest, zebra, and even cheetah. Prey selection depends upon which ones are 

more likely to tire easily, which is often based on season, nutritional status, environmental 
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conditions such as soil wetness, and even the moon phase (full moons supposedly leave 

animals more exposed at night and, thus, sleep deprived). Further, the Tarahumara Indians of 

Mexico have historically used persistence hunting to run down deer in mountainous terrain, 

and still maintain a culture centered around long distance running today. The Navajo and 

Paiutes of the American southwest and Australian aborigines have been historically known to 

use this method for pronghorn antelope and kangaroo, respectively (Eaton et al., 1988b; 

Liebenberg, 2006). First hand accounts of persistence hunting make it clear such hunts not 

only consist of endurance running but also agile acts of sprinting, jumping over logs, ducking 

under branches, throwing objects, and climbing trees or scaling geologic formations, perhaps 

making it the original version of the steeplechase. 

 Physical activity and exertional levels were tightly coupled to variability within the 

natural environment, including topographical variability, daily temperature variability, 

seasonal weather and climate changes, and the corresponding seasonal variability in food and 

water sources. Savanna allowed long distance running while forests demanded jumping, 

ducking, climbing, and careful walking. Plentiful food resources allowed for elevated levels 

of exertion while limited resourced demanded energy conservation and increased rest. 

 Clearly, like diet, one exclusive type of physical activity or level of exertion 

(i.e., running, weight lifting, yoga, climbing, etc.) cannot be considered optimal for health. 

Today, the goal to excel at a specific sport or task confounds this issue, in that task or sport 

specific conditioning may lead to better performance in that specific sport than a widely 

variable physical (mechanico-gravitational) human-environment interaction. Nonetheless, 

most sports now incorporate some degree of cross-training due to its ability to enhance 

physical resilience which must complement physical efficacy. Evolutionary activity was 

obviously part of life and perhaps often spontaneous. The regimented approach to physical 

activity today may severely impair the embodied experience of movement and physical 

interaction with one’s environment. A pre-occupation with the regimen or outcome (time, 

sets, pace, distance, points, place, etc.) leaves the body mindless and the experience overly 

conceptual. Paleolithic humans moved in response to the environment and it’s subtleties in 

totality, their mind-body moved by the terrain and with the environment of which they are a 

part. Their awareness hovered between and connected mind-body and environment. Perhaps 

the closest resemblance to this type of movement today is that of toddlers and young 
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children, yet with still greater somatosensory awareness in the absence of modern sensory 

depriving technology. 

 Water, and food sources were indeed consumed but intermittently and irregularly. 

Activity would continue for hours without any food or drink and sometimes days without full 

replenishment of glycogen stores and body water. Needless to say, evolutionary physical 

activity was not “fueled” by sports supplements, energy bars and gels, and rehydration 

formulas. The regular consumption of these products today, especially for short sessions of 

activity, may counter efforts to improve psychophysiological resilience.  

 Paleolithic homo sapiens were most certainly highly mobile in regards to 

“settlements” or “camps.” Modern hunter-gatherers are commonly “central place foragers” 

who return to a central location located between needed resources or next to a lesser 

transferable resource such as a body of water. These groups typically move camps between 

0-60 times/yr. Commonly the move will be a 5-10 km relocation to more preferred or 

abundant resources, but occasional 60-70 km moves do occur (Winterhalder, 2001). Given 

the geographic boundaries of and influence of civilization on modern hunter-gatherers, these 

number likely underestimate Paleolithic human mobility in distance but perhaps not 

frequency. Based on studies calculating the daily total energy expenditure of modern 

hunter-gatherers, average daily energy expenditure was equivalent to 5-7 mile walk or run 

depending upon the group. This activity, however, was often concentrated over 1-4 high 

activity days with 1-3 more restful days in between (Cordain, 1997; Eaton et al., 1988b). 

 Tools invariably are a part of mechanico-gravitational interactions, though they are 

involved in defining interactions in other environmental categories as well (especially diet 

and water). A tool is defined as a technology composed of natural materials, alone or in 

combination, used to augment or enhance natural biologic capacities, upon which it is fully 

dependent for operation. Such innovations must be considered as part of the extended 

phenotype of many organisms, such as the use of bubbles by dolphins to direct schools of 

fish. The common ancestors of humans and primates certainly used simple tools, just as 

primates today commonly use sticks and leaves as tools for digging or collecting insects, 

water, and other materials. Simple wooden spears have been dated to 500,000 years ago 

(Kuhn & Stiner, 2001). In addition, the use of plants for medicinal or entheogenic 

capabilities can be considered tool use for enhancing the bodies detoxification, 
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immunogenic, or reparative capabilities or augmenting the minds perceptual sensitivity or 

awareness. Though task-specific tools were made, it seems that the general observation that 

tools were made as universal and versatile as possible while effectively matching resource 

status, allowing multiple tasks to benefit from the construction of one tool (Panter-Brick, 

Layton, & Rowley-Conwy, 2001). Therefore, manufacturing effort and materials were kept 

to an optimal minimum. Some “tools,” such as the digging stick, remained so simple that no 

modifications were needed beyond those provided by nature. Tools were typically limited to 

situations in which non-technological actions would not suffice. Thus, while the acquisition 

of waning resources in one area might be improved with a tool, mobilizing to a new area with 

more robust and not recently exploited resources remained the preferable action. However, 

when mobility is restricted or alternate habitats are limited, as in the case of the Angmagsalik 

Inuit, tool use becomes much more common and complex (Torrence, 2001). The use of 

specialized tools became increasingly common in the Upper Paleolithic while a relaxation to 

greater simplicity can be seen with the beginning of the present interglacial period (Layton, 

2001). Bark and gourd containers were used to carrying water, honey, or plants. Baskets and 

blankets were used to carry foraged and gathered materials and food, as well as for sieve 

bags for food processing (Hawkes, 1987). Spears, wooden swords, shields, traps, and etc. 

were used for hunting and right of passage rituals. Effort intensive bone, antler, and stone 

points and barbed harpoons were crafted. Stone axes, anvils, grinding slabs, and mortars and 

pestles were used for acquiring and processing tough vegetative materials such as bark, 

trunks, nuts, rhizomes, and wetland plants as well as pulverizing bone for marrow (Kuhn & 

Stiner, 2001). The exact characteristics of manufactured tools are determined by innumerable 

variables in addition to the environmental variables which first necessitate them and provide 

specific raw materials. The populations sociocultural characteristics exert directional 

influence as well (Torrence, 2001). The entire bio-psycho-socio-culturo-ecospheric system is, 

in fact, involved in the development of any one tool out of numerous equivalent alternatives. 

In the same prehistoric period, certain environments lead to populations with a few very 

simple tools while others lead to populations with numerous complex tools (Kuhn & Stiner, 

2001). Tool use, of course, feeds back into this system exerting system wide effects, even at 

the genetic and phenotypic level. The progressive use of tools may have provided alternate 

means to accomplish certain somatic functions such as chewing and digesting. The dental 
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and facial changes seen with the evolution from early hominid to modern human may be 

secondary to this relaxation of selective forces mediated by the substitution of tools for 

somatic functions (Teaford et al., 2002). It seems that, evolutionarily, tools were 

progressively common adjuvants for increasing somatic efficacy and efficiency without fully 

replacing the somatic involvement or impairing resilience. The tool was an extension of the 

phenotype rather than a substitution, and mechanico-gravitational interactions and 

connectivity were maintained or enhanced rather than eliminated. This is an important 

concept and, as we will discuss later, is centrally involved in the development of modern 

human-environment discordance. 

 Rest and sleep were, of course, a critical and equally spontaneous or need driven 

activity as physical exertion. This anti-pole of physical activity will be discussed next. 

 Like diet, evolutionary mechanico-gravitational interactions were very diverse and 

related to the totality of environmental circumstances. However, like diet, a number of 

generalities can be made. Physical movements were diverse and often in combination, using 

the bodies' full range of motion. Exertion commonly included both high and low levels of 

intensity. Daily activity was equivalent to 5-7 miles of walking or running, but often 

concentrated into more active days followed by less active days. Aside from the walking or 

running gait, repetitive movements were relatively rare. Likewise, continuous periods of 

sedentism or activity were infrequent and, when they did occur, they would be compensated 

by activity or rest, respectively. Transportation was active, using the bodies energy obtained 

from food. Movement was in response to the environment and its rich characteristics, thereby 

fully engaging the sensory and perceptive abilities of the individual. The movement demands 

of any given environment were compensated for by the physiological resilience of the body, 

pushing homeostasis toward it's thresholds and, in the process, conditioning and re-defining 

those thresholds. In short, to meet any need except rest and sleep required a diversity of 

movement. 

Electromagnetic Radiation Interactions and 
Chronobiology 

 This section includes all interactions with energies in the electromagnetic spectrum 

including visible light, ultraviolet wavelengths and other ionizing radiation and, low 
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frequency non-ionizing radiation. Additionally, sound and biologic rhythms are included in 

this section. Estimates on the characteristics of these environmental components during 

pre-agricultural times are rare. However, obvious generalization can be made. 

 Artificial lighting other than from fire was non-existent throughout human evolution. 

Television, incandescent or florescent lighting, outdoor lighting, and light pollution were not 

present as selective pressures. Fire produced by solid biomass such as wood generally 

produces light in the red-orange-yellow end of the electromagnetic spectrum. Additionally, 

moonlight and starlight are low of low intensities. This suggests that any light at night in the 

blue-indigo-violet end of the spectrum or of high intensity may not be in agreement with the 

human genetic constitution. Further, the characteristics of fire preclude its use for the 

continuation of daytime activities meaning that the duration of sleep or rest reflected the 

seasonably variable length of darkness. On most nights, sleep onset likely occurred within 

1-2 hours of darkness while awakening likely occurred with or shortly after dawn, with sleep 

duration being longest in the winter and shortest in the summer.  

 Hunter-gatherers would have spent most of their days outdoors. This results in 

considerable cutaneous sun exposure for populations in more tropical and temperate 

environments. Regular exposure to sunlight and ultraviolet radiation would have maintained 

vitamin D at levels rarely seen today. Seasonal or latitude related limitations in sun exposure 

would have been compensated by dietary vitamin D consumption through animal source 

foods. Organ meats, such as liver, contain especially high levels of vitamin D and would 

have provided intake levels which are also well above modern levels. For example, arctic 

populations such as the Inuit throughout northern latitudes and the Alacaluf in Tierra del 

Fuego have little low UV exposure secondary to seasonal darkness and the necessity of 

insulating clothing. Further, their relatively dark constitutional skin pigmentation may is 

likely necessary to minimize excessive UV damage to the skin that is exposed, within the 

extensively reflective snow and ice habitat. These populations compensate for minimal 

cutaneous vitamin D production through oral vitamin D found in high concentrations in 

indigenous food items such as fish liver (Froment, 2001). 

 Ionizing radiation has been a constant element of the earth's surface environment. It is 

estimated that approximately 3.0 mSv of an individual's average annual exposure to ionizing 

radiation is from background sources. One can assume that average background levels 
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throughout recent human evolution were similar and with the same geographic variability 

found today. Since this level was likely a constant part of the environment of evolutionary 

adaptedness, the human genetic constitution and resulting phenotypes are fully compatible 

with, and perhaps even dependent upon, this average level of radiation. The concept of 

radiation hormesis, in which low doses of radiation may produce beneficial effects on health, 

may be based on this evolutionary adaptation. One could expect that the level of radiation 

present in the environment of evolutionary adaptedness would be the “optimal” level for the 

health of life forms which evolved in that environment, and adverse effects may be seen at 

levels much higher or lower than the levels in that environment. Based on modern 

measurements of natural background levels of ionizing radiation, the evolutionary range was 

likely within 2-5 mSv per year for most of the earth's surface, however background radiation 

up to 260 mSv per year can be found in very specific geographic areas (Dissanayake, 2005). 

 The issue of low frequency non-ionizing radiation exposure throughout human 

evolution is somewhat more elusive. It is safe to say that it was no where near the levels 

encountered today simply because electricity, wireless electronic devices, and radio and 

television transmissions did not exist. Sources of low frequency wavelengths were 

nonetheless abundant, however. For example, the earth itself emits extremely low 

frequencies known as Schumann resonances with frequency peaks around 7.83, 14.3, 20.8, 

27.3 and 33.8 Hz (Balser & Wagner, 1960). 

 Finally, and similar to the above energies, sound or noise levels would have certainly 

been lower than those found today. While nature can produce tremendously intense sounds, 

such as thunder, exposure to these sounds was not chronic. 

Air Interactions 
 Specific evidence which details the characteristics of air in the environment of 

evolutionary adaptedness is not easily identified in the literature. However, general 

assumptions can be made for this category as well. Clearly the air pollutants of modernity 

produced by incomplete combustion of fossil fuels were quite limited throughout human 

evolution on a tropospheric level. However, exposures to combustion products from the use 

of fire and particulate matter from airborne sand and dirt, may have been somewhat regular 

and suggests that humankind is adapted to some level of air pollutants.  
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 In the absence of enclosed dwellings and temperature control technology, air 

temperature was controlled by weather and climate. High or low temperatures were mediated 

by behavior, clothing choices, and the use of water or fire. Human physiology suggests that 

these temperature mediating approaches were incomplete and biologic adaptation to high and 

low temperatures was necessary. Studies on modern hunger gatherer populations reveal that, 

in general, the human species is well adapted to variable ambient temperatures, and 

indigenous phenotypes are specifically adapted to local temperature extremes. The Inuit have 

enhanced vascular shunts which protect their extremities from extreme cold. Australian 

aborigines are able to tolerate both very hot and very cold temperatures with little additional 

amenities, having been reported to sleep naked at temperatures as low as zero degrees 

Celsius (Froment, 2001). Various physical morphologies from nasal breadth and facial width 

to height and leg length have been attributed to ambient temperatures among other variables, 

but the associations appear quite complex and certainly not independent of other factors. 

Water Interactions 
 Similar to electromagnetic and air interactions, the nature of water interactions during 

evolutionary time must be based on speculation and modern day observation. Water would 

have been the primary and often exclusive “beverage” in pre-agricultural times. Occasionally 

fluids from plant sources may have been consumed. Alcohol was present in trace quantities 

in overripe fruit, but the intentional fermentation of alcohol did not begin until after 

agriculture and grain cultivation became necessary. 

 Water sources would have typically consisted of surface water such as rivers, streams, 

lakes, and puddles or pooled sources of rainwater in plants. Human pathogens were not 

common in these water sources as frequent relocation, low population density, and ecological 

integrity minimized pathogen evolution and transmission. Soil and aquatic microorganisms, 

however, would have certainly been abundant in these water sources and regularly 

consumed. Additionally, minerals and salts would have been present in quantities 

proportional to those found in the earth's crust and the local geologic components. 

 Water availability was likely quite limited at times of relocation, hunting, and 

gathering. The incredible water and electrolyte conserving physiology of the human 

organism is a testament to this likely evolutionary circumstance. Therefore, highly regular 
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consumption of highly purified water may not be optimally concordant with the human 

genome. 

HEALTH AND DISEASE IN ECOLOGICALLY CONCORDANT 
POPULATIONS 

 From a strictly evolutionary perspective it may be argued that morbidity comparable 

to that seen today would have effectively removed the major productive force of elders from 

prehistoric societies and replaced them with more dependents. Instead of grand mothering, 

hunting, gathering, guiding, and teaching roles, this degenerating age group would have 

detracted from these needs and required extra effort from the community in order to subsist. 

Therefore, a negative selective pressure would have likely removed this predisposition from 

the human genome. Although in post-agricultural times, disease, including adult chronic 

diseases, markedly increased, so did the population and, therefore, the number of potential 

caretakers which potentially neutralized the selective pressure. Further, approximately 

10,000 years of agriculture is likely not enough time for such a selective force to manifest 

evolutionarily. 

 From a biomedical perspective, the health generating effects of the above ecology 

have been repeatedly discussed by Eaton, Cordain, and many others. Current dietary and 

exercise recommendations based on epidemiologic studies show congruence with many of 

the elements of the above ecology, and the current understanding of human physiology is 

equally supportive. A discussion of these many lines of validation, however, would be 

extremely protracted. A more interesting approach may be to examine the health of 

hunter-gatherer populations which have been fairly recently studied and, at least partially, 

live with many elements of the above ecology. Limitations to this approach, however, do 

exist. Unfortunately, modern hunter gatherers suffer encroachment from the expanding 

reaches and power of civilization, and often live in marginalized habitats. The great majority 

of these populations have reluctantly transitioned to modern ways of life. As Alain Froment 

(2001) commented “For most indigenous minorities, the transition to modernization is 

synonymous with impoverishment, racism, violence, alcoholism, drug addiction, suicide, and 

social disintegration” (p. 263). Those which have maintained a hunger-gatherer lifestyle live 

in precarious circumstances under constant influence from nearby civilization, which makes 
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it difficult to infer judgments about Paleolithic hunter gatherer health from these populations. 

Nonetheless, some inferences are reasonable, and assessments of modern hunter gatherer 

health has interesting implications for modern lifestyles in their own right.  

 Infant survival in modern hunter-gatherers was poor compared to the standard of 

affluent nations. 60-75% of infants survived to 10 years of age, with 10% and 5% surviving 

to 75 and 80 years of age, respectively. In the Hadza, 85% of 15 year olds survived beyond 

age 50 and nearly 50% to age 70 (Pennington, 2001). Lifespans were similar to that of 

affluent nations extending into the 9th decade. It is important to distinguish lifespan from life 

expectancy. The later is generally expressed as average life expectancy at birth and high 

infant mortality produces lower mean life expectancies for a given population. Therefore, 

hunter gatherers can have a lifespan of 80 years yet a life expectancy at birth of 30 years. The 

later, however, often gets used in reference to the former giving the impression that most 

hunter gatherers died around the age of 30. Another important point is that high infant 

mortality is ubiquitous in nature and a primary driver of evolution by natural selection. All 

organisms produce more offspring than are likely to survive (Cohen, 1989). The number of 

offspring is, therefore, in excess of what is optimal for the given ecology of the organism. 

The use of infant mortality or life expectancy as an index for population health is biased 

toward the western anti-mortality position. It measures the efficacy and availability of 

healthcare (specifically obstetric care) rather then the health of the surviving population. 

Hunter gatherer populations can be exceptionally healthy and with long average lifespans, 

yet still have low life expectancy at birth compared to industrialized populations.  

 Given the environmental constraints of stresses experienced by the modern 

hunter-gatherers as a result of surrounding civilization, it can be reasonably expected that life 

expectancy and life span records may error on the side of underestimating Paleolithic values. 

Likewise, the health of modern hunter-gatherers has not been free from the influence of 

surrounding civilization. Modern hunter-gatherer health has been compromised by diseases 

clearly associated with high population densities, anthropogenic environmental degradation, 

and livestock domestication such as sexually transmitted diseases, epidemic communicable 

diseases such as tuberculosis and measles, and arboviruses (Cohen, 1989; Pennington, 2001). 

The presence of these diseases in unvaccinated hunter-gatherer populations may, in part, 

explain some of the high infant and early childhood mortality, suggesting Paleolithic 
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mortality rates might have been lower. The infectious disease burden of modern 

hunter-gatherers is extremely variable depending upon location and habitat quality. For 

example, the Hadza, generally thought to have a more sufficient environment then other 

groups, demonstrate better survival and less exposure to viruses comparatively. While 

agricultural populations have been exposed to many infectious agents long enough to develop 

some sort of adaptation, such as hemoglobinophaties, modern hunter-gatherer populations 

lack this history of disease and often suffer more severely from common infections, as is the 

case with malaria in the pygmy (Froment, 2001). Contrary to popular belief, parasitic 

infections would not have been highly prevalent, though occasionally transient, in 

pre-agricultural times due to high mobility and, thus, the absence of fecally contaminated 

environments. It has been predicted that pre-agricultural hunter gatherers would have 

occasionally been exposed to pathogens which reside in the environment or are zoonotic with 

wild reservoirs. Infections such as tularemia, toxoplasmosis, hemorrhagic fevers, 

leptospirosis, brucellosis, anthrax, salmonella, botulism, and tetanus may have been 

experienced from interactions with wild game and soil (Cohen, 1989). To predict that these 

infections occurred at the incidence rate that they do in modern times, however, would 

assume that the presence of these pathogens in their reservoirs as we understand them today 

has not been influenced by human activity. Such an assumption is almost certainly untrue, 

but the likelihood that these pathogens were present in some related form is still reasonable. 

A high incidence of any infection over evolutionary time periods appears to almost always 

result in some type of attenuation in virulence, such as been the case with malaria. Certain 

innocuous parasites and even commensal or symbiotic human flora may have even produced 

disease and death at some point in human evolution. Therefore, if zoonosis from wild animal 

reservoirs and anaerobic infections from soil were to have been common, we could expect to 

see them lacking in virulence today (Cohen, 1989). Further, tetanus, like many infectious 

conditions, seems to be strongly associated with domesticated livestock. Soil which has never 

been grazed or cultivated is generally free from the bacteria (Cohen, 1989). Infectious 

disease, then, was likely a limited issue in the environment of evolutionary adaptednees. 

Many modern HG, on the other hand, do show moderate burdens of various intestinal 

parasites, with the exception once again of the Hadza (Froment, 2001). Forty percent of the 

!Kung population demonstrated eosinophilia, suggesting current of recent parasitic infection. 
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Childhood diarrheal diseases, the leading cause of infant and childhood death in the third 

world, was rare though an occasional problem among the !Kung and the other San groups 

(Cohen, 1989). Body morphology is widely variable among modern hunter gatherers with 

little consensus on specific determinates other than the evolutionary environment as a whole. 

Body fat ranges have been estimated to be 5-15% for males and 20-25% for females (Jenike, 

2001). While males typically fall within “healthy” BMI ranges for western civilization, 

females occasionally fall under the 18.5 lower limit. However, it is widely agreed that 

optimal BMI ranges vary across specific populations. Medical teams studying the !Kung 

found no evidence of malnutrition including mineral or vitamin deficiencies. Compared to 

industrialized populations, anemia was very rare, serum immunoglobulins were slightly 

elevated, serum sodium was slightly low, and urinary phosphorus was low (Cohen, 1989).  

 In regards to disease prevalence, fossil evidence and modern hunter gatherer research 

both suggest that cases of cancer, diabetes mellitus, hypertension, coronary artery disease, 

obesity, osteoporosis, hiatal hernia, hemorrhoids, diverticulosis, varicose veins, hearing loss, 

and dental caries were extremely rare to non-existent. Serum lipid levels were lower than the 

most strict modern day recommendations. Researchers studying modern hunter gatherers 

could not identify any stories or histories which suggest past instances of heart attack, stroke, 

or sudden death. Surprisingly, the !Kung are relatively heavy smokers (using tobacco 

produced by their industrialized neighbors) and do demonstrate a prevalence of COPD 

(Cohen, 1989; Eaton et al., 1988b).  

THE ESTABLISHMENT AND PROGRESSION OF 
GENE-ENVIRONMENT DISCORDANCE AND WIDESPREAD 

HUMAN DISEASE 
 If disease, and especially the chronic and infectious diseases present today, were rare 

to non-existent throughout the hunter gatherer past of humankind, when and why did they 

emerge as such a profound and ubiquitous problem? Exploring this question may help to 

illustrate the critical importance of evolutionary human ecology, gene-environment 

concordance, and the interdependence of human and ecosystem health.  

 It has been said, though the author cannot be identified, that the history of civilization 

is the history of disease. Civilization, however, may be seen as the present moment in 
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bio-socio-cultural evolution and not capable of being innately negative or positive. What is 

negative about the past and present course of civilization is the disconnection of the human 

individual and human species from it's environment, the subsequent gene-environment 

discordance, and the persistent burden of disease. A number of events can be said to have 

contributed to this disconnection and discordance, including “advances” in agriculture, fuel 

sources, economics, industry, and technology. While several of these themes will be 

specifically discussed, in reality they are components of a single continuous and dynamic 

process. Therefore, the articulation of these events is difficult and intertwined. A common 

starting point for discussing the modern condition of the world from an evolutionary 

baseline, however, is the establishment of agriculture.  

 The fact that hunter gatherers as far back as the early Pleistocene appeared to possess 

the knowledge for, and occasionally but rarely utilized, horticultural techniques yet clearly 

preferred hunting and gathering instead, indicates that the transition to agriculture may not 

have been preferred and was, perhaps, a response to some large perturbation (Bronson, 1975; 

Cohen, 1977). At the end of the last glacial period approximately 12,000-10,000 years ago, 

and with an estimated human population of around five million people, agriculture developed 

in many regions (approximately seven separate locations) around the globe (Cohen, 1995; 

Larsen, 2002). This climate change extended the vegetative habitat, enhanced seasonal 

variability, and altered the abundance and habitats of game animals (which lost major 

migration routes), all of which reduced the need for nomadism. Increased sedentism 

potentiated an increasing population as a result of increased female ovulation (less exercise 

and greater body fat) and less male absenteeism for long hunts. An increasing population 

then increased the likelihood of local overhunting, habitat depletion, and reliance on more 

and more marginal habitats, culminating in the need to supplement hunting and gathering 

with more intensive horticultural and finally agricultural practices (Cohen, 1977; Harris, 

1977). In some coastal and northern regions, populations may have been trending up prior to 

agriculture in part due to sedentism potentiated by reliable marine source foods. There is 

evidence to suggest that increases in coastal populations also contributed to the demand for 

agriculture as marine sources were overexploited or unable to keep up with demands. The 

overexploitation of marine source foods, in turn, may have been a consequence of declining 

terrestrial habitat productivity and declines in animal sources as a result of climate changes 
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(Yesner, 1987). This transition to agriculture began a decline in the productivity and 

efficiency of labor as well as the quality and reliability of food sources. Cultivation efforts 

increasingly moved toward foods with higher caloric density and storage potential such as 

cereals and tubors. Thus, wheat, rice, maize, rye, barely , millet, sorghum, yams, and manioc 

became more common in the diet until eventual domination (Cohen, 1989). 

 After possibly a transient relief from declining food sufficiency, the widespread 

adoption of horticulture and early agriculture as a primary source of subsistence lead to a 

striking decline in health and life expectancy, increased disease, and increase in birthrate and 

population size (Cohen 1977, 1987; Harris, 1977). In general, protein intake and dietary 

variability dramatically declined while sedentarism increased. The monotony and low 

nutrient value of agriculturally viable crops shifted the diet from one with a high 

nutrient/calorie ratio from hunting and gathering to one with a quite low nutrient/calorie 

ratio. With the exception of high latitude populations, protein intake and animal source foods 

would remain limited and only return to Paleolithic hunter gatherer levels for the most 

affluent populations in the 18th century, prior to which domesticated animals were primarily 

used for labor. This reduction in animal source foods lead to reduced intake of not only 

protein and diverse fatty acids, but vitamins, B12, A, and D (Cohen, 1989). In the 20th 

century, intake of industrialized animal sources often lead to protein intakes above 

Paleolithic levels, and with abnormal fatty acid profiles. Dietary variety, on the other hand, 

remains limited even today. The loss of vegetative diversity as a result of intensive 

agriculture reduced the number of species consumed dramatically, and shifted the diet to 

predominately C4 plants. Often only a single cultigen was relied upon such as rice in Asia, 

wheat in temperate Asia and Europe, millet or sorghum in Africa, and maize in the Americas 

(Larsen, 2002). Today, of 7000 species consumed by humans, 103 of them make up 90% of 

the worlds food crops, and three of them (rice, maize, and wheat, all C4 plants) provide 50% 

of the world’s calories and 56% of the protein (Thrupp, 1998). The energy input required for 

the cultivation and processing of these foods, especially grains in the form of milling, their 

relatively low caloric and micronutrient output, and the presence of “anti-nutrients” which 

bind vitamins and minerals, renders them far from optimal.  

 Personal energy expenditure and intake have been uncoupled in modern times though 

industrialization, using great mechanical and fossil fuel energy in place of human energy and 
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rendering the optimal foraging regulation on consumption non-functional. This altered 

energy balance, in addition to altered nutrient intake, has lead to small and metabolically 

dysfunctional musculature (sarcopenia), hyperadiposity, functional insulin resistance, and 

generally non-resilient physiology. Limited muscle limits glucose uptake per quantity of 

insulin secreted, requiring more insulin output. Coupled with high glycemic foods, this 

process progresses to insulin receptor resistance and overt diabetes (Eaton et al., 2002). 

Humans became and remain the only free-living primate to regularly consume grains 

(Milton, 1993). These crops became substitutive of fruits and vegetables in the human diet 

(often 20% or less of caloric intake) as well and in land area (Eaton et al., 2002). 

Anti-nutrients in grains such as phytate may have increased nutrient deficiencies, particularly 

involving trace minerals such as zinc, iodine, manganese and selenium (Cohen, 1989). 

Additionally, this increase in grain consumption shifted the proportion of polyunsaturated 

fatty acids away from the omega 3 and toward the omega 6 fatty acids, but deficient in AA, 

DTA, DHA (which has been further exacerbated by industrialized corn and grain feed 

livestock; Eaton et al., 2002). This altered fatty acid profile and reduction in protein intake 

was likely responsible for the reduction in brain mass compared to Paleolithic specimens. 

Cranial capacity tripled over 2.5 million years since homo habilus, but has declined since the 

Late Paleolithic, following the establishment of agriculture, about 11% (Ruff, Tinkaus, & 

Holliday, 1977; Woods, Ward, & Salem, 1996). The deficiency and imbalance of these fatty 

acids may also be related to the modern day epidemics of inflammatory disorder such as 

heart disease as well as the modern burden of major depression, one of the greatest causes of 

disability adjusted life years (DALYs) in the world (World Health Organization [WHO], 

2008).  

 This same shift away from fruits and vegetables and toward grains and grasses lead to 

a change in fiber types, increasing the insoluble: soluble fiber ratio. Increasing insoluble fiber 

further reduced the micronutrient bioavailability in the diet due to nutrient sequestration in 

the fiber, exacerbating the effects of a lower nutrient density diet and “anti-nutrients” 

(Conklin-Brittain et al., 2002). Modern industrialized roller milling further decreased the 

total fiber content of grains, and, therefore, total fiber consumption (Eaton, 1990). This 

reduction in total and soluble fiber has been associated with altered bowel flora, constipation, 
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obesity, high cholesterol, gallstones, colonic diverticulosis, and perhaps colon cancer (Cohen, 

1989).  

 Modern cold pressing of vegetable oils such as safflower, sunflower, and corn as well 

as modern selective breeding and feeding of immobilized livestock has greatly exacerbated 

the omega 6:omega 3 imbalance (Eaton et al., 2002). This shift from fruits and vegetables to 

grains and grasses, perhaps due largely to phytonutrient deficiencies and discordance, has 

been a profound contributor to the modern epidemic of autoimmune diseases and cancers, 

and modern food processing has certainly promoted chronic diseases such as hypertension, 

vascular diseases, insulin resistance, diabetes, dementias, dental caries, and many others 

(Eaton et al., 2002; Larsen 2002). 

 This major shift away from an optimal foraging/hunting system resulting in an 

increase in the prevalence of general malnutrition (Cohen, 1987). This chronic malnutrition 

was complicated by periods of severe nutritional stress, famine, or starvation as indicated by 

paleopathologic evidence (Cohen, 1987). It is even clear that this affected infants prenatally, 

which no doubt created lifelong consequences (Cassidy, 1984; Perzigian, 1984; Smith, 

Bar-Yosef, & Sillen, 1984). The precariousness and fragility of agriculture as a result of it’s 

extra-ecosystem existence and dependence on artificial support by humans, leaves it quite 

vulnerable to climate patterns and subsequent pathogens. An entire crop can be destroyed at 

times, leaving an already malnourished population starving. Hunter-gatherers demonstrated 

little evidence of malnutrition or periodic famine (Cohen, 1989). Further, the alteration of 

crops for manageability, taste, and productivity alters their natural defenses and hardiness, 

making the use of pesticides and irrigation more necessary (Cohen, 1989). 

 Anemia, previously rare, became nearly ubiquitous, with the majority likely caused 

by iron deficiency from a diet lower in animal meats and higher in nutrient binding cereal 

grains. An increased burden of intestinal parasites, due to immobility and altered watershed 

ecology, combined with this altered diet to further promote iron deficiency anemia (Cohen, 

1987). Overtime, selection for genetically determined hemoglobin defects, such a sickle cell, 

thalasemia, and G6PD, in a never ending co-evolutionary response to malaria further 

increased the prevalence of anemia. 

 Child mortality and maternal morbidity appear to have increased immediately with 

the adoption of agriculture (Ross, 1987). While these measures were likely quite moderate by 
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modern standards during pre-agricultural times, the increased incidence of infectious 

diseases, maternal undernutrition and morphologic changes, and the resource demands of 

closer birth spacing apparently resulted in increased infant and child mortality, which 

reduced average life expectancy at birth (Goodman, Lallo, Armelagos, & Rose, 1984). 

Studies of contemporary foraging societies vulnerable to modern infectious diseases 

demonstrate mortalities in the first four years of life from approximately 20-37% (Stinson, 

2002). Surviving children demonstrated reduced growth rates, smaller statures, weaker bone 

structures, and increased dental crowding, caries, and malocclusion, as well as the continuing 

threats of emerging infectious diseases and increased physical trauma (Larsen, 2002). 

 The transition to agriculture altered the types and diversity of physical activity as 

well, reducing the regularity of biomechanically upright aerobic movement and increasing 

the regularity of repetitive, fixed posture, movements. Signs of osteoarthritis and trauma 

appear to have increased with the adoption of agriculture, while stature and overall 

musculoskeletal robustness decreased (Cohen, 1989).  

 Evolution is continuous, though punctuated, and there have indeed been some very 

recent adaptations to post-agricultural dietary changes. The persistence of lactase into 

adulthood, which normally becomes dysfunctional during childhood, in certain populations 

seems to be related to the duration and intensity of pastoralism and milk availability in those 

populations. The variable tolerances to alcohol and glutens (found in wheat, barely, oats, rye, 

etc.) across different populations is also likely related to selective pressures. However, 

evolutionary adaptations do not change “bad” to “good”, and these recent adaptations 

provide a relative and incomplete tolerance of, not dependence on, these food sources as a 

means for survival. That is, the adaption reduces the adverse consequences of their 

consumption, allowing marginal food sources to be utilized with less, but still persistent, 

harm, and those without the adaptation were at a selective disadvantage as a result of this 

harm. These agriculturally driven evolutionary changes emerged in response to high order 

selective pressures causing early mortality and, therefore, potentiated a less worse quality of 

health, rather than a better health. Therefore, it cannot be said that the consumption of grains, 

grasses, and dairy began as a result of newly evolved phenotypes involving gluten and 

lactose tolerance, but that these phenotypes evolved in response to the requirement to begin 

consuming these marginal food sources for continued survival. Interestingly, no population 
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developed or expresses an adaption to synthesizing vitamin C despite the heavy burden of 

scurvy in post-agricultural times (Hamilton, 1987). The same can be said for the lack of 

adaptations to offset nearly all other common dietary deficiencies such as vitamins B1, B2, 

B12, and A, iron, zinc, fiber, etc. etc. These would require the development of novel 

enzymes, however, whereas lactase and alcohol dehydrogenase were already present and the 

related adaptations were simply alterations in enzyme expression. The partial tolerance to 

glutens depends on immune discrepancy and perhaps additional environmental factors. 

Human dietary evolution post-agriculture, therefore, has been minimal despite widespread 

discordance and detriment. 

 Today, industrialized societies consume refined, processed, synthesized, genetically 

altered, and inhumanely raised food sources which lack significant resemblance to natural 

whole and wild type food. The typical diet most available to affluent societies is one of 

abnormally high glycemic loads from processed sugars and starches, low fiber (20 grams or 

less), high saturated fats (greater than 15% total energy intake) and synthesized trans-fatty 

acids (Eaton et al., 1997), low monounsaturated fats, high animal protein compared to low 

vegetable protein, low and disproportionate micronutrient content, high sodium, low 

potassium, excessive ethanol, and heavily contaminated with chemicals and toxic processing 

byproducts. 

 Modern cultigens are often significantly different than their wild progenitors. After 

thousands of years of cultivation, more recent intense periods of intentional selective 

breeding, and modern efforts at genetic engineering, our food sources no longer provide the 

same nutrients and constituents to which the human organism has adapted. This problem is 

quite obvious with animal source foods where animal breeds carry profit oriented names such 

as the Beefmaster cattle (also supposed to be insect repellant). The lives of these cattle are far 

from wild, and the meat significantly altered in nutritional content and intentionally diseased 

or disordered (intramuscular lipomatosis). Livestock typically have body fat levels of 

25-30% or more, while wild ungulates typically have levels around 4% (Cohen, 1989). The 

move toward fish as a “healthy” animal source food has lead to the same problems. Modern 

aquaculture (i.e. farmed fish) has lead to fish with severely altered fatty acid profiles and 

increasing chemical contamination, making it little better nutritionally than ground 

Beefmaster beef. Less obvious is the change in plant source foods. A number of studies have 
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compared organically farmed plants to conventionally farmed plants. In general, these show 

higher nutritional content for the organically farmed versions. However, even organic 

produce of domestic species are quite different than their wild counterparts. A study 

comparing the nutritional content of wild verses domestic tubers showed the wild varieties to 

contain greater protein, greater fat, greater fiber, and less carbohydrates compared to 

domestic varieties (Conklin-Brittain et al., 2002). Studies comparing the nutritional content 

of wild verses cultivated varieties of fruit demonstrated similar results. On average, wild fruit 

contained significantly more protein, and a more fructose dominated carbohydrate profile 

compared to the greater sucrose content of cultivated fruits. Most micronutrients, including 

minerals and trace metals, were higher in wild varieties. Wild fruits typically contained more 

fibrous material, thicker anthrocyanin rich skin, and greater insect and insect larvae material, 

all of which can significantly affect micro and macronutrient content as well as endogenous 

metabolic consequences of consumption. By comparison, cultivated fruit has a higher 

glycemic load, lower micronutrient density, lower phytonutrient density, and altered 

macronutrient proportions (Milton, 2002). Further, the storage and shipment of plant source 

foods leads to further losses in nutrient content. A number of important micronutrients, such 

as vitamin C, become inactive over time unless specifically protected (Cohen, 1989). It is 

conceivable that even slight reductions in nutrient content compared to the evolutionary 

standard of fresh wild food sources could produce a chronically progressing deficiency 

throughout an individual's lifetime. The use of multi-vitamin supplements may be justified 

given this perspective, since even a diet consisting of the “optimal” food types will have 

suboptimal nutritional content if it is not based on wild foods. 

 The sedentism associated with agriculture and growing populations became a 

problem in regards to environmental exposures as well. Mobile hunter gatherers may have 

encountered geographic locations with naturally elevated radon or arsenic or naturally 

deficient iodine or selenium, yet their movement resulting in intermittent and highly diverse 

exposure. Settled populations lacked this compensatory diversity and suffered chronic 

exposures or deficiencies resulting in endemic diseases. Endemic hypothyroidism and 

thyroid goiters are a particularly common example (Cohen, 1989). 

 In contrast to typically egalitarian hunter gatherer social structures, agriculture likely 

lead to the establishment or intensification of labor division and specialization, hierarchical 
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social structures, gross inequality, territoriality, competition, ownership and possessiveness, 

and conflict. Such a transition may have began slightly before agriculture in populations 

progressively exploiting marine source foods, and, as with agriculture, resulted from 

increases in sedentism, population density, and habitat depletion. Increases in population 

density typically leads to greater vulnerability to resource failures or inconsistencies, fewer 

unexploited or backup resources, and less social acceptance of scarcity, all of which tend to 

lead to sociopolitical hierarchies, rules, specialization in food acquisition, more centralized 

processing and storage, regional trade, and possessiveness in response (Cohen, 1981). While 

disputes between clans or families could still be handled informally, larger groups needed to 

designate permanent leaders to settled disputes. Further, these leaders needed to establish 

formal channels of appeal or the quantity of demand would be overwhelming. Similarly, 

channels of resource management and distribution, pooled from specialized units of 

production, also became necessary. As a communities social dynamics become more 

complex, unique, and rigid, compatibility with other communities is reduced and tension and 

conflict becomes more likely. Communities divert increasing amounts of resources from 

individual welfare to celebrating group identity. Ornaments, dress, and other possessions 

became important for the designation of leaders and individual social roles. Eventually, this 

celebration of status lead to monumental constructions such as pyramids, which functioned to 

aggrandize the managerial class and celebrate power (Cohen, 1989). Individuality and 

flexibility were slowly traded for group identity, social sanctioning, and power disparity 

(Cohen, 1989). Within communities, major disparities in diet, wealth, and health developed 

between social strata which continued to intensify with successive expansion of technology 

and currency based economies. Different populations in different geographic areas developed 

strata specific taboos, preferences, and aversions which became symbolic of social status and 

were initially defined by the resources available. Clans and lineages based on heredity 

became important for distinguishing social strata.  

 Ironically, higher socioeconomic strata often limited their involvement to those 

activities and foods which were most culturally desirable, effectively reducing their dietary 

variability and sedentarism even further, but maintaining calories through abundant quantity. 

The lower strata often experienced greater variety in diet as well as life, with fewer taboos to 

adhere to, yet were much more restricted in quantity (Harris, 1987). This tendency has been 
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only amplified with globalization, producing the peculiar clustering of disease entities 

between nations based on economic and technological development, and within nations 

based on increasing socioeconomic disparities. Deficiency diseases like pellagra, scurvy, and 

beri beri became defined within a population by class, specialty of occupation, and trade 

dynamics (Roe, 1973).The limited diet as a result of crop viability and durability, likely 

resulted in pressures to develop preparation and refinement techniques which improve food 

digestibility and longevity. With the biologic focus remaining on energy efficiency rather 

than total nutrient content, this likely lead to the consumption of higher energy density but 

lower nutrient density foods. Agricultural communities were constantly forced to expand 

cultivation efforts, often encroaching on nearby populations including remaining 

hunter-gatherers. This interaction often lead to marginalized habitats for the HG, leading to 

resource stresses for both populations. The result was often an exchange economy, with the 

HG sometimes retreating to forests to increase access to diverse fruits highly valued by the 

monotonously eating agriculturists (Layton, 2001). As nutrition continued to become more 

inadequate and marginalized, sociocultural adaptations, while always suboptimal, continued 

to evolve. Examples present today include the common cultural combination of maize, beans, 

and squash present throughout parts of the Americas (which provides complementary 

proteins), the use of alkali to make maize tortillas in Mexico (which improves protein 

bioavailability), the leavening of bread (reduces phytate content), and the consumption of 

rotted wood with honey by the Vedda of Sri Lanka (which provides lacking B vitamins; 

Armelagos, 1987).  

 As population increased, cultivation needed to keep pace. This required either 

increase density of cultigens per area, increased growth rate and harvesting frequency, or 

increased land area cultivated. Typically a combination of the three were utilized (Cohen, 

1989). Therefore, land must be made suitable for cultivation and water must be made 

available. So with agriculture began watershed diversion and deforestation, which preceded 

desertification. This relatively abrupt change in habitat, then, altered the entire ecosystem and 

its inhabitants, including animal source foods, influencing the type of animals which would 

undergo eventual domestication as well as those available for hunting.  

 With settlements came permanent housing structures and other elements of the built 

environment. These structures contributed to infectious disease by attracting rodent vermin 
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vectors, reducing ultraviolet light disinfection of surfaces, providing a habitat for mosquito 

vector adaptation, increasing proximity to and contamination from biological waste, 

increasing contact with and evolutionary pressure on domestic animal pathogens, and 

perhaps reducing host vitamin D level (Cohen, 1989). Domestication of mammals lead to 

many of humankinds notorious infectious diseases. It is likely that measles originated from 

rinderpest among cattle or distemper among dogs, smallpox mutated from a cattle or primate 

virus, influenza mutated from a pig or chicken virus, rhinovirus mutated from a horse virus, 

and tuberculosis may have originated from bovine and/or bird sources (Cohen, 1989). More 

recently, HIV originated from simian immunodeficiency virus in primates, avian influenza 

from fowl, and H1N1 apparently from avian and porcine reservoirs. All of these examples 

were driven by ecosystem encroachment, exploitation, or commercial production of animal 

source foods and required dense aggregates of large populations to sustain them. Most of 

these pathogens require populations of at least 300,000 to 500,000 people, of even age 

distribution, for persistence across time (Cohen, 1989). Additional infectious diseases which 

require populations of this size and, therefore, emerged in the post-agricultural era likely 

include poliomyelitis, diphtheria, cholera, and shigella (Cohen, 1989). 

 Mosquito vectors and the arboviruses they carry provide an illuminating example of 

the anthropogenic forcing of human infectious disease evolution coupled with ecosystem 

degradation or alteration. Despite the probable presence of some human species of malaria 

such as P. vivax, ovale, and malariae, or at least their close primate adapted relatives, human 

malaria was essentially non-existent or very rare and sporadic in pre-agricultural times. The 

Anopheles and other mosquito vectors likely inhabited deep forest habitats, an uncommon 

territory for human hunting and gathering. Forest dwelling primates would have been the 

preferred host for existing species of Plasmodium, and primate infection may have been 

asymptomatic. The long relationship between primates and Plasmodium is evident by the 

over 25 types of primate malaria in comparison to the four primary types of human malaria 

(Carter & Mendis, 2002). Even in the event that forest dwelling homo sapiens were present, 

evidence from modern day forest dwelling hunter gatherers indicates their scarce population 

density and mobility, and the co-inhabitation of other mammals, would have minimized 

human-vector contact and prohibited endemic malaria from occurring (WHO, 2006).  
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 Malaria remained a limited non-human infection throughout the period of widespread 

human migration out of Africa around 50,000 years ago, and just into the end of the last 

glacial period around 10,000 years ago (Carter & Mendis, 2002). With the beginnings of the 

current interglacial period, climate changes triggered a number of events including expansion 

of tropical and temperate climates to higher latitudes and increased rainfall and ecosystem 

productivity, leading to reverberating changes throughout the complex web of ecological 

interactions (De Zulueta, 1987). Human populations became less migratory and populations 

grew more rapidly, climate and soil were more conducive to horticulture, and increasing 

populations of non-migratory people may have over exploited local ecosystems, and 

horticulture or agriculture became progressively widespread. With this began anthropogenic 

environmental changes that continue today. Most importantly, humans expanded settlements 

into forested areas, disrupting dense mosquito populations adapted to primate hosts, and 

created new habitats with calm standing water sources. The geographic location where this 

human uprooting of primate malaria first occurred is generally thought to be eastern Africa, 

but others propose that it may have been southeast Asia, and it remains possible that, like 

agriculture, human malaria emerged in several places independently (Schlagenhauf, 2004).  

 In pace with anthropogenic environmental changes, co-evolution of vector, parasite, 

and humans relationships dramatically accelerated. Mosquito vectors adapted to primate 

hosts and forest habitats rapidly evolved under pressure from innumerable emerging and 

often subtle anthropogenic ecological niches. Anopheles species, such as gambiae and 

funestus for example, have evolved from largely zoophilic (animal loving) to highly 

anthropophilic (feeding on humans for 80-100% of their meals despite available animal 

hosts) and have developed characteristics allowing them to thrive and depend upon altered 

habitats such as agricultural fields, irrigation channels, and borrow pits (Carter & Mendis, 

2002; WHO, 2006). Further, they have become “endophilic,” that is, comfortable resting in 

human shelters (WHO, 2006). The conditions provided by the interglacial climate and 

expanding agriculture allowed mosquito vectors to distribute across geographic areas more 

effectively, and carry their co-evolving malaria species to new habitats. Corresponding 

adaptations in Plasmodium species occurred, resulting in the emergence of human forms 

such as P. ovale, vivax, and malariae from their indistinguishable primate versions. Vectors 

rapidly distributed these new species to areas in which they may have been absent. While the 
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slight morbidity from P. malariae provided little selective pressure, the significant and 

expanding morbidity and mortality associated with P. ovale and vivax would be expected to 

result in compensatory adaptations in humans.  

 Indeed, red blood cell mutations, unique to the local human and natural environments, 

which provided some survival advantage against P. ovale and vivax where independently 

selected for in malaria endemic areas around the Mediterranean Sea, most of Africa, the 

Middle East, Central Asia, the Arabian peninsula, India, Southeast Asia and southern China, 

and most of the Western Pacific (Carter & Mendis, 2002). Red blood cell Duffy factor 

negativity emerged between 10,000 and 5,000 years ago as a selective adaptation against 

Plasmodium vivax infection by eliminating its binding site on red blood cells, and is nearly 

ubiquitous in western and central Africa today. Homozygotes are nearly 100% protected and 

heterzygotes 50% protected from vivax infection, leading to the natural eradication of 

Plasmodium vivax in these regions. Alpha and beta thalassemias result from altered alpha or 

beta hemoglobin chains and may confer up to a 50% reduction in acquiring symptomatic 

malaria (Carter & Mendis, 2002). The trade-off is chronic anemia in homozygous 

individuals. Hemoglobin E is a beta chain mutation with little clinical consequence but 

apparently offers some protection against malaria in the form of enhanced recovery, and is 

thought to have been selected in the presence of Plasmodium vivax in the eastern 

Mediterranean, India, and southeast Asia. Ovalocytosis is due to the presence of a 

heterozygous mutation in an red blood cell membrane protein called band 3, and most likely 

resulted in response to Plasmodium vivax in the New Guinea lowlands but appears to be 

absent in the malaria free highlands.  

 Continued habitat disruption through agriculture, deforestation, and watershed 

alteration, as well as continued increases in contact with forest primates, lead to the evolution 

of Plasmodium falciparum from the primate malaria P. reichenowi around 4,000 years ago 

(Carter & Mendis, 2002; Joy et al., 2003; Rich, Licht, Hudson, & Ayala, 1998). P. 

falciparum delivered a high mortality usually in epidemic bursts, which, as expected, lead to 

further human co-evolution. A mutation in the antioxidative enzyme, glucose-6-phosphatase, 

which increased hemolysis and provided up to 50% reduction in symptomatic malaria began 

to increase in prevalence. This adaptation may have first risen in response to Plasmodium 

vivax around 10,000 years ago, but it appears to have dramatically increased in response to P. 
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falciparum. The trade-off is an increased risk of hemolysis in response to oxidative 

challenges like the consumption of fava beans or, in modern times, anti-malarial drugs. Two 

primary adaptive abnormalities of the hemoglobin beta chain, which define sickle cell 

anemia, also increased in prevalence during this time. Hemoglobin S is a beta chain mutation 

which is 90% protective against mortality from Plasmodium falciparum in its heterozygous 

form. Homozygous hemoglobin S individuals are at a greater risk of mortality from malaria 

and would not have survived in evolutionary times. Hemoglobin C is 90% protective against 

death from Plasmodium falciparum in homozygotes and around 30% protective in 

heterozygotes (Carter & Mendis, 2002). Several additional red cell adaptations to malaria 

have occurred around the globe as well, all particular to complex endemic circumstances. 

These include hereditary spherocytosis, hereditary elliptocytosis, pyruvate kinase deficiency, 

and perhaps blood type O (Durand & Coetzer, 2008; Min-Oo & Gros, 2005).  

 Sociocultural adaptations have been ongoing as well, such as locating human 

settlements on hilltops or higher elevations less favorable to mosquito vectors (WHO, 2006). 

The adaptive cultivation and cultural use of certain crops such as fava beans also became 

common. Fava bean consumption creates oxidative stress which, alone and more so in the 

presence of glucose-6-phosphatase deficiency, reduces parasite survival in red blood cells 

(Katz, 1987). The selection for and distribution of these various human adaptations, and 

subtle co-evolution of parasite and vector, was ongoing throughout Neolithic times and 

continued throughout history including major events occurring in colonial times as well as 

today. Ancient Chinese, Sumerian, Egyptian, and Greek texts refer to various degrees of 

endemic malaria, often corresponding with land clearing activities. Global exploration and 

colonization eventually spread malaria to the New World and contributed to continued 

parasite evolution. Spanish explorers are though to have introduced P. vivax and ovale to the 

Americas. Native Peruvians developed the use of cinchona bark as the first known 

antimalarial, later to be purified as quinine. It is thought that two New World monkey 

malaria species, P. brazilianum and P. simium, are indistinguishable from P. malariae and P. 

vivax respectively, and were transmitted to the primates by humans (Carter & Mendis, 2002). 

Malaria was introduced to eastern North America in the 18th century through the slave trade 

and progressed westward along with human environmental disruption. By the mid 19th 

century, one half of the world’s population lived at risk of acquiring malaria, resulting in 
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three million deaths annually. A very similar story can be told for numerous additional 

diseases such as yellow fever, dengue, onchocerciasis, loiasis, leishmaniasis, schistosomiasis, 

trypanosomiasis, cryptosporidiosis, giardiasis, filariasis, cholera, and viral encephalitis (Baer, 

Singer, & Susser, 2003; Patz, Graczyk, Geller, & Vittor, 2000; Vora, 2008). 

 The combination of climate change, hunting preferences, and ecosystem alteration 

contributed to the extinction of many large land mammals, beginning the ongoing Holocence 

extinction event. The type of animals domesticated, mainly for labor, likely had an influence 

on agricultural practices and, therefore, the specific crops cultivated. The greatest 

determinate of crop type, however, would have likely been climate specific crop hardiness. 

Therefore, optimally nutritious or biologically preferred food sources did not determine crop 

selection, but were essentially sacrificed and replaced with agriculturally viable crops. The 

very practice of cultivation techniques, therefore, determined the direction of the 

transforming diet, rather than dietary preferences and optimality directing the practice of 

agriculture. Such deviations from the continually optimized dietary sources and variety of 

hunter gatherers to the relative malnutrition and precariousness of agriculture likely became 

incorporated into reinforcing sociocultural beliefs and justifications over subsequent 

generations (Ross, 1987). This, of course, fed back in combination with innumerable 

additional inputs to perpetuate further extensive changes throughout the 

bio-psycho-socio-culturo-ecospheric system.  

 By way of global exploration and colonialism, agriculture eventually produced a 

fragmentation in the global land mass productivity in regards to plant and animal source 

foods. Plant sources became limited to those conducive to agricultural techniques and 

spanned regions with suitable climate, largely the mid and lower latitudes. Animal source 

foods became relatively limited to domesticated or domesticatable sources which could be 

sustained in uncultivatable regions, namely higher latitudes. This fragmentation was 

potentiated by continuously improving methods to transport goods, however such imported 

or transported goods remained largely limited to the most affluent social classes or colonial 

rulers. This fragmentation in food production provided one of many factors diversifying the 

value of global territories, intensifying the incentives to conquer new territories and 

indigenous populations and engage in warring conflict with other nations. Major disparities 

in diet, disease risk, and general health developed between territories as colonization and 
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development swept the globe, with many populations becoming completely destroyed and 

extinct. Ironically, in order to acquire nourishment and essential needs, many had no choice 

but to support their conquerors in successive colonialization attempts (Ross, 1987).  

 The discovery of rare foods limited to specific geographic territories intensified the 

pursuit of new lands, their exploitation, and globalized trade, as well as lead to the 

introduction and cultivation of invasive species of animals and plants worldwide. Chocolate, 

coffee, tea, cotton, pineapples, sugarcane, tobacco, nutmeg, various peppers, maize, 

tomatoes, papaya, and yams are just a few of the earliest species disseminated in the 16th 

century. Dissemination and local cultivation of these rare foods was partly due to the 

perishability of many of them during early forms of transport. Therefore, major items of trade 

were largely limited to grains and desiccated versions of these foods in the form of spices. 

Nonetheless, production of these items outside suitable climates was limited, and demand for 

production and harvesting in their native habitats rapidly increased. This lead to 

over-exploitation of the habitats as well as the indigenous occupants. Land was seized and 

people killed, displaced, starved to death, or assimilated into the production and trade system 

as slaves. The many infectious diseases of civilization were introduced to these previously 

healthy populations as well, making daily survival an even greater challenge. A sharp 

contrast in quality of life was immediately established between the far removed European 

consumers and the exploited indigenous peoples and their land (Franke, 1987). Essentially, 

the local hierarchical structure of domination which began with agriculture and division of 

labor was distributed nearly everywhere around the globe it’s participants landed. Local 

consumption clearly had global consequences of which the consumer was largely unaware or 

unconcerned.  

 The consumer detachment, health and wealth disparities, and environmental 

destruction of a globalized capitalist agricultural system remain clearly demarcated though 

still dynamic today. Through the economic pressures of the world capitalist system, many 

developing countries are exploited, by dominating multi-national agribusinesses, for cheap 

labor and available land. These corporations have essentially replaced the colonial regimes of 

the past, and exploit developing regions under the justification of a typically lopsided 

economic growth. The often nutritious crops, like fruits and vegetables, produced in these 

exploited regions provide luxury foods for the affluent nations, which then provide 
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non-nutritious subsidized crops like processed wheat, rice, and corn to keep these laborers 

alive. Populations surrounded by abundant sources of nutrition are economically forced to 

export this food while the domestic population suffers from undernutrition. Further, these 

exploited third world regions suffer severe ecological devastation as they attempt to response 

to increasing demand despite diminishing returns from modern agricultural practices and 

over-harvesting of natural sources. Deforestation, desertification, wildlife extinctions, and 

acculturation accelerate on land, while eutrophication and contamination occurs in their 

aquatic habitats and water sources. These consequences lead to further desperation, 

destruction, conflict, and ultimately complete dependence upon foreign assistance for 

survival. Considering the deep roots of these problems, modern attempts to improve the 

situation can only be seen as superficial and, in most cases, counterproductive. Ironically, 

third world countries largely excluded from international trade for one reason or another, 

have made tremendous advances in access to food and nutrition. Cuba and Vietnam, for 

example, have established local cultivation in the form of household and community gardens 

and permaculture (sometimes even rooftop) which provide most of the food sources for the 

well nourished local population. Of note, these countries also appear to go much farther to 

facilitate optimal infant nutrition in the form of extended breast feeding, an activity largely 

prohibited by competitive market place demands on time and productivity (Franke, 1987). It 

seems wealth and health are both sucked to the top of the modern economic tornado that is 

globalized capitalism, leaving only poverty and disease to trickle back down.  

 Yet, as we have seen, health and wealth are not typically compatible in the modern 

system, and, indeed, the nutritional optimality and variability of available foods was heavily 

compromised back in colonial times even for the affluent. The civilized discordance of 

animal source foods is but one example. As local and global populations continued to 

increase and newly colonized habitats were cultivated and developed, the high latitude 

pasture grazing livestock supply became inadequate for demand, and wild animal source 

foods became non-existent. This necessitated the use of cultivatable land for livestock 

grazing and eventually the use of staple crops for livestock feed. Deforestation, where it had 

not already occurred, greatly accelerated to produce more farm land. Animal source foods 

progressed from wild sources which consumed ecosystem maintained vegetation unsuitable 

for human consumption (and therefore not contributory to energy cost comparisons) to 
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domesticated sources requiring the use of human food staples (and therefore increasing the 

relevant energy cost in animal food production). As livestock production became almost 

exclusively maintained by human efforts rather than natural ecosystem processes, the 

efficiency of animal source foods, in optimal foraging terms (human energy and effort in / 

human survival and utility out) progressed from a very high (and often highest) efficiency 

food source to a very low (and often the lowest) efficiency food source. Additionally, the 

evolved biologic human preference for previously rare fat tissue drove the establishment of 

an obese standard for livestock, increasing the energy cost even further while altering the 

nutritional content and fatty acid balance of animal foods away from the optimum. With 

progressing technology, chemical modification, intense processing, and selective breeding, 

an extremely altered industrial source of animal foods has become the norm. The result is a 

very inefficient, unhealthy, and environmentally destructive system which resembles the 

co-evolved natural balance not at all. 

 The many psycho-socio-cultural consequences of optimal foraging theory, as 

described above, can be considered as an evolutionary economic system. The value of 

resources fluctuates depending upon very complex interactions within and between the 

domains of the entire bio-psycho-socio-culturo-environmental system, and these changing 

values and preferences translate to actions affecting acquisition. This “economy” however 

consists of “currency” exchanges with the natural ecospheric system more than with other 

humans. Exchange between interacting populations may have occurred in pre-agricultural 

times, however, it is likely that this form of acquisition was not routinely important. With the 

beginning of agriculture, sedentism, and increasing population densities, trade between 

regional populations became routine and critical for survival. 

 With global exploration and colonization of new territories from the 15th through 

20th centuries, the economies of ancient as well as newly settled and developing colonies and 

nations emerged in a context of international and non-local exchange. The very foundations 

of these systems assumed continued acquisition of new territories and new resources to 

supply established territories where accessible resources have become more limited. 

Long-term sustainability and self-sufficiency was essentially omitted simply due to the 

understandable perspective of the times, that of vast, rich, and relatively untouched (except 

by the native inhabitants) lands (Ross, 1987). Any limitation to growth was simply not 
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perceptible. Most local models of sustainability, the indigenous populations, were typically 

massacred, enslaved, coerced, or displaced (Layton, 2001). Yet as naturally abundant 

resources diminished, the emphasis turned to production, which was assumed to be infinitely 

improvable to meet growing demands in a growing economy. Of course this transition to 

production occurred neatly within the hierarchical colonial structure globally and class 

structure domestically. The economic drivers of production, therefore, reflect these structures 

and depend upon them for functionality. To enhance the gradient of poverty to affluence is to 

enhance the profitability of production. Modern transnational corporations, in accordance 

with international trade agreements, can effectively acquire cheap land, labor, and other 

resources in undeveloped countries and market the products to selective classes in the 

developed world, generating tremendous profits and wealth, impairing local subsistence, and 

further expanding health and wealth disparities. These disparities are not limited to the 

international scale, but also increase within nations, communities, and even within 

impoverished families in which children and mothers (even pregnant) may be deprived of 

food so the father can consume enough energy to work. These disparities only exacerbate or 

initiate social and governmental instability, which typically leads to more militant and 

authoritarian leadership, and further oppression of the non-elite classes of society (Franke, 

1987). 

 Infectious disease followed the economic activity around the globe. Measles, mumps, 

smallpox, rubella, yellow fever, and malaria were all introduced to the New World and 

plaque, cholera, schistosomiasis, and dengue spread from their geographic centers (Cohen, 

1989). The disease load and immunity of a population was perhaps the greatest determinate 

of successful domination of foreign territories and the globalizing economy (McNeill, 1976). 

 Additionally, the nature of capitalism, being a symbolic or representative value 

system, adds a new top tier to the value systems of all cultures which become incorporated 

into the system. Monetary units, being universally exchangeable for whatever products may 

be needed and are available at any given time, became the most highly valued possession and 

served as a new language of value into which all resources, now commodities, were 

translated. This value replacement of directly utilizable survival resources such as food, 

clothing, and shelter (not to mention naturally abundant needs such as water, air, and 

sunlight) with an easily disseminated and exchangeable value symbol, alters the entire 
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bio-psycho-socio-ecospheric system and all it’s specific manifestations such as optimal 

foraging theory and local system mediation of global impacts. Coupled with the future 

industrial and technological revolutions, and sociocultural assimilation of money and 

novelty, some of the essential needs for survival such as optimal nutrition, physical outdoor 

activity, fresh air, sunlight exposure, and a thriving local ecosystem drop to the bottom of the 

value system in affluent populations, in effect a value inversion. Indeed, these and many 

additional necessities for optimal health and happiness are considered elective, optional, or 

privileged “luxuries” and “leisure's” beyond necessity. These entities are acceptable only in 

the context of successfully earning wealth or completing work, and carry value measured 

only by the money or time spent in their pursuit. The operational value system has effectively 

become wealth above health or gross profitability and power above true optimality and 

sustainability. In fact, with commoditization of nearly all resources, profitability has 

mistakenly become synonymous with optimality in practice. This equivalency might be true 

if the commodities available for purchase were not significantly different from the diversity 

of resources naturally available to our hunter gatherer ancestors. In this case, these resources 

would simply change in monetary value just as they changed in optimality depending on 

relative energy and utility variables, and wealth could theoretically serve as an additional 

means to health. However, because the novel object of value, currency, does not directly 

interact with and depend on the human genome and natural environment, the most significant 

regulators in the bio-psycho-socio-ecospheric system, it is disproportionately influenced by 

the reflexive societal, cultural, and anthropogenic built environment, and is essentially 

entrapped within a positive feedback cycle. 

 Economic growth and the acquisition of personal wealth have come to be perceived 

as necessary for life as food, water, and air. In fact, they are, incredibly, perceived to be the 

necessary source of acquiring food, water, clean air, shelter, and open space, things 

abundantly provided for humankind at no cost by nature for millions of years. The perceived 

value of currency that has resulted from this situation has been powerful enough to 

dramatically alter the natural environment and determine not just the value of resources 

based on profitability, but the availability and variety of resources as well. Therefore, 

different economic systems do not act upon a fixed terrain, but determine the terrain all 

together. What remains available or becomes present is what is profitable. One’s surrounding 
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environment, and therefore one’s options for human-environment interactions, are 

determined by economic viability and optimal profitability. An individual’s freedom in how 

to live, therefore, is limited to, and essentially replaced by, the freedom of the free market. 

Modern day transnational corporations and their marketplace dominance, have turned free 

market democracies into corporate hegemonies. It appears as if everything important depends 

upon the economic system, and all means are justified for its continued growth, even the 

recession of health, the diminution of life, and the production of disease and dysfunction.  

 The modern commodity of land and nature appears to be valued for two primary 

reasons, for industrial productivity or as a luxurious and entertaining landscape. The result 

has been the privatization of and gross alteration of the majority of nature, leaving all but the 

most affluent, who are able to purchase large tracts of wilderness, with limited rights to 

nature. Even the wilderness contained within the limited acreage of the national park system, 

often accessible through surrounding private land by road only, require the purchase of a pass 

or permit, and even then it is not permissible to live with nature, just to visit. Therefore, the 

huge majority of individuals have no natural freedom to re-connect or stay connected to 

nature. Nature has been physically, as well as psychologically, severed from the modern 

human experience. The freely moving human body has been omitted from the anthropogenic 

environment. The only ground acceptable for an individual to freely move about is the 

publicly financed pavement intended for automotive traffic. Between cluttered residences, 

menacing cars, suffocating exhaust, and ubiquitous noise, the only opportunity of viewing 

(but not touching) undeveloped land is usually found on pavement. Sadly, the detached and 

disconnected act of viewing terrain while driving along a road has become joyful in contrast 

to our even more disconnected urban and suburban life. An act which reinforces 

disconnection meagerly offers the only resemblance to our nomadic past and hardly satisfies 

the many related emotional and physical needs. On these roads and streets the homeless are 

even more confined, since loitering around commercial establishments also requires some 

form of payment and public parks are usually sparse. It should be obvious that homelessness 

is only a problem because of this commoditization and privatization of land and nature. Why 

is it mandatory to have a home if one does not desire one or cannot acquire one? Because 

there is no space which does not require some form of payment for its use, and so it is 

intolerable for someone to occupy space without payment. Many landowners and 
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homeowners are even able to find intolerable the occupancy of public spaces, no doubt 

because these are “owned” by the taxpayers. Concrete, steel, and commoditization alone are 

sufficient to construct an inescapable prison. There can be no true freedom, no basic human 

rights, no humanity, and no health if one’s right to nature, and the rights of wild nature to 

exist, are not granted. 

 Technology is defined as the use of carefully chosen and manipulated materials by 

knowledgeable actors to perform physical actions toward intended outcomes (Torrence, 

2001). As such, the advancement of technology has implications for human ecology directly 

through mechanico-gravitational interactions, but ultimately involving alterations (for better 

or worse) in all human-environment interactions. The discussion of technology here will be 

limited to tools, machines, and automatons. As previously discussed, a tool is defined as the 

use of natural materials, alone or in combination, to augment or enhance natural biologic 

capacities. Such innovations must be considered as part of the extended phenotype of many 

organisms, such as the use of bubbles by dolphins to direct schools of fish. The common 

ancestors of humans and primates certainly used simple tools, just as primates today 

commonly use sticks and leaves as tools for digging or collecting insects, water, and other 

materials. In addition, the use of plants for medicinal or entheogenic capabilities can also be 

considered as the use of tools, which enhances the bodies detoxification, immunogenic, or 

reparative capabilities or augments the minds perceptual sensitivity or focus. It seems that, 

evolutionarily, tools were progressively common adjuvants for increasing somatic efficacy 

and efficiency without fully replacing the somatic involvement. The tool was an extension of 

the phenotype rather than a substitution, and mechanico-gravitational interactions were 

enhanced rather than eliminated. 

 Throughout evolution, tools which increased human efficacy or resilience without 

impairing the other were preserved as part of the extended phenotype. Tool complexity and 

specialization were typically greater in geographies with greater risk of resource loss or 

scarcity, such as the high latitudes of the Inuit (Torrence, 2001). Tools, therefore, were 

adaptations to environmental circumstances and utilized as a means to improve, maintain, or 

approximate evolutionary ecology in challenging or novel circumstances, such as with 

migrations to new latitudes or with climate changes. In many ways, the complexity of a 

population’s tools or technology can be seen as an indication of past and present encounters 
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with novel environmental stresses, challenges, or discordance whereas the tools provide 

compensation for biologic limitations. In other circumstances, tools were purely positive 

adaptations toward higher efficacy while maintaining resilience. In both cases, through 

maintaining or simulating a concordant environment or improving efficacy, tools improved 

survival and maintained or optimized health. Tools which produced a net decline in health 

(reduced efficacy or resilience) did not persist. With the beginning of intensive agriculture 

involving the use of animal labor, however, tools began to be replaced or accompanied by 

machines. Machines eliminated the need for human energy, but still required human 

perception and cognition for direction and moment to moment operation. While humans 

laboring in agricultural fields were not highly concordant, the use of alternate, non-self, 

energy sources to meet ones needs initiated a transformation in human-environment 

interactions which has had a profound impact on human health. In addition to changes in 

technology type, the perceived increase in resource availability with agricultural and 

industrial processes initiated changes in technology durability and reuse. Because raw 

materials seemed abundant, the necessity of tool use predictable, and the productivity of 

machines reliable, the manufacture of “disposable” or expedient technology on an as needed 

basis became much more common (Torrence, 2001).  

 Much later, throughout the 16 century and especially during and following the 

industrial revolution, new forms of technology were developed which further, and radically, 

separated human biology from concordant environmental interactions in many ways. 

Automatons, typically using computer processing, improved the machine to eliminate all 

human input other than design and production, although automatons can also produce other 

machines and automatons. With the development of machines and automatons, 

human-environment ecology began a progressive and self-reinforcing (autocatalytic) 

alteration. Alternate energy sources continued to be exploited and automatons which could 

direct the use of this energy continued to be designed. Machines and automatons appear to 

increase shared efficacy (shared mechanical efficacy) yet produce a decline in self-efficacy 

and self and shared resilience. The result is that this shared mechanical efficacy becomes a 

obligate efficacy upon which all individuals become dependent. Given the net decline in total 

resilience, this dependence leaves the entire population vulnerable. The net impact on natural 

efficacy and resilience is obviously negative given that their widespread use results in a 
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massive alteration of the natural environment and its natural connectivity or relationships. 

This process is by no means over, yet today the results of this cycle are already nearly 

unbelievable. Not only are modern human beings dependent upon alternate energy sources 

and automated machines and systems, our very existence, identities, and day to day behaviors 

seem directed by them. Human autonomy and efficacy has been significantly replaced by 

efficient automaton directed humans. It is difficult today to distinguish between technological 

automaton and sociocultural systems and the question must be asked, “is there really any 

difference?” A human being can cover hundreds of miles in a single day but how much of 

this is the human really doing besides deciding on the destination. While the automobile may 

be grossly controlled by the driver, the petroleum fuel, mechanical and electrical operations, 

automated traffic lights, cameras, radars, and signs (reinforced by sociocultural sanctions) as 

well as the direction of paved roads and all the preceding processes necessary for the 

existence of this technology, are responsible for effectively achieving the outcome. The 

human body is practically immobilized while the now disconnected mind provides visual 

feedback to the vehicle. This alteration, of course, proceeded to alter the entire 

co-evolutionary system In Paleolithic times, tools use by humans was common yet the use of 

machines and automatons were, of course, non-existent. Therefore, human-environment 

ecology was maintained and enhanced, rather than altered. As painful as it is to explicitly 

admit, all of this suggests that the widespread distribution of machines and automatons have 

been simultaneously detrimental to both human health and ecosystem health. 

BASIC METHODS OF SIMULATING OR ADOPTING 
FUNDAMENTAL COMPONENTS OF THE EVOLUTIONARY 

HUMAN ECOLOGY IN MODERNITY 
 Diet and water interactions: Wild or organic, local, seasonal whole food sources, 

65-90% plant sources by volume depending on season and latitude, excluding extreme high 

latitudes. Very diverse plant and animal sources (only moderate ungulate meats). No dairy, 

very limited grains (wheat, oats, barely, rye, rice) and legumes. Drink water and minimize 

processed and fermented beverages. Avoid processed foods. 

 Mechanico-gravitational or physical activity interactions: Walking and running, 

averaging 5-7 miles per day, as primary means of transportation. Bicycles or other active 
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transportation technologies may also be utilized. Limited non-active transportation. Activity 

may be consolidated and balanced by less active days. Activity includes variable intensities, 

and incorporating full range of motion movements such as squatting, climbing, lifting, etc. 

Barefoot or simple flat footwear should be used when possible. 

 Electromagnetic and chronobiology interactions: Synchronized with ambient 

light/dark cycles. Sleep onset and awakening corresponding to after dusk and early dawn. 

Seasonal related increases in sleep duration during winter months, if in temperate latitudes. 

Limited light at night. Use of red-orange-yellow wavelength emitting sources for nighttime 

illumination if needed. Moderate regular sunlight exposure on large surface area with 

pigment adapted skin. Use of natural illumination during daytime. Minimize the operation of 

electronic appliances to as needed operation. Interact with society directly, rather than 

electronically, whenever possible. 

 Air: Minimize combustion of biomass and fossil fuels when possible. Avoid 

fragrances and scents produced by combustion or chemical synthesis. Eliminate primary, 

secondary, and tertiary smoke exposure. Ambient (indoor and outdoor) temperature 

demonstrates diurnal and seasonal variability. Indoor air should be slightly warm in the 

summer and slightly cool in the winter, and compensated for by clothing choices and activity 

levels. 

HISTORIC EVIDENCE OF THE COUPLED IMPROVEMENT 
OF ECOSYSTEM AND HUMAN HEALTH 

 Paleontology, anthropology, and evolutionary biology, in combination, provide 

evidence that human health and ecosystem health both depend upon appropriate 

human-environment interactions as selected over the course of evolution. Further, Eaton, 

Cordain, and colleagues continue to argue that modern epidemiological, physiological, and 

basic science research also support this conclusion. The most available parallel course to 

document in regards to the coupling of human and ecosystem health, however, is one of 

deterioration. A valid question, then, is whether there have been any examples of improving 

human and ecosystem health in recent times. One method of answering this question is to 

identify a proxy for environmental integrity or ecosystem health. The level of greenhouse gas 

emission per geographic area may be one such proxy. Greenhouse gas emissions are 
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proportional to the development of fossil fuel dependent industry which, as detailed above, 

has been historically proportional to ecosystem degradation or alteration. Further, the 

modeled effects of greenhouse gases on global climate change suggests these emissions are 

associated with declining ecosystem health on a global scale. And still further, it has been 

suggested that global climate change will have produce negative impacts on human health 

(Intergovernmental Program on Climate Change [IPCC], 2007a, 2007b). Therefore, a real 

world relationship between greenhouse gas emissions and human health is worth exploring. 

This analysis is complicated by two major limitations. The geographic resolution of 

greenhouse gas emissions is limited to the national level and national greenhouse gas 

emissions may not reflect utilization of domestic ecosystem productivity as much as 

economic vitality and trade relationships. Therefore, non-emitting hunter gatherers are 

beyond the resolution of greenhouse gas records, and a low emitting nation may be receiving 

industrially produced support from other nations. The unique characteristics presented by the 

US embargo on Cuba and the subsequent collapse of the Soviet Union, however, reduce 

these complicating factors. During the Cuban Special Period from 1989-2000, the nation was 

forced to become self reliant. The limitation of domestic fossil fuels had one very important 

consequence, it reversed the ongoing centralization of industrial agriculture by limiting 

transportation potential. Further, the limitation of foreign trade eliminated demand for the 

cash crops, precious metals, and other exports requiring further industrialization for 

continued growth. Subsequently, Cuba’s economy became focused on meeting domestic 

demand through local productivity. Organic and localized agriculture of diverse crops was 

adopted with yields exceeding conventional methods. Local farmer’s markets were relied 

upon for distribution. Food energy intake climbed to 2,473 calories and 51.6 grams per 

person in 2006, a 33% increase over caloric intake in 1994. A “pick up your neighbor” 

custom (car pooling), makeshift buses, and active transport (walking, cycling) became 

favored means of travel. The proportion of pedestrian mode transport use increased from 6% 

in 1981 to 43% in 1998. Physical activity increased from 30% in 1987 to 79% in 1991-1995 

and 67% in 2001. Obesity declined from 11.9% in 1982 to 5.4% in 1994 and to 9.3% in 

1998. Diabetes, heart disease, and all cause mortality dropped 53%, 39%, 18% respectively 

from 1989 to 2002. Reforestation began (with help of federal environment programs) with a 

projected 27% increase in protected forested area by 2015. There was an 18% drop in CO2 



 

 

75 

emissions from 1990-1992 (35.4-28.9 MT CO2eq). Figure 1 demonstrates several of these 

changes         
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Figure 1. Cuba special period CO2 emissions and selected population health 
variables. 

graphically. Today, Cuba emits 2.3 metric tons CO2 per capita, with human development 

equal to or exceeding most developed nations. In short, ecosystem health and human health 

improved simultaneously (Enoch, Warren, Valdés, & Henríquez, 2004; Franco et al., 2007). 

THE IMPACT OF POPULATION WIDE ADOPTION OR 
SIMULATION OF BASIC EVOLUTIONARY HUMAN 
ECOLOGY COMPONENTS ON ECOSYSTEM AND 

POPULATION HEALTH 
 The convergent observations from evolutionary and anthropological data, modern 

epidemiological evidence, and the Cuba Special Period example, suggest that human health 

and ecosystem health may be interdependent. Given the fact that human health and 

healthcare as well as climate change are two of the major concerns dominating the US 
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political agenda, the observation of human and ecosystem health interdependence can be 

framed as a potential approach to address these concerns as a single entity. Can adopting 

and/or simulating the evolutionary ecology of human health to create gene-environment 

concordance simultaneously lead to improved human health and climate change mitigation? 

It is hypothesized that calculated projections of human health and ecosystem health (using 

greenhouse gas emissions as a surrogate) based upon the collective adoption of individual 

human-environment interactions which improve gene-environment concordance will 

demonstrate the potential for coupled increases in health. 
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CHAPTER 2 

MATERIALS AND METHODS 

 As described above, human-environment interactions can be divided into five 

categories, (1) food or diet, (2) mechanico-gravitational or physical movement, 

(3) chrono-electromagnetic, (4) air, and (5) water. Here water will be combined with 

food/diet. Human-environment interactions which improve gene-environment concordance 

can be identified within these categories. Adoption of these interactions would result in 

human behaviors which are translatable to socio-economic-industrial system impacts for 

which greenhouse gas emission data are available. As detailed below, food and water 

interactions were translated into food system emissions, physical movement interactions 

were translated into transportation system emissions, and chrono-electromagnetic and air 

interactions were translated into electrical/HVAC systems emissions. Further, an estimated 

impact of these changes on socioeconomic interactions were translated to goods system 

emissions and an estimated impact on land use changes was also included. A database of per 

capita consumer contributions to greenhouse gas emissions per systems category based on 

changes in individual environmental interactions was generated from numerous sources to 

produce the Direct Health Scenario (DHS). This scenario assumes that 100% adherence to 

evolutionarily human-environment concordance would produce net greenhouse gas 

emissions of zero. 100% adherence, however, is obviously impossible given the size of US 

and world populations as well as normal preferences to retain much of today's technology 

and built environment. Through a combination of behavior or way-of-life change and 

adaptive infrastructure changes, however, it was estimated that evolutionary 

human-environment concordance could be accomplished or simulated at levels of success 

which allow 50% and, eventually, 75% adherence to the DHS. DHS emission projections 

were calculated line by line and then compared to the Environmental Protection Agency's 

(EPA, 2009) systems-based calculations as a top down reference, as well as comprehensive 

online carbon footprint calculator outputs based on inputs as close as possible to 50% and 
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75% success in living the DHS. The basic conditions and calculations representing these 

levels of success are provided here: 

FOOD AND WATER 
 50% DHS Inputs: mostly organic, mostly local, mostly seasonal diet with emphasis 

on vegetables, fruits, nuts, and other plant source foods and less grains. Animal source foods 

comprise 15-20% of diet volume and 30-40% of calories consumed and are often free-range, 

grass-fed and finished, or wild. Fish, poultry, and eggs are consumed more frequently then 

red meat. Dairy is moderately consumed. Water is the predominate beverage. Percentage 

change from the US average follows below in Table 1. 

Table 1. Dietary Changes from Average of 50% DHS 

Food (by economic category) Percentage Change 
Red Meat - 50% 
Other Misc (food manufacturing/processing) - 50% 
Oils/Sweets/Condiments - 50% 
Fruit/Vegetables/Plants + 150% 
Dairy Products - 50% 
Chicken/Fish/Eggs + 50% 
Cereals/Carbs - 50% 
Beverages - 50% 
 

 75% DHS Inputs: all organic, all local, all seasonal diet consisting mostly of 

vegetables, fruits, nuts, and other plant source foods but with limited grains. Animal source 

foods comprise 15-20% of diet volume and 30-40% of calories consumed, or less, and are 

always free range, grass-fed and finished, or wild sources. If these animal source foods are 

not available, then plant source foods are substituted in their place. Most animal source foods 

derive from fish, eggs, poultry, and other non-ungulates. Red meat and dairy are rarely 

consumed. Water is the predominate beverage. Percentage change from the US average 

follows below in Table 2. 

 Average per capita consumption of these food categories was determined by using the 

USDA's per capita food availability data as a proxy for per capita consumption (Economic  
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Table 2. Dietary Changes from Average of 75% DHS 

Food (by economic category) Percentage Change 
Red Meat - 75% 
Other Misc (food manufacturing/processing) - 75% 
Oils/Sweets/Condiments - 75% 
Fruit/Vegetables/Plants + 250% 
Dairy Products - 75% 
Chicken/Fish/Eggs + 50% 
Cereals/Carbs - 75% 
Beverages - 75% 
 

Research Service, 2010). Weber and Matthews (2008) used the same data to convert per 

capita food consumption to food based per capita greenhouse gas emissions resulting in per 

capita food related emissions of 3.12 MTCO2e/yr which is comparable to the EPA systems 

per capita reference of 2.94 MTCO2e/yr. This data was used to arrive at per capita GHG 

emissions for both 50% and 75% DHS steps. 

MOVEMENT 
 50% DHS Inputs: Walking, running, bicycling, or other forms of active transportation 

are used for trips less than three miles roundtrip, which accounts for 45% of trips. Daily 

activities are done mostly locally, minimizing the need for long distance travel, allowing 

80% of trips to be below six miles roundtrip. 

 75% DHS Inputs: Walking, running, bicycling, or other forms of active transportation 

are used for trips less than six miles roundtrip. Daily activities are done mostly locally, 

minimizing the need for long distance travel, allowing 90% of trips to be less than six miles 

roundtrip. 

 In regards to distance, movement within one's environment is largely predominated 

by automobile and air travel. Therefore, individual transportation characteristics detailed 

within the National Transportation Statistics maintained by the US Department of 

Transportations (DOT) and the Federal Highway Administration's National Household 

Travel Survey (NHTS) were used to approximate average individual movement behavior as 
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well as calculate average vehicle miles traveled and miles per gallon (DOT, 2001, 2010). The 

baseline average and DHS changes in per capita emissions were then determined from 

calculated gallons of gasoline used using the EPA endorsed conversion factor of 20.4 lbs 

CO2e per gallon (EPA, 2005). 

ELECTROMAGNETIC INTERACTIONS, CHRONOBIOLOGY 
 Approximately 27% of domestic electricity usage occurs within only three hours of 

the day, 9PM to 12AM and can be attributed largely to indoor lighting and appliance usage 

during these dark waking hours (National Association of Home Builders Research Center, 

Inc., 2001). The adherence to seasonal sleep patterns directed by the ambient light period 

would encourage sleep onset within approximately one hour after dark, and awakening with 

dawn or shortly after sunrise. This would reduce indoor lighting at night significantly, 

resulting in an estimated 25% reduction in daily domestic electricity use considering 

approximately 2% is committed to continuously running appliances such as freezers and 

refrigerators. Heating and cooling energy use is considered under the air category. Per capita 

averages for electricity, natural gas, propane, fuel oil, kerosene, and wood pellets were 

obtained from the 2008 study by Padgett, Steinemann, Clarke, and Vandenbergh, which 

generated a total per capita greenhouse gas emissions from household energy use of 

8.45 MTCO2e/person/yr. This comparable to the EPA systems reference of 

7.56 MTCO2e/person/yr. 50% success at this ambient light related sleep pattern would 

reduce daily domestic electric usage by approximately 12.5% and 75% success would reduce 

daily domestic energy usage by approximately 18.75%. 

AIR 
 Seasonal variation in ambient temperatures should be reflected indoor by attenuated 

seasonal fluctuations compensated by personal clothing adaptations. Indoor air should feel 

cool in the winter and warm during the summer. 72 degrees was chosen to represent the 

average year-round indoor temperature in the US. To introduce mild physiologic responses to 

seasonal temperature changes, it is estimated that this average should deviate enough for the 

indoor temperature to feel either warm or cool to the occupants. It is estimated that this 

deviation would be approximately five degrees (77 degrees in the summer and 68 degrees in 
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the winter). Energy savings per one degree change average about 5% for all energy sources 

(electric, natural gas, fuel oil, propane), accounting for a 25% reduction in energy use with a 

five degree change (Energy Information Administration [EIA], 1997) 50% success would 

result in 12.5% reduction in domestic energy use and 75% success would result in 18.75% 

reduction in domestic energy use. These changes were applied to the per capita average for 

all energy sources. Air pollutants under individual control were also assumed to decline in 

proportion to adoption of the DHS environmental interactions. This in reflected in the 

socioeconomic interactions in regards to smoking and the consumption of smoking related 

goods. 

SOCIOECONOMIC INTERACTIONS 
 Changes in human-environmental interactions as above consequently result in 

changes in the individuals influence upon the entire sociocultural system as well, including 

economical, political, educational, industrial. The economical and industrial influences are 

particularly conducted through the consumption of goods and other resources. A systems 

component of greenhouse gas emissions is goods and non-food services. Changes in this 

component were estimated by considering the impact of the above changes in environmental 

interactions on good and non-food service consumption. Greenhouse gas emissions for goods 

and non-food services were approximated using the CO2 intensity per GDP value of 

0.44 MTCO2/$1000.00 GDP, allowing individual emission changes to be estimated from 

changes in goods and services expenses in US dollars (EIA, 2009). The US Bureau of 

Economic Analysis 2009 report on GDP per sector which includes household expenses was 

used to determine per capita expenses on itemized goods and services. The calculated per 

capita average of 8.71 MTCO2e/person/yr was slightly higher than the EPA systems 

reference value of 6.71 MTCO2e/person/yr, but remains the only reliable source of 

semi-itemized greenhouse gas emissions per goods and service consumption (US Bureau of 

Economic Analysis, 2009). Out of several categories of goods and non-food services, only 

two can be confidently expected to change from the health scenario, “motor vehicles/parts” 

and “other non-durable goods” which includes personal care products, tobacco, books, and 

misc. Expenses on motor vehicles and parts were expected to change proportionately to 

motor vehicle use (52% less for 50% health scenario and 83% less for 75% health scenario). 
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Expenses on “other non-durable goods” was estimated to decrease proportionately with the 

health scenario success (50% and 75%). Several additional assumptions which would impact 

socioeconomic influences were not incorporated into the DHS and include avoidance of 

chemical contaminates and bioactive agents found in many manufactured goods such as 

personal care products, electronics, furnishings, clothing, toys, and other novelties. Such 

precautionary avoidance would likely have a significant impact on an individual's greenhouse 

gas emissions from the consumption of goods, and the changes included in the DHS, 

therefore, should be considered conservative estimates. 

LAND USE CHANGES 
 Net per capita greenhouse gas emissions are significantly affected by carbon 

sequestration in land sinks. The EPA's (2008) Inventory of Greenhouse Gas Emissions and 

Sinks reports that approximately 2.9 MTCO2e per person is sequestered in the US. This 

value was adopted as the DHS baseline for current sequestration, as were the emissions of 

0.24 MTCO2e/person/yr for infrastructure and 1.03 MTCO2e/person/yr for greenfield 

development. It was predicted that the increasing consumption of organically grown produce 

which would occur with the implementation of the DHS food assumptions will shift the 

agricultural system to a predominately organic system. The Rodale Institute estimated that 

organic agriculture can sequester 3.18 MTCO2/acre/yr and, applying this the 434 million 

acres of US agriculture, would result in an additional 4.5 MTCO2/person/yr sequestration of 

per capita CO2 emissions (Lasalle & Hepperly, 2008). 50% success at consuming organic 

foods would produce 2.25 MTCO2/person/yr sequestration and 75% would result in 

3.375 MTCO2/person/yr sequestration. Additionally, it was assumed that realization of the 

DHS movement assumption would result in increasing land area dedicated to greenways and 

green spaces. A University of Massachusetts team of researchers developed a national plan of 

greenways and green spaces which identified 578,075,900 acres ideal for greenway and 

green space development in the US, in addition to the 644,236,100 acres of already protected 

land in the US (Fabos, 2004). It was estimated that only 50% (289,037,950 acres) of this 

proposed land area might undergo revegetation since some of this land is already vegetated 

and a small portion is present in ecosystems unable to support vegetation. The 2009 EPA 

report, used here as a reference for systems based emissions, endorsed the estimate that 
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revegetation results in the sequestration of 3.6-4.2 MTCO2/acre/yr for the first 20 years 

(EPA, 2009; Sperow, 2006). The lower end of this range, 3.6 MTCO2e/acre/yr for 20 years, 

was chosen as the average sequestration rate in the DHS calculations. Therefore, full 

implementation of the national greenway and green space plan, with the subsequent 

revegetation of 289,037,950 acres of land, would result in the sequestration of 

3.4 MTCO2/person/yr for the first 20 years. The 50% and 75% success DHS steps assumed 

that collective demand would result in 50% and 75% implementation of the national 

greenway and green space plan, respectively. This equates to 1.7 MTCO2e/person/yr and 

2.55 MTCO2e/person/yr sequestration, respectively, for the first 20 years. The details of 

these calculations, as well as those described in the additional categories above, are 

summarized below in Table 3. 

RATE OF IMPLEMENTATION AND CHANGE 
 13.2% of the US population lives under the poverty line (US Census Bureau, 2008), 

and it was assumed this population will have difficulty adopting the characteristics of the 

health scenario. Further, it was assumed that this percent living in poverty figure will not 

significantly change. Through market demands and infrastructure changes, however, this 

impoverished population may be able to adopt many of the health scenario lifestyle 

characteristics after the other socioeconomic strata have adopted them. In the DHS step-wise 

implementation of the model, one half of the impoverished population (6.6% US population), 

were considered late adopters at 15 years, and the other half were considered late adopters at 

20 years. The maximum partial adoption of the health scenario in the US, therefore, 

eventually reaches 100% (304,059,724 people by 2008 census) over 20 years of 

implementation. The DHS model assumes that reaching the 50% level of success can be 

quite rapid for large segments of the US population and the 75% success will occur more 

gradually as infrastructure adaptation to demand facilitates these changes. The model 

assumes 50% of the US population will reach 50% success in the first five years after 

commitment to change, and 75% after 10 years. The remaining 36.8% above the poverty line 

would be expected to meet 50% success by 10 years after commitment to change, and 75% 

by 20 years. Following these changes, then, the impoverished 6.6% of the population may 

gradually reach the 50% success level in 20 years. 
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Table 3. CO2e Calculation Summary 
Category  Resource units/yr.  DHS Baseline Average 

Calc. 
EPA Systems Reference 50% Health Scenario 

Prediction 
75% Health Scenario 
Prediction 

    
Total MTCO2e/person/yr: 
23.36 Total MTCO2e/person/yr: 21 

Total MTCO2e/person/yr: 
12.28 

Total MTCO2e/person/yr: 
6.49 

Reference State: Tennessee 
(if applicable)           
U.S. population (2008 
census): 304,059,724         
Per Household 
Light/HVAC/Appliance            

electricity 12000 kWh 7.47   
"-12.5% - 12.5% = 2.16 
MTCO2e/person/yr 

"-18.75% - 18.75% = 1.80 
MTCO2e/person/yr 

natural gas 92160 ft3 5   
"-12.5% =1.69 
MTCO2e/person/yr 

"-18.75 % = 1.57 
MTCO2e/person/yr 

fuel oil 651 gal 6.59   
"-12.5% = 2.22 
MTCO2e/person/yr 

"-18.75% = 2.07 
MTCO2e/person/yr 

propane 488 gal 2.81   
"-12.5% = 0.95 
MTCO2e/person/yr 

"-18.75% = 0.88 
MTCO2e/person/yr 

kerosene 100 gal         
wood 1 cord         

People per household: 2.59 
(2008 census)   8.45 MTCO2e/person       

Total Electric/HVAC   8.45 MTCO2e/person 7.56 MTCO2e/person 7.02 MTCO2e/person/yr  6.32 MTCO2e/person/yr  
Transport           
Vehicle Type x Number x 
MPG (2007)          

Small Car   2562000 x 30.3 = 77628600       
Midsize Car   2748000 x 30.8 = 84638400       

Large Car   1396000 x 25.3 = 35318800       
Large Truck   1753000 x 19.7 = 34534100       
Midsize Van   927000 x 24.7 = 22896900       

Midsize SUV   2199000 x 24.6 = 54095400       
Large SUV   1926000 x 20.8 = 40060800       

Ave MPG 2007:   25.8       
Per capita road mileage 

(2006):   15689       
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Table 3. Continued 
Category  Resource units/yr.  DHS Baseline Average 

Calc. 
EPA Systems Reference 50% Health Scenario 

Prediction 
75% Health Scenario 
Prediction 

MTCO2e/capita/yr (miles / 
mpg x 20.4 (lbs CO2 conv) 
/2.2 (kg CO2) /1000 (MT)) 

   5.6 MTCO2e/capita/yr US     

Total Auto:   5.6 MTCO2e/person/yr 3.35MTCO2e/person/yr 3.12 MTCO2e/person/yr. 1.14 MTCO2e/person/yr 
% auto trips below 6 miles: 
65%            

% auto trips below 3 miles: 
45%            

# daily roundtrips/person: 
3.7.           

# annual rountrips/person: 
1352.9           

# annual trips below 6 miles: 
879. 3 miles: 608           

Annual milage of trips 
between 3-6 miles: 1219           

Annual milage of trips 
between 0-3 miles: 1200           

50% Health Scenario: 3-6 
miles =35% trips (473 trips) 
= 2128 miles 

          

<3 miles: active transport           
>6 miles: ave: 20 miles, 272 
trips = 5440 miles.       Auto Travel Auto Travel 

Total auto miles 50% 
scenario: 7568 miles        3.12 MTCO2e/person/yr.   

75% Health Scenario: <6 
miles, 90% trips, 1217 trips: 
active transport. 

          

 >6 miles: ave 20 miles, 135 
trips = 2700 miles         1.14 MTCO2e/person/yr 

Air Travel 2006 (million 
miles):   590633/304 = 1942 miles per 

capita US       

MTCO2e/capita/yr air travel 
(1942 x 1.36 (conv factor (1) 
to lbs CO2) / 2.2 (kg)) 

 1.2 MTCO2e/capita/yr US       
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Table 3. Continued 
Category  Resource units/yr.  DHS Baseline Average 

Calc. 
EPA Systems Reference 50% Health Scenario 

Prediction 
75% Health Scenario 
Prediction 

Total Air:   1.2 MTCO2e/person/yr  1.97MTCO2e/person/yr 0.6 MTCO2e/person/yr. 0.3 MTCO2e/person/yr 
Walking/Running: 0 
MTCO2e/person/mile           

Bicycling: Manufacturing 
CO2e = negligible           

Total transportation:   6.7 MTCO2e/person/yr 5.54 MTCO2e/person/yr 3.72 MTCO2e/person/yr. 1.44 MTCO2e/person/yr 
Food        Food Food 
Total:           

Transportation input:    0.35 MTCO2e/person US 
Ave (5)       

Production input:   2.78 MTCO2e/person US 
Ave (5).       

Red Meat   0.95 MTCO2e/person/yr   (-50%) 0.475 
MTCO2e/person/yr 

(-75%) 0.238 
MTCO2e/person/yr 

Other Misc (food 
manufacturing/processing)   0.29 MTCO2e/person/yr    (-50%) 0.145 

MTCO2e/person/yr 
(-75%) 0.073 
MTCO2e/person/yr 

Oils/Sweets/Condiments   0.17 MTCO2e/person/yr    (-50%) 0.09 
MTCO2e/person/yr** 

(-75%) 0.043 
MTCO2e/person/yr** 

Fruit/Vegetables   0.31 MTCO2e/person/yr    (+150%) 0.775 
MTCO2e/person/yr** 

(+250%) 1.085 
MTCO2e/person/yr** 

Dairy Products   0.56 MTCO2e/person/yr    (-50%) 0.28 
MTCO2e/person/yr 

(-75%) 0.14 
MTCO2e/person/yr 

Chicken/Fish/Eggs   0.29 MTCO2e/person/yr    (+50%) 0.435 
MTCO2e/person/yr 

(+50%) 0.435 
MTCO2e/person/yr 

Cereals/Carbs   0.32 MTCO2e/person/yr    (-50%) 0.16 
MTCO2e/person/yr** 

(-75%) 0.08 
MTCO2e/person/yr** 

Beverages   0.19 MTCO2e/person/yr    (-50%)) 0.095 
MTCO2e/person/yr 

(-75%) 0.048 
MTCO2e/person/yr 

Wild Game: 0       Subtotal Food: 2.46 
MTCO2e/person/yr 

Subtotal Food: 
2.14MTCO2e/person/yr 

Wild Plants: 0           
Homegrown Organic Plants: 
negligable           

Total Food:   3.13 MTCO2e/person/yr. 2.94 MTCO2e/person **0.21 MTCO2e/person/yr 
with sequest. 

**-1.24 MTCO2e/person/yr 
with sequestration 
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Table 3. Continued 
Category  Resource units/yr.  DHS Baseline Average 

Calc. 
EPA Systems Reference 50% Health Scenario 

Prediction 
75% Health Scenario 
Prediction 

Goods            
Other Sector Goods and 
Services GDP: 6063.3 
Billion$  

          

Motor Vehicles/Parts: 312.6 
Bil$ 1028/person/yr  2150/person/yr        

Furnishings/household 
equip: 253.2 833/person/yr 649/person/yr        

Recreational Goods and 
Vehicles: 327.6 1078/person/yr 1134/person/yr with services       

Other durable goods: 140.9 463/person/yr         
Clothing and footwear: 325.7 1071/person/yr 720.4/person/yr        

Other nondurable goods: 
800.1 2632/person/yr 

1868.8/person/yr (personal 
care products, tobacco, 
books, misc) 

      

Recreation services: 382.6 1259/person/yr         
Financial Services and 
insurance: 828.5 2724/person/yr 3432/person/yr       

Other services: 944.1 3105/person/yr         
Non-res Structures: 480.7 1581/person/yr         
Non-res 
Equipment/software: 906.0 2980/person/yr         

Residential 
Investment/Structures: 361.3 1188/person/yr 4734/person/yr       

   
14,687 x 
450gCO2/1000/1000 = 6.61 
MTCO2e/person/yr. 

 14,687 - 2052 = 12,635 = 
5.69 MTCO2e/person/yr 

14,687 - 3186 = 11,501 = 
5.18 MTCO2e/person/yr 

Total Goods:    6.61MTCO2e/person/yr 6.71 MTCO2e/person/yr 5.69 MTCO2e/person/yr 5.18 MTCO2e/person/yr 
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Table 3. Continued 
Category  Resource units/yr.  DHS Baseline Average 

Calc. 
EPA Systems Reference 50% Health Scenario 

Prediction 
75% Health Scenario 
Prediction 

Infrastructure    0.24 MTCO2e/person/yr 0.24 MTCO2e/person/yr 0.24 MTCO2e/person/yr 0.24 MTCO2e/person/yr 

Land Sinks    "-2.9 MTCO2e/person/yr "-2.9 MTCO2e/person/yr "-2.9 MTCO2e/person/yr 
existing land sinks 

"-2.9 MTCO2e/person/yr 
existing land sinks 

Total protected land area in 
US: 644,236,100 acres 
(2008) 

          

Additional acres available 
for greenways/greenspaces: 
578,075,900 acres 

          

Re-vegetable Acres available 
for greenways/spaces: 
289,037,950 

          

MTCO2e seq/yr of 
revegetating lands: 

-3.6-4.2 MTCO2e/acre/yr for 
20 yrs.         

289,037950 x 3.6 / 
304,059,724 = -3.4 
MTCO2e/person/yr for 20 
yrs 

      "-1.7 MTCO2e/person/yr for 
20 years 

"-2.55 MTCO2e/person/yr 
for 20 years 

-3.18 MTCO2/ac/yr 
sequestered x 434 mil acres 
= -1380.0 MMTCO2/yr = -
4.5 MTCO2e/person/yr at 
100% organic  

      **"-2.25 MTCO2e/person/yr 
at 50% organic  

**"-3.375 
MTCO2e/person/yr at 75% 
organic  

Greenfield development per 
annum    1.03 MTCO2e/person/yr 1.03 MTCO2e/person/yr 0 MTCO2e/person/yr. 0 MTCO2e/person/yr. 
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 The general DHS step-wise implementation can be represented as follows: 2010: 

0% US population implementing DHS. 2015: 50% of the US population implementing DHS 

with 50% success. 2020: 50% of the US population implementing DHS with 75% success 

and 36.8% of the population implementing DHS with 50% success. 2025: 68.4% of the US 

population implementing DHS with 75% success and 25% of the population implementing 

DHS with 50% success. 2030: 86.8% of the US population implementing DHS with 75% 

success and 13.2% of the population implementing DHS with 50% success. 

 In regards to per capita greenhouse gas emissions, the step-wise implementation can 

be represented as follows: 2010: 100% at 23.26 MTCO2e/person/yr. 2015: 50% at 23.26, 

50% at 12.28. 2020: 13.2% at 23.26, 36.8% at 12.28, 50% at 6.49. 2025: 6.6% at 23.26, 25% 

at 12.28, 68.4% at 6.49. 2030: 13.2% at 12.28, 86.8% at 6.49. 

COMPARATIVE ANALYSIS 
 The total and system component greenhouse gas emission values calculated by the 

step-wise implementation of the DHS were compared the EPA systems based values as a 

“top-down” reference as well as to two comprehensive online carbon footprint calculators for 

“bottom-up” validation. Repeated online searches for individual carbon footprint calculators 

detected 24 calculators. All but two of these calculators, however, were determined 

insufficient for comparison due to the system specific nature of the calculator. Only two 

calculators, Carbon Footprint, Ltd. (2010) and The Nature Conservancy (2010), included 

input questions spanning several systems similar to the EPA reference systems used by the 

DHS model. Calculator questions were answered two times, one for each DHS success step 

(50% and 75%), and answers were matched as closely as possible to the DHS success step 

characteristics described above. 

 Health scenario greenhouse gas emission projections were compared against the 

Energy Information Agency (EIA) Annual Energy Outlook 2010 assessment as well as 

several US Climate Change Science Program (CCSP, 2008) modeled scenarios. The EIA 

Annual Energy Outlook projects emissions up to 2035 and assumes no new regulations on 

CO2 emissions but continuing improvements in energy efficiency, vehicle fuel efficiency, 

and renewable energy production. This projection represents one possible trajectory resulting 

from the continuation of present-day efforts to improve energy efficiency across technology 
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and industry. The Health scenario was also compared to two CCSP models including one 

reference scenario and one stabilization scenarios (Table 4). The CCSP reference scenarios 

assume that no new climate policy would be implemented beyond those policies already in 

place and economic forces will determine much of the future emission levels. The three 

separate modeling groups devised model assumptions based on the criteria that it be 

“meaningful and plausible.” The Integrated Global System Model (IGSM) reference scenario 

was selected for comparison due to its apparent “worst case scenario” outcomes in regard to 

GHG emissions. This scenario generated an energy source distribution consisting mostly of 

oil and coal both without carbon capture technologies, some commercial biomass, and 

limited natural gas, non-biomass renewables, and nuclear sources as well as no energy use 

reduction and no carbon sequestration through land use. The stabilization scenarios were 

developed on four outcome levels of maximum radiative forcing. Level 1, the lowest level of 

radiative forcing at 3.4 W/m2, generated energy source distributions which predicatively may 

be pursued to achieve lower levels of radiative forcing in the future. Level 4, the highest level 

of radiative forcing at 6.7 W/m2, generated energy source distributions which predicatively 

may lead to higher levels of radiative forcing. The Mini Climate Assessment Model 

(MiniCAM) Level 1 stabilization scenario was selected for comparison due to its apparent 

“best case scenario” in regard to GHG emissions, relative to the other scenarios with US 

projections available. This scenario generated an energy source distribution consisting mostly 

of nearly equal parts non-biomass renewables, nuclear, and commercial biomass, with lower 

contributions from natural gas with carbon capture, coal with carbon capture, and oil without 

carbon capture, and limited contributions from natural gas without carbon capture and oil 

with carbon capture. Additionally MiniCAM Level 1 included significant reductions in 

overall energy use and moderate increases in carbon sequestration through land use (CCSP, 

2008). GHG and sequestration data from these scenarios were summed and converted to 

CO2e using accepted CO2 equivalent values published by the Intergovernmental Panel and 

Climate Change (IPCC, 2007a). 

 Population was standardized to the EIA model exogenously determined population 

growth rate which reflects recent trend. The Health scenario projections assume 

implementation beginning in 2010. The 2008 data points are based on actual reported 

emissions and the 2009 data points are based on EIA estimations of actual emissions and  
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Table 4. Comparison of Emission Projection Models 

EIA Model IGSM Reference MiniCAM Level 1 
No New Policies High Oil without CCS Moderate Energy Use 

Reduction 
Increasing Energy Efficiency High Coal without CCS Moderate Land Sink 

Sequestration 
Decreasing CO2 Intensity 
(CO2/GDP) 

Moderate Commercial 
Biomass 

Moderate Non-Biomass 
Renewables 

 Limited Natural Gas Moderate Nuclear 
 Limited Non-Biomass 

Renewables 
Moderate Commercial 
Biomass 

 Limited Nuclear Low to Moderate Natural 
Gas with CCS 

 No Energy Use Reduction Low Coal with CCS 
 No Land Sink Sequestration Low Oil without CCS 
  Limited Natural Gas without 

CCS 
  Limited Oil with CCS 
 

reflect the economic recession, declining 6.3% from 2008. The EIA has estimated that 

emissions for 2010 and 2011 will rebound with the economy but this rebound is attenuated 

by increasing renewable energy utilization. Emissions in 2011 are estimated to be around 

18.4 MTCO2e/person (EIA, 2010). Since year to year resolution is limited to five year 

increments and the EIA data is the most up to date available, this 2011 value was selected as 

the standard for the 2010 data point in order to allow comparison across models which were 

constructed from varied data sources originating from 2006, 2007, and 2008. 

COMPARISON OF PROJECTED GHG EMISSIONS AND 
PROJECTED POPULATION DISEASE PREVALENCE AND 

INCIDENCE 
 Given that the change in per capita GHG emissions in the DHS is generated by 

individual way of life changes intended to improve individual health, simple trends in the 

population disease burden can also be projected with DHS implementation. While population 

disease projections can be extremely complex and very difficult to conduct, the projection 

here is kept very simple and is only intended as an example of the possible association 
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between population health and GHG emissions which might result from the collective pursuit 

of individual health. As described above, gene-environment concordance is expected to 

eliminate the great majority of chronic diseases of modernity, and anthropological studies 

confirm that these diseases appear to have been absent among pre-agricultural anatomically 

modern humans as well as within several modern hunter-gatherer populations. For the 

projections in this study, then, 100% gene-environment concordance was assumed to result in 

0% prevalence of chronic diseases such as hypertension (HTN), coronary artery disease 

(CAD), stroke, diabetes mellitus type II (DM II), obesity, and low back pain. Since 50% and 

75% success steps of the DHS are relative to the present-day average way of life in the US, 

the current prevalence of these diseases was used as a baseline from which prevalence 

decreases in proportion to the implementation of DHS steps from 2010-2030 as detailed 

above. The source of this prevalence data was the Centers for Disease Control and 

Prevention (CDC, 2008). In addition to the baseline prevalence, a lifestyle lead time 

(typically 5-10 years) was introduced for diseases which would be unlikely to respond 

immediately to lifestyle changes, allowing the impact of DHS implementation to have a 

delayed effect on the prevalence of some diseases. These values are listed below in Table 5. 

Table 5. Change in Disease Prevalence from Current US Average for DHS Projection 

Disease 
Ave. % 

Prevalence US 
Adults 

50% reduction 75% reduction Lifestyle Lead 
Time 

HTN 24.2 12.1 6.05 5yr 
CAD 6.3 3.15 1.58 10yr 
Stroke 2.8 1.4 0.7 10yr 
DM II 8.1 4.1 2.03 0yr 
Obesity 35 17.5 8.75 0yr 
Low Back Pain 27.2 13.6 6.9 0yr 
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CHAPTER 3 

RESULTS 

 The DHS calculation inventory estimated average present day per capita greenhouse 

gas emissions at 23.36 MTCO2e/yr. Compared with the EPA systems analysis reference and 

two online carbon footprint calculators, this value is slightly less than the mean of 

24.63 MTCO2e/yr (range 21-28; Figure 2). The system or interaction resolution of the DHS 

was matched only by the EPA systems analysis. These two calculations included carbon 

sequestration by land sinks and emissions by greenfield development and infrastructure, 

whereas the two carbon calculators excluded these areas (Figure 3). The 75% success DHS 

calculation demonstrated a 69% reduction in per capita emissions compared to present day 

calculations (23.36 to 7.28 MTCO2e/yr). Approximating the 75% DHS success interactions 

as inputs into the two carbon footprint calculators produced consistent reductions of 63% 

(24.88 to 9.3 MTCO2e/yr for Carbonfootprint.com) and 64% (28 to 10 MTCO2e/yr for 

Nature Conservancy). These findings are listed and illustrated below in Table 6 and Figure 4, 

respectively. 

 Projections of stepwise population wide adoption of the 75% DHS demonstrates 

reductions in total and per capita emissions to 2.13 GtCO2e/yr and 5.45 MTCO2e/yr, 

respectively. These reductions exceed the reductions projected by the MINICAM Level 1 

model, which provides the “best case scenario” for US emission modeling. EIA and IGSM 

reference model projections of total and per capita emissions to 2035 either increased or were 

relatively unchanged. These findings are listed and illustrated below in Table 7 and Figures 5 

and 6, respectively. 

 Applying the estimated reductions in disease prevalence to the standardized DHS 

adopting population demonstrated the relationship between disease prevention and 

greenhouse gas emission reduction which might be possible by utilizing this direct health 

oriented approach. Reductions in chronic disease prevalence parallel reductions in 

greenhouse gas emissions (Table 8 and Figure 7). 
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Figure 2. Per capita emission comparison of DHS with EPA systems reference and 
online carbon footprint calculators. 
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Figure 3. Component contributions to per capita emission calculations for DHS, EPA 
systems reference, and online carbon footprint calculators. 
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Table 6. Component Value Outputs for DHS and Online Carbon Footprint Calculators 

Calculation 
Model 

US Per 
Capita 
Total 

Electric/
HVAC Goods Food Trans 

(auto) 
Trans 
(air) Infrast. Sequestration Sinks. Greenfield Other Name 

Direct Health Scenario* 
  23.36 8.45 6.61 3.13 5.6 1.2 0.24  -2.9 1.03  DHS Average 
  12.28 7.02 5.69 0.21 3.12 0.6 0.24 -1.7 -2.9   DHS 50% 
  6.49  6.32 5.18 -1.24 1.14 0.3 0.24 -2.55 -2.9   DHS 75% 
Online Carbon Calculators 
Carbon Footprint (www.carbonfootprint.com)* 

   
Includes 
Food:           

  24.88 7.91 10.19  5.33 1.03      Carbon Footprint Average 
  14.27 6.92 4.09  2.57 0.69      Carbon Footprint 50% 
  9.3 6.43 1.61  0.92 0.34      Carbon Footprint 75% 
The Nature Conservancy (www.nature.org)* 
  28 11  4.1 11.2 1.1     1.2 Nature Conservancy Average 
  17 8.8  1.3 5.3 0.7     0.8 Nature Conservancy 50% 
  10 6.9  0.6 1.9 0.4     0.5 Nature Conservancy 75% 
*values in MTCO2e/person/yr. 
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Figure 4. Comparison of carbon footprint calculator outputs with DHS based on DHS 
inputs. 
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Table 7. Calculation for IGSM, MiniCAM, EIA, and DHS CO2e Emission Projections 
Region Sub Category Variable Run Label Units 2008 2009 (est) 2010 (est) 2015 2020 2025 2030 2035 

U.S. Anthropogenic 
Emissions 

Fossil and Other 
Industrial CO2  IGSM_REF gigatonnes of C     1.82   2.10   2.39   

U.S. Anthropogenic 
Emissions 

Fossil and Other 
Industrial CO2 GtCO2 IGSM REF      4.85   5.61   6.38   

U.S. Anthropogenic 
Emissions Total CO2e IGSM REF GtCO2e     6.06   7.19   8.15   

U.S. Population   IGSM REF billion 0.304 0.308 0.309   0.334   0.359   
U.S. Per Capita Emissions   IGSM REF MTCO2e/person/yr     19.610   21.530   22.700   

U.S. 
Per Capita Emissions 
Adjusted to 2011 Short 
Term EIA 

  IGSM REF 
Adjusted MTCO2e/person/yr 19.2 17.900 18.400 19.310 20.220 20.770 21.320 22.330 

    Standardizing ratio:                     

U.S. 
Total Emissions 
Standardized Population 
(EIA) 

  IGSM REF Stand 
Pop GtCO2e 5.84 5.510 5.720 6.330 6.940 7.470 8.000 8.750 

                          
                          

U.S. Anthropogenic 
Emissions All GHGs MINICAM_Level1 Total GtCO2e   5.380  4.750  3.660  

U.S. Population Population MINICAM_Level1 billion   0.310  0.334  0.354  
U.S. Per Capita Emissions   MINICAM_Level1 MTCO2e/person/yr   17.35  14.22  10.34  

U.S. 
Per Capita Emissions 
Adjusted to 2011 Short 
Term EIA 

  MINICAM_Level1 
Adjusted MTCO2e/person/yr 19.2 17.9 18.40 16.74 15.07 13.02 10.96 9.26 

  Standardizing ratio:     1.060      

U.S. 
Total Emissions 
Standardized Population 
(EIA) 

  MINICAM_Level1 
Standardized GtCO2e 5.84 5.51 5.720 5.440 5.170 4.640 4.110 3.590 

U.S. EIA Total emissions   EIA Proj GtCO2e 5.839 5.51 5.510 5.720 5.870 6.030 6.190 6.330 
U.S. EIA Population Standard Population EIA Proj billion 0.304 0.3075 0.311 0.327 0.343 0.359 0.375 0.391 
U.S. EIA Per Capita Emissions   EIA Proj MTCO2e 19.2 (EIA) 17.9 17.700 17.500 17.100 16.800 16.500 16.200 

U.S. EIA 
Per Capita Emissions 
Adjusted to 2011 Short 
Term EIA 

  EIA Proj Adjusted MTCO2e/person/yr 19.2 17.9 18.400 18.200 17.780 17.470 17.160 16.850 
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Table 7. Continued 
Region Sub Category Variable Run Label Units 2008 2009 (est) 2010 (est) 2015 2020 2025 2030 2035 

U.S. EIA Total Emissions 
Standardized   EIA Proj 

Standardized GtCO2e 5.84 5.51 5.720 5.950 6.100 6.270 6.440 6.590 

U.S.  Total Emissions   HEALTH GtCO2e 5.839               
U.S.  Per Capita Emissions   HEALTH MTCO2e 23.26 23.26 23.26 17.77 10.84 8.91 7.25 6.49 

U.S.  
Per Capita Emissions 
Adjusted to 2011 Short 
Term EIA 

  HEALTH Adjusted MTCO2e/person/yr 19.2 17.9 18.4 14.06 8.57 7.05 5.73 5.13 

 Standardizing ratio:       0.791      

U.S.  Total Emissions 
Standardized Population   HEALTH 

Standardized GtCO2e 5.839 5.51 5.72 4.6 2.94 2.53 2.15 2.01 
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Figure 5. US per capita CO2e emission projections by scenario adjusted to 2010 
estimated starting emissions. 
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Figure 6. US total CO2e emission projections by scenario with standardized population. 
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Table 8. Projected Population Disease Prevalence 

Disease 
Ave. % 

Prevalence 
US Adults  

2010 2015 2020 2025 2030 2035 2040 

HTN 24.2 24.2 23 18.2 10.67 8.76 7.23 7 
CAD 6.3 6.3 6.4 6.3 4.73 2.78 2.29 1.79 
Stroke 2.8 2.8 2.8 2.6 2.1 1.24 1.01 0.79 
DM II 8.1 8.1 6.15 5.07 2.96 2.3 2.2 2.1 
Obesity 35 35 26.25 15.44 12.68 9.91 9.5 9.2 
Low Back Pain 27.2 27.2 20.4 12.04 9.92 7.8 7.3 7 
Health Scenario Emissions GtCO2e 5.72 4.6 2.94 2.53 2.15 2.01 2 
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Figure 7. Projected disease prevalence with projected CO2e emissions with a 
standardized population. 
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CHAPTER 4 

DISCUSSION 

 The above review and analysis provides multiple lines of evidence which all converge 

toward the conclusion that human health (organism health in general) and ecosystem health 

are interdependent and manifest through the continuous co-evolution of gene-environment 

concordance. Therefore, ecosystem health and human health represent categorical domains of 

a single entity of scale-free health. The common origin of both domains of health is 

human-environment interaction. By adopting or simulating human-environment interactions 

which resemble evolutionary interactions, gene-environment concordance and health can be 

improved in human and ecosystem, simultaneously. This does not suggest, however, that a 

healthy way of life must exactly imitate an evolutionary way of life. The characteristics of a 

future which succeeds at dramatically improving health cannot be predicted and will likely 

not resemble the evolutionary past from most vantage points. The critical element of a 

healthy future is concordant human-environment interactions. It does not matter how the 

pieces of the puzzle are cut, so as long as they complementarily realize the picture. 

Nonetheless, many of the elements which are likely to enhance gene-environment 

concordance are taking shape today. Deriving a diet from local, seasonal, organic agriculture, 

using active transportation such as walking, running, or bicycling, utilizing local resources 

and services, building housing structures and building which maximize natural lighting and 

climate control, minimizing the use of synthetic chemicals and processed materials, and 

preserving the natural environment are all examples of lifestyle (or environmental 

interaction) choices which are gaining popularity and begin to improve gene-environment 

concordance. These changes alone, although powerful, are insufficient. Much more can be 

done. 

 The above discussion of evolutionary human-environment interactions demonstrates 

that the human species has adapted to a wide diversity of environments and environmental 

variability. This should be encouraging as it suggest that the range of environmental 

variability and interaction variability consistent with gene-environment concordance is 
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extremely large. Therefore, the potential to simulate and recover gene-environment 

concordance in modernity is high. Much of this range of variability is facilitated by 

genetically potentiated epigenetic adaptability such as phenotypic plasticity and 

psycho-social-cultural adaptations, as described above. As the ability of these adaptive 

systems to maintain efficacy and resilience in an environment become exhausted, the need 

for genetic evolution through natural (or artificial) selection is increased. Both the 

archeological evidence and the current burden of disease and environmental degradation 

suggest that this situation has been in development for thousands of years. And some genetic 

evolution has occurred, though it has yet to dramatically improve gene-environment 

concordance. The hemoglobin adaptations to malaria discussed above offer the most studied 

example, yet we call these adaptations “diseases.” It is clear that re-establishing 

gene-environment concordance and human health while maintaining current genomics, and 

avoiding the tremendous loss of life involved with punctuated leaps in genetic evolution, is 

preferable. 

 Much of the human-environment interactions explored in the introduction included 

the perspective of biological affinity and preferences as co-evolved traits able to guide one 

towards optimizing these interactions moment to moment. The recognition that every 

individual person possess deeply rooted somatic wisdom shaped over millions of years of 

co-evolution suggests that a powerful means to non-technological and no cost individualized 

health optimization may exist. This is an area deserving of significant research in the future. 

It is also an approach which any person can begin to utilize for the betterment of personal 

and planetary health. It only requires re-connecting one's mind with one's body and 

interpreting these impulses and affinities in a natural and evolutionary context rather than an 

industrialized context. It should be obvious that health is improved when one's thirst leads to 

rehydration, fatigue leads to rest, somnolence leads to sleep, hunger leads to food, and etc. It 

is highly possible that the human body can direct itself towards health in much more subtle 

and specific ways as well. Resurfacing interests in mind-body techniques, ancient eastern 

philosophies, and the western philosophy of phenomenology are poised to help facilitate this 

reconnection to the body. It is unclear how often the popularized versions of these 

explorations achieve the profundity of which they are capable, however. Prefacing their 



 

 

103 

practice with, ironically, a rationalization of the incredible potential of one's co-evolved 

somatic wisdom may help generate a greater commitment to really seeking embodiment. 

 The holistic co-evolutionary perspective has powerful implications for all aspects of 

humanity. For the individual person, evolutionary human-environment interactions provide a 

template for a healthy way of life. For medical and health researchers, the evolutionary 

template offers a prolific hypothesis generator to direct future research and innovative 

inquiries. For the environmental conservationists, this perspective offers the indirect and 

parsimonious route of individual health as an approach to ecosystem health. For policy 

makers and corporate leaders, this perspective offers an approach to addressing root causes, 

synergistically using resources for more healthful living, and understanding the complexity 

of unintended consequences. As proposals to improve public health and mitigate global 

climate change undergo intense scrutiny and debate, the gene-environment concordance 

hypothesis and the components of the DHS deserve consideration. The above analysis 

suggests that facilitating the pursuit of individual health through gene-environment 

concordance on a national scale may have climate change mitigating effects which surpass 

those of renewable non-fossil fuel energy sources, mandated energy use reduction, and 

mandated land conservation. Further, these powerful changes can emerge from an invested 

public and subsequent societal and economic demands, rather than from top-down policy. 

The result may be a more unified populous bonded by the common interests of health, 

wellbeing, and happiness as achieved through an optimized individual ecology. 

 Perhaps the most empowering implication of the evolutionary and direct health 

perspective, however, is the realization that individual human-environment interactions not 

only shape an individual's health or disease, but shape the health or disease of the individual's 

environment including other humans, organisms, ecosystems, and the biosphere. This 

suggests, then, that one can do nothing better for the world than maximize one's own health. 

This “self-realization” approach to improving the world has been well respected and effective 

throughout ancient times and modern history. Mahatma Gandhi's actions illustrate the power 

of self improvement as world improvement. Gandhi realized that the problems present in 

India during British Colonial rule were also present within his own self and the boundaries 

between the personal and the global are really artificial (Fischer, 2002). The self is a 

microcosm of the world and to change oneself is to change the world. 
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 A number of limitations are present which challenge the precision of this analysis. 

Research on quantifying GHG emissions from the consumption of various materials, 

products, fuels, lands, and other resources is rapidly advancing yet still in its early stages. 

Emissions from product life-cycle analyses are still rare and agreement upon total emissions 

and conversion factors per unit consumed of various resources, while often similar, remains 

limited at high levels of precision. This lack of life-cycle data is particularly striking in 

regard to the GHG emission from the consumption of foods and goods (Weber & Matthews, 

2008). The use of diverse and multiple sources of input data as well as comparisons against 

carbon footprint calculators helps to account for this variability and validate the accuracy of 

emission calculations and measurements. These calculations, however, represent a 

comprehensively average individual in the US, which likely includes characteristics not 

possessed by any real individual in the US For example, energy source utilization is heavily 

influenced by geographic location and often exclusive of other fuel types. It is likely that no 

individual in the US uses the per capita average of electricity, natural gas, propane, fuel oil, 

and wood each year. A further weakness includes the use of the “Inventory of US 

Greenhouse Gas Emissions and Sinks” to generate a systems perspective on emissions, 

which limits the end user analysis to consumption of domestically produced resources only, 

excluding imported resources consumed within the US and including exported resources 

consumed outside the US. This underestimates the total emissions and change in emissions 

due to the fact that the US imports a large amount of resources (EPA, 2009). 
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CHAPTER 5 

CONCLUSION 

 Human health appears to be holistically interdependent with the health of the natural 

environment, and mediated by human-environment interactions. Adopting human-

environment interactions which are consistent with gene-environment concordance has the 

capability to greatly improve health, person to planet, with immediate benefit to the 

individual. The Direct Health Scenario modeled in this report produced a 66% reduction in 

total US greenhouse gas emissions and a corresponding 73% average reduction in the 

prevalence of several chronic diseases simultaneously. While research and confirmatory 

evidence for this health oriented perspective is diffuse, it is convergently robust and 

introduces a powerful and universally purposeful approach to improving the global condition. 

Therefore, more research in indicated to more precisely understand the connections between 

proximal or individual health and ultimate or global health. The modern economic and 

industrial systems introduce tremendous complexity to the scale free entity of health. Yet, the 

modern production of information is equally complex and prolific. A coordinated effort to 

understand the web of effects produced by a single individual's interactions has the potential 

to establish a more holistic understanding of the world which may reshape, evolve, or 

revolve, the relationship between humankind and nature. 
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 Humankind currently faces numerous challenges which threaten multiple domains of 
health. These challenges are typically approached as independent problems in need of 
independent solutions developed within independent disciplines targeting a specific domain of 
health. Personal health, public health, global health, and ecosystem health are just a few of these 
domains of health. This thesis argues that a gene-environment concordance approach to 
improving individual health simultaneously improves public, global, and ecosystem health, and 
attempts to illustrate this through projecting the nationwide adoption of basic elements of gene-
environment concordance and translating this to greenhouse gas emissions as a representation of 
global ecosystem health or biospheric health. Environmental interactions consistent with gene-
environment concordance were inferred from those common to the environment of evolutionary 
adaptedness and several very basic components were selected for modeling. These components 
included changes in diet, transportation and physical activity, sleep duration and timing, indoor 
temperature control, and consumer activity. greenhouse gas emissions related to these human-
environment interactions were calculated from national databases of greenhouse gas inventories 
or converted from economic and demographic data using common conversion values. The 
related changes in greenhouse gas emissions from the national average were used to construct the 
Direct Health Scenario of future U.S. emissions. These emissions were compared with available 
national greenhouse gas emissions for fossil fuel intensive and alternate fuel intensive scenarios. 
The Direct Health Scenario emissions were also compared to estimated changes in the national 
prevalence of selected chronic diseases. This exploration shows that the partial adoption of 
several basic human-environment interactions. by the majority of the U.S. population would 
dramatically reduce chronic disease prevalence and simultaneously reduce greenhouse gas 
emissions well below those projected by available "best case" models. The Direct Health 
Scenario produced a 66% reduction in total U.S. greenhouse gas emissions and a corresponding 
73% average reduction in the prevalence of several chronic diseases. These relationships suggest 
that the entity of health is scale-free, human health and ecosystem health are interdependent, and 
multiple challenges of modernity can be addressed simultaneously. 
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