BIODIVERSITY AND HAZARDS MANAGEMENT
Definition of Biodiversity: : 

Biological diversity or biodiversity refers to the variety of life forms: the different plants, animals and microorganisms, the genes they contain, and the ecosystems they form. If the gene is the fundamental unit of natural selection, according to E. O. Wilson, the real biodiversity is genetic diversity. For geneticists, biodiversity is the diversity of genes and organisms. They study processes such as mutations, gene exchanges, and genome dynamics that occur at the DNA level and generate evolution. For biologists, biodiversity is the gamut of organisms and species and their interactions. Organisms appear and become extinct; sites are colonized and some species develop social organizations to improve their varied strategies of reproduction.For ecologists, biodiversity is also the diversity of durable interactions among species. It not only applies to species, but also to their immediate environment (biotope) and their larger ecoregion. In each ecosystem, living organisms are part of a whole, interacting with not only other organisms, but also with the air, water, and soil that surround them.
Termiology of Biodiversity: 
Biodiversity is the variation of taxonomic life forms within a given ecosystem, biome or for the entire Earth. Biodiversity is often a measure of the health of biological systems to indicate the degree to which the aggregate of historical species are viable versus extinct.
 Biodiversity is a neologism and a portmanteau word, from biology and diversity.The Science Division of The Nature Conservancy used the term "natural diversity" in a 1974 study, "The Preservation of Natural Diversity." The term biological diversity was used even before that by conservation scientists like Robert E. Jenkins. and Thomas Lovejoy. The word biodiversity itself may have been coined by W.G. Rosen in 1985 while planning the National Forum on Biological Diversity organized by the National Research Council (NRC) which was to be held in 1986, and first appeared in a publication in 1988 when entomologist E. O. Wilson used it as the title of the proceedings[1] of that forum.[2] The word biodiversity was deemed more effective in terms of communication than biological diversity. Since 1986 the terms and the concept have achieved widespread use among biologists, environmentalists, political leaders, and concerned citizens worldwide. It is generally used to equate to a concern for the natural environment and nature conservation. This use has coincided with the expansion of concern over extinction observed in the last decades of the 20th century.
Biodiversity is a modern term which simply means " the variety of life on earth". 
Objectives of Biodiversity Study: 

Significance objectives of biodiversity 

1. Long the study of biologists

2. Public now aware that as a global resource, biodiversity is the underpinning of the healthy functioning of the earth's many ecosystems

3. Persons involved with decision-making affecting the environment require knowledge of the origin and extent of biodiversity, and how it might be maintained

4. Without a biologically viable world, humans will not exist 

a. Biodiversity provides an array of services that maintain life on earth

b. Biodiversity provides humans with substantial economic benefits 

· 1) crops
2) domestic animals
3) medicines
4) natural products: wildlife, fish, timber
5) some 10000 species of plants and animals are exploited industrially 
Biodiversity 
Pakistan has 225 Protected Areas (PAs) 14 national parks, 99 wildlife sanctuaries, and 96 game reserves. It is a world of rapidly shrinking wetlands, some of them of international significance, of wondrous juniper forests, minute life forms which buzz their way to a magical existence, of stunning mountains, and much more. 

Pakistan covers a number of the world's ecoregions, ranging from the mangrove forests stretching from the Arabian Sea to the towering mountains of the western Himalayas, Hindukush and Karakoram.

Biography: 
The country lies at the western end of the South Asian subcontinent, and its flora and fauna are composed of a blend of Palearctic and Indomalayan elements, with some groups also containing forms from the Ethiopian region.

Ecological zones 
Pakistan is divided into 9 major ecological zones. WWF - Pakistan is working to conserve the environment through its Target Driven Programmes (TDPs) that address issues pertaining to samples of forest, freshwater, marine ecosystems, species, toxics and climate change. The emphasis is on conserving representative sites of ecologically important areas within these Target Driven Programmes. Conservation of desert ecosystems is included under forests. 
In most of its projects, WWF-P supports local community initiatives to conserve natural resources, and helps look for ways to improve community livelihoods. Almost all conservation projects have the following common features and priorities: partnership with local bodies and capacity building at all levels from local communities to government bodies.
Critical Ecosystems 
Under the Global 200, ecosystems have been ranked to carry out conservation through comparative analysis. It covers all habitats on the land masses and in the ocean. The Earth has been divided into 238 ecoregions, by the United Nation, the National Geographic Society with WWF. Out of them 5 are in Pakistan. The Global ecoregions of Pakistan are:

1. Rann of Kutch flooded grasslands 

2. Tibetan Plateau 

3. Western Himalayan Temperate Forests

4. Indus Delta ecosystem.

5. Arabian Sea

Flora
About 5,500 - 6,000 ( Nasir and Ali 1970) species of vascular plants have been recorded in Pakistan including both native and introduced species. The flora included elements of the 6 phytogeographic regions. 4 monotypic genera of flowering plants and around 400 (7.8%) species are endemic to Pakistan.

Almost 80% of the endemics are found in the northern and western mountains (Ali and Qaiser,1986). The Kashmir Himalayas are identified as a global centre of plant diversity and endemism. Families with more than 20 recorded endemics are Papilionaceae (57 species), Compositae (49), Umbelliferae (34), Poaceae (32) and Brassicaceae (20).

Mammals 
Around 174 mammal species have been reported in Pakistan. Out of these, there are atleast 3 endemic species and a number of endemic and near endemic sub-species (Biodiversity Action Plan for Pakistan, WWF - P, IUCN - P and GoP).

List of Mammals:
Birds 

668 bird species have been recorded in Pakistan. Out of them, 375 were recorded as breeding ( Roberts, Z.B.Mirza). Breeding birds are a mixture of Palearctic and Indomalayan forms ( 1/3rd) and the occurrence of many species at one or the other geographical limits of their range shows the diverse origins of the avifauna.

The Sulaiman Range, the HinduKush, and the Himalayas in the NWFP and Azad Kashmir comprise part of the Western Himalayan Endemic Bird Area; this is the global centre of bird endemism. The Indus Valley wetlands are the second area of endemism.

Reptiles/ Amphibians 
Around 177 species, being a blend of Palearctic and Indomalayan forms. Out of the total 14 species of turtles, 90 of lizards and 65 of snakes have been reported. While 13 species are believed to be endemic. Being a semi arid country, only 22 species of amphibians have been recorded, of which 9 are endemic. (Biodiversity Action Plan for Pakistan, WWF - P, IUCN - P and GoP).

Fish/ Invertebrates 
Pakistan has 198 native and introduced freshwater fish species. The fish fauna is predominately south Asian and with some west Asian and high asian elements. Fish species diversity is highest in the Indus river plains and in adjacent hill ranges (Kirthar Range), and in the Himalayan foothills in Hazara, Malakand, Swat and Peshawar. Diversity is lowest in the mountain zone of the northern mountains and arid parts of north-west Baluchistan. There are 29 endemic species.There has been little research on Invertebrates of Pakistan. About 5,000 species of invertebrates have been recorded including insects (1,000 species of true bugs, 400 species of butterflies and moths, 110 species of flies and 49 species of termites). Other include 109 species of marine worms, over 800 species of molluscs and 355 species of nematodes. (Biodiversity Action Plan for Pakistan, WWF - P, IUCN - P and GoP).

LIVING WEALTH 

Pakistan's biodiversity is a blend of elements from different origins - diverse and interesting species in a number of rich ecosystems. (Biodiversity - An Introduction to the conceptual fundamentals). The flora and fauna consist of a blend of Palaearctic and Indo-malayan elements, with some groups from the Ethiopian region. The dramatic geological pre-history of the Indian subcontinent explains the evolution of these elements. According to the general theory, the landmass of the Indian subcontinent originated in the continent of Gondwanaland, the southern supercontinent that started to break up about 150 million years ago, consisting of what are now South America, Africa, Antarctica, Arabia, Australia, India, Madagascar and New Zealand. The sub-continent is thought to have broken off and drifted across the Indian Ocean and joined mainland Asia some 50 million years ago. This created a land bridge between India and South-East Asia, enabling Indo-malayan life-forms to invade the subcontinent. In Pakistan, these are now predominantly found in the east of the Indus. Palaearctic forms dominate the north and west of the country and there also has been an influx of some of Ethiopian forms in the southwestern parts. Around 20 million years ago the Sea of Tethys dried up to create the Indus lowlands and the upheaval caused by the continent crashing into mainland Asia gave rise to the Himalayas. This together with a series of Pleistocene 'ice-ages', the last ending just 10.000 years ago, has ensured some unique flora and fauna. Because it is endowed with a remarkable geology, and is spread over broad latitude, Pakistan spans several of the world's ecological regions. 

   Species Richness and Endemics for Major Plant and Animal Groups in Pakistan
	 
	Total Reported in Pakistan 
	Endemic Species 
	Threatened Species 

	Mammals 
	1741
	62
	203

	Birds 
	6684
	?
	253

	Reptiles 
	1771
	135
	66

	Amphibians 
	227
	98
	17

	Fish (freshwater) 
	1981
	291
	16

	Fish (marine) 
	7889
	-
	59

	Insects 
	>5,0001
	-
	-

	Fungi 
	>4,50018
	218
	?

	Algae 
	77517
	2017
	?

	Angiosperms
	570014
	38015
	?

	Gymnosperms
	2114
	-
	?

	Pteridophytes
	18916
	-
	?

	Annelids (Marine)
	10113
	-
	113

	Crustaceans (Marine)
	28712
	-
	612

	Molluscs (Marine)
	76911
	-
	811

	Echinoderms
	2510
	-
	210
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Biodiversity provides humans with esthetic benefits
Far more organisms to discover than have been found and studied scientifically 

1. The number of plants thought to exist now is about 350,000 of which only some 256,000 have be described

2. Of the estimated 30 million animals, only some 1.1 million are known

3. Mere discovery is not enough 

a. Described and classified

b. Role in the environment evaluated

c. Potential value
Species conservation and habitat conservation:
Pakistan has rich sources of biodiversity, which belong to a unique blend of habitat and ecosystem types. These diverse ecosystems have their very own characteristic wild resources, which provide a web of living resources inter-depending on each other to sustain their life. Most of the southern parts of the country are rich with coastal ecosystem and arid plus desert habitat types with a variety of species. These habitats also refuge for the migratory wildlife resources coming from the northern landscapes to stage and winter and or breed in Pakistan. Indigenous local human communities are also residing here for centuries with their very own traditional knowledge and lifestyles in harmony with species.
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Pakistan’s mountain areas are world’s exceptional wild resources, which harbor very different, isolated as well as hardy species that have learned to live in the harshness of the environment and in harmony with other species and communities. Medicinal plants of our mountains are famous for their role in the treatment of some very acute diseases of the human and animals. Some birds of prey in our northern landscapes are of majestic vision and isolate the beauty of this part from the rest of the world. It is very well said that they are the islands and paradise for wildlife species. Their inaccessible cliffs and peaks always challenge the desire to explore more and more on the information and management of remote wild resources. With its dramatic ecology, broad latitudinal spread and immense altitudinal range, Pakistan spans a remarkable number of the world’s ecological regions. These range from the mangrove forests fringing the Arabian Sea to the spectacular mountaintops where the Western Himalayas, Hindukush and Karakorums meet. These habitats support a rich variety of species (plants, mammals, birds, reptiles, amphibians, fishes, invertebrates) that contribute to the overall biodiversity of Pakistan.
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Levels of Biodiversity: 

This variety can be measured on several different levels;
Genetic - variation between individuals of the same species. This includes genetic variation between individuals in a single population , as well as variations between different populations of the same species. Genetic differences can now be measured using increasingly sophisticated techniques. These differences are the raw material of evolution. Species - species diversity is the variety of species in a given region or area. This can either be determined by counting the number of different species present, or by determining taxonomic diversity. Taxonomic diversity is more precise and considers the relationship of species to each other. It can be measured by counting the number of different taxa (the main categories of classification) present. For example, a pond containing three species of snails and two fish, is more diverse than a pond containing five species of snails, even though they both contain the same number of species. High species biodiversity is not always necessarily a good thing. For example, a habitat may have high species biodiversity because many common and widespread species are invading it at the expense of species restricted to that habitat. 
Ecosystem - Communities of plants and animals, together with the physical characteristics of their environment (e.g. geology, soil and climate) interlink together as an ecological system, or 'ecosystem'. Ecosystem diversity is more difficult to measure because there are rarely clear boundaries between different ecosystems and they grade into one another. However, if consistent criteria are chosen to define the limits of an ecosystem, then their number and distribution can also be measured. red on several different levels.

 
The earth is estimated to have millions of species of which only 1.5 million have been described. Due to population growth and increasing rate of consumption, the natural wealth of our planet is being lost at an estimated rate of 5 % per decade. This is a tragic loss to the biological wealth of our planet for ethical, aesthetic, economic as well as for ecological reasons. The alarming loss of habitats and species, and the ecosystem processes dependent on them has stimulated conservationists around the globe to share knowledge and resources to document and monitor in an attempt to reverse the planet’s declining wealth. Preparing effective and safe programmes for conservation of species and ecosystems requires reliable data, dependable information sources and strategic planning are urgently required. Unfortunately in the developing world, due to economic struggle and competition for a better lifestyle impacts the priorities for environment and biodiversity conservation could not find satisfactory direction in last recent decades. As a result, enormous loss of biodiversity has occurred. Another problem is lack of consistent approach and reliability in the departments and institutions working to collect first-hand information for the conservation prioritization process. Lack of adequate financial resources and trained personnel is another weak area for slow progress in biological assessments and conservation prioritization process.
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A definition that is often used by ecologists is the "totality of genes, species, and ecosystems of a region". An advantage of this definition is that it seems to describe most circumstances and present a unified view of the traditional three levels at which biodiversity has been identified:

· genetic diversity - diversity of genes within a species. There is a genetic variability among the populations and the individuals of the same species. (See also population genetics.) 

· species diversity - diversity among species in an ecosystem. "Biodiversity hotspots" are excellent examples of species diversity. 

· ecosystem diversity - diversity at a higher level of organization, the ecosystem. To do with the variety of ecosystems on Earth. 

Levels of diversity 

5. Rates of speciation  

a. Rapid speciation occurs in tropical and arid (especially desert) regions; less so in temperate regions

b. Rate of speciation low in aquatic habitat yet individual species tend to survive for much longer periods of time; rates much higher in areas of environmental stress (desert)

c. Individual species survive for long periods of geological time in tropical regions where more species per unit area can exist and where even marginally successful species can survive a library filled with numerous books, even those with numerous error

d. Individual species do not survive for long periods of time in areas of environmental stress a library of only a few books, all essentially in perfect condition 

6. Species diversity 

a. About 2800 species of vascular plants (ferns, fern allies, gymnosperms and flowering plants) in Alaska; about the same number in Maryland

b. About 5000 species in eastern United States; about 4800 species in Nevada

c. About 22000 species in North America north of Mexico; about 25000 species in Costa Rica 

Coexistence and competition:
Biodiversity found on Earth today is the result of 4 billion years of evolution. The origin of life is not well known to science, though limited evidence suggests that life may already have been well-established only a few 100 million years after the formation of the Earth. Until approximately 600 million years ago, all life consisted of bacteria and similar single-celled organisms.

The history of biodiversity during the Phanerozoic (the last 540 million years), starts with rapid growth during the Cambrian explosion—a period during which nearly every phylum of multicellular organisms first appeared. Over the next 400 million years or so, global diversity showed little overall trend, but was marked by periodic, massive losses of diversity classified as mass extinction events.

The apparent biodiversity shown in the fossil record suggests that the last few million years include the period of greatest biodiversity in the Earth's history. However, not all scientists support this view, since there is considerable uncertainty as to how strongly the fossil record is biased by the greater availability and preservation of recent geologic sections. Some (e.g. Alroy et al. 2001) argue that corrected for sampling artifacts, modern biodiversity is not much different from biodiversity 300 million years ago.[7] Estimates of the present global macroscopic species diversity vary from 2 million to 100 million species, with a best estimate of somewhere near 10 million.

Most biologists agree however that the period since the emergence of humans is part of a new mass extinction, the Holocene extinction event, caused primarily by the impact humans are having on the environment. At present, the number of species estimated to have gone extinct as a result of human action is still far smaller than are observed during the major mass extinctions of the geological past. However, it has been argued that the present rate of extinction is sufficient to create a major mass extinction in less than 100 years. Others dispute this and suggest that the present rate of extinctions could be sustained for many thousands of years before the loss of biodiversity matches the more than 20% losses seen in past global extinction events.
Conserving Biodiversity:

Ecological Reasons:

Individual species and ecosystems have evolved over millions of years into a complex interdependence. This can be viewed as being akin to a vast jigsaw puzzle of inter-locking pieces. If you remove enough of the key pieces on which the framework is based then the whole picture may be in danger of collapsing. We have no idea how many key 'pieces' we can afford to lose before this might happen, nor even in many cases, which are the key pieces. The ecological arguments for conserving biodiversity are therefore based on the premise that we need to preserve biodiversity in order to maintain our own life support systems.  
Two linked issues which are currently of great ecological concern include world-wide deforestation and global climate change. Forests not only harbour untold numbers of different species, but also play a critical role in regulating climate. The destruction of forest, particularly by burning, results in great increases in the amount of carbon in the atmosphere. This happens for two reasons. Firstly, there is a great reduction in the amount of carbon dioxide taken in by plants for photosynthesis and secondly, burning releases huge quantities of carbon dioxide into the atmosphere. (The 1997 fires in Indonesia’s rain forests are said to have added as much carbon to the atmosphere as all the coal, oil and gasoline burned that year in western Europe.) This is significant because carbon dioxide is one of the main greenhouse gases implicated in the current global warming trend. 

Average global temperatures have been showing a steadily increasing trend. Snow and ice cover have decreased, deep ocean temperatures have increased and global sea levels have risen by 100 - 200 mm over the last century. Rising sea levels which could drown many of our major cities, extreme weather conditions resulting in drought, flooding and hurricanes, together with changes in the distribution of disease-bearing organisms are all predicted effects of climate change.Forests also affect rainfall patterns through transpiration losses and protect the watershed of vast areas. Deforestation therefore results in local changes in the amount and distribution of rainfall. It often also results in erosion and loss of soil and often to flooding. Devastating flooding in many regions of China over the past few years has been largely attributed to deforestation. These are only some of the ecological effects of deforestation. The effects described translate directly into economic effects on human populations.
Economic Reasons:

Environmental disasters such as floods, forest fires and hurricanes indirectly or directly caused by human activities, all have dire economic consequences for the regions afflicted. Clean-up bills can run into the billions, not to mention the toll of human misery involved. Susceptible regions are often also in the less-developed and poorer nations to begin with. Erosion and desertification, often as a result of deforestation, reduce the ability of people to grow crops and to feed themselves. This leads to economic dependence on other nations. Non-sustainable extraction of resources (e.g. hardwood timber) will eventually lead to the collapse of the industry involved, with all the attendant economic losses. It should be noted that even if 'sustainable' methods are used, for example when harvested forest areas are replanted, these areas are in no way an ecological substitute for the established habitats which they have replaced. Large-scale habitat and biodiversity losses mean that species with potentially great economic importance may become extinct before they are even discovered. The vast, largely untapped resource of medicines and useful chemicals contained in wild species may disappear forever. The wealth of species contained in tropical rain forests may harbour untold numbers of chemically or medically useful species. Many marine species defend themselves chemically and this also represents a rich potential source of new economically important medicines. Additionally, the wild relatives of our cultivated crop plants provide an invaluable reservoir of genetic material to aid in the production of new varieties of crops. If all these are lost, then our crop plants also become more vulnerable to extinction. There is an ecological caveat here of course. Whenever a wild species is proved to be economically or socially useful, this automatically translates into further loss of natural habitat. 
Table : Animal Biodiversity of Pakistan
	Category
	Total No. of Species
	Endemic

	*Mammals
	195
	5

	Birds
	662
	0

	Reptiles
	174
	15

	Fish
	525
	36

	Amphibians
	16
	2

	Invertebrates
	2000+
	unknown


Sources (Various): IUCN-WCMC (1991) Roberts (1991), GAA (2004), Sheikh & Akhtar(2005)*Note: Amongst 196, there are seven mammals found at sub-species level
Pakistan has a number of the world’s rarest animals like Indus River dolphin, Snow leopard, Western Tragopan, Markhor, etc. There are total of five endemics, two species and three sub-species namely the Indus Dolphin, Woolly Flying Squirrel, Balochistan Black Bear, Wild Goat and Punjab Urial. All these and other species are in decline due to a combination of threats such as habitat loss and overuse of natural resources. While human beings are without doubt a valuable resource for the country, escalating population growth has put enormous pressure on the country’s natural resources. Unwise economic policies have widened income disparities and forced people to exploit biodiversity at rates that are not and may never have been sustainable.  Although rich, Pakistan’s biodiversity faces severe threats. 

Following are some major threats to the biodiversity of Pakistan;
· Overgrazing 
· Over-harvesting 
· Deforestation 
· Land conversion 
· Soil erosion 
· Chemical pollution 

These factors and many others contribute to the erosion of Pakistan’s biodiversity. Loss of habitat is the main cause of the present high rate of local extinction.  Changes in habitat including habitat fragmentation also impacts plants and animals very dramatically. Habitat fragmentation, in particular, increases the risk of extinction by isolating small populations previously connected and now unable to exchange genetic material inevitably leading to inbreeding and loss of biological fitness. This results ultimately in population decline which ends in extinction.
The interaction of animals with pests, microorganisms and flora and Biodiversity in farm animals:

Distribution of biodiversity
Biodiversity is not distributed evenly on Earth. It is consistently richer in the tropics and in other localized regions such as the California Floristic Province. As one approaches polar regions one generally finds fewer species. Flora and fauna diversity depends on climate, altitude, soils and the presence of other species. In the year 2006 large numbers of the Earth's species are formally classified as rare or endangered or threatened species; moreover, most scientists estimate that there are millions more species actually endangered which have not yet been formally recognized. 

A biodiversity hotspot is a region with a high level of endemic species. These biodiversity hotspots were first identified by Dr. Norman Myers in two articles in the scientific journal The Environmentalist.[5]

 HYPERLINK "http://en.wikipedia.org/wiki/Biodiversity" \l "_note-5#_note-5" \o "" [6] Hotspots unfortunately tend to occur near areas of dense human habitation, leading to threats to their many endemic species. As a result of the pressures of the rapidly growing human population, human activity in many of these areas is increasing dramatically. Most of these hotspots are located in the tropics and most of them are forests.

For example, Brazil's Atlantic Forest contains roughly 20,000 plant species, 1350 vertebrates, and millions of insects, about half of which occur nowhere else in the world. The Madagascar dry deciduous forests and lowland rainforests possess a very high ratio of species endemism and biodiversity, arising from the fact that this island separated from mainland Africa 65 million years ago.

Many regions of high biodiversity (as well as high endemism) arise from very specialized habitats which require unusual adaptation mechanisms. For example the peat bogs of Northern Europe and the alvar regions such as the Stora Alvaret on Oland, Sweden host a large diversity of plants and animals, many of whom are not found elsewhere.
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Conservation critical to maintaining currently available biodiversity 

1.  Critical habitat: The area required to maintain not only one species but the suite of species that make up the population structure in which the species is found

2. Germplasm preservation: Natural populations of species critical to human survival must be preserved with their population structure to provide future germplasm for human survival in a changing environment

3. Conservation is successful only when large areas are maintained
Benefits of biodiversity
There are a multitude of benefits of biodiversity in the sense of one diverse group aiding another such as:

Food and drink
Biodiversity provides food for humans. About 80 percent of our food supply comes from just 20 kinds of plant. Although many kinds of animal are utilised as food, again most consumption is focused on a few species.

There is vast untapped potential for increasing the range of food products suitable for human consumption, provided that the high present extinction rate can be halted.

Medicines
A significant proportion of drugs are derived, directly or indirectly, from biological sources; in most cases these medicines can not presently be synthesized in a laboratory setting. Moreover, only a small proportion of the total diversity of plants has been thoroughly investigated for potential sources of new drugs. Many Medicines and antibiotics are also derived from microorganisms.

Industrial materials
A wide range of industrial materials are derived directly from biological resources. These include building materials, fibres, dyes, resins, gums, adhesives, rubber and oil. There is enormous potential for further research into sustainably utilising materials from a wider diversity of organisms.

Other ecological services
Biodiversity provides many ecosystem services that are often not readily visible. It plays a part in regulating the chemistry of our atmosphere and water supply. Biodiversity is directly involved in recycling nutrients and providing fertile soils. Experiments with controlled environments have shown that humans cannot easily build ecosystems to support human needs; for example insect pollination cannot be mimicked by man-made construction, and that activity alone represents tens of billions of dollars in ecosystem services per annum to mankind.

Leisure, cultural and aesthetic value
Many people derive value from biodiversity through leisure activities such as enjoying a walk in the countryside, birdwatching or natural history programs on television.

Biodiversity has inspired musicians, painters, sculptors, writers and other artists. Many cultural groups view themselves as an integral part of the natural world and show respect for other living organisms.

Threats to biodiversity;
During the last century, erosion of biodiversity has been increasingly observed. Some studies show that about one of eight known plant species is threatened with extinction[specify]. Some estimates put the loss at up to 140,000 species per year (based on Species-area theory) and subject to discussion.[8] This figure indicates unsustainable ecological practices, because only a small number of species come into being each year. Almost all scientists acknowledge[citation needed] 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.

Destruction of habitats:
Most of the species extinctions from 1000 AD to 2000 AD are due to human activities, in particular destruction of plant and animal habitats. Elevated rates of extinction are being driven by human consumption of organic resources, especially related to tropical forest destruction.[9] While most of the species that are becoming extinct are not food species, their biomass is converted into human food when their habitat is transformed into pasture, cropland, and orchards. It is estimated that more than 40% of the Earth's biomass[citation needed] is tied up in only the few species that represent humans, livestock and crops. Because an ecosystem decreases in stability as its species are made extinct, these studies warn that the global ecosystem is destined for collapse if it is further reduced in complexity. Factors contributing to loss of biodiversity are: overpopulation, deforestation, pollution (air pollution, water pollution, soil contamination) and global warming or climate change, driven by human activity. These factors, while all stemming from overpopulation, produce a cumulative impact upon biodiversity.

Some characterize loss of biodiversity not as ecosystem degradation but by conversion to trivial standardized ecosystems (e.g., monoculture following deforestation). In some countries lack of property rights or access regulation to biotic resources necessarily leads to biodiversity loss (degradation costs having to be supported by the community) 

Exotic species

The rich diversity of unique species across many parts of the world exist only because they are separated by barriers, particularly seas and oceans, from other species of other land masses, particularly the highly fecund, ultra-competitive, generalist "super-species". These are barriers that could never be crossed by natural processes, except for many millions of years in the future through continental drift. However humans have invented ships and aeroplanes, and now have the power to bring into contact species that never have met in their evolutionary history, and on a time scale of days, unlike the centuries that historically have accompanied major animal migrations.

The widespread introduction of exotic species by humans is a potent threat to biodiversity. When exotic species are introduced to ecosystems and establish self-sustaining populations, the endemic species in that ecosystem, that have not evolved to cope with the exotic species, may not survive. The exotic organisms may be either predators, parasites, or simply aggressive species that deprive indigenous species of nutrients, water and light. These exotic or invasive species often have features due to their evolutionary background and environment that makes them competitive, and similarly makes endemic species defenceless and/or uncompetitive against these exotic species.

As a consequence of the above, if humans continue to combine species from different ecoregions, there is the potential that the world's ecosystems will end up dominated by relatively a few, aggressive, cosmopolitan "super-species".

Declines in amphibian populations have been observed since 1980s. These might threaten to the global biodiversity critically.                                                                                                                        

Threats to Biodiversity: 
Deforestation:
Principle cause of deforestation in Pakistan is the consumption of fuelwood and timber. 
Grazing:   
Rapidly increasing domestic livestock population is the direct cause of degradation on rangelands and forests.
Soil Erosion & Desertification:
Agricultural activities and overstocking has lead to the reduction of vegetation cover, resulting in the acceleration of both wind and water erosion.
Dams/Irrigation:
The construction of dams and barrages in the Indus basin to control flooding and store water for irrigation have greatly increased the amount of Wetlands habitat in Pakistan. 
Reduction in freshwater flow to the coast has greatly increased salinity in mangrove forests. The most serious effect has been the consequent conversion of land to agriculture, with removal of extensive tracts of riverine and thorn forests and the resulting disappearence from large areas of the associated fauna.
Salination/waterlogging:
Being a serious problem faced by the agriculture sector, pockets of forests of the Indus basin could be threatened.
Pollution:
Pakistan faces a serious challenge of growing pollution in urban areas and water courses. Likewise discharge of sewage and industrial effluent into aquatic and marine ecosystems is also on the rise.In Pakistan's 1981 census, 415 cities were classed as urban in which less than one third of the population resides, which is increasing by 4.4% per annum.
Hunting/Fishing:
There is a strong tradition of illegal hunting and sports hunting in Pakistan. This has resulted into the decline of bird and mammal species.
Agricultural practices:
Pakistan faces degradation of agro-ecosystems caused by irrigation. The agricultural use of pesticides and fertilisers has rapidly increased in recent years. Pesticide use in Pakistan has increased 7 fold in quantity between 1981 and 1992.
Threats to diversity:

1. Humans: Current major cause of species loss and habitat degradation 

i. Human-caused habitat destruction is often wanton and thorough; widespread and often concentrated

ii. Native species often lost and habit invaded by exotic weeds

iii. Alien plants tend to be short-lived and aggressively weedy 

2. Non-random, naturally occurring species losses 

iv. Selective and random; infrequent and widely scattered

v. Native species reduced in numbers but not locally extirpated; habitat locally disrupted but not thoroughly destroyed

vi. Re-colonization is by native species even if area initially invaded by alien species 

b. Different habitats have different kinds of threat and different causes of those threats 

Wildlife populations decline have been documented in Pakistan also because of illegal hunting for sport, meat and trade. There is a strong tradition of hunting in the country, and the impact of hunters has increased with the spread of modern weapons and increased mobility. Virtually all large mammals have declined in numbers as a result of hunting.  A list of species believed to be declining due to extensive human use is illustrated in the table below: 
Table : Human Use of Wildlife in Pakistan
	Human Uses
	Species Affected

	Illegal hunting
	Most ungulates, game birds, waterfowl

	Prosecution (in response to livestock/ crop losses)
	All predators including (brown bear, black bear, grey wolf, snow leopard, common leopard, leopard cat, wild pig, rhesus macaque)

	Falconry
	Saker

	Domestication
	Cranes, rhesus macaque, parrot, bear.

	Medicinal purposes
	Rhesus macaque, bear, musk deer, dolphin, pelican, lizard.

	Decoration
	Most felids, mustelids (fur), ungulates (trophies), crocodile, snake, (skins) turtle, (shells, oils) pheasant (feathers)

	 

	(Source: GoP, WWF-P & IUCN 2000)


	



Rationale for National Level Biological Assessments
The assessment of the biological resources of a country is the crucial element in prioritizing species for conservation. The IUCN Red List Programme is responsible for assessing species at the global level which is extremely valuable for bringing home the conservation message to people around the world.   These assessments do not and are not intended to describe the status of particular species at the national level. The global Red List assessment is accurate for a country only if a species is endemic to the country.  Many of the taxa which do not qualify as threatened at the global level may be on the brink of extinction in a country or a continental region of more limited area due to more numerous human population and different cultural, economic and administrative factors. Therefore, national level assessments are necessary to address these anomalies of the global listing. National level assessments provide justification for setting conservation priorities, for national level field studies, for funding conservation in ministries and departments, or generally for protection and recovery of threatened species.  An analysis of the comprehensive global Red Lists of 1996, 2000 and 2002 and comparison with national action does not reveal any change or improvement in actions to halt population decline or address any specific threat in Pakistan.  Therefore national level assessments of Pakistan’s biodiversity are fundamental for undertaking effective action on behalf of threatened taxa, as well as determining overall biodiversity.  

National governments and their related ministries are responsible to the people for biodiversity loss that occurs in their country, whether the species is endemic or not.  The over-riding concept of biodiversity is that every species and subspecies is potentially or actually of intrinsic value.  Therefore the loss of any species or subspecies at the country level is an embarrassing and tragic loss for a government, its conservation community, state wildlife agencies, conservation NGO’s and for the common man. In practical terms, such as politics and raising funds for protecting biodiversity, it is a reflection on the efficiency of both governmental and non-governmental conservation agencies.  Moreover, it is a loss of valuable biological wealth which could benefit all human beings. Timely warning is most desirable so that steps can be taken to prevent species loss.  National assessments can provide such timely warning. 
 
For these and other reasons, IUCN Pakistan now has taken the initiative to take up species assessment and develop Red Lists at a national level.  Red Listing involves compilation and assessment of a large mass of information, further complicated by limitations of data, financial resources and coordination between agencies. It is not a small or simple task.  It may be very difficult to assess all the components of biodiversity simultaneously in any country and in Pakistan our limitations are formidable. In order to begin this complex and cumbersome task, the mammals, a relatively well-studied group in comparison to others, and a group known to have a high percentage of extinctions (refer Table 3 below), were selected for the first assessment exercise.  

Table : Number of Threatened Species by Major Groups of Animals at the Global Level: (Vertebrates)
	Group
	Total Number of Species
	Threatened Species (1996)
	Threatened Species (2000)
	Threatened Species (2002)
	Percentage of Threatened Species (2002)

	Mammals
	4,763
	1,096
	1,130
	1,137
	24%

	Birds
	9,946
	1,107
	1,183
	1,192
	12%

	Reptiles
	7,970
	253
	296
	293
	4%

	*Amphibians
	5,743
	124
	146
	157
	3%

	Fish
	25,000
	734
	152
	742
	3%

	(Sources: IUCN Red Lists (1996, 2000, 2002)
Global Amphibian Assessment (www.globalamphibians.org) 


	


	*Note: According to the latest global amphibian assessments, a total of 1870 species are threatened with a percentage of 32% of the total species according to 2004 statistics. This number is much higher than the mammals where 23% and birds 12% are threatened respectively.


Mammalian Biodiversity and Pakistan:  
 

There are various obvious reasons for prioritizing mammals for Pakistan’s first Red List and some of these are listed below;

· Mammals are the most threatened group of vertebrates at global level. 

· Out of eighteen orders of the world’s mammals (4,763 species), Pakistan has representative species of ten orders that are among the most threatened in the world. 

· As in the world total 1137 species of mammals are threatened, among approximately 1026 species belong to the orders whose representative species are also found in Pakistan. 

· As it is clear from the table human use of wildlife in Pakistan, mammals may be comparatively more threatened than any other group. 
Pakistan’s wildlife biologists and other nature enthusiasts hold together a significant store of knowledge which is primarily on mammals: 

· Wildlife departments and other biological institutions have done their work primarily on mammals. 

· There are expert zoologists in Pakistan, whose work and knowledge on different groups of mammals is highly appreciable. 

· Hunters, traders and others who spend time in natural areas have more information on mammals in detail than any other faunal group.   

Having involved a variety of these experts and completed the assessment, we may draw the following benefits from the list of threatened mammals of Pakistan;

 

· We can identify and prioritize the 227 protected areas, particularly those which are relevant to mammals, where there is a need to extend conservation work. 

· The exercise has raised morale and added to the knowledge of our scientists, field biologists, conservationists, researchers, academics and conservation NGO’s by indicating deficiencies and therefore a need to initiate conservation action. 

Assessments, Information, Research and Coordination:
 

Assessment of any group of biodiversity for conservation would require sufficient knowledge on both the quantitative and qualitative aspects of the taxon according to the various parameters as described in the data collection forms provided by the C.A.M.P. process, the Biological Information Sheet (BIS). Currently, in Pakistan we do not have any central database, where such information can be viewed it its totality. At the same time, there is no public or shared access to the information on the work that has been completed or ongoing by biodiversity research and conservation groups.

 

As far as Mammals are concerned, we do not have much published material, except the work by Dr. G.B. Schaller (Mountain Monarchs 1977, Stones of Silence 1980); Dr. T. J. Robert (The Mammals of Pakistan, 1977 and 1997); Prof. Z.B. Mirza (Animal Biodiversity of Pakistan, 1999 and other publications), scientific contributions by Pakistan Museum of Natural History (Biodiversity of Pakistan, 1997), Zoological Survey Department and a diversity of individual research papers on small mammals.  All these efforts, however, frequently cover only qualitative aspects of the mammalian biodiversity. The pioneering work on Mammals of Pakistan by Dr. T. J. Robert covers the whole range of mammalian species, and gives us an overview of their current situation including the ecology and distribution in the country. In the recent past others have become involved in wildlife studies and there is a need to compile and make use of their knowledge for our collective wisdom.  In the Pakistan’s Mammal C.A.M.P. workshop an effort has been made to gather concerned researchers/ individuals, organizations and institutions at one venue and combine their working knowledge with the aforementioned published material. 

 

Communication, cooperation and coordination among organizations, institutions and researchers are of utmost importance.  The Conservation Assessment Management Plan (C.A.M.P.) workshop aims to gather people together and promote such sharing of knowledge for a common purpose.  C.A.M.P. workshop has gained confidence as a systematic, scientific participatory methodology for efficient compilation of accurate checklists of species and assessment of their status at the national and regional level. The C.A.M.P. workshop is more lengthy and elaborate than most exercises.  Trained facilitators supervise and direct the work on Biological Information Sheets collected from individual wildlife workers before the workshop.  At the workshop, Working Groups of a few individuals organized by taxon groups together compile information from all sources on to an eight page Taxon Data Sheet after deliberating and deciding consensually the most accurate conclusion from compiled data.  Later, this information is used in applying the IUCN Red List criteria to every species in order to determine its status and assign it to an IUCN Red List Category. All the contributors, informants and participants are given credit in the Taxon Data Sheet as contributors for the information and its assessment. All the Taxon Data Sheets are photocopied and collated, and given as a Draft Report to each participant to carry with him for subsequent review. Participants are encouraged to return the Draft with their comments and corrections which are incorporated into the typed Taxon Data Sheets.  The Red List assessor uses these complete and corrected sheets to check the application of the IUCN Red List criteria and endorse or assign a different category.
Different definitions and related concepts in Biodiversity:
A. Definitions: 

1. Extinction: The loss of a species from the biota; the failure of a taxonomic group to produce direct descendants, causing its worldwide disappearance from the record at a given point.

2. Extirpation: The loss of a species from a significant portion of its range

3. Endemic: A species restricted to a defined geographic area 

B. Extinction as a natural process 

1. Each species has a finite lifetime probably 99% of all organisms that have existed are now extinct

2. Most species exist 2-5 million years

3. Extinction can result in an available ecological niche (where an organism lives and its behavior in that place) to be occupied by other species 

C. Kinds of extinction 

1. Background extinction: The continuous, low-level rate of extinction

2. Mass extinction: A large loss of species in a brief geological period of time 

a. Cretaceous extinction when the dinosaurs disappeared some 65 million years ago (mya) 

b. Numerous major extinctions have occurred (5 or 6) each resulting in a fundamental change of the biota (e.g., rise of flowering plants at the end of the Jurassic some 130 mya)

c. Significant extinctions occur about every 26 million years 

D. Causes of mass extinction 

1. Climate: Changes in the climate always results in changes in the biota; sudden (in geologic time) and profound changes nearly always result in mass extinction events. Gradual changes usually result in a displacement of the biota but not necessarily mass extinction 

a. Pleistocene glaciation [good but slow to load!] (over the last 2.5 my) resulted in significant extinction of grazing animals in North America and Eurasia, but not in Africa and portions of South America

b. Eastern deciduous forests pushed into eastern Mexico so that most of the flora survived; montane forests in southern California and Arizona were extirpated during the Holocene (last 10,000 y) as the climate warmed after the glacial era 

2. Geologic events: Dramatic flooding, extensive volcanic activity, major tetonic shifts (e.g., continental drift, widespread volcanic eruptions), etc. can all resulted in global or near-global extinction events 

a. Increases or decrease in sea levels

b. Volcanic and fire-induced high altitude air pollution
c. Continental drift and island formation 

3. Meteorite: Impact of large or numerous meteorites. 

a. Meteorite: Impact with earth can cause increase in dust at high elevations

b. End of Cretaceous probably caused by meteorite hitting the earth near Yucatan; iridium layer found at same level all around the earth 

Human: The single largest cause of extinction presently
Different Ecosystems and Environmental Influences:

ECOSYSTEMS: UNITS OF SUSTAINABILITY
  A. Ecosystems are the biotic and abiotic factors in a specified area that interact with one another.
  1. Understanding the interaction of the biotic and abiotic factors in an ecosystem    can help us to see why particular human activities may be a problem for human survival.
  2. Example: The loss of ozone in the stratosphere increases the quantity of UV  radiation on the surface of the planet. In the same way that humans experience sunburn from too much sun exposure, so do plants. Excessive UV may damage or  destroy plant protein and DNA, killing the plant.
 B. Plants and animals interact with their abiotic environment. Attempts are made by  the plant or animal to reduce or increase the quantity of an abiotic factor.
1. Aspens have a waxy coating on their bark to reduce the quantity of sunlight absorbed.
                     2. Desert plants have hair-like structures to reduce the quantity of sunlight
                     reaching the leaf surface.
                     3. Pine trees have needle-like leaves that reduce the quantity of heat lost during
                     the winter.

The effects of different  ecological systems on animal diseases and production potential, nutrient Cycling of soils, crop rotation and its interaction with livestock and wild life.
ECOSYSTEMS AS RESOURCES
I. Why Do We Want to Use Resources Sustainable?
          A. Resources provided by ecosystems sustain life.
          B. There are a limited number of resources in an ecosystem.
          C. Ecosystems are limited in their ability to cycle resources.
II. Ecosystems and Their Goods and Services
          A. The Goods (Resources)
                     a. Wood: Buildings and sheds made of wood, paper, furniture, fixture etc.
                     b. Food: Meat, grains, vegetables, fruits, oils
                    c. Minerals: Phosphorus and nitrogen (for farming), copper (electrical wire),   aluminum  (cans, cars), iron, silver, gold, platinum, titanium
                     d. Fuel: Wood, petroleum, dung, alcohol
                     e. Clothing: Cotton, rayon, nylon, polyester, fur, leather
                     f.  Plastics: Petroleum, trees (rayon)


[image: image6.png]Inarganic.





          
B. The Services
 1. Maintenance of Hydrologic Cycle: Water infiltrates soil and is absorbed by  plants.  Water evaporates from soil or evapotranspires from plants. Evaporated water
                     condenses in the atmosphere and falls to the earth as precipitation. Flooding is
                        prevented by the functioning of dynamic ecosystems because precipitation is absorbed by the ecosystem and slowly released.
                     2. Modification of Climate: Water absorbs a considerable amount of energy from
                     the sun as it evaporates. This energy is released when the water condenses. Heat is
                     moved around the planet in water.
                     3. Erosion Control and Soil Building: Plant and detritus control erosion by
                          absorbing the impact of precipitation, and make a greater surface area available for  the  absorption of water. Plants, animals, and microorganisms found in terrestrial
                     ecosystems create soil.
                     4. Maintenance of Oxygen and Nitrogen Cycles: Photosynthesis releases oxygen.Nitrogen fixing microorganisms in the soil maintain soil fertility.
                     5. Waste Treatment: Water is a universal solvent. Many water-soluble pollutants
                     (sediments, excess nutrients) are removed from the water in wetlands.
                     6. Transformation of Toxic Chemicals: Microorganisms transform many toxic
                     chemicals, both organic and inorganic, into harmless products. 
                     7. Pest Management: Predators for the organisms we consider pests exist. When
                     predators are maintained, pest management is provided by ecosystems.
                     8. Carbon Storage and Maintenance of the Carbon Cycle: Carbon is cycled
                     through the atmosphere, biomass, and soil. The biomass of the forest contains 500
                     billion metric tons of carbon  more than is found in the atmosphere. Even more    carbon is found in the organic matter of soil.
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Size bias
Biodiversity researcher Sean Nee points out that the vast majority of Earth's biodiversity is microbial, and that contemporary biodiversity physics is "firmly fixated on the visible world" (Nee uses "visible" as a synonym for macroscopic).[12] For example, microbial life is very much more metabolically and environmentally diverse than multicellular life (see extremophile). Nee has stated: "On the tree of life, based on analyses of small-subunit ribosomal RNA, visible life consists of barely noticeable twigs. This should not be surprising — invisible life had at least three billion years to diversify and explore evolutionary space before the 'visibles' arrived".

The reply to this, however, is that biodiversity conservation has never focused exclusively on visible (in this sense) species. From the very beginning, the classification and conservation of natural communities or ecosystem types has been a central part of the effort. The thought behind this has been that since invisible (in this sense) diversity is, due to lack of taxonomy, impossible to treat in the same manner as visible diversity, the best that can be done is to preserve a diversity of ecosystem types, thereby preserving as well as possible the diversity of invisible organisms.
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    Analyzing and interpreting biodiversity data:
Measurement of biodiversity
Biodiversity is a broad concept, so a variety of objective measures have been created in order to empirically measure biodiversity. Each measure of biodiversity relates to a particular use of the data.

For practical conservationists, this measure should quantify a value that is broadly shared among locally affected people. For others, a more economically defensible definition should allow the ensuring of continued possibilities for both adaptation and future use by people, assuring environmental sustainability.

As a consequence, biologists argue that this measure is likely to be associated with the variety of genes. Since it cannot always be said which genes are more likely to prove beneficial, the best choice for conservation is to assure the persistence of as many genes as possible. For ecologists, this latter approach is sometimes considered too restrictive, as it prohibits ecological succession.

Biodiversity is usually plotted as taxonomic richness of a geographic area, with some reference to a temporal scale. Whittaker[4] described three common metrics used to measure species-level biodiversity, encompassing attention to species richness or species evenness:

· Species richness - the most primitive of the indices available. 

· Simpson index 

· Shannon index 

There are three other indices which are used by ecologists:

· Alpha diversity refers to diversity within a particular area, community or ecosystem, and is measured by counting the number of taxa within the ecosystem (usually species) 

· Beta diversity is species diversity between ecosystems; this involves comparing the number of taxa that are unique to each of the ecosystems. 

· Gamma diversity is a measure of the overall diversity for different ecosystems within a region.

      Monetary Benefit of Ecosystems
 1. A 1997 study estimated that the world's ecosystems provide $33 trillion worth of goods  and services per year.
 2. One acre of wetlands does the equivalent of $100,000 per year of water purification  and fish propagation services.
          3. We undervalue the services of ecosystems because their services are provided free of 
          charge. 
          4. We notice the services when they are gone:
                     a. The eutrophication of Chesapeake Bay is a result of wetland loss and an increase in the added nutrients within its watershed.
                     b. Flooding in Bangladesh is a result of deforestation in India; consequently, the
                     monsoons cause great loss of human life and devastation of crops.
Patterns of Use of Natural Ecosystems
          A. Consumptive versus Productive Use
                     1. In consumptive "people harvest natural resources in order to provide for their  needs for food, shelter, tools, fuel and clothing."
                     2. "Productive user refers to the exploitation of ecosystem resources for economic
                     gain."
          B. "A natural ecosystem will receive protection only if the value society assigns to its
          natural function is higher than the value the society assigns to exploiting its natural
          resources."
                     1. This is a conflict between individual gain from and societal loss of the goods and
                     services provided by an ecosystem.
                     2. This conflict also occurs between those who use public land for private gain
                     (ranchers, loggers, miners, etc.) and those who want the ecosystem conserved in a 
                     way that produces the greatest good for the largest number of organisms (humans
                     included.)
 C. Maximum Sustained Yield (MSY): "The highest possible rate of use that the system can match with its own rate of replacement or maintenance."
                     1. How does MSY works?
                     At low population size the rate of population growth will increase because the
                     environmental resistance factors are low.
 At low population size, the rate of population growth will increase until environmental resistance factors begin to limit population size. This point is MSY. As the population  size becomes larger than the MSY, the rate of growth population decreases and the  number of individuals that can be extracted does not increase.
                     2. MSY is the point where the highest rate of recruitment can occur. The highest rate of harvesting can occur at the point where the highest recruitment occurs.
                     3. The difficulty with MSY is determining it. We typically do not know the point at
                     which the highest recruitment occurs. 

4. For example, North Sea cod were over-fished because we do not understand MSY.
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Tragedy of the Commons: When a resource is held in common or by no one, it is           
 known as a commons.
                     1. Grasslands (grazing, mining)
                     2. Coastal and open ocean (fishing, mining)
                     3. Groundwater (urban and agricultural use)
                     4. Woodlands and forests (logging, mining)
Ecosystems Under Pressure
          
                Forests and Woodlands
                     1. Threat: Total Removal
                     2. Consequences: loss of biomass, reduced productivity, reduced biodiversity, soil
                     erosion, changed hydrologic cycle, loss of carbon dioxide sink
Ocean Ecosystems
                     1. Threat: Overexploitation
                     2. Consequences: Reduced productivity and reduced biodiversity
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  Grasslands
  1. Threat: Total Removal
  2. Consequences: Loss of biomass, reduction in biodiversity, loss of carbon dioxide sink, changed hydrologic cycle, and soil erosion.
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