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Foreword / ABOUT THE BOOK

Pakistan hosts a wide range of ecosystems / habitat types and associated biological diversity due to its unique geographical and climatic conditions. There are snow covered peaks, permanent snowfields, lush green as well as barren mountains, forests, irrigated plains, riverine tracts, sand dunes and deserts and coastal areas. The merger of three largest mountain ranges of the world viz. Karakorum, Hindukush and Himalayas near Gilgit in northern Pakistan and also the confluence of three zoogeographical regions viz. Ethiopian, Oriental and Palearctic in Balochistan Province make the Pakistan geographically a unique area. Pakistan stretches over an area of 796,095 Km2 between longitude 60o 52' to 75o 22' E, and latitude 24o to 37o N, from the snowy mountains of world’s highest peaks in the western Himalayas in the north, descending to touch the arid coast of the Arabian Sea in the south. Due to a wide range of habitats the country hosts more than 2000 wildlife species including fishes, amphibians, reptiles, birds and mammals.
This field guide overviews the wildlife survey techniques for amphibian, reptilian, avian and mammalian fauna of Pakistan with notes on habitat estimation for different species. It is written with a view to guide students and researchers working in field and labs in Pakistan. We welcome the students and budding future biologists, hoping their contributions to the knowledge and conservative efforts will bring near the bright future of the threatened wildlife species in Pakistan. 
The layout of this field guide is kept as simple as possible for easy access of its users; field biologists, researchers and students in universities and colleges with little or no access to the basic herpetological, ornithological and mammalogical literature. It is hoped that a person with basic knowledge of biology will encounter no difficulty in understanding the explanations of scientific terminology necessary for the study of various groups of wildlife.
This field guide serves two purposes; 
· Taxonomic identification of wildlife species
· Educating young researchers for conducting wildlife surveys, monitoring and ecological baseline studies 

For the first purpose the animals are to be caught from nature, preserved scientifically for their scientific identification and study, for that the book contains instruction to locate, retrieve and preserve the material. For the second purpose, conservation problems are identified and conservation measures have been suggested to re-invigorate the fast depleting wildlife species in Pakistan. 

CHAPTER 1: INTRODUCTION

WHAT IS WILDLIFE 
Traditionally we tend to take the word “wildlife” for animals living in jungles and forests, such as lions, elephants, hyenas, wild boars, deers, etc., mostly ferocious. But as a matter of fact, the term "wildlife" encompasses a wide variety of organism living in their natural habitat which not only include the above mentioned animals but also other life forms, fishes, frogs, spiders, jellyfish, and many more. So much so, wild plants are no exception. Wildlife is undoubtedly a precious asset by all means, ecologically, economically, aesthetically, etc. By far, various experts have attempted to define the term, “wildlife” in great many ways. Here is a brief account of how various experts quote wildlife as.

The American heritage dictionary of the English language defines wildlife as animals and vegetation, especially animals living in a natural, undomesticated state. Oxford Advanced Learner's Dictionary defines the term wildlife as animals, birds, insects, etc. that are wild and live in a natural environment. According to the concise Oxford dictionary of zoology, “wildlife is any undomesticated organisms, although the term is sometimes restricted to wild animals, excluding plants”. Collin’s concise dictionary and thesaurus terms wildlife as flora and fauna. Collin’s English dictionary refers wildlife as wildlife animals and plants collectively. English Collins Dictionary terms wildlife as wild animals and plants collectively. Longman Cambridge advanced learner's dictionary describes wildlife as animals and plants that grow independently of people, usually in natural conditions. Longman dictionary of Contemporary English Advanced Learner’s dictionary delimits the term wildlife as animals and plants growing in natural conditions. Dictionary of contemporary English quotes wildlife as animals and plants growing in natural conditions. The new International Webster’s comprehensive dictionary of the English language states wildlife as wild animals, trees and plants collectively, especially as objects of government conservation. Macmillan dictionary refers wildlife as animals, birds, and plants that live in natural conditions. Saunder’s veterinary dictionary: Animals running unrestrained in a natural environment.
According to Alan Gilpin Dictionary of environmental terms, “A collective term embracing several thousand different species of mammals, birds and reptiles is wildlife. No two species respond in precisely the same manner and degree to the influences of the environment; the differences in response are aspects of competition, selection and evolution.” Dictionary of environmental science and engineering quotes, “Wildlife includes any animals, bees, butterflies, crustaceans, fish moths and aquatic or land vegetation which forms part of any habitat.”Hanson Dictionary of Ecology describes wildlife as collectively the non-domesticated vertebrate animals, except fishes, such as deer, moose, birds, etc. Economic zoology – A dictionary of useful & destructive animals coins wildlife as wild animals and plants adding that there exists a multi-million dollar wildlife trade. 

Follows is an attempt to explore various internet sources to pursue definitions of wildlife. 
Wikipedia encyclopedia in its definition of wildlife encompasses all non-domesticated plants, animals and other organisms. Website of wikitionary includes animals living and plants growing in their natural environment in its definition of wildlife, wild animals; wild birds; all fish found in inland fishing waters; and inland game fish. Oxford dictionaries online opines that wildlife are wild animals collectively; the native fauna (and sometimes flora) of a region. Dictionary.com quote the term wildlife as undomesticated animals living in the wild, including those hunted for food, sport, or profit. Merriam-Webster Online Dictionary depicts wildlife as living things and especially mammals, birds, and fishes that are neither human nor domesticated. Encarta world English dictionary incorporates all wild animals, birds, and other living things, sometimes including vegetation, living in a natural undomesticated state in its definition of wildlife.  According to wordnet, Princeton university, “all living things (except people) that are undomesticated; chemicals could kill all the wildlife"

According to department of ecology, state of Washington, "wildlife means any non-human vertebrate animal other than fish”. The Pacific stream keeper Federation quotes views wildlife as any animal that is not tamed or domesticated. US Department of Agriculture: Land or water used, protected, and managed primarily as habitat for wildlife. According to borealforest.org., “raptors, threatened species, endangered species, game animals, and other species of vertebrates may be prescribed as wildlife by regulation”.

According to glossary of forstery terms, wildlife is a broad term that includes non-domesticated vertebrates, especially mammals, birds and fish. Forestry commission of UK holds that anything living, both plants and animals, which is not domesticated is part of wildlife. wordiq.com extends that all living things (except people) that are undomesticated; the term wildlife refers to living organisms that are not in any way artificial ordomesticated and which exist in natural habitats. Word tutor describes wildlife as all living things (except people) that are undomesticated.

Ecopedia refers the term wildlife as all the plants and animals on the planet that are not domesticated by humans. Among the world's wildlife, there are many endangered species of both plants and animals. Random house dictionary defines wildlife as undomesticatedanimals living in the wild, including those hunted for food, sport,  or  profit. Webster’s new world college dictionary states wildlife as all wild animals collectively; esp., the wild vertebrates hunted by humans. Aallwords.com describes wildlife as animals living in their natural environment. Agriculturedictionary.com wild animals of all types, including birds, reptiles and fish. Science-dictionary.com refers wildlife as wild animals of all types, including birds, reptiles and fish. Dictionary.net defines wildlife as all living things (except people) that are undomesticated. Onlinedictionary.datasegment.com states wildlife as all living things (except people) that are undomesticated.

There may be extended views or may be different angles to limit and delimit the term wildlife. The above account, however, enables us to agree that rapidly growing understanding of wildlife is improving our concepts faster than ever before. No wonder, in future scientists may suggest normal flora (bacteria and other microorganisms living on wild animals and plants) as part of the wildlife as well. No one knows what comes ahead. The ever increasing scientific understanding of nature and ecology may sometime open new dimensions to us. To make an agreement, all life forms living in natural habitat are part and parcel of the term “wildlife”. Since all living things, generally animals and plants, in all natural ecosystems, struggling to survive under various ecological and evolutionary forces, are interrelated and can never be parted; the term wildlife may refer to all of them.
VALUES OF WILDLIFE 
When we hear the term "wildlife", it generally refers to large ferocious animals living in jungles and forests such as tigers, lions, elephants, wolves, Wild boars, deer’s etc.  But in fact, "wildlife" implies to any living organism in its natural habitat which includes all plants, animals and micro organisms except cultivated plants and domesticated animals. From ecological view point, wildlife is a renewable resource. Wildlife also includes the flora present in the forests. Basically the flora is the collections of plants and fauna, the collection of animals. Precious plants and animals are becoming extinct or endangered as a result of clearing of the forests. The forests are home to many precious species of plants and animals. In fact, the wealth of wildlife is so much that we have not even identified a large number of the species. Many practices like poaching, encroaching forestland for cultivation and occupation, pollution, etc. have resulted in the decline in numbers of wildlife, both flora and fauna.

The wildlife is a renewable resource. However, man's activities are depleting these resources much faster than they can renew. This has resulted in extinction of a number of species. So far, at least 100 species of mammals, 80 species of birds and hundreds of species of plants have become extinct from the world. Wildlife protection act 1972 amended 1991 restricts and prohibits hunting of animals. It was amended for protection of certain plants from excessive exploitation, settling and managing national parks, sanctuaries, and zoological gardens, creation of a zoo authority for controlling zoos and captive breeding and control trade in wildlife, wildlife products and trophies.

Wildlife is under threat today and it is mainly due to human interventions. Humans are intervening in the survival of wildlife directly and indirectly also. Nature has given a lot to the humans but in return humans have given nature a threat of extinction of many species present in the wild. Wildlife conservation is a practice in which people attempt to protect endangered plant and animal species, along with their habitats. The goal of wildlife conservation is to ensure that nature should be unchanged. The conservation of the nature means that the total amount of energy in the universe was fixed and unchangeable; it could be neither created nor destroyed. Then came E=MC2.

Conservation of wildlife means saving, protecting and preserving the diverse animals including all the invertebrates, plants and other micro-organisms from coming extinct from the face of the earth. Trees give animals shelter and provide food in nature.

Wildlife conservation is important because without it, our resources would deplete in a matter of 100 years. Without conserving, many of the things we enjoy now will not be around us in future.
Wildlife conservation aims to halt the loss in the earths biodiversity by taking into consideration ecological principles such as carrying capacity, disturbance and succession and environmental conditions such as physical geography, pedology and hydrology with the aim of balancing the needs of wildlife with the needs of people. Most wildlife biologists are concerned with the preservation and improvement of habitats although reinstatement is increasingly being used. Techniques can include reforestation, pest control, nitrification and denitrification, irrigation, coppicing and hedge laying.

So, wildlife conservation is the protection of species and habitats of animals. 

THREATS TO WILDLIFE
Habitat Degradation 
The recent increase in the population of both humans and their livestock has placed immense pressures on wildlife species and their habitats. Similarly, increased developmental activities like construction of roads, dams, military bases, towns and agricultural lands etc. in wild lands have also increased the threats to wildlife species and their access to their intact habitats. This has consequently made the species more vulnerable to threats of poaching. Collecting fuel wood and forest fires for getting new grasses and vegetation for livestock is a major factor for habitat destruction in the area.  
Related ads:

Climatic Changes 

Due to manmade disasters, climate change have affected wildlife adversely.
Industrialization 

Increased use of chemicals and disposal of waste in natural resources or habitats has also affected the wildlife. Disposal of pesticides and insecticides in water bodies is an example for this.

Mismanagement 

Lack of government and individual initiative towards wildlife conservation has brought havoc to wildlife. Spreading awareness can be taken as a step towards wildlife conservation.
Poaching of Lambs

Poaching can accelerate extinction processes, particularly when driven by commercial gain. In the Salt Range Wetlands Complex, usually the human habitations are adjacent to Urial habitats and poaching of Urial lambs is common in the area. It was revealed while interviewing different local residents that poaching of lambs is the major threat to Urial population and Urial population can be saved if a strict and effective monitoring could be ensured in the area even just for three months in a year i.e. during lambing season. 
Illegal Hunting

Many hunting parties from different areas approach the study area for Urial hunting especially in Daddar and Kund Forests. The Urial is protected in Punjab i.e. its hunting is banned and only a few trophy sized animals are offered annually for legal hunting by the Punjab Wildlife and Parks Department. But the illegal hunting practices are still there and a number of animals are hunted illegally each year. This situation is also posing a threat to the Urial in the area. 

Forest Fires 

There is no serious threat to wild ungulates in their core habitats from predators like leopards, wolves, jackals etc. The actual threat to wild ungulates is the presence of human being in close proximity of wildlife habitats. Human beings in remote areas use the fuel wood for energy resource and forests are the main source of fuel wood. Every year one or the other part of the forest is burnt through intentional forest fires (Fig 12).  Such forest fires are of dual benefits for the local residents; one provision of fuel wood and the other, availability of fresh grasses for their livestock. No action is being taken by the relevant departments to control the situation. 

Over Grazing and Competition with Livestock

Presence of a huge number of domestic animals including sheep and goats in the study area is also a threat to the endemic Punjab Urial in the area. These livestock consume much of the available vegetation in the area thus, posing a tough competition for the wild animals (Fig 13). Moreover, in the presence of the shepherds accompanying their livestock, Urial hesitate to grazing and browsing in the area. Thus, Urial seem to be under certain pressure in its own habitat.

Diseases from Livestock 

Most of the diseases common to domestic livestock in the study area present a potential threat to the Urial population. The livestock owner can treat their animals but no such facility is available for the wild animals. Therefore, there should be a check and control on the mixing of both the livestock and wildlife species in the wildlife habitats. There should also be some boundary demarcation for livestock grazing in the wildlife habitats. 

WILDLIFE RESOURCES OF PAKISTAN  
CHAPTER 2: AMPHIBIANS

WHAT ARE THE AMPHIBIANS

Amphibians are a group of small animals belonging to Phylum Chordata, sub-phylum Craniata or Vertebrata, Super class Tetrapoda and Class Amphibia. Being tetrapods, the amphibians are provided with two pairs of pentadactyle limbs which may be modified, reduced or absent in some adult forms. 

Origin and Evolution

During the later part of Devonian Period, a population of Osteolepid fishes (Order Crossopterygia and sub-order Rhipidistia) Eusthenopteron were living in fresh water. Some of these fishes were crawling from pool to pool and then spending more time on land, gave rise to amphibia.

Amphibians are the first vertebrates to become adapted to life on land. As the class name “Amphibia” indicates, many members of this class have double mode of life i.e. they spend the early stages of their life cycles in water as gill breathing tadpoles. Later the larva transforms into lung breathing terrestrial adults through metamorphosis. There are however, some amphibians that never leave water and remain permanently in the larval stage e.g. Necturus while others never enter water at any stage of their life cycle e.g. Salamandara.

In both structure and function, amphibians stand between fishes and reptile. 

Diagnostic Characters

Following are some of the characters that differentiate amphibians from other groups of vertebrates.

1. These are cold blooded (Poikilotherms) animals i.e. they cannot change their body temperature according to the changing environment. Therefore, hibernate during winter to avoid extremes of temperatures.

2. Skin is moist, glandular and scale less except in some burrowing apoda e.g. Ichthyophis that bear small dermal scales. 

3. Two nostrils connected to mouth cavity;mouth with fine teeth, protru slide tongue.

4.  Two pairs of limbs basically pentadectyle although the number of toes reduced to four or fewer. No limbs on Apoda: no hind limbs in Siren (a urodela).

5. Skeleton is lagerly boney; the skull is moveable attached to the vertebral column by two occipital condyles; ribs when present are not attached to the sternum; the interclavicle serves to brace (to give firmness) the two halves of the pectoral girdle: pelvic girdle is attached to the vertebral column by a single sacral vertebra.

6. The jaws suspension is autostylic (i.e. upper jaw is attached to the skull with a bone called Quadrate) the free hyomandibular is modified into columella auris which lies in the upper part of the spiracle between the inner ear and the tympanic memberane. In all but a few of the early forms, there is an opening called fenestra ovalis on the side of the ear capsule and through this opening columella auris conveys sound vibrations to inner ear.

7. They breathe by gills in the larval stage and by the lungs in the adult. The gills are retained by the adults of some urodeles.

8. Brain with the 10 pairs of cranial nerves.

9. Heart comprises two auricles, one undivided ventricle, one cinus venosus and one conus arteriosus.

10. Red blood cells are oval and nucleated.

11. Fertilizationn is external in most amphibians, mostly oviparous and eggs with some youlk and enclosed in jelatinous covering; cleavage holloblastic but unequal; with an aquatic larval stage which metamorphosis in to adults.

CLASSIFICATION OF AMPHIBIANS

Class Amphibia is divided into three orders,

· Order Anura or Salientia

· Order Urodela or Caudata

· Order Apoda or Gymnophiona or Caecilia

1. ORDER URODELA OR CAUDATA (Salamanders)
1. Elongated scale less body consists of head, trunk and well developed tail; the tail is retained throughout the life.

2. Two pairs of small equal sized limbs are present in most species with the exceptions of siren which has no hind limbs; there are usually four digits in the fore limbs and five digits in the hind limbs.

3. The eyes are small without eyelids. In the cave dwelling prsteus, the eyes are hidden under the integument.\

4. Excoskeleton is absent except the claws in anychodactylus (onycho=nail).

5. The tongue is usually fixed and immovable in most urodeles.

6. Vocal cord, tympanums are absent (so they cannot make any sound).

7. The teeth are present in both the jaws.

8. In lower urodeles e.g. ambystoma, the vertebrae are amphicoelus, but in higher urodeles e.g salamandra, the vertebrae are opisthocoelus.

9.  External gills are present in larval state which is lost in adults caducibranchiates. But in some while the gills are lost but gill slits persists as for example, Amphiuma, cryptobranchus, Megolobatrachus. While in other caducibranchiates, all traces of gill clefts disappear as for example, Ambystoma, Salamandra, Triton and Triturus.

In perennibranchiates, gills are retained throughout life as for example Necturus, Proteus, Siren etc.

10. Kidney is opisthonephros.

11. Usually oviparous, most undergo complete metamorphosis (Triton, Triturus are oviparous).

Examples, 

1. Cryptobranchus (commonly called Hell bender)

2. Ambystome tigrinum (Tiger salamander) its larva is called Axolotl larva.

3. Salamandra, (European fire salamander)

4. Siren (Mud eel)

5. Necturus (Mud puppy)

2. ORDER APODA OR GYMNOPHIOA (Limbless Amphibians)
1. They live in burrows in swampy damp places.

2. Eyes are very small, function less, buried beneath the skin.

3. The smooth slimy skin is transversely grooved and small calcified dermal scales are present in the groves.

4. Tympanum and tympanic cavity are absent.

5. Vertebrae are amphicoelus. Number of vertebraes is 200 or more usually up to 250. Ribs are long.

6. No gills or gill slits in adults. Respiration is pulmonary (through lungs).

7. Teeth on both jaws and also on palatine and vomers.

8. Fertilization is internal. Several aquatic genera are viviparous in which there is no larval stage. Terrestrial species lay large yolky eggs and larval stage is passed within the egg envelopes.

Examples, Ichthyophis (Found in India, Ceylon and Malayisia), Caecilia (America), Dermorphis (Found in America and Africa) 

3. ORDER ANURA OR SALIENTIA (Frogs and Toads)
1. Short, scale less, tail less, four legged body; head and trunk are fused and there is no neck region.

2. Hind limbs are longer than the fore limb; the feet may be webbed for swimming or or long figures with suction pads for climbing as for example in hyla (tree frog, arborial).

3. They have vocal cards, tympanum and tympanic cavity.

4. Skin is smooth and slimy due to cutaneous glands (except in toads).

5. Vertebral column is short with only 8-10 vertabrae and a urostyle; the ceutra are procoelus.

6. Gills and gill slit are abscent in adults. Respiration is pulmonary.

7. Kidney is mesonephros with mesonaphric duct.

8. Fertilization is external eggs are laid in water except Nototrema.

Anura is divided in to two sub orders on the basis or absence of tongue.

i. Sub order Aglossa

ii. Sub order Phaneroglossa

1. Sub Order Aglossa

Tongue is absent and the Eustachian tubes are united and open by a median aperture in to the pharynx.

Examples: Pipa Americana, Xenopus.

2. Sub Order Phaneroglossa

Tongue is present. Eustachian tube opens separately into the pharynx.

Examples:  Bombinators (Fire Bellied toad), Alytes (mid wife toad), Hyla (tree frog), Rana 
COLLECTION AND PRESERVATION OF AMPHIBIAN EGGS, LARVAE AND ADULTS FOR SCIENTIFIC STUDY 

Amphibians are specialized vertebrates, occupying special habitat in ecosystem where they forage, follow their breeding rituals, lay eggs, where their tadpoles feed and develop. In following section instructions for collection and record of pertinent data are provided. A scientifically preserved specimen without collection data is as useless as a badly preserved well documented specimen.

Data from field

To keep tract of a preserved specimen and related field information, it should be allotted a specific number.
Preparation of tags

· Tags are prepared by using water/formalin resistant paper, strung on a strong silken cord.

· The number is written on the tag with a water / formalin resistant ink or with lead pencil.

· iii.  The prepared tag with number is strung on the cord and tied at knee joint 

             (Fig 18 A) or around waist of the specimen (B)

Field Notes

Following data must be entered in the notebook under the tag number:

· Date of collection:  day/month/year.

· Time of collection:  using a 24-hour scale. 

· Name of the locality from where collected, district, province, distance and direction from nearest town by using a standard map. 

· Ecological data: habitat, elevation above sea, temperature/humidity is recorded. Type of vegetation, substratum is also recorded.

· Name of the collector. 

Photography
A close up color photograph of the specimen in its natural habitat, however, a series of photographs or a short movie will contribute to understand morphology, breeding, spawning and feeding habits of the animal. 

Collection Sites

Humid summer evenings are best to collect amphibians, which are best encountered at their feeding (under light posts etc.) and breeding sites (ponds and puddles) where they advertise their presence by their crocks. 
A calling male spotted under torch-light, is best caught by hand.  The male of smaller species: Microhyla and Fejervarya   perch well away from water, in the marginal vegetation, and are very agile hoppers, one has to be very agile to grasp them. It is harder to find a frog during day, requiring lot of turning of stones, logs, debris and leaf-litter etc., and searching in the marginal grass of ponds, puddles, streams, and looking into holes, crevices and fissures in the ground. Captured frogs and toads should not be left in the net for long, as the animal will work to widen the net’s mesh and sneak out to safety.   

Eggs   
Amphibian eggs are best collected from the sites where adults have been calling the previous night. By the next day spawn can be located easily at the site at different situations. Medium sized eggs of Fejervarya, Euphlyctis and Sphaeroteca are found in jelly patches, normally floating at water surface. Large Hoplobatrachus eggs are mostly attached in 1-5s to the submerged marginal grass blades. Much smaller, greenish-brown eggs of Uperodon and Microhyla are about 1/4th of the size of that of other species, float in small patches of thick jelly at water surface. Toads’ spawn of black eggs are strung in a double string of jelly, wound round submerged vegetation. However, to ensure spawn of a particular species, amplectic pair of the species collected from field is kept in an aquarium.  

Tadpoles

Temporal breeding sites are the major source of bulk of tadpoles, which within a week of calling, gets teamed with different species of tadpoles, however occupying in different niches. Dark brown to black Bufo and Pseudepidalea tadpoles are most common, usually fringe the marginal water. They move in deeper water as they grown older and lighter in color. Schools of transparent Microhyla and Uperodon tadpoles swim at mid-stream. While different species of Ranoid tadpoles occupy different niches in the pond. Euphlyctis are confined to the bottom, Fejervarya under submerged vegetation, Hoplobatrachus and Sphaeroteca keep to the marginal deep water. Of the mountain tadpoles; Allopaa develop in pools in the course of streams, taking refuge among crevices and holes along marginal stones, when the stream is in flood. Chrysopaa tadpoles remain in deep water pools confined under floating algal sheets.

Collection of Tadpoles

Tadpoles from field are best collected with a fine meshed hand-net from potential breeding cites. Microhyla and Uperodon are scooped up from mid-stream; Bufo from marginal water while rest of the species are netted by dredging along the pond bottom. To separate tadpoles from pond debris, the bottom of the net with tadpoles is kept dipped in water, the swimming tadpoles over it are taken into a wide mouth bottle lowered in the net or are scooped up by a tea-pot strainer.

Preservation and Fixing of Tadpoles

The collected tadpoles are soon to be fixed and preserved; otherwise post mortem changes will ruin the specimens. Living tadpoles are killed and fixed by putting directly in Bouin’s Fluid for half an hour. Bouin’s fluid can be prepared by following formula;

Picric Acid (saturated aqueous)

75 ml

Formalin (40% aqueous formaldehyde)
25 ml

Glacial acetic acid


05 ml

To store fixed tadpoles, excess of Bouin’s Fluid is washed away by giving tadpoles two to three washes in water and then the tadpoles are stored in diluted Bouin’s Fluid (Bouin’s Fluid and water in a 1:1 ratio). 

Preservation and Fixing the Frogs and Toads

The animals from field are treated with chemicals as soon as possible to ensure proper killing and preservation, which keeps their external and internal body parts as natural as possible to facilitate scientific study. Following material is required in the field for preservation and fixing purposes. 

· Killing and Preservative agent: Concentrated (40%) formalin buffered with calcium carbonate. 

· Plastic trays with lids for fixing and hardening the specimens.

· Two meter long muslin cloth twice the width of the plastic tray for fixing.

· For storage: 70 % ethyl alcohol.  

· Plastic jars to store bulk of collected specimens.

Killing the Specimens

Permeable amphibian skin readily absorbs killing agent, they are put directly in to 10% formalin and left for 15-30 minutes. 
Fixing and Hardening

Following are the steps in fixing and hardening the collected specimens. 

· A plastic tray is used for fixing dead animals in a posture that will facilitate future study. 

· The muslin cloth is cut into pieces of the twice the breath of the tray. Half of the cloth is spread at the base of the tray and is soaked with 10% formalin. 

· The dead frog or toad is placed belly down on the cloth

· A tag with a specific number is tied to the specimen as shown in Plate 15, B.

· Limbs are arranged in natural posture, the tray is covered with rest of the cloth, sprinkled amply with 10 % formalin, and is covered and left for 6-12 hours for hardening.

Storage 

The hardened specimens are stored in air-tight plastic jars with 70% ethyl alcohol. Avoid packing too many specimens with little preservative. It may distort the specimens for ever. Allow much space and preservative around the specimens, not allowing them to press against each other.

Transportation of Specimens from Field

The plastic jars are tagged with locality and date, according to the data-book, before transporting from field to the laboratory. While loading, ensure that every jar is loaded and secured, to prevent left-behind and damage during transportation to the laboratory.

Laboratory Study

Take out the specimen in a tray, wash it with ample amount of tap-water and do not allow the specimen to dry during the study.

Identification

Run the animal on the provided key as faithfully as possible, following each character referred to. Writing down differences in specimen in hand with that mentioned in the key. You may be working on a new species, take extra care in your comparisons with the literature available. 

Museum display

Select the finest specimen for museum display. Support the specimen by tying it to a glass strip, put it in the display jar, 20-30 mm longer and wider than the specimen, with a fairly tight stopper. Pour 70% ethyl alcohol, seal the jar to secure the specimen and preventing evaporation of the preservative. Display jars should be surveyed time after time, to replenish evaporated preservative if any.

CHECKLIST OF AMPHIBIANS FOUND IN PAKISTAN

Total 24 amphibian species have so far been reported from the territory of Pakistan (Khan 2006).

1. Bufo olivaceus Blanford, 1874

2. Bufo stomaticus Lütkin, 1862

3. Duttaphrynus  himalayanus (Günther, 1864)

4. Duttaphrynus melanostictus hazarensis (Khan, 2000)

5. Pseudepidalea baturae (Stöck, Schmid, Steinlein and Grosse, 1999)
6. Pseudepidalea latastii (Boulenger, 1882)

7. Pseudepidalea pseudoraddei (Mertens, 1971) 

8. Pseudepidalea siachinensis (Khan,  1997)

9. Pseudepidalea surda (Boulenger, 1891) 

10. Pseudepidalea zugmayeri (Eiselt and Schmidtler, 1973)

11. Scutiger nyingchiensis Fei, 1977 
12. Microhyla ornata (Duméril and Bibron, 1841)

13. Uperodon systoma (Schneider, 1799)

14. Allopaa barmoachensis (Khan and Tasnim, 1989)

15. Allopaa hazarensis (Dubois and Khan, 1979)

16. Chrysopaa sternosignata (Murray, 1885) 

17. Euphlyctis cyanophlyctis cyanophlyctis (Schneider, 1799)

18. Euphlyctis cyanophlyctis microspinulata Khan, 1997

19. Euphlyctis cyanophlyctis seistanica (Nikolsky, 1900)

20. Fejervarya limnocharis (Boie, 1834)

21. Fejervarya syhadrensis (Annandale, 1919)

22. Hoplobatrachus tigerinus (Daudin, 1802)

23. Nanorana vicina (Stoliczka, 1872)

24. Sphaeroteca breviceps (Schneider, 1799)

THREATS TO AMPHIBIANS IN PAKISTAN

Frogs and toads are under great threat not only in Pakistan rather all over the world, because of the main threats from environmental changes, high temperature, dryness and problem of human increasing encroachment on habitat. 
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The riparian Indus Valley which once teamed with animals of several local species during monsoon rains, and their croaks proverbially echoed the valley for several days. Human encroachment has now quieten several localities across the valley, as their potential breeding areas have shrunk and disappeared, replaced by large industrial estates, colonies and agricultural tilled fields, with meandering web of roads, disturbing whole ecosystem.  

Humans’ encroachment has overwhelmed all spheres of amphibian’s normal life: toxic affluents from factories; sewerage, tanneries have polluted rivers, streams, ponds and puddles. Killing plant and animal life in wetlands; wash-down of pesticides  and chemical fertilizers have polluted soil where amphibian once hopped about in search of food (definitely they are now hopping on chemical fire!). Ponds and puddles where adults called, laid eggs and larvae develop, are now barren and death traps for amphibians and fish. Thus overall amphibian life is made perilous by human greed and short sightedness, and local amphibians are speedily loosing ground to man’s unabated onslaught.

Natural enemies of amphibians in Pakistan  
With soft juicy nutritious body amphibians occur in variety of sizes, their defencelessness, aggregations at adult, egg and tadpoles stage, invite host of predacious sympatric animals. They are included in the diet of aquatic insect larvae, conspecific adults, fishes, snails, water birds, lizards, turtles, snakes, mongoose, and otters etc., especially when food is scarce.

Echoing bleating cries in the dead of night indicate that some snake is in the act of devouring of an amphibian. The wetlands are regularly visited by different species of sympatric snakes: Ptyas mucosus, Amphiesma stolatum, Spalerosophis diadema, Xenochrophis piscator, Bungarus caeruleus, Naja naja, and varanids V. bengalensis and V. flavescens. Occasional injured frogs with broken legs tell the story of attacks of ferocious mongoose and predacious fishes (Khan 2006). Dry charred bodies at the bed of dried ponds and puddles, speak of the devastation done by draught. 

Dead toads and frogs that line roads and highways during breeding season, illustrate how mechanization has affected our ecosystem (Khan 1990).  

Decline and Conservation of frogs and toads

Amphibians are in existence for over 300 million years, yet in just the last two decades there have been an alarming number of extinctions, nearly 168 species are believed to have gone extinct and at least 2,469 (43%) more have populations that are declining, indicating that the number of extinct and threatened species will probably continue to rise if no constructive measures are not taken as quick. 

Why Are Amphibian Populations Declining?

Apparently factors leading to worldwide disappearance are multifarious, differing from situation to situation, which are summed below. 

Habitat destruction, alteration and Fragmentation

Use of land for urbanization, felling, overgrazing and draining long- set wetlands, have destroyed balanced ecosystem. Blind use of agrochemicals, draining the industrial refuse into streams feeding the wetlands and rivers irrigating agricultural fields have unbalanced natural chemistry of the soil, thus affecting natural self regulatory mechanism in the ecosystem, resulting multifarious disaster causing effects on local flora and fauna. Roads, introduced species, or other factors separate remaining populations of amphibians from each other.

Introduced Species

Non-native species prey on or compete with native amphibians.
Over Exploitation

Amphibians are removed form the wild and sold internationally as food, pets, or for medicinal and biological supply markets

Climate Change

Amphibians are extremely sensitive to small changes in temperature and moisture. Changes in global weather patterns (e.g. El Niño events or global warming) can alter breeding behaviour, affect reproductive success, and decrease immune functions and increase amphibian sensitivity to chemical contaminants.

UV-B Radiation

Levels of UV-B radiation in the atmosphere have risen significantly over the past few decades. Researchers have found that UV-B radiation can kill amphibians directly, cause sublethal effects such as slowed growth rates and immune dysfunction, and work synergistically with contaminants, pathogens and climate change.

Chemical Contaminants

Chemical stressors (e.g., pesticides, heavy metals, acidification and nitrogen based fertilizers) can have lethal, sub lethal, direct or indirect effects on amphibians. These effects may include death, decreased growth rates, developmental and behavioral abnormalities, decreased reproductive success, weakened immune systems and/or hermaphroditism.

Disease

New diseases or higher susceptibility to existing diseases leads to deaths of adults and larvae

Deformities

There has been a recent and widespread increase of deformities (or malformations) in natural populations of amphibians; this is now perceived as a major environmental problem.

Synergisms

Multiple factors can act together to cause mortality or sub lethal effects. To explore this issue in detail visit following links for insight in various factors contributing to the amphibian decline and their possible ratification:

http://savethefrogs.com/what-we-do/2009.html
http://amphibiaweb.org/declines/HabFrag.html 

http://amphibiaweb.org/declines/ClimateChange.html
http://amphibiaweb.org/declines/IntroSp.html
http://amphibiaweb.org/declines/UV-B.html
AMPHIBIAN CONSERVATION ACTION PLAN

Following solutions are suggested to reverse amphibian decline. 

Captive Breeding: Captive breeding programs for endangered species are best carried out in zoos. Similar plans should be carried on in agricultural rural areas, motivating farmers etc.  

Reintroduction: Reintroduction programs to place juvenile amphibians back into wild habitats, so that new populations are established.

Use of amphibian friendly fertilizers: Researching for chemicals with no or minimal negative effect on amphibians, not polluting soil, pond and puddles.  
Researching to find chemicals: Neutralizing harmful effects of waste chemicals prior to dumping in rivers and streams. 

Removal of non-native species: Non-native species threatening native species are removed. 

Biological control of Agriculture Pests: Researching to find biological agents to control crop pests. 

Creating amphibian friendly habitats: Save heaven areas in parks and farmlands or in the suburbs of towns and cities should be declared where artificial ponds and puddles, resting and hibernation sites and vegetation is provided for the local amphibian species.    
Captive /Breeding 
Market demands for frog legs (tigerina, cyanophlyctis) and scientific experimentation in schools, colleges and universities, have depleted number of these species in nature. Several areas in Pakistan where once these species once abound are now almost devoid of them (Khan 2006). The story is not different in other Southeast Asian countries (Hung et al., 2006). To replenish damage done to the natural population, planned aquaculture of frogs is being carried in several Southeast Asian countries, where these species have now become potential source of food and export (Virkr et. al., 2004; Hung et al., 2006). In Vietnam aquaculture has now become common in urban areas with formers, in 2006 about 300 frog hatcheries were working successfully.  

ENDEMIC AMPHIBIAN SPECIES OF PAKISTAN

According to Dr. Mohammad Sharif Khan (August, 2008), nine out of the 24 recorded amphibian species in Pakistan are endemic to Pakistan. It makes around 38 % of the amphibian fauna of the country.  A list of endemic amphibian species is given below.

1. Duttaphrynus  hazarensis (Khan, 2000)

2. Pseudepidalea baturae (Stöck, Schmid, Steinlein, and Grosse, 1999)
3. Pseudepidalea pseudoraddei (Mertens, 1971) 

4. Pseudepidalea siachinensis (Khan,  1997)

5. Pseudepidalea surda (Boulenger, 1891) 

6. Pseudepidalea zugmayeri (Eiselt and Schmidtler, 1973)

7. Allopaa barmoachensis (Khan and Tasnim, 1989)

8. Allopaa hazarensis (Dubois and Khan, 1979)

9. Euphlyctis microspinulata Khan, 1997

CHAPTER 3: REPTILES
WHAT ARE REPTILES

ORIGIN AND EVOLUTION OF REPTILES

SURVEY TECHNIQUES

The best time to conduct reptilian survey is from April to August when maximum numbers of reptilian species are active. Survey are conducted after the sunrises from 9: am to 11:00 am, in the evening before the sunset upto one hour after the sun set. Different species inhabit types of habitats and terrains including cultivated lands, wild lands, wetlands and forests. Similarly, some of the herpetological elements are nocturnal in feeding habits whereas others are diurnal; therefore, different direct and indirect methods were applied to study various groups of the herps in the study area. Field visits were carried out between 9:00 am to 4:00 pm for diurnal species and for two hours after dusk for the nocturnal species. Detailed methodology applied for studying the herpetological diversity in the study area is given below. 

Reptilian Diversity based on Secondary Data







To record every possible species in the study area, the available literature is collected and reviewed. The literature included published and unpublished reports and books of private and government conservation organizations, gazetteers, research articles, popular articles and newspapers. Based on the available literature, a checklist of different species was developed which was confirmed through observing different species during the survey. 
Reptilian Diversity based on Interviews with Local Residents

Interviews with local residents are valuable not only for identifying the potential sites in the study area but also a good source of primary data about the existing wildlife of an area. This method was used for locating different amphibian and reptilian species in the study area. The relevant people in the study area for the interviews included; field biologists, local hunters, local fishermen, fish farmers, agriculturists and officials from Fisheries, Wildlife, Forest and Irrigation departments in the study area. A questionnaire was also developed before interviewing different people for herpetological survey. However, despite the effectiveness of this method, minimal emphasis was placed on this source regarding the populations of different animals as it is assumed that the data regarding the population estimates could be biased. 

Indirect Evidences

Since the survey is planned during the breeding season of reptiles when weather is hot (April to August), therefore different indirect evidences of existence of different species are considered. To locate different species and their identification at the study area, following indirect methods are applied. 
Photography
A close up color photograph of the specimen in its natural habitat or a series of photographs or a short movie can contribute to understand morphology, breeding, spawning and feeding habits of the animal. Therefore, photographs of all the specimens were taken in their natural habitats not only for their identification purposes but also as an evidence of their existence.  

Survey Methodology for Reptiles
According to a preliminary review of literature, it was found that no crocodilians and tortoises are found in the study area; Kotli, AJK and the existing species in the study area include; freshwater turtles, lizards and snakes. Some of the reptilian species are nocturnal in their feeding habits like gekkonid lizards and elapide snakes whereas others are diurnal like agamid, lacertid, varanid and scincid lizards, freshwater turtles and colubrine snakes. Therefore, different direct and indirect methods were applied to study various groups of the reptilian fauna at the study area. Field visits were carried out between 10:00 am to 3:00 pm for diurnal species and for 2-3 hours after dusk for the nocturnal species.

Field Identification of Reptiles

Different habitats in the study area were searched for any reptilian species both during day time and night. Stone turning, looking at and through bushes, searching basking agamas on stones and boulders and walking along microhabitats were the means to find out all possible reptiles in the study area. Freshwater turtles were observed from the banks of the water bodies. All the reptiles encountered during the survey were photographed and field notes for each specimen were recorded in the note book. However, the specimens that could not be identified on the spot or the specimens identified but require detailed study for their confirmation as a sub-species were collected and preserved for their identification in the lab. For the identification of different species, Amphibians and Reptiles of Pakistan by Khan, M. S. (2006) was used.

Collection Methods for Reptiles 

Hand picking through bare hands or with the help of long forceps or snake clutch has always been the most efficient way of collecting different species of reptiles. The larger species like monitor lizard and rock-agama, noose traps were used. For handling snakes, especially poisonous ones, snake clutches / sticks were used. In addition to Hand picking, “Scoop nets” for shallow water and “cast nets” in large water bodies were also used for aquatic reptiles. Fast moving Agamid and Lacertid lizards were also collected by striking with stick. Some specimens were pulled out with the help of long forceps from crevices in stones while a few were collected by hand from under the bushes. Snakes were mostly collected using snake catcher and every snake being collected was considered as poisonous in order to avoid any mishap.

Preservation Techniques for Reptiles 

The collected lizards were killed by injecting concentrated formalin at the site of heart and then the formalin was injected in belly, neck, legs and tail for preservation. A tag number was allotted to each specimen and tied with the left hind limb for identification and later detailed studies. Preserved specimens were stored in 10% formalin in air-tight plastic jars. 

Field Records and Specimen Identification

Information about each of the collected specimen was recorded such as locality from where the specimen was collected, description of habitat, collection site, time of collection, collection date and collector’s name. Collected specimens were identified up to species level by using the keys given by Khan, M. S. in A Field Guide to Identification of Herps of Pakistan (2004) and Amphibians and Reptiles of Pakistan (2006).   

Scale Counts and Measurements 

During laboratory study, following pholidosic counts and measurements were made. Number of upper labials, number of lower labials, number of supra-ocular scales (Scales on dorsal side of orbit outer to frontal and front-o-parietal), callose pre-anal scales (Enlarged scales in front of anal slit), callose abdominal scales (A patch of enlarged scales on the mid abdomen), number of scales around mid body, number of scales along the lateral side of the body, shape of the scales and pre-auricular lobes (Small lobules at anterior of ear opening). Similarly, snout-vent length, caudal length, head length, head width, axilla to groin length, eye diameter, ear diameter and all external characters were recorded. 

Equipments and Field Kits 

Field equipments and collection kit for reptiles should consist of the following articles;

· Strong transparent polythene bags

· A strong 1 meter long stick with forked one end or snake catcher

· A large sized forceps

· Tags, plastic jars and preservatives; Formalin (40% Formalaldehyde solution) 

· Note book for taking field notes

· Syringes for injecting formalin to preserve the caught specimens

· Digital camera for still photography preferably with a zoom lens

· Binoculars for close observation of freshwater turtles  

· Hand net / scoop net for collecting amphibians

· GPS receiver

· Field guide books for quick identification of amphibians and reptiles in the field. 

CHECKLIST OF REPTILES OF PAKISTAN

Total 211 reptilain species have been recorded sofar including; 15 Chelonians (tortoises and turtles), two crocodilians (Crocodile and Gavial), 111 lizards and 83 snakes. 
TURTLES AND TORTOISES (Order Chelonia)

FAMILY CHELONIIDAE

1. Caretta caretta (Linnaeus, 1758)  Loggerhead Sea Turtle

2. Chelonia mydas (Linnaeus, 1758)  Green Sea Turtle

3. Eretmochelys imbricate (Linnaeus, 1766)  Hawksbill Turtle

4. Lepidochelys olivacea (Eschscholtz, 1824)  Olive Ridley

FAMILY DERMOCHELYIDAE

5. Dermochelys coriacea (Vandelli, 1761)  Leatherback Sea Turtle

FAMILY EMYDIDAE

6. Geoclemys hamiltonii (Gray, 1821)  Yellow-spotted Mud Turtle

7. Hardella thurjii (Gray, 1870)  Common River Turtle

8. Kachuga smithii (Gray, 1863)  Brown River Turtle

9. Kachuga tecta (Gray, 1831)  Sawback Turtle

FAMILY TESTUDINIDAE

10. Agrionemys horsfieldii (Gray, 1844)  Central Asian Tortoise

11. Geochelone elegans (Schopff, 1792) Star Tortoise

FAMILY TRIONYCHIDAE

12. Aspideretes gangeticus (Cuvier, 1825) Indian Soft-shell

13. Aspideretes hurum (Gray, 1831) Peacock soft-shell

14. Chitra indica (Gray, 1831) Narrow-head Soft-shell

15. Lissemys punctata andersoni (Webb, 1980) Indian Flapshell

CROCODILES, MUGGERS AND GHARIALS (Order Crocodilia)  

FAMILY CROCODYLIDAE

16. Crocodylus palustris (Lesson, 1831)  The Mugger

FAMILY GAVIALIDAE

17. Gavialis gangeticus (Gmelin, 1789)   Gharial 

LIZARDS (Order Squamata; Sub Order Lacertilia)

FAMILY AGAMIDAE

18. Brachysaura minor (Hardwicke and Gray, 1827)  Short-tail Ground Agama

19. Calotes versicolor versicolor (Daudin, 1802)  Common Tree Lizard

20. Calotes versicolor farooqi (Auffenberg and Rehman, 1995)  Common Tree Lizard

21. Japalura kumaonensis (Annandale, 1907)  Kumaon Agama

22. Laudakia agrorensis (Stoliczka, 1872)  Agrore Valley Agama

23. Laudakia badakhshana (Anderson and Leviton, 1969)  Badkhshan Rock Agama

24. Laudakia caucasia (Eichwald, 1831)  Caucasian Rock Agama

25. Laudakia fusca (Blanford, 1876)  Yellow-head Rock Agama

26. Laudakia himalayana (Steindachner, 1869)  Himalayan Agama

27. Laudakia lirata (Blanford, 1874)  Yellow-head Spotted Rock Agama

28. Laudakia melanura (Blyth, 1854)  Black Rock Agama

29. Laudakia melanura melanura (Blyth, 1854)  Black Rock Agama

30. Laudakia melanura nasiri (Baig, 1999)  Black Rock Agama

31. Laudakia microlepis (Blanford, 1874)  Ssss

32. Laudakia nupta (de Filippi, 1843)  Spiny-head Rock Agama

33. Laudakia nuristanica (Anderson and Leviton, 1969)  Nuristan Agama

34. Laudakia pakistanica (Baig, 1989)  North-Pakistan Agama

35. Laudakia pakistanica pakistanica (Baig, 1989)  North-Pakistan Agama

36. Laudakia pakistanica auffenbergi (Baig and Bohme, 1996)  Auffenberg,s Rock Agama

37. Laudakia pakistanica khani (Baig and Bohme, 1996)  Pakistan Rock Agama

38. Laudakia tuberculata (Hardwicke and Gray, 1827)  Blue Rock Agama

39. Phrynocephalus clarkorum (Anderson and Leviton, 1967)  Afghan Toad Agama

40. Phrynocephalus euptilopus (Alcock and Finn, 1896)  Spotted Toad Agama

41. Phrynocephalus luteoguttatus (Boulenger, 1887)  Yellow speckled Toad Agama

42. Phrynocephalus maculatus (Anderson, 1872)  Whip-tail Toad Agama

43. Phrynocephalus ornatus (Boulenger, 1887)  Striped Toad Agama

44. Phrynocephalus scutellatus (Olivier, 1807)  Banded Toad Agama

45. Trapelus agilis (Olivier, 1804)  Common Field Agama

46. Trapelus agilis agilis (Olivier, 1804)  Common Field Agama

47. Trapelus agilis pakistanensis (Rastegar-Pouyani, 1999) Field Agama

48. Trapelus megalonyx (Gunther, 1864) Ocellate Ground Agama

49. Trapelus rubrigularis (Blanford, 1876)  Red-throat Ground Agama

50. Trapelus ruderatus baluchianus (Smith, 1935)  Spotted Ground Agama

FAMILY CHAMAELEONIDAE 

51. Chamaeleo zeylanicus (Laurenti, 1768)  Casque Lizard

FAMILY EUBLEPHARIDAE 

52. Eublepharis macularius (Blyth, 1854)  Fat-tail Gecko

FAMILY GEKKONIDAE

53. Agamura persica (Dumeril, 1856)  Persian Spider Gecko

54. Altigekko baturensis (Khan and Baig, 1992)  Batura Glacier Gecko

55. Altigekko boehmei (Szczerbak, 1991)  Karakorum Gecko

56. Altigekko stoliczkai (Steidachner, 1869)  Baltistan Gecko

57. Bunopus tuberculatus (Blanford, 1874)  Tuberculated Desert Gecko

58. Crossobamon lumsdeni (Boulenger, 1887)  Smooth-belled Sand Gecko

59. Crossobamon maynardi (Smith, 1933)  Striped Sand Gecko

60. Crossobamon orientalis (Blanford, 1876)  Yellow tailed Sand Gecko

61. Cyrtopodion agamuroides (Nikolsky, 1900)  Makran Spider Gecko

62. Cyrtopodion kachhense kachhense (Stoliczka, 1872)  Kachh Spotted Ground-Gecko

63. Cyrtopodion kachhense ingoldbyi (Khan, 1997)  Western Rock Gecko

64. Cyrtopodion kohsulaimanai (Khan, 1991)  Sulaiman Range Gecko

65. Cyrtopodion montiumsalsorum (Annandale, 1913)  Salt Range Ground-Gecko

66. Cyrtopodion potoharensis (Khan, 2001)  Potohar Gecko

67. Cyrtopodion scabrum (Heyden, 1827)  Common Tuberculate Ground-Gecko

68. Cyrtopodion watsoni (Murray, 1892)  Northern Spotted Groun-Gecko

69. Hemidactylus brookii (Gray, 1845)  Spotted Barn Gecko

70. Hemidactylus flaviviridis (Ruppell, 1835)  Yellow-belly Common House-Gecko

71. Hemidactylus frenatus (Schlegel, 1836)  Waif Gecko

72. Hemidactylus leschenaultii (Dumeril and Bibron, 1836)  Tree-bark Gecko

73. Hemidactylus persicus (Anderson, 1872)  Persian House-Gecko

74. Hemidactylus triedrus (Daudin, 1802)  Blotched House Gecko 

75. Hemidactylus turcicus (Linnaeus, 1758)  Mediterranean House Gecko

76. Indogekko fortmunroi (Khan, 1993)  Fort Munro Sandstone Gecko

77. Indogekko indusoani (Khan, 1980)  Soan Gecko

78. Indogekko rhodocaudus (Baig, 1998)  Red-tail Sandstone Gecko

79. Indogekko rohtasfortai (Khan and Tasnim, 1990)  Rohtas Gecko

80. Mediodactylus walli (Ingoldby, 1922)  Chitral Gecko

81. Ptyodactylus homolepis (Blanford, 1876)  Fan-toed Gecko

82. Rhinogekko femoralis (Smith, 1933)  Point-tail Spider-Gecko

83. Rhinogekko misonnei (de Witte, 1973)  Long-nose Gecko

84. Siwaligekko battalensis (Khan, 1993)  Reticulate Plump-bodied Gecko

85. Siwaligekko dattanensis (Khan, 1980)  Plump Banded Gecko

86. Siwaligekko mintoni (Golubev and Szczerbak, 1981)  Plump Swati Gecko 

87. Teratolepis fasciata (Blyth, 1853)  Flat-tail Gecko

88. Teratoscincus (Strauch, 1863)  Ssss   
89. Teratoscincus microlepis (Nikolsky, 1899)  Baloch Sand-Gecko

90. Teratoscincus scincus keyserlingii (Strauch, 1863)  Turkish Sand-Gecko

91. Tropiocolotes depressus (Minton and Anderson, 1965)  Mountain Dwarf Gecko

92. Tropiocolotes persicus persicus (Nikolsky, 1903)  Persian Banded Gecko

93. Tropiocolotes persicus euphorbiacola (Minton and Anderson, 1970) Sind Dwarf Gecko

FAMILY LACERTIDAE

94. Acanthodactylus blanfordii (Boulenger, 1918)  Red-tail Sand Lizard

95. Acanthodactylus cantoris (Gunther, 1864)  Blue-tail Sand Lizard

96. Acanthodactylus micropholis (Blanford, 1874)  Yellow-tail Sand Lizard

97. Eremias acutirostris (Boulenger, 1887)  Lesser Reticulate Desert Lizard

98. Eremias aporosceles (Alcock and Finn, 1896)  Greater Reticulate Sand Lacerta

99. Eremias fasciata (Blanford, 1874)  Striped Sand Lacerta

100. Eremias persica (Blanford, 1874)  Persian Sand Lacerta

101. Eremias scripta (Strauch, 1867)  Vermiculate Sand Lacerta

102. Mesalina brevirostris (Blanford, 1874)  Short-snout Desert Lacerta

    103. Mesalina watsonana (Stoliczka, 1872) Spotted Lacerta

    104. Ophisops elegans (Menetries, 1832)  Smooth Spectacled Lacerta

    105. Ophisops jerdonii (Blyth, 1853)    Rugose Spectacled Lacerta

FAMILY SCINCIDAE 

106. Ablepharus grayanus (Stoliczka, 1872)  

Earless Snake-eyed Skink

107. Ablepharus pannonicus (Fitzinger, 1823)          Red Tail Snake-eyed Skink

108. Chalcides ocellatus (Forskal, 1775) 

Ocellate Skink

109. Eutropis dissimilis (Hallowell, 1860)  

Striped Grass Skink

110. Eutropis macularia (Blyth, 1853)  
Bronze Grass Skink

111. Eurylepis taeniolatus taeniolatus (Blyth, 1854)  Common Mole Skink

112. Lygosoma punctata (Linnaeus, 1766)  Spotted Garden Skink

113. Novoeumeces blythianus (Anderson, 1871)  
Orange Tail Skink

114. Novoeumeces indothalensis (Khan and Khan, 1997)  
Thal Mole Skink

115. Novoeumeces schneiderii zarudnyi (Nikolsky, 1900)  
Red Stripe Skink

116. Ophiomorus blanfordi (Boulenger, 1887)  Makran Sand-swimmer

117. Ophiomorus brevipes (Blanford, 1874)  
Four-fingered Sand-swimmer

118. Ophiomorus raithmai (Anderson and Leviton, 1966)  Three-fingered Sand-fish

119. Ophiomorus tridactylus (Blyth, 1853)  
3-toed Sand-swimmer

120. Scincella himalayana (Gunther, 1864)  
Himalayan Skink

121. Scincella ladacensis (Gunther, 1864)  
Ice Field Skink

FAMILY UROMYASTYCIDAE

122. Uromastyx asmussi (Strauch, 1863)  Seistan Spiny-tail Ground Lizard

123. Uromastyx hardwickii (Gray, 1827)  Indus Valley Spiny-tail Ground Lizard

FAMILY VARANIDAE

124. Varanus bengalensis (Daudin, 1802)   Bengal Monitor

125. Varanus flavescens (Hardwicke and Gray, 1827)     Yellow Monitor

126. Varanus griseus (Daudin, 1803)    Desert Monitor

127. Varanus griseus caspius (Eichwald, 1831)     Caspian Monitor

128. Varanus griseus koniecznyi (Mertens, 1954)     Indo-Pak Desert Monitor

SNAKES  (Order Squamata; Sub Order Ophidia)

FAMILY LEPTOTYPHLOPIDAE

129. Leptotyphlops blanfordii (Boulenger, 1890)   Sindi Thread Snake

130. Leptotyphlops macrorhynchus (Jan, 1862)    Beaked Thread Snake

FAMILY TYPHLOPIDAE

131. Ramphotyphlops braminus (Daudin, 1803)    Brahminy Blind Snake

132. Typhlops ahsanuli (Khan, 1999)     Ahsan’s Blind Snake

133. Typhlops diardii platyventris (Khan, 1998)  Kashmir Blind Snake

134. Typhlops ductuliformes (Khan, 1999)  Slender Blind Snake

135. Typhlops madgemintonae madgemintonae (Khan,1999)  Kashmir’s Slender Blind Snake

136. Typhlops madgemintonae shermanai (Khan, 1999)  Sherman’s Slender Blind Snake

FAMILY BOIDAE

137. Eryx conicus (Schneider, 1801)     Chain Sand-boa

138. Eryx johnii (Russell, 1801)      Common Sand Boa

139. Eryx tataricus speciosus (Zarevsky, 1915)      Tartary Sand Boa

140. Python molurus (Linnaeus, 1758)      Rock Python

FAMILY COLUBRIDAE

141. Amphiesma platyceps (Blyth, 1854)      Spotted Keelback

142. Amphiesma sieboldii (Gunther, 1860)     Sub-Himalayan Keelback

143. Amphiesma stolatum (Linnaeus, 1758)      Striped Keelback

144. Argyrogena fasciolata (Shaw, 1802)      Banded Racer

145. Boiga melanocephala (Annandale, 1904)      Dark Head Cat-Snake

146. Boiga trigonata (Schneider, 1802)      Common Cat Snake

147. Coluber karelini karelini (Brandt, 1838)      Banded Desert Racer

148. Coluber karelini mintonorum (Mertens, 1969)      Minton's Desert Snake

149. Enhydris pakistanica (Mertens, 1959)      Sindi Ditch Snake

150. Hemorrhois ravergieri (Menetries, 1832)      Mountain Racer

151. Lycodon aulicus aulicus (Linnaeus, 1758)      White-spotted Wolf Snake

152. Lycodon striatus (Shaw, 1802)      White-spotted Wolf Snake

153. Lycodon striatus striatus (Shaw, 1802)      Indus Valley Wolf Snake

154. Lycodon striatus bicolor (Nikolsky, 1903)      Golden Wolf Snake

155. Lycodon travancoricus (Beddome, 1870)      South Indian Wolf Snake

156. Lytorhynchus maynardi (Alcock and Finn, 1896)  Balochi Awl-head Sand Snake

157. Lytorhynchus paradoxus (Gunther, 1875)     Sindi Awl-head Sand Snake

158. Lytorhynchus ridgewayi (Boulenger, 1887)     Afghan Awl-head Sand Snake

159. Oligodon arnensis arnensis (Shaw, 1802)     Banded Kukri Snake

160. Oligodon taeniolatus taeniolatus (Jerdon, 1853)     Streaked Kukri Snake

161. Platyceps rhodorachis rhodorachis (Jan, 1865)     Cliff Racer

162. Platyceps rhodorachis kashmirensis (Kha and Khan, 2000)  Kashmir Cliff Racer

163. Platyceps rhodorachis ladacensis (Anderson, 1871)      Ladakh Coluber

164. Platyceps ventromaculatus ventromaculatus (Gray & Hardwicke, 1834) Plains Racer

165. Platyceps ventromaculatus bengalensis (Khan and Khan, 2000)     Bengal Racer

166. Platyceps ventromaculatus indusai (Khan and Khan, 2000)     Sindi Racer

167. Psammophis condanarus condanarus (Merrem, 1820)     Indo-Burmese Sand Snake

168. Psammophis leithii leithii (Gunther, 1869)     Sindi Ribbon Snake

169. Psammophis lineolatus lineolatus (Brandt, 1838)  Steppe Ribbon Snake

170. Psammophis schokari schokari (Forskal, 1775)  Saharo-Sindian Ribbon Snake

171. Pseudocyclophis persicus (Anderson, 1872)      Dark head Dwarf-Racer

172. Ptyas mucosus mucosus (Linnaeus, 1758)     Rope-Snake or Dhaman

173. Sibynophis sagittarius (Cantor, 1839)      Golden Snake

174. Spalerosophis arenarius (Boulenger, 1890)     Red-spotted Diadem Snake

175. Spalerosophis diadema diadema (Schlegel, 1837)     Blotched Diadem Snake

176. Spalerosophis diadema var. atriceps (Fisher, 1885)   Variegated Diadem Snake

177. Spalerosophis schirazianus (Jan, 1865)     Persian Diadem Snake

178. Telecopus rhinopoma (Blanford, 1874)     Desert Cat Snake

179. Xenochrophis cerasogaster cerasogaster (Cantor, 1839)      Red-belly Marsh Snake 

180. Xenochrophis piscator piscator (Schneider, 1799)     Checkered Keelback

181. Xenochrophis sanctijohannis (Boulenger, 1890)     Olive Water Snake

182. Xenochrophis tessellata (Laurenti, 1768)     Blotched Water Snake

FAMILY ELAPIDAE

183. Bungarus caeruleus caeruleus (Schneider, 1801)    Common Krait

184. Bungarus sindanus sindanus (Boulenger, 1847)     Sindi Krait

185. Bungarus sindanus razai (Khan, 1985)
   Northwestern Punjab Krait

186. Naja naja naja (Linnaeus, 1758)     Black cobra

187. Naja oxiana (Eichwald, 1831)
    Brown Cobra

FAMILY HYDROPHIIDAE

188. Astrotia stokesii (Gray, 1846)  
    
Large-head Sea Snake

189. Enhydrina schistosa (Daudin, 1803)
  Beaked Sea Snake

190. Hydrophis caerulescens (Shaw, 1802)
  Blue-green Sea Snake

191. Hydrophis cyanocinctus (Daudin, 1803) Annulated Sea Snake

192. Hydrophis fasciatus (Schneider, 1799)
  Small-head Banded Sea Snake

193. Hydrophis lapemoides (Gray, 1849)
 Persian Sea Snake

194. Hydrophis mamillaris (Daudin, 1803)
 Broad-band Sea Snake

195. Hydrophis ornatus (Gray, 1842)
 Reef Sea Snake

196. Hydrophis spiralis (Shaw, 1802)
Yellow Sea Snake

197. Lapemis curtus (Shaw, 1802)

  Pygmy Sea Snake

198. Microcephalophis cantoris (Gunther, 1864)    Spotted Small-head Sea Snake

199. Microcephalophis gracilis (Shaw, 1802)    Banded Small-head Sea Snake

200. Pelamis platurus (Linnaeus, 1766)
   Pelagic Sea Snake

201. Praescutata viperina (Ph. Schmidt, 1852)
   Spotted Viperine Sea Snake

FAMILY VIPERIDAE

202. Daboia russelii russelii (Shaw and Nodder, 1797)  Russell’s Chain Viper

203. Echis carinatus (Schneider, 1820)

Saw Scale Viper

204. Echis carinatus astolae (Mertens, 1969)
Dark-blotched Saw-scale Viper

205. Echis carinatus multisquamatus (Cherlin, 1981)  Waziristan Saw-scale Viper

206. Echis carinatus sochureki (Stemmler, 1964)
Sind Valley Saw-scale Viper

207. Eristicophis macmahonii (Alcock and Finn, 1897)   Leaf-nose Viper

208. Macrovipera lebetina obtuse (Dwigubsky, 1832) Levantine Viper

209. Pseudocerastes bicornis (Wall, 1913)
 Two Horned Viper 


210. Pseudocerastes persicus (Dumeril, Bibron, and Dumeril, 1854)
Persian Horned Viper

FAMILY CROTALIDAE

211. Gloydius himalayanus (Gunther, 1864)
    Himalayan Pit-viper


CHAPTER 6: BIRDS

WHAT IS A BIRD

ORIGIN AND EVOLUTION OF BIRDS

BIRD SURVEY METHODOLOGY

Equipments and Field Kits 

The field kit and equipment used during the bird surveys include; 

· Binoculars (Olympus 10 x 40) 

· GPS receiver (Garmin Map 76) 

· Digital camera (Canon 60 D) with 300 mm zoom lens for still photography

· Field guide books for quick identification of the birds in the field

· Note book for taking field notes

Direct Sightings 
Identification of bird species can be done visually or aurally by recognition of unique songs and calls. In addition to identifying the bird species under observation, it is also important to record any notable behaviors of the bird such as feeding, nesting, or breeding and the associated habitats where it has such behavior. Survey carried out at different seasons and time of the day will significantly affect the survey results. In general, early mornings are usually the best time of the day for bird survey unless some nocturnal species or behaviors are to be studied. There are many bird survey methods and the choice depends largely on the habitat type and the target bird species to be surveyed.

Point Count

Point count provides an estimation of the relative abundance of each species present. 

Counts are undertaken from fixed locations for a fixed period of time (e.g. 2 to 20 minutes). The locations could be laid out systematically or selected randomly within the study area. A well-spaced sample series of points in an area provide more representative data. Counting should be started a few minutes after arrival of the observers to allow birds to settle down from any disturbance caused. To generate indices of relative abundance of various bird species, all birds seen or heard should be counted from the fixed point up to a distance where birds are still detectable or within a fixed distance from the observer. 

Transect Count

Transect count is more suitable for large open areas of relatively uniform habitat. Transects should be randomly selected as far as practicable and to avoid possible influences from the linear features such as road and river on the bird populations. Care should be taken to avoid bias as a result of selecting an easy access to the study area. All birds seen or heard on either sides of the transects are identified and counted up to a distance where birds are still detectable or within a fixed distance from the observer. 

Mist-netting

Standard lengths and types of mist nets are erected in standard locations for a fixed period of time and individual birds are caught, identified and counted. It is often combined with ringing exercise where all birds caught are identified, physical dimensions measured, weighed, ringed and with the estimated age and sex recorded. This survey method is adopted to gather demographic information of bird populations and to monitor the long-term changes. The mist net could also be applied to survey birds in situations where direct bird observation is impractical.

CHAPTER 6: MAMMALS

WHAT IS A MAMMAL

ORIGIN AND EVOLUTION OF MAMMALS

TYPICAL MAMMALIAN CHARACTERS

SURVEY TECHNIQUES FOR TERRESTRIAL MAMMAL

Terrestrial mammals vary widely in ease of observation and different survey methods may be applied for different species. Conspicuous and large mammals may simply be counted by direct observation. Other techniques such as searching for traits, trapping, camera trapping, bat detectors or mist netting (for bats) can be employed where necessary for surveying mammals which are difficult to observe directly. 

Searching for Signs

Signs such as dung, feeding signs, footprints, burrows and dens are evidence of the presence of mammals. For any observed burrow and den, it is also important to assess whether they are still active or have long been abandoned. Mammal tracks, which can often be found in wet or muddy areas near ponds and streams where animals come to feed or drink, or associated feeding signs such as partially eaten vegetation or carcasses may provide evidence of signs of mammals. However, as not many local mammals can be reliably detected by these signs, this method may need to be supplemented by other survey efforts.

Trapping

Capturing of different mammal species requires different trapping techniques, depending on the size and habitat of the target animals. For trapping of small non-flying mammals, box traps with appropriate bait is an effective means for trapping small terrestrial mammals unharmed. Pitfall traps (i.e., a container placed below the ground with the opening flush or just below the ground surface) could also be used to trap small mammals (e.g. shrews) when the animals fall through the opening into the container. Generally, any traps deployed should be regularly checked and food, water and bedding should be provided to ensure that the caught individual can sustain during the interval between checks. However, trapping is an intrusive and potentially harmful survey technique. The application of this technique should only be handled by experienced personnel with proper authorization. Moreover, it should be justified whether the trapping exercise would yield any meaningful result for the ecological impact assessment before this method is to be applied.

Camera Trapping

Infrared flash camera is a camera in which the animal itself triggers the shutter by  a sensor which detects body heat. They are found to be the most popular and effective systems, as they will take picture quicker, last longer on a set of batteries and most importantly, would not scare animals in the study area. Camera traps are placed at representative locations in the study area and the infrared sensor of the camera would be triggered by any passing warm-blooded animals. The animals could then be identified from the photos taken. Moreover, relative abundance, distribution and activity patterns for various species could also be revealed from the records taken. This sampling method could be used to detect cryptic terrestrial species that are difficult to observe and trap directly. It is relatively less intrusive when compared with traditional trapping methods. However, it is less accurate and efficient in surveying arboreal and flying species or those live underground most of the time.

Surveys for bats

In general, surveys of bats can be done by direct counting at their roosting sites or foraging areas. Direct counting of bats is to determine community composition, species richness, and abundance and it can be done at their roost sites (e.g. counts at winter roosting site and maternity colonies) or when they are leaving their roost (e.g. nightly emergence counts and dispersal counts). If roosting sites could not be identified, surveying efforts could be directed toward potential commuting, foraging, and drinking sites of bats. If capturing of flying bats is required for a more detailed study, mist nets are the most effective devices. Nets were placed in travel lanes of bats in probable foraging locations above water or ground and below the tree canopy. Nets were opened at dusk and should be tended constantly. Any captured bats must be removed individually upon entangled and placed in temporary holding devices (e.g. cloth bags). 

Due to difficulty of handling bats properly, investigators must exercise with particular caution to avoid injury of bats during their surveys. However, as mist netting is potentially intrusive to the bats, it should only be employed when it is fully justified and with proper authorization. Other than the above, bat detectors are widely used as indirect survey tools for bat surveys. Such ultrasonic detectors identify bat species by recording the species-specific echolocation calls produced by bats when they are flying. Two ultrasound systems, i.e. zero-crossing and time-expansion systems, are widely used for acquiring bat acoustic information for species identification as well as for estimating their population in the study area.

Population Estimation

Due to different habitat types and terrains in the Salt Range, different direct and indirect methods were applied to investigate the distribution and population status of Punjab Urial (Ovis vegnii punjabiensis) in the study area. Different Sample Count Techniques were applied during the study like; Line transects, Point surveys, Track counts, Pellet counts and Interviews with Locals residents. A sample count is one where a predetermined portion of the reserve area is searched, usually in a number of small distinct sample areas. A “sample” can be a large or small proportion of the area and “Sample Fraction” is thus; 

Sample Fraction = Area Searched / Total Area of Reserve

Since the Sample Counts deal in densities, therefore the data have to be extrapolated to the whole area of interest (Rodgers, 1991). Track counts, Pellet counts and Interviews with Locals residents were used to investigate the existence and distribution of the species whereas; Line transects and Point surveys were applied to estimate the population of Punjab Urial in different forests in the study area. 

Field trips were arranged early in the morning starting at dawn and in the evening about two hours before dusk. A brief description of different direct and indirect observation methods applied during the study is given below.

· Line Transects or Strip Census

· Point Counts / Point Surveys

· Track counts

· Pellet counts

· Interviews with Locals

Line Transects / Strip Census

Line transects or strip census method is a particularly useful technique for population estimation when animals are difficult to see and must be flushed to be counted. This technique involves counting the animals seen by an observer while traversing a predetermined transects line and recording the distances at which they were seen or flushed. The average of the flushing distance is determined and used to calculate the effective width of the strip covered by the observer. The population for the entire area then is considered to be the number of animals flushed, divided by the area of the strip and multiplied by the total area (Schemnitz 1980).




P = AZ / 2XY

Where

P = population









A = total area of study









Z = number of animals flushed









Y = average flushing distance









X = length of strip

Line transects or strip census method was applied in Dadder, Khabeki and Chambel forests and having 17 transects at Dadder, Khabeki and Chambel forests about 27 % of the total area was sampled to assess the population of Punjab Urial in the study area.

Point Counts / Surveys

In this method, observation points are established along roads, edges of ponds or marshes, at a higher place or at any other location suitable for viewing the habitat. For a period of 15 to 60 minutes at each observation point, the observer records all sightings of the mammals at that site and then an index of abundance of each species is expressed as the number of animals seen per hour of observation (Brower et. al 1990).

The point survey methodology for population estimation was applied at Kund and Uchhali Forests and having eight point counts (five at Kund forest and three at Uchhali Forests) around 28 % of the total area was sampled to assess the population of Punjab Urial in the study area. 

Point Count is a variation of the Transect Count. Here the observer stands at a fixed point for a specific period and counts all the animals either within a specified circle (fixed radius) or as far as the animal can be seen (open radius). This is actually like a transect count of length zero. Analysis is similar to that of transect count, except that perpendicular distance is replaced by radius and the area becomes ᴨ x r2 instead of L x W (Rodgers, 1991). Point counts are particularly useful in areas of difficult terrain such as hills or swamps, where one cannot easily lay a straight, continuous transect. 

For estimating the population of Urial in Kund forest five different sites were selected for Point Counts whereas; three sites were selected in Uchhali forest. This selection of sites was made after discussions with officials of Wildlife Department, representatives of local CBO and local hunters. These spots were watched by two different teams simultaneously for having the estimates of Urial populations. These point surveys were conducted twice during two consecutive days and the time was just after the sunrises i.e. the grazing time for Urial along the hill slopes. 

Track Counts

Tracks can be the first indication of the presence of animals in an area. Track counts especially after rain can be useful in identifying different animals especially those which are nocturnal and secretive in habits. A fresh rain eliminates the previous tracks and the recent tracks of animals entering or leaving the study area can be used as a measure of their abundance (Brower et. al 1990). During present survey, track counts technique was not applied for population estimation rather it was used to confirm the existence of the Urial in the area. 

Pellet Counts

Pellets’ counting in a specific area is a good technique for locating large mammals and assessing their populations. This technique involves removing all pellet groups from plots and then estimating from subsequent observations on those plots the number of groups per hectare to compare animal use of areas between sampling periods. In some cases it is not possible to remove all the pellet groups from an area therefore under such circumstances; an observer with a little practice can identify the fresh pellets depending on the color and dryness of the pellets. Ten to fifteen 100 m² plots (7.07 x 14.14) can be used for this purpose. These plots should be checked every three to seven days and the periods between samplings should not be so long that feces will decompose or be destroyed by weather or insects. A random selection of plots in the study area and the number of pellet groups in each plot is tallied and summed (Brower et. al 1990). An index of density (ID) of number of pellet groups per unit area is then determined as;






ID = n / A

Where n is the sum of pellet groups counted over all plots and A is the total area sampled (i.e., the sum of the areas of all the plots). 

This method is effective in the habitats with dry weather and little or no dung beetle activity where pellet groups remain preserved between sampling periods. After counting pellets, one must be assured that they will not be counted on successive sampling periods so they should be removed by the observer if they will not disappear by natural processes. Defecation rates for the species under the study are closely estimated if it is desired to convert pellet counts to number of animals.

Interviews with Local Residents

Interviews with local residents are valuable not only for the survey site selection but also in identifying the potential areas and a good source of primary data about the existing wildlife of the area. This method was very helpful in locating the Urial in all the five study sites. However, despite the effectiveness of this method, minimal emphasis was placed on this source regarding the population estimates of the Urial as it is assumed that the data regarding the population estimates could be biased. 
Equipments and Field Kit

Following equipments and field kits were used for observing the species and estimating its populations at five different sites in the study area. 

· Binoculars; 7 x 50 (Nikon) to observe the species


· Digital camera (Canon EOS 60 D) to record photographic evidences of Urial 

· GPS (Garmin Map 76) to record the coordinates

· Range Finder to measure the distance during Point Counts

· Measuring tape to record the size of foot prints and fecal droppings

· Satellite maps of the study area and note book for recording field notes

CHAPTER 8
HABITAT EVALUATION

Definition and Concept

Habitat is the sum total of environmental factors – food, cover and water – that a given species of animal needs to survive and reproduce in a given area. Niche is a sub-unit of habitat and related to the activity of an animal, for example feeding on a specific plant or living in a burrow in the forest. It is generally said that habitat os address of n animal and niche is its occupation. Each wild animal has specific habitat requirements, and the possible distribution and numbers of any species of wild animal are limited in any given area by the quality and quantity of available habitat (Trefethen, 1964). It is presupposed that the wildlife investigator has some knowledge of the ecology of the animal species being studied and without such knowledge it is impossible to determine the importance of various habitat factors. The field investigator must keep in mind the objectives of the analysis and for precision in natural resources inventories; the following steps have been suggested:

i. Develop a statement of objectives,

ii. Identify the population or unit to be sampled and dat to be collected,

iii. Specify the precision of data collection, and 

iv. Select an efficient sampling design.

Methods used for habitat analysis can be grouped into two categories; reconnaissance-type techniques which can be used to for preliminary investigation and more intensive sampling techniques which are used to obtain specific data from measurements or estimations. Both of the methods can be used in a combination in different ways to provide data for:

i. General wildlife management decisions and manipulations,

ii. Research projects and intensive management procedures,

iii. Land use surveys and planning and natural resource inventories, and

iv. Environmental assessments and impact statements.

Site Factors and Indices

A field biologist must be aware of the general site classification and various site factors affecting both flora and fauna. Such classification is available on country level in the form of forest types of Pakistan (Champion et al. 1965), habitat types (Roberts, 1997) and soil types (SSP). 

Geology and Topography

Various types of rock formations or glacial deposits may affect the composition and structure of vegetation. Surface features resulting from various geological formations are often important in their effect on other ecological factors affecting organisms. Therefore, description should be made at least general terms such as flat, rolling, hilly, mountainous and with more definite data including percent of slope, length of slope and aspect. The presence of lakes, streams and pond should also be indicated. 

Soils

Information on soil characteristics could be useful in understanding ecological relationships such as plant species composition, density and growth. In an area minor variation in soil structure or texture may have a marked effect on the growth of both wildlife food and cover. A biologist with knowledge of soil can fairly predict the species composition and density of successional stages on a site as well as growth and survival of planted species. 

Weather and climate

Weather and general climatic conditions have direct affect on all organisms and an indirect influence on both food and cover. Hence, a brief description of these factors should be considered in habitat analysis reports. 

Cultural features

In the study areas, the locations of towns, cities, power lines, airports, highways and fences must be considered while evaluating wildlife habitat. This is specifically important if management procedures are to be considered or analysis is to be used as part of the environmental impact statement. 

History

History of an area can be important for knowing about its ecology. Information about cutting of forest stands, fires, cultivation, grazing, flooding, and abandonment have a marked effect on the original vegetation and may affect the productivity of the site. Farmers and other residents can provide useful information regarding history in addition to the records of government departments.  

Indices of Site Quality

Site quality is defined as the sum total of all factors affecting the capacity to produce forests or other vegetation (Spurr and Barnes, 1973). The capacity to produce vegetation can also provide a measure of the capacity to produce wildlife. Various indices of site quality developed fore forestry and agriculture can be used as indicators of site quality for wildlife habitat. 

Plant indicators

The presence or relative abundance of various species of plants has been used as indicators of site for many kind of applications. Some plants are specifically tolerant of certain soil types or conditions. Their presence can supply valuable information about the site. Farmers have used plants as indicators of sites for the growth of crops and range managers use plants to judge the range conditions and to determine the grazing capacity. In a similar way, wildlife biologists based on their experience and results of research, judge the value of habitats for wildlife species by the presence or absence of plant species. One has to be careful in applying the ecological knowledge obtained in one region to another region or area. 

Site index

Foresters have used site index as a measure of site productivity. This is based on the generalization that height of tress of a given species and of a given age is more closely related to capacity of a given site to produce wood of that species than any other one measure. The height of the dominant portion of a forest stand at a specified standard age is commonly termed site index. A site index of 30 as compared with a site index of 60 indicates that the height growth of larger trees on the latter site is double that of the first site at the same age. With experience, a biologist can relate the presence and growth of a variety of plant species providing food and cover for wildlife to site index values. 

Community definition and designation

During habitat analysis, the plant communities serve as ecological basis for taking observations and establishing some order for data analysis. The practical definition of a biotic community is an aggregation of plants and animals having a unity of taxonomic composition and relative uniformity in size and density. In defining a community, species composition, size or age of plants, density, growth forms and distribution patters are considered. Communities commonly recognized are the various successional stages in an area such as grass-forb, shrub-sapling forest, mature forest, etc. Community designation may seem simple in scope, the ecological differences are often great and complex and the determination of boundaries may be difficult.   

The initial investigation of an area can be divided into two steps, the reconnaissance and the primary survey. In reconnaissance the landscape and vegetation can be characterized by round study or from aerial photos or various maps that may be available. Knowledge of flora and fauna of the area may be important. The primary survey consists of recognizing, mapping, and describing the plant communities using topographic maps, and ground surveys and aerial photos.  

When larger or even smaller areas are to be analyzed with time and manpower restriction, efficient methods must be used to obtain required habitat data. Observations and estimations can be made throughout a community o an area can be selected within the community (a single plot) to obtain the data. At the same time, the observer can look for animal signs such as tracks, scats and browsed plats. Additional valuable information about the history of the area and animals seen, hunted, or trapped can generally be obtained from local residents or from provincial and federal agencies.

HABITAT ASSESSMENT

Vegetation Sampling Procedures

The acquisition of data describing a wildlife habitat can be time consuming and costly. It is important that the biologist consider the kind of data actually needed and select or design a sampling system that will meet those needs without producing vast amounts of unnecessary data.

Most of the commonly used vegetation sampling methods can be arrayed along a rough scale of increasing precision and decreasing efficiency. Presence and constancy data, for example, density and cover measurement are increasingly precise but less efficient; and very precise weight or biomass sampling may require major sacrifices in efficiency. Some sampling systems replace actual measurements with estimation procedures that increase efficiency substantially without necessarily reducing accuracy or precision.

Ordinarily, a complete count or measure of various components of wildlife habitats cannot be made because of the large size of the units or because the objectives of the survey do not warrant expenditures for great accuracy. Some form of sampling is usually used; however, choices have to be made in regard to the type and characteristics and size of the sample unit. Data can be obtained by using plots, plot less techniques, or a combination of the two methods.

Shape

The most commonly used shapes have been square, circular and rectangular. There seems to be general agreement among ecologists that a rectangular plot is more efficient than other shapes. 

Ordinarily plot borders are measured with a tape; however, less precise methods can be used when absolute values are not imperative. Penfound and Rice (1957) indicated that relative frequency, density, basal area, and importance values obtained by the arms length rectangle method closely approximated the values obtained by a complete census in a 5.5 ha forest stand and required a small amount of time and effort. After the length of a pace and the width of the spread of the arms are determined, the biologist then paces off with arms outstretched a distance equal to the size of the plots desired along predetermined compass lines. It should be noted that the length of a pace could vary with the percent of slope and various kinds of obstructions.

Size

The size of plots for density measurements is ordinarily related to the size and spacing of individual plants due to the problems in obtaining accurate counts. In forested areas, plots of decreasing size for measurements of large trees to seedlings and herbs can be used. Plot sizes suggested by Oosting (1956) are 10m x 10m for the tree layer, 4m x 4m for all woody undergrowth to 3m in height and 1m x 1m for the herb layer.

To determine the size of the minimal area based on species composition, Cain and Castro (1959) showed how a species area curve can be used by plotting sample units of different sizes on the x-axis and species number on the y-axis and by determining a point on the curve where a specified increase in area of the sample yields only a small specified increase in the total number of species. This minimal area can be used as a single plot sample. For multiple plots in a habitat, a similar type of curve can be used for sample units in sets of different sizes increasing from smaller to larger on the x-axis and numbers of species sampled on the y-axis.

Number

The species area curve can also be used to determine the number of plots required for an adequate sample of the species composition of habitat by plotting the number of species sampled on the y-axis according to an increasing number of plots of a given size on the x-axis and then determining a point in the break of the curve beyond which added sampling effort produces diminishing returns.

Density

Density refers to the number of individuals per unit area and is a commonly used habitat parameter because it can provide an indication of structure of habitat and amount of wildlife food and cover. The direct measure is a complete count of all plants or stems in an area or in sample plots. Before counting especially with shrubs, it is necessary to define whether stems or individual plants are to be counted. To provide a measure of the structure of a habitat, density counts are ordinarily tallied by height or diameter classes. Since the counting of plants can be very time consuming, the ultimate value of these data must be considered in comparison with other possible measurements. Quadrat size should be related to the number and size of plants being counted. When an exact count is not possible, satisfactory estimates can be recorded in abundance classes such as; rare, occasional, frequent, abundant, and very abundant. These classes can be used to convey general impression of density.     

Plot less techniques or distance measure can also be used in density calculations. The point-centered method of Cottom and Curtis (1956) is very popular because it does not require a correction factor and provides more information per sampling point than other sampling methods. For point-centered quarter method, four quadrants are established at each sampling point. Within each the distance from the point to the center of the nearest plant, usually in a specified size class, is measured. The average of four measurements at all plants is equal to the square root of the mean area per plant. Estimates of density then can be obtained by dividing the mean area into the unit of expression. For example, if mean area is + 2m2 /plant, then 100m2/2 + 50 plants/m2. This method is applicable only to random distributions. Most author caution against using distance methods in shrubs or herbaceous vegetation because of no-random distributions.     

Cover

Cover or percent cover generally refers to the proportion of an area covered by the vertical projection of plant crown or basal area to the ground surface. Cover is usually considered to be of greater ecological significance than density and it provides more precise information about actual vegetation structure. Cover has the advantage that nearly all plant life forms, from trees to mosses, can be evaluated by the same parameter. The value of vegetation cover for wildlife is that it provides protection from various components of weather and from other competing forms of wildlife.  

Line intercept

A relatively common method of measuring cover is the line intercept as described by Canfield (1941). Measurements are made of the crown intercepts on a tape stretched tightly along the ground or between stakes above ground for low-growing herbs and shrubs. However, special methods must be used to project high crown parameters to a point on a tape on the ground. The ‘stick method’ described by Anderson and McCormick (1962) appears to be practical and accurate. In this method, the surveyor first straddles the tapeline, approximately beneath the perimeter on one side of the crown, which is to be measured, and then points towards either end of the tapeline. By raising the stick through a vertical arc until the perimeter of the crown is intercepted, he establishes point X at which the plane of the tapeline passes through the crown perimeter. The surveyor then makes a quarter turn in either direction so that he faces the tape, with his shoulders parallel to it, and with his face about a meter from the tape. 

The surveyor then points the stick straight ahead, at a right angle to the tape line and inclined upward toward the tree crown, them adjusts his position to the right or left until he is immediately opposite X. By bringing the stick down in a vertical arc until he touches or points to the tape line, which is tangent to the tree crown at point X and which intersects the tape line at a place directly beneath point X. A reading is made on the tapeline and recorded as the end of the tree crown. In layered vegetation where the crowns overlap, crown intercepts should be measured for each layer separately. The percent cove is calculated by totaling the lengths of the separate crown intercepts and by calculating the percentage of the total length of line covered by each species or by all plants regardless of species. 

Point Intercept

Measurements of cover can also be made by counting point intercepts along a tape. For herbaceous or dwarf-shrub, the point frame has been used frequently. This consists of a wooden or metal frame with guide holes for pointed pins. When the pins are lowered hits are counted by tallying only the first interception with crown or shoot cover. 

Basal Area

Basal area measurement can be used as an index of cover in forest stands and on rangelands. Foresters determine the basal area of a tree by measuring its diameter at 1.4m above the ground and by calculating the cross-section area. Basal area is usually specified for all the trees of a unit area, acre or hectare. Although mostly foresters have used basal area concept, the wildlife biologist can also use it to indicate in a general way both stem density and cover especially if the range of diameter of the dominant species is specified. In grasslands, basal area of grass clumps 2 to 3 cm above the ground is considered a better parameter than foliage cover because of the large variations caused by grazing, trampling and weather.    

Cavities in snags and live trees

The recognition of cavities in live trees and snags is also essential in habitat analysis because these provide important cover to many bird and mammal species. Snags are defined as any completely or partially dead trees still standing least 10.1 cm d.b.h. and at least 1.8 m tall (Thomas et al. 1976). Use of these cavities by various wildlife species can be determined through visual observations or by the presence of signs such as hair, feathers, scats, nesting material, odors, food particles, etc. Number of cavities per unit area can be determined by sampling procedure along transect line or in plots.  

Logs

Logs can be used by wildlife as hiding and thermal cover and can provide moist miceroclimate conditions for wildlife. . 

Cliffs and caves

Cliffs and cave provide ideal cover for some wildlife species and are important component of habitat. Shallow caves are used by rodents, swifts, bats, lizards, snakes, etc. 

Distribution of Plants

Plant distribution in a community can be very important for wildlife species in regard t availability of food and cover. It can be measured quantitatively be determining the percentage of plots in which a species occurs, expressed as frequency. The mot common use of frequency in habitat analysis involves the distribution of food, cover or some specific habitat requirement. The frequency of snags in woodpecker habitat can be determined quantifiably through percentage of plots in which suitable snags are found. A smaller plot can also describe the distribution of a single plant species or of habitat niches suitable for some other species. Braun-Blanquet’s (1965) Sociability or Dispersion Rating is an example of quantitative method for showing how individuals of a species are grouped or how they are distributed in a habitat. The rating is as follows:

1.
Growing solitary

2.
Forming clumps or dense groups

3.
Forming small patches or cushions 

4.
Growing in small colonies or farming larger carpets

5.
Growing in large, almost pure population stands.

Plant diversity has also been recognized as a measurable parameter for wildlife habitat. Wildlife biologists consider density as important factor who identify the presence of edge or the border between two vegetative types with a possible increase in animal species and number as compared with more homogenous communities.  

Availability of food

The most commonly used measure of the value of habitat for the production of food is weight because it can be related to requirements of animal species. However, only those parts of plants should be measured which are actually used by animals. Oven dry weights are usually used to provide base for comparative purposes.  

Herbage

Clipping and weighing of grasses and forbs from plots is a simple and direct method. However, it is a time consuming process. 

Browse

The clip and weigh method can be used for browse. Weight estimates can also be used but they may be difficult in habitats with variety of species and gowth forms. 

Fruits and seeds

Fruits of low-growing herbs, shrubs and trees can be counted or by collections made within specified area of a crown surface. Before weighing, fruit should be analyzed for damage, since a major part of the production during some years may have little value as food.

Buds

Buds are used as food for various wildlife species. Use of buds and flowers by various wildlife species can be determined by observation through binoculars. Potential buds on a tree can be calculated by multiplying the number of branches with number of buds on each branch. 

Food Utilization

Palatability and Preference 

Palatability refers to the attractiveness of plants to animals as forage and preference refers to selection of plants by animals and may vary by season or year. Petrides (1975) defined the a preferred food species as one which is proportionately more frequent in the diet of an animal than it is available in the environment and food preference as the extent to which a food is consumed in relation to its availability. His preference rating is derived from the relationship of the availability of a forage species to its occurrence in the diet:


p = d/a

p = preference rating

d = percentage of each species removed as related to all species removed and consume

a = percentage of each species available as related to all available species. 

Species with preference rating 1.00 are considered preferred food and rating below 1.00 rating species are considered neglected or avoided as food. For example, a forage species making only 10% of the available forage (a) but providing 30% of the diet of an animal species (d) would have a reference rating of 3.00. Another species comprising 25% of he available forage (a) and making 7% of the diet (d) would have a preference rating of 0.28.

Herbage

A simple and direct measure for the amount utilized by animals can be obtained by clipping and weighing in plots immediately before and after or after grazing or an adjacent grazed and ungrazed areas (Beruldsen and Morgan 1934). To see the effect of grazing on forage production during a growing season, vegetation can be clipped from caged and ungrazed plots at designated periods.  

Browse

Clipping and weighing for the utilization of herbage generally would not be feasible for sampling of browse over large areas. Method involving changes in twig length before and after browsing have been used (Varner et al. 1954). It involves tagging of branches on selected browse plants along a transect to measure the percentage of utilization. It is more effective with browse species where the seasonal growth is linear. The recommended procedure is as follows:

i. Locate the transect to obtain a representative sample of the key area.

ii. Establish the transect along a compass course or line described by bearing and distance to recognizable landmarks or map points. 

iii. Tag only those branches which are available to game animal under study. In addition to tagging two twigs to be measured on each plant, tag or flag each plant in an identical place for ease in relocating. 

iv. Classify each tagged plant according to its form and age class. 

The shrubs on which seasonal growth cannot be easily measured, following method is used;

i. The shrub is examined to reveal the extent of cropping.

ii. The shrub is mentally reconstructed as it would have appeared had it not been cropped.

iii. An estimate is made of the percentage twig length utilized. 

Exclosures or fenced plots are also used by biologists to assess the mount and kind of food utilized by a comparison with an unfenced area. Single plants can also be enclosed. The height of the fence and size of the mesh of the fencing should be considered according to the size and characteristics of the animal to be fenced out. This method often provides accurate results. 

For a direct analysis of consumption of vegetation, especially by the larger ungulates, it is possible to observe tame animal at close range. It has the advantages of:

i. Identification of all foods taken,

ii. Determination of species and plant parts eaten,

iii. Determination of the relationship of selections and rejections to availability,

iv. Opportunity for sampling in conformance with predesigned plan,

v. Collection of large amount of data compared to other methods.

Disadvantages are the lack of a satisfactory method for quantifying the intake, variability between animals, and lack of a method for establishing an acceptable degree of similarity between tame and wild animals. Costs for acquiring, rearing and training the animals must also be considered. 

Evaluation of Habitats

Measurements and estimates are only a part of habitat evaluation, the determination of the value of a habitat for wildlife. The weak point the amount of data available to describe the habitat requirements of a species of interest. Even if the amount of available forage and cover are known, the optimal conditions or minimal limits for various species are to be described. Thus the final step in evaluation may be a subjective judgment by the researcher or manager. The methods for collecting and evaluating data for habitat can be considered in two categories – capability rating which are based on values of the environment for wildlife and impact evaluation or the effect of environmental conditions on habitat and wildlife.

Capability Rating

It is based on the assumption that value of a unit area of land for wildlife can be estimated and displayed as a habitat quality index from 1 to 10. It is also assumed that habitat quality index is proportional to carrying capacity of habitat. This approach provides a quantitative estimate of the impacts to wildlife of land use changes that that alter either the quality or quantity of wildlife habitat. These procedures have application in refuge planning or in assessing other type of wildlife management activities. A general summary is as follows:

Step-1

The biologist obtains maps, aerial photographic material to assist in the preparation of vegetation cover map of the study area.

Step-2

A number of sample sites are chosen within each cover type. At each sample site, the capability of the habitat to meet the requirements of a given wildlife species or group is rated using a scale of 1 to 10. Any number of wildlife species or groups can be considered. The average of the sample site values for each cover type represents the habitat type value. 

Step-3

The above value of each cover type when multiplied by the number of acres of that type in the project area, gives the total number of habitat units for that type. 

Step-4

Analyze project impacts. This involves decisions about future habitat conditions that may occur throughout life of the project. Project impacts are measured from a baseline condition called the ‘future without the project’. The difference between the ‘with’ and ‘without’ project projections provides a measure of the net project impacts, habitat units lost or gained. 

Step-5

The above losses or gains are then displayed to show differences between project alternatives. 

Step-6

The amount and type of compensation, needed to offset losses, is calculated for each habitat type.     

Carrying Capacity

The concept of carrying capacity, a type of capability rating, is commonly used in wildlife and range management. An earlier definition was the number of animals that could graze on an area without injury to the range (Hadwen and Palmer 1922). Later, Edwards and Fowls (1945) proposed that carrying capacity is the maximum number of animals of a given species and quality that can, in a given ecosystem, survive through the least favorable conditions occurring within a stated time interval. Dasmann (1964) presented 3 definitions:

· The number of animals of a given species that a habitat does support, determined by observations over a period of years

· The upper limit of population growth above which no further increase can be sustained

· The number of animals that a habitat can maintain in a healthy, vigorous condition.

He proposed to use it in a general rather than in a specific sense. To calculate the carrying capacity of a range under common use (domestic and wild animals), it is assumed that key species make up the same part of the animal’s diet throughout the grazing season (Stoddart et al. 1975). Their method involves:

· Identification of the key species which the both animals use,

· Finding the maximum level of use that the key species can tolerate,

· Determining the proportion of the diet that the key species makes up for each animal,

· Determining the grazing capacity for each animal alone, and 

· Determining the attained utilization of other species when the key species is fully utilized by either animal.  

The concept of carrying capacity is complex and there seem to be no agreement about an exact definition. However, the concept is generally considered important for some phases of wildlife management. 

Carrying capacity/Grazing capacity: 
grazing capacity is the maximum stocking rate possible without inducing damage to vegetation or related resources such as soil, water and wildlife (huss, 1979). for calculating “grazing capacity” three important steps are taken like; (i) determination of available dry matter forage (kg/ha) through various phytosocioligcal surveys in different seasons, (ii) working out animal intake considering one cow weighing 350 kg as one animal unit (au) that requires 8 kg dry matter forage/day or 210 kg dry matter forage per month, and (iii) as a general rule, 40 percent of available forage is considered  as proper use factor (puf) considering “take half and leave half”.
Sample calculations: 

· A.U. = Available dry matter forage x 0.4 (PUF) ( 7 kg per A.U 

· For entire area of NP = Available dry matter forage x 0.4 (PUF) x local area of NP ( 7 kg per A.U. 

· For grazing capacity entire year = Available dry matter forage x 0.4 (PUF) x local area of NP ( 7 kg per A.U x 365 days 

· Stocking density = Total A.U ( Total area

· Stocking rate = Total area ( Total A.Us.

· Grazing pressure = Forage demand per A.U per day ( Available forage per ha

CHAPTER 8
IUCN RED LIST OF THREATENED SPECIES

(CATEGORIES AND CRITERIA)
The ‘IUCN Red List of Threatened Species’ is widely recognized as the most comprehensive, objective global approach for evaluating the conservation status of plant and animal species. The IUCN Red List is mainly used to guide conservation activities of governments, NGOs and scientific institutions. The scientifically rigorous approach to determine risks of extinction that is applicable to all species, has become a world standard. In order to produce the IUCN Red List of Threatened Species, the IUCN Species Programme works with the IUCN Survival Commission (SSC) and with members of IUCN, draws on and mobilizes a network of scientists and partner organizations working in almost every country in the world, who collectively hold what is likely the most complete scientific knowledge base on the biology and conservation status of species.

The IUCN Red List Categories and Criteria are extensively reviewed. The revised Categories and Criteria (IUCN Red List Categories and Criteria version 3.1) were adopted by IUCN Council in February 2000 and the revised system came into use in 2001. Guidelines to use the IUCN Red List Categories and Criteria are regularly reviewed (the recent most review, Version 8.1; August 2010). 

The goals of the IUCN Red List are to:

· Identify and document those species most in need of conservation attention if global extinction rates are to be reduced; and 

· Provide a global index of the state of change of biodiversity. 

To achieve these Goals, the IUCN Red List aims to:

· Establish a baseline from which to monitor the change in status of species; 

· Provide a global context for the establishment of conservation priorities at the local level; 

· Monitor, on a continuing basis, the status of a representative selection of species (as biodiversity indicators) that cover all the major ecosystems of the world. 

Nature of the categories 

There are nine clearly defined categories into which every taxon in the world (excluding micro-organisms) can be classified (Figure 2.1).  Complete definitions of the categories are given in the Box below:  

The first two categories viz., ‘Extinct’ and ‘Extinct in the Wild’ are relatively self-explanatory.  

Extinct means that there is no reasonable doubt that the last individual has died.  Extinct in the Wild means that the taxon is extinct in its natural habitat.  

The following three categories, Critically Endangered, Endangered and Vulnerable, are Red List Guidelines  8 assigned to taxa on the basis of quantitative criteria that are designed to reflect varying degrees of threat of extinction.  

The category Near Threatened is applied to taxa that do not qualify as threatened now, but may be close to qualifying as threatened.  The category Least Concern is applied to taxa that do not qualify (and are not close to qualifying) as threatened or near threatened. 

The remaining two categories do not reflect the threat status of taxa. The category Data Deficient highlights taxa for which sufficient information is lacking to make a sound status assessment.  The inclination to assess taxa as Data Deficient may be very strong; it should be emphasised that assessors must use all data available in full when making a Red List assessment.  Precise information on scarce taxa is usually lacking, and although the criteria are highly quantitative and defined, one can use projections, assumptions and inferences in order to place a taxon in the appropriate category.  Since Data Deficient is not a category of threat, taxa placed in this category are not so obviously targets for conservation action, although their needs might be very great. Assessors should use whatever information is available and relevant to make assessments and place taxa into the Data Deficient category only when there is really no alternative. Guidance on handling uncertainty is especially relevant in the case of poorly known taxa. The category Not Evaluated applies to taxa that have not yet been evaluated against the Red List Criteria. 

Taxa in all of the IUCN Red List Categories, except LC and NE, are normally presented in the Red List and, consequently, are referred to as "red-listed". The 2003 update of the IUCN Red List of Threatened Species and all subsequent updates (available up to 2010) include all taxa assessed as LC and information about them has been documented, although these taxa have not been referred to as "red-listed".  This is especially important, for example, for taxa that were Red-listed in an earlier edition, but have since been down-listed.

Following is a brief description of IUCN Red List Categories:

EXTINCT (EX) 

A taxon is Extinct when there is no reasonable doubt that the last individual has died.  A taxon is presumed Extinct when exhaustive surveys in known and/or expected habitat, at appropriate times (diurnal, seasonal, annual), throughout its historic range have failed to record an individual. Surveys should be over a time frame appropriate to the taxon’s life cycles and life form. 

EXTINCT IN THE WILD (EW) 

A taxon is Extinct in the Wild when it is known only to survive in cultivation, in captivity or as a naturalized population (or populations) well outside the past range.  A taxon is presumed Extinct in the Wild when exhaustive surveys in known and/or expected habitat, at appropriate times (diurnal, seasonal, annual), throughout its historic range have failed to record an individual.  Surveys should be over a time frame appropriate to the taxon's life cycle and life form.

CRITICALLY ENDANGERED (CR) 
A taxon is Critically Endangered when the best available evidence indicates that it meets any of the criteria A to E for Critically Endangered, and it is therefore considered to be facing an extremely high risk of extinction in the wild. 

ENDANGERED (EN) 

A taxon is Endangered when the best available evidence indicates that it meets any of the criteria A to E for Endangered, and it is therefore considered to be facing a very high risk of extinction in the wild.  

VULNERABLE (VU) 

A taxon is Vulnerable when the best available evidence indicates that it meets any of the criteria A to E for Vulnerable, and it is therefore considered to be facing a high risk of extinction in the wild. 

NEAR THREATENED (NT) 

A taxon is Near Threatened when it has been evaluated against the criteria but does not qualify for Critically Endangered, Endangered or Vulnerable now, but is close to qualifying for or is likely to qualify for a threatened category in the near future. 

LEAST CONCERN (LC) 

A taxon is Least Concern when it has been evaluated against the criteria and does not qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened.  Widespread and abundant taxa are included in this category. 

DATA DEFICIENT (DD) 

A taxon is Data Deficient when there is inadequate information to make a direct, or indirect, assessment of its risk of extinction based on its distribution and/or population status.  A taxon in this category may be well studied, and its biology well known, but appropriate data on abundance and/or distribution are lacking. Data Deficient is therefore not a category of threat.  Listing of taxa in this category indicates that more information is required and acknowledges the possibility that future research will show that threatened classification is appropriate.  It is important to make positive use of whatever data are available.  In many cases great care should be exercised in choosing between DD and a threatened status.  If the range of a taxon is suspected to be relatively circumscribed, if a considerable period of time has elapsed since the last record of the taxon, threatened status may well be justified. 

NOT EVALUATED (NE) 

A taxon is Not Evaluated when it is has not yet been evaluated against the criteria. 
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Red List Guidelines

Summary of the five criteria (A-E) used to evaluate if a taxon belongs in a threatened category (Critically Endangered, Endangered or Vulnerable). 
	Use any of the criteria A-E
	Critically Endangered
	Endangered
	Vulnerable

	A. Population reduction
	Declines measured over the longer of 10 years or 3 generations

	A1
	≥ 90%  
	≥ 70%  
	≥ 50%

	A2, A3 & A4
	≥ 80%  
	≥ 50%  
	≥ 30%

	A1.  Population reduction observed, estimated, inferred, or suspected in the past where the causes of the reduction are clearly reversible AND understood AND have ceased, based on and specifying any of the following: 

  (a) direct observation 

  (b) an index of abundance appropriate to the taxon 

  (c) a decline in area of occupancy (AOO), extent of occurrence (EOO) and/or habitat quality 

  (d) actual or potential levels of exploitation 

  (e) effects of introduced taxa, hybridization, pathogens, pollutants, competitors or parasites.

	A2.  Population reduction observed, estimated, inferred, or suspected in the past where the causes of reduction may not have ceased OR may not be understood OR may not be reversible, based on (a) to (e) under A1. 

	A3.  Population reduction projected or suspected to be met in the future (up to a maximum of 100 years) based on (b) to (e) under A1. 

	A4.  An observed, estimated, inferred, projected or suspected population reduction (up to a maximum of 100 years) where the time period must include both the past and the future, and where the causes of reduction may not have ceased OR may not be understood OR may not be reversible, based on (a) to (e) under A1.

	B.  Geographic range in the form of either B1 (extent of occurrence) AND/OR B2 (area of occupancy)

	B1.  Extent of occurrence (EOO)
	< 100 km
	< 5,000 km²   
	< 20,000 km²  

	B2.  Area of occupancy (AOO)  
	< 10 km
	< 500 km²   
	< 2,000 km²  

	AND at least 2 of the following:    

	(a) Severely fragmented, OR 

	Number of locations
	= 1  
	≤ 5  
	≤ 10

	(b) Continuing decline in any of:   (i) extent of occurrence;   (ii) area of occupancy;   (iii) area, extent and/or quality of habitat;  (iv) number of locations or subpopulations;  (v) number of mature individuals. 

	(c)   Extreme fluctuations in any of:   (i) extent of occurrence;   (ii) area of occupancy;   (iii) number of locations or subpopulations;  (iv) number of mature individuals

	C. Small population size and decline 

	Number of mature individuals
	< 250
	< 2,500
	< 10,000

	AND either C1 or C2:     

	C1.  An estimated continuing decline of at least
	25% in 3 years or 

1 generation 


	20% in 5 years or 

2 generations 


	10% in 10 years or 3 generations 



	(up to a max. of 100 years in future) 

	C2.  A continuing decline AND (a) and/or (b): 

	(a i)  Number of mature 

individuals in each 

subpopulation: 

< 50 < 250 < 1,000 

or       


	< 50
	< 250
	< 1,000

	(a ii) % individuals in one 

subpopulation = 


	90–100%
	95–100%
	100%

	(b)  Extreme fluctuations in the number of mature individuals. 

	D. Very small or restricted population 

Either:

	Number of mature individuals
	< 50
	< 250  
	D1.  < 1,000 

      AND/OR 



	VU D2. Restricted area of occupancy or number of locations with a plausible future threat that could drive the taxon to CR or EX in a very short time. 
	D2.  typically: AOO<20 km² or number of locations ≤ 5 

	E. Quantitative Analysis     

	Indicating the probability of 

extinction in the wild to be: 


	≥ 50% in 10 years or 3 generations (100 years max.) 


	≥ 20% in 20 years or 5 generations (100 years max.) 


	≥ 10% in 100 years


Source: IUCN Standards and Petitions Subcommittee. 2010. Guidelines for Using the IUCN Red List Categories and Criteria.  Version 8.1.  Prepared by the Standards and Petitions Subcommittee in March 2010.
CHAPTER 10: WILDLIFE LEGISLATION IN PAKISTAN

History of Wildlife Legislation

Pre-independence Efforts

During the two centuries prior to British Empire in India in 1858, many of the rulers and feudal lords that controlled parts of the sub-continent set aside shikargahs. The specific examples are Chitral Gol protected by Mehtar of Chitral who was ruler of this area from 1880 to 1971. Hunza and Khunjerab areas were protected by Mir of Hunza, and Swat Valley remained under protection of Wali-e-Swat. Kalabagh area protected by Nawab of Kalabagh and Cholistan area was protected by Nawab of Bahawalpur. But basically these areas were being managed for hunting by the elite and their guests.

Subsequently, with the passage of time and to meet the emerging challenges, the following legislations were enacted during British rule.

1879: 
The Elephant Preservation, 1879.

1912:
The Wild Birds and Animal Protection Act, 1912.

1927:
Indian Forest Act 1927.

Post-independence Efforts

After the independence, The West Pakistan Wildlife Protection Ordinance 1959 was enforced for the protection of wildlife in the then West Pakistan. However, at that time, there was no specific administration at all to take care of wildlife. Forest Department was supposed to take measures for conservation of wildlife but their activities were restricted to forest areas only. The main function of the wildlife staff under the Forest Departments was to arrange hunting for VIPs and State guests. The West Pakistan Wildlife Ordinance 1959 was in force but only to protect wildlife from shooting/hunting. There was no provision for protection of wildlife against disturbance or destruction of habitat by agriculture, tree felling etc. In the West Pakistan Wildlife Ordinance 1959, the special conservation areas like sanctuary and reserve could be established, but there was no provision of national parks. The human population was on increase and for agriculture, infrastructure and industrial development; wildlife habitats were destroyed/disturbed. 

WWF Expeditions of 1966 and 1967  
Realizing the declining status of wildlife in the country, the Government of Pakistan requested the World Wildlife Fund (WWF) to examine the situation and suggest necessary measures for improvement in the conservation. On invitation of the then Central Government of Pakistan, the following two wildlife expeditions were arranged by WWF in Pakistan. 

1966: 
1st World Wildlife Fund (WWF) expedition to Pakistan

1967:
2nd World Wildlife Fund (WWF) expedition to Pakistan

WWF expeditions of 1966 and 1967 during their detailed visits of West and East Pakistan examined the state of wildlife, their habitats and made observations on the following; 

· 96 mammals (34 were considered endangered)

· 419 birds (20 were considered endangered)

· 46 reptiles and amphibians (5 were considered endangered)

Recommendations of WWF Expeditions

WWF International recommended the following potential areas of the then West Pakistan to be included in protected areas system for wildlife conservation;
· Kalabagh Reserve

· Lal Sohanra

· Wetlands of Sindh

· Indus Delta

· Rann of Kutch

· Kirthar Range 

· Naltar and Kargah Nullah 

· Deosai Mountains

Creation of Wildlife Enquiry Committee (WEC) (1968)
In follow up of the WWF recommendation, the Cabinet of the Government of Pakistan in its meeting held on 2nd October 1968 directed the Ministry of Agriculture and Works to constitute a high powered Committee under the chairmanship of Mr. M. M. Ahmad. Wildlife Enquiry Committee (WEC) was notified on 30th October, 1968 to investigate causes of the decline in wildlife and to suggest ways and means to improve the existing administrative and legal framework concerning wildlife in country. WEC was initially consisted of 17 members but subsequently four additional members were co-opted. The following main functions were assigned to the WEC.

· Made a survey of wildlife, its population, status and natural habitats

· Review the existing game laws and administrative structure for management of wildlife in the country

· Recommend technical, legal and administrative measures necessary for conservation of wildlife

Recommendations of WEC

1. Creation of Special Areas

A protected areas network (National Parks, Wildlife Sanctuaries and Game Reserves) representing major ecosystems with its endemic fauna and flora should be created. For this purpose, WEC recommended 5 National Parks, 18 Wildlife Sanctuaries and 52 Game Reserves in the then West Pakistan.

2. Scientific Management of Wildlife

Scientific management through introduction of regular working plans was considered only rational approach to conservation. Wildlife management should involve the application of practices to maintain adequate wildlife population in balance in its natural environment, and other factors like vegetation, water, topographical variations biotic association and interferences.

3. Administrative Arrangements

A separate department for Forestry and Wildlife along with allied disciplines should be constituted in the provincial administration and that wildlife should be administered by a separate Directorate under the new department. Until the Directorates are created with qualified staff, the managerial functions should continue to be left with the forestry personnel.
4. Constitution of a Central Wildlife Conservation Board

A Wildlife Conservation Board should function in the Central Government for overall coordination and advisory purposes. The function of the Board could be determined in consultation with the Provinces.

5. Training, Education and Research

The WEC recommended that by the end of Fourth Plan, training of about 40 executives in senior positions, 60 Supervisors and 2,270 scouts for actual field job should be completed in Forest College for award of diplomas and degrees on Wildlife managements. 

6. Zoological Survey Department

WEC recommended that Zoological Survey Department should be well-staffed and well equipped and provide pre-service and in-service training in wildlife to attract young graduates and scientists. Regional offices be established with research sub-stations. A Botanical Survey Department was recommended to be set up.

7. Public Relation and Tourism

A new administrative framework is proposed in the Central Government as well as in the provinces which will have necessary authority and funds at their disposal for publicity purpose. Pakistan Wildlife Appeal will be able to make a significant contribution with public support and participation.

8. Legal Framework

A draft “Pakistan Wildlife Ordinance” prepared by WEC which provided for necessary legal framework for Wildlife Sanctuaries, National Parks and Game Reserves, creation of a Wildlife Conservation Board, strict control of all means of hunting and import and export may be used to overcome the deficiencies in existing ineffective game laws. New Schedules give protection to wider range of animals and birds in contrast to prevailing laws. The WEC requested provinces to promulgate their own Ordinances on the lines indicated in the Draft.

WEC Recommendation for Protected Areas

WEC short listed potential areas to be taken in protected areas network. The recommended areas of Northern Pakistan were as follows;

National Parks


· Margallah Hills National Park (comprises of Margalla Reserved Forests, 45 sq. miles).

· Swat National Park (Dry temperate evergreen forests, 150 sq. miles).

· Astore National Park (Dry temperate coniferous forests of Gilgit and Astore Sub-Division, 264 sq. miles). 

Wildlife Sanctuaries


· Rawal Lake, Manshi (Mansehra), Machiara, Muaji, Nultar, Kargah Nullah, Chitral Gol, Buner.

Game Reserves


· Mazakai (Mardan), Makhnial (Haripur), Ghamote, Salkhala, Hillan, Rakh Mohri, Vatala.

Post-One Unit Era

In July 1970, one unit (West Pakistan) was dissolved and Provinces of Punjab, Sindh, Balochistan and NWFP were notified. The WEC was changed into National Council for Conservation of Wildlife (NCCW) in July 1972. During early 1970s, the famous naturalist, George B. Schaller visited most of the Northern Pakistan to assess the status of ungulates particularly, the Markhor sub-species. During his extensive field visits, the wildlife staff was sensitized towards scientific data collection and awareness about the distribution of ungulates in mountainous tract of Pakistan.

As a direct consequence of the WEC recommendations, all the provinces and territories administered and passed new wildlife conservation legislations between 1972 and 1979. Similarly, in accordance with the recommendations of the WEC, separate departments/wings were created in NWFP and AJK. Anyhow, in Northern Areas, the Forest Department continued the responsibility of wildlife protection. NCCW established in July 1972 remained functional till 30th June 2011, as an attached department of Ministry of Food and Agriculture and later Ministry of Environment. After the 18th Amendment in Constitution, NCCW was devolved. However, functions being performed by NCCW are now looked after by Forestry Wing of newly created Ministry of Climate Change, with some changes.

Provincial Wildlife Laws

· Punjab Wildlife (Protection, Preservation, Conservation and Management) Act, 1974.
· Sindh Wildlife (Protection, Preservation, Conservation and Management) Ordinance, 1972.

· NWFP Wildlife (Protection, Preservation, Conservation and Management) Act, 1975.

· Balochistan Wildlife (Protections, Preservation, Conservation and Management) Act, 1974.

· AJK Wildlife (Protection, Preservation, Conservation and Management) Act, 1975.

· Northern Areas Wildlife (Protection, Preservation, Conservation & Management) Act, 1975.

· Islamabad Wildlife (Protection, Preservation, Conservation & Management) Ordinance, 1979.

The Pakistan Trade Control of Wild Fauna and Flora Act – 2012

A Federal law entitled “The Pakistan Trade Control of Wild Fauna and Flora Act-2012” was passed by the Majlis-e-Shoora (Parliament), in its joint sitting on 5th April 2012, which was signed by the President of Pakistan on 5th May 2012. The Pakistan Trade Control of Wild Fauna and Flora Act 2012 is an exclusive law at Federal level, for effective implementation of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) provisions. It will help to curb the illegal trade of fauna and flora and bridge existing legal gaps in implementation of the CITES in Pakistan. Ministry of Climate Change has been entrusted for implementation of this Federal law and office of Inspector General Forests is its focal point.

Protected Areas Network
At present, 26 National Parks have been notified in Pakistan under the Provincial/Territorial Wildlife legislations, which cover almost 12% of land area of Pakistan. The detail of 26 National Parks of Pakistan is given in the Table below;

	Sr. No.
	NAME NATIONAL PARK
	PROVINCE / TERRITORY 
	 AREA (Ha) 

	1
	Margalla Hills National Park
	Islamabad Capital Territory
	17,386

	2
	Lal Sohanra National Park
	Punjab
	65,789

	3
	Chinji National Park
	Punjab
	6,070

	4
	Kala Chitta National Park
	Punjab
	36,965

	5
	Murree Kahuta, Kotli Satian National Park
	Punjab
	108,824

	6
	Khirthar National Park
	Sindh
	308,733

	7
	Chiltan Hazarganji National Park
	Balochistan
	27,421

	8
	Hingol National Park
	Baloshistan
	616,118

	9
	Ziarat National Park
	Baloshistan
	

	10
	Ayubia National Park
	Khyber-Pakhtunkhwa
	3,372

	11
	Broghil Valley National Park
	Khyber-Pakhtunkhwa
	134,744

	12
	Chitral Gol National Park
	Khyber-Pakhtunkhwa
	7,750

	13
	Sheikh Buddin National Park
	Khyber-Pakhtunkhwa
	15,540

	14
	Lake Saif-ul-Maluk National Park
	Khyber-Pakhtunkhwa
	4,867

	15
	Lake Lulu Sar National Park
	Khyber-Pakhtunkhwa
	30,376

	16
	Khunjerab National Park
	Gilgit-Baltistan
	554,400

	17
	Deosai Plains National Park
	Gilgit-Baltistan
	362,600

	18
	Handrap Shandur National Park
	Gilgit-Baltistan
	51,800

	19
	Central Karakorum National Park
	Gilgit-Baltistan
	973,845

	20
	Qurumber National Park
	Gilgit-Baltistan
	74,100

	21
	Machiara National Park
	Azad Jammu and Kashmir
	13,532

	22
	Ghamot National Park
	Azad Jammu and Kashmir
	27,271

	23
	Toli Pir National Park
	Azad Jammu and Kashmir
	1,000

	24
	Pir Lasura National Park
	Azad Jammu and Kashmir
	1580

	25
	Musk Deer Gurez National Park
	Azad Jammu and Kashmir
	52,815

	26
	Deva Vatala National Park
	Azad Jammu and Kashmir
	2,993

	27
	Poonch River Mahasher National Park
	Azad Jammu and Kashmir
	4,500

	TOTAL AREA (Ha)
	3,504,391


In addition to 27 National Parks, 97 Wildlife Sanctuaries, 109 Game Reserves and 79 Community Reserves have been notified in Pakistan.

Biodiversity Related Conventions and Treaties

Pakistan is signatory to a number of biodiversity related Conventions and Treaties. The Conventions signed by the Government of Pakistan are;

1. Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES)

2. Convention on the Conservation of Migratory Species (CMS)

3. Ramsar Convention (Convention on Wetlands)

4. Convention on Biological Diversity (CBD)

5. United Nations Framework Convention on Climate Change (UNFCCC)

6. Convention to Combat Desertification and Drought (CCD)

7. World Heritage Convention (WHC)

CHAPTER 9

WILDLIFE CONSERVATION ORGANIZATIONS IN PAKISTAN
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International Union for the Conservation of Nature (IUCN)

IUCN, also called The World Conservation Union, was formed in 1948 with its headquarter in Switzerland. IUCN’s aim is to influence, encourage and assist societies throughout the world to conserve the integrity and diversity of nature and to ensure that any use of natural resources is equitable and ecologically sustainable. IUCN-Pakistan started working in 1970s and is headed by Country Representative. Its Country Office is at Karachi and two programme offices at Islamabad and Quetta. Mission of IUCN is to ensure sustainable development in Pakistan, IUCN Pakistan aims at:

· Integration of environment and development;

· Facilitation for the creation of a supportive policy and legal framework;

· Support to institutional and human resource development for  environment

World Wide Fund for Nature (WWF)
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WWF International is one of the World's largest and most experienced conservation organizations, with a global network active in more than 100 countries and head office in Switzerland. WWF-Pakistan was founded in 1970 which is headed by a Director General. Its Head Office is in Lahore and regional offices in Karachi, Islamabad, Peshawar, Gilgit, Muzaffarabad and Quetta. 

Mission: WWF’s mission is to stop degradation of the planet's natural environment and to build a future in which humans live in harmony with nature by: 

· Conserving the world's biological diversity. 

· Ensuring that the use of renewable natural resources is sustainable.

· Promoting the reduction of pollution and wasteful consumption. 

· Conservation of flagship species. 

1. Himalayan Wildlife Foundation (HWF)

The Himalayan Wildlife Foundation (HWF) was instituted in 1993 in Islamabad, Pakistan with the aim of protecting and managing country’s natural resources and cultural heritage. 

Mission: 

· Development and promotion of public interest in natural environment, ecology, wildlife, heritage and culture of Pakistan.

· Establishment of model environmental and heritage preservation areas in country for demonstration and educational purpose. 

· Promotion of conservation of wildlife and heritage sites by raising funds and using them for conservation purpose.

· Providing assistant to government and non-Government agencies and individuals in their conservation efforts on issues related to wildlife conservation. 

· Creating public awareness, holding of seminars/workshops 

2. Society for Torghar Environmental Protection (STEP)

Society for Torghar Environmental Protection (STEP) was formed in 1994 to administer the Torghar Conservation Project (TCP). This project is a legitimate, private, ‘grassroots’ conservation programme which was started by a group of volunteers in the Torghar Hills in Balochistan to control the illegal hunting and promote conservation of Suleiman Markhor (Capra falconeri jerdoni) and Afghan Urial (Ovis vignei blandfordi). STEP was based on the principles of sustainable use, local tribe involvement, and conservation biology. It operates as a self-supporting project using the revenues from trophy hunting as operating funds.  

3. Pakistan Wildlife Foundation (PWF)
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Pakistan Wildlife Foundation (PWF) is a non-profit conservation organization formed in 2010. PWF is headed by a president, governed by a Board of Directors and supported by a Technical Advisory Committee. Its head office is in Islamabad.
Mission: The mission of PWF is “to educate the masses in the country regarding biodiversity, environment and social aspects with a view to changing their attitudes towards positive, sensible and responsible actions for nature”. The objectives of the foundation are to help protect, preserve, conserve, manage and sustainably utilize wildlife and their habitats in the country and to provide a platform for the public at large and professionals to share their wildlife related experiences and ideas and publicize them for students, researchers, policy makers, administrators and the general public.
4. Snow Leopard Foundation (SLF)

SLF is a non-profit conservation organization working since 1995 in Pakistan with it head office in Islamabad. It represents two international conservation organizations i.e. Snow Leopard Trust and Panthera Corporation. SLF aims at conserving viable populations of snow leopard and other carnivores as an integral part of landscapes across Pakistan, while improving the lives of mountain people who share the habitats with predators. 

Mission: 
· Enhance tolerance and build support for the conservation of the snow leopard and other carnivores in Pakistan.

· Develop and promote sound stewardship of snow leopards and other carnivores through scientifically based population, habitat, and natural resource use management.

· Promote the snow leopard as the flagship for the conservation of montane wildlife of Pakistan.

· Fill gaps in conservation related information through fostering well-targeted research on snow leopards, other carnivores, their prey species, and habitats.

· Enhance public awareness and understanding of snow leopard ecology, conservation status and needs, and management.

· Support government in improving functionality and management of Protected Areas and enabling sound conservation policies.

· Promote environment, develop capacity, and facilitate ecological research in Pakistan.

5. Belour Advisory and Social Development Organization (BASDO)

BASDO was founded in 1989 having its head office at Gilgit. It aims to promote awareness among the masses through education and publicity about the conservation of depleting environment, to motivate people to conserve nature and natural resources, to promote tourism and to preserve and protect the cultural heritage. 

Mission:

· To provide quality guidance to the local communities for better management and effective conservation of natural resources.

· To devise appropriate systems for community-based management of conservation and development projects on a sustainable basis.

· To enhance capacities of the communities in project planning and decision-making. 

· To create linkages of the communities with international donor agencies and government departments.

· To influence the local government policies on the conservation and environmental protection through research and development initiatives.

· To prepare projects, mobilize resources and implement projects as per donors financing agreements.

6. Bio-resource Research Center (BRC)
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BRC is a non-profit, non-political, multidisciplinary base, with it’s headquarter in Islamabad, Pakistan. Our main focus, till date, has been on the bear conservation in Pakistan, through curbing bearbaiting. Therefore, the major part of our present strategies and projects are designed in this perspective and BRC has many successes at its claim with regard to these projects. BRC assisted Pakistani authorities in development of a bear registration scheme which can be used to monitor bears in captivity. This scheme will help in checking further decline in the population of bears and other wildlife in Pakistan. 

BRC is a non-profit, non-political, multidisciplinary organization founded in 2010. Its head office is in Islamabad, Pakistan. Main focus is on the bear conservation in Pakistan, through curbing bearbaiting. 
Mission: BRC aims at generating high-quality research-based data on existing bio-resources of Pakistan, knowing their existing status, exploitation patterns and future possible trends, along with monitoring changes in their status over the period of time. Centre targets all possible sectors of bio- resources, including, water, air, agriculture, forests, fisheries and wildlife. Centre intends to study environmental problems in order to increase understanding of system controlling natural resources to develop a management of such resources for long term benefit of humans.
7. Crane Foundation International, Pakistan

9. Falcon Foundation International, Pakistan

Falcon Foundation International Pakistan is a non-profit organization which comprises scientists, conservationists, environmentalists and social workers with Head Offices at Lahore and sub-offices in the field. Falcon Foundation International Pakistan works for conservation of falcons, in collaboration with the range states, through rescue, rehabilitation and restoration of the habitats. In the face of large-scale trapping and smuggling of the species the Foundation has achieved success in its conservation through awareness campaigns, education, health-care and poverty alleviation of habitat communities.

Address: 216 Upper Mall, Lahore, Pakistan Tel:  92-42-35711979, 35761637, 35878037.  Fax:  92-42-5712293  Email: 
12.  Houbara Foundation International, Pakistan

Houbara Foundation International Pakistan is a non-profit organization which comprises scientists, conservationists, environmentalists and social workers with Head Offices at Lahore and Rehabilitation Centres in houbara habitats. Houbara Foundation International Pakistan works for conservation of the Houbara Bustard, a wild migratory bird, in collaboration with the range states, through rescue, rehabilitation and re-stocking of houbara, and restoration of its habitats. The Foundation has achieved success in conservation of the species through awareness campaigns, education, health-care and poverty alleviation of habitat communities.

Address: 216 Upper Mall, Lahore, Pakistan Tel:  92-42-35711979, 35761637, 35878037.  Fax:  92-42-5712293.  Email:
13. Deer Foundation International, Pakistan
Deer Foundation International Pakistan is a non-profit organization which comprises scientists, conservationists, veterinarians, environmentalists and social workers with Head Offices at Lahore and sub-offices in the field. The Foundation works for conservation of antelopes and deer, in collaboration with Houbara Foundation International Pakistan and Provincial Wildlife Departments. The Foundation has achieved success in conservation of the species through awareness campaigns, law enforcement, education, health-care and poverty alleviation of habitat communities. A large number of Chinkara Gazelle have been captive bred in semi-wild conditions in the Deer Breeding Centre (HH Wildlife Park, Rahim Yar Khan) and translocated to habitats in different parts of the country. 

Address: 216 Upper Mall, Lahore, Pakistan. Tel: 92-42-35711979, 35761637, 35878037.  Fax:  92-42-5712293. Email: 
14. Human Welfare & Nature Conservation Society

Human Welfare & Nature Conservation Society works for improvement of quality of life in areas beyond the reach of modern communication infrastructure and basic amenities of life. In such areas, the Society provides basic education, vocational training, health-care facilities and potable water to remote area communities, in collaboration with other NGOs and the government. Over the years, skill training has enabled widows, orphans and enterprising youth to live honourable lives. Human Welfare & Nature Conservation Society is run by environmentalists, leading conservationists, social workers and wild-lovers with Head Offices at Lahore and sub-offices in all the provinces of Pakistan.

Address: 216 Upper Mall, Lahore, Pakistan

Tel:  92-42-35711979, 35761637, 35878037. Fax:  92-42-5712293. Email:
15. Habitat Integrated Ltd. Lahore

16. Save Wildlife and Nature (SWAN)

17. Punjab Wildlife and Parks Department

18. Sindh Wildlife Department


19. Balochistan Forests and Wildlife Departnet

20. KPK Forests and Wiildlife Department

21. GB Forests and Wildlife Department

22. AJK Forests and Wildlife Department

23. NCCW

CHAPTER 8

GLOSSORY OF TERMS USED IN THIS BOOK
PART 1 AMPHIBIANS

Canthus:

Canthus Rostralis:

Cranial Crest:

Herpetology:

Taxonomy:

Synonymy:

Morphology:

Frogry:

Agile hoppers:

Puddles:

Algal Sheets:

Nocturnal:

Nuptial Spines:

Nuptial Pads:

Diurnal:

Photophilic:

Pre-oral:

Post-oral

Oases:

Hibernation:

Habitus:

Lethargic timid:

Longitudinal Stripe:

Longitudinal Ridge: 

Naris:

Parotid Gland:

Ventriloquist:

Fossorial:

Littoral zone:

Benthic zone:

Brackish water:

Brown Reticulation:

Carnivore:

Insectivore: 

Metamorphosis:

Dermal Ridge:

Dimorphism:

Dorsum:

Flanks:

Paddy fields:

Eliptical Tongue:

Captive Breeding:

Reintroduction: 

Biological control:

Ontogenetic change:

Indigenous species:

Endemic species:

Threatened species:

Tarsal Fold:

Tubercles:

Torrenticolous

Tympanum:

Tibial Gland:

Worty Body:

Ventrum:

Vibratile Flagellum:

Oral Disc:

Labium:

Labial Tooth:

Labial Papillae:

Anterior Labium:

Posterior Labium:

Orbital:

Snout:

Supra Orbital:

Spinulate:

Uni-spinulate:

Multi-spinulate:

Spiracle Tube:

Spinulated Line:

Post Orbital:

Pustulate:

Inter Orbital:
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