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Species are going extinct as has been the case over 

geological history owing to dynamics such as cli-

mate change, plate tectonics, or bolide impact with 

the earth (e.g., Raup 1989). Now, current extinction 

rates are arguably abnormal. Whether or not they 

are abnormal, they are being compared to mass 

extinction events that have occurred over geo-

logical history (e.g., Brown 1995, Diamond 1984b, 

1989, Knoll 1984, Raup 1984, Raven and Cracraft 

1999, Simberloff 1986b, Wilson 1985a,b). Loss of 

forests and grasslands are seen as responses to 

human influence. Reduced geographic ranges, 

increased abundance among pests, and problems 

related to diseases, parasites, and other micro-

predators are often seen as anthropogenic, as 

are declines in body size and trophic level, and 

increases in population variation. The observed 

changes may well represent abnormality for these 

ecosystems (e.g., MEA 2005a,b, Turner et al. 1990, 

Woodwell 1990a, World Conservation Monitoring 

Centre 1992).

In terms of human values, the benefits to humans 

of such change are usually interpreted as negative 

impacts on ecosystems. The impacts on ecosystems 

are often actively sought as a means of meeting 

short-term, local, or individual human needs. These 

include the production and distribution of agricul-

tural products (especially food for humans, often 

locally in surplus), and space for living and trans-

portation of the current population of humans. 

Risks, as we evaluate them, are exemplified by loss 

of goods and services, and the effects of pests and 

parasites in altered ecosystems, especially in the 

long term. These entail not only the easily recog-

nized negative (in human value systems) effects of 

starvation, pain, death, and any resulting social dis-

ruption. However, they also involve the real risk of 

extinction—not only that which we observe among 

other species, but also that of our own. Over 99% 

The following material is Appendix 6.1 
for Chapter 6 of: Fowler, C.W. 2009. 
Systemic Management: Sustainable 
Human Interactions with Ecosystems 
and the Biosphere.Oxford University 
Press

1 Identifying human elements in 
needed management

To apply systemic management, the tenets listed 

in Chapter 1 (Christensen et al. 1986, Fowler 2003,  

Fowler and Hobbs 2002, Fowler et al. 1999, Holt and 

Talbot 1978, Mangel et al. 1996, McCormick 1999; 

see also Appendix 4.3) cannot be ignored. The 

principles behind these tenets are clear and their 

requirements are to be fulfilled— simultaneously, 

consistently, and fully. No matter what form of 

management is being used, problems are to be 

identified through assessment, causes are to be 

ascribed (especially potential human contribu-

tions), and options for action identified.

In systemic management, frequency distributions 

(patterns) revealing abnormalities would be devel-

oped, whether they expose problems over which 

we have no control, or related problems over which 

we do have a measure of control (ourselves). The 

management questions will always be questions 

regarding how humans can fit in rather than how 

to make already overtaxed systems meet unrealis-

tic human needs. The complexity to be accounted 

for would simultaneously involve individuals, spe-

cies, ecosystems, and the biosphere, because none 

can be ignored. The identification of problems and 

tracing their origins to human contributions where 

we can take action are processes exemplified in the 

literature as reviewed below.

At the ecosystem level, changes observed are 

often ascribed to humans activities (Appendix 4.2) 

and emphasize the need to manage differently. 

Appendix 6.1
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costs in human life, energy, and effort. The genetic 

effects of our harvest and agricultural production 

of resources have unintended consequences, most 

of which have yet to be documented, and many of 

which will remain unknown.

Increased virulence can be expected to evolve 

in pests associated with monocultures of agricul-

tural species (Farnworth and Golley 1974). Thus, as 

the human species itself becomes more of a mono-

culture through increasing density, especially in 

cities, it is not surprising to see increasingly chal-

lenging problems caused by diseases (Garrett 1994) 

and the threat of more (Webster and Walker 2003). 

More than a thousand species prey on humans and 

will undergo evolutionary modifications some of 

which will involve increased impact (Table 6.3). In 

addition, there are numerous species capable of 

attacking humans that occur (yet to be identified 

or discovered) in the ecosystems of the world with 

which humans are increasingly coming into con-

tact (and modifying). As with other species in this 

regard, the human relationship with ecosystems 

entails at least two components. One is phenotypic 

(ecological mechanics) wherein disease organisms 

limit human numbers. The other is genetic with at 

least two components: other species and humans. 

Disease species evolve to exhibit greater effects 

(evolutionary processes raising risks of dramatic 

human population declines as those experienced 

in the past and even extinction). Diseases are also 

involved in the process of natural selection; humans 

without genetically resistant immune systems are 

selectively more vulnerable.

Increasing incidence of diseases as the human 

population increases is already being noted. 

Human diseases that have recently challenged epi-

demiologists includes Legionnaires disease, Lyme 

disease, Bengal cholera, E. coli O157, Hantavirus, 

Ebola virus, Cryptospiridium (intestinal parasite), 

streptococcal bacteria, new strains or multidrug 

resistant forms of Staphylococcus aureus (MRSA), 

filovirus (Africa, Philippines, Germany), west Nile 

virus, tuberculosis, and the new strains of diseases, 

like flu and severe acute respiratory syndrome, 

that appear each year (see Curson 1989, Dowdle 

1993, Garrett 1994, Gibbons 1993, McMichael 1993, 

Morse 1993a,b,c, Webster and Walker 2003). Over 

the course of history, diseases have dramatically 

of all other species have gone extinct and there is 

little reason to expect that humans are different 

in this regard (Boulter 2002), especially in view 

of a history of human societies that have suffered 

extinction or near-extinction (Brown 1995, Catton 

1980, Costanza et al. 2007, Diamond 2004, Lollar 

1991, Whitmore 1980). Knowledge of the risks and 

how we may be increasing them is important (even 

if only to emphasize that such risks are accounted 

for in the integrative nature of natural patterns). 

Through regulation to avoid abnormality for our 

species, the tradeoffs among various risks are dealt 

with to achieve as much sustainability as possible 

for all systems involved.

There are costs, both as changes scientists 

observe and as problems identified in human 

value systems. These are incurred in both modi-

fying ecosystems and then in maintaining them in 

modified form (Allen and Hoekstra 1992, Pimentel 

et al. 1993)—resisting the homeostatic forces of 

such systems. Some of these costs are documented 

by Pimentel et al. (1992). Pest control, for example, 

is a form of population level management that 

attempts to maintain an ecosystem state necessary 

for agricultural monocultures. The manufacture 

and application of pesticides is costly ($20 billion/

yr worldwide in 1990; Pimentel et al. 1993). It is 

estimated that more direct costs from the effects of 

pesticides include 20,000 human deaths annually 

worldwide. Associated human health problems 

include mental impairment and immune dysfunc-

tion, a problem that extends to domestic livestock. 

Pesticides destroy other nontarget species includ-

ing natural predators and parasites of the target 

pests and species of more direct benefit to humans 

such as honey bees and other pollinating insects 

of importance to food production (Perkins 1982). 

Also affected are aquatic systems and associated 

organisms.

Micropredators and microherbivores that use 

humans and their resource species as hosts (or 

as prey) evolve antibiotic and pesticide resistant 

strains (Garrett 1994, Georghiou 1990). Ecosystems 

that have been modified react over evolutionary 

time scales (periods that may be only a few years 

or even months for short-lived species) to prod-

uce changes, some of which will be forms that 

are more difficult to control resulting in greater 
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overharvesting commercial fisheries, pollution, 

habitat destruction, and introduction of exotic spe-

cies (especially pest species), are primarily human 

activities. The acidification of marine waters, global 

warming, acid rain, and human-related changes 

in ozone layers, in their impact on ecosystems are 

human-caused changes in the physical environ-

ment. Many changes in the marine environment 

are attributable to humans (Halpern et al. 2008) 

through overfishing, CO
2
 production, and pollu-

tion. Housing, roads, airports, cities, businesses, 

factories, irrigation canals, and other such man-

made structures displace other species, reduce 

their geographic ranges and population sizes, and 

introduce gaps in their habitat and distribution.

Coe (1980) suggests that man affects “ . . . more in 

Africa than animal distribution and abundance; he 

is disrupting and destroying entire habitats. . . . . It 

would be foolhardy to suggest that man has been 

solely responsible for the formation of the savan-

nah, but it would not seem unreasonable to suggest 

that he has been the primary agency in the erosion 

of the forest and dense woodland margins and, 

therefore, has been a primary force in the exten-

sion of the Sahel zone”. Andrewartha and Birch 

(1984) indicate that “ . . . cause for extinctions seems 

to be the destruction of habitat by burgeoning 

populations of Homo sapiens”. Allen and Hoekstra 

(1992) say that “The nonequilibrial nature of the 

modern world is something that emerges when 

we try to describe ecological systems in terms of 

the old parts of the biosphere that existed before 

the human population explosion. . . management 

itself explicitly holds the system away from equi-

librium”.

Most human activities (i.e., consumption, waste 

production, occupation of space) are natural func-

tions in any ecosystem as for all species. The prob-

lem is not the mere presence and activities of the 

human species. The problem is the abnormal mag-

nitude of so many of these processes and, unavoid-

ably, their effects. As a species, humans are (and 

human values maintain that we should remain) 

a natural part of ecosystem. This is a requisite of 

Management Tenet 1; but this tenet is not basis for 

ignoring Management Tenet 5—being an abnor-

mal part is a problem. The magnitude of impacts 

are important to address,4 and cannot be dealt with 

reduced various populations of humans, some 

apparently to extinction.1 Today, the emergence of 

new diseases through mutations, sharing genes for 

antibiotic resistance or virulence (e.g., by way of 

plasmid transfer and conjugation among bacteria), 

and chronic exposure to antibiotics is a source 

of serious concern to epidemiologists in light of 

human population densities, mobility, and com-

promised immune systems (Garrett 1994, Webster 

and Walker 2003). Mutation resulting in AIDS, 

Ebola, or other virus capable of being transmitted 

by minimal physical contact or in aerosol media 

(sneezing, etc.) could produce effects at least as dra-

matic as past epidemics. Evolution of an extremely 

virulent influenza virus (much as happened dur-

ing World War I, Garrett 1994) could do likewise.2

Increased contact with pre-existing species 

of diseases and parasites is related to increasing 

population size and resulting expansion of geo-

graphic range. The evolution of new strains is also 

not unusual and is expected more often in species 

with short generation times. If new strains are 

arising at increasing rates, however, a different 

ecosystem-level change is in effect. The increasing 

numbers of treatment resistant strains and micro-

 organism-based diseases may represent such a pos-

sibility (Garrett 1994). Their numbers and abilities 

to develop new forms threaten to overwhelm exist-

ing disease control efforts and certainly to increase 

the monetary costs of such “control” (Garrett 1994, 

Webster and Walker 2003).

Significant changes in the world’s ecosystems 

are not only posing problems for humans, both 

as individuals and as a species, but are also prob-

lems for other species. Nearly all scientific evalua-

tions of the current state of the world’s ecosystems 

express concern regarding observed changes 

(e.g., MEA 2005a,b, Turner et al. 1990, Union of 

Concerned Scientists 1992, Woodwell 1990a, World 

Conservation Monitoring Centre 1992). There is 

motivation for identifying the causes of the changes 

observed in the world’s ecosystems—specifically 

the human contributions wherein we have a modi-

cum of  control.

One of the main contributors to observed ecosys-

tem changes is, to most people, obvious: humans.3 

Forests, grasslands, and steppes are modified for 

agricultural purposes by humans. Deforestation, 
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Calls for international response to the problem of 

overpopulation have been generated jointly by a 

variety of conservation associations, environmen-

tal organizations, and more specialized groups 

long concerned about the issue of overpopulation 

(Alper 1991).

The examples of abnormality in this chapter 

include population size as one issue for man-

agement. Systemic management would not be 

complete without taking action that results in 

population reduction, although doing so directly 

may be less advisable, from a systemic perspec-

tive, than letting the systems of which we are a 

part function so as to result in a reduction. Similar 

standards would apply if we were concerned about 

underpopulation and the risk of extinction from 

too few  individuals.

Notes

“McNeill’s law” refers to the disease facilitated spread 1. 
of imperialistic peoples (Crosby 1986). Diseases such as 

smallpox, measles, typhus, scarlet fever, and venereal 

diseases reduced native populations to such low levels 

that there was little resistance to occupation of their 

lands by explorers. The Guanches of the Canary Islands 

appear to have been driven to extinction by imported 

diseases after their population increased beyond the 

capacity of the land to support them. Another example 

of such an extinction may have been the Arawaks of the 

West Indies. Other reductions in human populations 

have resulted from epidemics of endemic diseases. Black 

Death, a plague, may have killed one-third of the popu-

lation of Europe during the mid-1300s, with death rates 

highest in crowded cities (Crosby 1986, Garrett 1994). In 

Norway and Iceland, two-thirds of the population may 

have died. The population of China declined by nearly 

50% (see also, Catton 1980, Costanza 1995, Diamond 1986, 

Ehrenfeld 1993, Ponting 1991, Tainter 1988, and Yoffee 

and Cowgill 1988).

Perhaps of more concern is the risk that such things 2. 
will happen by purposeful human design in biological 

warfare (or bio-terrorism exemplified in a number of 

novels published in the 1990s, and real-world events wit-

nessed in the early part of the 21st century).

If there is any doubt concerning the impact attrib-3. 
utable to humans, a reading of many of the references 

found in the bibliography of this book should be convin-

cing (e.g., the appendices of this chapter, Appendix 4.2; 

Andrewartha and Birch 1984, Arizpe et al. 1994, Bloom 

independently of the population issue. As Ehrlich 

and Ehrlich (1990) and others5 have stressed, the 

magnitude of human impact includes the effects 

of: 1) human numbers and 2) the extent of per cap-

ita contributions. Both species- and individual-

level issues are involved.

Life style, consumption rates, and technology 

contribute to determining the extent to which 

humans exert influence on their environments. 

Consumption is not alone; production of chemicals, 

pollutants, CO
2
, and waste are also involved but do 

not complete the list of such factors. Technology 

entails the expression of human tool-using capaci-

ties supported by energy, primarily from hydroe-

lectrical sources, petroleum, and coal.6 Technology 

is not related simply to population numbers, but 

it would seem that certain intermediate popula-

tion levels might support more per capita tech-

nology than either very small or very large ones.7 

Regardless of the technological magnification, the 

more humans, the greater the total impact. The 

impact of simple numbers is increased by per cap-

ita influence in cultures with technology. Again, 

both the size of the human population and per cap-

ita elements are important.

The concept that the human population may 

be too large and is one major contributing factor 

in environmental deterioration is nothing new in 

the minds of most scientists (Appendix 6.2) nor 

over human history (Costanza et al. 2007, Redman 

1999). A variety of scientific organizations have 

published resolutions identifying the size of the 

human population as a basic problem. In 1970, for 

example, the American Society of Mammalogists 

(Am. Soc. Mamm. 1970) published a “Resolution 

on Population Growth”. In 1960, and again in 1991, 

the American Association for the Advancement of 

Science (AAAS) passed resolutions regarding over-

population. The 1991 resolution states “ . . . growth 

of the human population contributes directly to 

human suffering throughout the planet, impedes 

sustainable economic development, increases 

international tensions, and exacerbates environ-

mental degradation that endangers the survival 

of the human and many other species . . . ” (Lollar 

1991). The Union of Concerned Scientists (1992) 

published a warning to humanity regarding the 

effects of overpopulation (Ehrlich and Daily 1993). 
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that they meet their basic needs (food and shelter). Little 

latitude would exist in such a population for special-

ization (e.g., to run computers, fly airplanes, manage 

fisheries, train physicians, publish books, administer 

universities, build satellites, construct solar energy col-

lectors, or drill oil wells). To the extent that these rela-

tionships are more general, then, the per capita influence 

humans are capable of exerting shows an increasing rela-

tionship to population size. (Note that populations such 

as that of China have not realized the potential for per 

capita influence that have materialized in other coun-

tries.) There must be a maximum to this relationship 

beyond which human endeavor is increasingly channeled 

to deal with the negative impacts of excessive population 

(problems associated with physical and mental health, 

social upheaval and unrest, conflict over resource util-

ization, food production and distribution, and fighting 

diseases and parasites).
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