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Chapter- 1 

Conservation Biology 
  

  
Efforts are being taken to preserve the natural characteristics of Hopetoun Falls, Australia 
while continuing to allow visitor access 

Conservation biology is the scientific study of the nature and status of Earth's 
biodiversity with the aim of protecting species, their habitats, and ecosystems from 
excessive rates of extinction. It is an interdisciplinary subject drawing on sciences, 
economics, and the practice of natural resource management. 

History of term 

The term conservation biology was introduced as the title of a conference held at the 
University of California in La Jolla, California in 1978 organized by biologists Bruce 
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Wilcox and Michael E. Soulé. The meeting was prompted by the concern among 
scientists over tropical deforestation, disappearing species, eroding genetic diversity 
within species. The conference and proceedings that resulted sought to bridge a gap 
existing at the time between theory in ecology and population biology on the one hand 
and conservation policy and practice on the other. Conservation biology and the concept 
of biological diversity (biodiversity) emerged together, helping crystallize the modern era 
of conservation science and policy. 

Description 

The rapid decline of established biological systems around the world means that 
conservation biology is often referred to as a "Discipline with a deadline". Conservation 
biology is tied closely to ecology in researching the dispersal, migration, demographics, 
effective population size, inbreeding depression, and minimum population viability of 
rare or endangered species. Conservation biology is concerned with phenomena that 
affect the maintenance, loss, and restoration of biodiversity and the science of sustaining 
evolutionary processes that engender genetic, population, species, and ecosystem 
diversity. The concern stems from estimates suggesting that up to 50% of all species on 
the planet will disappear within the next 50 years, which has contributed to poverty, 
starvation, and will reset the course of evolution on this planet. 

Conservation biologists research and educate on the trends and process of biodiversity 
loss, species extinctions, and the negative affect this is having on our capabilities to 
sustain the well-being of human society. Conservation biologists work in the field and 
office, in government, universities, non-profit organizations and industry. They are 
funded to research, monitor, and catalog every angle of the earth and its relation to 
society. The topics are diverse, because this is an interdisciplinary network with 
professional alliances in the biological as well as social sciences. Those dedicated to the 
cause and profession advocate for a global response to the current biodiversity crisis 
based on morals, ethics, and scientific reason. Organizations and citizens are responding 
to the biodiversity crisis through conservation action plans that direct research, 
monitoring, and education programs that engage concerns at local through global scales. 

Context and trends 

Conservation biologists study trends and process from the paleontological past to the 
ecological present as they gain an understanding of the context related to species 
extinction. It is generally accepted that there have been five major global mass 
extinctions that register in Earth's history. These include: the Ordovician (440 mya), 
Devonian (370 mya), Permian–Triassic (245 mya), Triassic–Jurassic (200 mya), and 
Cretaceous (65 mya) extinction spasms. Within the last 10,000 years, human influence 
over the Earth's ecosystems has been so extensive that scientists have difficulty 
estimating the number of species lost; that is to say the rates of deforestation, reef 
destruction, wetland draining and other human acts are proceeding much faster than 
human assessment of species. The latest Living Planet Report by the World Wide Fund 
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for Nature estimates that we have exceeded the bio-regenerative capacity of the planet, 
requiring 1.5 Earths to support the demands placed on our natural resources. 

Sixth extinction 

 

An art scape image showing the relative importance of animals in a rain forest through a 
summary of (a) child's perception compared with (b) a scientific estimate of the 
importance. The size of the animal represents its importance. The child's mental image 
places importance on big cats, birds, butterflies, and then reptiles versus the actual 
dominance of social insects (such as ants). 
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Conservation biologists are dealing with and have published evidence from all corners of 
the planet indicating that humanity may be living the sixth and greatest planetary 
extinction event. It has been suggested that we are living in an era of unprecedented 
numbers of species extinctions, also known as the Holocene extinction event. The global 
extinction rate may be approximately 100,000 times higher than the natural background 
extinction rate. It is estimated that two-thirds of all mammal genera and one-half of all 
mammal species weighing at least 44 kilograms (97 lb) have gone extinct in the last 
50,000 years. It is speculated that this sixth extinction period is unique because it would 
be the first major extinction to be caused by another biotic agent over the course of the 
Earth's 4 billion year history. The Global Amphibian Assessment reports that amphibians 
are declining on a global scale faster than any other vertebrate group, with over 32% of 
all surviving species being threatened with extinction. The surviving populations are in 
continual decline in 43% of those that are threatened. Since the mid-1980s the actual 
rates of extinction have exceeded 211 times rates measured from the fossil record. 
However, "The current amphibian extinction rate may range from 25,039 to 45,474 times 
the background extinction rate for amphibians." The global extinction trend occurs in 
every major vertebrate group that is being monitored. For example, 23% of all mammals 
and 12% of all birds are Red Listed by the International Union for Conservation of 
Nature (IUCN), meaning they too are threatened with extinction. 

Status of oceans and reefs 

Global assessments of coral reefs of the world continue to report drastic and rapid rates of 
decline. By 2000, 27% of the world's coral reef ecosystems had effectively collapsed. 
The largest period of decline occurred in a dramatic "bleaching" event in 1998, where 
approximately 16% of all the coral reefs in the world disappeared in less than a year. 
Coral bleaching is caused by a mixture of environmental stresses, including increases in 
ocean temperatures and acidity, causing both the release of symbiotic algae and death of 
corals. Decline and extinction risk in coral reef biodiversity has risen dramatically in the 
past ten years. The loss of coral reefs, which are predicted to go extinct in the next 
century, will have huge economic impacts, threatens the balance of global biodiversity, 
and endangers food security for hundreds of millions of people. Conservation biology 
plays an important role in international agreements covering the world's oceans (and 
other issues pertaining to biodiversity, e.g. ). 

These predictions will undoubtedly appear extreme, but it is difficult to imagine how such 
changes will not come to pass without fundamental changes in human behavior. 

J.B. Jackson:11463

The oceans are threatened by acidification due to an increase in CO2 levels. This is a 
most serious threat to societies relying heavily upon oceanic natural resources. A concern 
is that the majority of all marine species will not be able to evolve or acclimate in 
response to the changes in the ocean chemistry. 

The prospects of averting mass extinction seems unlikely when "[...] 90% of all of the 
large (average approximately 
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ocean" are reportedly gone. Given the scientific review of current trends, the ocean is 
predicted to have few surviving multi-cellular organisms with only microbes left to 
dominate marine ecosystems. 

Insects and other groups 

There are serious concerns also being hailed from taxonomic groups that do not receive 
the same degree of social attention or attract funds as the vertebrates do, including fungi, 
lichen, plant and insect communities where the vast majority of biodiversity is 
represented. Insect conservation, in particular, is of pivotal importance for conservation 
biology. The value of insects in the biosphere is enormous because they outnumber all 
other living groups in measure of species richness. The greatest bulk of biomass on land 
is found in plants, which is sustained by insect relations. This great ecological value of 
insects is countered by a society that oftentimes reacts negatively toward these 
aesthetically 'unpleasant' creatures.

One area of concern in the insect world that has caught the public eye is the mysterious 
case of missing honey bees (Apis mellifera). Honey bees provide an indispensable 
ecological services through their acts of pollination supporting a huge variety of 
agriculture crops. The sudden disappearance of bees leaving empty hives or colony 
collapse disorder (CCD) is not uncommon. However, in 16-month period from 2006 
through 2007, 29% of 577 beekeepers across the United States reported CCD losses in up 
to 76% of their colonies. This sudden demographic loss in bee numbers is placing a strain 
on the agricultural sector. The cause behind the massive declines is puzzling scientists. 
Pests, pesticides, and global warming are all being considered as possible causes. 

Another highlight that links conservation biology to insects, forests, and climate change 
is the mountain pine beetle (Dendroctonus ponderosae) epidemic of British Columbia, 
Canada, which has infested 470,000 km2 (180,000 sq mi) of forested land since 1999. An 
action plan has been prepared by the Government of British Columbia to address this 
problem. 

This impact [pine beetle epidemic] converted the forest from a small net carbon sink to a 
large net carbon source both during and immediately after the outbreak. In the worst year, 
the impacts resulting from the beetle outbreak in British Columbia were equivalent to 
75% of the average annual direct forest fire emissions from all of Canada during 1959–
1999. 
—Kurz et al. 

Conservation biology of parasites 

A large proportion of parasite species are threatened by extinction. A few of them are 
being eradicated as pests of humans or domestic animals, however, most of them are 
harmless. Threats include the decline or fragmentation of host populations, or the 
extinction of host species. 
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Threats to biodiversity 

Many of the threats to biodiversity, including disease and climate change, are reaching 
inside borders of protected areas, leaving them 'not-so protected' (e.g. Yellowstone 
National Park). Climate change, for example, is often cited as a serious threat in this 
regard, because there is a feedback loop between species extinction and the release of 
carbon dioxide into the atmosphere. Ecosystems store and cycle large amounts of carbon 
to regulate global conditions. The effects of global warming adds a catastrophic threat 
toward a mass extinction of global biological diversity. The extinction threat is estimated 
to range from 15 to 37 percent of all species by 2050, or 50 percent of all species over the 
next 50 years. 

Some of the most significant and insidious threats to biodiversity and ecosystem 
processes include climate change, mass agriculture, deforestation, overgrazing, slash-and-
burn agriculture, urban development, wildlife trade, light pollution and pesticide use.   
Habitat fragmentation poses one of the more difficult challenges, because the global 
network of protected areas only covers 11.5% of the Earth's surface. A significant 
consequence of fragmentation and lack of linked protected areas is the reduction of 
animal migration on a global scale. Considering that billions of tonnes of biomass are 
responsible for nutrient cycling across the earth, the reduction of migration is a serious 
matter for conservation biology. 

Human activities are associated directly or indirectly with nearly every aspect of the current extinction 
spasm. 

Wake and Vredenburg 

These figures do not imply, however, that human activities must necessarily cause 
irreparable harm to the biosphere. With conservation management and planning for 
biodiversity at all levels, from genes to ecosystems, there are examples where humans 
mutually coexist in a sustainable way with nature. However, it may be too late for human 
intervention to reverse the current mass extinction.
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Concepts and foundations 

Measuring extinction rates 

 
  
The five major extinction spasms measured by extinction levels in marine animal genera 
through time. Blue graph shows apparent percentage (not absolute number) of extinctions 
during any given time interval. 

Extinction rates are measured in a variety of ways. Conservation biologists measure and 
apply statistical measures of fossil records, rates of habitat loss, and a multitude of other 
variables such as loss of biodiversity as a function of the rate of habitat loss and site 
occupancy to obtain such estimates. The Theory of Island Biogeography is possibly the 
most significant contribution toward the scientific understanding of both the process and 
how to measure the rate of species extinction. The current background extinction rate is 
estimated to be one species every few years. 

The measure of ongoing species loss is made more complex by the fact that most of the 
Earth's species have not been described or evaluated. Estimates vary greatly on how 
many species actually exist (estimated range: 3,600,000-111,700,000) to how many have 
received a species binomial (estimated range: 1.5-8 million). Less than 1% of all species 
that have been described have been studied beyond simply noting its existence. From 
these figures, the IUCN reports that 23% of vertebrates, 5% of invertebrates and 70% of 
plants that have been evaluated are designated as endangered or threatened. 
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Systematic conservation planning 

Systematic conservation planning is an effective way to seek and identify efficient and 
effective types of reserve design to capture or sustain the highest priority biodiversity 
values and to work with communities in support of local ecosystems. Margules and 
Pressey identify six interlinked stages in the systematic planning approach: 

1. Compile data on the biodiversity of the planning region 
2. Identify conservation goals for the planning region 
3. Review existing conservation areas 
4. Select additional conservation areas 
5. Implement conservation actions 
6. Maintain the required values of conservation areas 

Conservation biologists regularly prepare detailed conservation plans for grant proposals 
or to effectively coordinate their plan of action and to identify best management practices 
(e.g.). Systematic strategies generally employ the services of Geographic Information 
Systems to assist in the decision making process. 

Conservation biology as a profession 

The Society for Conservation Biology is a global community of conservation 
professionals dedicated to advancing the science and practice of conserving biodiversity. 
Conservation biology as a discipline reaches beyond biology, into subjects such as 
philosophy, law, economics, humanities, arts, anthropology, and education. Within 
biology, conservation genetics and evolution are immense fields unto themselves, but 
these disciplines are of prime importance to the practice and profession of conservation 
biology. 

[...] there are advocates and there are sloppy or dishonest scientists, and these groups differ. 

Chan 

Is conservation biology an objective science when biologists advocate for an inherent 
value in nature? Do conservationists introduce bias when they support policies using 
qualitative description, such as habitat degradation, or healthy ecosystems? As all 
scientists hold values, so do conservation biologists. Conservation biologists advocate for 
reasoned and sensible management of natural resources and do so with a disclosed 
combination of science, reason, logic, and values in their conservation management 
plans. This sort of advocacy is similar to the medical profession advocating for healthy 
lifestyle options, both are beneficial to human well-being yet remain scientific in their 
approach. Many conservation biologists, in addition to having a Bachelors of Science (or 
extensive natural experience) often receive professional accreditation during their career 
(e.g. ). 
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There is a movement in conservation biology suggesting a new form of leadership is 
needed to mobilize conservation biology into a more effective discipline that is able to 
communicate the full scope of the problem to society at large. The movement proposes 
an adaptive leadership approach that parallels an adaptive management approach. The 
concept is based on a new philosophy or leadership theory steering away from historical 
notions of power, authority, and dominance. Adaptive conservation leadership is 
reflective and more equitable as it applies to any member of society who can mobilize 
others toward meaningful change using communication techniques that are inspiring, 
purposeful, and collegial. Adaptive conservation leadership and mentoring programs are 
being implemented by conservation biologists through organizations such as the Aldo 
Leopold Leadership Program 

Approaches 

Conservation may be classified as either in-situ conservation, which is protecting an 
endangered species in its natural habitat, or ex-situ conservation, which occurs outside 
the natural habitat. In-situ conservation involves protecting or cleaning up the habitat 
itself which may include a great deal of environmental preservation, or by defending the 
species from predators. Ex-situ conservation may be used on some or all of the 
population, when in-situ conservation is too difficult, or impossible. 

Also, non-interference may be used, which is termed a preservationist method. 
Preservationists advocate for giving areas of nature and species a protected existence that 
halts interference from the humans. In this regard, conservationists differ from 
preservationists in the social dimension, as conservation biology engages society and 
seeks equitable solutions for both society and ecosystems. 

Some preservationists emphasize the potential of biodiversity in a world without humans 

"Animals have not yet invaded 2/3 of Earth's habitats, and it could be that without human 
influence the diversity of tetrapods will continue to increase in an exponential fashion." 
—Sahney et al. 

Ethics and values 

Conservation biologists are interdisciplinary researchers that practice ethics in the 
biological and social sciences. Chan states that conservationists must advocate for 
biodiversity and can do so in a scientifically ethical manner by not promoting 
simultaneous advocacy against other competing values. A conservationist researches 
biodiversity and reasons through a Resource Conservation Ethic , which identify what 
measures will deliver "the greatest good for the greatest number of people for the longest 
time.":13 

Some conservation biologists argue that nature has an intrinsic value that is independent 
of anthropocentric usefulness or utilitarianism. Intrinsic value advocates that a gene, or 
species, be valued because they have a utility for the ecosystems they sustain. Aldo 
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Leopold was a classical thinker and writer on such conservation ethics whose philosophy, 
ethics and writings are still valued and revisited by modern conservation biologists. His 
writing is oftentimes required reading for those in the profession. 

Conservation priorities 

A pie chart image showing the relative biomass representation in a rain forest through a 
summary of children's perceptions from drawings and artwork (left), through a scientific 
estimate of actual biomass (middle), and by a measure of biodiversity (right). Notice that 
the biomass of social insects (middle) far outweighs the number of species (right). 

The International Union for the Conservation of Nature (IUCN) has organized a global 
assortment of scientists and research stations across the planet to monitor the changing 
state of nature in an effort to tackle the extinction crisis. The IUCN provides annual 
updates on the status of species conservation through its Red List. The IUCN Red List 
serves as an international conservation tool to identify those species most in need of 
conservation attention and by providing a global index on the status of biodiversity. More 
than the dramatic rates of species loss, however, conservation scientists note that the sixth 
mass extinction is a biodiversity crisis requiring far more action than a priority focus on 
rare, endemic or endangered species. Concerns for biodiversity loss covers a broader 
conservation mandate that looks at ecological processes, such as migration, and a holistic 
examination of biodiversity at levels beyond the species, including genetic, population 
and ecosystem diversity. Extensive, systematic, and rapid rates of biodiversity loss 
threatens the sustained well-being of humanity by limiting supply of ecosystem services 
that are otherwise regenerated by the complex and evolving holistic network of genetic 
and ecosystem diversity. While the conservation status of species is employed 
extensively in conservation management, some scientists highlight that it is the common 
species that are the primary source of exploitation and habitat alteration by humanity. 
Moreover, common species are often undervalued despite their role as the primary source 
of ecosystem services. 

While most in the community of conservation science "stress the importance" of 
sustaining biodiversity, there is debate on how to prioritize genes, species, or ecosystems, 
which are all components of biodiversity (e.g. Bowen, 1999). While the predominant 
approach to date has been to focus efforts on endangered species by conserving 
biodiversity hotspots, some scientists (e.g.) and conservation organizations, such as the 
Nature Conservancy, argue that it is more cost effective, logical, and socially relevant to 
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invest in biodiversity coldspots. The costs of discovering, naming, and mapping out the 
distribution every species, they argue, is an ill advised conservation venture. They reason 
it is better to understand the significance of the ecological roles of species. 

Biodiversity hotspots and coldspots are a way of recognizing that the spatial 
concentration of genes, species, and ecosystems is not uniformly distributed on the 
Earth's surface. For example, "[...] 44% of all species of vascular plants and 35% of all 
species in four vertebrate groups are confined to 25 hotspots comprising only 1.4% of the 
land surface of the Earth."

Those arguing in favor of setting priorities for coldspots point out that there are other 
measures to consider beyond biodiversity. They point out that emphasizing hotspots 
downplays the importance of the social and ecological connections to vast areas of the 
Earth's ecosystems where biomass, not biodiversity, reigns supreme. It is estimated that 
36% of the Earth's surface, encompassing 38.9% of the worlds vertebrates, lacks the 
endemic species to qualify as biodiversity hotspot. Moreover, measures show that 
maximizing protections for biodiversity does not capture ecosystem services any better 
than targeting randomly chosen regions. Population level biodiversity (i.e. coldspots) are 
disappearing at a rate that is ten times that at the species level. The level of importance in 
addressing biomass versus endemism as a concern for conservation biology is highlighted 
in literature measuring the level of threat to global ecosystem carbon stocks that do not 
necessarily reside in areas of endemism. A hotspot priority approach would not invest so 
heavily in places such as steppes, the Serengeti, the Arctic, or taiga. These areas 
contribute a great abundance of population (not species) level biodiversity and ecosystem 
services, including cultural value and planetary nutrient cycling. 

Summary of 2006 IUCN Red List categories. 

Those in favor of the hotspot approach point out that species are irreplaceable 
components of the global ecosystem, they are concentrated in places that are most 
threatened, and should therefore receive maximal strategic protections.  
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Economic values and natural capital 

Tadrart Acacus desert in western Libya, part of the Sahara. 

Conservation biologists have started to collaborate with leading global economists to 
determine how to measure the wealth and services of nature and to make these values 
apparent in global market transactions. This system of accounting is called natural 
capital and would, for example, register the value of an ecosystem before it is cleared to 
make way for development. The WWF publishes its Living Planet Report and provides a 
global index of biodiversity by monitoring approximately 5,000 populations in 
1,686 species of vertebrate (mammals, birds, fish, reptiles, and amphibians) and report on 
the trends in much the same way that the stock market is tracked. 

This method of measuring the global economic benefit of nature has been endorsed by 
the G8+5 leaders and the European Commission. Nature sustains many ecosystem 
services that benefit humanity. Many of the earths ecosystem services are public goods 
without a market and therefore no price or value. When the stock market registers a 
financial crisis, traders on Wall Street are not in the business of trading stocks for much 
of the planet's living natural capital stored in ecosystems. There is no natural stock 
market with investment portfolios into sea horses, amphibians, insects, and other 
creatures that provide a sustainable supply of ecosystem services that are valuable to 
society. The ecological footprint of society has exceeded the bio-regenerative capacity 
limits of the planet's ecosystems by about 30 percent, which is the same percentage of 
vertebrate populations that have registered decline from 1970 through 2005. 
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The ecological credit crunch is a global challenge. The Living Planet Report 2008 tells us that more 
than three quarters of the world’s people live in nations that are ecological debtors – their national 
consumption has outstripped their country’s biocapacity. Thus, most of us are propping up our current 
lifestyles, and our economic growth, by drawing (and increasingly overdrawing) upon the ecological 
capital of other parts of the world. 

WWF Living Planet Report 

The inherent natural economy plays an essential role in sustaining humanity, including 
the regulation of global atmospheric chemistry, pollinating crops, pest control, cycling 
soil nutrients, purifying our water supply, supplying medicines and health benefits, and 
unquantifiable quality of life improvements. There is a relationship, a correlation, 
between markets and natural capital, and social income inequity and biodiversity loss. 
This means that there are greater rates of biodiversity loss in places where the inequity of 
wealth is greatest 

Although a direct market comparison of natural capital is likely insufficient in terms of 
human value, one measure of ecosystem services suggests the contribution amounts to 
trillions of dollars yearly. For example, one segment of North American forests has been 
assigned an annual value of 250 billion dollars; as another example, honey-bee 
pollination is estimated to provide between 10 and 18 billion dollars of value yearly. The 
value of ecosystem services on one New Zealand island has been imputed to be as great 
as the GDP of that region. This planetary wealth is being lost at an incredible rate as the 
demands of human society is exceeding the bio-regenerative capacity of the Earth. While 
biodiversity and ecosystems are resilient, the danger of losing them is that humans cannot 
recreate many ecosystem functions through technological innovation. 

Strategic species concepts 

Keystone species 

Some species, called a keystone species, form a central supporting hub in the ecosystem. 
The loss of such a species results in a collapse in ecosystem function, as well as the loss 
of coexisting species. The importance of a keystone species was shown by the extinction 
of the Steller's Sea Cow (Hydrodamalis gigas) through its interaction with sea otters, sea 
urchins, and kelp. Kelp beds grow and form nurseries in shallow waters to shelter 
creatures that support the food chain. Sea urchins feed on kelp, while sea otters feed on 
sea urchins. With the rapid decline of sea otters due to overhunting, sea urchin 
populations grazed unrestricted on the kelp beds and the ecosystem collapsed. Left 
unchecked, the urchins destroyed the shallow water kelp communities that supported the 
Steller's Sea Cow's diet and hastened their demise. The sea otter is a keystone species 
because the coexistence of many ecological associates in the kelp beds relied upon otters 
for their survival. 
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Indicator species 

The NAMOS BC logo is an example of an ecosystem umbrella concept (forests and 
wetlands) combined with amphibians as indicator and flagship species. 

An indicator species has a narrow set of ecological requirements, therefore they become 
useful targets for observing the health of an ecosystem. Some animals, such as 
amphibians with their semi-permeable skin and linkages to wetlands, have an acute 
sensitivity to environmental harm and thus may serve as a miner's canary. Indicator 
species are monitored in an effort to capture environmental degradation through pollution 
or some other link to proximate human activities. Monitoring an indicator species is a 
measure to determine if there is a significant environmental impact that can serve to 
advise or modify practice, such as through different forestsilviculture treatments and 
management scenarios, or to measure the degree of harm that a pesticide may impart on 
the health of an ecosystem. 

Government regulators, consultants, or NGOs regularly monitor indicator species, 
however, there are limitations coupled with many practical considerations that must be 
followed for the approach to be effective. It is generally recommended that multiple 
indicators (genes, populations, species, communities, and landscape) be monitored for 
effective conservation measurement that prevents harm to the complex, and oftentimes 
unpredictable, response from ecosystem dynamics (Noss, 1997:88-89). 

Umbrella and flagship species 

An example of an umbrella species is the Monarch butterfly, because of its lengthy 
migrations and aesthetic value. The Monarch migrates across North America, covering 
multiple ecosystems and so requires a large area to exist. Any protections afforded to the 
Monarch butterfly will at the same time umbrella many other species and habitats. An 
umbrella species is often used as flagship species, which are species, such as the Giant 
Panda, the Blue Whale, the tiger, the mountain gorilla and the Monarch butterfly, that 
capture the public's attention and attract support for conservation measures. 
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History 

The conservation of natural resources is the fundamental problem. Unless we solve that 
problem, it will avail us little to solve all others. 

Theodore Roosevelt 

Natural resource conservation 

Efforts to conserve and protect global biodiversity are a recent phenomenon. Prior to the 
global conservation era, there was the coming of the age of conservation. Some historians 
have linked this with the 1916 National Parks Act, which included the 'use without 
impairment' clause, sought by John Muir. This eventually resulted in the removal of a 
proposal to build a dam in Dinosaur National Monument in 1959. 

Natural resource conservation, however, has a history that extends prior to the age of 
conservation. Resource ethics grew out of necessity through direct relations with nature. 
Regulation or communal restraint became necessary to prevent selfish motives from 
taking more than could be locally sustained, therefore compromising the long-term 
supply for the rest of the community. This social dilemma with respect to natural 
resource management is often called the "Tragedy of the Commons". From this principal, 
conservation biologists can trace communal resource based ethics throughout cultures as 
a solution to communal resource conflict. For example, the Alaskan Tlingit peoples and 
the Haida of the Pacific Northwest had resource boundaries, rules, and restrictions among 
clans with respect to the fishing of Sockeye Salmon. These rules were guided by clan 
elders who knew life-long details of each river and stream they managed. There are 
numerous examples in history where cultures have followed rules, rituals, and organized 
practice with respect to communal natural resource management. 

Conservation ethics are also found in early religious and philosophical writings. There 
are examples in the Tao, Shinto, Hindu, Islamic and Buddhist traditions. In Greek 
philosophy, Plato lamented about pasture land degradation: "What is left now is, so to 
say, the skeleton of a body wasted by disease; the rich, soft soil has been carried off and 
only the bare framework of the district left." In the bible, through Moses, God 
commanded to let the land rest from cultivation every seventh year. Before the 18th 
century, however, much of European culture considered it a pagan view to admire nature. 
Wilderness was denigrated while agricultural development was praised. However, as 
early as AD 680 a wildlife sanctuary was founded on the Farne Islands by St Cuthbert in 
response to his religious beliefs. 
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Early naturalists 

 
  
White Gerfalcons drawn by John James Audubon 

Natural history was a major preoccupation in the 18th century, with grand expeditions 
and the opening of popular public displays in Europe and North America. By 1900 there 
were 150 natural history museums in Germany, 250 in Great Britain, 250 in the United 
States, and 300 in France. Preservationist or conservationist sentiments are a 
development in the late 18th to early 20th century. The 19th century fascination with 
natural history engendered a fervor to be the first to collect rare specimens with the goal 
of doing so before they became extinct by other such collectors. Although his artistic 
works and romantic depiction of avian life inspired many bird enthusiasts and 
conservation organizations, the writings of John James Audubon, by modern standards, 
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show insensitivity toward bird conservation as he shot and collected hundreds of 
specimens. Inspired by him, however, the first chapter of the Audubon Society started in 
1905 for the purpose of protecting birds. 

Coming of the Age of Conservation 

The modern concept of ecosystem services can be found in the late 19th century. "The 
utility of Natural History or its applicability to promote the material wealth of the State 
cannot be doubted. It was a great mistake to suppose that the subjects of Zoology, 
Botany, and Geology did not involve much that affects our comfort, convenience, health 
and wealth." However, we continues and discusses the dread of agricultural pests and the 
utility of understanding their natural history for the purpose of facilitating their 
destruction. 

In the department of Woods and Forestry we should teach on the principals of conservation and teach 
on the lessons of economy rather than of waste in the natural resources of our country. 

American Museum of Natural History, 1909 

By the early 19th century biogeography was ignited through efforts of Alexander von 
Humboldt, DeCandolle, Lyell and Darwin; their efforts, while important in relating 
species to their environments, were part of the naturalist tradition and fell short of 
conservation biology proper. Darwin, for example, hunted and shot birds and kept natural 
history cabinets in line with Victorian tradition. 

Modern roots of conservation biology can be found in the late 19th century 
Enlightenment period particularly in England and Scotland. A number of thinkers, among 
them notably Lord Monboddo, described the importance of "preserving nature"; much of 
this early emphasis had its origins in Christian theology. 
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20th century conservation 

 
  
Roosevelt and Muir on Glacier Point in Yosemite National Park. 

In the 20th century, actions in the United Kingdom, United States, and Canada 
emphasized the protection of habitat areas pursuant to visions of such people as John 
Muir, Theodore Roosevelt, and Aldo Leopold. While the Canadian nor the United 
Kingdom governments did not pioneer the creation of National Parks as the United States 
did in the late 19th century, there were many far-sighted civil servants who were 
dedicated to wildlife conservation and of notable mention. Some of these historical 
figures include Charles Gordon Hewitt  and James Harkin. 
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The term conservation came into use in the late 19th century and referred to the 
management, mainly for economic reasons, of such natural resources as timber, fish, 
game, topsoil, pastureland, and minerals. In addition it referred to the preservation of 
forests (forestry), wildlife (wildlife refuge), parkland, wilderness, and watersheds. 
Western Europe was the source of much 19th century progress for conservation biology, 
particularly the British Empire with the Sea Birds Preservation Act 1869. However, the 
United States made contributions to this field starting with thinking of Thoreau and 
taking form with the Forest Act of 1891, John Muir's founding of the Sierra Club in 1892, 
the founding of the New York Zoological Society in 1895 and establishment of a series 
of national forests and preserves by Theodore Roosevelt from 1901 to 1909. 

Not until the mid-20th century did efforts arise to target individual species for 
conservation, notably efforts in big cat conservation in South America led by the New 
York Zoological Society. In the early 20th century the New York Zoological Society was 
instrumental in developing concepts of establishing preserves for particular species and 
conducting the necessary conservation studies to determine the suitability of locations 
that are most appropriate as conservation priorities; the work of Henry Fairfield Osborn 
Jr., Carl E. Akeley, Archie Carr and Archie Carr III is notable in this era. Akeley for 
example, having led expeditions to the Virunga Mountains and observed the mountain 
gorilla in the wild, became convinced that the species and the area were conservation 
priorities. He was instrumental in persuading Albert I of Belgium to act in defense of the 
mountain gorilla and establish Albert National Park (since renamed Virunga National 
Park) in what is now Democratic Republic of Congo. 

By the 1970s, led primarily by work in the United States under the Endangered Species 
Act along with the Species at Risk Act (SARA) of Canada, Biodiversity Action Plans 
developed in Australia, Sweden, the United Kingdom, hundreds of species specific 
protection plans ensued. Notably the United Nations acted to conserve sites of 
outstanding cultural or natural importance to the common heritage of mankind. The 
programme was adopted by the General Conference of UNESCO in 1972. As of 2006, a 
total of 830 sites are listed: 644 cultural, 162 natural. The first country to pursue 
aggressive biological conservation through national legislation was the United States, 
which passed back to back legislation in the Endangered Species Act (1966) and National 
Environmental Policy Act (1970), which together injected major funding and protection 
measures to large scale habitat protection and threatened species research. Other 
conservation developments, however, have taken hold throughout the world. India, for 
example, passed the Wildlife Protection Act of 1972 . 

In 1980 a significant development was the emergence of the urban conservation 
movement. A local organization was established in Birmingham, UK, a development 
followed in rapid succession in cities across the UK, then overseas. Although perceived 
as a grassroots movement, its early development was driven by academic research into 
urban wildlife. Initially perceived as radical, the movement's view of conservation being 
inextricably linked with other human activity has now become mainstream in 
conservation thought. Considerable research effort is now directed at urban conservation 
biology. The Society for Conservation Biology originated in 1985. 
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By 1992 most of the countries of the world had become committed to the principles of 
conservation of biological diversity with the Convention on Biological Diversity; 
subsequently many countries began programmes of Biodiversity Action Plans to identify 
and conserve threatened species within their borders, as well as protect associated 
habitats. The late 1990s saw increasing professionalism in the sector, with the maturing 
of organisations such as the Institute of Ecology and Environmental Management and the 
Society for the Environment. 

Since 2000 the concept of landscape scale conservation has risen to prominence, with less 
emphasis being given to single-species or even single-habitat focused actions. Instead an 
ecosystem approach is advocated by most mainstream conservationist, although concerns 
have been expressed by those working to protect some high-profile species. 

Ecology has clarified the workings of the biosphere; i.e., the complex interrelationships 
among humans, other species, and the physical environment. The burgeoning human 
population and associated agriculture, industry, and the ensuing pollution, have 
demonstrated how easily ecological relationships can be disrupted. 

“ The last word in ignorance is 
the man who says of an animal 
or plant: "What good is it?" If 
the land mechanism as a whole 
is good, then every part is good, 
whether we understand it or not. 
If the biota, in the course of 
aeons, has built something we 
like but do not understand, then 
who but a fool would discard 
seemingly useless parts? To 
keep every cog and wheel is the 
first precaution of intelligent 
tinkering. 



_________________WORLD TECHNOLOGIES_________________

Chapter- 2 

Significant Species in Conservation 
Biology 

Keystone species 

  
Sea otters, an example of a keystone species 

A keystone species is a species that has a disproportionate effect on its environment 
relative to its biomass. Such species affect many other organisms in an ecosystem and 
help to determine the types and numbers of various other species in a community. 

Such an organism plays a role in its ecosystem that is analogous to the role of a keystone 
in an arch. While the keystone is under the least pressure of any of the stones in an arch, 
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the arch still collapses without it. Similarly, an ecosystem may experience a dramatic 
shift if a keystone species is removed, even though that species was a small part of the 
ecosystem by measures of biomass or productivity. It has become a very popular concept 
in conservation biology. 

A keystone species is a species that plays a critical role in maintaining the structure of an 
ecological community and whose impact on the community is greater than would be 
expected based on its relative abundance or total biomass. The ecologist Dr. Robert T. 
Paine coined the phrase to explain the relationship between Pisaster ochraceus, a species 
of starfish, and Mytilus californianus, a species of mussel.  

Examples 

  
Puget Sound starfish 
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California Mussels 

There are many historical definitions of the keystone species concept since it was coined 
by Robert Paine, as reviewed here. 

Without a consensus on its exact definition, we are left to illustrate the concept of 
keystone species with a list of examples. 

A classic keystone species is a small predator that prevents a particular herbivorous 
species from eliminating dominant plant species. Since the prey numbers are low, the 
keystone predator numbers can be even lower and still be effective. Yet without the 
predators, the herbivorous prey would explode in numbers, wipe out the dominant plants, 
and dramatically alter the character of the ecosystem. The exact scenario changes in each 
example, but the central idea remains that through a chain of interactions, a non-abundant 
species has an out-sized impact on ecosystem functions. One example is the weevil and 
its suggested keystone effects on aquatic plant species diversity by prey activities on 
nuisance Eurasian Watermilfoil.
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Predators 

Sea urchin

Some sea stars may perform this function by preying on sea urchins, mussels, and other 
shellfish that have no other natural predators. If the sea star is removed from the 
ecosystem, the mussel population explodes uncontrollably, driving out most other 
species, while the urchin population annihilates coral reefs. In his classic 1966 paper, Dr. 
Robert Paine described such a system in Makah Bay in Washington State. This led to his 
1969 paper where he proposed the keystone species concept. 

Similarly, sea otters in kelp forests keep sea urchins in check. Kelp "roots", called 
holdfasts, are merely anchors, and not the vast nutrient gathering networks of land plants. 
Thus the urchins only need to eat the roots of the kelp, a tiny fraction of the plant's 
biomass, to remove it from the ecosystem.  

These creatures need not be apex predators. Sea stars are prey for sharks, rays, and sea 
anemones. Sea otters are prey for orca.

In the case of the jaguar, whose numbers in Central and South America have been 
classified as Near Threatened, it acts as a keystone predator by its widely varied diet, 
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helping to balance the mammalian jungle ecosystem with its consumption of 87 different 
species of prey.

Mutualists 

Keystone mutualists are organisms that participate in mutually beneficial interactions, the 
loss of which would have a profound impact upon the ecosystem as a whole. For 
example, in the Avon Wheatbelt region of Western Australia, there is a period of each 
year when Banksia prionotes (Acorn Banksia) is the sole source of nectar for 
honeyeaters, which play an important role in pollination of numerous plant species. 
Therefore the loss of this one species of tree would probably cause the honeyeater 
population to collapse, with profound implications for the entire ecosystem. 

Engineers 

  
Grizzly bear in water 
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Beaver dam lake

In North America, the grizzly bear is a keystone species—not as a predator but as 
ecosystem engineers. They transfer nutrients from the oceanic ecosystem to the forest 
ecosystem. The first stage of the transfer is performed by salmon, rich in nitrogen, sulfur, 
carbon, and phosphorus, who swim up rivers, sometimes for hundreds of miles. The bears 
then capture the salmon and carry them onto dry land, dispersing nutrient-rich feces and 
partially eaten carcasses. It has been estimated that the bears leave up to half of the 
salmon they harvest on the forest floor. 

The prairie dog is also an ecosystem engineer. Prairie dog burrows provide the nesting 
areas for Mountain Plovers and Burrowing Owls. Prairie dog tunnel systems also help 
channel rainwater into the water table to prevent runoff and erosion, and can also serve to 
change the composition of the soil in a region by increasing aeration and reversing soil 
compaction that can be a result of cattle grazing. Prairie dogs also trim the vegetation 
around their colonies, perhaps to remove any cover for predators. Even grazing species 
such as Plains bison, pronghorn, and Mule deer have shown a proclivity for grazing on 
the same land used by prairie dogs. It is believed that they prefer the vegetative 
conditions after prairie dogs have foraged through the area. Another example, 
wildebeests are a keystone to the Serengeti in which is keeping the ecosystem up. 
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Another ecosystem engineering keystone species is the beaver, which transforms its 
territory from a stream to a pond or swamp. 

In the African savanna, the larger herbivores, especially the elephants, shape their 
environment. The elephants destroy trees, making room for the grass species. Without 
these animals, much of the savanna would turn into woodland. 

Indicator species 
An indicator species is any biological species that defines a trait or characteristic of the 
environment. For example, a species may delineate an ecoregion or indicate an 
environmental condition such as a disease outbreak, pollution, species competition or 
climate change. Indicator species can be among the most sensitive species in a region, 
and sometimes act as an early warning to monitoring biologists. 

Indicators of environmental condition 

Definitions 

Lindenmayer et al. suggest 7 alternative definitions of indicator species: 

1. a species whose presence indicates the presence of a set of other species and 
whose absence indicates the lack of that entire set of species; 

2. a keystone species, which is a species whose addition to or loss from an 
ecosystem leads to major changes in abundance or occurrence of at least one other 
species 

3. a species whose presence indicates human-created abiotic conditions such as air 
or water pollution (often called a pollution indicator species) 

4. a dominant species that provides much of the biomass or number of individuals in 
an area 

5. a species that indicates particular environmental conditions such as certain soil or 
rock types 

6. a species thought to be sensitive to and therefore to serve as an early warning 
indicator of environmental changes such as global warming or modified fire 
regimes (sometimes called a bioindicator species) 

7. a management indicator species, which is a species that reflects the effects of a 
disturbance regime or the efficacy of efforts to mitigate disturbance effects. 

Type 1, 2, and 4 have been proposed as indicators of biological diversity and types 3, 5, 
6, and 7 as indicators of abiotic conditions and/or changes in ecological processes. 
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Indicator Species for Ancient Woodland in England 

Indicator species for ancient woodland in England need to be shade tolerant and slow 
colonisers. Plant species include Common wood sorrel, Wood Anemone, Wild Daffodil, 
Golden Saxifrage, Wild Garlic and in the East of England and Lincolnshire, Common 
Bluebells. 

Umbrella species 
Umbrella species are species selected for making conservation related decisions, 
typically because protecting these species indirectly protects the many other species that 
make up the ecological community of its habitat. Species conservation can be subjective 
because it is hard to determine the status of many species. With millions of species of 
concern, the identification of selected keystone species, flagship species or umbrella 
species makes conservation decisions easier. Umbrella species can be used to help select 
the locations of potential reserves, find the minimum size of these conservation areas or 
reserves, and to determine the composition, structure and processes of ecosystems. 

Definitions 

Two commonly used definitions: 

 A: "A wide-ranging species whose requirements include those of many other 
species" 

 B: A species with large area requirements for which protection of the species 
offers protection to other species that share the same habitat 

Other descriptions include: 

 A: "The protection of umbrella species automatically extends protection to other 
species. i.e. spotted owl and old growth trees" 

 B: "Traditional umbrella species, relatively large-bodied and wide-ranging species 
of higher vertebrates" 

Use in landuse management 

The use of umbrella species as a conservation tool is highly debated. The term was first 
used by Wilcox (1984)  who defined an umbrella species as one whose minimum area 
requirements are at least as comprehensive of the rest of the community for which 
protection is sought though the establishment and management of a protected area. 

Some scientists have found that the umbrella effect provides a simpler way to manage 
ecological communities. Others feel that a combination of other tools establish better land 
management reserves to help protect more species than just using umbrella species alone. 
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Individual invertebrate species can be good umbrella species because they can protect 
older, unique ecosystems. There have been cases where umbrella species have protected a 
large amount of area which has been beneficial to surrounding species such as the 
northern spotted owl. 

Currently research is being done on land management decisions based on using umbrella 
species to protect habitat of specific species as well as other organisms in the area. Dunk, 
Zielinski and Welsh (2006) reported that the reserves in Northern California (Klamath-
Siskiyou forests), set aside for the northern spotted owl, also protect mollusks and 
salamanders within that habitat. According to their conclusions, the reserves set aside for 
the northern spotted owl “serve as a reasonable coarse-filter umbrella species for the taxa 
[they] evaluated,” which were the mollusks and salamanders. 

Use in the Endangered Species Act (USA) 

The Bay checkerspot butterfly has been on the Endangered Species List since 1987 and is 
still currently listed. Launer and Murphy (1994) tried to determine whether this butterfly 
could be considered an umbrella species in protecting the native grassland it inhabits. 
They discovered that the Endangered Species Act (ESA) has a loophole to eliminate 
federally protected plants that reside on private property. However, the California 
Environmental Quality Act (CEQA) reinforces state conservation regulations. Using the 
ESA to protect termed umbrella species and their habitats can be controversial because 
they are not as reinforced in some states as others (such as California) to protect overall 
biodiversity. 

Examples of umbrella species 

1. Northern spotted owls and old growth forest : ex. Molluscs and salamanders are 
within the protective boundaries of the northern spotted owl. 

2. Bay checkerspot butterfly and grasslands 
3. Tigers in India and elsewhere. Project Tiger was launched to save the tiger and 

thereby its habitat and other species within it. 
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Flagship species 

 
  
Project logo showing the use of the Zanzibar Red Colobus as the flagship species for 
conservation in Zanzibar 

A flagship species is a species chosen to represent an environmental cause, such as an 
ecosystem in need of conservation. These species are chosen for their vulnerability, 
attractiveness or distinctiveness in order to engender support and acknowledgment from 
the public at large. Thus, the concept of a flagship species holds that by giving publicity 
to a few key species, the support given to those species will successfully leverage 
conservation of entire ecosystems and all species contained therein. 

Examples of flagship species include the Asiatic lion and the Bengal tiger of India, the 
giant panda of China, the golden lion tamarin of Brazil, the African elephant, the 
mountain gorilla of central Africa, and the orangutan of southeast Asia. 
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Chapter- 3 

Marine Conservation 

 
 
Coral reefs have a great amount of biodiversity. 
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Marine conservation, also known as marine resources conservation, is the protection 
and preservation of ecosystems in oceans and seas. Marine conservation focuses on 
limiting human-caused damage to marine ecosystems, and on restoring damaged marine 
ecosystems. Marine conservation also focuses on preserving vulnerable marine species. 

Overview 

Marine conservation is the study of conserving physical and biological marine resources 
and ecosystem functions. This is a relatively new discipline. Marine conservationists rely 
on a combination of scientific principles derived from marine biology, oceanography, and 
fisheries science, as well as on human factors such as demand for marine resources and 
marine law, economics and policy in order to determine how to best protect and conserve 
marine species and ecosystems. Marine conservation can be seen as a subdiscipline of 
conservation biology. 

Techniques 

Strategies and techniques for marine conservation tend to combine theoretical disciplines, 
such as population biology, with practical conservation strategies, such as setting up 
protected areas, as with marine protected areas (MPAs) or Voluntary Marine 
Conservation Areas. Other techniques include developing sustainable fisheries and 
restoring the populations of endangered species through artificial means. 

Another focus of conservationists is on curtailing human activities that are detrimental to 
either marine ecosystems or species through policy, techniques such as fishing quotas, 
like those set up by the Northwest Atlantic Fisheries Organization, or laws such as those 
listed below. Recognizing the economics involved in human use of marine ecosystems is 
key, as is education of the public about conservation issues. This includes educating 
tourists that come to an area that might not be familiar of certain rules and regulations 
regarding the marine habitat. One example of this is a project called Green Fins that uses 
the SCUBA diving industry to educate the public based in SE Asia. This project, 
implemented by UNEP, encourages scuba diving operators to educate the public they 
teach to dive about the importance of marine conservation and encourage them to dive in 
an environmentally friendly manner that does not damage coral reefs or associated 
marine ecosystems. 

Laws and treaties 

International laws and treaties related to marine conservation include the 1966 
Convention on Fishing and Conservation of Living Resources of the High Seas. United 
States laws related to marine conservation include the 1972 Marine Mammal Protection 
Act, as well as the 1972 Marine Protection, Research and Sanctuaries Act which 
established the National Marine Sanctuaries program. 
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In 2010, the Scottish Parliament enacted new legislation for the protection of marine life 
with the Marine (Scotland) Act 2010. The provisions in the Act include: Marine 
planning, Marine licensing, marine conservation, seal conservation, and enforcement. 

Organizations and education 

The shore of the Pacific Ocean in San Francisco, California. 

There are marine conservation organizations throughout the world that focus on funding 
conservation efforts, educating the public and stakeholders, and lobbying for 
conservation law and policy. Examples of these organizations are Oceana (non-profit 
group), the Marine Conservation Biology Institute (United States), Blue Frontier 
Campaign (United States), Frontier (the Society for Environmental Exploration) (United 
Kingdom), Marine Conservation Society (United Kingdom), The Reef-World Foundation 
(United Kingdom) and [Australian Marine Conservation Society]. 

On a regional level, PERSGA- the Regional Organization for the Conservation of the 
Environment of the Red Sea and the Gulf of Aden, is a regional entity serves as the 
secretariat for the Jeddah Convention-1982, one of the first regional marine agreements. 
PERSGA Member States are: Djibouti, Egypt, Jordan, Saudi Arabia, Somalia, Sudan and 
Yemen.
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Grey nurse shark conservation 
 

Grey nurse shark 

Sharks are found throughout the world but their populations are declining every day. This 
has led to protection of some species. One of the first shark species to be protected was 
the Grey nurse shark (Carcharias taurus). The biology, distribution and conservation of 
this species are dealt with in the following paragraphs with a main focus on Australia as it 
was here it first became protected. 

Biology 

The Grey Nurse shark (Carcharias taurus), also called the Sand Tiger shark or Ragged-
tooth shark, is an elasmobranch and belongs to the Odontaspidae family. It can easily be 
recognised by its characteristic conical snout and underhung jaw. Both jaws are laden 
with sharp, long and pointed teeth. The head is flattened and it has a large and stout body 
which ranges up to 3.2m and may weight up to 300 kg. The body is grey to grey-brown 
dorsally and off-white on the belly. The juveniles (young sharks) usually have dark spots 
on the upper two thirds of the body. The first and second dorsal fins are of similar size 
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and the caudal fin is asymmetric. Once believed to be a man-eater it is now known that 
this shark rarely attacks humans and if it does it is only in defence. 

Sharks are the top predators in our oceans, and as such they are important for the marine 
ecosystems as important regulators of other species. They eat the weak, the old and the 
dead animals. The Grey Nurse sharks eat mainly lobsters, crabs, smaller sharks, fish, rays 
and squid. 

Distribution 

The Grey Nurse sharks live near the coast in sub-tropical to cool-temperate waters near 
most continental land masses (not found in the eastern Pacific Ocean off North and South 
America). They have a preference for some places resulting in an uneven distribution. 
For example there are few Grey Nurse sharks found in north Australia while they are 
relatively abundant in the southern part of the eastern and western Australian waters. 

They are usually found swimming slowly, just above the sea floor, in sandy-bottomed 
gutters or in rocky underwater caves near inshore rocky reefs and islands. They can be 
found at depths ranging from 10m (near the coastline) to 200m (on the continental shelf). 
They are generally solitary but at times small schools of Grey Nurses are found 
swimming and feeding together. 

Conservation status in Australia 

The Grey Nurse shark is one of the most critically endangered shark species and believed 
to be the first protected shark in the world. It was declared ‘vulnerable’ in the waters of 
New South Wales (Australia) in 1984 and later throughout the world. In 1996 the species 
was listed globally ‘vulnerable’ by the International Union for the Conservation of Nature 
(IUCN) and declared ‘vulnerable’ in Commonwealth waters of Australia. According to 
the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act 1999) it 
is believed that there are two separate populations of Grey Nurse shark in Australia. The 
population in the east coast is listed as ‘critically endangered’ whereas the west coast 
population is listed as ‘vulnerable’ under the EPBC Act (1999) The Grey Nurse sharks 
are also protected under the Fisheries Legislation in New South Wales, Western 
Australia, Victoria, Tasmania and Queensland. In the Northern Territory the species is 
classified as ‘data deficient’ by the Territory Parks and Wildlife Conservation Act 
(2000)NTG. 

Current status 

The population has declined dramatically in recent decades, especially in the 1960s and 
1970s. After 20 years of protection the population is still declining and there are 
approximately 400-500 Grey Nurses left in Eastern Australia.
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Some scientists, fishers and divers and peak organisations such as the Australian 
Underwater Federation believe that the methodology used to estimate numbers of 
approximately 400-500 is limited and that grey nurse shark numbers have increased since 
protection in 1984 and that the east coast population numbers have been quoted as up to 
1000, 2000 and 6000. There is good reason for this belief apart from anecdotal 
observations. The original estimate of 400-500 was based on a single mark/capture 
survey done in June 2003 however a second identical survey in August 2003 resulted in 
much higher estimates (p=0.5 for 6000 sharks). Also interestingly of all the GNS sighted 
in the August 2003 survey not a single one was reported as having any visible hooks or 
trailing lines visible. Unfortunately some scientists and politicians decided that research 
which does not fit a conservationalist agenda is not published and repeated requests in the 
NSW Parliament to produce copies of the August 2003 research were flagrantly ignored. 
However the research papers were finally obtained from a leaked source and the 
Government had to admit that the research had taken place. But to this day the August 
2003 research has been deleted from the official public record and never published in any 
scientific journals. 

Latest research from a workshop in Sydney in November 2009 is that the estimates of 
GNS undertaken by consultants funded by DEWHA for Grey Nurse Sharks on the east 
coast is now in excess of 1340. This is more than three times the previous published 
estimates and supports the long held belief of the Australian Underwater Federation that 
the previous research was limited and\or that there has been an increase in numbers of 
sharks. 

Causes for decline 

Every year, millions of sharks are killed by drift-nets, by-catch, revenge actions, beach 
protective shark meshing, commercial-, recreational- and spear-fishing. An alternative 
view is that grey nurse are totally protected and selective methods of fishing such as 
spear-fishing have no impact on this species. The main risk is from by-catch of indirect 
methods of line fishing and particularly bottom-set commercial fishing lines targeting 
wobbegong sharks. The Grey Nurse sharks are particularly vulnerable to these threats due 
to their late maturation and low breeding success8. They reach sexual maturity at the age 
of 6–8 years and give birth to 1 or 2 young every second year, thus the population grows 
very slowly. Furthermore their limited distribution and specific habitats make it difficult 
for them to migrate to other areas. Beach nets, unfortunately, cause the death of hundreds 
of shark that are caught in the nets and cannot escape. This also occurs in trawls and 
fishing nets. Another threat for the sharks is finning. Finning involves cutting the fins of 
sharks (used for fin-soup) and often it is pregnant female sharks that are caught. The 
sharks are often thrown back into the ocean, alive without fins. This kind of finning, 
without using the rest of the shark, has been prohibited by most countries and shark-
fishing boats are now strictly controlled by regulatory authorities. Try to stop this but not 
buying anything made out of sharks. 
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Conservation efforts 

The increased public awareness has led to the development of methods that reduce the 
unintentional killing of elasmobranch (sharks and rays), turtles and marine mammals. An 
inexpensive method to reduce by-catch is by using tunnel excluders. These enable sharks, 
turtles and rays to escape and survive. A prototype used by the Dutch achieved a 40-
100% reduction of the by-catch of the most vulnerable species.

The size and texture of nets are also of great importance for the survival of larger 
vulnerable species. Often smaller nets have been shown to catch the same amount of 
target fish and reduce the by-catch greatly, especially of the mature sharks.

Foundation of protected marine areas is particularly valuable for protecting sharks and a 
new method, taggingCSIRO, can reveal their preferred forage and breeding areas. A good 
example of managed marine areas is to be found in Jervis Bay, NSW. Jervis Bay has been 
divided into zones, some for fishing and some for diving, and the strategy has been 
approved by both fishermen and divers. However, “Divers that regularly dive at places 
like South West Rocks in New South Wales will tell you that up to 70 per cent of the 
sharks there are trailing hooks from line fishing.” says Nicola Beynon from The Human 
Society International. Another widely used method for preserving sharks is eco-tourism 
such as scuba diving, cage-diving and feeding of sharks. However, it is crucial that this is 
strictly managed, and that the sharks’ behaviour is monitored. Feeding and touching of 
marine animals should be strictly discouraged since it can alter their behaviour, and result 
in long lasting and severe stress to the animals. Divers have noticed sharks altering their 
behaviour due to increased hierarchy behaviour around feeding areas. The lowest in the 
hierarchy become stressed and exhibit unpredictable behaviour, which could result in 
attacks on humans. 
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Chapter- 4 

Marine Protected Area  
  

A Marine Protected Area (MPA) is a protected area whose boundaries include some 
area of ocean. "MPA" is often used as an umbrella term that describes marine areas that 
restrict human activity to protect living, non-living, cultural, and/or historic resources. 
Protections include limits on development, fishing gear types, fishing seasons, catch 
limits, moorings, to complete bans on removing marine life of any kind. 

As of 2010, the world hosted more than 5,000 MPAs, encompassing .8% of the ocean's 
surface. 

The world's MPAs are viewable in Google Earth. 

Terminology 

Marine Protected Area 

Perhaps the simplest definition is any geographical area that includes some amount of 
ocean and that has specific limits on human activity for the purpose of protecting natural 
and/or cultural resources that do not apply to other nearby ocean areas. Various national, 
supra-national and other organizations offer alternatives that vary in scope and detail, but 
none of these are definitive. Most definitions require that the site must be set aside 
principally for conservation in order to be designated a Marine Protected Area. A site that 
is set aside, for example, for national defense which also has a local habitat will not 
qualify under the terms set by either IUCN or CBD as a Protected Area. Several types of 
compliant MPAs can be defined: 

 A totally marine area with no significant terrestrial (land) parts. 
 An area containing both marine and terrestrial components, which can vary 

between two extremes:  
o A marine area that is mostly maritime, with little land; for example, an 

atoll would have a tiny island with a significant maritime population 
surrounding it. 

o A marine area that is mostly terrestrial. In this case, whether or not it can 
be given such a title is largely debatable. 
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 Marine ecosystems that contain land and intertidal (land that is covered in/by 
water) components only. For example, a mangrove forest would contain no open 
sea or ocean marine environment, but its river-like marine ecosystem nevertheless 
constitutes under the definition. 

The Convention on Biological Diversity attempted to solve this by defining the broader 
term of "Marine and Coastal Protected Area" (shorthand, MCPA): 

Any defined area within or adjacent to the marine environment, together with its 
overlying water and associated flora, fauna, historical and cultural features, which has 
been reserved by legislation or other effective means, including custom, with the effect 
with the effect that its marine and/or coastal biodiversity enjoys a higher level of 
protection then its surroundings. et al. Barnard, p. 18 

Some definitions require that the area be exclusively reserved for conservation, while 
others permit recreational and/or extractive activities. Others require that at least some 
part of the area lies below low tide, while others require only that it be at least near the 
shoreline.</ref> 

The International Union for Conservation of Nature(IUCN) attempts to encompass these 
variations by defining six categories of protected area, based on management objectives 
and four broad governance types. 

Cat Created mainly for: 

I 
Science or as a strict Nature Reserve; wilderness 
protection

II Ecosystem protection and recreation (often National Park)

III 
Conservation of specific natural features (often National 
Monument) 

IV 
Conservation through close management and monitoring 
of species. 

V 
Landscape/seascape conservation and recreation (pure; no 
protection assigned)

VI 
Sustainable use of natural ecosystem (including use of 
local resources) 

Marine Park 

In Kenya Marine Parks prohibit fishing or extraction of resources of any kind, but allows 
recreation. In Tanzania, Marine Parks are zoned, and activities such as fishing are only 
allowed in certain, low risk areas. 
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Marine Reserve 

In Kenya (and Belize), Marine Reserves allow for low-risk forms of fishing and are thus 
a lower area of protection. In Tanzania, Marine Reserves prohibit all removals. In 
scientific literature "Marine Reserve" the term usually connotes "maximum protection." 

Areas, systems, networks, regions 

While "area" refers to a single contiguous location, terms that group MPAs are not 
always consistently employed. These include "network", "system", and "region".In CBD 
decision VII/5, the agency agreed to the use of network on a global level, and the use of 
system on the national and regional level. The global level carries no authority or 
mandate, and all of the work lies in the system. The CBD defines the role of the global 
network as a large-scale network to be used as a mechanism to establish regional and 
local systems; some countries also define it based on their own terms.</ref> Nations 
combine protected areas for purposes ranging from policy development and enforcement 
to marketing. 

Other related terms 

Related terms include Specially Protected Area (SPA), Special Area of Conservation 
(SAC), the United Kingdom's Marine Conservation Zones (MCZ) Marine reserve (MR), 
Marine park (MP), No Take Zone (NTZ), or Area of Special Conservation (ASC) 
Particularly Sensitive Sea Areas, Special Areas, etc., each have specific restrictions 
associated with them. 

Usage restrictions 

MPAs are established to protect a certain species, to benefit fisheries, rare habitat, or 
nursing grounds for fish or to protect entire ecosystems. MPAs are also established to 
protect historical sites such as shipwrecks and cultural sites such as aboriginal fishing 
grounds. MPAs can be very large (Great Barrier Reef) or very small (Area Marina 
Protetta Capo Rizzuto). 

Typical restrictions in MPAs include ones on fishing, oil and gas mining and tourism. 
Other restrictions may limit the use of ultrasonic devices like SONAR (which may 
confuse the guidance system of cetaceans), development, construction and the like. Still 
others, such as New Zealand's marine reserves, are 'no take' areas, where all forms of 
exploitation are prohibited. Even ship transit can be regulated or banned, either as a 
preventive measure or to avoid direct disturbance to certain species. The degree to which 
environmental regulations affect shipping varies according to whether MPAs are located 
in territorial waters, exclusive economic zones, or the high seas. The law of the sea 
regulates these limits. 
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For this reason, most MPAs have been located in territorial waters, where enforcement 
can be ensured. However, MPAs can also be established in a state's exclusive economic 
zone and even international waters. For example, Italy, France and Monaco in 1999 
jointly established a cetacean sanctuary in the Ligurian Sea named the Pelagos Sanctuary 
for Mediterranean Marine Mammals. This sanctuary includes both national and 
international waters. 

Both the CBD and IUCN recommend that a variety of possible management systems be 
considered when designing a protected area system. They advocate that MPAs be seen as 
one of many "nodes" in a network of protected areas. The following are the most 
commonly used individual types of MPAs. 

No-take areas 

The highest degree of protection is the no-take area, which severely limits human 
activities. Generally, they prohibit removing anything from the protected area. No-take 
can cover the whole MPA, or specific vulnerable portions that enjoy elevated protection. 

The IUCN definition allows the extraction of resources from the area only with a permit 
and for scientific use only. There is no globally-accepted definition. 

Seasonal and temporary management 

Activities, most critically fishing, are restricted seasonally or temporarily to let the area 
recover. The most common use seasonal limits to protect fish populations during vital 
periods, such as spawning season. The "Irish Sea Cod Box" is such a season. Another use 
is to temporarily protect a depleted marine population from overfishing, allowing it to 
recover, as in the waters of Okinawa, Japan. 

Multiple-use 

Increasingly, multiple use MPAs are the most common and arguably most effective type. 
These areas employ two or more types. This flexibility allows the most important 
sections get the highest protection. A common practice is to make the most critical area 
fully no-take, surrounding it with areas of lesser protections. The island of Asinara is an 
example of such an MPA. 

Management 

The two families of approaches for managing MPAs are community-managed and 
politically-managed. 
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Community-managed and related approaches 

Community-managed MPAs empower local communities to manage marine resources 
partially or completely independent of the governmental jurisdictions they inhabit. They 
are not always officially recognized, depending on the political environment. 
Empowering communities to manage resources can lower conflict levels and help 
fisheries recover. This approach can provide direct influence for all involved, including 
subsistence and commercial fishers, scientists, tourism businesses, youths and others. 
They often fall into the following, unrelated, designations (although there is overlap): 

 World Heritage Site (WHS) – an area exhibiting extensive natural or cultural 
history. Maritime areas are poorly represented, however, with only 31 out of over 
800 sites. One example of overlap is the island of Asinara. 

 Man and the Biosphere – This UNESCO program promotes "a balanced 
relationship between humans and the biosphere." Under article 4, biosphere 
reserves must “encompass a mosaic of ecological systems”, and thus combine 
terrestrial, coastal, or marine ecosystems. In structure they are similar to Multiple-
use MPAs, with a core area ringed by different degrees of protection.

 Ramsar Site – These sites must meet certain criteria for the definition of 
"Wetland" to become part of a global system. These sites do not necessarily 
receive protection, but are indexed by importance for later recommendation to an 
agency that could designate it a protected area. 

Fishery management areas 

Areas managed only to sustain fisheries occasionally change to become MPAs. One 
example is the Fish Habitat Reserves in Australia. 

International efforts 

Historically, Marine Protected areas have been established on an ad hoc basis by 
individual nations. The 17th International Union for Conservation of Nature (IUCN) 
General Assembly in San Jose, California, the 19th IUCN assembly and the fourth World 
Parks Congress all proposed to centralize the activity. The World Summit on Sustainable 
Development in 2002 called for 

the establishment of marine protected areas consistent with international laws and based 
on scientific information, including representative networks by 2012. 

The Evian agreement, signed by G8 Nations in 2003, agreed to these terms. The Durban 
Action Plan, developed in 2003, called for regional action and targets to establish a 
network of protected areas by 2010 within the jurisdiction of regional environmental 
protocols. It recommended establishing protected areas for 20 to 30% of the world's 
oceans by the goal date of 2012. The Convention on Biological Diversity considered 
these recommendations and recommended requiring nations to set up marine parks that 
are controlled by a central organization before merging them. The United Nations 
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Framework Convention on Climate Change agreed to the terms laid out by the 
convention, and its member nations committed to the target in 2004, signing the 
statement at right. United Nations Decision VII/28 of the laid out the following deadlines: 

 By 2006 complete area system gap analysis at national and regional levels. 
 By 2008 address the underrepresented of marine ecosystems in existing national 

and regional systems of protected areas, taking in account marine ecosystems 
beyond areas of national jurisdiction in accordance with applicable international 
laws. 

 By 2009 designate the protected areas identified through the gap analysis. 
 By 2012 complete the establishment of a comprehensive and ecologically 

representative national and regional system of Marine Protected Areas. 

The establishment by 2010 of terrestrial and by 2012 for marine areas of comprehensive, 
effectively managed, and ecologically representative national and regional systems 
of protected areas that collectively, inter alia through a global network, contribute to 
achieving the three objectives of the Convention and the 2010 target to significantly 
reduce the current late of biodiversity loss at the global, regional, national, and sub-
national levels and contribute to poverty reduction and the pursuit of sustainable 
development. 

The UN later also endorsed another decision, Decision VII/15, in 2006: 

Effective conservation of 10% of each of the world's ecological regions by 2010. 
– United Nations Framework Convention on Climate Change Decision VII/15 

In 1981 the World Conservation Monitoring Centre began compiling the World Database 
on Protected Areas, tracking information related to Protected areas (PAs) from 
governmental, private, and scientific work. In 2005, an online database named 
"MPAGlobal" was established to better organize information related specifically to 
marine protected areas. This was fully reintegrated into the original system in late 2008. 

Organizing principles 

Global—UNEP-RSP 

The United Nations Environmental Program arranges MPAs in a global program called 
UNEP-RSP (Regional Seas Program), comprising thirteen regions and five partner 
programs. Participants are linked either through a convention or a regional program. The 
five independent partner programs are active, but not under the UNEP jurisdiction. The 
arrangement is based on biology and geography rather than national or other political 
divisions. 

The marine environment also benefits more than land areas from systematic protection 
because underwater, national borders have no physical presence. Water, heat, waves, and 
animals move across them with few or no restrictions. 
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Local networks 

Local MPA networks are usually built in one of two ways. 

 Biologists argue for designation to preserve biodiversity (usually an endangered 
species). Their request is adjusted by stakeholders until it is agreed upon or 
rejected. This was the first, and previously the most common, approach. 

 Under systematic conservation planning, network organization flows from 
understanding the interaction between species in one MPA with those in another. 

United States 

The U.S. national system of MPAs includes an assemblage of sites, systems, and 
networks established and managed by federal, state, tribal, or local governments that 
work together to conserve important natural and cultural resources. Although each MPA 
is independently managed, the national system provides opportunities for cooperation, 
and promotes public participation in MPA decision-making by improving access to 
scientific and public policy information. 

MPAs join the national system via a process that is designed to be transparent and 
science-based, with opportunity for public comment. 

The entry criteria are: 

 Meets the definition of an MPA 
 Has a management plan for the specific site 
 Contributes to at least one priority conservation objective as listed in the 

Framework
 Cultural heritage MPAs must also conform to criteria for the National Register of 

Historic Places 

The nomination process involves: 

 The MPA Center uses the MPA Inventory to identify potentially eligible MPAs, 
and invites them to nominate their sites. 

 Managing entities submit a nomination form to the MPA Center. 
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Global status

Greater Caribbean

  
The Caribbean region; the UNEP–defined region also includes the Gulf of Mexico. This 
region is encompassed by the Mesoamerican Barrier Reef System proposal, and the 
Caribbean challenge 
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The Gulf of Mexico region (in 3D) is encompassed by the "Islands in the Stream" 
proposal. 

The Greater Caribbean subdivision encompasses an area of about 5,700,000 square 
kilometres (2,200,000 sq mi) of ocean and 38 very diverse nations. The area includes 
island countries like the Bahamas and Cuba, and the majority of Central America.

The Convention for Protection and Development of the Marine Environment of the 
Wider Caribbean Region (better known as the Cartagena Convention) was established in 
1983, and protocols involving protected areas were ratified in 1990. As of 2008, there are 
about 500 MPAs in the region. Coral reefs are the best represented. 

Two networks are under development, the Mesoamerican Barrier Reef System (a long 
barrier reef that borders the coast of much of Central America), and the "Islands in the 
Stream" program (covering the Gulf of Mexico). 
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Latin America 

 
 
The Americas 

Latin America in particular considers itself one large MPA system. As of 2008, 0.5% of 
the Latin American marine environment is protected, mostly through the use of small, 
multiple-use MPAs 
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South Pacific 

 
 
The Pacific Ocean. Note that the South & North east coast only includes the coasts of the 
eastern countries. 

The South Pacific network ranges from Belize to Chile. Governments in the region 
adopted the Lima Convention and Action Plan for protected areas for the South Pacific 
region in 1981; an MPA-specific protocol was ratified in 1989. The Permanent 
Commission on the Exploitation and Conservation on the Marine Resources of the South 
Pacific promotes the exchange of studies and information among participants. 

The region is currently running one comprehensive cross-national program, the Tropical 
Eastern Pacific Marine Corridor Network, signed in April 2004. The network covers 
about 211,000,000 square kilometres (81,000,000 sq mi). The participating countries are 
Panama, Costa Rica, Colombia, and Ecuador. 



_________________WORLD TECHNOLOGIES_________________

North Pacific 

 
The Baja California to Bering Sea stretches along the coast on the right in this map. The 
Bering Sea is the Alaskan coast, and Baja California is a peninsula attached to California.
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Diagram illustrating the orientation of the 3 marine sanctuaries of Central California: 
Cordell Bank, Gulf of the Farallones, and Monterey Bay. Davidson Seamount, part of the 
Monterey Bay sanctuary, is indicated at bottom-right. 

The North Pacific network covers the western coasts of Mexico, Canada, and the U.S. 
The "Antigua Convention" and an action plan for the north Pacific region were adapted in 
2002. There, is however, no protocol; participant nations manage their own national 
systems. In 2010-2011, the State of California is completing a series of hearings and 
actions via the state Department of Fish and Game to establish new MPA's. Although 
highly controversial among fishing circles, the MPA's are going forward with decisions 
still pending as to where and how large. 
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United States 

In April 2009, the United States established a National System of Marine Protected 
Areas, which strengthens the protection of U.S. ocean, coastal, and Great Lakes 
resources. As of 2009, 225 MPAs participated in the national system. Sites agree to work 
together toward common national and regional conservation goals and priorities. 
NOAA’s National Marine Protected Area’s Center maintains a comprehensive inventory 
of all 1,600+ MPAs within the Exclusive Economic Zone of the United States. Most 
MPAs in the U.S. allow some type of extractive use. Less than 1% of U.S. waters 
prohibit all extractive activities.

Europe 

The Natura 2000 ecological network of pr.otected areas in the territory of the European 
Union including a wide range of MPA in the Nortatlantic, the Mediterranian Sea and the 
Baltic Sea. The member-staates has to define NATURA 2000-areas at sea in their 
Exclusive Economic Zone 

Non-governmental organizations 

In 1999, the North American Marine Protected Areas Network (NAMPAN) was 
established, a project of the Commission for Environmental Cooperation, (CEC). 
NAMPAN is a virtual network of people and places spanning Canada, The United States, 
and Mexico that work together to address tri-national, transboundary marine conservation 
issues. Currently Canada and the United States are developing country-wide systems of 
marine protected areas. 

The Commission for Environmental Cooperation, established in 1999, coordinates 
activities, with representatives from Mexico, the USA, and Canada. There are currently 
two cross-national networks in development. In 2005, the Commission proposed the Baja 
California to Bering Sea (B2B) initiative, involving 28 areas. 

Noteworthy sites 

As of February 2009, there were approximately 5,000 MPAs around the world, covering 
0.8% of the world's oceans. 

Notable MPAs include: 

 The Bowie Seamount on the Coast of British Columbia, Canada. 
 The Great Barrier Reef in Queensland, Australia. 
 The Ligurian Sea Cetacean Sanctuary in the seas of Italy, Monaco and France 
 The Dry Tortugas in the Florida Keys, USA. 
  
 The Phoenix Islands Protected Area, Kiribati 
 The Channel Islands Marine Protected Areas in California, USA 
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Effectiveness 

Criteria

Both CBD and IUCN have criteria for setting up and maintaining MPA networks, which 
emphasize 4 factors:: 

 Adequacy—ensuring that the sites have the size, shape, and distribution to ensure 
the success of selected species. 

 Representability—protection for all of the local environment's biological 
processes 

 Resilience—the resistance of the system to natural disaster, such as a tsunami or 
flood. 

 Connectivity—maintaining population links across nearby MPAs. 

A learning model of migratory fish behavior and fishing interaction predicted that closed 
areas (MPAs) would increase fish biomass and decrease fish catches, that closing 
spawning areas to fishers would increase mean fish biomass, with lower variance, but 
that without catch restrictions throughout the range of the fish, long-term fish biomass 
and resulting catches would still decrease. The model also predicts that higher fish 
mobility also would increase fish biomass, but decrease fish catches. 

Managers and scientists use geographic information systems and remote sensing to map 
and analyze MPAs. NOAA Coastal Services Center compiled an "Inventory of GIS-
Based Decision-Support Tools for MPAs." The report focuses on GIS tools with the 
highest utility for MPA processes. Remote sensing uses advances in aerial photography 
image capture, satellite imagery, acoustic data, and radar imagery. 

Protecting red coral 

Two assessments, conducted thirty years apart, of three Mediterranean MPAs 
demonstrate that proper protection allows commercially valuable and slow-growing red 
coral (Corallium rubrum) to produce large colonies in shallow water of less than 
50 metres (160 ft). Shallow-water colonies outside these decades-old MPAs are typically 
very small. The MPAs are Banyuls, Carry-le-Rouet and Scandola, off the island of 
Corsica. 

Criticism

Some existing and proposed MPAs have been criticized by local indigenous populations, 
and their supporters, as impinging on land usage rights. One example of this is the 
proposed Chagos Protected Area in the Chagos Islands, contested by Chagossians 
deported from their homeland in 1965 by the British in the creation of the British Indian 
Ocean Territory. 
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One alternative to imposing MPAs on an indigenous population is through the use of 
Indigenous Protected Areas, such as those in Australia. 
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Chapter- 5 

Bird Conservation 

 
 
The extinction of the Dusky Seaside Sparrow was caused by habitat loss. 



_________________WORLD TECHNOLOGIES_________________

Bird conservation is a field in the science of conservation biology related to threatened 
birds. Humans have had a profound effect on many bird species. Over one hundred 
species have gone extinct in historical times, although the most dramatic human-caused 
extinctions occurred in the Pacific Ocean as humans colonised the islands of Melanesia, 
Polynesia and Micronesia, during which an estimated 750-1800 species of bird went 
extinct. According to Worldwatch Institute, many bird populations are currently declining 
worldwide, with 1,200 species facing extinction in the next century. The biggest cited 
reason surrounds habitat loss. Other threats include overhunting, accidental mortality due 
to structural collisions, long-line fishing bycatch, pollution, competition and predation by 
nonnative invasive species, oil spills and pesticide use and climate change. Governments, 
along with numerous conservation charities, work to protect birds in various ways, 
including legislation, preserving and restoring bird habitat, and establishing captive 
populations for reintroductions. 

Threats to birds 

Habitat loss 

The most critical threat facing threatened birds is the destruction and fragmentation of 
habitat. The loss of forests, plains and other natural systems into agriculture, mines, and 
urban developments, the draining of swamps and other wetlands, and logging reduce 
potential habitat for many species. In addition the remaining patches of habitat are often 
too small or fragmented by the construction of roads or other such barriers that cause 
populations in these fragmented islands to become vulnerable to localised extinction. In 
addition many forest species show limited abilities to disperse and occupy new forest 
fragments. The loss of tropical rainforest is the most pressing problem, as these forests 
hold the highest number of species yet are being destroyed quickly. Habitat loss has been 
implicated in a number of extinctions, including the Ivory-billed Woodpecker (disputed 
because of "rediscovery"), Bachman's Warbler and the Dusky Seaside Sparrow. 



_________________WORLD TECHNOLOGIES_________________

Introduced species 

Arctic Foxes introduced to the Aleutian Islands devastated populations of auks; here a 
Least Auklet has been taken. 

Historically the threat posed by introduced species has probably caused the most 
extinctions of birds, particularly on islands. Ninety percent of historical extinctions have 
occurred on islands, and most prehistoric human caused extinctions were insular as well. 
Many island species evolved in the absence of predators and consequently lost many anti-
predator behaviours. As humans traveled around the world they brought with them many 
foreign animals which disturbed these island species. Some of these were unfamiliar 
predators, like rats, feral cats, and pigs; others were competitors, such as other bird 
species, or herbivores that degraded breeding habitat. Disease can also play a role; 
introduced avian malaria is thought to be a primary cause of many extinctions in Hawaii. 
The Dodo is the most famous example of a species that was probably driven to extinction 
by introduced species (although human hunting also played a role), other species that 
were victims of introduced species were the Stephens Island Wren, Po o -uli and the 
Laysan Millerbird. Many species currently threatened with extinction are vulnerable to 

 the Hawaiian 
Duck. 
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Hunting and exploitation 

Humans have exploited birds for a very long time, and sometimes this exploitation has 
resulted in extinction. Overhunting occurred in some instances with naive species 
unfamiliar with humans, such as the moa of New Zealand, in other cases it was an 
industrial level of hunting that led to extinction. The Passenger Pigeon was once the most 
numerous species of bird alive (possibly ever), overhunting reduced a species that once 
numbered in the billions to extinction. Hunting pressure can be for food, sport, feathers, 
or even come from scientists collecting museum specimens. Collection of Great Auks for 
museums pushed the already rare species to extinction. 

The harvesting of parrots for the pet trade has led to many species becoming endangered. 
Between 1986 and 1988 two million parrots were legally imported into the US alone. 
Parrots are also illegally smuggled between countries, and rarer species can command 
high prices. 

Hybridisation 

Hybridisation may also endanger birds, damaging the gene stock. For example, the 
American Black Duck has been often reported hybridising with the Mallard, starting a 
slow decline. 

Gamebird hybrids are particularly common and many breeders produce hybrids that may 
be accidentally or intentionally introduced into the wild. 

Other threats 

  
This Black-browed Albatross has been hooked on a long-line. 

Birds face a number of other threats. Pollution has led to serious declines in some 
species. The pesticide DDT was responsible for thinning egg shells in nesting birds, 
particularly seabirds and birds of prey that are high on the food chain. Seabirds are also 
vulnerable to oil spills, which destroy the plumage's waterproofing causing the bird to 
drown or die of hypothermia. Light pollution can also have a damaging effect on some 
species, particularly nocturnal seabirds such as petrels. 
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Seabirds face another threat in the form of bycatch; where birds in the water become 
tangled in fishing nets or hooked on lines set out by long-line fisheries. As many as 
100,000 albatrosses are hooked and drown each year on tuna lines set out by long-line 
fisheries.

Birds are also threatened by high rise buildings, communications towers, and wind farms; 
an estimated 975 million birds a year are killed this way in the North America alone, 
according to the American Bird Conservancy. The largest source of human-related bird 
death is due to glass windows, which kill 100-900 million birds a year. The next largest 
sources of human caused death are hunting (100+ million), house cats (100 million), cars 
and trucks (50 to 100 million), electric power lines (174 million), and pesticides (67 
million). Birds are also killed in large quantities by flying into communication tower 
guidelines, usually after being attracted by tower lights. This phenomena is called 
towerkill and is responsible for 5-50 million birds deaths a year. The presence of towers 
may seriously impact endangered species living in the vicinity. 

Conservation techniques 

Scientists and conservation professionals have developed a number of techniques to 
protect bird species. These techniques have had varying levels of success. 

Captive breeding

Captive breeding, or ex-situ conservation, has been used in a number of instances to save 
species from extinction. The principal is to create a viable population of a species in 
either zoos or breeding facilities, for later reintroduction back into to the wild. As such a 
captive population can either serve as an insurance against the species going extinct in the 
wild or as a last ditch effort in situations where conservation in the wild is impossible. 
Captive breeding has been used to save several species from extinction, the most famous 
example being the California Condor, a species that declined to less than thirty birds. In 
order to save the California Condor the decision was made to take every individual left in 
the wild into captivity. From these 22 individuals a breeding programme began that 
brought the numbers up to 273 by 2005. An even more impressive recovery was that of 
the Mauritius Kestrel, which by 1974 had dropped to only four individuals, yet by 2006 
the population was 800. 

Reintroduction and translocations 

Reintroductions of captive bred populations can occur to replenish wild populations of an 
endangered species, to create new populations or to restore a species after it has become 
extinct in the wild. Reintroductions helped bring the wild populations of Hawaiian Geese 
from 30 birds to over 500. The Mauritius Kestrel was successfully reintroduced into the 
wild after its captive breeding programme. Reintroductions can be very difficult and 
often fail if insufficient preparations are made, as species born in captivity may lack the 
skills and knowledge needed for life in the wild after living in captivity. Reintroductions 
can also fail if the causes of a birds decline have not been adequately addressed. Attempts 
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to reintroduce the Bali Starling into the wild failed due to continued poaching of 
reintroduced birds. 

The introduction of captives of unknown pedigree can pose a threat to native populations. 
Domestic fowl have threatened endemic species such as Gallus g. bankiva while 
pheasants such as the Ring-necked Pheasant and captive Cheer pheasants of uncertain 
origin have escaped into the wild or have been intentionally introduced. Green peafowl of 
similar mixed origins confiscated from local bird dealers have been released into areas 
with native wild birds. 

Translocations involve moving populations of threatened species into areas of suitable 
habitat currently unused by the species. There are several reasons for doing this; the 
creation of secondary populations that act as an insurance against disaster, or in many 
cases threats faced by the original population in its current location. One famous 
translocation was of the Kakapo of New Zealand. These large flightless parrots were 
unable to cope with introduced predators in their remaining habitat on Stewart Island, so 
were moved to smaller offshore islands that had been cleared of predators. From there a 
recovery programme has managed to maintain and eventually increase their numbers. 

Habitat protection 

As the loss and destruction of habitat is the most serious threat facing many bird species, 
conservation organisations and government agencies tasked with protecting birds work to 
protect areas of natural habitat. This can be achieved through purchasing land of 
conservation importance, setting aside land or gazetting it as a national park or other 
protected area, and passing legislation preventing landowners from undertaking 
damaging land use practices, or paying them not to undertake those activities. The goals 
of habitat protection for birds and other threatened animals and plants often conflicts with 
other stakeholders, such as landowners and businesses, who can face economically 
damaging restrictions on their activities. Plans to protect crucial habitat for the Spotted 
Owl of North America required the protection of large areas of old growth forest in the 
western United States; this was opposed by logging companies who claimed it would 
cause job losses and reduced profits. 

Aviculture 
Aviculture is the practice of keeping and breeding birds and the culture that forms 
around it. Aviculture is generally focused on not only the raising and breeding of birds, 
but also on preserving avian habitat, and public awareness campaigns.

Types of aviculture 

There are various reasons that people get involved in aviculture. Some people breed birds 
to preserve a species. Some people breed parrots as companion birds, and some people 
breed birds to make a profit. 
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Aviculture The most modern accurate definition of the word Aviculture is given by Mr 
Michael A Wetherall. Aviculture is the practice of keeping birds (Class Aves) in captivity 
using controlled conditions, normally within the confines of an aviary,for Hobby 
Research & conservation purposes. 

Some Ethical reasons for Aviculture are: Habitat destruction - Natural disaster - 
Conservation -Education - Research. Unethical reasons may include: Greed - Profit - 
Status. 

The truest meaning of aviculture, is that (described by Dr. Jean Delacour) the most 
influential individual aviculture has ever seen- 

"Aviculture - The worldwide hobby of keeping and breeding numerous species of wild 
birds in captivity to maintain their numerical status in nature with a view of forestalling 
their extinction by supplying aviary raised stock" 

Avicultural societies 

There are avicultural societies throughout the world, but generally in Europe, Australia 
and the United States, where people tend to be more prosperous, having more leisure time 
to invest. The first avicultural society in Australia was The Avicultural Society of South 
Australia, founded in 1928. It is now promoted with the name Bird Keeping in Australia. 

Avicultural publications 

Like many hobbies, there are many publications catering to aviculture, such as books on 
species which include pets, books on breeding and introductory books for parrots and 
softbills. There are also numerous periodicals, both generalized and specific to types of 
birds, although they are rarely more specific than "parrot." These periodicals contain 
articles on breeding, care, companionship, choosing a bird, health effects and usually, 
several articles on an individual species or genus. Supply companies publish catalogs of 
products for bird keepers. Their products range from hand-rearing supplies to cages as 
large as a walk-in aviary. The oldest Avicultural Society in the United States is the 
Avicultural Society of America, founded in 1927.  The ASA produces a critically 
acclaimed bi-monthly magazine entitled ASA Avicultural Bulletin. The ASA is a 
501(3)(c) non-profit organization that focuses on breeding, conservation, restoration and 
education. Their yearly education conference features notable speakers from around the 
world. 

The Avicultural Society of South Australia (founded in 1928)  produces a monthly full-
colour magazine called "Bird Keeping in Australia". It deals with all aspects of aviculture 
in Australia. The ASSA is registered as an educational organization, having the motto: 
Founded 1928, for the Study, Care, Breeding and Conservation of Birds. 
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Sub-branches 

Canariculture

From the common name canary (associated with the Serinus canaria), a song bird is 
native to the Canary Islands, Madeira, and the Azores. This bird has been kept as a 
cagebird in Europe from the 1470s to the present, now enjoying an international 
following. The terms canariculture and canaricultura have been used in French, Spanish 
and Italian respectively, to describe the keeping and breeding of canaries for some time. 
English speaking canary breeders are beginning to use the term more commonly. 

Psittaculture 

The word comes from the psittacinae (Latin psittacinus, for parrot, from Greek psittakos).

Psittaculture is a word that has been used in the aviculture community since the early 
1970s, to denote people who specialize in keeping, breeding and conserving psittacines 
species, also on preserving psittacines habitat and public awareness campaigns to save 
wild parrots. It is one branch of the science of aviculture. 

"Psittaculturist" (Parrot Breeder) is a person who specializes in keeping, breeding and 
conserving psittacines species, also on preserving psittacines habitat and public 
awareness campaigns of the threats to the ongoing existence of parrots worldwide. 

As with Aviculture in the sub-branch of psittaculture, there are four levels of 
psittaculture: 

1. The specialist pet owner whom keep only parrots as pets, will have dozens of pet 
parrots. 

2. The specialist backyard hobbyist who keeps a modest collection of only parrots, breeds 
them on a very small scale. 

3. The specialist hobby farm breeder whose collection has grown so large, needs to shift 
out to rural farms. The farm breeder is still as considered a hobbyist. 

4. The specialist professional parrot farmer derives his/her main income from the 
breeding, by selling only parrots. 
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Raptor conservation 

  
Swainson’s Hawk

Raptor conservation concerns are threats affecting the population viability of birds of 
prey. Because of their hunting lifestyle, raptors face distinct conservation challenges. As 
top predators, they are important for healthy ecosystem functioning, and by protecting 
them many other species are safeguarded. Their extensive habitat requirements make 
regional conservation strategies necessary for protecting birds of prey. 

Pesticides 

Because they are opportunistic carnivores, birds of prey are at high risk of secondary 
poisoning by eating organisms that have been killed or debilitated by pesticides. Raptors 
may be poisoned by legal, labeled use of pesticides or by illegal use. Cases can be 
identified as abuse if the chemical responsible is prohibited by law or not in use in the 
affected area. For example, in North America, Golden eagle poisonings are commonly 
found to be pesticide abuse cases traced to tainted sheep carcasses used to bait and kill 
coyotes. Common instances of labeled use are consumption of insects or worms that have 
been sprayed, and ingesting pesticide granules or treated seeds as food. In 1995 three 



_________________WORLD TECHNOLOGIES_________________

thousand Swainson's hawks were killed in Argentina after they ate insects that had been 
sprayed. 

While most developed nations have adopted standards that reduce usage of chemicals 
with extended environmental persistence, the pesticides are still powerful and dangerous 
immediately after application. The United Kingdom owes its small proportion of labeled-
use deaths to less toxic pesticides, whereas the United States has near equal amounts of 
labeled-use to illegal use fatalities. Use of non-granular and untreated seeds would reduce 
pesticide concentration and accessibility as a food source. 

Lead shot 

Birds of prey may eat dead or injured prey killed with lead shot or fishing sinkers. Most 
lead poisonings result from consumption of unretrieved game birds, in addition to 
downed pests and other game animals. The effects of lead poisoning can include 
ballooning of the proventriculus, weight loss, anemia, and a drooping posture. Overall 
lead poisoning increases a bird's risk of predation and the occurrence of starvation and 
disease, which reduces fitness and reproductive success. 

Lead is a persistent environmental contaminant, and as suitable habitat patches diminish, 
both the concentration of organisms and hunting space increases. Restricting use of lead, 
especially in wetlands, and switching to non-toxic shot can reduce lead contamination. 

Utility poles 

There are over 185 million power line poles in the United States, each posing some risk 
of electrocution. The larger a bird is, the easier it is to span the distance between 
conductive components of pole tops and be electrocuted. Females have been found 
affected at a higher incidence, as they are generally larger than males. Species living in 
areas devoid of natural perches are also vulnerable to electrocution as they use poles to 
hunt from. Poles at high elevations affording a wide field of view are at increased risk. 
Placement of poles in prime habitat or along migration routes has caused higher 
mortality, and rates increase late in the summer during fledging when young, 
inexperienced birds proliferate. Bathing behavior at times of rain or snow makes birds 
more conductive to electricity, and orientation of pole cross arms with regard to 
prevailing winds can increase risk of contact with electrical components depending on 
ease of take off and landing. 

Over half of North American and a majority of European raptor species have been 
affected by electrocution. European utility equipment is made of steel, increasing 
conductivity of the whole structure. While electrocution doesn’t threaten the viability of 
most raptor populations, the whole of human impacts can, so it is sensible to reduce 
known causes of mortality in any way possible. Burying cables, installing perch 
deterrents, and attentive placement of poles are ways to reduce risk of death by 
electrocution.
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Wind turbines 

Because they hunt on the wing and have wind-specific flight behaviors, raptors are at risk 
of death from collisions with wind turbines. Red-tailed hawks at the controversial 
Altamont Pass Wind Resource Area are especially susceptible. The hawks usually hunt 
from perches but during high winds they hunt while soaring or kiting in place. Soaring on 
thermals brings them to the same elevation as turbine blades, while at higher winds kiting 
on slope updrafts can keep birds hovering in place next to a turbine in gusty winds. 

Raptors and turbines converge in windy areas, and a balance must be found between 
wildlife conservation and clean energy. Planning wind farms away from prime habitat, 
turning off turbines at peak raptor presence and dismantling specific high-risk turbines 
can prevent raptor deaths. 
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Chapter- 6 

Conservation Reliant Species 

 
Percentages of listed species which are conservation reliant. 

Conservation reliant species are endangered or threatened animal or plant species that 
require continuing species specific wildlife management intervention such as predator 
control, habitat management and parasite control to survive even when self-sustaining 
population recovery goals are achieved. 
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History 

The term Conservation reliant species grew out of the conservation biology work of "The 
Endangered Species Act at Thirty Project ", begun in 2001 , and has been popularized by 
the leader of that project, J. Michael Scott  This is a new wildlife management term, first 
published in Frontiers in Ecology and the Environmentin 2005. Worldwide application of 
the term has not yet developed and it has not yet appeared in a non-USA or Canadian 
authored publication. 

Passage of the 1973 Endangered Species Act (ESA) carried with it the assumption that 
endangered species would be delisted as their populations recovered. It assumed they 
would then thrive under existing regulations and the protections afforded under the ESA 
would no longer be needed. However, eighty percent of species currently listed under the 
ESA fail to meet that assumption. They require species-specific conservation 
interventions (e.g., control of predators, competitors, nest parasites, prescribed burns, 
altered hydrological processes, etc.) to survive and thus they are conservation reliant. 

Criteria 

The criteria for assessing whether a species is conservation-reliant are:

1. Threats to the species’ continued existence are known and treatable. 
2. The threats are pervasive and recurrent, for example: nest parasites, non-native 

predators, human disturbance. 
3. The threats render the species at risk of extinction, absent ongoing conservation 

management. 
4. Management actions sufficient to counter threats have been identified and can be 

implemented, for example: prescribed fires, restrictions on grazing or public 
access, predator or parasite control. 

5. National, state or local governments, often in cooperation with private or tribal 
interests, are capable of carrying out the necessary management actions as long as 
necessary. 

Management actions 

There are five major areas of management action for conservation of vulnerable species.

1. Control of other species may include: control of exotic fauna, exotic flora, other 
native species and parasites and disease. 

2. Control of direct human impacts may include control of grazing, human access, 
on and off-road vehicles, low impact recreation and illegal collecting and 
poaching. 

3. Pollution control may include control of chemical run-off, siltation, water quality 
and use of pesticides and herbicides. 
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4. Active habitat management may include fire management and control, control of 
soil erosion and waterbodies, habitat restoration and mechanical vegetation 
control. 

5. Artificial population recruitment may include captive propagation (forced 
immigration) or captive breeding. 

Case study

Indian Tiger at Bannerghatta National Park, Bangalore, India. 

A prominent example is in India, where tigers, an apex predator and the national animal, 
are considered a conservation-reliant species. This keystone species can maintain self 
sustaining wild populations; however, they require ongoing management actions because 
threats are pervasive, recurrent and put them at risk of extinction. The origin of these 
threats are rooted in the changing socio-economic, political and spatial organization of 
society in India. Tigers have become extinct in some areas because of extrinsic factors 
such as habitat destruction, poaching, disease, floods, fires and drought, decline of prey 
species for the same reasons, as well as intrinsic factors such as demographic 
stochasticity and genetic deterioration.
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Recognizing the conservation reliance of tigers, Project Tiger is establishing a national 
science based framework for monitoring tiger population trends in order to manage the 
species more effectively. India now has 28 tiger reserves, located in 17 states. These 
reserves cover 37,761 square kilometers (14,579.6 sq mi) including 1.14% of the total 
land area of the country. These reserves are kept free of biotic disturbances, forestry 
operations, collection of minor forest products, grazing and human disturbance. The 
populations of tigers in these reserves now constitute some of the most important tiger 
source populations in the country. 

The future 

The magnitude and pace of human impacts on the environment make it unlikely that 
substantial progress will be made in delisting many species unless the definition of 
"recovery" includes some form of active management. Preventing delisted species from 
again being at risk of extinction may require continuing, species-specific management 
actions. Viewing "recovery" of "conservation-reliant species" as a continuum of phases 
rather a simple "recovered/not recovered" status may enhance the ability to manage such 
species within the framework of the Endangered Species Act. With ongoing loss of 
habitat, disruption of natural cycles, increasing impacts of non-native invasive species, it 
is probable that the number of conservation-reliant species will increase.

It has been proposed that development of "recovery management agreements", with 
legally and biologically defensible contracts would provide for continuing conservation 
management following delisting. The use of such formalized agreements will facilitate 
shared management responsibilities between federal wildlife agencies and other federal 
agencies, and with state, local, and tribal governments, as well as with private entities that 
have demonstrated the capability to meet the needs of conservation-reliant species. 

Habitat conservation 
Habitat conservation is a land management practice that seeks to conserve, protect and 
restore, habitat areas for wild plants and animals, especially conservation reliant species, 
and prevent their extinction, fragmentation or reduction in range. It is a priority of many 
groups that cannot be easily characterized in terms of any one ideology. 
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The remaining fragmented habitats of the African Elephant. 

Natural Causes and Human Impact 

The conservation of natural resources is the fundamental problem. Unless we solve that problem, it 
will avail us little to solve all others. 

Theodore Roosevelt 

Habitat destruction can occur naturally due or by human activity. For example, a change 
in climate during the Carboniferous Period, about 300 million years ago, devastated the 
tropical rainforest ecology. At that time, Europe and North America were a single 
continent that lay on the equator. It was covered by steamy tropical rainforests. That 
collapse of the ecology had dramatic consequences on the evolution of terrestrial species, 
putting amphibians at a greater disadvantage compared to reptiles.
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Most of the species extinctions from 1000 AD to 2000 AD are due to human activities, in 
particular destruction of plant and animal habitats. Raised rates of extinction are being 
driven by human consumption of organic resources, especially related to tropical forest 
destruction. While most of the species that are becoming extinct are not food species, 
their biomass is converted into human food when their habitat is transformed into pasture, 
cropland, and orchards. It is estimated that more than a third of the Earth's biomass is tied 
up in only the few species that represent humans, livestock and crops. Because an 
ecosystem decreases in stability as its species are made extinct, these studies warn that 
the global ecosystem is destined for collapse if it is further reduced in complexity. 
Factors contributing to loss of biodiversity are: overpopulation, deforestation, pollution 
(air pollution, water pollution, soil contamination) and global warming or climate change, 
driven by human activity. These factors, while all stemming from overpopulation, 
produce a cumulative impact upon biodiversity. 

Conservation movement 

Some of the conservation movement's goals are to protect habitats and promote continued 
recreational opportunities for people such as hiking, birdwatching, fishing and hunting. 

Ecology movement 

The global ecology movement is based upon environmental protection, and is one of 
several new social movements that emerged at the end of the 1960s. As a values-driven 
social movement, it should be distinguished from the pre-existing science of ecology. 
Aspects of the ecology movement view wild species as possessing natural life-rights to 
exist based upon the importance of maintaining and preserving biodiversity. Another 
argument for the preservation of species is based upon species competition: species tend 
to compete most intensely with their own kind, so therefore any cessation of competition 
between humans must be presaged by cessation of competition between humans and 
other species. 



_________________WORLD TECHNOLOGIES_________________

Chapter- 7 

Mutualisms and Conservation 

Conservation is the maintenance of biological diversity. Conservation can focus on 
preserving diversity at genetic, species, community or whole ecosystem levels. We will 
examine conservation at the species level, because mutualisms involve interactions 
between species. The ultimate goal of conservation at this level is to prevent the 
extinction of species. However, species conservation has the broader aim of maintaining 
the abundance and distribution of all species, not only those threatened with extinction 
(van Dyke 2008). Determining the value of conserving particular species can be done 
through the use of evolutionary significant units, which essentially attempt to prioritise 
the conservation of the species which are rarest, fastest declining, and most distinct 
genotypically and phenotypically (Moritz 1994, Fraser and Bernatchez 2001). 

Mutualisms can be defined as “interspecific interactions in which each of two partner 
species receives a net benefit” (Bronstein et al. 2004). Here net benefit is defined as, a 
short-term increase in inclusive fitness (IF). Incorporating the concept of genetic 
relatedness (through IF) is essential because many mutualisms involve the eusocial 
insects, where the majority of individuals are not reproductively active. The short-term 
component is chosen because it is operationally useful, even though the role of long-term 
adaptation is not considered (de Mazancourt et al. 2005). This definition of mutualism 
should be suffice here, although it neglects discussion of the many subtitles of IF theory 
applied to mutualisms, and the difficulties of examining short-term compared to long-
term benefits, which are discussed in Foster and Wenselneers (2006) and de Mazancourt 
et al. (2005) respectively. Mutualisms can be broadly divided into two categories. Firstly, 
obligate mutualism, where two mutualistic partners are completely interdependent for 
survival and reproduction. Secondly, facultative mutualism, where two mutualistic 
partners both benefit from the mutualism, but can theoretically survive in each others’ 
absence. 

Mutualisms are remarkably common, in fact all organisms are believed to be involved in 
a mutualism at some point during their lives (Bronstein et al. 2004). This is particularly 
likely to be true for the definition of mutualism adopted here, where herbivory can 
paradoxically be mutualistic, for example in a situation where a plant overcompensates 
by producing more biomass when grazed on.   
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Mutualism Coextinction 

A mutualism coextinction event is where a species goes extinct upon the loss of its 
mutualist (Koh et al. 2004). Models have attempted to predict when the breakdown of a 
mutualism leads to coextinction, because in this situation protecting the mutualism will 
be particularly important for conservation. These models are multi-dimensional, so 
examine complex networks of interactions, rather than just pairs of interacting species. 
This means that these models incorporate modelling the breakdown of obligate 
mutualisms (which lead directly to coextinction), but also the breakdown of facultative 
mutualisms (which can lead indirectly to coextinction). Koh et al. (2004) use a 
“nomographic model of affiliate extinctions”, which estimates the probability that the 
extinction of a species leads to the extinction of its mutualist, for a given estimate of the 
specificity of the mutualism. By applying the model to actual species, Koh et al. (2004) 
estimate that 200 coextinctions have occurred since records of species extinction began in 
the past few centuries, and 6300 coextinctions are at risk of occurring in the near future. 
However, these estimates are not exclusively for mutualism coextinctions (e.g. parasitic 
coextinctions are incorporated), but mutualism coextinctions make up a significant 
proportion of the number quoted. Additionally the model predicts that these coextinctions 
can start extinction cascades, where many other species in the surrounding ecosystem go 
extinct. Other recent models largely agree with this one, predicting that mutualism 
coextinction is a very significant cause of species loss, and that it can lead to extinction 
cascades (Dunn et al. 2009). 

Surprisingly, given the model predictions, there are very few recorded examples of global 
mutualism coextinctions actually occurring (Bronstein et al. 2004, Dunn et al. 2009), and 
many examples often quoted are unconvincing on examination. For example, a well 
documented case of animal-plant coextinction and an extinction cascade involves a 
butterfly (Maculinea arion) to ant (Myrmica sableti) interaction. M. arion larvae provide 
honeydew for the M. sableti workers, which raise the caterpillars in their nest. When the 
Myxoma virus was introduced to control rabbit populations in the UK, the subsequent 
increase in grassland caused a decrease in soil temperatures at ground level. This caused 
reductions in the M. sableti populations, which led to the extinction of the M. arion 
populations (Dunn 2005). However, this is actually a relatively weak example, because it 
was a local (rather than a global) extinction, and the nature of the interaction is often not 
viewed as mutualisitic, because it has been long known that the M. sableti caterpillars eat 
M. sableti larvae (Elmes and Thomas 1992). 

So, why are there very few documented examples of mutualism coextinctions? There are 
various possible reasons. Perhaps global mutualism coextinctions are genuinely 
uncommon, and the model predictions are inaccurate. The models may overestimate the 
specificity of the mutalisms, because species may only associate with alternative species 
when their ‘normal’ mutualist is rare or absent. For example, oligolectic bees visit a small 
number of flowers for pollen. However, these bees do not generally have strongly 
specialised anatomy, morphology or physiology. Therefore, in the absence of these usual 
flowers, many oligolectic bee species are able switch to collecting pollen from flower 
species they would never normally associate with (Wcislo and Cane 1996). Even some 
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fig wasps, often considered to be in completely obligate relationships, have maintained 
low population densities when introduced to new areas without their natural mutualist fig 
tree species (McKey 1989). The models may also underestimate the robustness of the 
mutualisms. For example, fig trees and fig wasps are coadapted so that the wasps can find 
the trees from a long distances away (Bronstein et al. 1994). 

Alternatively, there may simply be many global mutualism coextinctions that have 
occurred which we are not yet aware of. This explanation is not unlikely, because 
mutualisms have generally been understudied as interactions (Bronstein 1994, 
Richardson et al. 2000). There is additionally the difficulty of defining when a species 
becomes globally extinct, compared to just extremely rare or maintained exclusively 
through captive breeding programs. Of course, these stated explanations are not mutually 
exclusive. However, more research is required to rectify the model predictions of many 
mutualism coextinctions, with the lack of empirical evidence for such events. Only then 
can we discover if conserving mutualisms is likely to prevent many global species 
extinction. 

Mutualism ‘Codeclines’ 

Even if global mutualism coextinctions are genuinely rare, conserving mutualisms may 
still be important for conservation. As mentioned previously, conservation is not just 
about preventing extinctions, but also about preventing species decline. Unlike with 
coextinctions, there are numerous recorded examples of where the decline or extinction 
of a species has led to the decline of its mutualist (‘codeclines’). A documented example 
of a pollination mutualism breakdown leading to population declines is the Indian Rubber 
Tree (Ficus elastica) to its pollinator wasp (Pleistodontes clavigar) interaction. Habitat 
fragmentation has led to the F. elastica declining to very low population levels. However, 
F. Elastic can propagate clonally, so has remained extant. Meanwhile, P.clavigar is 
virtually extinct globally, because the mutualist relationship is probably obligate for 
P.clavigar (Mawsdley et al. 1998). An example of a seed dispersal mutualism breakdown 
causing population declines comes from two endemic species on Menorca Island. A 
frugiverous lizard (Podarcis lilfordi) is a seed disperser of a shrub (Daphne rodriguezii). 
When P. Lilfordi became extinct on Menorca, due to the introduction of carnivorous 
mammals, D. rodriguezii numbers declined significantly to endangered levels. This D. 
rodriguezii decline could be attributed to the local extinction of P. Lilfordi, due the lack 
of seedling recruitment on Menorca compared to other nearby islands, where P. Lilfordi 
remained extant and D. rodriguezii populations larger (Traveset and Riera 2005). 

However, in some cases it has been shown that declines of one partner in a mutualism do 
not lead to significant declines in the other. For example, a Hawaiian vine (Freycinetia 
arborea) was pollinated in the nineteenth century by four species of birds. These bird 
species are all now either locally endangered or extinct. Despite this, F. Arborea 
continues to survive in reasonable abundance, but is now mainly pollinated by the 
recently introduced white-eye (Zosterops japonica) (Cox and Elmqvist 2000). In this 
case, conservation of the mutualism was not required to maintain the F. Arborea 
population. There are probabely no published estimates of how frequently declines of one 
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species do not result in declines of that species’ mutualist, due to a ‘replacement’ 
mutualist. However, judging by the few examples in the literature where this replacement 
has been reported to have happened, it seems to be a relatively rare occurrence. 

Alien Species in Mutualisms 

The Hawaiian vine example also illustrates that alien species can be involved in animal-
plant mutualisms. In fact, alien species are often dependent on mutualisms to establish 
themselves in new habitats (particularly on islands), and especially those alien species 
requiring animal mediated pollination (Richardson et al. 2000). These alien species will, 
by definition, be beneficial to the short-term inclusive fitness of the species they form a 
mutualism with. However, the alien species will impact negatively with other species in 
the ecosystem, for example through competition for resources (including competition for 
mutualist partners) (Kaiser-Bunbury et al. 2009). In fact, these negative impacts could 
theoretically cascade through the ecosystem, and lead to the alien species having an 
indirect long-term negative impact on its mutualist. This means that mutualisms 
involving alien species may important in conservation. However, the action taken by a 
conservation organisation could be either to conserve or disrupt the mutualism. 

In some situations, a conservation organisation will want to conserve the mutualism 
involving the alien species. For example, many of the Hawaiian Islands have lost the vast 
majority of their native seed dispersers, and introduced bird species now act as very 
major seed dispersers of native species. In fact, these exotic species appear to actually 
facilitate the re-growth of native forests in some areas (Foster and Robinson 2007). In 
these situations, conserving the native mutualism may become less important than 
conserving the new one. Alien species involved in mutualisms may actually be desirable 
for conservationists to protect in a more general way. Alien species are particularly likely 
to generate highly generalised and asymmetric mutualisms, which help stabilise 
communities, making them less vulnerable to decline and extinctions (Aizen et al. 2008). 

In other situations, conservation will be facilitated by disrupting mutualisms involving 
alien species. For example alien bumblebees (Bombus terrestris) have displaced many 
native pollinators, and pollinated some unwanted weed species, across the globe 
(Hingston et al. 2002). These mutualisms could lead to a decline in both animal and plant 
species of particular value to conservation. The empirical evidence would suggest that in 
the majority of cases a conservation organisation should try and disrupt the mutualisms 
involving the alien species (Kaiser-Bunbury et al. 2009). 
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Chapter- 8 

Reintroduction 

Reintroduction is the deliberate release of species into the wild, from captivity or 
relocated from other areas where the species survives. It usually involves species that are 
endangered or extinct in the wild (EW). Because reintroduction may involve returning 
native species to localities where they had been extirpated, some prefer the term "re-
establishment". 

Survival skills

It may be very hard to reintroduce EW species into the wild, even if their natural habitats 
were restored. Survival techniques, which are normally passed from parents to offspring 
during parenting, are lost. The genetics of the species is saved, but the natural memetics 
of the species is not.

Beginning in the 1980s, biologists have learned that many mammals and birds need to 
learn a lot to survive in the wild. Thus, reintroduction programmes have to be planned 
carefully, ensuring that the animals have the necessary survival skills. Biologists must 
also study the animals after the reintroduction to learn whether the animals are surviving 
and breeding, what effects the reintroduction has on the ecosystem, and how to improve 
the process.

Still, a vast number of animals may need to be reintroduced into the wild to be sure that 
enough of them learn how to survive. For instance, in reintroducing Houbara Bustards 
into the wild in the United Arab Emirates, more than 5,000 birds per year are used.  

Ex-situ conservation 

Ex-situ conservation means literally, "off-site conservation". It is the process of 
protecting an endangered species of plant or animal outside of its natural habitat; for 
example, by removing part of the population from a threatened habitat and placing it in a 
new location, which may be a wild area or within the care of humans. While ex-situ 
conservation comprises some of the oldest and best known conservation methods, it also 
involves newer, sometimes controversial laboratory methods. 
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 Colony relocation 

The best method of maximizing a species chance of survival (when ex-situ methods are 
required) is by relocating part of the population to a less threatened location. It is 
extremely difficult to mimic the environment of the original colony location given the 
large number of variables defining the original colony (microclimate, soils, symbiotic 
species, absence of severe predation, etc.) It is also technically challenging to uproot (in 
the case of plants) or trap (in the case of animals) the required organisms without undue 
harm. 

An example of colony relocation in the wild is the case of the endangered Santa Cruz 
Tarweed, a new colony of which was discovered during a mid 1980s survey at the site of 
a proposed shopping center in as western Contra Costa County. Once the city of Pinole 
had decided to approve the shopping center, the city relied on a relocation plan developed 
by Earth Metrics scientists to remove the entire colony to a nearby location immediately 
east of Interstate Highway 80 within the Caltrans right-of-way  

 Human care methods 

Zoos and botanical gardens are the most conventional methods of ex-situ conservation, 
all of which house whole, protected specimens for breeding and reintroduction into the 
wild when necessary and possible. These facilities provide not only housing and care for 
specimens of endangered species, but also have an educational value. They inform the 
public of the threatened status of endangered species and of those factors which cause the 
threat, with the hope of creating public interest in stopping and reversing those factors 
which jeopardize a species' survival in the first place. They are the most publicly visited 
ex-situ conservation sites, with the WZCS (World Zoo Conservation Strategy) estimating 
that the 1100 organized zoos in the world receive more than 600 million visitors 
annually. 

Endangered plants may also be preserved in part through seedbanks or germplasm banks. 
The term seedbank sometimes refers to a cryogenic laboratory facility in which the seeds 
of certain species can be preserved for up to a century or more without losing their 
fertility. It can also be used to refer to a special type of arboretum where seeds are 
harvested and the crop is rotated. For plants that cannot be preserved in seedbanks, the 
only other option for preserving germplasm is in-vitro storage, where cuttings of plants 
are kept under strict conditions in glass tubes and vessels. 
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A tank of liquid nitrogen, used to supply a cryogenic freezer (for storing laboratory 
samples at a temperature of about  

Endangered animal species are preserved using similar techniques. The genetic 
information needed in the future to reproduce endangered animal species can be 
preserved in genebanks, which consist of cryogenic facilities used to store living sperm, 
eggs, or embryos. The Zoological Society of San Diego has established a "Frozen zoo" to 
store such samples using modern cryopreservation techniques from more than 355 
species, including mammals, reptiles, and birds. 

A potential technique for aiding in reproduction of endangered species is interspecific 
pregnancy, implanting embryos of an endangered species into the womb of a female of a 
related species, carrying it to term.  It has been carried out for the Spanish Ibex. 
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Showy Indian clover, Trifolium amoenum, is an example of a species that was thought to 
be extinct, but was rediscovered in 1993  by Peter Connors in the form of a single plant at 
a site in western Sonoma County.  Connors harvested seeds and grew specimens of this 
critically endangered species in a controlled environment. 

The Wollemi Pine is another example of a plant that is being preserved via ex-situ 
conservation, as they are being grown in nurseries to be sold to the general public. 

 Drawbacks 

Ex-situ conservation, while helpful in man's efforts to sustain and protect our 
environment, is rarely enough to save a species from extinction. It is to be used as a last 
resort, or as a supplement to in-situ conservation because it cannot recreate the habitat as 
a whole: the entire genetic variation of a species, its symbiotic counterparts, or those 
elements which, over time, might help a species adapt to its changing surroundings. 
Instead, ex-situ conservation removes the species from its natural ecological contexts, 
preserving it under semi-isolated conditions whereby natural evolution and adaptation 
processes are either temporarily halted or altered by introducing the specimen to an 
unnatural habitat. In the case of cryogenic storage methods, the preserved specimen's 
adaptation processes are frozen altogether. The downside to this is that, when re-released, 
the species may lack the genetic adaptations and mutations which would allow it to thrive 
in its ever-changing natural habitat. 

Furthermore, ex-situ conservation techniques are often costly, with cryogenic storage 
being economically infeasible in most cases since species stored in this manner cannot 
provide a profit but instead slowly drain the financial resources of the government or 
organization determined to operate them. Seedbanks are ineffective for certain plant 
genera with recalcitrant seeds that do not remain fertile for long periods of time. Diseases 
and pests foreign to the species, to which the species has no natural defense, may also 
cripple crops of protected plants in ex-situ plantations and in animals living in ex-situ 
breeding grounds. These factors, combined with the specific environmental needs of 
many species, some of which are nearly impossible to recreate by man, make ex-situ 
conservation impossible for a great number of the world's endangered flora and fauna. 

IUCN/SSC Re-introduction Specialist Group 

The IUCN/SSC Re-introduction Specialist Group (RSG)  is one of the over 100 Specialist 
groups of the Species Survival Commission (SSC), which is one of the six IUCN 
Commissions, with its headquarters in Gland, Switzerland. The RSG is one of the few 
disciplinary Specialist Groups (e.g. Veterinary, Conservation Breeding) as opposed to the 
majority which are taxon based (e.g. Crocodile, Cat, Orchid). 

The role of the RSG is to promote the re-establishment of viable populations in the wild 
of animals and plants. The need for this role was felt due to the increased demand from 
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re-introduction practitioners, the global conservation community and increase in re-
introduction projects worldwide. 

Increasing numbers of animal and plant species are becoming rare, or even extinct in the 
wild. In an attempt to re-establish populations, species can – in some instances – be re-
introduced into an area, either through translocation from existing wild populations, or by 
re-introducing captive-bred animals or artificially propagated plants. 

United Kingdom 

Ongoing or successful programs 

 Moose to Scotland (ongoing) 
 Northern Goshawk – the existing UK population is believed to be derived from a 

mixture of escaped falconers' birds and deliberate introductions – (successful)
 Large Blue butterfly in the West and The South West – (successful and ongoing) 
 Red Kite in the Chiltern Hills, Black Isle, Northamptonshire, Dumfries and 

Galloway, Yorkshire, Perth and Kinross and Gateshead – (successful) 
 Osprey to Rutland Water – (successful) 
 White-tailed Eagle to the Hebrides – (successful) 
 White-tailed Eagle to the east coast of Scotland – (ongoing) 
 Glanville Fritillary butterfly to Somerset – (successful) 
 Heath Fritillary butterfly to Essex – (successful) 
 Silver-washed Fritillary to Essex - (ongoing, locally successful) 
 Great Bustard to Salisbury Plain – (ongoing) 
 Black Grouse to Derbyshire – (ongoing) 
 Corncrake to Cambridgeshire – (ongoing) 
 Wild Boar to several places in Britain – (accidental), (successful)
 Red Squirrel to Anglesey – (successful and ongoing) 

 Common Crane to Somerset (ongoing) 
 European Beaver to Scotland (ongoing) 

Planned or proposed programs 

 Wolf in Scotland (proposed) 
 Brown Bear in Scotland (proposed) 
 White-tailed Eagle to England and Wales (planned - on hold whilst suitable site is 

found) 
 European Lynx in England and Scotland (proposed) 
 European Beaver in England and Wales (if the Scottish project is successful). 
 Golden Eagle in England 
 Moose in Scotland 
 White Stork (proposed) 
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Rejected proposals 

 The Wild Beasts Trust 
 European Beaver in Scotland (2005) 

 Other countries 

Planned or proposed programs 

 Asiatic Lion Reintroduction Project of Asiatic Lion to Kuno Wildlife Sanctuary 
from their only home presently in the world at Gir Forest National Park. Kuno 
Wildlife Sanctuary is the chosen site for re-introducing and establishing the 
world's second completely separate population of the wild free ranging Asiatic 
Lions in the state of Madhya Pradesh 

Ongoing or successful programs

 Alpine Ibex in the French, Italian and Swiss Alps (successful) 
 Black-footed Ferret in the Canada, USA and Mexico 
 Bornean Orangutan in East Kalimantan, Indonesia  
 Brush-tailed Bettong in Australia (ongoing)
 California Condor in California (USA) and Mexico (ongoing) 
 Eurasian Brown Bear in the Alps (ongoing) 
 European Beaver in several places in Europe (successful) 
 European Otter in the Netherlands (ongoing) 
 European Lynx in Switzerland (successful), and other parts of Europe (ongoing) 
 European Black Vulture in the Massif Central in France 
 Griffon Vulture in the Massif Central, France (successful), Central Apennines, 

Italy, and Northern and Southern Israel (ongoing) 
 Lammergeier in the Alps (successful)
 Lesser Kestrel in Spain
 Lesser White-fronted Goose in Sweden and Germany (ongoing) 
 Musk ox in Alaska (USA) (successful) 
 Northern Bald Ibis in Austria and Italy (ongoing) 
 Nubian Ibex in Israel (successful) 
 Père David's Deer in China (ongoing) 
 Peregrine Falcon in Germany, Poland, Sweden and Norway 
 Persian Fallow Deer in Israel (ongoing) 
 Przewalski's Horse in Mongolia (ongoing) 
 Puerto Rican Parrot in Arecibo (ongoing) 
 Red Kite in Ireland 

 White-tailed Eagle in Ireland (ongoing) 
 Golden Eagle in Ireland (ongoing) 
 Wisent in Poland, Belarus (successful) and other parts of Europe (ongoing) 
 Wolf in Wyoming (USA) (successful) 
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 Arabian Oryx in the Sultanate of Oman (successful) 
 Goitered Gazelle in Protected Areas of Vashlovani in Georgia (country)(ongoing) 
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Chapter- 9 

Arabian Oryx Reintroduction 
  

  

Arabian Oryx at Chay Bar Yotvata, Israel

The Arabian Oryx (Oryx leucoryx), also called the White Oryx, was extinct in the wild as 
of 1972,  but was reintroduced to the wild starting in 1982. Initial reintroduction was 
primarily from two herds: the "World Herd" originally started at the Phoenix Zoo in 1963 
from only nine oryx  and the Saudi Arabian herd started in 1986 from private collections 
and some "World Herd" stock by the Saudi National Wildlife Research Center (NWRC).  
As of 2009 there have been reintroductions in Oman, Saudi Arabia, Israel, the United 
Arab Emirates, and Jordan, but the IUCN Red List still classifies the species as 
Endangered,  and it is included in CITES Appendix I. 
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Decline of a species 

The Arabian Oryx was known to be in decline since the early 1900s in the Arabian 
Peninsula. By the 1930 there were two separate populations isolated from each other.  In 
1960, Lee Talbot reported that Arabian oryx appeared to be extinct in its former range 
along the southern edge of Ar-Rub' al-Khali. He believed that any oryx still existing 
would be exterminated within the next few years and recommended that a captive 
breeding program be started to save the species.  Michael Crouch, then Assistant Adviser 
in the Eastern Aden Protectorate, drew attention to the fact that each spring, small groups 
of oryx still emerged onto the gravel plains in the northeast corner of the Protectorate, 
where he thought a capture attempt would be possible. 

 Operation Oryx 

Operation Oryx was a program of the Phoenix Zoo and the Fauna and Flora 
Preservation Society of London (now Fauna and Flora International), with financial help 
from the World Wide Fund for Nature. One of the first captive breeding programs at any 
zoo, this program had the specific goal of saving and then reintroducing Arabian Oryx in 
the wild.  

The initial plan of the Fauna and Flora Preservation Society was to establish a herd in 
Kenya where another species of oryx already lived and flourished. The Kenyan plan was 
dropped because of an outbreak of hoof-and-mouth disease, and the oryx destined for 
Kenya were shipped to the Phoenix Zoo instead. 

Although in hindsight we know that there were actually quite a few potential Arabian 
oryx in private collections. For instance, the Arabian reintroduction was started with 57 
Arabian orix from the collection of King Khalid bin Abdul Aziz in Ath-Thumamah, this 
was not known in 1962, when only 16 oryx were located as possible breeding stock.

There were originally four individuals captured and seven donated for this project. The 
four were captured in Aden (now Yemen) near the border of Oman by an expedition lead 
by the late Major Ian Grimwood, then chief game warden of Kenya, with help from 
Manahil and Mahra tribesmen. One male from this group later died of capture stress. The 
seven donated oryx were: one from the London Zoo, two from Sheikh Jabul Abdullah al-
Sabah, and two pairs from the collection of King Saud bin Abdul Aziz. One of the oryx 
from Sheikh Jabul Abdullah al-Sabah died before delivery as well, leaving nine oryx to 
start the "World Herd." 

Five Arabian Oryx were delivered to the Phoenix Zoo in 1963 (four in June and one in 
September). A baby was born to the herd in October 1963 from a conception en route, 
and another was born in the spring of 1964, bringing the starting population of the 
Phoenix Zoo herd to seven. The four oryx donated by King Saud arrived at the Phoenix 
Zoo in July 1964, bringing the population of the "World Herd" to 11.  
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The breeding program at the Phoenix Zoo was very successful, and the zoo celebrated its 
225th Arabian Oryx birth in 2002. From Phoenix, ArizonaPhoenix|, individuals were sent 
to other zoos and parks (including the San Diego Wild Animal Park) to start their herds. 
Most of the Arabian Oryx in the wild today have ancestors from the Phoenix Zoo.  

 Reintroductions 

Reintroductions started in 1982 in Oman. As of 2009 there have been reintroductions in 
Oman, Saudi Arabia, Israel, the United Arab Emirates, and Jordan. At this time, 
populations in the United Arab Emirates and Jordan are still not considered in the 
International Union for Conservation of Nature (IUCN) Red List wild oryx count. The 
population in Oman is still receiving supplementary forage, and the introduction into 
Jordan was after the last update of the Red List.  

Oman 

By 1980 the number of Arabian Oryx in captivity had increased to the point that 
reintroduction to Oman was attempted from the San Diego Wild Animal Park to Jaaluni 
in the Jiddat-al-Harasis. The oryx were initially kept in large pens outdoors, but were 
released to the wild on January 31, 1982 in the Omani Central Desert and Coastal Hills.  

These oryx became the core of the Oman herd in the wild, though there were several 
other releases of captive bred animals over the next two decades.  The area of their 
release became the Arabian Oryx Sanctuary. 

On June 28, 2007, Oman's Arabian Oryx Sanctuary was the first site to be removed from 
the UNESCO World Heritage List. UNESCO's cited the Omani government's decision to 
open 90% of the site to oil prospecting as the main reason for this decision. The Arabian 
Oryx population on the site has been reduced from 450 Oryx in 1996 to only 65 in 2007, 
mostly due to poaching and illegal live capture. There are now fewer than four breeding 
pairs left on the site. 

Saudi Arabia 

Organized captive breeding of the Arabian oryx in Saudi Arabia began in April 1986, 
when 57 oryx from the farm of the late King Khalid bin Abdul Aziz in Ath-Thumamah 
(now the King Khalid Wildlife Research Center or KKWRC) were brought to the 
National Wildlife Research Center (NWRC) near At-Ta'if.  

Between the initial 1986 founding and 1996, 33 additional oryx (including some from the 
"World Herd") have been introduced to the founder generation of Arabian Oryx at the 
NWRC. Since 1996, all additions to the population have been through births.  

Due to an outbreak of Mycobacterium bovis (Bovine Tuberculosis) in the founder 
generation, a "buffer generation" was introduced in the herd. Since then, calves produced 
by the founder herd are removed from their dam immediately after birth and hand-reared. 
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These hand-reared second generation oryx are regularly tested for tuberculosis and a 
variety of other pathogenic agents, and join the breeding nucleus only when tests are 
consecutively negative. After breeding, they produce the third generation of oryx, which 
are tuberculosis free and mother-reared, and of which more than 80% are reintroduced 
into the wild. 

Reintroduction of a wild population began in 1995 in the ‘Uruq Bani Ma’arid protected 
area. The reserve covers about 12,000 km2 (4,600 sq mi) at the western edge of the 
Rub’al-Khali or "Empty Quarter". As of 2009, the IUCN Red List estimates the oryx 
population on this reserve at 160 individuals. 

A free ranging herd was established in the newly created Mahazat as-Sayd Protected 
Area in 1989. This 2,244 km2 (866 sq mi) fenced reserve is home to reintroduced oryx, 
gazelle and the Houbara Bustard.  As of 2009, the IUCN Red List estimates the oryx 
population on this reserve at about 800 individuals. There is currently some debate about 
whether animals in this reserve should be considered "wild."  

Israel 

In Israel the reintroduction program was established in 1978 when four pairs of Arabian 
Oryx were purchased.  At this time the IUCN Redbook reports wild populations totaling 
90-100 animals in 3 locations in Northern Arava and the Negev Desert.  

The United Arab Emirates 

In the early 1960s, the late Sheikh Zayed bin Sultan Al Nahyan directed the capture of 
two breeding pairs of the Arabian Oryx for the nucleus of a captive-breeding program in 
Al Ain. In 2007 the United Arab Emirates started releasing animals into Umm Al Zumul. 
As of 2009 there have been about 100 animals released.  

As part of this initiative, a similar program is being developed to reintroduce this extinct 
species into its natural habitats in Yemen and Iraq. 

Since March 1999, Abu Dhabi has been host to an inter-governmental body known as 
The Coordinating Committee for the Conservation of the Arabian Oryx, which oversees 
the coordination of conservation efforts for this species within the Arabian Peninsula. 

Jordan 

The reintroduction project for Jordan began when the Environment Agency - Abu Dhabi 
(EAD) and the Al Aqaba Special Economic Zone Authority signed a sponsorship 
agreement in April 2007. Under this agreement, EAD is sponsoring the $1.1 million 
three-year project which includes reintroduction of the Arabian Oryx into the Wadi Rum 
Protected Area, rehabilitating the habitat, and helping local residents to improve their 
living standards. 
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Twenty oryx were released into the Wadi Rum Protected Area in 2009.  

 Current status 

By 2009, the Arabian Oryx was protected by law in all areas where it appears. 

As of September 2009 the IUCN Red List estimates total world population of wild 
Arabian Oryx to be about 1100. The Red List classification limits "wild" animals to parts 
of the populations in Oman, Saudi Arabia, and Israel. In addition, 6,000-7,000 animals 
are held in captivity worldwide. The wild population trend is listed as 
"stable/decreasing." If current trends hold, the IUCN estimates that the Arabian oryx will 
be reclassified from Endangered to Vulnerable in 2011.  
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Chapter- 10 

Cheetah Reintroduction in India 

  

Cheetah cubs with dog (India, 1897). 

Reintroduction of Cheetah in India involves the artificial reestablishment of a 
population of cheetahs into areas where they had been previously slaughtered by the 
British officers and Indian Princeses. Shahgarh landscape in Rajasthan has been chosen 
as the abode for Cheetah until a sufficient population built up for reintroduction into 
former habitats in others parts of India like the Banni grasslands and Desert National Park  

etc. 
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Background 

History

 
  
A painting depicting Akbar, Mughal emperor of India hunting with locally trapped 
Asiatic Cheetahs, c. 1602. 

Until the 20th century, the Asiatic Cheetah was quite common and roamed all the way 
from Arabia to Iran, Afghanistan and India. The Asiatic Cheetah was also known as the 
'Hunting leopard' in India, and were kept by kings and princes to hunt gazelle. The 
Moghul Emperor Akbar kept them for hunting gazelle and Blackbucks. He was said to 
have had 1,000 cheetahs at one time for assisting in his royal hunts. Trapping of large 
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numbers of adult Indian cheetahs, who had already learned hunting skills from wild 
mothers, for assisting in royal hunts is said to be another major cause of the species rapid 
decline in India as they never bred in captivity with only one record of a litter ever.  

 Extinction 

  
Hunting of Blackbuck with Asiatic Cheetah; Drawn by James Forbes in South Gujarat, 
India. Oriental Memoirs, 1812. 

By the beginning of the twentieth century, the species was already heading for extinction 
in many areas. The last physical evidence of the Asiatic Cheetah in India was three shot 
by the Maharajah of Surguja in 1947 in eastern Madhya Pradesh. He also bears the dark 
honour of holding the record for shooting the most tigers — a total of 1,360.  

In India fifty years ago, prey was abundant, and it fed on the Blackbuck, the Chinkara, 
and sometimes the Chital and the Nilgai.

...is in low, isolated, rocky hills, near the plains on which live antelopes, its principal 
prey. It also kills gazelles, nilgai, and, doubtless, occasionally deer and other animals. 
Instances also occur of sheep and goats being carried off by it, but it  

rarely molests domestic animals, and has not been known to attack men. Its mode of 
capturing its prey is to stalk up to within a moderate distance of between one to two 
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hundred yards, taking advantage of inequalities of the ground, bushes, or other cover, and 
then to make a rush. Its speed for a short distance is remarkable far exceeding that of any 
other beast of prey, even of a greyhound or kangaroo-hound, for no dog can at first 
overtake an Indian antelope or a gazelle, either of which is quickly run down by C. 
jubatus, if the start does not exceed about two hundred yards. General McMaster saw a 
very fine hunting-leopard catch a black buck that had about that start within four hundred 
yards. It is probable that for a short distance the hunting-leopard is the swiftest of all 
mammals. 

—Blanford writing on the Asiatic Cheetah in India quoted by Lydekker  

With the death of the last remaining population of the Asiatic Cheetah in India, the 
species was declared extinct in India is the only animal in recorded history to become 
extinct from India due to unnatural causes.  

  
 Asiatic Cheetah cubs in India, 1897. 

 Reintroduction Efforts 

Cloning 

During the early 2000s, Indian scientists from the Centre for Cellular and Molecular 
Biology (CCMB), Hyderabad, proposed a plan to clone Asiatic Cheetahs obtained form 
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Iran. India requested Iran to translocate one live pair to India.If not possible, Indian 
scientists requested Iran to allow them collect some live cells of the Cheetah in Iran itself, 
which can then be made into living cell lines. 

However, Iran refused saying that it would neither send any Cheetahs to India nor would 
allow Indian scientists to collect their tissue samples. But, the Indian government has 
again contacted Iran to explore the possibility of the Islamic Republic supplying cheetahs 
to help to re-establish their presence on the subcontinent decades after they were hunted 
to extinction. The Iranian embassy in Delhi said its government was in the process of 
“arranging” talks.  

Introduction of African Cheetah 

As the world's last Asiatic cheetah population surviving only in Iran is currently critically 
endangered with an estimated total of below 100, the cheetah experts feel it won't be 
conducive to disturb it. India is thus exploring an alternate plan of importing the African 
Cheetah (Acinonyx jubatus) from some African countries where they are in greater 
abundance, with a view to breeding them in captivity, then setting them free in protected, 
semi-arid habitats in India.

Since India lost the Indian / Asiatic Cheetah, which went extinct about half a century ago, 
suggestions to reestablish the cheetah in India have been ongoing   but this is the first time 
that a major conservation NGO like Wildlife Trust of India (WTI) has taken it on them 
and are currently spearheading the Cheetah reintroduction plan in India in collaboration 
with Wildlife Institute of India (WII). For this purpose a meeting of International cheetah 
experts was organized in Gajner, near Bikaner in the Indian state of Rajasthan during 
September 2009. As per the discussions held at the meeting cheetah experts from around 
the world favored importing African cheetahs from Africa for the proposed 
reintroduction in India as against getting them from the world's last remnant population 
of Asiatic Cheetah, also called Iranian cheetah, that only survive in Iran which are 
currently critically endangered with their entire population estimated to be below 100.   

International experts including Laurie Marker of Cheetah Conservation Fund (CCF), 
credited with developing cheetah conservation programmes in a number of countries, 
including Iran, argues that the world's last Asiatic cheetah population in Iran is abysmally 
low to spare any individuals for reintroduction efforts in India. Stephen J O’Brien, 
world's leading conservation geneticist and Chief of the Laboratory of Genomic Diversity 
at the National Cancer Institute (NCI), USA, has clarified that there is no significant 
genetic difference between the African and the Iran's Asiatic cheetah, as per genetic 
research carried out by him African and Indian cheetahs were only separated just some 
5,000 years ago which is not enough for a sub-species level differentiation. "African and 
Asian cheetahs are similar in nature and have same genetic make-up. So India can have 
the animal from South Africa if it is not getting from Iran (which has already refused to 
part with its Asian cheetah)," noted the cheetah genetic expert Stephen J O Brien. At the 
meeting experts also identified South Africa, Botswana, Kenya, Tanzania and UAE as 
countries from where the cheetah could be imported for India. "About 5 to 10 animals 
annually have to be brought to India over a period of 5 to 10 years," recommended 
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another working group, which was formed for exploring sourcing and translocation of the 
cheetah.         

Ministry of Environment & Forests, Government of India has approved the 
recommendation for a detailed survey of potential reintroduction sites in four Indian 
states of Rajasthan, Gujarat, Madhya Pradesh and Chattisgarh, shortlisted during the 
consultative meeting. Three more Indian states Karnataka, Andhra Pradesh and 
Maharashtra are being also considered. This survey, will form the basis for the roadmap 
of reintroduction of cheetah in India, and will be carried out by Wildlife Institute of India 
(WII),  in collaboration with the Wildlife Trust of India (WTI), the Bombay Natural 
History Society (BNHS) and the concerned state governments with their respective forest 
departments.    

 Current status 

The Ministry of forests and environment of India is now hammering out the details of the 
cheetah conservation plan. As a first step, a two-day seminar of technical experts on 
cheetahs was held in Gajner from September 9, 2009. Experts on cheetah, including 
Divyabhanusinh and M K Ranjitsinh presented their papers on how to go about bringing 
cheetahs to India. 

The initial plans were to bring the cheetahs to Gajner Wildlife Sanctuary. "We want to set 
up a breeding ground for the cheetahs and Gajner seems to fit the bill perfectly. 
Thereafter, they will be transported to various states," he added. 

India is also in talks with the Islamic Republic of Iran over the possibility of sending a 
pair of Asiatic Cheetah to India. It is said that Iran wanted an Asiatic lion in exchange for 
a cheetah and that India wasn't ready to export any of its Asiatic lions. The Iranian 
embassy in Delhi said that its government was in the process of “arranging” talks.  

The Union Minister of State for Environment and Forests Jairam Ramesh said that 
African cheetahs could be brought to India within three years having just returned from a 
trip to South Africa, one of the potential source-habitats of cheetahs to be moved to India. 

The Wildlife Institute of India is spearheading the project, and will unveil a road map and 
destination for the African cheetahs — possible options are in Rajasthan, Madhya 
Pradesh and Gujarat — by May-end.  

Kuno Palpur and Nauradehi wildlife sanctuaries in Madhya Pradesh and Shahgarh 
landscape in Jaisalmer in Rajasthan have been selected in by the Wildlife Institute of 
India as most suitable sites for the reintroduction project. 
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Chapter- 11 

Wolf Reintroduction 

  
  

  

  
A reintroduced gray wolf in Yellowstone National Park. 

Wolf reintroduction involves the artificial reestablishment of a population of wolves 
into areas where they had been previously extirpated. Wolf reintroduction is only 
considered where large tracts of suitable wilderness still exist and where certain prey 
species are abundant enough to support a predetermined wolf population. 
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 In the United States 

In Arizona

  
Captive bred Mexican wolf in pen, Sevilleta National Wildlife Refuge. 

The five last known wild Mexican grey wolves were captured in 1980 in accordance with 
an agreement between the United States and Mexico intended to save the critically 
endangered subspecies. Since then, a comprehensive captive breeding program has 
brought Mexican wolves back from the brink. Currently, there are 300 captive Mexican 
wolves taking part in the program. 
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Eurasian wolf (Canis lupus lupus) at 

The ultimate goal for these wolves, however, is to reintroduce them to areas of their 
former range. In March 1998, this reintroduction campaign began with the releasing of 
three packs into the Apache-Sitgreaves National Forest in Arizona. Today, there may be 
up to 50 wild Mexican wolves in Arizona and New Mexico. The final goal for Mexican 
wolf recovery is a wild, self-sustaining population of at least 100 individuals.  
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In Idaho / Yellowstone National Park 

 

Map showing wolf packs in Yellowstone National Park as of 2002. 

Grey wolf packs were reintroduced to Yellowstone National Park and Idaho starting in 
1995. These wolves were considered as “experimental, non-essential” populations per 
article 10(j) of the Endangered Species Act (ESA). Such classification gave government 
officials greater leeway in dealing with problem wolves, which was considered one of a 
series of compromises wolf reintroduction proponents made with concerned local 
ranchers. 



_________________WORLD TECHNOLOGIES_________________

A Eurasian wolf (Canis lupus lupus), an example of the "northern" wolf clade 

Indeed, local industry and environmental groups battled for years over the Yellowstone 
and Idaho wolf reintroduction effort. The idea of wolf reintroduction was first brought to 
Congress in 1966 by biologists who were concerned with the critically high elk 
populations in Yellowstone. Officially, 1926 was the year the last wolves were killed 
within Yellowstone’s boundaries, and over the succeeding decades, populations of elk 
and other large prey animals had soared, and new growth vegetation suffered as a result. 
This is due to ecosystem instability when keystone predators are removed. With wolves 
being at the top of the food pyramid, their absence let the elk population boom out of 
control. Soon deciduous woody species such as upland aspen and riparian cottonwood 
crashed as a result of overgrazing. This affected habitat for other species as well. 
Moreover, coyotes tried to fill in the niche left by wolves, but were unable to control the 
large ungulate populations. Booming coyote numbers, furthermore, also had a negative 
effect on other species, particularly the red fox. Ranchers, though, remained steadfastly 
opposed to reintroducing a species of animal that they considered to be analogous to a 
plague, citing the hardships that would ensue with the potential loss of stock caused by 
wolves.  
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A Czechoslovakian Wolfdog 

The government, which was charged with creating, implementing, and enforcing a 
compromise, struggled for over two decades to find middle ground. A wolf recovery 
team was appointed in 1974, and the first official recovery plan was released for public 
comment in 1982. General public apprehension regarding wolf recovery forced the U.S. 
Fish and Wildlife Service to revise their plan to implement more control for local and 
state governments, so a second recovery plan was released for public comment in 1985. 
That same year, a poll conducted at Yellowstone National Park showed that 74% of 
visitors thought wolves would improve the park, while 60% favored reintroducing them. 
The preparation of an environmental impact statement, the last critical step before 
reintroduction could be green-lighted, was halted when Congress insisted that further 
research be done before an Environmental Impact Statement (EIS) was to be funded. 
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People look on as the grey wolves are trucked through Roosevelt Arch, Yellowstone 
National Park, January, 1995. 

In 1987, in an effort to shift the burden of financial responsibility from ranchers to the 
proponents of wolf reintroduction, Defenders of Wildlife set up a “wolf compensation 
fund” that would use donations to pay ranchers market value for any stock that was lost 
to wolf depredation. That same year, a final recovery plan was released. Following a long 
period of research, public education, and public commenting, a draft EIS was released for 
public review in 1993 and it received over 150,000 comments from interested parties. It 
was finalized in May 1994, and included a clause that specified that all wolves 
reintroduced to the recovery zones would be classified under the “experimental, non-
essential” provision of the ESA. Though the original plan called for three recovery zones 
– one in Idaho, another in Montana, and a final one in the Greater Yellowstone Area – the 
Montana recovery zone was eliminated from the final EIS after it had been proven that a 
small, but breeding population had already established itself in the northwestern part of 
the state. 
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Reintroduced wolves being carried to acclimation pens, Yellowstone National Park, 
January, 1995. 

A pair of lawsuits filed in late 1994 put the whole recovery plan in jeopardy. 
Interestingly, while one of the lawsuits was filed by the Wyoming Farm Bureau, the other 
was filed by a coalition of concerned environmental groups. The latter pointed to 
unofficial wolf sightings as proof that wolves had already migrated down to Yellowstone 
from the north, which, they argued, made the plan to reintroduce an experimental 
population in the same area unlawful. According to their argument, if wolves were 
already present in Yellowstone, they should rightfully be afforded full protection under 
the ESA, which, they reasoned, was preferable to the limited “experimental” 
classification that would be given to any reintroduced wolves.  
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Wolf in acclimation pen, Yellowstone National Park. 

Nevertheless, both cases were thrown out on January 3, 1995. Adolescent members from 
packs of Mackenzie Valley wolves in Alberta, Canada were tranquilized and carted down 
to the recovery zones later that week, but a last minute court order delayed the planned 
releases. The stay came from an appellate court in Denver and was instigated by the 
Wyoming Farm Bureau. After spending an additional 36 hours in transport cages inside 
the recovery zones, the wolves were finally released following official judicial sanction. 
Yellowstone’s wolves stayed in acclimation pens for two more months before being 
released into the wild. Idaho’s wolves, conversely, were given a hard release. A total of 
66 wolves were released to the two areas in this manner in January 1995 and January 
1996.  
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Genetic research has shown that black-furred wolves owe their colouration to a mutation 
that first arose in domestic dogs. 

2005 estimates of wolf populations in the two recovery zones reflect the success the 
species has had in both areas:

 Greater Yellowstone Area: 325 
 Central Idaho: 565 

These numbers, added with the estimated number of wolves in northwestern Montana 
(130), puts the total number of wolves in the Northern Rocky Mountains recovery area at 
over 1000 individuals. This includes approximately 134 packs (two or more wolves 
traveling together) and 71 breeding pairs (male and female that successfully rear a litter 
of at least two until Dec. 31). The recovery goal for the area was 30 breeding pairs total, 
and this number has been surpassed for some time.  
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The red wolf is thought by some scientists to be a wolf/coyote hybrid.  

Since wolves have been recovered, there have been hundreds of confirmed incidents of 
livestock depredation, though such predation represents a minute proportion of a wolf’s 
diet on a per wolf basis. While the majority of wolves ignore livestock entirely, a few 
rogue wolves or wolf packs will become chronic livestock depredators, and will either be 
relocated or killed depending on the area and number of incidents. Since the year 
Defenders of Wildlife implemented their compensation fund, they have allocated over 
$1,000,000 to private owners for proven and probable livestock depredation by wolves. 
Opponents argue that the Yellowstone reintroductions were unnecessary, as American 
wolves were never in danger of biological extinction. Opponents have stated that wolves 
are of little commercial benefit, as cost estimates on wolf recovery are from $200,000 to 
$1 million per wolf. But the Lamar Valley is one of the best places in the world to 
observe wolves, and tourism based on wolves is booming.  The growing wolf-viewing 
outfitting trend contrasts with declines for big game hunters. National Park Service 
Biologist Wayne Brewster informed guides and outfitters living north of Yellowstone 
National Park, to expect a fifty percent (50%) drop in harvestable game when wolves 
were reintroduced to Yellowstone National Park.  This was confirmed when in 2006, the 
Yellowstone elk herd had in fact shrunk to 50% since the mid 1990s. Two thirty day 
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periods of tracking radio collared wolves showed that 77-97% of prey species 
documented by wolves in the park were elk. Outside the park, numerous hunting 
outfitters have been run out of business due to elk hunting opportunities being reduced by 
90%.  Although Defenders of Wildlife have established a $100,000 compensation 
program to reimburse ranchers in Wyoming, Idaho, Montana, New Mexico and Arizona 
for losses caused by wolves, reintroduction opponents have argued that the program is 
nothing more than a publicity tool and is inadequate for addressing the problem of 
livestock loss to wolves, due to the fact that the programme has apparently unrealistic 
criteria in confirming wolf kills. This can be problematic, as wolves often leave little 
physical evidence of kills the size of lambs and small calves.  

The reintroduction of wolves has reportedly increased biodiversity within Yellowstone 
National Park. Along with (and partly because of) an increase in new-growth vegetation, 
such as aspen and willow trees, which has resulted from the reduction in elk numbers. 
The aspen and willow were able to recover because not only was the elk population 
reduced because of predation due to the wolves, but they quit venturing as deep into 
thickets due to the fear of being attacked by wolves in an area of very low visibility. This 
process of top predators regulating the lower sections of the trophic pyramid was dubbed, 
"the ecology of fear" by William J. Ripple and Robert L. Bestcha  In addition to the 
restoration of vegetation several important species such as the beaver (which had also 
become extinct from the park) and red fox have also recovered, probably due to the 
wolves keeping coyote populations under control.  

The Idaho state government opposed the reintroduction of wolves into the state and many 
citizens feel as if the wolves were forced onto the state by the federal government. 
Despite residing within state borders, the US Fish and Wildlife Service has managed the 
wolf population since the reintroduction. The Idaho wolf population has made a 
remarkable comeback with an estimated 1,200 wolves in the Greater Yellowstone area, 
700 of these residing within Idaho’s borders in 2007. However, the wolves have 
increasingly become nuisances. In order to quell the political battle between the ranchers 
and conservationists while still ensuring proper management the federal government has 
agreed to remove the wolf from the Endangered Species list and allow state management 
of the species if Idaho, Montana and Wyoming all propose management plans that meet 
the Fish and Wildlife Service’s approval. Currently plans proposed by both Idaho and 
Montana have been approved by the US Fish and Wildlife Service. Wyoming is the only 
member of the trio who has not authored a plan accepted by the service. 

Despite being approved by the US Fish and Wildlife Service Idaho’s proposed 
management plan is still shrouded in controversy. The plan  proposed by the newly 
inaugurated governor of Idaho, Clement “Butch” Otter, calls for the killing of 550 
wolves, approximately eighty percent of the current population, and a reduction in the 
number of breeding pairs from 72 to just 10. Otter’s plan is strongly supported by many 
state residents. According to the US Fish and Wildlife Services guidelines the Idaho wolf 
population needs to stay above 100 individuals for the species to stay off the endangered 
species list and remain a viable, self sustaining population. However, there is much 
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evidence that shows that a much larger wolf population can survive in Idaho without 
causing any major problems. 

Wolf 2M, Co-founder of the Leopold Pack was killed on New Year's Eve 2002 by the 
Geode Pack near Hellroaring Slopes. 2M was the last of the original 14 wolves 
reintroduced to Yellowstone in 1995. 

In North Carolina / Great Smoky Mountains National Park 

Red wolves were once native to the southeast but the last wolf seen in the vicinity of the 
park was in 1905. The wolves were reintroduced to the Great Smoky Mountains National 
Park in the early 90s but the program was cancelled in 1998 due to the death of wolf pups 
from malnutrition and disease; and the wolves roaming beyond the boundaries of the 
park. 

 In Northern Europe 

In Sweden and Norway, there has been a long and ongoing conflict between some groups 
whose belief it is that wolves have no place in human inhabited areas and those who wish 
the wolf to be allowed to expand out into more of the area’s vast boreal forests. The 
former mostly consists of members of the rural working class who fear competition for 
certain large ungulate species (Roe Deer, moose, etc.), and who consider the wolf to be a 
foreign element. They argue that modern Scandinavian wolves are actually recent 
migrants from Russia and not the remnants of old native wolf packs, which, they reason, 
is why they do not belong in Sweden and Norway. 

Scandinavian wolves had been nearly completely eliminated from the range due to 
extirpation campaigns in the nineteenth and twentieth centuries, and were considered to 
be gone from the area by the 1960s.  In the early 1980s, however, a single breeding pack 
was discovered in southern Sweden, over 1000 km away from the nearest known 
population in Russia or Eastern Finland. The pack was small – about ten animals – and it 
stayed that way for many years until its population began to noticeably increase starting 
in 1991. Prior to 1991, the small population lacked ideal genetic diversity, and inbreeding 
had been occurring to a potentially dangerous degree. Furthermore, low birth rates 
suggest that the wolves were apprehensive to mate with each other, which was most 
likely due to their close relation. Genetic data suggests that, in 1991, a lone immigrant 
wolf from Russia migrated to the area and single-handedly restored genetic diversity to 
the population. A particular study showed that of the 72 wolves born between 1993 and 
2001, 68 of them could trace their genetic heritage to this lone migrant wolf. Today, there 
are over one hundred individuals that range across this southern area of Scandinavia.  The 
population remains genetically isolated, however, which is a cause of concern for some. 
On the other hand, there is reason to believe that as the number of wolves living in this 
area increases, the boundaries of the population's range will creep towards the ranges of 
other, separate populations in Finland, thus promoting dispersal. Direct reintroduction 
remains an intriguing option to foster genetic diversity in the Scandinavian population in 
the meantime. 
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There has been much speculation as to how the original population came to be in the 
early 80s. Some believe that they might be a native species – remnants of a population 
that somehow survived persecution. Much genetic research has been performed on this 
population, however, and this particular theory isn’t supported by the findings. Genetic 
analysis seems to support the idea that the wolves were immigrants that had traveled over 
1000 km from Russia to southern Scandinavia along one of several possible dispersal 
routes. Certain conspiracy theorists believe that they were artificially reintroduced per 
some secret agenda by the Swedish government.  

Since the wolves have reestablished themselves, Norwegian and Swedish farmers have 
complained of sheep and dog depredation. Indeed, many farmers in Norway were forced 
to give up their practice once local wolves discovered sheep as potential prey.  This 
exemplifies the general trend that the people who are usually the most skeptical about 
wolf recovery, though they typically represent the minority, are also the ones most 
directly affected by it. Most of the proponents of wolf reintroduction in Norway and 
Sweden can be found in urban populations, which is a pattern that can be seen wherever 
wolf reintroduction is a hot button issue. . As a result, some are calling for the legalization 
of hunting wolves in this area. European Union regulation doesn't make this an option in 
Sweden.  However, government action could be taken to cull wolf populations if either of 
the two countries involved should sanction such action.

 In Central and Western Europe 

In several areas in Europe, reintroduction of wolves to areas where they have become 
extinct is being actively considered. Charities in many European countries including 
Denmark, Germany, Italy and Scotland  are also advocating the reintroduction of wolves 
to specific rural and forested areas. Most plans have been met with a mixture of 
enthusiasm and unease by different population groups. Opponents fear the loss of 
livestock that may result from their reintroduction. In several countries, charity based 
compensation plans (similar to those that operate in the USA) have been proposed. 
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Chapter- 12 

Asiatic Lion Reintroduction Project 
  

The Asiatic Lion Reintroduction Project is an effort to save the Asiatic lion from 
extinction in the wild. The last wild population in the Gir Forest region of the Indian state 
of Gujarat is threatened by epidemics, natural disasters and anthropogenic factors. The 
project aims to establish a second independent population of Asiatic Lions at the Kuno 
Wildlife Sanctuary in the Indian state of Madhya Pradesh. 

Wildlife Institute of India researchers confirmed that the Palpur-Kuno Wildlife Sanctuary 
is the most promising location to re-establish a free ranging population of the Asiatic 
lions and certified it ready to receive its first batch of translocated lions from Gir 
Wildlife Sanctuary where they are highly overpopulated. There are large scale deaths in 
the population annually because of ever increasing competition between the human and 
animal overcrowding. Asiatic lion prides require large territories but there is limited 
space at Gir wildlife sanctuary, which is boxed in on all sides by heavy human habitation. 

Kuno Wildlife Sanctuary was selected as the reintroduction site for critically endangered 
Asiatic lion because it is in the former range of the lions before it was hunted into 
extinction in about 1873.  It was selected following stringent international criteria and 
internationally accepted requirements & guidelines developed by IUCN/SSC 
Reintroduction Specialist Group  and IUCN/SSC Conservation Breeding Specialist Group  
which are followed before any reintroduction attempt anywhere in the world. 

Twenty four villages of the Sahariya tribe, which had lived in the remote core area set 
aside for the reintroduction of the Asiatic lions in Kuno Wildlife Sanctuary in the Indian 
state of Madhya Pradesh, were moved out of the Sanctuary to prepare it for receiving a 
lion population. They were rehabilitated to a new location on the edge of the Kuno 
sanctuary by incurring an expense equal to millions of dollars under a Central 
Government of India sponsored scheme. The plan included expenses on infrastructure 
development, so that they can have access to basic amenities like roads, schools and a 
hospital.    Samrakshan Trust, an NGO, has been working for better rehabilitation of 
villagers who agreed to move out of the Kuno Wildlife Sanctuary.  

The resettled villages were allocated housing and agricultural land at Village Agraa 
outside the sanctuary. The stated purpose of this move was to create a safe home and an 
inviolate space for the translocated prides of critically endangered Indian lions. However, 
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major gaps remained in the implementation of these measures  The economic impact of 
their displacement from Kuno sanctuary has been very adverse for the villagers, 
according to independent research, making this a controversial case of species 
preservation via dislocation of human populations living inside Protected Areas.  

 Establishing the wildlife sanctuary 

  
Asiatic Lion
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Asiatic Lioness, named MOTI, at Bristol Zoo, England (1996). 

The plan is to reintroduce a pride or two of wild, free-ranging Asiatic Lions from Gir 
Forest in the neighboring Indian state of Gujarat to start with.  Even though recent studies 
have shown that Kuno Wildlife Sanctuary is ready to receive its first pride of lions from 
Gir, controversy continues to shroud the project as the state government of Gujarat, from 
where the Lions are to come from, is reluctant to let go of them as it considers Asiatic 
Lions a state property and wants to keep its monopoly over the tourism revenue generated 
by the species which is extinct everywhere else in the world (i.e. over its entire original 
range in South West Asia ( The Middle East and Near East) including adjoining parts of 
Europe (The Balkans and Greece) where it once was found in good numbers). Hence 
Gujarat sees the lions as a "tourist attraction" and a source of direct and indirect tourism-
related revenue. 

Proponents of the plan hope that the central government of India and the state 
governments of Gujarat and Madhya Pradesh can soon reach some consensus on 
relocating at least two or three lion prides from Gir Forest to Kuno Wildlife Sanctuary, 
thus securing the long-term survival of the species and produce, eventually, a more 
genetically-diverse population. 
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The Gir Forest in the State of Gujarat, India is the last natural habitat of the 
approximately 350 wild Asiatic Lions, though plans are afoot to re-introduce some to 
Palpur-Kuno Wildlife Sanctuary in the neighboring State of Madhya Pradesh in India to 
ensure their longterm survival against epidemics and natural calamities.

Inbreeding 

The wild population of more than 300 Asiatic Lions has been said to be derived from just 
13 individuals, and thus was widely thought to be highly inbred. However, this low 
figure, quoted from 1910, may have been publicised to discourage lion hunting; census 
data from the time indicates the population was probably closer to 100.  

Many studies have reported that the inbred populations could be susceptible to diseases 
and deformed sperm, which may have led to infertility. In earlier studies Stephen 
O'Brien, a geneticist, had suggested that "If you do a DNA fingerprint, Asiatic lions 
actually look like identical twins... because they descend from as few as a dozen 
individuals that were left at the turn of the 20th century." This makes them especially 
vulnerable to diseases, and causes 70 to 80% of sperms to be deformed — a ratio that can 
lead to infertility when lions are further inbred in captivity.

Scientists from India have since reported that the low genetic variability may have been a 
feature of the original population, and not a result of inbreeding. They also show that the 
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variability in immunotypes is close to that of the tiger population and that there are no 
spermatazoal abnormalities in the current population of lions.  

Recent information from the Central Zoo Authority of India (CZA) reports that "the 
Asiatic lions and Indian tigers are not as inbred as previously reported by S.J. O' Brien 
and do not suffer from inbreeding depression". 
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Chapter- 13 

Borneo Orangutan Survival  
  

  

Borneo Orangutan Survival

Founders Willie Smits

Type Non-profit Foundation organization

Founded 1994

Area 

served
Borneo 

Focus Environmentalism, Conservation 

Motto 

A secure future for orangutans, free and safe in 

their natural habitat, living in harmony with 

local people

 

The Borneo Orangutan Survival (BOS) Foundation is an Indonesian non-profit NGO 
founded by Dr Willie Smits in 1991 and dedicated to the conservation of the endangered 
Bornean Orangutan and its habitat through the involvement of local people. It is audited 
by a multinational auditor company  and operates under the formal agreement with the 
Indonesian Ministry of Forest to conserve and rehabilitate orangutans. BOS manages 
orangutan rescue, rehabilitation and re-introduction programmes in East and Central 
Kalimantan. With almost 1000 orangutans in its care and employing between six hundred 
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and a thousand people at a hundred sites  BOS is the biggest primate conservation NGO 
worldwide. 

Nyaru Menteng and Samboja Lestari are the BOS sites that have received most extensive 
media coverage. Nyaru Menteng, founded and run by Lone Drøscher Nielsen, has been 
the subject of a number of TV series, including Orangutan Diary and Orangutan Island. 
Samboja Lestari featured recently in a 2009 TED talk, "Willie Smits restores a rainforest"  
in which Smits describes how he recreated forest to provide habitat for rescued 
orangutans. 

 History 

In 1989 Dr. Willie Smits, then a forest ecologist, had his first enconter with an orangutan, 
a sick baby female in a cage, while walking in the market in Balikpapan, East 
Kalimantan. He was struck by "the saddest eyes" he had ever seen and going back later 
found her on a rubbish heap and took her home. He nursed her back to health and a few 
weeks later was given another to care for, this time a sick baby male. The number of 
orangutans in his care grew, and from these beginnings what was initially the 
"Balikpapan Orangutan Society" came into being in 1991, with the support of fellow 
researchers at the Tropenbos Kalimantan Program and the schoolchildren of Balikpapan. 
As its sphere of acitivity broadened, it was renamed the Borneo Orangutan Survival 
Foundation in 1994. Since then it has received increasing recognition in Indonesia and 
globally, with sister organizations in 11 other countries.    
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 Orangutans endangered 

  
The Bornean Orangutan 

The Bornean orangutans is endangered  according to the IUCN Red List of mammals, and 
is listed on Appendix I of CITES. The total number of Bornean orangutans is estimated to 
be less than 14 percent of what it was in the recent past (from around 10,000 years ago 
until the middle of the twentieth century) and this sharp decline has occurred mostly over 
the past few decades due to human activities and development.  Their habitat is so much 
reduced that they are now only to be found in pockets of remaining rainforest.  The 
largest remaining population is found in the forest around the Sabangau River, but this 
environment too is at risk.  According to the IUCN, it is expected that in 10 to 30 years 
orangutans will be extinct if there is no serious effort to overcome the threats that they are 
facing.  

This view is also supported by the United Nations Environment Programme, which states 
in its report that due to deforestation by illegal logging, fire and the extensive 
development of oil palm plantations, orangutans are endangered, and if the current trend 
continues, they will become extinct.  

 BOS aims 

1. Orangutan Reintroduction 
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2. The rehabilitation and habitat protection of wildlife that is protected under law, 
especially orangutans 

3. Information, outreach and education, community capacity-building, community 
empowerment and public awareness-raising. 

 Orangutan rescue and rehabilitation centres 

Wanariset 

Wanariset began as a tropical forest research station near Balikpapan in the Indonesian 
Province of East Kalimantan and was developed as an orangutan rescue and rehabilitation 
centre. 

Nyaru Menteng 

  
Kevin, one of the young orangutans at Nyaru Menteng, takes a nap. 

Nyaru Menteng 2°6  113°49  / 2.10944°S 113.82056°E is an orangutan 
rescue and rehabilitation centre 28 km from Palangkaraya in Central Kalimantan. Lone 
Drøscher Nielsen sought the advice of Dr Smits about the possibility of creating a new 
project in Central Kalimantan to deal with the swelling numbers of orphaned orangutans. 
Dr Smits agreed to help and, with the financial backing of the Gibbon Foundation and 
BOS Indonesia, Drøscher Nielsen founded Nyaru Menteng in 1998.  She was able to 
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build the facility under an agreement with the Indonesian Ministry of Forestry, and Nyaru 
Menteng officially opened its doors to the first dozen orangutans in 1999. 

The sanctuary was designed to hold up to 100 orphaned orangutans while they go through 
rehabilitation. In addition to quarantine cages, medical clinic, and nursery, the sanctuary 
had a large area of forest in which orangutans could learn the skills needed to live in the 
wild.  Nyaru Menteng quickly became the largest primate rescue project in the world, 
with nearly 700 orphaned and displaced orangutans in its care at the present.   

Many of these orangutans are only weeks old when they arrive, and all of them are 
psychologically traumatized.  The sanctuary not only saves the mostly orphaned baby 
orangutans from the local farmers and illegal pet-traders, but has developed a process for 
their gradual re-introduction to the remaining Borneo rainforest. 

As of 2009, up to 20 young orangutans arrive every month. The centre's running costs are 
$1.5m a year. There are 170 staff: babysitters, assistants, people working in the medical 
department, guards and other workers. Associated with the centre are:  

 "The Workers' Village" which accommodates workers from outside the locality;
 The Islands: Kaja, Palas I. and II., Hampapak Matei and Bangamat, all islands in 

the Rongan River with primitive feeding-platforms and jetties; 
 The Information Centre, where local schools visit, and from where information 

campaigns about alternatives to the cutting are sent out all over Borneo. 
 The Fruit plantation, "Nyaru Menteng Lestari", 3 ha planted with fruit-bearing 

trees, such as mango, pineapple and rambutan. 

With helicopters, mapping and other logistical support from the world's largest mining 
company BHP Billiton that operates a coal mining concession in Central Kalimantan, 
Nyaru Menteng released 36 adult orangutans in 2007, and 25 in 2008, filmed for 
Orangutan Diary. A planned airlift of 48 orangutans scheduled to take place in July 2009 
was cancelled as BHP Billiton intended to withdraw from the area for strategic reasons.  

Sintang Emergency Orangutan Rescue Project 

In 2010 Willlie Smits, working with Orangutan Outreach, the Centre for Orangutan 
Protection, and the Sintang-based local Kobus Foundation began orangutan rescue 
operations in Sintang, West Kalimantan.  Orangutan Outreach is working with award-
winning Australian documentary filmmaker Cathy Henkel (The Burning Season), 
Microsoft, TakingITGlobal and young activists around the world on a 
"DeforestACTION" campaign, aiming to develop a new 8,000 hectare reforestation 
project to be called Sintang Lestari.   
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Forest conservation, reforestation and research 

Samboja Lestari 

Samboja Lestari 1°2  116°59  / 1.04556°S 116.9875°E is a reforestation 
project on nearly 2,000 hectares (7.7 sq mi) of deforested, degraded and burnt land in 
East Kalimantan. In 2001, BOS started purchasing land near Wanariset. The area it 
acquired had been deforested by mechanical logging, drought and severe fires and was 
covered in alang-alang grass (Imperata cylindrica). The aim was to restore the rainforest 
and provide a safe haven for rehabilitated orangutans while at the same time providing a 
source of income for local people. The name Samboja Lestari roughly translates as the 
"everlasting conservation of Samboja".  Reforestation and rehabilitation is the core of the 
project, with hundreds of indigenous species planted. By the middle of 2006 over 740 
different tree species had been planted;  by 2009 there were 1200 species of trees, 137 
species of birds and nine species of primates. 

The Orangutan Reintroduction Project at Wanariset was moved to Samboja Lestari. 
"Forest Schools" were established, areas that provide natural, educational playgrounds for 
the orangutans in which to learn forest skills. Here the orangutans roam freely but under 
supervision and are returned to sleeping cages for the night. "Orangutan islands" were 
created where the orangutans and other wildlife that cannot return to the wild are 
nevertheless able to live in almost completely natural conditions. 

Alongside the orangutan reintroduction work, BOS has promoted forms of farming that 
do not involve burning and destroying forests, by switching to agriculture combining 
rattan, sugar palms and fruits and vegetables. A community has developed that can now 
support itself on the land. Smits believes that to develop the orangutan population, their 
forest habitat must first be built; also, to achieve sustainable solutions the root social 
problems must be addressed by empowering local communities to take up livelihood 
options that is more rewarding than logging.
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Yellow-vented bulbul, one of the 137 species of birds now found at Samboja Lestari 

In his 2009 TED talk Smits claimed there had been a substantial increase in cloud cover 
and 30% more rainfall due to the reforestation at Samboja Lestari.  

To finance the nature reserve, BOS created a system of "land-purchasing", a "Create 
Rainforest" initiative where donors can sybolically adopt square metres of rainforest  and 
are able to view and follow the progress of their "purchase" in the project area with 
Google Earth satellite images from 2002 and 2007 with additional information overlaid.  

The Samboja Lodge  was established to provide accommodation for visitors and 
volunteers at Samboja. Its design was based upon local architecture and its interior and 
exterior walls are made of recycled materials. 
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The SarVision  Satellite Natural Resources Monitoring Centre was established to monitor 
deforestation and illegal logging and the relentless growth of palm oil in unsuitable 
locations. A study commissioned by WWF Netherlands with SarVision showed that 
almost half of present oil palm plantations are not located on suitable land.  The use of 
satellite technology and GIS has enabled Sarvison to monitor forests down to the 
individual tree level, to develop accountability in the management of the forest and 
identify where palm oil plantations are destroying areas of forest illegally.  

Mawas 

1°59  114°39  / 1.983°S 114.65°E Mawas is a forest conservation, reforestation and 
research area in Central Kalimantan. The Mawas project is now in its development phase.  

The main aim of the project is to protect the fast-disappearing peat lands through 
collaboration with the Central and Local Governments and the local communities. The 
Mawas area is home to one of the last tracts of forest supporting wild orangutans. An 
estimated 3,000 wild orangutans are found in this area. Mawas is also important for its 
biodiversity and the geological conditions of Mawas make it a storage house of giga-
tonnes of sequestered carbon. Over a period of 8,000 years, decaying plant matter from 
the swamp forests has built up 13 – 15 metre high domes of peat. 

In September 2003, the provincial parliament in Central Kalimantan approved a new land 
use plan that designates 500,000 hectares (1,900 sq mi) in the Mawas area to be managed 
by BOS for conservation. BOS is currently working in an area of about 280,000 hectares 
(1,100 sq mi) within the ex-Mega Rice Project area. 

BOS has initiated a forest conservation project with the objectives of: 

 conserving peat swamp forest area including reforesting degraded areas; 
 preserving the bio-diversity of the area; 
 providing global greenhouse gas (GHG) benefits; 
 providing access to programs such as health and education; and 
 improving incomes and building capacity and economic prosperity in local 

communities 
 assisting communities in learning technical skills including aquaculture, rice 

cultivation, agro-forestry and farm development 
 assisting local independence and self-sustaining livelihoods. 
 providing education to children on the environment and conservation, by visiting 

schools 
 providing community awareness programs as well as co-operative conservation 

programs. 

The area is important for research activities, with BOS operating the Tuanan Research 
Station in Kapaus. The Station has been established through extensive consultation with 
all local people and institutions and the use of local labour. Its purpose is to provide a 
year-round base for scientists tracking and observing the wild orangutan population. BOS 
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is involved in patrolling and monitoring the area for illegal activities via air and land and 
supporting law enforcement by providing guidance and legal awareness programs to the 
community and government. 

 Kutai 

On 15 July 2010 at an international meeting on orangutan conservation in Bali  the 
Indonesian forestry ministry secretary general Boen Purnama announced that the 
Indonesian government will grant a permit to BOS to reserve thousands of hectares of 
forest formerly used for logging for the release of around 200 orangutans in the Kutai 
area in East Kalimantan.  The forest will need to be restored before it can be used for 
conservation. In response, BOS set up a company, PT Orangutan Habitat Restoration 
Indonesia (ROI), to restore 86,450 hectares of former timber concession area in the East 
Kutai district, to be the new home for rehabilitated orangutans. BOS chairman Togu 
Manurung announced the start of gradual release as April 2011 at the latest. 

 Other projects 

BOS also runs the Primate Conservation Education Program in the privately funded 
Primate Centre at the Ragunan Zoo in Jakarta. The centre was designed by Willie Smits 
so that orangutans would be able to live in as natural surroundings as possible. Visitors 
view the orangutans through thick darkened glass so that the orangutans are not disturbed 
by their presence. 

 Documentaries 

The work of the Borneo Orangutan Survival Foundation has appeared in a number of 
documentaries. The orangutans of Nyaru Menteng were the followed in the two series of 
Orangutan Diary produced by the BBC  and also, as they were reintroduced to a semi-
wild habitat, in the 23 programmes of the Orangutan Island series, produced by NHNZ. 
The Disenchanted Forest was an award-winning 1999 film that follows orphan 
orangutans as they are rehabilitated and returned to their rainforest home. It centres on 
three BOS projects – Wanariset, Nyaru Menteng and Mawas. The Burning Season is a 
2008 documentary about the burning of rainforests in Indonesia which featured Lone 
Drøscher Nielsen. Willie Smits appeared in Dying for a Biscuit, a 2010 BBC Panorama 
investigation which looked into the causes of deforestation, focusing particularly on 
illegal logging and the palm oil industry.



_________________WORLD TECHNOLOGIES_________________

Chapter- 14 

Samboja Lestari 
  
  

 
  
Yellow-vented bulbul, one of the 137 species of birds now found at Samboja Lestari 
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Samboja Lestari is an area of restored tropical rainforest near the city of Balikpapan in 
East Kalimantan, Borneo created by the Borneo Orangutan Survival Foundation (BOS) 
led by Dr Willie Smits, with the aim of providing a safe haven for rehabilitated 
orangutans while at the same time providing a source of income for local people. 
According to Smits' talks for Qi Global  and TED,  Samboja Lestari has evolved on the 
principles of People, Planet, Profit, linking community and empowerment and capacity-
building with promoting economic development and conservation. 

The project covers nearly 2,000 hectares (7.7 sq mi) of deforested, degraded and burnt 
land. In 2001 BOS began purchasing land near Samboja that, like much of the deforested 
land in Borneo, had been by impoverished by mechanical logging, drought and severe 
fires and was now covered in alang-alang grass (Imperata cylindrica). The name 
Samboja Lestari roughly translates as the "Samboja Forever".  Reforestation and 
orangutan rehabilitation is the core of this acclaimed but controversial project,  with 
hundreds of indigenous tree species planted. By the middle of 2006 over 740 different 
tree species had been planted;  by 2009 there were 1200 species of trees, 137 species of 
birds and nine species of primates.  

 History of Samboja 

The small town of Samboja was founded about a century ago in what was then rainforest 
when oil was discovered in the area. The first drilling began in 1897 near Balikpapan 
Bay.  Dutch oil workers moved into the area to work for a company that was later taken 
over by Shell and later still by the national Indonesian oil company Pertamina. The oil 
company began cutting wood in the 1950s and as people came flooding into the booming 
oil town of Balikpapan they cleared the surrounding forest. 
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Smog in October 1997 

With the pronounced El Niño of 1982 and 1983 the worst firestorms then known in a 
tropical forest ravaged the area, destroying what small pockets of forest that remained. 

Following the pattern of deforestation in Borneo as a whole, the area was now vulnerable 
to the dry years that followed. In 1997 and 1998 the fires enveloped the region in smoke. 
The thick choking smog darkened the sky and caused respiratory problems throughout 
the region and beyond. 

According to Smits' 2009 TED talk,  Samboja in 2002 before reforestation was the 
poorest district of East Kalimantan, with 50% of the population unemployed and a high 
crime rate. There had been climate change, with severe droughts resulting in crop 
failures, along with almost total extinction of plant and animal life. Flooding occurred 
five or six times a year and there were annual fires. Almost a quarter of average income 
went on buying drinking water. The land no longer sustained any agricultural 
productivity and was covered with alang-alang grass (Imperata cylindrica) which 
produces hydrocyanic acid that prevents the germination of tree seeds. There were many 
nutrition and hygiene related health problems and life expectancy was low, with high 
infant and maternal mortality. 
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 The project 

Land Purchase

In 2001 BOS began purchasing land near Samboja. It was insured that the purchase of 
each plot of land was in accordance with regulations and documented by letter, official 
seal and security copy, that the land was free from foreign influence and that its protected 
status would be permanent. 

Concerns 

Conditions were not favourable: aside from the land degradation, the soil itself was not 
promising - predominantly clay, with hard plinthite clods. Not far beneath the surface 
there were coal seams that in the dry periods opened up to the air and caught fire. In 
addition there were concerns whether the area would be sufficient for the population of 
1000 orangutans that was deemed to be viable over 500 years in the absence of logging or 
hunting.  Land prices were rising and it would be impossible to buy enough land to 
support such a population in normal rainforest. The possibility of increasing the number 
of orangutans per hectare by increasing the density of fruit-bearing trees above the 
normal figure, in particular the density of wild fig trees. Despite this, forestry experts 
were sceptical: they believed that once the rainforest was cut and burned down, it would 
never return.   

Tree Planting 

In May 2003 BOS bought 1,200 hectares (4.6 sq mi), most of it with credit from the 
Gibbon Foundation, also under the management of Smits. In a tree nursery of 3 hectares, 
250,000 small trees of about 400 species were waiting to be planted. Of particular 
importance were the 500 or so species that bore fruit eaten by the orangutan. Many of the 
seeds of these had been recovered from orangutan faeces all over Borneo. 

As soil-forming pioneer trees the drought-resistant Sungkai (Peronema canessceus) and 
legumes such as Acacia mangium which fix nitrogen through symbiotic Rhizobium
bacteria in their root nodules.  

Smits drew on his background in microbiology and his doctoral dissertation on 
mycorrhiza,  making enormous quantities of compost for tree seedlings. Along with 
organic waste, he mixed in sawdust, fruit remnants from the orangutan cages, manure 
from cattle and chickens scavenged from his other projects in Kalimantan and a 
microbiological agent made from sugar and cow urine. 

Orangutan rehabilitation 

The drive to secure the future of the Bornean Orangutan was the central concern of the 
project. Smits' Orangutan Rehabilitation Project at Wanariset was moved to Samboja. 
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"Forest Schools" were established, areas that provide natural, educational playgrounds for 
the orangutans in which to learn forest skills. Here the orangutans roam freely but under 
supervision and are returned to sleeping cages for the night. "Orangutan islands" were 
created where the orangutans and other wildlife that cannot return to the wild are 
nevertheless able to live in almost completely natural conditions. 

Sun bears 

At the request of the Indonesian Government, Samboja Lestari became home to 52 sun 
bears, confiscated from the illegal pet trade or rescued from deforested areas.

The sanctuary includes a 58 hectares (0.22 sq mi) area put aside for the bears including a 
55 hectare patch of fenced secondary forest with maturing fruit trees and a river and a 
second area of approximately 3 hectares. 

Return of biodiversity 

Although there is not yet a return to the biodiversity of the species-rich rainforest of 
Borneo, a young forest is quickly emerging which it is hoped will evolve over time into 
such a rainforest. In the tropical climate of Borneo plants grow much faster than in 
Europe. A tree may reach a height of up to 17 metres within four years. Already dense 
forest surrounds the headquarters of BOS in the Samboja Lestari area. In addition to the 
return of bird species (such as the rare Hornbill), 30 species of reptile,  Porcupines, 
pangolins, mouse deer and many other animal species have returned. The endangered 
Proboscis monkeys are one of seven primate species to be found at Samboja Lestari.

Farming 

The local population around the area is a crucial part of the project. Planted around the 
perimeter of the rainforest is a belt of sugar palm (Arenga pinnata) trees. This serves both 
as a protective barrier against fires and as a source of income for over 650 families. 
Samboja Lestari enjoys the support of the local people through its creation of 
employment such as in the fire protection program and maintaining the security of 
drinking water resources. 

Alongside the orangutan reintroduction work, BOS has promoted forms of farming that 
do not involve burning and destroying forests, by switching to agriculture combining 
rattan, sugar palms, pineapples, papayas, beans, and corn along with other fruits and 
vegetables. A community of 2,000 Indonesians is developing that can now support itself 
on the land.  Smits believes that to develop the orangutan population, their forest habitat 
must first be built; also, to achieve sustainable solutions the root social problems must be 
addressed by empowering local communities to take up livelihood options that is more 
rewarding than logging.  
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The contract to supply food for the orangutans is worth 125 million Indonesian rupiah 
(about $14,000) a month for 150 farmers (the estimated average monthly income for a 
worker in the villages is between one and two million rupiah).  

Finance 

"Create Rainforest" 

To finance the nature reserve, BOS created a system of "land-purchasing", a "Create 
Rainforest" initiative where donors can sybolically adopt square metres of rainforest  and 
are able to view and follow the progress of their "purchase" in the project area with 
Google Earth satellite images from 2002 and 2007 with additional information overlaid.  

 Samboja Lodge 

The Samboja Lodge  was established to provide accommodation for visitors and 
volunteers at Samboja. Its design was based upon local architecture and its interior and 
exterior walls are made of recycled materials. 

Environmental impact 

In his 2009 TED talk Smits claimed there had been a substantial increase in cloud cover 
and 30% more rainfall due to the reforestation at Samboja Lestari.  

 SarVision 

The SarVision Satellite Natural Resources Monitoring Centre was established to monitor 
deforestation and illegal logging and the relentless growth of palm oil in unsuitable 
locations. A study commissioned by the World Wide Fund for Nature Netherlands with 
SarVision showed that almost half of present oil palm plantations are not located on 
suitable land.  The use of satellite technology and GIS has enabled SarVison to monitor 
forests down to the individual tree level, to develop accountability in the management of 
the forest and identify where palm oil plantations are destroying areas of forest illegally.  

Praise 

Amory Lovins, renewable energy advocate and chief scientist at Colorado's Rocky 
Mountain Institute claimed Samboja Lestari was possibly "the finest example of 
ecological and economic restoration in the Tropics." In 2009 Smits was elected to the 
Ashoka Fellowship. Ashoka Fellows are leading social entrepreneurs who are recognized 
to have innovative solutions to social problems and the potential to change patterns 
across society.  
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 Criticism 

Some, like Erik Meijaard, say that it remains unclear whether Samboja Lestari is a good 
idea that achieves results, and that the success will ultimately depend on the extent to 
which it can improve community livelihoods and achieve long-term financial stability: 
"That question remains unanswered, and will remain so for a few years, because that is 
the kind of time such projects need to be evaluated." Meijaard also questions the 
enormous cost of projects like Samboja, and their financial sustainability, saying, like 
others, that it is better to concentrate on projects that attempt to protect those remaining 
areas of forest rather than trying to create new ones from scratch.  

For Francis E. Putz, botany professor at the University of Florida, there is another 
concern: what if Smits successfully demonstrates that devastated lands can be turned into 
multilayered stands supporting a mixture of plant and animal species? In the eyes of 
developers and policymakers, will that then justify destroying existing rain forests?  
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Chapter- 15 

Pleistocene Park 
  

  

A Wood Bison. Wood Bison were rewilded in the Pleistocene Park as a closely-related 
substitute for the Steppe Wisent, which flourished in the region during the last ice age, 
but is now extinct. 

Pleistocene Park 
in the Sakha Republic in northeastern Siberia, where an attempt is being made to recreate 
the northern steppe grassland ecosystem that flourished in the area during the last ice age.  

Goals 

The effort is being led by Russian researcher Sergey Zimov,  with hopes to back the 
hypothesis that hunting, and not climate change, destroyed the wildlife. 



_________________WORLD TECHNOLOGIES_________________

The aim of Pleistocene Park is to recreate the ancient taiga/tundra grasslands that were 
widespread in the region during the last ice age. The key concept is that animals, more 
than temperature, maintained that ecosystem. This argument is the justification for 
rewilding Pleistocene Park's landscape with megafauna that was previously abundant in 
the area, as evidenced by the fossil record. 

Progress and plans 

In 1988, Yakutian horses were introduced as a first step in recreating the ancient 
landscape as horses were abundant back then. Over the years, as the horses multiplied, it 
was discovered that in areas where the horses grazed, mosses and weeds were replaced 
by grasses which rapidly began to spread as the range of the horses was enlarged.  In 
company of the horses are other forms of Pleistocene survivors which still reside in the 
local wilderness such as reindeer, snow sheep, elk and moose. However in order for full 
restoration of the ancient ecosystem to take place biodiversity must be increased and 
populations must rise to larger numbers than they are today. The next phase was the 
introduction of Wood bison into the park as the fossil record shows that the extinct but 
closely related Steppe Wisent was present in large numbers, quite possibly well into the 
Holocene era. Another animal considered for reintroduction is the musk-ox which is a 
large herbivore that was present in the Pleistocene and was recently saved from the brink 
of extinction. It now thrives in habitats elsewhere in northern Russia, northern Canada, 
Alaska and in central Scandinavia. Other ungulates such as the yak, bactrian camel and 
the guanaco are hardy animals well adapted to the temperature fluctuations and have also 
been considered for introduction. 

It has been proposed that the introduction of a variety of large herbivores will recreate 
their ancient ecological niches in Siberia and regenerate the Pleistocene terrain with its 
different ecological habitats such as taiga, tundra, steppe and alpine terrain. 

The main object is however to recreate the extensive grasslands that covered the Beringia 
region in the late Pleistocene. This form of grassland (which is also known as Mammoth-
tundra) was inhabited by a diverse set of large and medium herbivores. Back in the 
Pleistocene the area was populated by many species of grazers which assembled in large 
herds similar in size to those in Africa today. Species that roamed the great grasslands 
included the Woolly mammoth, Steppe wisent, Reindeer, Scott's horse, Saiga antelope, 
Muskox, Teratornis, Arctodus, American Mastodon, Smilodon, Camelops, Columbian 
mammoth. 

At the edges of these large stretches of grassland there could be found more shrub-like 
terrain and dry conifer forests (similar to the taiga). In this terrain there was to be found 
the browsers of the Pleistocene. This group of megafauna included Woolly rhinoceros, 
Moose, Elk, Yukon wild ass, Bactrian camel and Shrub-ox. The more mountainous 
terrain was occupied by several species of mountain going goats and deer. Some of these 
were Snow sheep, Llama and Mountain deer. 
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Back in the Pleistocene there was also a great variety of carnivores as well. On the plains 
there were prides of beringian cave lion. These large cats were the apex predators of the 
region, but also shared their habitat with other predators such as grey wolf, giant short-
faced bear, brown bear, wolverine and arctic fox. 

The justification for reintroduction of the camelids is justified by the fact that camelids 
originally evolved in North America before becoming extinct there at the end of the 
Pleistocene. Their cousins however that had spread to South America and Asia survived 
in the forms of the camels in Africa and Asia and as the llama and alpaca in South 
America. There must therefore have been a population between central Asia and North 
America where Pleistocene park is situated.

Other herbivores which were abundant during the Pleistocene in this region but which are 
now faced with possible extinction in their remaining habitats is the saiga antelope which 
can form massive herds that keep the vegetation down. 

The most controversial aspect of the reintroduction of species to the park are the 
carnivores. Most of these species are however already present in the region such as grey 
wolf, wolverines, Eurasian lynx, red fox and Eurasian brown bear. However there have 
been suggestions for the rewilding of more Pleistocene-like carnivores as there is a need 
for large carnivores to keep control over growing populations of herbivores. Suggestions 
include reintroducing the amur leopard which was present in the area up until historical 
times and which is now facing a bitter struggle for survival in a small habitat on the 
eastern coast of Russia.

The same has been proposed for the Siberian Tiger, which is one of the largest and most 
feared land carnivores on earth but which has suffered a fate similar to that of the Amur 
leopard with which it shares its range. Perhaps the most controversial of all 
reintroductions is that of the Asiatic lion which is on the verge of extinction, surviving 
only in a small reservation in the Gir region of west India. Lions were once one of the 
most widespread of all species inhabiting all of the world's continents except Australia 
and Antarctica. Evidence of this is widespread with the existence of fossils from the 
European lion, the cave lion, the Beringian cave lion and the American lion. Evidence of 
lions surviving Siberian winter temperatures can be found in the famous zoo of 
Novosibirsk, which has kept african lions since the 1950's in out-door all-year enclosures. 
This proves that the concept of introducing wild animals to different climates than their 
native range is possible. Lions lived side by side with people for several millennia and it 
is only recently that many of them disappeared. The Romans and Greeks for instance 
reported the existence of lions in the Balkan mountains and northern Greece as recently 
as 100 AD. These dangerous but beautiful creatures roamed the northern grasslands of 
Russia with other large species of animals, some of which survive today, and many that 
sadly do not, such as Moose, reindeer, bush-antlered deer, cave bear, cave hyena, siberian 
roe deer, woolly rhinoceros, siberian tiger, Homotherium, steppe wisent, irish elk, saiga 
antelope, muskox, Elasmotherium, yak, woolly mammoth, snow sheep, wolverine, 
Eurasian lynx and all the other smaller animals which in total comprise the massive 
richness of Siberian biodiversity. 
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The ideas are not however entirely restricted to existing megafauna. There are hopes that 
one day cloning technology will be advanced enough to recreate a woolly mammoth, a 
species which became extinct at the end of the last ice age. Recent evidence however 
suggests that they may have survived into the Holocene with isolated populations of 
dwarfed individuals surviving on remote islands in the arctic circle such as St. Paul's 
island and Wrangel island, both of which are situated very close to the location of 
Pleistocene Park. Evidence points out that these populations could have existed as 
recently as 1700 BC. 

 Size and administration 

Pleistocene Park is a 160 km2 scientific nature reserve (zakaznik), owned and 
administered by a non-profit corporation, Pleistocene Park Association, consisting of the 
ecologists from the Northeast Science Station in Chersky and the Grassland Institute in 
Yakutsk. The reserve is surrounded by a 600 km2 buffer zone that will be added to the 
park by the regional government, once the animals have successfully established 
themselves. 

Animals 

Animals already present in the park: 

Carnivores: Eurasian Lynx, Grey Wolf, Arctic Fox, Eurasian Brown Bear, Wolverine, 
Red Fox 

Herbivores: Reindeer, Elk, Snow Sheep, Wood Bison, Moose, Yakut Pony 

Animals considered or suggested for reintroduction: 

Carnivores: Amur Leopard, Siberian Tiger, Asiatic Lion 

Herbivores: Yak, Saiga antelope, Muskox, Bactrian Camel, Woolly Mammoth, Roe 
Deer. 

 Similar projects 

 There are "Bronze Age Parks" in Britain. In these sites, people can see 
reproductions of proto-historic tools, fields and houses. Farms are inhabited by 
"Bronze Age pigs" (offspring of wild boars and domestic pigs), and there are feral 
cattle and Przewalski's horses grazing in the near areas. 

 In 2005, ecologist Josh Donlan, from Cornell University, proposed Pleistocene 
rewilding on the North American great plains in 50 years. Proposed species 
include the Bolson Tortoise, feral and wild equids (Przewalski's Horse, Onager, 
Burro, Mustang), camelids (Dromedary, Bactrian Camel, Guanaco, Vicuna), 
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Cheetahs, Lions, Saiga Antelope, Mountain Tapir, Asian Elephant, and African 
Elephant. 

 Rewilding Europe was never put into order, but it is possible as Europe had large 
amounts of megafauna during the Pleistocene. Creatures like rhinoceroses, 
elephants, hippopotamus, lions, elk, and hyenas could be introduced, along with 
expanding populations of musk oxen, reindeer, bison, and brown bear. 
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Chapter- 16 

Pleistocene Rewilding 
  
  

Pleistocene Rewilding promotes the reintroduction of descendants of Pleistocene 
megafauna, or their close ecological equivalents. Toward the end of the Pleistocene era, 
between roughly 13,000 to 10,000 years ago, nearly all megafauna of South, Central, 
North America and Europe had dwindled toward extinction. With the loss of the large 
herbivores and predator species, niches important for ecosystem functioning were left 
unoccupied.  In the words of the biologist Tim Flannery, "ever since the extinction of the 
megafauna 13,000 years ago, the continent has had a seriously unbalanced fauna", which 
means that, for example, managers of national parks have to resort to culling to keep the 
population of ungulates under control.  

Paul S. Martin, the originator of the Pleistocene rewilding idea, claimed that present 
ecological communities in North America do not function appropriately in the absence of 
megafauna because much of the native flora and fauna evolved under the influence of 
large mammals.  Pleistocene rewilding is an extension of the conservation practice of 
"rewilding", which involves reintroducing species to areas where they became extinct in 
recent history (hundreds of years ago, or even less).  The fact that Pleistocene rewilding is 
based upon the dynamics of ecosystems many thousands of years ago lends it a grander 
breadth, but also makes it much more controversial than rewilding as presently practiced. 

 Ecological and evolutionary implications 

Research shows that species interactions play a pivotal role in conservation efforts. Thus 
communities where species evolved in response to Pleistocene megafauna but now lack 
large mammals could be in danger of collapse.   This idea is supported by the significant 
impacts that extant mega-fauna have on the communities they occupy (given that most 
living megafauna are threatened or endangered). If implemented, Pleistocene rewilding 
could "serve as additional refugia to help preserve that evolutionary potential" of 
megafauna.    Therefore, reintroducing megafauna to North America could preserve 
today's megafauna while filling ecological niches that have been vacant since the 
Pleistocene.
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Prospective taxa for reintroduction 

The Pleistocene rewilding project aims at the promotion of extant fauna and the 
reintroduction of extinct genera in the south-western states of the USA. The first step of 
reintroduction is that of native fauna. The Bolson Tortoise was a species of tortoise which 
was widespread in the Pleistocene era and was common in the Holocene up until very 
recent. Its reintroduction from northern Mexico will prove to be a vital step in order to 
recreate the soils humidity present in the Pleistocene in order to support grassland and 
extant shrubland. This is necessary in order to provide the habitat required for the 
herbivores set for reintroduction. The first priority will be for the continued and 
encouraged support for the fauna already present in the region. 

- The Pronghorn antelope, which is extant in most of the US southwest after almost 
becoming extinct, is an obvious candidate for the revival of the ancient ecosystem as it is 
endemic to the region, which once supported massive numbers of this species and other 
now-extinct relatives in the same genus. It is expected to occupy the more arid and 
mountainous ecosystems within the assigned area. 

- The Plains bison is a major icon of American wildlife and was present in their millions 
during the Pleistocene and up until white settlers drove them to near-extinction in the late 
19th century. The Bison has made a miraculous recovery in many regions of its former 
range and is involved in several local rewilding projects across the Midwest. 

- Bighorn sheep along with Mountain goat are already present in the surrounding 
mountainous areas and will therefore should not pose as a problem in the rewilding of the 
more mountainous areas of the rewilding site. Reintroduction of extant species of deer to 
the more forested areas of the region is also very beneficial for the ecosystems they 
occupy, providing rich nutrients for the forested regions and help maintain them. These 
species include the White-tailed deer and Mule deer. 

- Herbivorous species considered beneficial for the regional ecosystems include the 
collared peccary, a species of New World wild pig which was abundant in the Pleistocene 
in the form of many species. Although these species such as the Flat-headed Peccary and 
Long-nosed Peccary are extinct their relatives still survive in Central and South America. 

- The horse which is today extant as the mustang is, in fact, a native species that was re-
introduced by the Spanish in the 15th century. Horses originated in North America and 
spread to Asia via the Ice Age land bridge, but went extinct in their evolutionary 
homeland alongside the mammoths and ground sloths. The Pleistocene grasslands of 
North America were the birthplace of the modern horse and therefore the wild horse (the 
only remaining species of wild/non-domesticated horse) is very much a part of the prairie 
ecosystem, grazing alongside bison. The plains were home to a type of equid that 
resembled a zebra called the Hagerman Horse, which will be represented by Plains zebra 
or Grevy's zebra introduced into the Great Plains from Africa as part of the project. The 
mountainous region was also once home to the Yukon Wild Ass, which today is extinct, 
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but its close relative, the Onager survives in central Asia today and can be reintroduced to 
boost biodiversity in the more arid regions of the rewilding area. 

- Alongside the wild ass, Camels evolved in the drier regions of North America. Living 
proof of this can be seen in the existence of the camelids in South America in the form of 
the Guanaco and Vicuna(and their domesticated forms the Llama and Alpaca). North 
America therefore links the South American camelids with those of the Old World (the 
Dromedary and Bactrian camel) Pleistocene rewilding therefore suggests that the closest 
relatives of the North American species of camel (Yesterday's Camel) to be reintroduced. 
The best candidates would be the dromedary for the arid desert regions and the guanaco 
or vicuna in the arid mountain regions. But there has been some suggestions on breeding 
and rewilding the fertile hybrid camelids, Cama. 

- During the Pleistocene there existed several species of tapir in North America 
(California tapir and Florida tapir respectively). They all went extinct at the end of the 
Pleistocene but their relatives survived in South America. The mountain tapir would be 
an excellent choice for rewilding humid areas, such as along lakes and rivers (the 
mountain tapir being the only non-tropical species of tapir left).

- During the Pleistocene vast populations of Proboscideans lived in North America such 
as the Columbian mammoth the Imperial Mammoth and the American mastodon. The 
mastodons all went extinct at the end of the Pleistocene, as did the mammoths of North 
America. However a not-too-distant relative of the mammoth is the Asian elephant. It 
now only resides in tropical south-eastern Asia but the fossil record shows it was once 
much more widespread, living in temperate northern China as well as the Middle East, an 
area bearing an ecological similarity to the south western portion of the US. The Asian 
elephant is therefore a good candidate for the Pleistocene rewilding project and would 
probably best be suited to occupy the same humid areas as the tapir, as well as dense 
forest regions (causing soil regeneration and controlling the spread of forests). 
Meanwhile the African elephant may be the best extant candidate to refill the niche left 
empty with the extinction of the mastodon. 

- During the Pleistocene, North American as well as Central and South America were 
populated with a group of large animals that moved north as part of the Great American 
Interchange as a result of the joining of the North and South American continents. Today 
species such as the ground sloth and glyptodon are extinct although a few "dwarf" species 
of sloth survived in remote forests of Caribbean islands into historic times. Their close 
relatives, the tree sloths and armadillos, are a remnant of this once diverse group of 
mammals. The reintroduction of armadillos such as the nine-banded armadillo and the 
giant armadillo are examples of regeneration of soils in the arid and prairie regions of the 
rewilding project. Other relatives such as the giant anteater have also been proposed.

- Pleistocene America boasted a wide variety of dangerous carnivores, most of which are 
extinct today, such as the massive short-faced bear, saber-toothed cat, Homotherium, the 
American lion, dire wolf, American cheetah and also possible the aptly named terror bird. 
Some carnivores and omnivores did however survive the end of the Pleistocene and were 
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widespread in North America until Europeans arrived such as grizzly bear, mountain lion, 
jaguar, grey wolf, red wolf, bobcat and coyote. 

 Recreating a lost ecosystem 

In order for a functioning and balanced ecosystem to exist there must be carnivores that 
prey on the herbivores. 

In the mountains, the reintroduction of the mountain lion is necessary to keep 
mountainous herbivores such as the camelids, asses and mountain goats under control. 

In the forest surrounding them the reintroduction of the jaguar (which once roamed much 
of south western America until very recently) will control the populations of animals 
such as deer, tapirs and peccary. Alongside the jaguar will be the grizzly bear, an 
omnivore which was once distributed across the vastness of North America but now 
present in the far north of the US and much of Western and North Western Canada. Also 
in the heavily forested areas, the Siberian tiger and Dhole will be introduced to control 
the populations of deer, wild asses, camels, bighorns, and mountain goats. 

In the arid regions the Old World Cheetah could be reintroduced to control the population 
of Pronghorn antelope which in actual fact is the fastest running herbivore on earth. The 
reason it can run so fast is because it was once hunted by the American cheetah. The 
American cheetah was however more closely related to the Mountain Lion but evolved in 
a similar way to the Old World cheetah, a perfect example of convergent evolution. 

Reintroduced into its ancient environment, the grey wolf will spread out across all the 
ecosystems and compete for prey with all the other predators. The grey wolf may once 
again be seen hunting camels in the arid regions and bison on the grassy prairies of the 
Great Plains. 

The last, and perhaps most controversial aspect of the rewilding project, is that of the 
reintroduction of lions to the American southwest. Whilst many consider the lion to be a 
strictly African species, this is far from the truth. The lion was in fact one of the most 
widespread of all megafauna and certainly of that of carnivores. The lion once ranged 
from Africa, through Pleistocene Europe and Asia, across Beringia and down through 
North America to Argentina in South America. A relict remnant of that distribution 
across the world is still found in India, where the Asiatic lion still survives in a small 
sanctuary in the Gir forest. In Europe and northern Asia it existed as the cave lion and in 
the Americas as the American lion. The American lion once hunted in prides across the 
grasslands of Pleistocene North America taking down Bison and Wild horses as their 
African equivalents take down wildebeest and zebra. The reintroduction of lions is 
however only the end of a long line of reintroductions and will only having realistic 
prospects of happening if all goes well with the others first. 

The Pleistocene parks idea was first suggested for Arctic and South American 
ecosystems, but less publicized.  Mauro Galetti suggested that several plant species in 
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South America lost their major megafauna seed dispersers in the end of the Pleistocene.  
Secondary seed dispersal, water and indigenous people were responsible for maintaining 
the seed dispersal process in the last 10,000 years.   Therefore, the rewilding South 
American savannas will establish a lost seed dispersal services and also control unburned 
vegetation (due to the lack of megaherbivores). Brazilian savannas burn and release tons 
of carbon dioxide to the atmosphere yearly. Asian elephants, horses, llamas and other 
large mammals can be used to control the fires in some cases. 

 Implementation 

The reintroduction of Bolson Tortoise, equids and camelids (Dromedary) has already 
begun. Muskoxen roam areas of Europe and Asia last grazed during the heyday of Rome, 
and bison herds thrive in subarctic Canada and Alaska. To date, however, there are no 
active plans to reintroduce more exotic megafauna such as elephants, cheetahs or lions 
due to the controversial nature of these reintroductions. 

The Southwestern United States and the Brazilian savanna are the most suitable parts of 
North and South America where the Pleistocene rewilding could be implemented. 
Besides fencing off large land tracts, a natural setting would be maintained in which 
predator and prey dynamics would take their course uninterrupted.  The long term plan is 
for an "ecological history park encompassing thousands of square miles in economically 
depressed parts of the Great Plains."  

The Bolson Tortoise will be expanding its prehistoric population and thrive in places like 
Texas. Feral Horses will be encouraged to breed and multiply, and along with Wild 
Horses will be proxies for the few extinct equids. Camelids (of the genus camelus, lama, 
and vicugna) will serve as proxies for the various (about 6) extinct camels in North 
America. The African Cheetah will serve as the American Cheetah, while the African 
Lion will serve as the American Lion. The Elephant species will represent the 5 species 
of mammoth, mastodon, and gomphothere that thrived in North America. 

Other Animals that can be used for this project might include: Mountain Tapir and 
Baird's Tapir (formerly part of a widespread Holarctic family); Saiga Antelope (a 
Pleistocene resident of the Alaskan steppe, now found only in Central Asia); and Dhole 
(which thrived throughout North America as well as Eurasia during the Pleistocene). 
Evidence states that the Siberian Tiger crossed the bering strait into Alaska during the 
Pleistocene. 

 Criticism 

The main criticism of the Pleistocene rewilding is that it is unrealistic to assume that 
communities today are functionally similar to their state 10,000 years ago. Opponents 
argue that there has been more than enough time for communities to evolve in the 
absence of megafauna, and thus the reintroduction of large mammals could thwart 
ecosystem dynamics and possibly cause collapse. Under this argument, the prospective 
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taxa for reintroduction are considered exotic and could potentially harm natives of North 
America through invasion, disease, or other factors. 

Opponents of the Pleistocene rewilding present an alternative conservation program in 
which more recent North American natives will be reintroduced into parts of their native 
ranges where they went extinct in historical times. 

 List of species proposed for the Pleistocene Rewilding 
project 

  
Grizzly Bear 
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American Bison 
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Bald Eagle 
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Moose 
 

  
American Lion 



_________________WORLD TECHNOLOGIES_________________

Expanding populations

 Pronghorn antelope 
 Bighorn sheep 
 Moose 
 Mountain goat 
 Plains bison 
 Elk 
 White-tailed deer 
 Mule deer 
 Collared peccary
 Wild turkey 
 Nine-banded armadillo 
 American beaver 
 Bolson Tortoise 
 Mustang
 Cougar 
 Coyote 
 Red fox 
 Bobcat 
 American black bear 
 Turkey vulture 
 Black vulture 
 Bald Eagle 
 American Alligator 
 Alligator Snapping Turtle 
 Blue catfish 
 Eastern diamondback Rattlesnake 
 Chinook Salmon 
 Alligator gar 

Considered for reintroduction

 Grizzly bear 
 Grey wolf or Red wolf 
 Jaguar 
 California condor 
 Common otter 
 American White Pelican 
 Canadian Goose 
 Trumpeter Swan or Tundra Swan 
 American paddlefish 
 Muskellunge 
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Considered to be reintroduced or as ecological proxy species 

 Indian elephant (as a proxy for the extinct Columbian mammoth) 
 African elephant (as a proxy for the extinct American Mastodon) 
 Mountain tapir (as a proxy for the extinct California tapir) 
 Dromedary or Bactrian camel (as a proxy for the extinct Camelops) 
 Guanaco and Vicuna (as proxies for the extinct species of North American Llama) 
 Capybara (as a proxy for the extinct species of North American capybara) 
 Giant anteater (as a proxy for the several extinct species of Ground sloth) 
 Onager (as a proxy for the extinct species of North American horses/asses) 
 Grevy's Zebra (as a proxy for the extinct Hagerman Horse)
 Asiatic Cheetah (as a proxy for the extinct American Cheetah) 
 African lion or Asiatic lion (as a proxy species for the extinct American lion) 

 Pleistocene Rewilding in Europe 

This plan was not considered by Josh Donlan, yet was thought of by Jens-C. Svenning. It 
involves, just like Rewilding North America, creating a Pleistocene Habitat in parts of 
Europe.  Svenning claims that "Pleistocene Rewilding can be taken for consideration 
outside of North America." The Proxies that can be used for this project are as follows: 

  
Wisent 
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Wild Boar 
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Moose 
 

Expanding Populations 

 Gray Wolf 
 European Brown Bear 
 Eurasian Lynx 
 Wild Boar 
 Elk 
 European Bison 
 Wolverine 
 Arctic Fox 
 Alpine Ibex 
 Musk Ox 
 Iberian Lynx 
 Roe Deer 
 Red Fox 
 European Badger 
 Mute Swan 
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 Eurasian Black Vulture 
 Eurasian Beaver 
 Red Deer 
 Western Capercaillie 
 Graylag Goose 
 Roe Deer 

Still surviving outside Europe 

 Asian Lion (Members of the subspecies used to range as far as Hungary) 
 Persian Leopard (Probably thrived in Greece during Pleistocene Times) 
 Spotted Hyena (Last occurrences during the Late-Glacial Period) 
 Dhole (Also last occurred during Late-Glacial Period) 
 Konik (A bred proxy for the extinct Tarpan) 
 Heck horse (Another bred proxy for the extinct Tarpan) 
 Heck Cattle (A bred proxy for the extinct Aurochs)
 Asian Wild Ass (Occurred in South-east Europe as far as the Mediaeval Period, 

also can serve as proxy for the extinct European Wild Ass Equus hydruntinus) 
 Hippopotamus (Common in warmer parts of Europe) 

Introduced

 Asian Elephant (A proxy for the extinct Straight-tusked Elephant Palaeoloxodon 
antiquus) 

 Wild Asian Water Buffalo (A proxy for the extinct species Bubalus murrensis) 
 Sumatran Rhinoceros (A proxy for the extinct species Merck's Rhinoceros) 
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 Pleistocene Rewilding in Africa 

  
African Elephant 
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Eastern Gorilla 
 

  
Hippopotamus 
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Black Rhinoceros 
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Giraffe 

Expanding populations

 Eastern Gorilla 
 Hippopotamus 
 Grant's Gazelle
 Bongo 
 African Fish Eagle
 Marabou 
 Warthog 
 Giant forest hog 
 African Wild Dog 
 Side-striped Jackal
 Cheetah 
 Grevy's Zebra
 Common Eland 
 Cuvier's Gazelle
 Sassaby
 Gemsbok 
 White Rhinoceros 
 Lappet-faced Vulture 
 African Buffalo
 African Leopard 
 Greater Kudu 
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 Ostrich 
 Nile Crocodile 
 Southern Ground Hornbill 
 White Stork
 Sitatunga 
 Bateleur 
 Egyptian Goose 

Considered for reintroduction

 Hartebeest 
 African Lungfish 
 Nile Lechwe 
 Nyala
 Aardvark 
 Olive Baboon 
 Black Rhinoceros 
 Chimpanzee 
 Caracal 
 Sable Antelope 
 Impala 
 Gerenuk 
 Dibatag 
 Greater Flamingo 
 Nile Monitor
 Spotted Hyena 
 Blue Wildebeest 
 Serval 
 Grevy's Zebra
 Common Eland 
 Waterbuck 
 Bushbuck 
 Topi 
 African Bush Elephant 
 Giraffe 
 Okapi 
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 Pleistocene Rewilding in South America 

  
Green Anaconda 
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Scarlet Macaw 
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Jaguar 
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Toco Toucan 
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Glyptodon, of pairing Megatherium 

Expanding populations

 Ocelot 
 Pirarucu
 Green Anaconda 
 Pampas Deer 
 Orinoco Crocodile 
 Jabiru 
 Red-legged Seriema 
 Culpeo 
 Capybara 
 Giant Armadillo 
 Collared Peccary
 Baird's Tapir
 Toco Toucan 
 Harpy Eagle 
 Cougar 
 Brown Spider Monkey 
 Maned Wolf 
 Spectacled Bear 
 Yellow anaconda 
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 Scarlet Macaw 
 Llama 
 Green-winged Macaw 
 Grey Fox 

Considered for reintroduction

 Alpaca 
 King Vulture 
 Jaguar 
 Andean condor 
 Giant Otter 
 Hyacinth Macaw
 Blue-and-yellow macaw
 Keel-billed Toucan 
 Greater Rhea 
 Maguari Stork 
 Boa Constrictor 
 Emerald Tree Boa 
 Northern Screamer 
 Tambaqui 
 Crested Eagle 
 Paca
 Great Egret 

Considered to be reintroduced or as ecological proxy species 

 Indian elephant (as a proxy for the extinct American Mastodon) 
 Mountain tapir (as a proxy for the extinct Vero tapir) 
 Guanaco and Vicuna (as proxies for the extinct species of Palaeolama mirifica)
 Giant armadillo (as a proxy for the extinct species of Glyptodon) 
 Three-toed sloth (as a proxy for the several extinct species of Ground sloth) 
 Camel, Llama, and Tapir (as a proxy for the extinct Macrauchenia) 
 Rhinoceros and Hippopotamus (as a proxy for the extinct Toxodon, and 

Mixotoxodon) 
 Asiatic lion or African lion (as a proxy species for the extinct American lion) 

Pleistocene Rewilding in Siberia 

The aim of Siberia Pleistocene rewilding is to recreate the ancient mamooth steppe by 
means reintroduction big animals. First step was succeful muskox reintroduction on the 
Taymyr Peninsula and Wrangel island. In 1988, researcher Sergey Zimov created 
Siberian Pleistocene Park - a nature reserve in northeastern Siberia for full-scale 
megafauna rewilding. Yakutian horses, reindeer, snow sheep, elk and moose were 
reintroduced to the park. Reintroduction is also planned for yak, Bactrian camels, red 
deer, and Siberian tigers. The wood bison, a closest relative of the ancient bison that died 
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out in Siberia 1000 or 2000 years ago, is an important species for the ecology of Siberia. 
In 2006 30 bison calves were flown from Edmonton, Alberta to Yakutsk. Now they live 
in the government-run reserve of Ust'-Buotama. 

  
Polar Bear 
 

Woolly Mammoth 
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Expanding populations

 Siberian Tiger 
 Siberian leopard 
 Snow leopard 
 Musk Ox 
 Gray Wolf 
 Siberian Lynx 
 Moose 
 Siberian Ibex 
 Wood bison 
 Reindeer 
 Wolverine 
 Brown Bear
 Siberian Crane 
 Elk 
 Snow sheep 

Considered for reintroduction

 Saiga
 European Bison 
 Bactrian camel 
 Lion 

Considered to be reintroduced or as ecological proxy species 

 Spotted Hyena (as a proxy for the extinct species Cave Hyena) 
 African Lion or Asiatic Lion (as proxy for Cave Lion) 

 Pleistocene Rewilding in Polar Regions 

This plan was not considered by Josh Donlan, yet was thought of by Jens-C. Svenning. It 
involves, just like Rewilding Polar Regions, creating a Pleistocene Habitat in parts of 
Snow.  Svenning claims tundra that "Pleistocene Rewilding can is global warming be 
taken for consideration outside of North America." The Proxies that can be used for this 
project are as follows: 
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Polar Bear 
 

  
Woolly Mammoth 
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Elephant Seal 

Expanding populations

 Polar Bear
 Musk Ox 
 Arctic Wolf 
 Walrus
 Tundra Swan 
 Harp Seal
 Leopard Seal 
 Reindeer 
 Wolverine 
 Emperor Penguin or King Penguin 
 Killer Whale 
 Rockhopper Penguin 
 Antarctic Fur Seal 
 Antarctic toothfish 
 Ross Seal 

Considered for reintroduction

 Gray Seal
 Bearded Seal 
 Southern Elephant Seal 
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 Narwhal 
 Beluga 
 Crabeater Seal 
 Bowhead Whale 
 Weddell Seal
 Macaroni Penguin 
 Steller Sea Lion 
 Arctic Fox 

Considered to be reintroduced or as ecological proxy species

 African Elephant (as a proxy for the extinct Woolly Mammoth) 
 Black Rhinoceros (as a proxy for the extinct species Woolly Rhinoceros) 
 Elk (as a proxy for extinct Irish Elk) 

Pleistocene Rewilding in India 

  
Bengal Tiger 
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Asian Elephant 
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Indian Peafowl 
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Indian Rhinoceros 

Indian Python 
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Expanding populations 

 Chiru
 Gaur
 Indian Rhinoceros 
 Chital 
 Indian Leopard 
 Indian Peafowl 
 Indian Python 
 Blackbuck 
 Takin 
 Wild Asian water buffalo
 Indian Sambar Deer
 Sloth Bear 
 Himalayan Brown Bear 
 Chinkara 
 Dhole 
 Red Fox 
 Lammergeier 
 Sarus Crane
 Clouded Leopard 
 Sun Bear 
 Indian Wolf 
 Gharial
 Hanuman Langur 

Considered for reintroduction

 Asiatic Lion 
 Indian Vulture 
 Ratel 
 Markhor 
 Bharal 
 Wild Boar 
 Gavial 
 Golden Jackal 
 Eld's Deer
 Asiatic Black Bear 
 Malayan Tapir 
 Snow Leopard 
 Yak 
 Nilgai
 Bactrian Camel 
 Indian Pangolin 
 Asian Elephant 
 Kiang 
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 Sangai 

 Pleistocene Rewilding in Oceans 

  
Blue Whale 

 
  
Killer Whale/Orca 
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Whale Shark

  
Manta Ray 
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Walrus

Expanding populations

 Killer Whale 
 Blue Whale 
 Marine Iguana
 Great albatross 
 Manta Ray 
 West Indian Manatee
 Sperm Whale 
 California sea lion 
 Australian Sea Lion 
 Hammerhead Shark 
 Beluga 
 Green Sea Turtle 
 Northern furseal 
 Harp Seal
 Cuvier's Beaked Whale 
 Hubb's Beaked Whale 
 Gray Whale
 Emperor Penguin 
 Great albatross 
 Narwhal 
 Fin Whale 
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 Sei Whale 
 Moray Eel
 Goblin Shark 
 Hubb's Beaked Whale 
 Baird's Beaked Whale 
 Saltwater Crocodile 

Considered for reintroduction

 Tiger Shark
 Steller's sea lion 
 Humpback Whale 
 Sperm Whale 
 Leatherback Turtle 
 Minke Whale 
 Giant Octopus 
 Sawfish
 Dugong 
 Oarfish
 Bottlenose Dolphin 
 Baird's Beaked Whale 
 Walrus
 Ocean Sunfish 
 Great White Shark 
 Whale Shark 
 Swordfish 
 American White Pelican 
 Gray's Beaked Whale 
 Sowerby's Beaked Whale 
 Right Whale 
 Polar Bear

Pleistocene Rewilding in Australia 

 Emu 
 Black Swan 
 Western Long-beaked Echidna 
 Dingo 
 Sand goanna 

Considered for reintroduction

 Koala
 Tasmanian Devil 
 Wedge-tailed Eagle 
 Eastern Wallaroo 
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 Australian Pelican 
 Cassowary 

Considered to be reintroduced or as ecological proxy species 

 Common Wombat or Southern Hairy-nosed Wombat (as a proxy for the extinct 
species)

 Goanna (as a proxy for the extinct species Megalania) 
 Red Kangaroo or Grey Kangaroo (as a proxy for the extinct Macropus titan) 

Rewilding (conservation biology) 
  

A wildlife crossing structure on the Trans-Canada Highway in Banff National Park, 
Canada. Wildlife-friendly overpasses and underpasses have helped restore connectivity in 
the landscape for wolves, bears, elk, and other species. 

Rewilding is large-scale conservation aimed at restoring and protecting core wilderness 
areas, providing connectivity between such areas, and protecting or reintroducing apex 
predators and keystone species. Rewilding projects may require ecological restoration, 
particularly to restore connectivity between fragmented protected areas, and 
reintroduction of predators where extirpated. 
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Origin 

The word "rewilding" was coined by conservationist and activist Dave Foreman, one of 
the founders of the group Earth First! who went on to help establish both the Wildlands 
Project (now the Wildlands Network) and the Rewilding Institute.  The term first 
occurred in print in 1990.  The concept was further defined and expanded by conservation 
biologists Michael Soulé and Reed Noss in a paper published in 1998. According to 
Soulé and Noss, rewilding is a conservation method based on "cores, corridors, and 
carnivores."  The concepts of cores, corridors, and carnivores were further expanded upon 
in Continental Conservation: Scientific Foundations of Regional Reserve Networks, 
(Washington, D.C.: Island Press, 1999), edited by Soulé and John Terborgh. Dave 
Foreman subsequently wrote the first full-length exegesis of rewilding as a conservation 
strategy in Rewilding North America: A Vision for Conservation in the 21st Century
(Island Press, 2004).  

 History 

As a method to preserve intact, functional ecosystems and stem biodiversity loss, 
rewilding is based on recent scientific breakthroughs in the field of island biogeography 
and discoveries concerning the ecological importance of large carnivores.  The 
publication of The Theory of Island Biogeography, by Robert H. MacArthur and Edward 
O. Wilson in 1967 established the importance of considering the size and isolation of 
existing or proposed protected areas: The theory suggested that small, isolated protected 
areas were vulnerable to extinctions. The theory was firmly established following the 
publication of William D. Newmark's study of extinctions in national parks in North 
America. 

MacArthur and Wilson's book launched a period of intense debate over how conservation 
could best be accomplished, as described in David Quammen's popular history, The Song 
of the Dodo: Island Biogeography in an Age of Extinction.   With the creation of the 
Society for Conservation Biology in 1985, conservationists began to focus on finding 
solutions to the problems of habitat loss and fragmentation. Increasingly, both at the 
grassroots level and in the programs of international non-governmental conservation 
organizations, those solutions involved rewilding. 

 Major Rewilding Projects 

Rewilding has been incorporated into plans and projects implemented by both grassroots 
groups and major international conservation organizations. These projects aim to protect 
and restore large-scale core wilderness areas, corridors (or connectivity) between them, 
and apex predators, carnivores, or keystone species (species which interact strongly with 
the environment, such as elephant and beaver).  Since the publication of that foundational 
paper, rewilding projects have been launched around the world: They include corridor 
projects, such as the Yellowstone to Yukon Conservation Initiative in North America 
(also known as Y2Y) and the European Green Belt, built along the former Iron Curtain; 
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transboundary projects, including those in southern Africa funded by the Peace Parks 
Foundation; community-conservation projects, such as the wildlife conservancies of 
Namibia and Kenya; and projects organized around ecological restoration, including 
Gondwana Link, regrowing native bush in a hotspot of endemism in southwest Australia, 
and the Area de Conservacion Guanacaste, restoring dry tropical forest and rainforest in 
Costa Rica. These and other projects are described in Caroline Fraser's Rewilding the 
World: Dispatches from the Conservation Revolution (Metropolitan Books, 2009). 

Another major North American rewilding effort focused on restoring the prairie 
grasslands of the Great Plains is described in Richard Manning's Rewilding the West: 
Restoration in a Prairie Landscape.  Manning describes how the American Prairie 
Foundation is reintroducing bison on private land in the Missouri Breaks region of north-
central Montana, with the aim of creating a prairie preserve larger than Yellowstone 
National Park.  

Pleistocene Rewilding 

Pleistocene rewilding was first proposed by Paul S. Martin, an emeritus professor of 
geosciences at the Desert Laboratory of the University of Arizona, in his book, Twilight 
of the Mammoths: Ice Age Extinctions and the Rewilding of America (University of 
California Press, 2005). Noting that much of the original megafauna of North America—
including mammoths, ground sloths, and sabre-toothed cats—became extinct after the 
arrival of Homo sapiens on the continent, Martin proposed reintroducing large mammals 
such as African and Asian elephants, in order to restore ecological balance that was lost.  

A controversial 2005 editorial in Nature, signed by a number of conservation biologists, 
took up the argument, urging that elephants, lions, and cheetahs could be reintroduced in 
protected areas in the Great Plains.  The Bolson tortoise, disovered in 1959 in Durango, 
Mexico, was the first species proposed for this restoration effort, and in 2006 the species 
was reintroduced to two ranches in New Mexico owned by media mogul Ted Turner. 

In 1988, researcher Sergey A. Zimov created a Pleistocene Park in northeastern Siberia to 
test the possibility of restoring a full range of grazers and predators and thus restore the 
so-called "mammoth ecosystem."  Yakutian horses, reindeer, snow sheep, elk and moose 
were reintroduced, and reintroduction is also planned for yak, bactrian camels, red deer, 
and Siberian tigers. The wood bison, a close relative of the ancient bison that died out in 
Siberia 1000 or 2000 years ago is also an important species for the ecology of Siberia. In 
2006, 30 bison calves were flown from Edmonton, Alberta to Yakutsk; they are currently 
in the government-run reserve of Ust'-Buotama. 

Pleistocene rewilding remains controversial: A recent letter published in the journal 
Conservation Biology accuses the Pleistocene camp of promoting "Frankenstein 
ecosystems," noting that "the biggest problem is not the possibility of failing to restore 
lost interactions, but rather the risk of getting new, unwanted interactions instead."   The 
authors proposed that—rather than trying to restore a lost megafauna—conservationists 
should dedicate themselves to restoring existing species to their original habitats. 


