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Introduction
Evolution is a slow process, involving stochastic changes
in DNA, followed by trial through survival and reproduction. Mutations in long-refined DNA codes are unlikely
to make an organism more fit. However, over millions
of years, innumerable mutations gave rise to increasingly competitive, biodiverse life forms that made the
Earth’s ecosystems liveable, resilient and fascinating.
Thus, in healthy ecosystems of the ‘real world’ to which
we evolved, natural biotic and abiotic resources produced
a self-renewing symphony of energy and nutrient transfers, growth, reproduction and decay to enable microbial, plant and animal life forms to thrive together for the
long term. Increasingly, however, we live in the artificial
world of human heavy-handed modifications – one which
is increasingly unstable and which has begun to fail to
provide the regulated climate, clean air and water, fertile
water-retentive soils and natural controls on disease that
have made our development and that of a multitude of
other species possible, sustainable and delightful.
For most of human history, small groups of Homo sapiens lived as hunter-gatherers. As with other omnivores,
our ancestors presumably helped cull sick and weak animals and dispersed the seeds of food plants, while they
also made temporary clearings for homes that were employed by ‘edge-specialist’ species. Accordingly, it seems
likely that their net effect was to enhance biodiversity.
Today, however, humans are rapidly depleting biodiversi-

ty, but continuation of downward trends is not inevitable.
Because we live in a time of vastly degraded habitats and
depleted native biota, with relict populations of a number
of species still present in the wild, and because there are
new tools at hand for more astute research and management, we have splendid opportunities to foster ecological
recovery. Done well, ecological recovery would support
not only improved health of wildlife, domestic animal
and human populations, but also economic wellbeing.
The question is how we can best apply our knowledge,
wisdom, effort, innovation, governance, and investment
to counteract ecological destruction, which in our view is
the greatest crisis in recorded history.
The Problems – Human and Environmental
Despite ecological resilience, five major extinction events
have prompted marked reductions in biodiversity. None
of these were related to the activities of man. The current
sixth extinction event, however, began with the development of modern hunting cultures, accelerated with the
agricultural revolution and proceded even faster with the
ongoing industrial revolution.
Twelve thousand years ago, North America could be
thought of as a ‘super-Serengeti’ with amazing megafauna (more than Africa). Condor-like birds with a 5-meter
wingspan, ground sloths as big as hippos, elephant-like
mastodons and mammoths, giant beavers, giant armadillos, “American cheetahs”, several other species of big
cats, giant wolves, giant bears, peccaries, antelope-like
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Figure 1.1. Estimated global human population growth from 10,000 BC to 2000 AD. Source: EI T, (Wikipedia, 2010).

pigs, assorted camelids, several species of pronghorn antelopes, deer, stag moose, shrub-ox, Harlan’s muskox, bison, tapir, and horse species, roamed across the continent.
About eleven thousand years ago, roughly 95% of the
mega-fauna were wiped out. There are two principal theories cited to explain this phenomenon: i) global warming with hotter summers and sometimes colder winters
at the end of the Pleistocene, which would have contributed to off-schedule reproduction in plants and animals,
and ii) efficient stone-age hunting by Paleo-Indians, who
were widely employing arrows, spears and fire for hunting the larger animals of North America.Changes arising
from the overkill of mammoths and mastodons would
have contributed to expansion of forest cover and related
food deprivation for grazing species and their predators.
Eventually, humans began burning large areas of the landscape to increase grazing lands for species such as bison.
Fires, of course, remove understory vegetation which deprives browsing species of food resources. A third theory
relates to widespread diseases, some of which may have
been transferred from Asia to North America via traffic of
14

humans, their dogs, and perhaps their chickens across the
“land bridge” made possible by the trapping of ocean water in glacial ice. A fourth theory involves an asteroid-induced or massive comet-induced inferno. In the authors’
opinion, a combination of factors likely caused many of
the extinctions.
Humans evolved in the presence of many species of
African megafauna, many of which presumably had sufficient time to evolve defensive behaviours and thus to avoid
extirpation by increasingly powerful homonids. However,
even in Africa today, megafauna represent only about 70%
of the genera that existed in the mid-Pleistocene era. About
50 genera disappeared from Africa forty thousand years
ago, coincident with maximal advancements of Stone Age
hunting cultures. By contrast, megafauna outside of Africa
are believed to have been caught defenceless by a newlyarrived effective hunting culture, and the people happening
upon strange new species may have been more startled by
and thus more lethal to them.
After the elimination of a number of large species
around the world that followed the spread of ‘modern hunt-
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ing cultures’ across the globe and the devastating loss of
important key species, extinction events became increasingly common. These were exacerbated by the domestication of crop plants and animals, leading to the spread of
agriculture. More recently, the process accelerated further
due to human population growth related to increased food
supply, limits imposed on warfare, improving health care
and inadequate birth control (Figure 1.1). The vast expansion in human numbers, coupled with greatly increasing
resource consumption per individual related to the industrial revolution, the rapid development of modern marketing, and globalisation of the world economy are currently
devastating the Earth’s life support systems.
Wildlife cannot manipulate ecosystems and isolate
themselves from ecosystem conditions in the manner
of human beings. Instead, they integrate environmental
change and, as a result, serve as vital sentinels of ecosystem health. At present, the signals they are sending
are disturbing indeed. We are currently in the midst of an
accelerating ‘Global Biodiversity Deficit,’ in which extinction rates have been estimated to be 100-1,000 times
faster than before humans existed. Of groups evaluated
across the planet, 32% of fish, 30% of amphibian, 28%
of reptile, 21% of mammal, 27% of coral, 35% of crustacean, 12% of bird, 26% of insect, and 45% of mollusc
species are threatened with extinction (IUCN, 2010).

Summary of Problems
According to Albert Einstein, modern societies are guilty
of “Perfection of means and confusion of ends.” This infers that despite our industrial, agricultural, economic,
and cultural innovations, societies need to refocus on
sustainability and ecological renewal: i.e. ends that make
sense. Specific ‘Big Drivers’ that are increasingly recognised as interacting to aggravate the Earth’s sixth extinction event (equivalent to Wilson’s bottleneck below) are
societal factors that:
1 Promote human population growth.
2 Stimulate resource consumption per individual (the
aspiration bomb).

3 Enable over-harvest, such as through over-fishing and
poaching.
4 Introduce destructive alien and invasive species.
5 Undermine ancient hydrology (e.g. via dams, locks,
embankments, drainage canals), and deplete freshwater (e.g. via inefficient irrigation, industry, and
residential use).
6 Establish vast areas of production of monoculture
crops for food, fibre and timber that fragment, degrade and eliminate natural habitat (contributing to
widespread deforestation).
7 Prompt under-grazing, over-grazing, and desertification.
8 Pollute water, soil and air with toxic chemicals from
mining, power generation, industry, businesses,
homes, transportation, and pest control, as well as
nutrients from agriculture and human wastes that
contribute to toxigenic algal blooms in freshwater,
estuarine and marine systems.
9 Cause microclimate and global climate change.
10 Degrade natural mechanisms of infectious disease
prevention and control.
11 Cause manipulation, militarism and terrorism,
which waste resources rather than learning from past
mistakes and using resources in ways that reflect
compassion for all life.
Of importance is that the forms of environmental stress
just listed often interact. Their harmful effects may be
antagonistic, additive, or synergistic. Fortunately, human
foibles, including individual and collective ignorance,
corruption, inertia and denial – which have enabled these
stressors to persist – can be countered through energetic
education and astute governance.
Human Population Growth, Security and Isolation
from the Environment
Because of laudable concern for one another, we have
been zealous in efforts to control human diseases, increase food supply and control warfare, but we have been
incredibly ineffective in much of the globe in our efforts
to check associated human population growth. The agricultural and industrial revolutions were/are intended
to increase food security, safety, and comfort for growing human populations. But, unfortunately, the methods
most widely used have decimated vast numbers of native
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Figure 1.2. An illustration of interactions among human population
growth, consumption rates, conflict, ecosystem impacts and health risks.
A great deal depends on human choices as to how to address human
needs and wants. Source: Author.

species in nearby and distant environments and thereby
caused significant ecosystem disease. For example, urban sprawl and habitat conversion to agriculture coupled
with inadequate management of wildlife with abnormal
competition for feeding, loss and degradation of breeding
and nesting habitats, predator-prey imbalances, and inbreeding have led to genetic impoverishment with related
low fertility in wildlife, as seen in remnant populations of
cougar (Felis concolor, Florida panthers). In the words of
Dr. Milton Friend, founder of the USGS National Wildlife
Health Center, “We live in an era that is creating wildlife
ghettos” (Dolan, 1986). In this pattern of land and water management, wildlife are in a situation similar to that
of humans crowded into the degraded cities and villages
of medieval times, and it should be no surprise that they
experience the effects of repeated plagues. An important
consideration is that, with our largely indoor lifestyles,
people are no longer witness to the calamities that we are
imposing on other organisms near and far.
Excessive Consumption
Resource use by modern societies, which is generally
highly inefficient, has vastly accelerated over the last
two centuries. Since 1900, fossil fuel consumption has
increased more than 10-fold and industrial production
has increased more than 50-fold. Since 1950, the demand
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for grain, beef and mutton has tripled. Domestic cattle,
sheep, goats and other livestock have often been allowed
to overgraze, which erodes land and favors plants that are
toxic. Other places that had historically been grazed are
now undergrazed, leading to failure to build soil. Since
1950, fresh water use has tripled and thus solutes in rivers are less diluted. Indeed, parts of the Rio Grande at the
Texas-Mexico border are so saline that fish die. Moreover,
the Colorado River and Yellow River in China are often
totally dry before reaching the sea (Navarro, 2006). Since
1950, the harvest of fish and other seafood has more than
quadrupled, there are many international conflicts over
fishing rights, and persistent contaminants threaten the
offspring of fish-eating wildlife and human populations
in many areas (Navarro, 2006).
Exotic and Invasive Species
Introduction of exotic and invasive species is another fundamental mechanism of ecosystem disease. Accidental
introductions of problem plants have included neurotoxic
and teratogenic poison hemlock (Conium maculatum),
and deliberate, but short-sighted introductions of harmful plants have included nephrotoxic and calcium-depleting halogeton (Halogeton glomeratus) as well as highly
invasive water hyacinth (Eichhornia crassipes).The latter holds water that can be utilized for reproduction by
mosquitoes which carry diseases including malaria, and
it forms such dense growths on the surface that insufficient sunlight reaches plants in the water column, thereby
interfering with photosynthesis and the production of dissolved oxygen needed by fish. In general, exotic invasive
plants cause problems because they take space, air, water,
and nutrients needed by native species and/or they are
highly toxigenic. Accidental introductions of invasive
animals have included sea lampreys, which helped decimate lake trout in the Great Lakes of North America, and
Asian tiger mosquitoes, which carry arboviruses to a host
of vertebrate species including humans. Other accidentally-introduced species include Japanese beetles that harm
plant communities in the United States, zebra and quagga mussels that clog water intakes and set the stage for
harmful algal blooms in the US Great Lakes, brown tree
snakes that caused multiple extinctions of endemic birds
in Guam, and cane toads (Bufo marinus) that harmed local
amphibian communities and poisoned other wildlife as
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well as domestic dogs and people in Florida, Hawaii and
Australia. Deliberate but short-sighted introductions of
animal species that became invasive pests have included
exotic crayfish that prey on multiple native invertebrates
and vertebrates, carp that destroy aquatic plant communities, and starlings that drive even woodpeckers from
their nests. The introduction of exotic species may also
bring disease organisms to immunologically naïve native
biota, as has been the case with chytrid fungi that have
decimated amphibian communities after infected African
clawed frogs used in pregnancy tests were released to the
wild around the world.
Altered Hydrology
Because of deforestation, horizon-to-horizon agriculture
and urbanisation, the landscape cannot hold, filter or adequately purify rain water, and thus we are witnessing excessive flash floods, mud slides, soil losses and toxicant-, silt-,
temperature- and pathogen-induced impacts on plants and
animals in streams, estuaries, coral reefs, and other coastal
zones. Grading of urban and suburban areas and placing
drainage tiles under farm fields increases flashiness of
streams, causing flooding. Urban use further depletes surface waters and aquifers. Irrigation leads to losses of water
via evaporation and transpiration. During subsequent dry
weather, due to the reduced ground water recharge, flow
in streams is greatly reduced, such that they become hot
which causes low dissolved oxygen, potentially harming
or killing native fish and other aquatic animals. Mudslides
and silt from erosion in agriculture, construction, and forestry degrade breeding grounds and harm fish gills. In human-altered environments, rain also results in pulses of
hot and cold water carrying pollutants from roads, parking lots, roofs, construction sites, homes, lawns, and local industries. The damage to fish and shellfish communities is aggravated by factory-scale fishing.Dam-building,
coastal development, filling estuaries and dredging reduce
filtration and eliminate nursery areas needed by fish. Such
changes also expose coral reefs to warm water, nutrients,
metals, organic contaminants and particulates. Excess
CO2 released by fossil fuel burning and deforestation also
equilibrates with carbonic acid to lower the pH in water,
which may ultimately undermine the capacity of crustaceans, bivalves, and coral to precipitate calcium needed for
rigid exoskeletons, shells, and reefs.

Increased use of retention ponds in recent decades has
offered some benefits by reducing flooding and increasing
groundwater recharge, but generally they have not been
situated in corridors or populated by sufficient numbers
of native species as to compensate for losses of biodiverse
wetlands. These are too often placed near roads, which
greatly undermines their value in conservation of wildlife,
such as amphibians, reptiles, birds and mammals.
Monoculture Agriculture and Forestry
Monoculture agriculture, clear-cutting and monoculture
forestry are increasingly leading to habitat simplification
and loss. Fewer species are supported in the areas managed for human purposes, in part because simplified ecosystems provide few niches needed by wildlife specialists.
Micro-climates are altered or lost, giving rise to adverse
impacts even in adjacent ‘wild’ areas. The removal of biodiverse plants to produce genetically similar plants that
are susceptible to attack by fungi and herbivorous insects
also triggers the use of toxic pesticides. In addition, monocultures create a need for fertilisation. Fertilisation and
pesticides often degrade soil biodiversity and related soil
building as well as water retention capacity. The associated runoff of free nutrients commonly leads to harmful
algal blooms.
Pollution
Simple spills from chemical transport such as oil tankers, trains, trucks, cars and pipelines, can be catastrophic.
Areas with cold climates are especially vulnerable to
petroleum spills because there is much slower removal
through volatilization and biodegradation than in tropical, subtropical or even temperate locales.
Elemental mercury is still used to capture gold particles from deposits in streams in the Amazon, Africa,
and Asia, leading to local environmental contamination,
and impacts on animals and people. However, the greatest source of environmental loading of mercury is from
burning coal. Mercury moves up the food chain as methyl mercury. Conversion to methyl mercury is achieved
by ubiquitous sulphur reducing bacteria in sediments.
Methyl mercury biomagnification causes toxicosis, leading to a classical ataxic stance in poisoned cats, with
widely-spaced forelegs and knuckling over of the hind
limbs. Toxic impacts of mercury in cats, fish-eating birds,
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Figure 1.3. Photo of a frog with supernumerary limbs due to infection
by the trematode Ribeiroia prior to metamorphosis. Photo: Author.

and fish can warn of risks to other species including humans. However, such sentinels can serve animal and human well-being only if they are routinely monitored and
diagnoses are efficiently established. Mercury exposure
of humans through consumption of contaminated fish
causes functional deficits and teratogenesis, including
major cerebellar/motor lesions, such as reduced size and
hypomyelination of the corpus callosum and status marmoratus. Severe lifelong disabilities and deaths have occurred in people from mercury toxicosis.
Chemicals deliberately produced by industry to solve
problems (e.g. pesticides, drugs, construction chemicals,
household chemicals) contaminate the environment. They
are accompanied by accidentally produced by-products
in final formulations and in gaseous, particulate, liquid
and solid waste streams that leave production facilities.
In some instances, accidental releases are catastrophic. For example, the discharge of methyl isocyanate, a
precursor in the synthesis of the carbamate insecticide
carbaryl, into a highly populated area of Bhopal, India,
caused the deaths of thousands of people, and many others were severely injured. Exposure to complex mixtures
of chemicals occurs at many dump sites. Moreover, in
landfills and other places where wastes are deposited,
spontaneous oxidative, reductive and hydrolytic reactions increase the myriad of toxicants emitted. In addition, burning rubbish in developing countries that lack
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adequate waste disposal systems increases the complexity of toxicant exposures.
Irrigation mobilizes elements and salts from soils into
surface waters. Leaching of selenium due to irrigation
and then evaporation has caused toxic concentrations of
selenium with marked teratogenesis, leading to reproductive failure in waterfowl (Kesterson Wildlife Refuge in
California). There, the contaminated artificial wetland
was filled in to prevent further waterfowl exposures via
selenium-contaminated invertebrates in the foodweb.
We believe there are still many shortcomings in the
overall approach of ecotoxicology. Decisions are sometimes unduly influenced by political and economic
pressures and often fail to address the greatest needs.
Research can be too disconnected from the problems.
Complex mixtures are rarely studied. Research has failed
to sufficiently examine the indirect effects of contaminants. There are large numbers of risk assessments, but
infrequent validation of the accuracy of the predictions.
However, ecotoxicology also offers many advantages to
society and the environment. It has helped terminate or
reduce the manufacture and dissemination of some major
environmental pollutants and has helped offset adverse
effects by prompting the development of new, more environmentally-benign, man-made chemicals (more astute
choices). In addition, it has helped basic and applied ecology become problem-driven, has helped set the stage for
conservation medicine, and has begun to merge with ecological restoration (rehabilitation) science. Nevertheless,
in the authors’ opinion, ecotoxicology needs to be far
more humble about unmeasured effects, respecting the
precautionary principle.
Global Climate Change
Excessive reliance on fossil fuels (natural gas, petroleum, coal) and clearing of forests trigger a secondary
mechanism of ecosystem disease: global climate change.
Carbon dioxide arises in excess from fossil fuel burning
and burning and clearing of land for cultivation. Methane
is produced from fossil fuel industries, microbial fermentation in herbivores, manure, rice cultivation, biomass
burning, wetlands, and water bodies. As snow cover is
lost from artic tundra, methane is increasingly released.
These two gasses are the major drivers of the ‘greenhouse
effect’ where infrared is reflected back to the earth rath-

Wildlife and Ecosystem Health

er than escaping to space. Wildlife that are intolerant of
the hot conditions (or paradoxically cold, as may occur
in Northern Europe) may need to move their range, but
lakes, rivers, mountain ranges, deserts, agricultural fields,
cities and highways are often in the way, prohibiting essential migrations.
As glaciers melt from the land and as warming ocean
water expands in volume, islands and coastal areas experience increased flooding. Coastal flooding increases
waterborne diseases, including human cholera. With these
changes in atmospheric gasses, climates also become erratic, prompting fires when weather is excessively dry, as
well as floods from extreme precipitation events. When
glaciers are finally gone, the rivers they fed run dry.
With warming, the generations per year of a range of arthropod vectors (mosquitoes, ticks) increase, so more are
available to carry their diseases to hosts in established locales as well as those in higher elevations and areas farther
from the equator. Also with warming, increased generations of toxigenic phytoplankton can cause increased risks
of poisonings. Many of the resultant harmful algal blooms
produce toxins that move up the food chain to poison carnivorous water birds, marine mammals, and humans.
Infectious Diseases
As human populations have increased their numbers and
extended their range, placing themselves, domestic animals and wildlife under stress, one result has been an
accelerated onslaught of epidemics of emerging and reemerging diseases. Abandoning a mobile hunter-gatherer
existence and settling into close quarters with domestic
animals and rodents gave rise to many major human epidemics including influenza and bubonic and pneumonic
plague. The incidence and severity of infectious diseases
are often aggravated by ecological simplification. Thus,
with conversion of complex wetlands into simple farm
fields, migrating ducks and geese must crowd into remnant and artificially constructed water bodies, presenting
risks of influenza and salmonellosis to domestic animals
and people. Moreover, the waterfowl themselves often
experience mass die-offs, not only from botulism, but
also from avian cholera and duck plague. Other human
diseases related to mismanagement of wildlife include
HIV-AIDS from non-human primates and SARS from
bats and civets.

Figure 1.4. Baboon with a loaf of bread taken from a tourist in a commonly visited national park of an African nation. Photo: Author.

Often domestic animals bring infections to wildlife
(spillover) and then the infected wildlife can transmit
the diseases back to naïve domestic animals (spillback).
Brucellosis arose in Yellowstone bison from cattle, and
bovine tuberculosis from cattle was contracted by at least
ten species of wildlife in Kruger Park, South Africa. In
the Serengeti, both rabies in wild dogs and canine distemper in lions originated in domestic dogs. Toxoplasma,
likely from domestic cats, and Sarcocystis, from opossums introduced to California, have harmed previously
overhunted and still endangered southern sea otters off
the coast of California.
In North America, shooting and poisoning of large
carnivores have caused overpopulation in prey, including small carnivores and ruminants, potentially resulting
in infectious disease outbreaks. It seems likely that feral
cats (Felis domesticus), an exotic invasive in California,
and opossums would be reduced by a robust community
of larger predators, but the latter were depleted by hunting and trapping in the area. Similarly, in the absence
of large predators, raccoon populations have vastly increased in much of the US. Numbers of this species in
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many areas are regulated primarily by diseases, such as
distemper and sarcoptic mange. The high numbers of
raccoons present significant risks of infection in humans
from both rabies and the parasite Baylisascaris. The absence of predator pressure may also contribute to the observed spread of chronic wasting disease in deer and elk
because of the ability of large predators to select disabled
prey. Absence of the large predators may give time for an
increase in infective material (prion proteins) in the bodies of the affected mammals prior to their deaths. Other
overpopulated prey species have become hazards to human populations, as with Lyme disease transmitted via
ticks carried by deer and deer mice. Among the suggested
solutions for overpopulated wildlife and the related elevation in disease risks have been “humane killing,” birth
control, control of food sources, public education, and reestablishment of corridors to enable the return of more
robust populations of native large predators.
Warfare
Another fundamental mechanism of ecosystem disease
is over-emphasis on warfare and under-emphasis on diplomacy.Diplomacy can include joint efforts to conserve
mutually needed natural resources. Inadequate natural
resources, such as fresh water, farmland, forests, fossil
fuels, grazing land, fisheries and minerals, have – both
historically and recently – culminated in widespread anger, terrorism and overt warfare. Nuclear warfare leads
to blast force injury, thermal injury and radiation injury.
Conventional warfare involves munitions such as bombs,
artillery, rockets, mines, guns, and smokes/obscurants.
Chemical warfare may involve exposures to neurotoxic
chemicals, such as organophosphorous cholinesterase inhibitors and botulinus toxin, or potent mucosal irritants,
emetics, and crowd control agents. Potential biological
warfare include: anthrax, smallpox, plague, and many
other infectious agents. Considering the human, social,
and economic impacts, it can be argued that we need to
do a great deal more to control warfare. Recognizing the
scale of impacts of modern weaponry, there is a necessity
for humane global governance with nested continental,
regional and local stewardship. The alternatives include
a far stronger United Nations, with global disarmament
treaties, a strong world court and a multinational police
force to remove despots and terrorists. Failing these or
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other enlightened options, we face risks of ongoing wars
potentially leading to global devastation, or continuous
war, potentially reducing human existence to conditions
similar to that of “failed states” with feudal systems akin
to Somalia. Rampant conflict and militarism should not
persist when the resources wasted and degraded by warfare are needed by human, animal and plant communities
as never before.
Interactions
When they are able to respond to wildlife health problems,
natural resource agencies typically focus on short-term
measures addressing a few species in remnant ecosystem
fragments. When disease outbreaks are recognised, consultations with veterinarians may prompt diagnoses and
control strategies. Although these can yield local benefits,
as long as animals remain isolated in small, disconnected pieces of their former range, they are at great risk of
population crashes not only from infectious diseases, but
also from starvation, contaminants, inbreeding, extreme
weather, predators and over-harvest. Each of these can become a terminal insult to extirpate the animals from the
habitat fragment. As the process proceeds across large
regions, species become threatened, endangered and ultimately extinct. Soon, co-evolved organisms that depend
upon the declining or eliminated species become part of a
downward spiral toward ecological simplification and reduced ecosystem services. Even more poorly understood
than the direct effects of individual stressors on ecosystems are the possibilities of positive feedback loops and
the potential for synergism among stressors that may accelerate environmental and health problems over time.
Who among our leaders routinely addresses soil depletion, local and global climate change, loss of biodiversity,
reduced binding and degradation of toxic chemicals and
persistence of infectious organisms and their vectors? Yet
all of these are harming society and are triggering responses involving major expenditures of work and money and/
or conflict among stakeholder groups at the local to global
level. Undoubtedly, when we cause large-scale degradation of ecosystems, the problems that develop within and
among plants and wild animals, domestic animals and human beings are too many and too complex to anticipate,
prevent or control. Because massive areas of landscapes,
coastal areas and oceans are involved, we live in a time of
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an unparalleled global ecological catastrophe. Thus, humans and non-humans alike suffer from the effects of the
imbalance between resource consumption on one hand
and resource conservation and renewal on the other.
Ignorance, Inertia and Denial
Where are we headed? The current rate of elimination of
wetlands is extreme, as is filling of estuaries, and 207,199 km2
of tropical forest are being destroyed each year. If the human population doubles by 2050, it has been predicted
that 90% of existing natural habitat and 25-50% of all
species on Earth will be lost.
Overall, there is a deficit of creativity in accommodating human needs for food, clothing, shelter, security and
status in synchronization with ecological needs. Shared
regional stewardship of ecosystems is essential for wildlife sustainability, and can also help societies recognize
other shared values. Unfortunately, classical approaches
to environmental management have lacked systematic
education, intervention, and research needed to ensure
societal benefits from conservation of biodiversity in
concert with robust “One Health” improvements (see
Recommendations below).
An underlying and pervasive mechanism of ecosystem
disease is ecological illiteracy. The world suffers from
profound ignorance of ecosystem functions. Evidence for
this includes rampant planning, industrial development,
and marketing largely to create and fulfil human needs
and wants such as food, clothing, shelter, transport, security, entertainment and status, while generally dismissing
ecological impacts that result in animal and human health
crises, economic losses and conflict.
Ignorance that enables persistence of ecological destruction is also revealed in the inertia of business and engineering. Both can be said to be largely stuck with heuristics. That is, if they did something before and it “sold”
they will likely just try to do it that way again. An example is our transportation systems.The transportation goal
is simply to get people, raw materials and products from
place to place, but unforeseen (and largely unchecked)
effects include trauma from vehicles, and stress from
loss of habitat, obstructed movement, noise, heat, desiccation, food deprivation, and toxic particulates, heavy
metals, salts, carcinogens, carbon monoxide, carbon dioxide, nitrogen and sulphur oxides, acid rain, ozone and

smog. Inertia in governmental utilities is often evident in
the predominance of coal fired and nuclear power plants.
The goal is to provide people with electricity. The pollution from coal includes particulates, carcinogens, acids, and heavy metals, most notably mercury. Nuclear
power remains a focus of developed countries, especially
in Europe, and is gaining ground in the United States.
Human errors in the design and operation of such plants
have, however, revealed potential for area-wide catastrophe. The best known example is Chernobyl, the melt
down of which caused high level pollution with shortand long-lived radioisotopes in a wide area of north-eastern Europe, causing increased cancer rates, especially
in children. Many of the anticipated effects on wildlife
health and sustainability of that region have gone largely
unmonitored. Nuclear power plants have also become potential targets for terrorism.

Human Nature on a New Level
In an edition of Scientific American entitled ‘Managing
the Earth’, William Ruckelshaus, the first US EPA secretary, stated: “If 80% of (people) are poor, we cannot
hope to live… at peace. If the poor nations attempt to
improve their lot by the methods we have employed, the
result will be world ecological damage. Can we move nations and people in the direction of sustainability? Such
a move would be a modification of society in scale to
only two other changes: the Agricultural Revolution of
the late Neolithic [Period] and the Industrial Revolution
of the past two centuries. Those revolutions were gradual,
spontaneous, and largely unconscious. This one will have
to be a fully conscious operation, guided by the best foresight that science can provide—foresight pushed to the
limit. If we actually do it, the undertaking will be absolutely unique in humanity’s stay on Earth” (Ruckelshaus,
1989).
The ‘Drivers’ of ecosystem demise remain ‘Big’ because of our failure to educate students and the public at
large, and because the public therefore retains incentives
and disincentives that perpetuate destruction. Conversely,
massive education programmes can overcome collective
ignorance and denial, to ensure restructuring of incentives
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and disincentives to favor ecological recovery and thus
sustainability of human wellbeing. The sixth extinction
cannot be undone, but it can be substantially slowed, and
innumerable organisms that are now depleted can regain
robust populations in the wild. Thus, with sufficient creativity and effort, our generation and the next can enable
widespread recovery of biodiversity and improved health
among wildlife, domestic animals and human populations
on a local, regional and global basis. Moreover, if this is
coupled with a sizeable infusion of equity and leadership
by people of good will, an era of vastly reduced conflict
could also arise.

Recommendations
Fortunately, there is a better way forward. As noted in
Veterinaria Italiana (Vol. 45, 2009), One Health, which
incorporates human, animal and ecosystem health offers
ways to reconcile human and ecological goals. It therefore holds potential as the framework for a far brighter future. Ecosystem health and conservation medicine, which
are components of “One Health,” identify and inform
others as to risk factors that confront wildlife and ecosystems and how they can be overcome. Ecosystem health
and conservation medicine apply expertise and assume
human responsibility for all native animal populations,
especially those without owners. Strengthening of the
bonds among wildlife, ecological, domestic animal, and
human toxicology into “One Toxicology” similarly offers
opportunities for better choices going forward (Beasley,
2009). If we consistently protected pet animals, livestock,
and wildlife from chemical pollutants in home and outdoor environments, we would not have to worry so much
about human health impacts from toxic agents.
According to E.O. Wilson in his 2002 book ‘The
Future of Life’, “The great dilemma of environmental
reasoning stems from ... conflict between short-term and
long-term values.” Wilson goes on, “To combine the two
visions to create a universal environmental ethic is very
difficult. But combine them we must, because a universal
environmental ethic is the only guide by which humanity and the rest of life can be safely conducted through
the bottleneck into which our species has foolishly blun-
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dered.” By illustrating both the character and severity of
problems and the means by which to enable the necessary
changes, veterinarians, physicians, public health specialists, wildlife biologists, wildlife managers, ecologists,
governmental leaders, workers in non-government organisations (NGOs), business leaders, politicians, religious
leaders, and others can help provide a more astute and humane world, one in which human populations once again
collectively enhance biodiversity. Experts, who are wellschooled and experienced in work to help wildlife, have
a huge role to play in moving society toward a universal
environmental ethic. In the process of helping wildlife,
domestic animals and human beings, these individuals
gain the voice, credibility, and the audiences needed to
bring the public and policy-makers toward collective wisdom and astute management choices.
Establishing a nearly “universal environmental ethic”
is best accomplished by sharing the overwhelming data
at hand on trends regarding the world’s wild animals and
other species in ways that capture attention and encourage
wise intervention.While the efforts to educate the public
expand, there will remain a need for experts to focus on
rescue operations (the crises at hand). Of course, the proactive approach of habitat protection and rehabilitation
should remain a first choice approach to sustain wildlife
and ecosystem health.
Are we accountable for our failure to prevent losses in
wildlife from chronic and acute infectious and toxicological diseases in recent decades? What should we do about
established, re-emerging and newly emerging infectious
diseases that affect wildlife because of the activities of
modern societies? What should we do about the introduction into the environment of anthropogenic chemicals
that disrupt wildlife health and ecosystem function? How
can we contribute to safer environments for animals in
the future, in areas other than infectious and toxicological
disease control and prevention? It has become obvious
that we can choose to continue muddling along without
a plan, allowing gradual degradation/depletion of resources and resource wars, or we can learn from our past
and establish flourishing landscapes, water bodies, and
agricultural and business zones of the future managed
in ways that ensure the largely synchronous recovery of
biodiversity in concert with gains in wildlife, domestic
animal, human and economic health.
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Through emerging technologies, rapidly increasing collective knowledge and growth in collective wisdom, we
have new options. Site-specific goals will include setting
aside terrestrial and aquatic resources and implementing
incentives, disincentives and regulations in order to:
1 Rehabilitate/restore small streams, rivers, wetlands,
ponds, lakes, estuaries, coasts and oceans (includes
mangroves, reefs, sea grasses, and coastal grasslands).
2 Re-establish connectivity of natural landscapes especially along streams and across uplands.
3 Maintain natural areas on the land large enough to
sustain larger native carnivores, keystone species and
other species that require large ranges.
4 Maintain areas devoted to human activities in small
and large fragments linked to one another with transport systems that allow wild species to migrate and
interbreed so that human-dominated landscapes once
again become nested within natural ecosystems.
5 Provide ample buffers containing native plants and
animals, so as to protect wild areas from noise,
chemical and microbial pollution, and other forms of
stress caused by human activity.
6 Harvest wild animals only at rates that allow recovery
of robust, genetically diverse stocks.
7 Control introductions of exotic and invasive species,
and reduce/eliminate invasive exotic species when
feasible.
8 Control emerging and re-emerging diseases by a) facilitating natural disease control through protection of
biodiversity, b) reducing crowding and stress in domestic species and wildlife, c) maintaining adequate
distance between wildlife and human beings, and d)
construction of astute food animal production systems
(humane conditions and robust disease control).
9 Increase organic production to reduce the impacts of
nutrient and pesticide pollution.
10 Practise agriculture and forestry using precision
fertilization, methods that build soil, and methods that
deplete neither aquifers nor water bodies.
11 Control chemical contaminants to below threshold
concentrations for direct and indirect toxic effects
(includes carbon tax to reduce CO2 pollution).
12 Re-establish margins of safety for native biota by enabling their largely unobstructed continued evolution.

With modern mapping and coordinated landscape planning, and with implementation via public education and
incentives/disincentives supported by citizens, governments and the private sector, we have the capacity to satisfy human needs and reasonable human wants within the
constraints of strong trends toward healthier ecosystems.
We need to ‘conserve’ land needed for natural habitats and
buffers. Thus, we need incentives to develop or redevelop
housing and shopping areas, away from critical habitats
such as river and upland corridors, estuaries, coasts and
barrier islands, and to enable human relocation to new
areas when necessary.
One of the many careers in this framework will focus
on working with human communities to sustain wildlife
in remnant habitats and sometimes in captivity, while
re-establishing viable, self-sustaining natural habitats.
Astute management approaches, routinely refined over
time to increase efficiency, should try to re-establish margins of safety for sustainability of a multitude of species
of native plants and wildlife in largely natural, networked
ecosystems. Such networked areas should be designed to
surround and enclose large and small areas (fragments of
human activity) devoted to agriculture, mining, manufacturing, commerce, education and housing. These fragments of human activity must be linked with one another
by transit systems that enable terrestrial and aquatic wildlife to migrate as needed. For example, when a wildlife
corridor encounters a major thoroughfare, bridges over or
tunnels under the corridor should be constructed. Smallscale changes of this sort have already been implemented
successfully. The absolutely essential need is to restore
meta-population dynamics for wild species, even as local
human communities develop and prosper. In most of the
world, such benefits for wildlife are likely to accrue only
when human populations are able to live in carefully-designed, highly desirable, secure ecosystem fragments.
Restoring the landscape in the near term may often
rely on a ‘corridor and gate design’ such that the ‘gate’
can be closed and the ‘corridor’ controlled until a disease organism or vector or an exotic invasive species is
eliminated. For example, a gate could be established in
a forest ecosystem by temporarily converting it to open
land with fences and perhaps guard dogs to prevent an
exotic species from extending its range. In all instances,
the mobility and the needs of the pathogen, the vector, or
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exotic invasive species would need to be deprived by the
‘closed gate’.
Appropriate, site-specific buffers between human activities and wilderness areas will be needed. It may help
to recall that we currently move homes and businesses
to other locations to make room for super highways and
shopping malls. We can do the same for conservation
aims. We must not confuse the difficult with the impossible. An action that is impossible in the short term is usually fully feasible in the longer term (e.g. over the next
20-100 years). A prime example of a longer-term, rather
successful effort is the Everglades National Park. A history of some of those involved in setting aside Everglades
National Park is available at: http://www.evergladesonline.com/50years/forgot.htm. The local/regional/national
approach used for Everglades National Park gives some
pointers to draw upon today. In addition to the information
provided on the above website, it is important to mention
that some homes that were surrounded by the park were
purchased right away, while other people who chose not
to sell were allowed to live in their homes until they died.
Because the land was needed for ecological rehabilitation, the homes could not be passed on to family members
or sold privately. Thereafter, the government reimbursed
their estates and acquired the property for the park.
The task of setting aside critical habitats in some regions is increasingly difficult, but in other places it is
increasingly achievable. This is largely a function of
societal attitudes and resources. With larger numbers of
people moving to cities, there may be fewer left in the
countryside. This may simplify negotiations needed for
more logical allocation of lands to agriculture, forestry,
and conservation. To assist in the reallocation process, we
can rely upon new tools from the internet to radio, television, satellite images, spatial analysis, information technologies, health sciences, landscape analysis, ecological
risk reduction, ecosystem economics and methods for
consensus building to enable effective environmental action planning, implementation, and prioritized research.
We should look toward effective NGOs to build upon
their successes and learn from their frustrations.
Preventative Medicine at the Ecosystem Level
In large-scale health programmes, prevention is generally
far more effective, economical and humane than treatment
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after the fact. Sustained monitoring of indicators of wildlife populations and health provides multiple opportunities to head off small problems before they spread. Animal
population structure and health can also be rapid and sensitive indicators of the effectiveness of ecological rehabilitation efforts. Evaluating short-lived species with small
ranges can provide evidence as to recent local conditions,
while long-lived wider ranging species provide insights
into large area, longer scale conservation success.
The framework for ecosystem health practice needs to
focus on the environmental problems and then attract experts from relevant disciplines. Ecosystem health practice
often begins with interactions among stakeholders (citizens, government, business/industry, NGOs) to identify
target outcomes for both natural and purposefully-altered
ecosystems, as well as the major threats to those target
outcomes. These are the greatest environmental problems
at hand and are addressed through mutually agreed countermeasures. Public education, new incentives/disincentives, product substitution, regulation, taxation, re-engineering, land-use changes and biomedical interventions
should be devised and implemented as needed. Problems
that fail to respond to such interventions should be addressed with alternative strategies or become the focus
of new research initiatives. Because veterinarians are
trained in financially-constrained, comparative biomedicine, with the emphasis on prevention, they should be included in many ecosystem health teams. Important players in this work routinely include landowners, wildlife
managers, wildlife biologists, governmental representatives, and NGO workers.
Careers to Make the World Work Again
We need to aim for what is needed: vastly reduced extinction events and strong recovery of biodiversity in
virtually every area of the world. To overcome human
overpopulation, we must educate women to give them
independence and enable them to have careers. Also, increasing security in old age will decrease the need for
high birth rates in less fortunate communities. We should
engage the major religions to offer existing birth control
options. Moreover, we should help to develop and deploy
new birth control technologies.
Teams of wildlife biologists, veterinarians, wildlife and
landscape ecologists, and public health specialists can be-
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come highly effective leaders in the conservation sciences
and in economic and political pursuits. The most practical approach to improve ecological recovery, productivity
and resilience will often be to accommodate human nature
by offering new ‘package deals’ that are more attractive
than those chosen by human populations at present. For
example, urban sprawl remains a common theme in human settlement, despite the loss of farm land, forest and
habitat. Sprawl often occurs with little regard for the expense of new roads, utilities, schools, and shopping areas
or the resulting chemical pollution. However, if society restructures the incentives so that developers prosper more
readily by building within established communities, and
if home buyers are provided greater security, attractive
prices for homes with good resale value, lower energy
costs (for homes and transportation), better schools, rehabilitated green spaces, and greater prestige in established
urban areas, sprawl may become a bygone trend.
An important consideration is that high-rise apartment dwellings have less surface area and can be far
more energy efficient than one-family homes. However,
“concrete jungles” with no plant life undermine human
psychological well-being. Thus, for cities to meet human
needs, urban landscaping and regular visits to nearby
wild areas must be provided for children, and opportunities for interactions with “green spaces” must be readily
available to all ages on a regular basis.
Setting aside new regional or national parks and reserves, community conservation, eco-tourism, privateowner conservation, management-driven hunting of wildlife, sales of wildlife to restock depleted areas, and other
tools can all be used humanely on a combined population/species/ecosystem level. The methods employed at
the incentive, disincentive and regulation levels will rely
upon energetically and creatively educating and involving all ages of the public. The public must know the problems and the opportunities at hand. This can be achieved
through formal education, demonstration projects, and
extensive use of the media. Moreover, successfully engaging the dominant religions so that they widely support
ecological stewardship could be the tipping point that
ensures more humane conditions for wildlife, domestic
animals, and people, the world over.
Defeating the “race to the bottom” – where worker
abuse and pollution are tolerated by corrupt governments

and desperate citizens – can be facilitated by taxing depletion of non-renewable energy sources and/or carbon
dioxide, stiff fines for releases of toxic chemicals, news
media exposure of polluters and sweat shops, managed
incentives to balance work with workforces so as to
decrease the need for emigration and immigration, and
taking vital natural resources off the negotiating table
(i.e. setting them aside as conservation/park areas for
the long-term). Global pollution standards for industry
and agriculture and proper worker treatment can also be
brought about by short-term required product labelling as
to practices employed, followed by negotiations to prevent import and export of products that rely upon unethical practices.
There is a great need to have respect for, and provide
support of, tribal cultures. To counter intrusion of corrupt
global laissez faire capitalism into areas where indigenous
peoples are living as subsistence hunters and fishers, assistance can be provided in wildlife and ecological management so as to guard against depletion of native biota.
Such peoples can also be strong advocates for abundance,
sustainability, and health of wildlife as well as prevention
of over-harvesting and control of pollution. Community
conservation can be supported by ensuring local benefits
for individuals and groups of stewards of the region. In
areas with wildlife reserves, we must acknowledge and
provide compensation for wildlife-associated crop and
livestock losses. Also, it is essential to prevent human injury and death from interactions with wildlife – whether
related to trauma or infection.
Extensive ranching of wildlife can allow the species to
fulfil historical ecological roles and to meet human needs.
Thus, traditional hunting cultures can be maintained. The
work of Pro-fauna, which has helped restock national
parks and indigenous reserves in Brazil, provides a useful
example.
There is a case to be made for extensive rearing of
ruminant livestock. Cattle can be surrogates for wild ruminant communities (faeces provide organic material to
build soil, and increase water retention). Cattle have been
used to successfully rehabilitate soils around mines that
would not grow plants. Use of vaccines, buffers and guard
dogs to fend off predators could be used more effectively
to manage the interface between wildlife and domestic
animals. Also, disease resistance genes can be developed
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in livestock through both natural selection and genetic
manipulation. Extensive management of livestock, done
well, can increase biodiversity while providing for traditional ranching cultures as well as pastoralist societies.
There is a case to be made for confinement rearing of
livestock. Confinement can limit weather-associated stress
on the animals. It can also prevent disease transmission
between domestic animals and wildlife. It is important to
appreciate the ongoing risks of influenza strains that cycle among waterfowl, poultry, swine, and humans. Poultry
and swine can readily be produced with very limited risk
in highly biosecure facilities. Such an approach can protect human health from a range of pathogens, maintain
the profitability of animal production, and promote evolutionary gains and genetic diversity of nearby wildlife.
Confinement systems can be humane if they are engineered and operated so that the animals are happy, healthy
and entertained. Appropriate animal densities, with astute
feeding and manure handling can also ensure that wastes
are desirable fertilizers instead of pollutants.

Summary and Conclusion
Improved wildlife and ecosystem health will require vast
increases in collective knowledge and wisdom in society to the point that private stakeholders, NGOs, governments and international bodies choose to work together to
develop and achieve shared goals for regional ecosystems
and human populations. As informed citizens demand appropriate action, there are many reasons to assume that
more political, business and religious leaders will contribute to meaningful progress and justly take credit for
the benefits accrued.
As stated by Janet Larsen, “While this may be the first
time in history that a single species can precipitate a mass
extinction event, it is also the first time in history that a
single species can act to prevent it.” (Larsen, 2004).

26

References

References
Chapter 1
Beasley, V. 2009. ‘One Toxicology,’ ‘Ecosystem Health,’ and ‘One
Health.’ In: Veterinaria Italiana 45:97-110.
Dolan, Maura. 1986. Wildlife at Risk: Pollution Endangers U.S.
Refuges. In: Los Angeles Times, July 06, 1986. http://articles.latimes.
com/1986-07-06/news/mn-22987_1_national-wildlife-refuge/2
IUCN (International Union for the Conservation of Nature) Red List
2010, accessed April 21, 2010 at http://www.iucnredlist.org/documents/summarystatistics/2010_1RL_Stats_Table_1.pdf
Larsen, J. 2004. The Sixth great extinction: A status report. Earth
Policy Institute. http://www.earth-policy.org/plan_b_updates/2004/
update35
Navarro, P. 2006. The Coming China Wars. FT Press. Upper Saddle
River, New Jersey. pp. 129-142.
Ruckelshaus, W. 1989. Toward a Sustainable World. In: Scientific
American 261(3). (reprinted in Managing Planet Earth: Readings
from Scientific American)
Wilson, E. O. 2002. The Future of Life. Alfred A. Knopf, Division of
Random House, Inc., New York, New York.

Chapter 2
Beissinger, S. and McCullough, D. (eds.). 2002. Population Viability
Analysis. Chicago: University of Chicago Press.
Brigham, C.A., Power, A.G. and Hunter, A. 2002. Evaluating the internal consistency of recovery plans for federally endangered species.
In: Ecological Applications 12:3, 648-654.
Campbell, S.P., Clark, J.A., Crampton, L.H., Guerry, A.D., Hatch, L.T.,
Hosseini, P.R. Lawler, J.L. and O’Connor, R.J. 2002. An assessment of monitoring efforts in endangered species recovery plans.
In: Ecological Applications 12:3, 674-681.
Clark, J.A. and Harvey, E. 2002. Assessing multi-species recovery plans
under the Endangered Species Act. In: Ecological Applications
12:3, 655-662.
Gerber, L.R. and Hatch, L.T. 2002. Are we recovering? An evaluation
of recovery criteria under the U.S. Endangered Species Act. In:
Ecological Applications 12:3, 668-673.
Global Amphibians.org. http://www.globalamphibians.org, accessed
May 2008
Harvey, E., Hoekstra, J.M., O’Connor, R.J. and Fagan, W.F. 2002.
Recovery plan revisions: Progress or due process? In: Ecological
Applications 12:3, 682-689.
Hatch, L., Uriarte, M., Fink, D., Aldrich-Wolfe, L., Allen, R.G., Webb,
C., Zamudio, K. and Power, A. 2002. Jurisdiction over endangered
species’ habitat: The impacts of people and property on recovery
planning. In: Ecological Applications 12:3, 690-700.

Hoekstra, J.M., Clark, J.A., Fagan, W.F. and Dee Boersma, P. 2002a. A
comprehensive review of Endangered Species Act recovery plans.
In: Ecological Applications 12:3, 630-640.
Hoekstra, J.M., Fagan, W.F. and Bradley, J.E. 2002b. A critical role
for critical habitat in the recovery planning process? Not yet. In:
Ecological Applications 12:3, 701-707.
The IUCN Red List of Threatened Species. http://www.iucnredlist.org/
info/stats, accessed May 2008
Lawler, J.L., Campbell, S.P., Guerry, A.D., Kolozsvary, M.B., O’Connor,
R.J. and Seward, L.C.N. 2002. The scope and treatment of threats
in endangered species recovery plans. In: Ecological Applications
12:3, 663-667.
Lundquist, C.J., Diehl, J.M., Harvey, E. and Botsford, L.W. 2002.
Factors affecting implementation or recovery plans. In: Ecological
Applications 12:3, 713-718.
Miller, P.S. and Lacy, R.C. 2003. Integrating the human dimension
into endangered species risk assessment. Pages 41-63. In: Westley,
F.R. and Miller, P.S. (eds.). 2003. Experiments in consilience:
Integrating social and scientific responses to save endangered species. Washington, DC: Island Press.
Morris, W.F., Bloch, P.L., Hudgens, B.R., Moyle, L.C. and Stinchcombe,
J.R. 2002. Population viability analysis in endangered species recovery plans: Past use and future improvements. In: Ecological
Applications 12:3, 708-712.
National Research Council (NRC). 1995. Committee on Scientific
Issues in the Endangered Species Act. Science and the Endangered
Species Act. Washington, DC: National Academy Press.
Reed, J.M., Mills, L.S., Dunning Jr., J.B., Menges, E.S., McKelvey,
K.S., Frye, R., Beissinger, S.R., Anstett, M.-C. and Miller, P.S. 2002.
Emerging issues in population viability analysis. In: Conservation
Biology 16, pp. 7-19.
Stinchcombe, J.R., Moyle, L.C., Hudgens, B.R., Bloch, P.L.,
Chinnadurai, S. and Morris, W.F. 2002. The influence of the academic conservation biology literature on endangered species recovery planning. Conservation Ecology 6:2, 15. [online] URL: http://
www.consecol.org/vol6/iss2/art15.
United States Fish and Wildlife Service. 2004. Interim Endangered and
Threatened Species Recovery Planning Guidance. Silver Springs,
MD: National Marine Fisheries Service.
United States Fish and Wildlife Service. 2007. Recovery Plan for the
Sierra Nevada Bighorn Sheep. Sacramento, California. xiv + 199
pages
Westley, F.R. and Byers, O. 2003. Getting the right science and getting
the science right: Process design and facilitation in PHVA workshops. Pages 64-82. In: Westley, F.R. and Miller, P.S. (eds.). 2003.
Experiments in consilience: Integrating social and scientific responses to save endangered species. Washington, DC: Island Press.
Westley, F.R. and Miller, P.S. (eds.). 2003. Experiments in consilience:
Integrating social and scientific responses to save endangered species. Washington, DC: Island Press.

329

