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Chapter- 1 

Introduction to Biodiversity 

 

 

 
 

Some of the biodiversity of a coral reef 
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Rainforests are an example of biodiversity on the planet and typically possess a great deal 
of species diversity. This is the Gambia River in Senegal's Niokolo-Koba National Park. 

Biodiversity is the degree of variation of life forms within a given ecosystem, biome, or 
an entire planet. Biodiversity is a measure of the health of ecosystems. Greater 
biodiversity implies greater health. Biodiversity is in part a function of climate. In 
terrestrial habitats, tropical regions are typically rich whereas polar regions support fewer 
species. 

Rapid environmental changes typically cause extinctions. One estimate is that less than 
1% of the species that have existed on Earth are extant. 

Since life began on Earth, five major mass extinctions and several minor events have led 
to large and sudden drops in biodiversity. The Phanerozoic eon (the last 540 million 
years) marked a rapid growth in biodiversity via the Cambrian explosion—a period 
during which nearly every phylum of multicellular organisms first appeared. The next 
400 million years included repeated, massive biodiversity losses classified as mass 
extinction events. In the Carboniferous, rainforest collapse led to a great loss of plant and 
animal life. The Permian–Triassic extinction event, 251 million years ago, was the worst; 
vertebrate recovery took 30 million years. The most recent, the Cretaceous–Tertiary 
extinction event, occurred 65 million years ago and has attracted more attention than all 
others because it killed the nonavian dinosaurs. 

The period since the emergence of humans has displayed an ongoing biodiversity 
reduction and an accompanying loss of genetic diversity. Named the Holocene extinction, 
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the reduction is caused primarily by human impacts, particularly habitat destruction. 
Biodiversity's impact on human health is a major international issue. 

The United Nations designated 2010 as the International Year of Biodiversity. 

Etymology 

The term biological diversity was used first by wildlife scientist and conservationist 
Raymond F. Dasmann in the 1968 lay book A Different Kind of Country advocating 
conservation. The term was widely adopted only after more than a decade, when in the 
1980s it came into common usage in science and environmental policy. Thomas Lovejoy, 
in the foreword to the book Conservation Biology, introduced the term to the scientific 
community. Until then the term "natural diversity" was common, introduced by The 
Science Division of The Nature Conservancy in an important 1975 study, "The 
Preservation of Natural Diversity." By the early 1980s TNC's Science program and its 
head, Robert E. Jenkins, Lovejoy and other leading conservation scientists at the time in 
America advocated the use of "biological diversity". 

The term's contracted form biodiversity may have been coined by W.G. Rosen in 1985 
while planning the 1986 National Forum on Biological Diversity organized by the 
National Research Council (NRC). It first appeared in a publication in 1988 when 
entomologist E. O. Wilson used it as the title of the proceedings of that forum. 

Since this period the term has achieved widespread use among biologists, 
environmentalists, political leaders and concerned citizens. 

A similar term in the United States is "natural heritage." It predates the others and is more 
accepted by the wider audience interested in conservation. Broader than biodiversity, it 
includes geology and landforms (geodiversity). 
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Definitions 

 
 
A Sampling of fungi collected during summer 2008 in Northern Saskatchewan mixed 
woods, near LaRonge is an example regarding the species diversity of fungi. In this 
photo, there are also leaf lichens and mosses. 

"Biological diversity" or "biodiversity" can have many interpretations. It is most 
commonly used to replace the more clearly defined and long established terms, species 
diversity and species richness. Biologists most often define biodiversity as the "totality of 
genes, species and ecosystems of a region". An advantage of this definition is that it 
seems to describe most circumstances and presents a unified view of the traditional three 
levels at which biological variety has been identified: 

• species diversity 
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• ecosystem diversity 
• genetic diversity 

In 2003 Professor Anthony Campbell at Cardiff University, UK and the Darwin Centre, 
Pembrokeshire, defined a fourth level: Molecular Diversity. 

This multilevel construct is consistent with Dasmann and Lovejoy. An explicit definition 
consistent with this interpretation was first given in a paper by Bruce A. Wilcox 
commissioned by the International Union for the Conservation of Nature and Natural 
Resources (IUCN) for the 1982 World National Parks Conference. Wilcox's definition 
was "Biological diversity is the variety of life forms...at all levels of biological systems 
(i.e., molecular, organismic, population, species and ecosystem)..." The 1992 United 
Nations Earth Summit defined "biological diversity" as "the variability among living 
organisms from all sources, including, 'inter alia', terrestrial, marine and other aquatic 
ecosystems and the ecological complexes of which they are part: this includes diversity 
within species, between species and of ecosystems". This definition is used in the United 
Nations Convention on Biological Diversity. 

One textbook's definition is "variation of life at all levels of biological organization". 

Geneticists define it as the diversity of genes and organisms. They study processes such 
as mutations, gene transfer and genome dynamics that generate evolution. 

Linking biodiversity levels 

Measuring diversity at one level in a group of organisms may not precisely correspond to 
diversity at other levels. However, tetrapod (terrestrial vertebrates) taxonomic and 
ecological diversity shows a very close correlation. 
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Distribution 

 
 

A conifer forest in the Swiss Alps (National Park) 

Selection bias amongst researchers may contribute to biased empirical research for 
modern estimates of biodiversity. In 1768 Rev. Gilbert White succinctly observed of his 
Selborne, Hampshire "all nature is so full, that that district produces the most variety 
which is the most examined." 

Biodiversity is not evenly distributed. Flora and fauna diversity depends on climate, 
altitude, soils and the presence of other species. Diversity consistently measures higher in 
the tropics and in other localized regions such as Cape Floristic Province and lower in 
polar regions generally. In 2006 many species were formally classified as rare or 
endangered or threatened; moreover, scientists have estimated that millions more species 
are at risk which have not been formally recognized. About 40 percent of the 40,177 
species assessed using the IUCN Red List criteria are now listed as threatened with 
extinction—a total of 16,119. 

Even though terrestrial biodiversity declines from the equator to the poles, this 
characteristic is unverified in aquatic ecosystems, especially in marine ecosystems. In 
addition, several assessments reveal tremendous diversity in higher latitudes. Generally 
terrestrial biodiversity is up to 25 times greater than ocean biodiversity. 
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A biodiversity hotspot is a region with a high level of endemic species. Hotspots were 
first named in 1988 by Dr. Norman Myers. Many hotspots have large nearby human 
populations. Most hotspots are located in the tropics and most of them are forests. 

Brazil's Atlantic Forest is considered one such hotspot, containing roughly 20,000 plant 
species, 1,350 vertebrates and millions of insects, about half of which occur nowhere 
else. The island of Madagascar, particularly the unique Madagascar dry deciduous forests 
and lowland rainforests, possess a high ratio of endemism. Since the island separated 
from mainland Africa 65 million years ago, many species and ecosystems have evolved 
independently. Indonesia's 17,000 islands cover 735,355 square miles (1,904,560 km2) 
contain 10% of the world's lowering plants, 12% of mammals and 17% of reptiles, 
amphibians and birds—along with nearly 240 million people. Many regions of high 
biodiversity and/or endemism arise from specialized habitats which require unusual 
adaptations, for example alpine environments in high mountains, or Northern European 
peat bogs. 

 Evolutionary diversification 

The existence of a "global carrying capacity", limiting the amount of life that can live at 
once, is debated, as is the question of whether such a limit would also cap the number of 
species. While records of life in the sea shows a logistic pattern of growth, life on land 
(insects, plants and tetrapods)shows an exponential rise in diversity. As one author states, 
"Tetrapods have not yet invaded 64 per cent of potentially habitable modes and it could 
be that without human influence the ecological and taxonomic diversity of tetrapods 
would continue to increase in an exponential fashion until most or all of the available 
ecospace is filled." 

On the other hand, changes through the Phanerozoic correlate much better with the 
hyperbolic model (widely used in population biology, demography and macrosociology, 
as well as fossil biodiversity) than with exponential and logistic models. The latter 
models imply that changes in diversity are guided by a first-order positive feedback 
(more ancestors, more descendants) and/or a negative feedback arising from resource 
limitation. Hyperbolic model implies a second-order positive feedback. The hyperbolic 
pattern of the world population growth arises from a second-order positive feedback 
between the population size and the rate of technological growth. The hyperbolic 
character of biodiversity growth can be similarly accounted for by a feedback between 
diversity and community structure complexity. The similarity between the curves of 
biodiversity and human population probably comes from the fact that both are derived 
from the interference of the hyperbolic trend with cyclical and stochastic dynamics. 

Most biologists agree however that the period since human emergence is part of a new 
mass extinction, named the Holocene extinction event, caused primarily by the impact 
humans are having on the environment. It has been argued that the present rate of 
extinction is sufficient to eliminate most species on the planet Earth within 100 years. 



_________________WORLD TECHNOLOGIES_________________

WT

New species are regularly discovered (on average between 5–10,000 new species each 
year, most of them insects) and many, though discovered, are not yet classified (estimates 
are that nearly 90% of all arthropods are not yet classified). Most of the terrestrial 
diversity is found in tropical forests. 

Human benefits 

 
 
Summer field in Belgium (Hamois). The blue flowers are Centaurea cyanus and the red 
are Papaver rhoeas. 

Biodiversity supports ecosystem services including air quality, climate (e.g., CO2 
sequestration), water purification, pollination and prevention of erosion. 

Since the stone age, species loss has accelerated above the prior rate, driven by human 
activity. Estimates of species loss are at a rate 100-10,000 times as fast as is typical in the 
fossil record. 
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Non-material benefits include spiritual and aesthetic values, knowledge systems and the 
value of education. 

 Human health 

 
 
The diverse forest canopy on Barro Colorado Island, Panama, yielded this display of 
different fruit 

Biodiversity's relevance to human health is becoming an international political issue, as 
scientific evidence builds on the global health implications of biodiversity loss. This issue 
is closely linked with the issue of climate change, as many of the anticipated health risks 
of climate change are associated with changes in biodiversity (e.g. changes in populations 
and distribution of disease vectors, scarcity of fresh water, impacts on agricultural 
biodiversity and food resources etc.) Some of the health issues influenced by biodiversity 
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include dietary health and nutrition security, infectious disease, medical science and 
medicinal resources, social and psychological health. Biodiversity is also known to have 
an important role in reducing disaster risk and in post-disaster relief and recovery efforts. 

Biodiversity provides critical support for drug discovery and the availability of medicinal 
resources. A significant proportion of drugs are derived, directly or indirectly, from 
biological sources; At least 50% of the pharmaceutical compounds on the US market are 
derived from plants, animals and microorganisms, while about 80% of the world 
population depends on medicines from nature (used in either modern or traditional 
medical practice) for primary healthcare. Only a tiny fraction of wild species has been 
investigated for medical potential. Biodiversity has been critical to advances throughout 
the field of bionics. Evidence from market analysis and biodiversity science indicates that 
the decline in output from the pharmaceutical sector since the mid-1980s can be 
attributed to a move away from natural product exploration ("bioprospecting") in favor of 
genomics and synthetic chemistry; meanwhile, natural products have a long history of 
supporting significant economic and health innovation. Marine ecosystems are 
particularly important, although inappropriate bioprospecting can increase biodiversity 
loss, as well as violating the laws of the communities and states from which the resources 
are taken. 

Business and Industry 

 
 

Agriculture production, pictured is a tractor and a chaser bin 

Many industrial materials derive directly from biological sources. These include building 
materials, fibers, dyes, rubber and oil. Biodiversity is also important to the security of 
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resources such as water, timber, paper and fibre and food. As a result, biodiversity loss is 
a significant risk factor in business development and a threat to long term economic 
sustainability. 

Leisure, cultural and aesthetic value 

Biodiversity enriches leisure activities such as hiking, birdwatching or natural history 
study. Biodiversity inspires musicians, painters, sculptors, writers and other artists. Many 
cultures view themselves as an integral part of the natural world which requires them to 
respect other living organisms. 

Popular activities such as gardening, fishkeeping and specimen collecting strongly 
depend on biodiversity. The number of species involved in such pursuits is in the tens of 
thousands, though the majority do not enter commerce. 

The relationships between the original natural areas of these often exotic animals and 
plants and commercial collectors, suppliers, breeders, propagators and those who 
promote their understanding and enjoyment are complex and poorly understood. The 
general public responds well to exposure to rare and unusual organisms, reflecting their 
inherent value. 

Philosophically it could be argued that biodiversity has intrinsic aesthetic and spiritual 
value to mankind in and of itself. This idea can be used as a counterweight to the notion 
that tropical forests and other ecological realms are only worthy of conservation because 
of the services they provide. 

Species loss rates 

During the last century, decreases in biodiversity have been increasingly observed. In 
2007, German Federal Environment Minister Sigmar Gabriel cited estimates that up to 
30% of all species will be extinct by 2050. Of these, about one eighth of known plant 
species are threatened with extinction. Estimates reach as high as 140,000 species per 
year (based on Species-area theory). This figure indicates unsustainable ecological 
practices, because few species emerge each year. Almost all scientists acknowledge that 
the rate of species loss is greater now than at any time in human history, with extinctions 
occurring at rates hundreds of times higher than background extinction rates. 
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Threats 

 
 
Loss of old growth forest in the United States; 1620, 1850, 1920 and 1992 maps: 
From William B. Greeley's, The Relation of Geography to Timber Supply, Economic 
Geography, 1925, vol. 1, p. 1–11. Source of "Today" map: compiled by George Draffan 
from roadless area map in The Big Outside: A Descriptive Inventory of the Big 
Wilderness Areas of the United States, by Dave Foreman and Howie Wolke (Harmony 
Books, 1992). These maps represent only virgin forest lost. Some regrowth has occurred 
but not to the age, size or extent of 1620 due to population increases and food cultivation. 

Jared Diamond describes an "Evil Quartet" of habitat destruction, overkill, introduced 
species and secondary extensions. Edward O. Wilson prefers the acronym HIPPO, 
standing for Habitat destruction, Invasive species, Pollution, Human Over Population 
and Overharvesting. The most authoritative classification in use today is IUCN’s 
Classification of Direct Threats which has been adopted by major international 
conservation organizations such as the US Nature Conservancy, the World Wildlife 
Fund, Conservation International and Birdlife International. The massive growth in the 
human population through the 20th century has had more impact on biodiversity than any 
other single factor. From 1950 to 2005, world population increased from 2.5 billion to 6.5 
billion and is forecast to reach a plateau of more than 9 billion during the 21st century. 
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Habitat destruction 

 
 
Deforestation and increased road-building in the Amazon Rainforest are a significant 
concern because of increased human encroachment upon wild areas, increased resource 
extraction and further threats to biodiversity. 

Habitat destruction has played a key role in extinctions, especially related to tropical 
forest destruction. While most threatened species 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 humans, 
livestock and crop species. Factors contributing to habitat loss are: overpopulation, 
deforestation, pollution (air pollution, water pollution, soil contamination) and global 
warming or climate change. 

Habitat size and numbers of species are systematically related. Physically larger species 
and those living at lower latitudes or in forests or oceans are more sensitive to reduction 
in habitat area. Conversion to "trivial" standardized ecosystems (e.g., monoculture 
following deforestation) effectively destroys habitat for the more diverse species that 
preceded the conversion. In some countries lack of property rights or lax law/regulatory 
enforcement necessarily leads to biodiversity loss (degradation costs having to be 
supported by the community). 
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A 2007 study conducted by the National Science Foundation found that biodiversity and 
genetic diversity are codependent—that diversity among species requires diversity within 
a species and vice versa. "If any one type is removed from the system, the cycle can 
break down and the community becomes dominated by a single species." At present, the 
most threathened ecosystems are found in fresh water, according to the Millennium 
Ecosystem Assessment 2005, which was confirmed by the "Freshwater Animal 
Diversity Assessment", organised by the biodiversity platform and the French Institut de 
recherche pour le développement (MNHNP). 

Co-extinctions are a form of habitat destruction. Co-extinction occurs when the extinction 
or decline in one accompanies the other, such as in plants and beetles. 

Introduced and invasive species 

 
 
Male Lophura nycthemera (Silver Pheasant), a native of East Asia that has been 
introduced into parts of Europe for ornamental reasons. 

Barriers such as large rivers, seas, oceans, mountains and deserts encourage diversity by 
enabling independent evolution on either side of the barrier. Invasive species have 
evolved to fill many habitat niches. Without barriers such species would occupy those 
niches on a global basis, substantially reducing diversity. Repeatedly humans have helped 
these species circumvent these barriers, introducing them for food and other purposes. 
This has occurred on a time scale much shorter than the eons that historically have been 
required for a species to extend its range. 

Not all introduced species are invasive, nor all invasive species deliberately introduced. 
In cases such as the zebra mussel, invasion of US waterways was unintentional. In other 
cases, such as mongooses in Hawaii, the introduction is deliberate but ineffective 
([nocturnal] rats were not vulnerable to the diurnal mongoose!). In other cases, such as oil 
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palms in Indonesia and Malaysia, the introduction produces substantial economic 
benefits, but the benefits are accompanied by costly unintended consequences. 

Finally, an introduced species may unintentionally injure a species that depends on the 
species it replaces. In Belgium, Prunus spinosa from Eastern Europe leafs much sooner 
than its West European counterparts, disrupting the feeding habits of the Thecla betulae 
butterfly (which feeds on the leaves). Introducing new species often leaves endemic and 
other local species unable to compete with the exotic species and unable to survive. The 
exotic organisms may be predators, parasites, or may simply outcompete indigenous 
species for nutrients, water and light. 

At present, several countries have already imported so many exotic species, that the own 
indigenous fauna/flora is greatly outnumbered. For example, in Belgium, only 5% of the 
indigenous trees remain. 

Hybridization, genetic pollution/erosion and food security 

 
 
The Yecoro wheat (right) cultivar is sensitive to salinity, plants resulting from a hybrid 
cross with cultivar W4910 (left) show greater tolerance to high salinity 

In agriculture and animal husbandry, the Green Revolution popularized the use of 
conventional hybridization to increase yield. Often hybridized breeds originated in 
developed countries and were further hybridized with local varieties in the developing 
world to create high yield strains resistant to local climate and diseases. Local 
governments and industry have been pushing hybridization. Formerly huge gene pools of 
various wild and indigenous breeds have collapsed causing widespread genetic erosion 
and genetic pollution. This has resulted in loss of genetic diversity and biodiversity as a 
whole. 

(GM organisms) have genetic material altered by genetic engineering procedures such as 
recombinant DNA technology. GM crops have become a common source for genetic 
pollution, not only of wild varieties but also of domesticated varieties derived from 
classical hybridization. 

Genetic erosion coupled with genetic pollution may be destroying unique genotypes, 
thereby creating a hidden crisis which could result in a severe threat to our food security. 
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Diverse genetic material could cease to exist which would impact our ability to further 
hybridize food crops and livestock against more resistant diseases and climatic changes. 

 The Holocene extinction 

Rates of decline in biodiversity in this sixth mass extinction match or exceed rates of loss 
in the five previous mass extinction events in the fossil record. Loss of biodiversity 
results in the loss of natural capital that supplies ecosystem goods and services. The 
economic value of 17 ecosystem services for Earth's biosphere (calculated in 1997) has 
an estimated value of US$ 33 trillion (3.3x1013) per year. 

 Protection and restoration techniques 

The most powerful technique is to preserve habitat. 

Exotic species removal allows less competitive species to recover their ecological niches. 
Exotic species that have become a pest can be identified taxonomically (e.g. with Digital 
Automated Identification SYstem (DAISY), using the barcode of life. Removal is 
practical only given large groups of individuals due to the econimic cost. 

Once the preservation of the remaining native species in an area is assured. "missing" 
species can be identified and reintroduced using databases such as the Encyclopedia of 
Life and the Global Biodiversity Information Facility. 

Other techniques include: 

• Biodiversity banking places a monetary value on biodiversity. One example is the 
Australian Native Vegetation Management Framework. 

• Gene banks are collections of specimens and genetic material. Some banks intend 
to reintroduce banked species to the ecosystem (e.g. via tree nurseries). 

• Reducing and better targeting of pesticides allows more species to survive in 
agricultural and urbanized areas. 

• Location-specific approaches are less useful for protecting migratory species. One 
approach is to create wildlife corridors that correspond to the animals' 
movements. National and other boundaries can complicate corridor creation. 

Resource allocation 

Focusing on limited areas of higher potential biodiversity promises greater immediate 
return on investment than spreading resources evenly or focusing on areas of little 
diversity but greater interest in biodiversity. 

A second strategy focuses on areas that retain most of their original diversity, which 
typically require little or no restoration. These are typically non-urbanized, non-
agricultural areas. Tropical areas often fit both criteria, given their natively high diversity 
and relative lack of development. 
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Legal status 

 
 
A great deal of work is occurring to preserve the natural characteristics of Hopetoun 
Falls, Australia while continuing to allow visitor access. 

Biodiversity is taken into account in some political and judicial decisions: 

• The relationship between law and ecosystems is very ancient and has 
consequences for biodiversity. It is related to private and public property rights. It 
can define protection for threatened ecosystems, but also some rights and duties 
(for example, fishing and hunting rights). 

• Law regarding species is more recent. It defines species that must be protected 
because they may be threatened by extinction. The U.S. Endangered Species Act 
is an example of an attempt to address the "law and species" issue. 

• Laws regarding gene pools are only about a century old. Domestication and plant 
breeding methods are not new, but advances in genetic engineering has led to 
tighter laws covering distribution of genetically modified organisms, gene patents 
and process patents. Governments struggle to decide whether to focus on for 
example, genes, genomes, or organisms and species. 

Global agreements such as the Convention on Biological Diversity), give sovereign 
national rights over biological resources (not property). The agreements commit 
countries to conserve biodiversity, develop resources for sustainability and share the 
benefits resulting from their use. Biodiverse countries that allow bioprospecting or 
collection of natural products, expect a share of the benefits rather than allowing the 
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individual or institution that discovers/exploits the resource to capture them privately. 
Bioprospecting can become a type of biopiracy when such principles are not respected. 

Sovereignty principles can rely upon what is better known as Access and Benefit Sharing 
Agreements (ABAs). The Convention on Biodiversity implies informed consent between 
the source country and the collector, to establish which resource will be used and for 
what and to settle on a fair agreement on benefit sharing. 

Uniform approval for use of biodiversity as a legal standard has not been achieved, 
however. Bosselman argues that biodiversity should not be used as a legal standard, 
claiming that the remaining areas of scientific uncertainty cause unacceptable 
administrative waste and increase litigation without promoting preservation goals. 

Analytical limits 

Taxonomic and size relationships 

Less than 1% of all species that have been described have been studied beyond simply 
noting their existence. The vast majority of Earth's species are microbial. Contemporary 
biodiversity physics is "firmly fixated on the visible [macroscopic] world". For example, 
microbial life is metabolically and environmentally more diverse than multicellular life. 
"On the tree of life, based on analyses of small-subunit ribosomal RNA, visible life 
consists of barely noticeable twigs. The inverse relationship of size and population recurs 
higher on the evolutionary ladder—"to a first approximation, all multicellular species on 
Earth are insects". Insect extinction rates are high—supporting the Holocene extinction 
hypothesis. 
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Chapter- 2 

Genetic Diversity 

 

 
Genetic diversity, the level of biodiversity, refers to the total number of genetic 
characteristics in the genetic makeup of a species. It is distinguished from genetic 
variability, which describes the tendency of genetic characteristics to vary. 

The academic field of population genetics includes several hypotheses and theories 
regarding genetic diversity. The neutral theory of evolution proposes that diversity is the 
result of the accumulation of neutral substitutions. Diversifying selection is the 
hypothesis that two subpopulations of a species live in different environments that select 
for different alleles at a particular locus. This may occur, for instance, if a species has a 
large range relative to the mobility of individuals within it. Frequency-dependent 
selection is the hypothesis that as alleles become more common, they become more 
vulnerable. This is often invoked in host-pathogen interactions, where a high frequency 
of a defensive allele among the host means that it is more likely that a pathogen will 
spread if it is able to overcome that allele. 

Importance of genetic diversity 

There are many different ways to measure genetic diversity. The modern causes for the 
loss of animal genetic diversity have also been studied and identified. A 2007 study 
conducted by the National Science Foundation found that genetic diversity and 
biodiversity are dependent upon each other—that diversity within a species is necessary 
to maintain diversity among species and vice versa. According to the lead researcher in 
the study, Dr. Richard Lankau, "If any one type is removed from the system, the cycle 
can break down and the community becomes dominated by a single species." 

Survival and adaptation 

Genetic diversity plays a very important role in survival and adaptability of a species 
because when a species’s environment changes, slight gene variations are necessary to 
produce changes in the organisms' anatomy that enables it to adapt and survive. A species 
that has a large degree of genetic diversity among its population will have more 
variations from which to choose the most fit alleles. Increase in genetic diversity is also 
essential for a species to evolve. Species that have very little genetic variation are at a 
great risk. With very little gene variation within the species, healthy reproduction 
becomes increasingly difficult and offspring often deal with similar problems to those of 
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inbreeding. The vulnerability of a population to certain types of diseases can also increase 
with reduction in genetic diversity. 

Agricultural relevance 

 
 

When humans initially started farming, they used selective breeding to pass on desirable 
traits of the crops while omitting the undesirable ones. Selective breeding leads to 
monocultures: entire farms of nearly genetically identical plants. Little to no genetic 
diversity makes crops extremely susceptible to widespread disease. Bacteria morph and 
change constantly. When a disease causing bacterium changes to attack a specific genetic 
variation, it can easily wipe out vast quantities of the species. If the genetic variation that 
the bacterium is best at attacking happens to be that which humans have selectively bred 
to use for harvest, the entire crop will be wiped out. 

A very similar occurrence is the cause of the infamous Potato Famine in Ireland. Since 
new potato plants do not come as a result of reproduction but rather from pieces of the 
parent plant, no genetic diversity is developed and the entire crop is essentially a clone of 
one potato, it is especially susceptible to an epidemic. In the 1840s, much of Ireland’s 
population depended on potatoes for food. They planted namely the “lumper” variety of 
potato, which was susceptible to a rot-causing plasmodiophorid called Phytophthora 
infestans. This plasmodiophorid destroyed the vast majority of the potato crop and left 
one million people to starve to death. 

Coping with poor genetic diversity 
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The natural world has several ways of preserving or increasing genetic diversity. Among 
oceanic plankton, viruses aid in the genetic shifting process. Ocean viruses, which infect 
the plankton, carry genes of other organisms in addition to their own. When a virus 
containing the genes of one cell infects another, the genetic makeup of the latter changes. 
This constant shift of genetic make-up helps to maintain a healthy population of plankton 
despite complex and unpredictable environmental changes. 

Cheetahs are a threatened species. Extremely low genetic diversity and resulting poor 
sperm quality has made breeding and survivorship difficult for cheetahs –- only about 5% 
of cheetahs survive to adulthood. About 10,000 years ago, all but the jubatus species of 
cheetahs died out. The species encountered a population bottleneck and close family 
relatives were forced to mate with each other, or inbreed. However, it has been recently 
discovered that female cheetahs can mate with more than one male per litter of cubs. 
They undergo induced ovulation, which means that a new egg is produced every time a 
female mates. By mating with multiple males, the mother increases the genetic diversity 
within a single litter of cubs. 
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Measures of genetic diversity 

Genetic Diversity of a population can be assessed by some simple measures. 

• Gene Diversity is the proportion of polymorphic loci across the genome. 
• Heterozygosity is the mean number of individuals with polymorphic loci. 
• Alleles per locus is also used to demonstrate variability. 

Other Measures of Diversity 

Alternatively, other types of diversity may be assessed for organisms: 

• taxonomic diversity 
• ecological diversity 
• morphological diversity 

There are broad correlations between different types of diversity. For example, there is a 
close link between vertebrate taxonomic and ecological diversity. 

Genetic variability 

Genetic variability is a measure of the tendency of individual genotypes in a population 
to vary from one another. Variability is different from genetic diversity, which is the 
amount of variation seen in a particular population. The variability of a trait describes 
how much that trait tends to vary in response to environmental and genetic influences. 
Genetic variability in a population is important for biodiversity, because without 
variability, it becomes difficult for a population to adapt to environmental changes and 
therefore makes it more prone to extinction. 

Variability is an important factor in evolution as it affects an individual's response to 
environmental stress and thus can lead to differential survival of organisms within a 
population due to natural selection of the most fit variants. Genetic variability also 
underlies the differential susceptibility of organisms to diseases and sensitivity to toxins 
or drugs — a fact that has driven increased interest in personalized medicine given the 
rise of the human genome project and efforts to map the extent of human genetic 
variation such as the HapMap project. 

Causes 

There are many sources of genetic variability in a population: 

• Homologous recombination is a significant source of variability. During meiosis 
in sexual organisms, two homologous chromosomes from the male and female 
parents cross over one another and exchange genetic material. The chromosomes 
then split apart and are ready to form an offspring. Chromosomal crossover is 
random and is governed by its own set of genes that code for where crossovers 
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can occur (in cis) and for the mechanism behind the exchange of DNA chunks (in 
trans). Being controlled by genes means that recombination is also variable in 
frequency, location, thus it can be selected to increase fitness by nature, because 
the more recombination the more variability and the more variability the easier it 
is for the population to handle changes. 

• Immigration, emigration and translocation – each of these is the movement of an 
individual into or out of a population. When an individual comes from a 
previously genetically isolated population into a new one it will increase the 
genetic variability of the next generation if it reproduces. 

• Polyploidy – having more than two homologous chromosomes allows for even 
more recombination during meiosis allowing for even more genetic variability in 
one's offspring. 

• Diffuse centromeres – in asexual organisms where the offspring is an exact 
genetic copy of the parent, there are limited sources of genetic variability. One 
thing that increased variability, however, is having diffused instead of localized 
centromeres. Being diffused allows the chromatids to split apart in many different 
ways allowing for chromosome fragmentation and polyploidy creating more 
variability. 

• Genetic mutations – contribute to the genetic variability within a population and 
can have positive, negative, or neutral effects on a fitness. This variability can be 
easily propagated throughout a population by natural selection if the mutation 
increases the affected individual's fitness and its effects will be minimized/hidden 
if the mutation is deleterious. However, the smaller a population and its genetic 
variability are, the more likely the recessive/hidden deleterious mutations will 
show up causing genetic drift. 
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Chapter- 3 

Evolution 

 

 
Evolution (also known as biological, genetic or organic evolution) is the change in the 
inherited traits of a population of organisms through successive generations. Over time 
variants with particular heritable traits become more, or less, common. A trait is a 
particular characteristic—anatomical, biochemical or behavioural—that is the result of 
gene–environment interaction. 

One source of heritable variation is mutation, various types of which are passed on during 
the genetic recombination that happens at reproduction. Having occurred once, these 
changes can sometimes be passed on successfully to further generations and may thus 
give rise to new variant traits in populations. Under certain circumstances, variation can 
also be increased by the transfer of genes between species and by the extremely rare, but 
significant, wholesale incorporation of genomes through endosymbiosis. 

Two main processes cause variants to become more common or rarer in a population. 
One is natural selection, through which traits that aid reproduction become more 
common, while traits that hinder reproduction become rarer. Natural selection occurs 
because only a small proportion of individuals in each generation will reproduce, since 
resources are limited and organisms produce many more offspring than their environment 
can support. Over many generations, heritable variation in traits is filtered by natural 
selection and the beneficial changes are successively retained through differential 
survival and reproduction. This iterative process means that traits which are better suited 
to an organism's environment become more common. These adjustments are called 
adaptations. 

However, not all change is adaptive. Another cause of evolution is genetic drift, which 
leads to random changes in how common traits are in a population. Genetic drift is most 
important when traits do not strongly influence survival—particularly so in small 
populations, in which chance plays a disproportionate role in the frequency of traits 
passed on to the next generation. Genetic drift is important in the neutral theory of 
molecular evolution and plays a role in the molecular clocks that are used in phylogenetic 
studies. 

A notable result of evolution is speciation, in which a single ancestral species splits and 
diversifies into multiple distinct new populations that are new species. There are several 
ways in which this occurs. Ultimately, all living (and extinct) species are descended from 
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a common ancestor via a long series of speciation events. These events stretch back in a 
diverse "tree of life" which has grown over the 3.5 billion years during which life has 
existed on Earth. This is visible in anatomical, genetic and other similarities between 
groups of organisms, geographical distribution of related species, the fossil record and the 
recorded genetic changes in living organisms over many generations. 

Evolutionary biologists document the fact that evolution occurs and also develop and test 
theories which explain its causes. The study of evolutionary biology began in the mid-
nineteenth century, when research into the fossil record and the diversity of living 
organisms convinced most scientists that species changed over time. The mechanism 
driving these changes remained unclear until the theory of natural selection was 
independently proposed by Charles Darwin and Alfred Wallace. In 1859, Darwin's 
seminal work On the Origin of Species brought the new theory of evolution by natural 
selection to a wide audience, leading to the overwhelming acceptance of evolution among 
scientists. 

In the 1930s, Darwinian natural selection became understood in combination with 
Mendelian inheritance, forming the modern evolutionary synthesis, which connected the 
substrate of evolution (inherited genetics) and the mechanism of evolution (natural 
selection). This powerful explanatory and predictive theory has become the central 
organizing principle of modern biology, directing research and providing a unifying 
explanation for the history and diversity of life on Earth. Evolution is applied and studied 
in fields as diverse as agriculture, anthropology, conservation biology, ecology, medicine, 
paleontology, philosophy and psychology along with other specific topics in the previous 
listed fields. 

Heredity 

 
 
DNA structure. Bases are in the center, surrounded by phosphate–sugar chains in a 
double helix. 
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Evolution in organisms occurs through changes in heritable traits – particular 
characteristics of an organism. In humans, for example, eye colour is an inherited 
characteristic and an individual might inherit the "brown-eye trait" from one of their 
parents. Inherited traits are controlled by genes and the complete set of genes within an 
organism's genome is called its genotype. 

The complete set of observable traits that make up the structure and behaviour of an 
organism is called its phenotype. These traits come from the interaction of its genotype 
with the environment. As a result, many aspects of an organism's phenotype are not 
inherited. For example, suntanned skin comes from the interaction between a person's 
genotype and sunlight; thus, suntans are not passed on to people's children. However, 
some people tan more easily than others, due to differences in their genotype; a striking 
example are people with the inherited trait of albinism, who do not tan at all and are very 
sensitive to sunburn. 

Heritable traits are known to be passed from one generation to the next via DNA, a 
molecule that encodes genetic information. DNA is a long polymer composed of four 
types of bases. The sequence of bases along a particular DNA molecule specify the 
genetic information, in a manner similar to a sequence of letters spelling out a sentence. 
Before a cell divides, the DNA is copied, so that each of the resulting two cells will 
inherit the DNA sequence. 

Portions of a DNA molecule that specify a single functional unit are called genes; 
different genes have different sequences of bases. Within cells, the long strands of DNA 
form condensed structures called chromosomes. The specific location of a DNA sequence 
within a chromosome is known as a locus. If the DNA sequence at a locus varies between 
individuals, the different forms of this sequence are called alleles. DNA sequences can 
change through mutations, producing new alleles. If a mutation occurs within a gene, the 
new allele may affect the trait that the gene controls, altering the phenotype of the 
organism. 

However, while this simple correspondence between an allele and a trait works in some 
cases, most traits are more complex and are controlled by multiple interacting genes. The 
study of such complex traits is a major area of current genetic research. Another unsolved 
question in genetics is whether or not epigenetics is important in evolution. Epigenetics is 
when a trait is inherited without there being any change in gene sequences. 

Variation 

An individual organism's phenotype results from both its genotype and the influence 
from the environment it has lived in. A substantial part of the variation in phenotypes in a 
population is caused by the differences between their genotypes. The modern 
evolutionary synthesis defines evolution as the change over time in this genetic variation. 
The frequency of one particular allele will fluctuate, becoming more or less prevalent 
relative to other forms of that gene. Evolutionary forces act by driving these changes in 
allele frequency in one direction or another. Variation disappears when a new allele 
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reaches the point of fixation — when it either disappears from the population or replaces 
the ancestral allele entirely. 

Variation comes from mutations in genetic material, migration between populations 
(gene flow) and the reshuffling of genes through sexual reproduction. Variation also 
comes from exchanges of genes between different species; for example, through 
horizontal gene transfer in bacteria and hybridisation in plants. Despite the constant 
introduction of variation through these processes, most of the genome of a species is 
identical in all individuals of that species. However, even relatively small changes in 
genotype can lead to dramatic changes in phenotype: for example, chimpanzees and 
humans differ in only about 5% of their genomes. 

Mutation 

 
 

Duplication of part of a chromosome 

Random mutations constantly occur in the genomes of organisms; these mutations create 
genetic variation. Mutations are changes in the DNA sequence of a cell's genome and are 
caused by radiation, viruses, transposons and mutagenic chemicals, as well as errors that 
occur during meiosis or DNA replication. These mutations involve several different types 
of change in DNA sequences; these can either have no effect, alter the product of a gene, 
or prevent the gene from functioning. Studies in the fly Drosophila melanogaster suggest 
that if a mutation changes a protein produced by a gene, this will probably be harmful, 
with about 70 percent of these mutations having damaging effects and the remainder 
being either neutral or weakly beneficial. 
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Due to the damaging effects that mutations can have on cells, organisms have evolved 
mechanisms such as DNA repair to remove mutations. Therefore, the optimal mutation 
rate for a species is a trade-off between costs of a high mutation rate, such as deleterious 
mutations and the metabolic costs of maintaining systems to reduce the mutation rate, 
such as DNA repair enzymes. Viruses that use RNA as their genetic material have rapid 
mutation rates, which can be an advantage since these viruses will evolve constantly and 
rapidly and thus evade the defensive responses of e.g. the human immune system. 

Mutations can involve large sections of a chromosome becoming duplicated (usually by 
genetic recombination), which can introduce extra copies of a gene into a genome. Extra 
copies of genes are a major source of the raw material needed for new genes to evolve. 
This is important because most new genes evolve within gene families from pre-existing 
genes that share common ancestors. For example, the human eye uses four genes to make 
structures that sense light: three for colour vision and one for night vision; all four are 
descended from a single ancestral gene. 

New genes can be created from an ancestral gene when a duplicate copy mutates and 
acquires a new function. This process is easier once a gene has been duplicated because it 
increases the redundancy of the system; one gene in the pair can acquire a new function 
while the other copy continues to perform its original function. Other types of mutation 
can even create entirely new genes from previously noncoding DNA. 

The creation of new genes can also involve small parts of several genes being duplicated, 
with these fragments then recombining to form new combinations with new functions. 
When new genes are assembled from shuffling pre-existing parts, domains act as 
modules with simple independent functions, which can be mixed together creating new 
combinations with new and complex functions. For example, polyketide synthases are 
large enzymes that make antibiotics; they contain up to one hundred independent 
domains that each catalyze one step in the overall process, like a step in an assembly line. 

Changes in chromosome number may involve even larger mutations, where segments of 
the DNA within chromosomes break and then rearrange. For example, two chromosomes 
in the Homo genus fused to produce human chromosome 2; this fusion did not occur in 
the lineage of the other apes and they retain these separate chromosomes. In evolution, 
the most important role of such chromosomal rearrangements may be to accelerate the 
divergence of a population into new species by making populations less likely to 
interbreed and thereby preserving genetic differences between these populations. 

Sequences of DNA that can move about the genome, such as transposons, make up a 
major fraction of the genetic material of plants and animals and may have been important 
in the evolution of genomes. For example, more than a million copies of the Alu 
sequence are present in the human genome and these sequences have now been recruited 
to perform functions such as regulating gene expression. Another effect of these mobile 
DNA sequences is that when they move within a genome, they can mutate or delete 
existing genes and thereby produce genetic diversity. 
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Sex and recombination 

In asexual organisms, genes are inherited together, or linked, as they cannot mix with 
genes of other organisms during reproduction. In contrast, the offspring of sexual 
organisms contain random mixtures of their parents' chromosomes that are produced 
through independent assortment. In a related process called homologous recombination, 
sexual organisms exchange DNA between two matching chromosomes. Recombination 
and reassortment do not alter allele frequencies, but instead change which alleles are 
associated with each other, producing offspring with new combinations of alleles. Sex 
usually increases genetic variation and may increase the rate of evolution. However, 
asexuality is advantageous in some environments as it can evolve in previously sexual 
animals. Here, asexuality might allow the two sets of alleles in their genome to diverge 
and gain different functions. 

Recombination allows even alleles that are close together in a strand of DNA to be 
inherited independently. However, the rate of recombination is low (approximately two 
events per chromosome per generation). As a result, genes close together on a 
chromosome may not always be shuffled away from each other and genes that are close 
together tend to be inherited together, a phenomenon known as linkage. This tendency is 
measured by finding how often two alleles occur together on a single chromosome, which 
is called their linkage disequilibrium. A set of alleles that is usually inherited in a group is 
called a haplotype. This can be important when one allele in a particular haplotype is 
strongly beneficial: natural selection can drive a selective sweep that will also cause the 
other alleles in the haplotype to become more common in the population; this effect is 
called genetic hitchhiking. 

When alleles cannot be separated by recombination – such as in mammalian Y 
chromosomes, which pass intact from fathers to sons – harmful mutations accumulate. By 
breaking up allele combinations, sexual reproduction allows the removal of harmful 
mutations and the retention of beneficial mutations. In addition, recombination and 
reassortment can produce individuals with new and advantageous gene combinations. 
These positive effects are balanced by the fact that sex reduces an organism's 
reproductive rate, can cause mutations and may separate beneficial combinations of 
genes. The reasons for the evolution of sexual reproduction are therefore unclear and this 
question is still an active area of research in evolutionary biology, that has prompted 
ideas such as the Red Queen hypothesis. 
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Population genetics 

 
 

White peppered moth 
 

 
 

Black morph in peppered moth evolution 
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From a genetic viewpoint, evolution is a generation-to-generation change in the 
frequencies of alleles within a population that shares a common gene pool. A population 
is a localised group of individuals belonging to the same species. For example, all of the 
moths of the same species living in an isolated forest represent a population. A single 
gene in this population may have several alternate forms, which account for variations 
between the phenotypes of the organisms. An example might be a gene for colouration in 
moths that has two alleles: black and white. 

A gene pool is the complete set of alleles for a gene in a single population; the allele 
frequency measures the fraction of the gene pool composed of a single allele (for 
example, what fraction of moth colouration genes are the black allele). Evolution occurs 
when there are changes in the frequencies of alleles within a population of interbreeding 
organisms; for example, the allele for black colour in a population of moths becoming 
more common. 

To understand the mechanisms that cause a population to evolve, it is useful to consider 
what conditions are required for a population not to evolve. The Hardy-Weinberg 
principle states that the frequencies of alleles (variations in a gene) in a sufficiently large 
population will remain constant if the only forces acting on that population are the 
random reshuffling of alleles during the formation of the sperm or egg and the random 
combination of the alleles in these sex cells during fertilisation. Such a population is said 
to be in Hardy-Weinberg equilibrium; it is not evolving. 

Gene flow 

 
 
When they mature, male lions leave the pride where they were born and take over a new 
pride to mate, causing gene flow between prides. 
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Gene flow is the exchange of genes between populations, which are usually of the same 
species. Examples of gene flow within a species include the migration and then breeding 
of organisms, or the exchange of pollen. Gene transfer between species includes the 
formation of hybrid organisms and horizontal gene transfer. 

Migration into or out of a population can change allele frequencies, as well as introducing 
genetic variation into a population. Immigration may add new genetic material to the 
established gene pool of a population. Conversely, emigration may remove genetic 
material. As barriers to reproduction between two diverging populations are required for 
the populations to become new species, gene flow may slow this process by spreading 
genetic differences between the populations. Gene flow is hindered by mountain ranges, 
oceans and deserts or even man-made structures such as the Great Wall of China, which 
has hindered the flow of plant genes. 

Depending on how far two species have diverged since their most recent common 
ancestor, it may still be possible for them to produce offspring, as with horses and 
donkeys mating to produce mules. Such hybrids are generally infertile, due to the two 
different sets of chromosomes being unable to pair up during meiosis. In this case, 
closely related species may regularly interbreed, but hybrids will be selected against and 
the species will remain distinct. However, viable hybrids are occasionally formed and 
these new species can either have properties intermediate between their parent species, or 
possess a totally new phenotype. The importance of hybridisation in creating new species 
of animals is unclear, although cases have been seen in many types of animals, with the 
gray tree frog being a particularly well-studied example. 

Hybridisation is, however, an important means of speciation in plants, since polyploidy 
(having more than two copies of each chromosome) is tolerated in plants more readily 
than in animals. Polyploidy is important in hybrids as it allows reproduction, with the two 
different sets of chromosomes each being able to pair with an identical partner during 
meiosis. Polyploids also have more genetic diversity, which allows them to avoid 
inbreeding depression in small populations. 

Horizontal gene transfer is the transfer of genetic material from one organism to another 
organism that is not its offspring; this is most common among bacteria. In medicine, this 
contributes to the spread of antibiotic resistance, as when one bacteria acquires resistance 
genes it can rapidly transfer them to other species. Horizontal transfer of genes from 
bacteria to eukaryotes such as the yeast Saccharomyces cerevisiae and the adzuki bean 
beetle Callosobruchus chinensis may also have occurred. An example of larger-scale 
transfers are the eukaryotic bdelloid rotifers, which appear to have received a range of 
genes from bacteria, fungi and plants. Viruses can also carry DNA between organisms, 
allowing transfer of genes even across biological domains. Large-scale gene transfer has 
also occurred between the ancestors of eukaryotic cells and prokaryotes, during the 
acquisition of chloroplasts and mitochondria. 
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Mechanisms 

The two main mechanisms that produce evolution are natural selection and genetic drift. 
Natural selection is the process which favors genes that aid survival and reproduction. 
Genetic drift is the random change in the frequency of alleles, caused by the random 
sampling of a generation's genes during reproduction. The relative importance of natural 
selection and genetic drift in a population varies depending on the strength of the 
selection and the effective population size, which is the number of individuals capable of 
breeding. Natural selection usually predominates in large populations, whereas genetic 
drift dominates in small populations. The dominance of genetic drift in small populations 
can even lead to the fixation of slightly deleterious mutations. As a result, changing 
population size can dramatically influence the course of evolution. Population 
bottlenecks, where the population shrinks temporarily and therefore loses genetic 
variation, result in a more uniform population. 

Natural selection 

 
 

Natural selection of a population for dark colouration 

Natural selection is the process by which genetic mutations that enhance reproduction 
become and remain, more common in successive generations of a population. It has often 
been called a "self-evident" mechanism because it necessarily follows from three simple 
facts: 

• Heritable variation exists within populations of organisms. 
• Organisms produce more offspring than can survive. 
• These offspring vary in their ability to survive and reproduce. 

These conditions produce competition between organisms for survival and reproduction. 
Consequently, organisms with traits that give them an advantage over their competitors 
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pass these advantageous traits on, while traits that do not confer an advantage are not 
passed on to the next generation. 

The central concept of natural selection is the evolutionary fitness of an organism. Fitness 
is measured by an organism's ability to survive and reproduce, which determines the size 
of its genetic contribution to the next generation. However, fitness is not the same as the 
total number of offspring: instead fitness is indicated by the proportion of subsequent 
generations that carry an organism's genes. For example, if an organism could survive 
well and reproduce rapidly, but its offspring were all too small and weak to survive, this 
organism would make little genetic contribution to future generations and would thus 
have low fitness. 

If an allele increases fitness more than the other alleles of that gene, then with each 
generation this allele will become more common within the population. These traits are 
said to be "selected for". Examples of traits that can increase fitness are enhanced 
survival and increased fecundity. Conversely, the lower fitness caused by having a less 
beneficial or deleterious allele results in this allele becoming rarer — they are "selected 
against". Importantly, the fitness of an allele is not a fixed characteristic; if the 
environment changes, previously neutral or harmful traits may become beneficial and 
previously beneficial traits become harmful. However, even if the direction of selection 
does reverse in this way, traits that were lost in the past may not re-evolve in an identical 
form. 
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A chart showing three types of selection. 1.Disruptive selection 2.Stabilizing selection 
3.Directional selection 

Natural selection within a population for a trait that can vary across a range of values, 
such as height, can be categorised into three different types. The first is directional 
selection, which is a shift in the average value of a trait over time — for example, 
organisms slowly getting taller. Secondly, disruptive selection is selection for extreme 
trait values and often results in two different values becoming most common, with 
selection against the average value. This would be when either short or tall organisms had 
an advantage, but not those of medium height. Finally, in stabilizing selection there is 
selection against extreme trait values on both ends, which causes a decrease in variance 
around the average value and less diversity. This would, for example, cause organisms to 
slowly become all the same height. 

A special case of natural selection is sexual selection, which is selection for any trait that 
increases mating success by increasing the attractiveness of an organism to potential 
mates. Traits that evolved through sexual selection are particularly prominent in males of 
some animal species, despite traits such as cumbersome antlers, mating calls or bright 
colours that attract predators, decreasing the survival of individual males. This survival 
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disadvantage is balanced by higher reproductive success in males that show these hard to 
fake, sexually selected traits. 

Natural selection most generally makes nature the measure against which individuals and 
individual traits, are more or less likely to survive. "Nature" in this sense refers to an 
ecosystem, that is, a system in which organisms interact with every other element, 
physical as well as biological, in their local environment. Eugene Odum, a founder of 
ecology, defined an ecosystem as: "Any unit that includes all of the organisms...in a 
given area interacting with the physical environment so that a flow of energy leads to 
clearly defined trophic structure, biotic diversity and material cycles (ie: exchange of 
materials between living and nonliving parts) within the system." Each population within 
an ecosystem occupies a distinct niche, or position, with distinct relationships to other 
parts of the system. These relationships involve the life history of the organism, its 
position in the food chain and its geographic range. This broad understanding of nature 
enables scientists to delineate specific forces which, together, comprise natural selection. 

An active area of research is the unit of selection, with natural selection being proposed 
to work at the level of genes, cells, individual organisms, groups of organisms and 
species. None of these are mutually exclusive and selection can act on multiple levels 
simultaneously. An example of selection occurring below the level of the individual 
organism are genes called transposons, which can replicate and spread throughout a 
genome. Selection at a level above the individual, such as group selection, may allow the 
evolution of co-operation, as discussed below. 

Genetic drift 

 
 
Simulation of genetic drift of 20 unlinked alleles in populations of 10 (top) and 100 
(bottom). Drift to fixation is more rapid in the smaller population. 
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Genetic drift is the change in allele frequency from one generation to the next that occurs 
because alleles in offspring are a random sample of those in the parents, as well as from 
the role that chance plays in determining whether a given individual will survive and 
reproduce. In mathematical terms, alleles are subject to sampling error. As a result, when 
selective forces are absent or relatively weak, allele frequencies tend to "drift" upward or 
downward randomly (in a random walk). This drift halts when an allele eventually 
becomes fixed, either by disappearing from the population, or replacing the other alleles 
entirely. Genetic drift may therefore eliminate some alleles from a population due to 
chance alone. Even in the absence of selective forces, genetic drift can cause two separate 
populations that began with the same genetic structure to drift apart into two divergent 
populations with different sets of alleles. 

The time for an allele to become fixed by genetic drift depends on population size, with 
fixation occurring more rapidly in smaller populations. The precise measure of 
population that is important is called the effective population size. The effective 
population is always smaller than the total population since it takes into account factors 
such as the level of inbreeding, the number of animals that are too old or young to breed 
and the lower probability of animals that live far apart managing to mate with each other. 

An example of when genetic drift is probably of central importance in determining a trait 
is the loss of pigments from animals that live in caves, a change that produces no obvious 
advantage or disadvantage in complete darkness. However, it is usually difficult to 
measure the relative importance of selection and drift, so the comparative importance of 
these two forces in driving evolutionary change is an area of current research. These 
investigations were prompted by the neutral theory of molecular evolution, which 
proposed that most evolutionary changes are the result of the fixation of neutral 
mutations that do not have any immediate effects on the fitness of an organism. Hence, in 
this model, most genetic changes in a population are the result of constant mutation 
pressure and genetic drift. This form of the neutral theory is now largely abandoned, 
since it does not seem to fit the genetic variation seen in nature. However, a more recent 
and better-supported version of this model is the nearly neutral theory, where most 
mutations only have small effects on fitness. 

Outcomes 

Evolution influences every aspect of the form and behaviour of organisms. Most 
prominent are the specific behavioral and physical adaptations that are the outcome of 
natural selection. These adaptations increase fitness by aiding activities such as finding 
food, avoiding predators or attracting mates. Organisms can also respond to selection by 
co-operating with each other, usually by aiding their relatives or engaging in mutually 
beneficial symbiosis. In the longer term, evolution produces new species through splitting 
ancestral populations of organisms into new groups that cannot or will not interbreed. 

These outcomes of evolution are sometimes divided into macroevolution, which is 
evolution that occurs at or above the level of species, such as extinction and speciation 
and microevolution, which is smaller evolutionary changes, such as adaptations, within a 
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species or population. In general, macroevolution is regarded as the outcome of long 
periods of microevolution. Thus, the distinction between micro- and macroevolution is 
not a fundamental one – the difference is simply the time involved. However, in 
macroevolution, the traits of the entire species may be important. For instance, a large 
amount of variation among individuals allows a species to rapidly adapt to new habitats, 
lessening the chance of it going extinct, while a wide geographic range increases the 
chance of speciation, by making it more likely that part of the population will become 
isolated. In this sense, microevolution and macroevolution might involve selection at 
different levels – with microevolution acting on genes and organisms, versus 
macroevolutionary processes such as species selection acting on entire species and 
affecting their rates of speciation and extinction. 

A common misconception is that evolution has goals or long-term plans; realistically 
however, evolution has no long-term goal and does not necessarily produce greater 
complexity. Although complex species have evolved, they occur as a side effect of the 
overall number of organisms increasing and simple forms of life still remain more 
common in the biosphere. For example, the overwhelming majority of species are 
microscopic prokaryotes, which form about half the world's biomass despite their small 
size and constitute the vast majority of Earth's biodiversity. Simple organisms have 
therefore been the dominant form of life on Earth throughout its history and continue to 
be the main form of life up to the present day, with complex life only appearing more 
diverse because it is more noticeable. Indeed, the evolution of microorganisms is 
particularly important to modern evolutionary research, since their rapid reproduction 
allows the study of experimental evolution and the observation of evolution and 
adaptation in real time. 

Adaptation 

Adaptation is one of the basic phenomena of biology and is the process whereby an 
organism becomes better suited to its habitat. Also, the term adaptation may refer to a 
trait that is important for an organism's survival. For example, the adaptation of horses' 
teeth to the grinding of grass, or the ability of horses to run fast and escape predators. By 
using the term adaptation for the evolutionary process and adaptive trait for the product 
(the bodily part or function), the two senses of the word may be distinguished. 
Adaptations are produced by natural selection. The following definitions are due to 
Theodosius Dobzhansky. 

1. Adaptation is the evolutionary process whereby an organism becomes better able to 
live in its habitat or habitats. 
2. Adaptedness is the state of being adapted: the degree to which an organism is able to 
live and reproduce in a given set of habitats. 
3. An adaptive trait is an aspect of the developmental pattern of the organism which 
enables or enhances the probability of that organism surviving and reproducing. 

Adaptation may cause either the gain of a new feature, or the loss of an ancestral feature. 
An example that shows both types of change is bacterial adaptation to antibiotic 
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selection, with genetic changes causing antibiotic resistance by both modifying the target 
of the drug, or increasing the activity of transporters that pump the drug out of the cell. 
Other striking examples are the bacteria Escherichia coli evolving the ability to use citric 
acid as a nutrient in a long-term laboratory experiment, Flavobacterium evolving a novel 
enzyme that allows these bacteria to grow on the by-products of nylon manufacturing and 
the soil bacterium Sphingobium evolving an entirely new metabolic pathway that 
degrades the synthetic pesticide pentachlorophenol. An interesting but still controversial 
idea is that some adaptations might increase the ability of organisms to generate genetic 
diversity and adapt by natural selection (increasing organisms' evolvability). 

 
 
A baleen whale skeleton, a and b label flipper bones, which were adapted from front leg 
bones: while c indicates vestigial leg bones, suggesting an adaptation from land to sea. 

Adaptation occurs through the gradual modification of existing structures. Consequently, 
structures with similar internal organisation may have different functions in related 
organisms. This is the result of a single ancestral structure being adapted to function in 
different ways. The bones within bat wings, for example, are very similar to those in mice 
feet and primate hands, due to the descent of all these structures from a common 
mammalian ancestor. However, since all living organisms are related to some extent, 
even organs that appear to have little or no structural similarity, such as arthropod, squid 
and vertebrate eyes, or the limbs and wings of arthropods and vertebrates, can depend on 
a common set of homologous genes that control their assembly and function; this is 
called deep homology. 

During adaptation, some structures may lose their original function and become vestigial 
structures. Such structures may have little or no function in a current species, yet have a 
clear function in ancestral species, or other closely related species. Examples include 
pseudogenes, the non-functional remains of eyes in blind cave-dwelling fish, wings in 
flightless birds and the presence of hip bones in whales and snakes. Examples of vestigial 
structures in humans include wisdom teeth, the coccyx, the vermiform appendix and 
other behavioral vestiges such as goose bumps and primitive reflexes. 

However, many traits that appear to be simple adaptations are in fact exaptations: 
structures originally adapted for one function, but which coincidentally became 
somewhat useful for some other function in the process. One example is the African 
lizard Holaspis guentheri, which developed an extremely flat head for hiding in crevices, 
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as can be seen by looking at its near relatives. However, in this species, the head has 
become so flattened that it assists in gliding from tree to tree—an exaptation. Within 
cells, molecular machines such as the bacterial flagella and protein sorting machinery 
evolved by the recruitment of several pre-existing proteins that previously had different 
functions. Another example is the recruitment of enzymes from glycolysis and xenobiotic 
metabolism to serve as structural proteins called crystallins within the lenses of 
organisms' eyes. 

A critical principle of ecology is that of competitive exclusion: no two species can 
occupy the same niche in the same environment for a long time. Consequently, natural 
selection will tend to force species to adapt to different ecological niches. This may mean 
that, for example, two species of cichlid fish adapt to live in different habitats, which will 
minimise the competition between them for food. 

An area of current investigation in evolutionary developmental biology is the 
developmental basis of adaptations and exaptations. This research addresses the origin 
and evolution of embryonic development and how modifications of development and 
developmental processes produce novel features. These studies have shown that 
evolution can alter development to create new structures, such as embryonic bone 
structures that develop into the jaw in other animals instead forming part of the middle 
ear in mammals. It is also possible for structures that have been lost in evolution to 
reappear due to changes in developmental genes, such as a mutation in chickens causing 
embryos to grow teeth similar to those of crocodiles. It is now becoming clear that most 
alterations in the form of organisms are due to changes in a small set of conserved genes. 
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Co-evolution 

 
 
Common garter snake (Thamnophis sirtalis sirtalis) which has evolved resistance to 
tetrodotoxin in its amphibian prey. 

Interactions between organisms can produce both conflict and co-operation. When the 
interaction is between pairs of species, such as a pathogen and a host, or a predator and 
its prey, these species can develop matched sets of adaptations. Here, the evolution of one 
species causes adaptations in a second species. These changes in the second species then, 
in turn, cause new adaptations in the first species. This cycle of selection and response is 
called co-evolution. An example is the production of tetrodotoxin in the rough-skinned 
newt and the evolution of tetrodotoxin resistance in its predator, the common garter 
snake. In this predator-prey pair, an evolutionary arms race has produced high levels of 
toxin in the newt and correspondingly high levels of toxin resistance in the snake. 

Co-operation 

However, not all interactions between species involve conflict. Many cases of mutually 
beneficial interactions have evolved. For instance, an extreme cooperation exists between 
plants and the mycorrhizal fungi that grow on their roots and aid the plant in absorbing 



_________________WORLD TECHNOLOGIES_________________

WT

nutrients from the soil. This is a reciprocal relationship as the plants provide the fungi 
with sugars from photosynthesis. Here, the fungi actually grow inside plant cells, 
allowing them to exchange nutrients with their hosts, while sending signals that suppress 
the plant immune system. 

Coalitions between organisms of the same species have also evolved. An extreme case is 
the eusociality found in social insects, such as bees, termites and ants, where sterile 
insects feed and guard the small number of organisms in a colony that are able to 
reproduce. On an even smaller scale, the somatic cells that make up the body of an 
animal limit their reproduction so they can maintain a stable organism, which then 
supports a small number of the animal's germ cells to produce offspring. Here, somatic 
cells respond to specific signals that instruct them whether to grow, remain as they are, or 
die. If cells ignore these signals and multiply inappropriately, their uncontrolled growth 
causes cancer. 

Such cooperation within species may have evolved through the process of kin selection, 
which is where one organism acts to help raise a relative's offspring. This activity is 
selected for because if the helping individual contains alleles which promote the helping 
activity, it is likely that its kin will also contain these alleles and thus those alleles will be 
passed on. Other processes that may promote cooperation include group selection, where 
cooperation provides benefits to a group of organisms. 

Speciation 

 
 

The four mechanisms of speciation 

Speciation is the process where a species diverges into two or more descendant species. 
Species are defined in two ways, taxonomically and categorically. Species are partitioned 
taxonmically into operational units for the practical application of framing evolutionary 
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hypotheses in systematics. Systematicists study and analyze the morphological or genetic 
characters from different lineages and use parsimonious methods, such as cladistics or 
other statistical means to locate the position of the taxon in the Linnean taxonomic 
hierachy or biological classification. These methods create evolutionary trees that are 
used to infer, illustrate, test, or explain evolutionary relations, historical patterns and 
phylogenetic transitions. "Systematics is one of the oldest scientific disciplines and, from 
its beginning, one of its central concepts has been the concept of species. Systematics can 
be characterized generally as the branch of science devoted to the study of the different 
kinds of organisms (biological diversity, in contemporary terms) and the term 'species' is 
Latin for 'kind.'" When a new species is discovered a type specimen and holotype 
specimens are usually deposited into a recognized or accredited academic institution, 
such as a museum, that serves as a taxonomic reference point. 

Species are also defined categorically by critical natural forces that best explain the 
evolutionary mechanisms that are responsible for the crossing of the speciation threshold, 
from one species into two. In this context, the exact definition of a "species" is still 
controversial, particularly in prokaryotes and this is called the species problem. 
Darwinian theory involves a shift away from viewing species as static ideal types, 
defined by the presence of a particular trait, to viewing them as populations with a history 
that requires more of a statistical approach for the analysis of multiple variable traits. 
There is much diversity in life and varied biological reasons for speciation, which has 
resulted in more than twenty different kinds of species concepts to facilitate the diverse 
modes, mechanisms and evolutionary processes. The concept that is used is a pragmatic 
choice that depends on the particularities of the species concerned. For example, some 
species concepts may apply more readily toward sexually reproducing organisms and 
some lend themselves better toward asexual organisms. The various concepts, however, 
can be placed into one of three general philosophical approaches: 1) the interbreeding, 2) 
the ecological and 3) the phylogenetic. The biological species concept (BSC) is a classic 
example of the interbreeding approach. Introduced by Ernst Mayr in 1942, the BSC states 
that "species are groups of actually or potentially interbreeding natural populations, 
which are reproductively isolated from other such groups". Despite its wide and long-
term use, the BSC like others is not without controversy. Some researchers have 
attempted a unifying monistic definition of species, while others adopt a pluralistic 
approach and suggest that there may be a variety of ways to logically interpret what a 
species is. 

Speciation has been observed multiple times under both controlled laboratory conditions 
and in nature. In sexually reproducing organisms, speciation results from reproductive 
isolation followed by genealogical divergence. There are four mechanisms for speciation. 
The most common in animals is allopatric speciation, which occurs in populations 
initially isolated geographically, such as by habitat fragmentation or migration. Selection 
under these conditions can produce very rapid changes in the appearance and behaviour 
of organisms. As selection and drift act independently on populations isolated from the 
rest of their species, separation may eventually produce organisms that cannot interbreed. 
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The second mechanism of speciation is peripatric speciation, which occurs when small 
populations of organisms become isolated in a new environment. This differs from 
allopatric speciation in that the isolated populations are numerically much smaller than 
the parental population. Here, the founder effect causes rapid speciation through both 
rapid genetic drift and selection on a small gene pool. 

The third mechanism of speciation is parapatric speciation. This is similar to peripatric 
speciation in that a small population enters a new habitat, but differs in that there is no 
physical separation between these two populations. Instead, speciation results from the 
evolution of mechanisms that reduce gene flow between the two populations. Generally 
this occurs when there has been a drastic change in the environment within the parental 
species' habitat. One example is the grass Anthoxanthum odoratum, which can undergo 
parapatric speciation in response to localised metal pollution from mines. Here, plants 
evolve that have resistance to high levels of metals in the soil. Selection against 
interbreeding with the metal-sensitive parental population produced a gradual change in 
the flowering time of the metal-resistant plants, which eventually produced complete 
reproductive isolation. Selection against hybrids between the two populations may cause 
reinforcement, which is the evolution of traits that promote mating within a species, as 
well as character displacement, which is when two species become more distinct in 
appearance. 

 
 
Geographical isolation of finches on the Galápagos Islands produced over a dozen new 
species. 

Finally, in sympatric speciation species diverge without geographic isolation or changes 
in habitat. This form is rare since even a small amount of gene flow may remove genetic 
differences between parts of a population. Generally, sympatric speciation in animals 
requires the evolution of both genetic differences and non-random mating, to allow 
reproductive isolation to evolve. 

One type of sympatric speciation involves cross-breeding of two related species to 
produce a new hybrid species. This is not common in animals as animal hybrids are 
usually sterile. This is because during meiosis the homologous chromosomes from each 
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parent are from different species and cannot successfully pair. However, it is more 
common in plants because plants often double their number of chromosomes, to form 
polyploids. This allows the chromosomes from each parental species to form matching 
pairs during meiosis, since each parent's chromosomes are represented by a pair already. 
An example of such a speciation event is when the plant species Arabidopsis thaliana and 
Arabidopsis arenosa cross-bred to give the new species Arabidopsis suecica. This 
happened about 20,000 years ago and the speciation process has been repeated in the 
laboratory, which allows the study of the genetic mechanisms involved in this process. 
Indeed, chromosome doubling within a species may be a common cause of reproductive 
isolation, as half the doubled chromosomes will be unmatched when breeding with 
undoubled organisms. 

Speciation events are important in the theory of punctuated equilibrium, which accounts 
for the pattern in the fossil record of short "bursts" of evolution interspersed with 
relatively long periods of stasis, where species remain relatively unchanged. In this 
theory, speciation and rapid evolution are linked, with natural selection and genetic drift 
acting most strongly on organisms undergoing speciation in novel habitats or small 
populations. As a result, the periods of stasis in the fossil record correspond to the 
parental population and the organisms undergoing speciation and rapid evolution are 
found in small populations or geographically restricted habitats and therefore rarely being 
preserved as fossils. 

Extinction 

 
 
Tyrannosaurus rex. Non-avian dinosaurs died out in the Cretaceous–Tertiary extinction 
event at the end of the Cretaceous period. 
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Extinction is the disappearance of an entire species. Extinction is not an unusual event, as 
species regularly appear through speciation and disappear through extinction. Nearly all 
animal and plant species that have lived on Earth are now extinct and extinction appears 
to be the ultimate fate of all species. These extinctions have happened continuously 
throughout the history of life, although the rate of extinction spikes in occasional mass 
extinction events. The Cretaceous–Tertiary extinction event, during which the non-avian 
dinosaurs went extinct, is the most well-known, but the earlier Permian–Triassic 
extinction event was even more severe, with approximately 96 percent of species driven 
to extinction. The Holocene extinction event is an ongoing mass extinction associated 
with humanity's expansion across the globe over the past few thousand years. Present-day 
extinction rates are 100–1000 times greater than the background rate and up to 30 percent 
of species may be extinct by the mid 21st century. Human activities are now the primary 
cause of the ongoing extinction event; global warming may further accelerate it in the 
future. 

The role of extinction in evolution is not very well understood and may depend on which 
type of extinction is considered. The causes of the continuous "low-level" extinction 
events, which form the majority of extinctions, may be the result of competition between 
species for limited resources (competitive exclusion). If one species can out-compete 
another, this could produce species selection, with the fitter species surviving and the 
other species being driven to extinction. The intermittent mass extinctions are also 
important, but instead of acting as a selective force, they drastically reduce diversity in a 
nonspecific manner and promote bursts of rapid evolution and speciation in survivors. 

Evolutionary history of life 

Origin of life 

The origin of life is a necessary precursor for biological evolution, but understanding that 
evolution occurred once organisms appeared and investigating how this happens does not 
depend on understanding exactly how life began. The current scientific consensus is that 
the complex biochemistry that makes up life came from simpler chemical reactions, but it 
is unclear how this occurred. Not much is certain about the earliest developments in life, 
the structure of the first living things, or the identity and nature of any last universal 
common ancestor or ancestral gene pool. Consequently, there is no scientific consensus 
on how life began, but proposals include self-replicating molecules such as RNA and the 
assembly of simple cells. 
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Common descent 

 
 

The hominoids are descendants of a common ancestor 

All organisms on Earth are descended from a common ancestor or ancestral gene pool. 
Current species are a stage in the process of evolution, with their diversity the product of 
a long series of speciation and extinction events. The common descent of organisms was 
first deduced from four simple facts about organisms: First, they have geographic 
distributions that cannot be explained by local adaptation. Second, the diversity of life is 
not a set of completely unique organisms, but organisms that share morphological 
similarities. Third, vestigial traits with no clear purpose resemble functional ancestral 
traits and finally, that organisms can be classified using these similarities into a hierarchy 
of nested groups – similar to a family tree. However, modern research has suggested that, 
due to horizontal gene transfer, this "tree of life" may be more complicated than a simple 
branching tree since some genes have spread independently between distantly related 
species. 

Past species have also left records of their evolutionary history. Fossils, along with the 
comparative anatomy of present-day organisms, constitute the morphological, or 
anatomical, record. By comparing the anatomies of both modern and extinct species, 
paleontologists can infer the lineages of those species. However, this approach is most 
successful for organisms that had hard body parts, such as shells, bones or teeth. Further, 
as prokaryotes such as bacteria and archaea share a limited set of common morphologies, 
their fossils do not provide information on their ancestry. 

More recently, evidence for common descent has come from the study of biochemical 
similarities between organisms. For example, all living cells use the same basic set of 
nucleotides and amino acids. The development of molecular genetics has revealed the 
record of evolution left in organisms' genomes: dating when species diverged through the 
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molecular clock produced by mutations. For example, these DNA sequence comparisons 
have revealed that humans and chimpanzees share 96% of their genomes and analyzing 
the few areas where they differ helps shed light on when the common ancestor of these 
species existed. 

Evolution of life 

 
 
Evolutionary tree showing the divergence of modern species from their common ancestor 
in the center. The three domains are coloured, with bacteria blue, archaea green and 
eukaryotes red. 

Despite the uncertainty on how life began, it is generally accepted that prokaryotes 
inhabited the Earth from approximately 3–4 billion years ago. No obvious changes in 
morphology or cellular organisation occurred in these organisms over the next few billion 
years. 

The eukaryotes were the next major change in cell structure. These came from ancient 
bacteria being engulfed by the ancestors of eukaryotic cells, in a cooperative association 
called endosymbiosis. The engulfed bacteria and the host cell then underwent co-
evolution, with the bacteria evolving into either mitochondria or hydrogenosomes. An 
independent second engulfment of cyanobacterial-like organisms led to the formation of 
chloroplasts in algae and plants. It is unknown when the first eukaryotic cells appeared 
though they first emerged between 1.6 – 2.7 billion years ago. 

The history of life was that of the unicellular eukaryotes, prokaryotes and archaea until 
about 610 million years ago when multicellular organisms began to appear in the oceans 
in the Ediacaran period. The evolution of multicellularity occurred in multiple 
independent events, in organisms as diverse as sponges, brown algae, cyanobacteria, 
slime moulds and myxobacteria. 

Soon after the emergence of these first multicellular organisms, a remarkable amount of 
biological diversity appeared over approximately 10 million years, in an event called the 
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Cambrian explosion. Here, the majority of types of modern animals appeared in the fossil 
record, as well as unique lineages that subsequently became extinct. Various triggers for 
the Cambrian explosion have been proposed, including the accumulation of oxygen in the 
atmosphere from photosynthesis. 

About 500 million years ago, plants and fungi colonised the land and were soon followed 
by arthropods and other animals. Insects were particularly successful and even today 
make up the majority of animal species. Amphibians first appeared around 300 million 
years ago, followed by early amniotes, then mammals around 200 million years ago and 
birds around 100 million years ago (both from "reptile"-like lineages). However, despite 
the evolution of these large animals, smaller organisms similar to the types that evolved 
early in this process continue to be highly successful and dominate the Earth, with the 
majority of both biomass and species being prokaryotes. 

Applications 

Evolutionary biology and in particular the understanding of how organisms evolve 
through natural selection, is an area of science with many practical applications. A major 
technological application of evolution is artificial selection, which is the intentional 
selection of certain traits in a population of organisms. Humans have used artificial 
selection for thousands of years in the domestication of plants and animals. More 
recently, such selection has become a vital part of genetic engineering, with selectable 
markers such as antibiotic resistance genes being used to manipulate DNA in molecular 
biology. It is also possible to use repeated rounds of mutation and selection to evolve 
proteins with particular properties, such as modified enzymes or new antibodies, in a 
process called directed evolution. 

Understanding the changes that have occurred during organism's evolution can reveal the 
genes needed to construct parts of the body, genes which may be involved in human 
genetic disorders. For example, the Mexican tetra is an albino cavefish that lost its 
eyesight during evolution. Breeding together different populations of this blind fish 
produced some offspring with functional eyes, since different mutations had occurred in 
the isolated populations that had evolved in different caves. This helped identify genes 
required for vision and pigmentation, such as crystallins and the melanocortin 1 receptor. 
Similarly, comparing the genome of the Antarctic icefish, which lacks red blood cells, to 
close relatives such as the Antarctic rockcod revealed genes needed to make these blood 
cells. 

As evolution can produce highly optimised processes and networks, it has many 
applications in computer science. Here, simulations of evolution using evolutionary 
algorithms and artificial life started with the work of Nils Aall Barricelli in the 1960s and 
was extended by Alex Fraser, who published a series of papers on simulation of artificial 
selection. Artificial evolution became a widely recognised optimisation method as a 
result of the work of Ingo Rechenberg in the 1960s and early 1970s, who used evolution 
strategies to solve complex engineering problems. Genetic algorithms in particular 
became popular through the writing of John Holland. As academic interest grew, 
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dramatic increases in the power of computers allowed practical applications, including 
the automatic evolution of computer programs. Evolutionary algorithms are now used to 
solve multi-dimensional problems more efficiently than software produced by human 
designers and also to optimise the design of systems. 

Social and cultural responses 

 
 
As evolution became widely accepted in the 1870s, caricatures of Charles Darwin with an 
ape or monkey body symbolised evolution. 

In the 19th century, particularly after the publication of On the Origin of Species in 1859, 
the idea that life had evolved was an active source of academic debate centered on the 
philosophical, social and religious implications of evolution. Nowadays, the fact that 
organisms evolve is uncontested in the scientific literature and the modern evolutionary 
synthesis is widely accepted by scientists. However, evolution remains a contentious 
concept for some theists. 
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While various religions and denominations have reconciled their beliefs with evolution 
through concepts such as theistic evolution, there are creationists who believe that 
evolution is contradicted by the creation myths found in their respective religions and 
who raise various objections to evolution. As had been demonstrated by responses to the 
publication of Vestiges of the Natural History of Creation in 1844, the most controversial 
aspect of evolutionary biology is the implication of human evolution that human mental 
and moral faculties, which had been thought purely spiritual, are not distinctly separated 
from those of other animals. In some countries—notably the United States—these 
tensions between science and religion have fueled the current creation-evolution 
controversy, a religious conflict focusing on politics and public education. While other 
scientific fields such as cosmology and Earth science also conflict with literal 
interpretations of many religious texts, evolutionary biology experiences significantly 
more opposition from religious literalists. 

The teaching of evolution in American secondary school biology classes was uncommon 
in most of the first half of the 20th century. The Scopes Trial decision of 1925 caused the 
subject to become very rare in American secondary biology textbooks for a generation, 
but it was gradually re-introduced about a generation later and legally protected with the 
1968 Epperson v. Arkansas decision. Since then, the competing religious belief of 
creationism was legally disallowed in secondary school curricula in various decisions in 
the 1970s and 1980s, but it returned in the form of intelligent design, to be excluded once 
again in the 2005 Kitzmiller v. Dover Area School District case. 

Another example somewhat associated with evolutionary theory that is now widely 
regarded as unwarranted is "Social Darwinism", a derogatory term associated with the 
19th century Malthusian theory developed by Whig philosopher Herbert Spencer. It was 
later expanded by others into ideas about "survival of the fittest" in commerce and human 
societies as a whole and led to claims that social inequality, sexism, racism and 
imperialism were justified. However, these ideas contradict Darwin's own views and 
contemporary scientists and philosophers consider these ideas to be neither mandated by 
evolutionary theory nor supported by data. 
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Chapter- 4 

Habitat Destruction 

 

 

 
 
The Chaco thorn forest is being felled at a rate considered among the highest in the world 
to give way to soybean cultivation. 
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Habitat destruction is the process in which natural habitat is rendered functionally 
unable to support the species present. In this process, the organisms which previously 
used the site are displaced or destroyed, reducing biodiversity. Habitat destruction by 
human activity mainly for the purpose of harvesting natural resources for industry 
production and urbanization. Clearing habitats for agriculture is the principal cause of 
habitat destruction. Other important causes of habitat destruction include mining, 
logging, trawling and urban sprawl. Habitat destruction is currently ranked as the most 
important cause of species extinction worldwide. It is a process of natural environmental 
change that may be caused by habitat fragmentation, geological processes, climate 
change or by human activities such as the introduction of invasive species, ecosystem 
nutrient depletion and other human activities mentioned below. 

The terms "loss of habitat" and "habitat reduction" are also used in a wider sense 
including loss of habitat from other factors, such as water and noise pollution. 

Impacts on organisms 

In the simplest terms, when a habitat is destroyed, the plants, animals and other 
organisms that occupied the habitat have a reduced carrying capacity so that populations 
decline and extinction becomes more likely. Perhaps the greatest threat to organisms and 
biodiversity is the process of habitat loss. Temple (1986) found that 82% of endangered 
bird species were significantly threatened by habitat loss. Endemic organisms that obtains 
limited ranges are most affected by habitat destruction, mainly because these organisms 
are not found anywhere else within the world and thus, have less chance of recovering. 
This is also contributed by that many endemic organisms obtains very specific 
requirements for their survival that perhaps can only be found within a certain ecosystem, 
resulting in their extinction. Habitat destruction can also decrease the range of certain 
organism populations. This can result in the reduction of genetic diversity and perhaps 
the production of infertile youths, as these organisms would have a higher possibility of 
mating with related organisms within their population, or different species. 
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Geography 

 
 
Satellite photograph of deforestation in Bolivia. Originally dry tropical forest, the land is 
being cleared for soybean cultivation. 

Biodiversity hotspots are chiefly tropical regions that feature high concentrations of 
endemic species and, when all hotspots are combined, may contain over half of the 
world’s terrestrial species. These hotspots are suffering from habitat loss and destruction. 
Most of the natural habitat on islands and in areas of high human population density has 
already been destroyed (WRI, 2003). Islands suffering extreme habitat destruction 
include New Zealand, Madagascar, the Philippines and Japan. South and east Asia—
especially China, India, Malaysia, Indonesia and Japan—and many areas in West Africa 
have extremely dense human populations that allow little room for natural habitat. 
Marine areas close to highly populated coastal cities also face degradation of their coral 
reefs or other marine habitat. These areas include the eastern coasts of Asia and Africa, 
northern coasts of South America and the Caribbean Sea and its associated islands. 

Regions of unsustainable agriculture or unstable governments, which may go hand-in-
hand, typically experience high rates of habitat destruction. Central America, Sub-
Saharan Africa and the Amazonian tropical rainforest areas of South America are the 
main regions with unsustainable agricultural practices or government mismanagement. 

Areas of high agricultural output tend to have the highest extent of habitat destruction. In 
the U.S., less than 25% of native vegetation remains in many parts of the East and 
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Midwest. Only 15% of land area remains unmodified by human activities in all of 
Europe. 

Ecosystems 

 
 

Jungle burned for agriculture in southern Mexico 

Tropical rainforests have received most of the attention concerning the destruction of 
habitat. From the approximately 16 million square kilometers of tropical rainforest 
habitat that originally existed worldwide, less than 9 million square kilometers remain 
today. The current rate of deforestation is 160,000 square kilometers per year, which 
equates to a loss of approximately 1% of original forest habitat each year. 

Other forest ecosystems have suffered as much or more destruction as tropical 
rainforests. Farming and logging have severely disturbed at least 94% of temperate 
broadleaf forests; many old growth forest stands have lost more than 98% of their 
previous area because of human activities. Tropical deciduous dry forests are easier to 
clear and burn and are more suitable for agriculture and cattle ranching than tropical 
rainforests; consequently, less than 0.1% of dry forests in Central America's Pacific Coast 
and less than 8% in Madagascar remain from their original extents. 
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Farmers near newly cleared land within Taman Nasional Kerinci Seblat (Kerinci Seblat 
National Park), Sumatra. 

Plains and desert areas have been degraded to a lesser extent. Only 10-20% of the world's 
drylands, which include temperate grasslands, savannas and shrublands, scrub and 
deciduous forests, have been somewhat degraded. But included in that 10-20% of land is 
the approximately 9 million square kilometers of seasonally dry-lands that humans have 
converted to deserts through the process of desertification. The tallgrass prairies of North 
America, on the other hand, have less than 3% of natural habitat remaining that has not 
been converted to farmland. 

Wetlands and marine areas have endured high levels of habitat destruction. More than 
50% of wetlands in the U.S. have been destroyed in just the last 200 years. Between 60% 
and 70% of European wetlands have been completely destroyed. About one-fifth (20%) 
of marine coastal areas have been highly modified by humans. One-fifth of coral reefs 
have also been destroyed and another fifth has been severely degraded by overfishing, 
pollution and invasive species; 90% of the Philippines’ coral reefs alone have been 
destroyed. Finally, over 35% mangrove ecosystems worldwide have been destroyed. 
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Natural Causes 

Habitat destruction through natural processes such as volcanism, fire and climate change 
is well documented in the fossil record. One study shows that habitat fragmentation of 
tropical rainforests in Euramerica 300 million years ago led to a great loss of amphibian 
diversity, but simultaneously the drier climate spurred on a burst of diversity among 
reptiles. It should be noted that these changes took place gradually over million of years, 
not quickly like the destruction of tropical rainforests today. 

Human Causes 

 
 

Deforestation and roads in Amazonia, the Amazon Rainforest 

Habitat destruction caused by humans includes conversion of land to agriculture, urban 
sprawl, infrastructure development and other anthropogenic changes to the characteristics 
of land. Habitat degradation, fragmentation and pollution are aspects of habitat 
destruction caused by humans that do not necessarily involve overt destruction of habitat, 
yet result in habitat collapse. Desertification, deforestation and coral reef degradation are 
specific types of habitat destruction for those areas (deserts, forests, coral reefs). 
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Geist and Lambin (2002) assessed 152 case studies of net losses of tropical forest cover 
to determine any patterns in the proximate and underlying causes of tropical 
deforestation. Their results, yielded as percentages of the case studies in which each 
parameter was a significant factor, provide a quantitative prioritization of which 
proximate and underlying causes were the most significant. The proximate causes were 
clustered into broad categories of agricultural expansion (96%), infrastructure expansion 
(72%) and wood extraction (67%). Therefore, according to this study, forest conversion 
to agriculture is the main land use change responsible for tropical deforestation. The 
specific categories reveal further insight into the specific causes of tropical deforestation: 
transport extension (64%), commercial wood extraction (52%), permanent cultivation 
(48%), cattle ranching (46%), shifting (slash and burn) cultivation (41%), subsistence 
agriculture (40%) and fuel wood extraction for domestic use (28%). One result is that 
shifting cultivation is not the primary cause of deforestation in all world regions, while 
transport extension (including the construction of new roads) is the largest single 
proximate factor responsible for deforestation. 

Drivers 

 
 

Nanjing Road in Shanghai 
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While the above-mentioned activities are the proximal or direct causes of habitat 
destruction in that they actually destroy habitat, this still does not identify why humans 
destroy habitat. The forces that cause humans to destroy habitat are known as drivers of 
habitat destruction. Demographic, economic, sociopolitical, scientific and technological 
and cultural drivers all contribute to habitat destruction. 

Demographic drivers include the expanding human population; rate of population 
increase over time; spatial distribution of people in a given area (urban versus rural), 
ecosystem type and country; and the combined effects of poverty, age, family planning, 
gender and education status of people in certain areas. Most of the exponential human 
population growth worldwide is occurring in or close to biodiversity hotspots. This may 
explain why human population density accounts for 87.9% of the variation in numbers of 
threatened species across 114 countries, providing indisputable evidence that people play 
the largest role in decreasing biodiversity. The boom in human population and migration 
of people into such species-rich regions are making conservation efforts not only more 
urgent but also more likely to conflict with local human interests. The high local 
population density in such areas is directly correlated to the poverty status of the local 
people, most of whom lack an education and family planning. 

From the Geist and Lambin (2002) study described in the previous section, the 
underlying driving forces were prioritized as follows (with the percent of the 152 cases 
the factor played a significant role in): economic factors (81%), institutional or policy 
factors (78%), technological factors (70%), cultural or socio-political factors (66%) and 
demographic factors (61%). The main economic factors included commercialization and 
growth of timber markets (68%), which are driven by national and international demands; 
urban industrial growth (38%); low domestic costs for land, labor, fuel and timber (32%); 
and increases in product prices mainly for cash crops (25%). Institutional and policy 
factors included formal pro-deforestation policies on land development (40%), economic 
growth including colonization and infrastructure improvement (34%) and subsidies for 
land-based activities (26%); property rights and land-tenure insecurity (44%); and policy 
failures such as corruption, lawlessness, or mismanagement (42%). The main 
technological factor was the poor application of technology in the wood industry (45%), 
which leads to wasteful logging practices. Within the broad category of cultural and 
sociopolitical factors are public attitudes and values (63%), individual/household 
behavior (53%), public unconcern toward forest environments (43%), missing basic 
values (36%) and unconcern by individuals (32%). Demographic factors were the in-
migration of colonizing settlers into sparsely populated forest areas (38%) and growing 
population density—a result of the first factor—in those areas (25%). 

There are also feedbacks and interactions among the proximate and underlying causes of 
deforestation that can amplify the process. Road construction has the largest feedback 
effect, because it interacts with—and leads to—the establishment of new settlements and 
more people, which causes a growth in wood (logging) and food markets. Growth in 
these markets, in turn, progresses the commercialization of agriculture and logging 
industries. When these industries become commercialized, they must become more 
efficient by utilizing larger or more modern machinery that often are worse on the habitat 
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than traditional farming and logging methods. Either way, more land is cleared more 
rapidly for commercial markets. This common feedback example manifests just how 
closely related the proximate and underlying causes are to each other. 

Impact on human population 

 
 
The draining and development of coastal wetlands that previously protected the Gulf 
Coast contributed to severe flooding in New Orleans, Louisiana in the aftermath of 
Hurricane Katrina. 

Habitat destruction vastly increases an area's vulnerability to natural disasters like flood 
and drought, crop failure, spread of disease and water contamination. On the other hand, 
a healthy ecosystem with good management practices will reduce the chance of these 
events happening, or will at least mitigate adverse impacts. 
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Agricultural land can actually suffer from the destruction of the surrounding landscape. 
Over the past 50 years, the destruction of habitat surrounding agricultural land has 
degraded approximately 40% of agricultural land worldwide via erosion, salinization, 
compaction, nutrient depletion, pollution and urbanization. Humans also lose direct uses 
of natural habitat when habitat is destroyed. Aesthetic uses such as birdwatching, 
recreational uses like hunting and fishing and ecotourism usually rely upon virtually 
undisturbed habitat. Many people value the complexity of the natural world and are 
disturbed by the loss of natural habitats and animal or plant species worldwide. 

Probably the most profound impact that habitat destruction has on people is the loss of 
many valuable ecosystem services. Habitat destruction has altered nitrogen, phosphorus, 
sulfur and carbon cycles, which has increased the frequency and severity of acid rain, 
algal blooms and fish kills in rivers and oceans and contributed tremendously to global 
climate change. One ecosystem service whose significance is becoming more realized is 
climate regulation. On a local scale, trees provide windbreaks and shade; on a regional 
scale, plant transpiration recycles rainwater and maintains constant annual rainfall; on a 
global scale, plants (especially trees from tropical rainforests) from around the world 
counter the accumulation of greenhouse gases in the atmosphere by sequestering carbon 
dioxide through photosynthesis. Other ecosystem services that are diminished or lost 
altogether as a result of habitat destruction include watershed management, nitrogen 
fixation, oxygen production, pollination, waste treatment (i.e., the breaking down and 
immobilization of toxic pollutants) and nutrient recycling of sewage or agricultural 
runoff. 

The loss of trees from the tropical rainforests alone represents a substantial diminishing 
of the earth’s ability to produce oxygen and use up carbon dioxide. These services are 
becoming even more important as increasing carbon dioxide levels is one of the main 
contributors to global climate change. 

The loss of biodiversity may not directly affect humans, but the indirect effects of losing 
many species as well as the diversity of ecosystems in general are enormous. When 
biodiversity is lost, the environment loses many species that provide valuable and unique 
roles to the ecosystem. The environment and all its inhabitants rely on biodiversity to 
recover from extreme environmental conditions. When too much biodiversity is lost, a 
catastrophic event such as an earthquake, flood, or volcanic eruption could cause an 
ecosystem to crash and humans would obviously suffer from that. Loss of biodiversity 
also means that humans are losing animals that could have served as biological control 
agents and plants that could potentially provide higher-yielding crop varieties, 
pharmaceutical drugs to cure existing or future diseases or cancer and new resistant crop 
varieties for agricultural species susceptible to pesticide-resistant insects or virulent 
strains of fungi, viruses and bacteria. 

The negative effects of habitat destruction usually impact rural populations more directly 
than urban populations. Across the globe, poor people suffer the most when natural 
habitat is destroyed, because less natural habitat means less natural resources per capita, 
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yet wealthier people and countries simply have to pay more to continue to receive more 
than their per capita share of natural resources. 

Another way to view the negative effects of habitat destruction is to look at the 
opportunity cost of keeping an area undisturbed. In other words, what are people losing 
out on by taking away a given habitat? A country may increase its food supply by 
converting forest land to row-crop agriculture, but the value of the same land may be 
much larger when it can supply natural resources or services such as clean water, timber, 
ecotourism, or flood regulation and drought control. 

Outlook 

The rapid expansion of the global human population is increasing the world’s food 
requirement substantially. Simple logic instructs that more people will require more food. 
In fact, as the world’s population increases dramatically, agricultural output will need to 
increase by at least 50%, over the next 30 years. In the past, continually moving to new 
land and soils provided a boost in food production to appease the global food demand. 
That easy fix will no longer be available, however, as more than 98% of all land suitable 
for agriculture is already in use or degraded beyond repair. 

The impending global food crisis will be a major source of habitat destruction. 
Commercial farmers are going to become desperate to produce more food from the same 
amount of land, so they will use more fertilizers and less concern for the environment to 
meet the market demand. Others will seek out new land or will convert other land-uses to 
agriculture. Agricultural intensification will become widespread at the cost of the 
environment and its inhabitants. Species will be pushed out of their habitat either directly 
by habitat destruction or indirectly by fragmentation, degradation, or pollution. Any 
efforts to protect the world’s remaining natural habitat and biodiversity will compete 
directly with humans’ growing demand for natural resources, especially new agricultural 
lands. 
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Solutions 

 
 
Chelonia mydas on a Hawaiian coral reef. Although the endangered species is protected, 
habitat loss from human development is a major reason for the loss of green turtle nesting 
beaches. 

In most cases of tropical deforestation, three to four underlying causes are driving two to 
three proximate causes. This means that a universal policy for controlling tropical 
deforestation would not be able to address the unique combination of proximate and 
underlying causes of deforestation in each country. Before any local, national, or 
international deforestation policies are written and enforced, governmental leaders must 
acquire a detailed understanding of the complex combination of proximate causes and 
underlying driving forces of deforestation in a given area or country. This concept, along 
with many other results about tropical deforestation from the Geist and Lambin study, 
can easily be applied to habitat destruction in general. Governmental leaders need to take 
action by addressing the underlying driving forces, rather than merely regulating the 
proximate causes. In a broader sense, governmental bodies at a local, national and 
international scale need to emphasize the following: 

1. Considering the many irreplaceable ecosystem services provided by natural 
habitats, 

2. Protecting remaining intact sections of natural habitat, 
3. Educating the public about the importance of natural habitat and biodiversity, 
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4. Developing family planning programs in areas of rapid population growth, 
5. Finding ways to increase agricultural output than simply increasing the total land 

in production, 
6. Preserving habitat corridors to minimize prior damage from fragmented habitats. 
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Chapter- 5 

Introduced Species 

 

 

 
 
Sweet clover (Melilotus sp.), introduced and naturalized to the U.S. from Eurasia as a 
forage and cover crop. 

An introduced, neozoon, alien, exoti, non-indigenous, or non-native species, or simply 
an introduction, is a species living outside its native distributional range, which has 
arrived there by human activity, either deliberate or accidental. Some introduced species 
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are damaging to the ecosystem they are introduced into, others have no negative effect 
and can, in fact, be beneficial both to humans-as an alternative to pesticides in agriculture 
for example-and to Ecosystems-as in New Zealand where introduced species of flora 
from North America have been shown to increase Biodiversity and Bioproductivity. A 
list of introduced species is given in a separate article. Introduced species and their 
effects on natural environments is a controversial subject and one that has gained much 
scrutiny by scientists, governments, farmers and others. 

Terminology 

The terminology associated with introduced species is presently in flux for a variety of 
reasons. Other terms that are used sometimes interchangeably (having the same or similar 
meanings) with introduced are acclimatized, adventive, naturalized, immigrant and 
xenobiotic. Nonetheless, distinctions can and should be made between some of these 
terms. 

In the broadest and most widely used sense, an introduced species is synonymous with 
non-native and therefore applies as well to most garden and farm organisms; these 
adequately fit the basic definition given above. However, some sources add to that basic 
definition: "...and are now reproducing in the wild", which removes from consideration as 
introduced all of those species raised or grown in gardens or farms that do not survive 
without tending by people. With respect to plants, these latter are in this case defined as 
either ornamental or cultivated plants. 

The following definition from the United States Environmental Protection Agency, 
although perhaps lacking ecological sophistication, is more typical: introduced species 
are .."[s]pecies that have become able to survive and reproduce outside the habitats where 
they evolved or spread naturally". However, introduction of a species outside its native 
range is often all that is required to be qualified as an "introduced species" such that one 
can distinguish between introduced species that may only occur in cultivation, under 
domestication or captivity whereas other become established outside their native range 
and reproduce without human assistance. Such species might be termed "naturalized", 
"established", "wild non-native species", or "invasive". The transition from introduction, 
to establishment and invasion has been described by in the context of plants. Introduced 
species are essentially "non-native" species. Invasive species are those introduced species 
that spread-widely or quickly and cause harm, be that to the environment, human health, 
other valued resources or the economy. There have been calls from scientists to consider 
a species "invasive" only in terms of their spread and reproduction rather than the harm 
they may cause. 

An invasive species is one that has been introduced and become a pest in its new 
location, spreading (invading) by natural means. The term is used to imply both a sense 
of urgency and actual or potential harm. For example, U.S. Executive Order 13112 
(1999) defines "invasive species" as "an alien species whose introduction does or is likely 
to cause economic or environmental harm or harm to human health". 
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Although some argue that "invasive" is a loaded word and harm is difficult to define, the 
fact of the matter is that organisms have and continue to be introduced to areas where 
they are not native, sometimes with, usually without, much regard to the harm that could 
result. 

From a regulatory perspective, it is neither desirable nor practical to simply list as 
undesirable or outright ban all non-native species (although the State of Hawaii has 
adopted an approach that comes close to this). Regulations require a definitional 
distinction between non-natives that are deemed especially onerous and all others. 
Introduced pest species that are officially listed as invasive, best fit the definition of an 
invasive species. 

In Great Britain the Wildlife and Countryside Act 1981 prevents the introduction of any 
animal not naturally occurring in the wild and also any of a list of both animals or plants 
which have been introduced previously and have proved to be invasive. 

Table of terms related to "Introduced Species" 

NATIVE NON-NATIVE 
INTRODUCED (broad definition) 

INDIGENOUS 
or ENDEMIC 

CULTIVATED 
and 
LIVESTOCK 

Established in the wild 
INTRODUCED 
(narrow definition) 
INVASIVE 
(pest) 

All others 
not listed* 

*Not listed in any "official" source as a pest species 

Nature of introductions 

By definition, a species is considered “introduced” when its transport into an area outside 
of its native range is human mediated. Introductions by humans can be described as either 
intentional or accidental. Intentional introductions have been motivated by individuals or 
groups who believe that the newly introduced species will be in some way beneficial to 
humans in its new location herrera. Unintentional or accidental introductions are most 
often a byproduct of human movements and are thus unbound to human motivations. 
Subsequent range expansion of introduced species may or may not involve human 
activity. 

Intentional introductions 

Species that humans intentionally transport to new regions can subsequently become 
successfully established in two ways. In the first case, organisms are purposely released 
for establishment in the wild. It is sometimes difficult to predict whether a species will 
become established upon release and if not initially successful, humans have made 
repeated introductions to improve the probability that the species will survive and 



_________________WORLD TECHNOLOGIES_________________

WT

eventually reproduce in the wild. In these cases it is clear that the introduction is directly 
facilitated by human desires. 

In the second case, species intentionally transported into a new region may escape from 
captive or cultivated populations and subsequently establish independent breeding 
populations. Escaped organisms are included in this category because their initial 
transport to a new region is human motivated. 

Perhaps the most common motivation for introducing a species into a new place is that of 
economic gain. Examples of species introduced for the purposes of benefiting agriculture, 
aquaculture or other economic activities are widespread. Eurasian carp was first 
introduced to the United States as a potential food source. The apple snail was released in 
Southeast Asia with the intent that it be used as a protein source and subsequently to 
places like Hawaiʻi to establish a food industry. In Alaska, foxes were introduced to 
many islands to create new populations for the fur trade. The timber industry promoted 
the introduction of Monterey Pine (Pinus radiata) from California to Australia and New 
Zealand as a commercial timber crop. These examples represent only a small subsample 
of species that have been moved by humans for economic interests. 

Introductions have also been important in supporting recreation activities or otherwise 
increasing human enjoyment. Numerous fish and game animals have been introduced for 
the purposes of sport fishing and hunting. The introduced amphibian (Ambystoma 
tigrinum) that threatens the endemic California salamander (Ambystoma californiense) 
was introduced to California as a source of bait for fishermen. Pet animals have also been 
frequently transported into new areas by humans and their escapes have resulted in 
several successful introductions, such as those of feral cats and parrots. 

Many plants have been introduced with the intent of aesthetically improving public 
recreation areas or private properties. The introduced Norway Maple for example 
occupies a prominent status in many of Canada's parks. The transport of ornamental 
plants for landscaping use has and continues to be a source of many introductions. Some 
of these species have escaped horticultural control and become invasive. Notable 
examples include water hyacinth, salt cedar and purple loosestrife. 

In other cases, species have been translocated for reasons of “cultural nostalgia,” which 
refers to instances in which humans who have migrated to new regions have intentionally 
brought with them familiar organisms. Famous examples include the introduction of 
starlings to North America by Englishman Eugene Schieffelin, a lover of the works of 
Shakespeare, who, it is rumoured, wanted to introduce all of the birds mentioned in 
Shakespeare's plays into the United States. He deliberately released eighty starlings into 
Central Park in New York City in 1890 and another forty in 1891. Yet another prominent 
example is the introduction of the European rabbit to Australia by one Thomas Austin, a 
British landowner who had the rabbits released on his estate in Victoria because he 
missed hunting them. A more recent example is the introduction of the wall lizard to 
North America by a Cincinnati boy, George Rau, around 1950 after a family vacation to 
Italy. 
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Intentional introductions have also been undertaken with the aim of ameliorating 
environmental problems. A number of fast spreading plants such as Garlic Mustard and 
kudzu have been introduced as a means of erosion control. Other species have been 
introduced as biological control agents to control invasive species and involves the 
purposeful introduction of a natural enemy of the target species with the intention of 
reducing its numbers or controlling its spread. 

A special case of introduction is the reintroduction of a species that has become locally 
endangered or extinct, done in the interests of conservation. Examples of successful 
reintroductions include wolves to Yellowstone National Park in the U.S. and the Red kite 
to parts of England and Scotland. Introductions or translocations of species have also 
been proposed in the interest of genetic conservation, which advocates the introduction of 
new individuals into genetically depauperate populations of endangered or threatened 
species. 

The above examples highlight the intent of humans to introduce species as a means of 
incurring some benefit. While these benefits have in some cases been realized, 
introductions have also resulted in unforeseen costs, particularly when introduced species 
take on characteristics of invasive species. 

Non-native species can become such a common part of an environment, culture and even 
diet that little thought is given to their geographic origin. For example, soybeans, kiwi 
fruit, wheat and all livestock except the llama, American Bison and the turkey are non-
native species to North America. Collectively, non-native crops and livestock comprise 
98% of US food. These and other benefits from non-natives are so vast that, according to 
the Congressional Research Service, they probably exceed the costs. 

Accidental introductions 

Unintentional introductions occur when species are transported by human vectors. For 
example, three species of rat (the Black, Norway and Polynesian) have spread to most of 
the world as hitchhikers on ships. There are also numerous examples of marine organisms 
being transported in ballast water, one being the zebra mussel. Over 200 species have 
been introduced to the San Francisco Bay in this manner making it the most heavily 
invaded estuary in the world. Increasing rates of human travel are providing accelerating 
opportunities for species to be accidentally transported into areas in which they are not 
considered native. There is also the accidental release of the Africanized honey bees 
(AHB), known colloquially as "killer bees" or Africanized bee to Brazil in 1957 and the 
Asian carps to the United States. 

Introduced plants 

Many non-native plants have been introduced into new territories, initially as either 
ornamental plants or for erosion control, stock feed, or forestry. Whether an exotic will 
become an invasive species is seldom understood in the beginning and many non-native 
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ornamentals languish in the trade for years before suddenly naturalizing and becoming 
invasive. 

Peaches, for example, originated in China and have been carried to much of the populated 
world. Tomatoes are native to the Andes. Squash (pumpkins), maize(corn) and tobacco 
are native to the Americas, but were introduced to the Old World. Many introduced 
species require continued human intervention to survive in the new environment. Others 
may become feral, but do not seriously compete with natives, but simply increase the 
biodiversity of the area. 

Dandelions are also introduced species to North America. 

A very troublesome marine species in southern Europe is the seaweed Caulerpa taxifolia. 
Caulerpa was first observed in the Mediterranean Sea in 1984, off the coast of Monaco. 
By 1997, it had covered some 50 km². It has a strong potential to overgrow natural 
biotopes and represents a major risk for sublittoral ecosystems. The origin of the alga in 
the Mediterranean was thought to be either as a migration through the Suez Canal from 
the Red Sea, or as an accidental introduction from an aquarium. 

Japanese knotweed grows profusely in many nations. Human beings introduced it into 
many places in the 19th century. It is a source of resveratrol, a dietary supplement. 

Introduced animals 

 
 
Male Lophura nycthemera (Silver Pheasant), a native of East Asia that has been 
introduced into parts of Europe for ornamental reasons. 

Examples of introduced animals include the gypsy moth in eastern North America, the 
zebra mussel and alewife in the Great Lakes, the Canada Goose and Gray Squirrel in 
Europe, the Muskrat in Europe and Asia, the Cane Toad and Red fox in Australia, Nutria 
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in North America, Eurasia and Africa and the Common Brushtail Possum in New 
Zealand. 

Most commonly introduced species 

Some species, such as the Brown Rat, House Sparrow, Ring-necked Pheasant and 
European Starling, have been introduced very widely. In addition there are some 
agricultural and pet species that frequently become feral; these include rabbits, dogs, 
goats, fish, pigs and cats. 

Invasive exotic diseases 

History is rife with the spread of exotic diseases, such as the introduction of smallpox 
into the indigenous peoples of the Americas by the Spanish, where it obliterated entire 
populations of indigenous civilizations before they were ever even seen by Europeans. 

Problematic exotic disease introductions in the past century or so include the chestnut 
blight which has almost eliminated the American Chestnut tree from its forest habitat and 
Dutch elm disease, which has severely reduced the American Elm trees in forests and 
cities. 

Introduced species on Islands 

Perhaps the best place to study problems associated with introduced species is on islands. 
Depending upon the isolation (how far an island is located from continental biotas), 
native island biological communities may be poorly adapted to the threat posed by exotic 
introductions. Often this can mean that no natural predator of an introduced species is 
present and the non-native spreads uncontrollably into open or occupied niche. 

An additional problem is that birds native to small islands may have become flightless 
because of the absence of predators prior to introductions and cannot readily escape 
danger. The tendency of rails in particular to evolve flightless forms on islands has led to 
the disproportionate number of extinctions in that family. 

The field of island restoration has developed as a field of conservation biology and 
ecological restoration, a great deal of which deals with the eradication of introduced 
species. 

New Zealand 

In New Zealand the largest commercial crop is Pinus radiata, the native Californian 
Monterey Pine tree, which grows as well in New Zealand as in California. However, the 
pine forests are also occupied by deer from North America and Europe and by possums 
from Australia. All are exotic species and all have thrived in the New Zealand 
environment. The pines are seen as beneficial while the deer and possums are regarded as 
serious pests. 
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Common gorse, originally a hedge plant in Scotland, was introduced to New Zealand for 
the same purpose. Like the Monterey pine, it has shown a favour to its new climate. It is, 
however, regarded as a noxious plant which threatens to obliterate native plants in much 
of the country and is hence routinely eradicated, though it can also provide a nursery 
environment for native plants to reestablish themselves. 

Rabbits, introduced as a food source by sailors in the 1800s, have become a severe 
nuisance to farmers, notably in South Island. The myxomatosis virus was illegally 
imported and illegally released but it had little lasting effect upon the rabbit population 
other than to make it more resistant to the virus. 

Rats, brought either by the Māori (the first humans to arrive in New Zealand) or later by 
Europeans, have had a devastating effect upon the native birdlife, particularly as many 
New Zealand birds are flightless. Feral cats and dogs which were originally brought as 
pets are also known to kill large numbers of birds. A recent (2006) study in South Island 
has shown that even domestic cats with a ready supply of food from their owners may kill 
hundreds of birds in a year, including natives. 

Sparrows, which were brought to control insects upon the introduced grain crops, have 
displaced native birds as have Rainbow Lorikeets and cockatoos (both from Australia) 
which fly free around areas west of Auckland City such as the Waitakere Ranges. 

In much of the New Zealand the Australian black swan has effectively eliminated the 
existence of the previously introduced mute swan. 

Two notable varieties of spiders have also been introduced: the white tail spider and the 
Red Back spider. Both may have arrived inside shipments of fruit. Prior to this the only 
spider (and the only poisonous animal) dangerous to humans was the native katipo which 
is very similar to the Red Back and which is known to successfully interbreed with the 
more aggressive Australian variety. 

Genetic pollution 

Purebred naturally evolved region specific wild species can be threatened with extinction 
in a big way through the process of genetic pollution i.e. uncontrolled hybridization, 
introgression and genetic swamping which leads to homogenization or replacement of 
local genotypes as a result of either a numerical and/or fitness advantage of introduced 
plant or animal. Nonnative species can bring about a form of extinction of native plants 
and animals by hybridization and introgression either through purposeful introduction by 
humans or through habitat modification, bringing previously isolated species into contact. 
These phenomena can be especially detrimental for rare species coming into contact with 
more abundant ones where the abundant ones can interbreed with them swamping the 
entire rarer gene pool creating hybrids thus driving the entire original purebred native 
stock to complete extinction. Attention has to be focused on the extent of this under 
appreciated problem that is not always apparent from morphological (outward 
appearance) observations alone. Some degree of gene flow may be a normal, 
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evolutionarily constructive process and all constellations of genes and genotypes cannot 
be preserved however, hybridization with or without introgression may, nevertheless, 
threaten a rare species' existence. 
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Chapter- 6 

Invasive Species 

 

 

 
 
Kudzu, a Japanese vine species invasive in the southeast United States, growing in 
Atlanta, Georgia 

"Invasive species", or invasive exotics, is a nomenclature term and categorization 
phrase used for flora and fauna and for specific restoration-preservation processes in 
native habitats, with several definitions. 

• The first definition, the most used, applies to non-indigenous species, or "non-
native", plants or animals that adversely affect the habitats and bioregions they 
invade economically, environmentally and/or ecologically. They disrupt by 
dominating a region, wilderness areas, particular habitats and/or wildland-urban 
interface land from loss of natural controls (i.e.: predators or herbivores). This 
includes non-native invasive plant species labeled as exotic pest plants and 
invasive exotics, in restoration parlance, growing in native plant communities. It 
has been used in this sense by government organizations as well as conservation 
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groups such as the International Union for Conservation of Nature (IUCN) and 
the California Native Plant Society. The European Union defines "Invasive Alien 
Species" as those that are, firstly, outside their natural distribution area and 
secondly, threaten biological diversity. It is also used by land managers, botanists, 
researchers, horticulturalists, conservationists and the public for noxious weeds. 
The kudzu vine (Pueraria lobata) andean Pampas grass (Cortaderia jubata) and 
yellow starthistle (Centaurea solstitialis) are examples. 

• The second definition includes the first, but broadens the boundaries to include 
indigenous or native species, with the non-native ones, that disrupt by a dominant 
colonization of a particular habitat or wildlands area from loss of natural controls 
(i.e.: predators or herbivores). Deer are an example, considered to be 
overpopulating their native zones and adjacent suburban gardens, by some in the 
Northeastern and Pacific Coast regions of the United States. 

• The third definition identifies invasive species as a widespread nonindigenous 
species. This one can be too broad, as not every nonindigenous or "introduced" 
species has an adverse effect on a nonindigenous environment. A nonadverse 
example is the common goldfish (Carassius auratus), though common outside its 
native range globally, it is rarely in harmful densities to a native habitat. 

Because of the variability of its definition, the phrase invasive species is often criticized 
as an imprecise term for the scientific field of ecology. 

Conditions that lead to invasion 

Scientists propose several mechanisms to explain invasive species, including species-
based mechanisms and ecosystem-based mechanisms. It is most likely a combination of 
several mechanisms that cause an invasive situation to occur, since most introduced 
plants, biotic and animals do not become invasive. 

Species-based mechanisms 

Species-based characteristics focus on competition. While all species compete to survive, 
invasive species appear to have specific traits or combinations of specific traits that allow 
them to outcompete native species. Sometimes they just have the ability to grow and 
reproduce more rapidly than native species; other times it is more complex, involving a 
multiplex of traits and interactions. 

Studies seem to indicate certain traits mark a species as potentially invasive. One study 
found that of a list of invasive and noninvasive species, 86% of the invasive species could 
be identified from the traits alone. Another study found invasive species tended only to 
have a small subset of the invasive traits and that many of these invasive traits were 
found in noninvasive species, as well indicating that invasiveness involves complex 
interaction not easily categorized. Common invasive species traits include: 
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• The ability to reproduce both asexually and sexually 
• Fast growth 
• Rapid reproduction 
• High dispersal ability 
• Phenotypic plasticity (the ability to alter one’s growth form to suit current 

conditions) 
• Tolerance of a wide range of environmental conditions (generalist) 
• Ability to live off of a wide range of food types (generalist) 
• Association with humans 
• Other successful invasions 

Typically an introduced species must survive at low population densities before it 
becomes invasive in a new location. At low population densities, it can be difficult for the 
introduced species to reproduce and maintain itself in a new location, so a species might 
be transported to a location a number of times before it becomes established. Repeated 
patterns of human movement from one location to another, such as ships sailing to and 
from ports or cars driving up and down highways, allow for species to have multiple 
opportunities for establishment (also known as a high propagule pressure). 

An introduced species might become invasive if it can outcompete native species for 
resources, such as nutrients, light, physical space, water or food. If these species evolved 
under great competition or predation, the new environment may allow them to proliferate 
quickly. Ecosystems in which all available resources are being used to their fullest 
capacity by native species can be modeled as zero-sum systems, where any gain for the 
invader is a loss for the native. However, such unilateral competitive superiority (and 
extinction of native species with increased populations of the invader) is not the rule. 
Invasive species often coexist with native species for an extended time and gradually the 
superior competitive ability of an invasive species becomes apparent as its population 
grows larger and denser and it adapts to its new location. 

 
 

Lantana growing in abandoned citrus plantation; Moshav Sdei Hemed, Israel 

An invasive species might be able to use resources previously unavailable to native 
species, such as deep water sources accessed by a long taproot, or an ability to live on 
previously uninhabited soil types. For example, barbed goatgrass (Aegilops triuncialis) 
was introduced to California on serpentine soils, which have low water-retention, low 
nutrient levels, a high Mg/Ca ratio and possible heavy metal toxicity. Plant populations 
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on these soils tend to show low density, but goatgrass can form dense stands on these 
soils, crowding out native species that have not adapted well to growing on serpentine 
soils. 

Facilitation is the mechanism by which some species can alter their environment using 
chemicals or manipulating abiotic factors, allowing the species to thrive, while making 
the environment less favorable to other species with which it competes. One such 
facilitative mechanism is allelopathy, also known as chemical competition or interference 
competition. In allelopathy, a plant will secrete chemicals which make the surrounding 
soil uninhabitable, or at least inhibitory, to competing species. 

Examples of this in Centaurea are Centaurea solstitialis (yellow starthistle) and 
Centaurea diffusa (diffuse knapweed). These Eastern European noxious weeds have 
spread their way through the western and West Coast states. Experiments show that 8-
hydroxyquinoline, a chemical produced at the root of C. diffusa, has a negative effect 
only on plants that have not co-evolved with C. diffusa. Such co-evolved native plants 
have also evolved defenses and C. diffusa and C. solstitialis do not appear in their native 
habitats to be overwhelmingly successful competitors. This shows how difficult it can be 
to predict if a species will be invasive just from evaluating its behavior in its native 
habitat and demonstrates the potential for novel weapons to aid in invasiveness. 

Changes in fire regimens are another form of facilitation. Bromus tectorum, originally 
from Eurasia, is highly fire-adapted. It not only spreads rapidly after burning, but also 
increases the frequency and intensity (heat) of fires, by providing large amounts of dry 
detritus during the dry fire season in western North America. In areas where it is 
widespread, it has altered the local fire regimen so much that native plants cannot survive 
the frequent fires, allowing B. tectorum to further extend and maintain dominance in its 
introduced range. 

Facilitation also occurs when one species physically modifies a habitat and that 
modification is advantageous to other species. For example, zebra mussels increase 
habitat complexity on lake floors, providing crevices in which invertebrates live. This 
increase in complexity, together with the nutrition provided by the waste products of 
mussel filter-feeding, increases the density and diversity of benthic invertebrate 
communities. 

Ecosystem-based mechanisms 

In ecosystems, the amount of available resources and the extent to which those resources 
are used by organisms determines the effects of additional species on the ecosystem. In 
stable ecosystems, equilibrium exists in the use of available resources. These mechanisms 
describe a situation in which the ecosystem has suffered a disturbance which changes the 
fundamental nature of the ecosystem. When changes occur in an ecosystem, like forest 
fires in an area, normal succession would favor certain native grasses and forbs. With the 
introduction of a species that can multiply and spread faster than the native species, the 
balance is changed and the resources that would have been used by the native species are 
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now used by an invader. This has an impact on the ecosystem and changes its 
composition of organisms and their use of available resources. Nitrogen and phosphorus 
are often the limiting factors in these situations. 

Every species has a role to play in its native ecosystem; some species fill large and varied 
roles, while others are highly specialized. These roles are known as niches. Some 
invading species are able to fill niches that are not used by native species and they also 
can create niches that did not exist. 

When changes occur to ecosystems, conditions change that impact the dynamics of 
species interaction and niche development. This can cause once rare species to replace 
other species, because they now can use greater available resources that did not exist 
before; an example would be the edge effect. The changes can favor the expansion of a 
species that would not have been able to colonize areas and niches that did not exist 
before. 

Ecology 

 
 

Monterey cypress 
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Although an invasive species is often defined as an introduced species that has spread 
widely and causes harm, some species native to a particular area can, under the influence 
of natural events, such as long-term rainfall changes or human modifications to the 
habitat, increase in numbers and become invasive. 

All species go through changes in population numbers, in many cases accompanied by 
expansion or contraction of range. Human alterations of the natural landscape are 
especially significant. This anthropogenic alteration of an environment may enable the 
expansion of a species into a geographical area where it had not been seen before and 
thus that species could be described as invasive. In essence, one must define "native" 
with care, as it refers to some natural geographic range of a species and is not coincident 
with human political boundaries. Whether noticed increases in population numbers and 
expanding geographical ranges is sufficient reason to regard a native species as 
"invasive" requires a broad definition of the term, but some native species in disrupted 
ecosystems can spread widely and cause harm and in that sense become invasive. For 
example, the Monterey cypress is an endangered endemic, naturally occurring only in 
two small stands in California. They are being exterminated as exotic invasive species 
less than 50 miles (80 km) from their native home. 

Traits of invaded ecosystems 

In 1958, Charles S. Elton argued ecosystems with higher species diversity were less 
subject to invasive species because of fewer available niches. Since then, other ecologists 
have pointed to highly diverse, but heavily invaded ecosystems and have argued 
ecosystems with high species diversity seem to be more susceptible to invasion. This 
debate seems largely to hinge on the spatial scale at which invasion studies are performed 
and the issue of how diversity affects community susceptibility to invasion remains 
unresolved. Small-scale studies tend to show a negative relationship between diversity 
and invasion, while large-scale studies tend to show a positive relationship. The latter 
result may be an artifact of invasive or non-native species capitalizing on increased 
resource availability and weaker overall species interactions that are more common when 
larger samples are considered. 
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The brown tree snake (Boiga irregularis) 

Invasion is more likely if an ecosystem is similar to the one in which the potential invader 
evolved. Island ecosystems may be prone to invasion because their species are “naïve” 
and have faced few strong competitors and predators throughout their existence, or 
because their distance from colonizing species populations makes them more likely to 
have “open” niches. An example of this phenomenon is the decimation of the native bird 
populations on Guam by the invasive brown tree snake. Alternately, invaded ecosystems 
may lack the natural competitors and predators that keep introduced species in check in 
their native ecosystems, a point that is also seen in the Guam example. Lastly, invaded 
ecosystems have often experienced disturbance, usually human-induced. This disturbance 
may give invasive species, which are not otherwise co-evolved with the ecosystem, a 
chance to establish themselves with less competition from more adapted species. 

Vectors 

Non-native species have many vectors, including many biogenic ones, but most species 
considered "invasive" are associated with human activity. Natural range extensions are 
common in many species, but the rate and magnitude of human-mediated extensions in 
these species tend to be much larger than natural extensions and the distances species can 
travel to colonize are also often much greater with human agency. 
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Chinese mitten crab (Eriocheir sinensis) 

One of the earliest human-influenced introductions involved prehistoric humans 
introducing the Pacific rat (Rattus exulans) to Polynesia. Today, non-native species come 
from horticultural plants either in the form of the plants themselves or animals and seeds 
carried with them and from animals and plants released through the pet trade. Invasive 
species also come from organisms stowed away on every type of transport vehicle. For 
example, ballast water taken up at sea and released in port is a major source of exotic 
marine life. The invasive freshwater zebra mussels, native to the Black, Caspian and 
Azov seas, were probably transported to the Great Lakes via ballast water from a 
transoceanic vessel. The arrival of invasive propagules to a new site is a function of the 
site's invasibility. 

Species have also been introduced intentionally. For example, to feel more "at home", 
American colonists formed "Acclimation Societies" that repeatedly released birds that 
were native to Europe until they finally established along the east coast of North 
America. In 2008, U.S. postal workers in Pennsylvania noticed noises coming from 
inside a box from Taiwan; the box contained more than two dozen live beetles. U.S. 
Customs and Border Protection sent the beetles to the Agricultural Research Service 
(ARS) to be expertly identified. The ARS entomologists identified them as rhinoceros 
beetle, hercules beetle and king stag beetle. Because these beetles are not native to the 
U.S., they could pose a threat to native ecosystems, agriculture and the environment. To 
prevent exotic species from becoming a problem in the U.S., special handling and permits 
are needed when insects and other living materials are shipped from foreign countries. 
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Programs such as Smuggling Interdiction and Trade Compliance (SITC) have also been 
set up by the USDA in an effort to prevent exotic species outbreaks in America. 

Economics play a major role in exotic species introduction. The scarcity and demand for 
the valuable Chinese mitten crab is one explanation for the possible intentional release of 
the species in foreign waters. 

Impacts of wildfire 

Invasive species often exploit disturbances to an ecosystem (wildfires, roads, foot trails) 
to colonize an area. Large wildfires are capable of sterilizing soils and removing any 
trace of life from their path, while adding a variety of nutrients to the soil. In the resulting 
ecological free-for-all, invasive species can easily dominate native plants and quickly 
become established. 

Many invasive plant species have the ability to regenerate from their roots. This means if 
a low intensity fire burns through an area and removes surface vegetation, native species 
will have to rely on seeds for propagation, while a well-established invasive species with 
intact roots can regrow as soon as the ecosystem recovers from the fire and often 
completely shade out any native vegetation. 

Impact of wildfire suppression on spreading 

Wildfires often occur in remote areas, requiring fire suppression crews to travel through 
pristine forest to reach the site. The crews can unwittingly be the bearers of invasive 
seeds. Should any of these stowaway seeds become established along the way, a new 
thriving concentration of invasive weeds can be present in as few as six weeks, at which 
point controlling the outbreak will require years of continued attention to prevent further 
spread. Also, the disturbance of the soil surface, such as firebreaks for fire prevention, 
destroying the native cover and exposing open soil, can accelerate 'invasive exotic' plants 
spreading. In suburban and wildland-urban interface areas, the vegetation clearance and 
brush removal ordinances of municipalities for defensible space can result in excessive 
clear-cutting of native shrubs and perennials that exposes the soil to more light and less 
competition for invasive plant species. 

Fire suppression vehicles are often the major culprits of such outbreaks, as the vehicles 
are frequently driven on back roads often overgrown with invasive plant species. The 
undercarriage of the vehicle becomes a prime vessel of transport. In response, on large 
fires, vehicle washing stations are set up and it is required that vehicles be 
"decontaminated" prior to engaging in suppression activities. In addition when 
suppressing large wild fires, personnel from around the country are often used, further 
increasing the potential for transport of seeds across the country, thus showing the 
importance of "cleaning stations". 
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Impact 

Ecological impacts 

Land clearing and human habitation put significant pressure on local species. Disturbed 
habitats are prone to invasions that can have adverse effects on local ecosystems, 
changing ecosystem functions. A species of wetland plant known as ʻaeʻae in Hawaiʻi 
(the indigenous Bacopa monnieri) is regarded as a pest species in artificially manipulated 
water bird refuges because it quickly covers shallow mudflats established for endangered 
Hawaiian stilt (Himantopus mexicanus knudseni), making these undesirable feeding areas 
for the birds. 

Multiple successive introductions of different non-native species can have interactive 
effects; the introduction of a second non-native species can enable the first invasive 
species to flourish. Examples of this are the introductions of the amethyst gem clam 
(Gemma gemma) and the European green crab (Carcinus maenas). The gem clam was 
introduced into California's Bodega Harbor from the East Coast of the United States a 
century ago. It had been found in small quantities in the harbor but had never displaced 
the native clam species (Nutricola spp.). In the mid 1990s, the introduction of the 
European green crab, found to prey preferentially on the native clams, resulted in a 
decline of the native clams and an increase of the introduced clam populations. 

In the Waterberg region of South Africa, cattle grazing over the past six centuries has 
allowed invasive scrub and small trees to displace much of the original grassland, 
resulting in a massive reduction in forage for native bovids and other grazers. Since the 
1970s, large scale efforts have been underway to reduce invasive species; partial success 
has led to re-establishment of many species that had dwindled or left the region. 
Examples of these species are giraffe, blue wildebeest, impala, kudu and white rhino. 

Invasive species can change the functions of ecosystems. For example, invasive plants 
can alter the fire regimen (cheatgrass, Bromus tectorum), nutrient cycling (smooth 
cordgrass Spartina alterniflora) and hydrology (Tamarix) in native ecosystems. Invasive 
species that are closely related to rare native species have the potential to hybridize with 
the native species. Harmful effects of hybridization have led to a decline and even 
extinction of native species. For example, hybridization with introduced cordgrass, 
Spartina alterniflora, threatens the existence of California cordgrass (Spartina foliosa) in 
San Francisco Bay. 

Genetic pollution 

Natural, wild species can be threatened with extinction through the process of genetic 
pollution. Genetic pollution is uncontrolled hybridization and introgression, which leads 
to homogenization or replacement of local genotypes as a result of either a numerical or 
fitness advantage of the introduced species. Genetic pollution can bring about a form of 
extinction either through purposeful introduction or through habitat modification, 
bringing previously isolated species into contact. These phenomena can be especially 
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detrimental for rare species coming into contact with more abundant ones where the 
abundant ones can interbreed with them, creating hybrids and swamping the entire rarer 
gene pool, thus driving the native species to extinction. Attention has to be focused on the 
extent of this problem, it is not always apparent from morphological observations alone. 
Some degree of gene flow may be a normal, evolutionarily constructive process and all 
constellations of genes and genotypes cannot be preserved. However, hybridization with 
or without introgression may, nevertheless, threaten a rare species' existence. An example 
of this is the interbreeding of migrating coyotes with the red wolf, in areas of eastern 
North Carolina where the red wolf has been reintroduced. 

Economic impacts 

Benefits 

Often overlooked, economic benefits from "invasive" species should also be accounted. 
The wide range of benefits from many "invasive species" is both well-documented and 
underreported. In most cases invasive species have benefits, but the negative effects are 
generally perceived to outweigh the positive, at least initially. Asian oysters, for example, 
are better at filtering out water pollutants than native oysters. They also grow faster and 
withstand disease better than natives. Biologists are currently considering releasing the 
mollusk in the Chesapeake Bay to help restore oyster stocks and clean up the bay's 
pollution. A recent study by the Johns Hopkins School of Public Health found the Asian 
oyster could significantly benefit the bay's deteriorating water quality. 

Costs 

Economic costs from invasive species can be separated into direct costs through 
production loss in agriculture and forestry and management costs of invasive species. 
Estimated damage and control cost of invasive species in the U.S. alone amount to more 
than $138 billion annually. In addition to these costs, economic losses can occur through 
loss of recreational and tourism revenues. When economic costs of invasions are 
calculated as production loss and management costs, they are low because they do not 
consider environmental damage; if monetary values were assigned to the extinction of 
species, loss in biodiversity and loss of ecosystem services, costs from impacts of 
invasive species would drastically increase. The following examples from different 
sectors of the economy demonstrate the impact of biological invasions. 

Economic opportunities 

For many invasive species, there are commercial benefits, either existent or capable of 
being developed. For instance, silver carp and common carp, where heavy metals are not 
excessive in their flesh, can be harvested for human food and exported to markets already 
familiar with the product, or into pet foods, or mink feed. Numerous vegetative 
'invasives' like water hyacinth, when in sufficient quantities to be harvestable, can be 
turned into fuel by methane digesters if no other better use can be determined. The 
depletion or exploitation of any unwanted species is dependent on officials who 
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recognize the need for a solution. Commercial enterprises need assurances the 
exploitation can continue long enough for a reasonable profit to be generated and that 
taxation of the 'resource' is given a sufficiently long period of grace that an enterprise is 
attracted to the proposition. 

Agriculture 

Weeds cause an overall reduction in yield, though they often provide essential nutrients 
for sustenance farmers. Weeds can have other useful purposes: some deep-rooted weeds 
can "mine" nutrients from the subsoil and bring them to the topsoil, while others provide 
habitat for beneficial insects and/or provide alternative foods for pest species. Many weed 
species are accidental introductions with crop seeds and imported plant material. Many 
introduced weeds in pastures compete with native forage plants, are toxic (e.g., leafy 
spurge, Euphorbia esula) to young cattle (older animals will avoid them) or unpalatable 
because of thorns and spines (e.g., yellow starthistle). Forage loss from invasive weeds 
on pastures amounts to nearly US$1 billion in the U.S. alone. A decline in pollinator 
services and loss of fruit production has been caused by the infection of honey bees (Apis 
mellifera, another invasive species to the Americas) by the invasive varroa mite. 
Introduced rats (Rattus rattus and R. norvegicus) have become serious pests on farms, 
destroying stored grains. 

In many cases, one could consider the overabundant invasive plant species as a ready 
source of biomass in the perspective of biogas production.   

Forestry 

The unintentional introduction of forest pest species and plant pathogens can change 
forest ecology and negatively affect the timber industry. The Asian long-horned beetle 
(Anoplophora glabripennis) was first introduced into the U.S. in 1996 and is expected to 
infect and damage millions of acres of hardwood trees. Thirty million dollars have 
already been spent in attempts to eradicate this pest and protect millions of trees in the 
affected regions. 

The woolly adelgid inflicts damage on old-growth spruce fir forests and negatively 
affects the Christmas tree industry. The chestnut blight fungus (Cryphonectria parasitica) 
and Dutch elm disease (Ophiostoma novo-ulmi) are two plant pathogens with serious 
impacts on forest health. 

Tourism and recreation 

Invasive species can have impacts on recreational activities, such as fishing, hunting, 
hiking, wildlife viewing and water-based recreation. They negatively affect a wide array 
of environmental attributes that are important to support recreation, including, but not 
limited to, water quality and quantity, plant and animal diversity and species abundance. 
Eiswerth goes on to say that "very little research has been performed to estimate the 
corresponding economic losses at spatial scales such as regions, states and watersheds." 
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Eurasian Watermilfoil (Myriophyllum spicatum) in parts of the US, fill lakes with plants 
making fishing and boating difficult. 

Health impacts 

An increasing threat of exotic diseases exists because of increased transportation and 
encroachment of humans into previously remote ecosystems. This can lead to new 
associations between a disease and a human host (e.g., AIDS virus). Introduced birds 
(e.g. pigeons), rodents and insects (e.g. mosquito, flea, louse and tsetse fly pests) can 
serve as vectors and reservoirs of human diseases. The introduced Chinese mitten crabs 
are carriers of the Asian lung fluke. Throughout recorded history, epidemics of human 
diseases, such as malaria, yellow fever, typhus and bubonic plague, have been associated 
with these vectors. A recent example of an introduced disease is the spread of the West 
Nile virus across North America, resulting in the deaths of humans, birds, mammals and 
reptiles. Waterborne disease agents, such as cholera bacteria (Vibrio cholerae) and 
causative agents of harmful algal blooms are often transported via ballast water. The full 
range of impacts of invasive species and their control goes beyond immediate effects and 
can have long term public health implications. For instance, pesticides applied to treat a 
particular pest species could pollute soil and surface water.. 

Threat to global biodiversity 

Biotic invasion is one of the five top drivers for global biodiversity loss and is increasing 
because of tourism and globalization. It poses a particular risk to inadequately regulated 
fresh water systems, though quarantines and ballast water rules have improved the 
situation. 

Scientific definition 
Stage Characteristic 
0 Propagules residing in a donor region 
I Traveling 
II Introduced 
III Localized and numerically rare 
IVa Widespread but rare 
IVb Localized but dominant 
V Widespread and dominant 

In an attempt to avoid the ambiguous, subjective and pejorative vocabulary that so often 
accompanies discussion of invasive species even in scientific papers, Colautti and 
MacIsaac have proposed a new nomenclature system based on biogeography rather than 
on taxa. 

By removing taxonomy, human health and economic factors from consideration, this 
model focuses only on ecological factors. The model evaluates individual populations 
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and not entire species. This model does not attribute detrimentality to invasive species 
and beneficiality to native species. It merely classifies a species in a particular location 
based on its growth patterns in that particular microenvironment. This model could be 
applied equally to indigenous and to non-native species. 
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Chapter- 7 

Overexploitation 

 

 

 
 
Atlantic cod stocks were severely overexploited in the 1970s and 1980s, leading to their 
abrupt collapse in 1992 

Overexploitation, also called overharvesting, refers to harvesting a renewable resource 
to the point of diminishing returns. Sustained overexploitation can lead to the destruction 
of the resource. The term applies to natural resources such as: wild medicinal plants, 
grazing pastures, fish stocks, forests and water aquifers. 

In ecology, overexploitation describes one of the five main activities threatening global 
biodiversity. Ecologists use the term to describe populations that are harvested at a rate 
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that is unsustainable, given their natural rates of mortality and capacities for reproduction. 
This can result in extinction at the population level and even extinction of whole species. 
In conservation biology the term is usually used in the context of human economic 
activity that involves the taking of biological resources, or organisms, in larger numbers 
than their populations can withstand. The term is also used and defined somewhat 
differently in fisheries, hydrology and natural resource management. 

Overexploitation can lead to resource destruction, including extinctions. However it is 
also possible for overexploitation to be sustainable, as discussed below in the section on 
fisheries. In the context of fishing, the term overfishing can be used instead of 
overexploitation, as can overgrazing in stock management, overlogging in forest 
management, overdrafting in aquifer management and endangered species in species 
monitoring. Overexploitation is not an activity limited to humans. Introduced predators 
and herbivores, for example, can overexploit native flora and fauna. 

History 

 
 
When the giant flightless birds called moa were overexploited to the point of extinction, 
the giant Haast's eagle that preyed on them also became extinct 
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Overexploitation is not a new phenomenon. It has been observed for millennia. For 
example, ceremonial cloaks worn by the Hawaiian kings were made from the mamo bird; 
a single cloak used the feathers of 70,000 birds of this now-extinct species. The dodo, a 
flightless bird from Mauritius, is another well known example of overexploitation. As 
with many island species, it was naive about certain predators, allowing humans to 
approach and kill it with ease. 

From the earliest of times, hunting for wild mammals and birds has been an important 
human activity as a means of survival. There is a whole history of overexploitation in the 
form of overhunting. The overkill hypothesis (Quaternary extinction events) explains 
why the megafaunal extinctions occurred within a relatively short period of time. This 
can be traced with human migration. The most convincing evidence of this theory is that 
80% of the North American large mammal species disappeared within 1000 years of the 
arrival of humans on the western hemisphere continents. Again, in New Zealand, ten 
species of the giant moa birds were hunted to extinction by the Māori by 1500 AD. A 
second wave of extinctions occurred later with European settlement. 

In more recent times, overexploitation has resulted in the gradual emergence of the 
concepts of sustainability and sustainable development, which has built on other 
concepts, such as sustainable yield, eco-development and deep ecology. 

Overview 

Overexploitation need not necessarily lead to the destruction of the resource, nor is it 
necessarily unsustainable. However, depleting the numbers or amount of the resource can 
change its quality. For example, footstool palm is a wild palm tree found in Southeast 
Asia. Its leaves are used for thatching and food wrapping and overharvesting has resulted 
in its leaf size becoming smaller. 
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Tragedy of the commons 

 
 
Cows on Selsley Common. The tragedy of the commons is a useful parable for 
understanding how overexploitation can occur 

The tragedy of the commons refers to a dilemma described in an article by that name 
written by Garrett Hardin and first published in the journal Science in 1968. 

Central to Hardin's essay is an example which is a useful parable for understanding how 
overexploitation can occur. This example was first sketched in an 1833 pamphlet by 
William Forster Lloyd, as a hypothetical and simplified situation based on medieval land 
tenure in Europe, of herders sharing a commons on which they are each entitled to let 
their cows graze. In Hardin's example, it is in each herder's interest to put each 
succeeding cow he acquires onto the land, even if the carrying capacity of the common is 
exceeded and it is temporarily or permanently damaged for all as a result. The herder 
receives all of the benefits from an additional cow, while the damage to the common is 
shared by the entire group. If all herders make this individually rational economic 
decision, the common will be overexploited or even destroyed to the detriment of all. 
However, since all herders reach the same rational conclusion, overexploitation in the 
form of overgrazing occurs, with immediate losses and the pasture may be degraded to 
the point where it gives very little return. 
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"Therein is the tragedy. Each man is locked into a system that compels him to increase 
his herd without limit - in a world that is limited. Ruin is the destination toward which all 
men rush, each pursuing his own interest in a society that believes in the freedom of the 
commons." (Hardin, 1968) 

In the course of his essay, Hardin develops the theme, drawing in many examples of 
latter day commons, such as national parks, the atmosphere, oceans, rivers and fish 
stocks. The example of fish stocks had led some to call this the "tragedy of the fishers". A 
major theme running through the essay is the growth of human populations, with the 
Earth's finite resources being the general common. 

The tragedy of the commons has intellectual roots tracing back to Aristotle, who noted 
that "what is common to the greatest number has the least care bestowed upon it", as well 
as to Hobbes and his leviathan. The opposite situation to a tragedy of the commons is 
sometimes referred to as a tragedy of the anticommons: a situation in which rational 
individuals, acting separately, collectively waste a given resource by underutilizing it. 

The tragedy of the commons can be avoided if it is appropriately regulated. Hardin's use 
of "commons" has frequently been misunderstood, leading Hardin to later remark that he 
should have titled his work "The tragedy of the unregulated commons". 

Fisheries 

 
 
The northern bluefin tuna is currently seriously overexploited. Scientists say 7,500 tons 
annually is the sustainable limit, yet the fishing industry continue to harvest 60,000 tons. 
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In wild fisheries, overexploitation or overfishing occurs when a fish stock has been fished 
down "below the size that, on average, would support the long-term maximum 
sustainable yield of the fishery". However, overexploitation can be sustainable. 

When a fishery starts harvesting fish from a previously unexploited stock, the biomass of 
the fish stock will decrease, since harvesting means fish are being removed. For 
sustainability, the rate at which the fish replenish biomass through reproduction must 
balance the rate at which the fish are being harvested. If the harvest rate is increased, then 
the stock biomass will further decrease. At a certain point, the maximum harvest yield 
that can be sustained will be reached and further attempts to increase the harvest rate will 
result in the collapse of the fishery. This point is called the maximum sustainable yield 
and in practice, usually occurs when the fishery has been fished down to about 30% of 
the biomass it had before harvesting started. 

It is possible to fish the stock down further, to say 15% of the pre-harvest biomass and 
then adjust the harvest rate so the biomass remains at that level. In this case, the fishery is 
sustainable, but is now overexploited, because the stock has been run down to the point 
where the sustainable yield is less than it could be. 

Fish stocks are said to "collapse" if their biomass declines by more than 95 percent of 
their maximum historical biomass. Atlantic cod stocks were severely overexploited in the 
1970s and 1980s, leading to their abrupt collapse in 1992. Even though fishing has 
ceased, the cod stocks have failed to recover. The absence of cod as the apex predator in 
many areas has led to trophic cascades. 

About 25% of world fisheries are now overexploited to the point where their current 
biomass is less than the level that maximizes their sustainable yield. These depleted 
fisheries can often recover if fishing pressure is reduced until the stock biomass returns to 
the optimal biomass. At this point, harvesting can be resumed near the maximum 
sustainable yield. 

The tragedy of the commons can be avoided within the context of fisheries if fishing 
effort and practices are regulated appropriately by fisheries management. One effective 
approach may be assigning some measure of ownership in the form of individual 
transferable quotas (ITQs) to fishermen. In 2008, a large scale study of fisheries that used 
ITQs and ones that didn't, provided strong evidence that ITQs help prevent collapses and 
restore fisheries that appear to be in decline. 
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Water resources 

 
 

Overexploitation of groundwater from an aquifer can result in a peak water curve 

Water resource, such as lakes and aquifers, are usually renewable resources which 
naturally recharge (the term fossil water is sometimes used to describe aquifers which 
don't recharge). Overexploitation occurs if a water resource, such as the Ogallala Aquifer, 
is mined or extracted at a rate that exceeds the recharge rate, that is, at a rate that exceeds 
the practical sustained yield. Recharge usually comes from area streams, rivers and lakes. 
An aquifer which has been overexploited is said to be overdrafted or depleted. Forests 
enhance the recharge of aquifers in some locales, although generally forests are a major 
source of aquifer depletion. Depleted aquifers can become polluted with contaminants 
such as nitrates, or permanently damaged through subsidence or through saline intrusion 
from the ocean. 

This turns much of the world's underground water and lakes into finite resources with 
peak usage debates similar to oil. These debates usually centre around agriculture and 
suburban water usage but generation of electricity from nuclear energy or coal and tar 
sands mining is also water resource intensive. A modified Hubbert curve applies to any 
resource that can be harvested faster than it can be replaced. Though Hubbert's original 
analysis did not apply to renewable resources, their overexploitation can result in a 
Hubbert-like peak. This has led to the concept of peak water. 
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Forest resources 

 
 

Beech forest – Grib Skov, Denmark 

Forests are overexploited when they are logged at a rate faster than reforestation takes 
place. Reforestation competes with other land uses such as food production, livestock 
grazing and living space for further economic growth. Historically utilization of forest 
products, including timber and fuel wood, have played a key role in human societies, 
comparable to the roles of water and cultivable land. Today, developed countries 
continue to utilize timber for building houses and wood pulp for paper. In developing 
countries almost three billion people rely on wood for heating and cooking. Short-term 
economic gains made by conversion of forest to agriculture, or overexploitation of wood 
products, typically leads to loss of long-term income and long term biological 
productivity (hence reduction in nature's services). West Africa, Madagascar, Southeast 
Asia and many other regions have experienced lower revenue because of overexploitation 
and the consequent declining timber harvests. 
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Biodiversity 

 
 
The rich diversity of marine life inhabiting coral reefs attracts bioprospectors. Many coral 
reefs are overexploited 

Overexploitation is one of the five main activities threatening global biodiversity. The 
other four activities are pollution, introduced species, habitat fragmentation and habitat 
destruction. 

One of the key health issues associated with biodiversity is drug discovery and the 
availability of medicinal resources. A significant proportion of drugs are derived, directly 
or indirectly, from biological sources. Marine ecosystems are of particular interest in this 
regard. However unregulated and inappropriate bioprospecting can be considered a form 
of overexploitation which has the potential to degrade ecosystems and increase 
biodiversity loss, as well as impacting on the rights of the communities and states from 
which the resources are taken. 
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Endangered species 

 
 
It is not just humans that overexploit their resources. Overgrazing can occur naturally, 
caused by native fauna, as shown in the upper right. 

Overexploitation threatens one-third of endangered vertebrates, as well as other groups. 
Excluding edible fish, the illegal trade in wildlife is valued at $10 billion per year. 
Industries responsible for this include the trade in bushmeat, the trade in Chinese 
medicine and the fur trade. The Convention for International Trade in Endangered 
Species of Wild Fauna and Flora, or CITES was set up in order to control and regulate 
the trade in endangered animals. It currently protects, to a varying degree, some 33,000 
species of animals and plants. It is estimated that a quarter of the endangered vertebrates 
in the United States of America and half of the endangered mammals is attributed to 
overexploitation 

All living organisms require resources to survive. Overexploitation of these resources for 
protracted periods can deplete natural stocks to the point where they are unable to recover 
within a short time frame. Humans have always harvested food and other resources they 
have needed to survive. Human populations, historically, were small and methods of 
collection limited to small quantities. With an exponential increase in human population, 
expanding markets and increasing demand, combined with improved access and 
techniques for capture, are causing the exploitation of many species beyond sustainable 
levels. In practical terms, if continued, it reduces valuable resources to such low levels 
that their exploitation is no longer sustainable and can lead to the extinction of a species, 
in addition to having dramatic, unforeseen effects, on the ecosystem. Overexploitation 
often occurs rapidly as markets open, utilising previously untapped resources, or locally 
used species. 
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The Carolina parakeet was hunted to extinction 

Today, overexploitation and misuse of natural resources is an ever present threat for 
species richness. This is more prevalent when looking at island ecology and the species 
that inhabit them, as islands can be viewed as the world in miniature. Island endemic 
populations are more prone to extinction from overexploitation, as they often exist at low 
densities with reduced reproductive rates. A good example of this are island snails, such 
as the Hawaiian Achatinella and the French Polynesian Partula. Achatinelline snails have 
15 species listed as extinct and 24 critically endangered while 60 species of partulidae are 
considered extinct with 14 listed as critically endangered. The WCMC have attributed 
over-collecting and very low lifetime fecundity for the extreme vulnerability exhibited 
among these species. 

As another example, when the humble hedgehog was introduced to the Scottish island of 
Uist, the population greatly expanded and took to consuming and overexploiting 
shorebird eggs, with drastic consequences for their breeding success. Twelve species of 
avifauna are affected, with some species numbers being reduced by 39%. 

Where there is substantial human migration, civil unrest, or war, controls may no longer 
exist. With civil unrest, for example in the Congo and Rwanda, firearms have become 
common place and the breakdown of food distribution networks in such countries leaves 
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the resources of the natural environment vulnerable to whoever can exploit them. 
Animals are even killed as target practice sometimes, or simply to spite the government. 
Populations of large primates, such as gorillas and chimpanzees, ungulates and other 
mammals, may be reduced by 80% or more by hunting and certain species may be 
eliminated all together. This decline has been called the bushmeat crisis. 

Overall, 50 bird species that have become extinct since 1500 (approximately 40% of the 
total) have been subject to overexploitation, including: 

• Great Auk- The penguin-like bird of the north, hunted for its feathers, meat, fat 
and oil. 

• Carolina parakeet - The only parrot species native to the eastern United States, 
was hunted for crop protection and its feathers. 

Other species affected by overexploitation include: 

• The international trade in fur: chinchilla, vicuña, giant otter and numerous cat 
species. 

• Insect collectors: butterflies 
• Horticulturists: New Zealand mistletoe (Trilepidia adamsii), orchids, cacti and 

many other plant species. 
• Shell collectors: Marine molluscs 
• Aquarium hobbyists: tropical fish 
• Chinese medicine: bears, tigers 
• Novelty pets: snakes, parrots and primates 

Cascade effects 

 
 
Overexploiting sea otters resulted in cascade effects which destroyed kelp forest 
ecosystems 
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Overexploitation of species can result in knock-on or cascade effects. This can 
particularly apply if, through overexploitation, a habitat loses its apex predator. Because 
of the loss of the top predator, a dramatic increase in their prey species can occur. In turn, 
the unchecked prey can then overexploit their own food resources until population 
numbers dwindle, possibly to the point of extinction. 

A classic example of cascade effects occurred with sea otters. Starting before the 17th 
century and not phased out until 1911, sea otters were hunted aggressively for their 
exceptionally warm and valuable pelts, which could fetch up to $2500 US. This caused 
cascade effects through the kelp forest ecosystems along the Pacific Coast of North 
America. 

One of the sea otters’ primary food sources is the sea urchin. When hunters caused sea 
otter populations to decline, an ecological release of sea urchin populations occurred. The 
sea urchins then overexploited their main food source, kelp, creating urchin barrens, areas 
of seabed denuded of kelp, but carpeted with urchins. No longer having food to eat, the 
sea urchin became locally extinct as well. Also, since kelp forest ecosystems are homes to 
many other species, the loss of the kelp caused other cascade effects of secondary 
extinctions. 

In 1911, when only one small group of 32 sea otters survived in a remote cove, an 
international treaty was signed to prevent further exploitation of the sea otters. Under 
heavy protection, the otters multiplied and repopulated the depleted areas, which slowly 
recovered. More recently, with declining numbers of fish stocks, again due to 
overexploitation, killer whales have experienced a food shortage and have been observed 
feeding on sea otters, again reducing their numbers. 



_________________WORLD TECHNOLOGIES_________________

WT

Chapter- 8 

Effect of Climate Change on Plant 
Biodiversity 

 

 

 
 
Alpine Flora at Logan Pass, Glacier National Park, in Montana, USA: Alpine plants are 
one group expected to be highly susceptible to the impacts of climate change 

Environmental conditions play a key role in defining the function and distribution of 
plants, in combination with other factors. Changes in long term environmental conditions 
that can be collectively coined climate change are known to have had enormous impacts 
on plant diversity patterns in the past and are seen as having significant current impacts. 
It is predicted that climate change will remain one of the major drivers of biodiversity 
patterns in the future. 
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Palaeo context 

 
 
Australian Rainforest: An ecosystem known to have significantly contracted in area over 
recent geological time as a result of climatic changes. 
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Map of global vegetation distributions during the last glacial maximum 

The Earth has experienced a constantly changing climate in the time since plants first 
evolved. In comparison to the present day, this history has seen Earth as cooler, warmer, 
drier and wetter and CO2 concentrations have been both higher and lower. These changes 
have been reflected by constantly shifting vegetation, for example forest communities 
dominating most areas in interglacial periods and herbaceous communities dominating 
during glacial periods. It is likely that past climatic changes have been a major driver of 
the processes of speciation and extinction. 

Modern Context 

There is significant current interest and research focus on the phenomenon of recent 
anthropogenic climate changes, or 'Global Warming’. Focus is on identifying the current 
impacts of climate change on biodiversity and predicting these effects into the future. 

Changing climatic variables relevant to the function and distribution of plants include 
increasing CO2 concentrations, increasing global temperatures, altered precipitation 
patterns and changes in the pattern of ‘extreme’ weather events such as cyclones, fires or 
storms. 

Because individual plants and therefore species can only function physiologically and 
successfully complete their life cycles under specific environmental conditions (ideally 
within a subset of these), changes to climate are likely to have significant impacts on 
plants from the level of the individual right through to the level of the ecosystem or 
biome. 
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Effects of CO2 

 
 

Recent increases in atmospheric CO2. 

Increases in atmospheric CO2 concentration for affect how plants photosynthesise, 
resulting in increases in plant water use efficiency, enhanced photosynthetic capacity and 
increased growth. Increased CO2 has been implicated in ‘vegetation thickening’ which 
affects plant community structure and function. Depending on environment, there are 
differential responses to elevated atmospheric CO2 between major ‘functional types’ of 
plant, such as C3 and C4 plants, or more or less woody species; which has the potential 
among other things to alter competition between these groups. Increased CO2 can also 
lead to increased Carbon: Nitrogen ratios in the leaves of plants or in other aspects of leaf 
chemistry, possibly changing herbivore nutrition. 
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Effects of temperature 

 
 

Global annual surface temperature anomaly in 2005, relative to 1951-1980 mean 

Increases in temperature raise the rate of many physiological processes such as 
photosynthesis in plants, to an upper limit. Extreme temperatures can be harmful when 
beyond the physiological limits of a plant. 
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Effects of water 

 
 
Precipitation trends in the United States, from the period 1901-2005. In some areas 
rainfall has increased in the last century, while some areas have dried. 

As water supply is critical for plant growth, it plays a key role in determining the 
distribution of plants. Changes in precipitation are predicted to be less consistent than for 
temperature and more variable between regions, with predictions for some areas to 
become much wetter and some much drier. 

General effects 

Environmental variables will not act in isolation, but also in combination with one other 
and with other pressures such as habitat degradation and loss or the introduction of exotic 
species. It is suggested that that these other drivers of biodiversity change will act in 
synergy with climate change to increase the pressure on species to survive. 



_________________WORLD TECHNOLOGIES_________________

WT

Direct impacts of climate change 

Changes in distributions 

 
 
Pine tree representing an elevational tree-limit rise of 105 m over the period 1915–1974. 
Nipfjället, Sweden 

If climatic factors such as temperature and precipitation change in a region beyond the 
tolerance of a species phenotypic plasticity, then distribution changes of the species may 
be inevitable. There is already strong evidence that plant species are shifting their ranges 
in altitude and latitude as a response to changing regional climates. 

When compared to the reported past migration rates of plant species, the rapid pace of 
current change has the potential to not only alter species distributions, but also render 
many species as unable to follow the climate to which they are adapted. The 
environmental conditions required by some species, such as those in alpine regions may 
disappear altogether. The result of these changes is likely to be a rapid increase in 
extinction risk. Adaptation to new conditions may also be of great importance in the 
response of plants. 

Predicting the extinction risk of plant species is not easy however. Estimations from 
particular periods of rapid climatic change in the past have shown relatively little species 
extinction in some regions, for example. Knowledge of how species may adapt or persist 
in the face of rapid change is still relatively limited. 
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Changes in the suitability of a habitat for a species drive distributional changes by not 
only changing the area that a species can physiologically tolerate, but how effectively it 
can compete with other plants within this area. Changes in community composition are 
therefore also an expected product of climate change. 

Changes in life-cycles (phenology) 

The timing of phenological events such as flowering are often related to environmental 
variables such as temperature. Changing environments are therefore expected to lead to 
changes in life cycle events and these have been recorded for many species of plants. 
These changes have the potential to lead to the asynchrony between species, or to change 
competition between plants. Flowering times in British plants for example have changed, 
leading to annual plants flowering earlier than perennials and insect pollinated plants 
flowering earlier than wind pollinated plants; with potential ecological consequences. A 
recently published study has used data recorded by the writer and naturalist Henry David 
Thoreau to confirm effects of climate change on the phenology of some species in the 
area of Concord, Massachusetts. 

Indirect impacts of climate change 

All species are likely to be not only directly impacted by the changes in environmental 
conditions discussed above, but also indirectly through their interactions with other 
species. While direct impacts may be easier to predict and conceptualise, it is likely that 
indirect impacts are be equally important in determining the response of plants to climate 
change. 

A species whose distribution changes as a direct result of climate change may ‘invade’ 
the range of another species for example, introducing a new competitive relationship. 

The range of a symbiotic fungi associated with plant roots may directly change as a result 
of altered climate, resulting in a change in the plants distribution. 

A new grass may spread into a region, altering the fire regime and greatly changing the 
species composition. 

A pathogen or parasite may change its interactions with a plant, such as a pathogenic 
fungus becoming more common in an area where rainfall increases. 

Increased temperatures may allow herbivores to expand further into alpine regions, 
significant impacting the composition of alpine herbfields. 

There are innumerable examples of how climate change could indirectly affect plant 
species, most of which will be extremely difficult to predict. 
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Higher level changes 

Species respond in very different ways to climate change. Variation in the distribution, 
phenology and abundance of species will lead to inevitable changes in the relative 
abundance of species and their interactions. These changes will flow on to affect the 
structure and function of ecosystems. 

Challenges of modelling future impacts 

Accurate predictions of the future impacts of climate change on plant diversity are critical 
to the development of conservation strategies. These predictions have come largely from 
bioinformatic strategies, involving modelling individual species, groups of species such 
as ‘functional types’, communities, ecosystems or biomes. They can also involve 
modelling species observed environmental niches, or observed physiological processes. 

Although useful, modelling has many limitations. Firstly, there is uncertainty about the 
future levels of greenhouse gas emissions driving climate change and considerable 
uncertainty in modelling how this will affect other aspects of climate such as local 
rainfall or temperatures. For most species the importance of specific climatic variables in 
defining distribution (e.g. minimum rainfall or maximum temperature) is unknown. It is 
also difficult to know which aspects of a particular climatic variable are most biologically 
relevant, such as average vs. maximum or minimum temperatures. Ecological processes 
such as interactions between species and dispersal rates and distances are also inherently 
complex, further complicating predictions. 

Improvement of models is an active area of research, with new models attempting to take 
factors such as life-history traits of species or processes such as migration into account 
when predicting distribution changes; though possible trade-offs between regional 
accuracy and generality are recognised. 

Climate change is also predicted to interact with other drivers of biodiversity change such 
as habitat destruction and fragmentation, or the introduction of foreign species. These 
threats may possibly act in synergy to increase extinction risk from that seen in periods of 
rapid climate change in the past  
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Chapter- 9 

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 
Wilcox and Michael E. Soulé. The meeting was prompted by the concern among 
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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 
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. 
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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). 

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 
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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.). 

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 ≥50 kg), open ocean tuna, billfishes and sharks in the 
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 
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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. 

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 
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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. 

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. 
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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. 

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. 
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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. 

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. 
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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." 

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 
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 
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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 
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 
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threatened and should therefore receive maximal strategic protections. Species richness 
and genetic biodiversity contributes to and engenders ecosystem stability, ecosystem 
processes, evolutionary adaptability and biomass. Both sides agree, however, that 
conserving biodiversity is necessary to reduce the extinction rate and identify an inherent 
value in nature; the debate hinges on how to prioritize limited conservation resources in 
the most cost effective way. 

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 
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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. 

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 
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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. 

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). 

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 
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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. 

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, show 
insensitivity toward bird conservation as he shot and collected hundreds of specimens. 
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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. 

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. 
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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. 

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 



_________________WORLD TECHNOLOGIES_________________

WT

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.  

 


