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[bookmark: _Toc452110113]About this Course
[bookmark: Text145]Welcome to the course on “Biodiversity Conservation”. This course material titled “Biodiversity Conservation” has been produced by the members of Graphic Era Hill University, Dehradun as a part of the OER for Skills Development initiative of Commonwealth of Learning. (COL).  All the study material produced by Commonwealth of Learning is structured in the same way, as outlined below
[bookmark: _Toc452110114]How this course is structured
The course overview
The course overview gives you a general introduction to the course. Information contained in the course overview will help you determine:
If the course is suitable for you.
What you will already need to know.
What you can expect from the course.
How much time you will need to invest to complete the course.
The overview also provides guidance on:
Study skills.
Where to get help.
Course assignments and assessments.
Activity icons.
Units.
We strongly recommend that you read the overview carefully before starting your study.
The course content
The course is broken down into units. Each unit comprises:
An introduction to the unit content.
Unit outcomes.
New terminology.
Core content of the unit with a variety of learning activities.
A unit summary.
Assignments and/or assessments, as applicable.
Resources
For those interested in learning more on this subject, we provide you with a list of additional resources at the end of this Course Material for OPEN DISTANCE LEARNING; these may be books, articles or web sites.
Your comments
After completing on Biodiversity Conservation we would appreciate it if you would take a few moments to give us your feedback on any aspect of this course. Your feedback might include comments on:
Course content and structure.
Course reading materials and resources.
Course assignments.
Course assessments.
Course duration.
Course support (assigned tutors, technical help, etc.)
Your constructive feedback will help us to improve and enhance this course.

	Introductory Ecology
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[bookmark: _Toc452110115]Course overview
[bookmark: _Toc452110116]Welcome to Biodiversity Conservation conservation skillsSee Richard Freeman’s handbook, section 3.3: Setting aims and objectives for your course.

There are several natural resources on the earth. Among these resources biodiversity is one of the important resources. The plants and animals are the main contains of this resources. However, now a day’s without knowing their importance and conservation skill we are exploiting biodiversity directly or indirectly. Thus, conservation and awareness is required form the education level across the world.
This course is designed to be a basic course in Biodiversity conservation. So that learner thinks and develops new ideas in the conservation of biodiversity skills.
The material is suitable for use not only by those enrolled for distance education, but will also be a valuable resource for students in conventional classrooms. The study material will provide a sound foundation for learners in the area of biodiversity conservation.
[bookmark: _Toc452110117]Biodiversity Conservation—is this course for you?
This course is intended for people who want to make career in the field of conservation of biodiversity or want to enhance knowledge in biodiversity conservation.
This course provides a basic knowledge about biodiversity, their assessment and conservation because a lot of biodiversity have been lost before their identification and proper uses.
By taking this course, you will be able to understand the importance of biodiversity and conservation methods in the right manner. 
The student needs to have the basic understanding of the fundamentals of life science in class IXth and Xth.

Upon completion of Biodiversity Conservationyou will be able to:
	
Outcomes

	Learn about basic concepts of ecology and ecosystem.
Understand the balance of environment in term of food chin, biogeochemical cycles.
Be aware of the biodiversity, different levels of biodiversity and conservation methods.
Learn about collection of biodiversity data and their estimation with the help of formulae.
Understand the sustainable utilization of natural resources and their conservation.
Understand the Environment impact assessment with the help of different methods.



[bookmark: _Toc452110118]TimeframeGive details here for the general timeframe of this course. When writing this text you might like to use the fields below as a general guide.

	
How long?
	 
Reading and Field work practice are key components of this course. The concepts and subjective knowledge have been explained by using examples and flow charts. Therefore, besides learning the concepts, field work is an essential part of developing conservation skills. Considering this aspect, the suggested timeframe for the course is as follows:
The expected course duration is 40hr.
The expected formal study time and field work time is divided as follows:
Unit 1: 5 hours for study and 3 hours for field work
Unit 2: 6 hours for study and 2 hours for field work
Unit 3: 4 hours for study and 4 hours for field work
Unit 4: 5 hours for study and 3 hours for field work
Unit 5: 6 hours for study and 2 hours for field work
However, if you are doing the course on a distance learning mode where the primary learning is based on self study, you can expect to successfully learn in around 45-50 hours.



[bookmark: _Toc452110119]Study skills
	[bookmark: Text72]
	As an adult learner your approach to learning will be different to that from your school days: you will choose what you want to study, you will have professional and/or personal motivation for doing so and you will most likely be fitting your study activities around other professional or domestic responsibilities.
Essentially you will be taking control of your learning environment. As a consequence, you will need to consider performance issues related to time management, goal setting, stress management, etc. Perhaps you will also need to reacquaint yourself in areas such as essay planning, coping with exams and using the web as a learning resource.
Your most significant considerations will be time and space i.e. the time you dedicate to your learning and the environment in which you engage in that learning.
We recommend that you take time now—before starting your self-study—to familiarize yourself with these issues. There are a number of excellent resources on the web. A few suggested links are:
http://www.how-to-study.com/
The “How to study” web site is dedicated to study skills resources. You will find links to study preparation (a list of nine essentials for a good study place), taking notes, strategies for reading text books, using reference sources, test anxiety.
http://www.ucc.vt.edu/stdysk/stdyhlp.html
This is the web site of the Virginia Tech, Division of Student Affairs. You will find links to time scheduling (including a “where does time go?” link), a study skill checklist, basic concentration techniques, control of the study environment, note taking, how to read essays for analysis, memory skills (“remembering”).
http://www.howtostudy.org/resources.php
Another “How to study” web site with useful links to time management, efficient reading, questioning/listening/observing skills, getting the most out of doing (“hands-on” learning), memory building, tips for staying motivated, developing a learning plan.
The above links are our suggestions to start you on your way. At the time of writing these web links were active. If you want to look for more go to www.google.com and type “self-study basics”, “self-study tips”, “self-study skills” or similar.


Study SkillGive details here of the support system. When writing this text you might like to use the fields below as a general guide.

	
Study Skill
	VIDEOS
Some introductory videos have been developed as a part of this course. The objective of the videos is to share with you the expectations of the particular lesson and the important aspects to be kept in mind while reading the lesson.
	Each video clip used in this study material has a corresponding QR code which has been custom generated. You can use the Print2Screen Android app to view these videos on your Android powered mobile device. The Print2Screen (Beta version) app is available for download on Google play. 
You can learn how to create Print2Screen compatible QR codes for your teaching and learning materials at http://colprint2screen.blogspot.ca/2016/07/how-do-i-create-qr-codes.html or through the info menu inside the app.  
	
MF181: Figure 5.47 by Rosenfeld Media used under a CC BY 2.0 License (https://www.flickr.com/photos/rosenfeldmedia/7171786116/in/photolist-aNdRFX-5q5RiK-bbKjnP-iWWQsB-bVKh9L)

	
	







[bookmark: _Toc452110120]Need help?Give details here of the support system. When writing this text you might like to use the fields below as a general guide.

	
Help
	[bookmark: Text268]Course Instructors:
1. Dr. Kamal Kant Joshi
Working hours: 9 am to 5 pm (India time)
Address:
Assistant Professor and Head
Department of Environmental Sciences
Graphic Era Hill University
Dehradun, Uttarakhand, India
Telephone :
e-Mail : kamal_josi@yahoo.com 

2. Dr. Deepak Kholiya
Working hours: 9 am to 5 pm (India time)
Address:
Assistant Professor 
Department of Environmental Sciences
Graphic Era Hill University
Dehradun, Uttarakhand , India
Telephone :
e-Mail: deepak151176@gmail.com 	





[bookmark: _Toc452110121]AssignmentsWrite a description of the general rules concerning assignments. When writing this text you might like to use the fields below as a general guide.

	[bookmark: Text103]
Assignments
	[bookmark: Text263]There are five units in this course and each unit has an assignment at the end of the unit. You must first complete the study of the unit and then attempt the assignment. It is suggested that the assignment be attempted by the student in the classroom and the doubts can be cleared by the course instructor before moving ahead with the next unit.
The assignments can be done in the same order in which the units have been presented.



[bookmark: _Toc452110122]AssessmentsWrite a description of the general rules concerning assessments. When writing this text you might like to use the fields below as a general guide.

	
Assessments
	[bookmark: Text240]There are five units in the course and each unit has an assessment at the end of the unit.
You must first complete the assignment in the classroom, look at the answers and the explanations wherever required, get the doubts cleared by your instructor and then attempt the assessment.
The assessment is the final evaluation of your understanding of the unit learnt and will be assessed and marked by the course instructor. It is suggested that the assessment for a particular unit be carried out at the end of the unit and in the same order in which the units appear in the course material.



[bookmark: _Toc90697523]
[bookmark: _Toc452110123]Getting around this course
[bookmark: _Toc452110124]Margin icons
While working through this Course Material for OPEN DISTANCE LEARNING you will notice the frequent use of margin icons. These icons serve to “signpost” a particular piece of text, a new task or change in activity; they have been included to help you to find your way around this Course Material for OPEN DISTANCE LEARNING.
A complete icon set is shown below. We suggest that you familiarize yourself with the icons and their meaning before starting your study.

	
	
	
	

	Activity
	Assessment
	Assignment
	Case study

	
	
	
	

	Discussion
	Group activity
	Help
	Note it!

	
	
	
	

	Outcomes
	Reading
	Reflection
	Study skills

	
	
	
	

	Summary
	Terminology
	Time
	Tip
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[bookmark: _Toc452110125]Unit 1
[bookmark: _Toc452110126]Introductory EcologyRemember to use taxonomy verbs for the outcomes! (See help text in Error! Reference source not found., page Error! Bookmark not defined..)

[bookmark: _Toc452110127]1.1 Introduction                    
One of the many planets in the universe is our planet called the Earth. It is the presence of air (Nitrogen, Oxygen, Carbon dioxide and other), water and plants that together make earth a green planet. In this unit, you will be able to understand a few facts about our green planet (the earth) including the study of Environment and Ecology. 
First of all, you must understand the basic definition of environment and ecology.
1. Environment- Environment is the surrounding where all living and non living things exist or in simple words you can say that on earth all living and non living things make up surroundings and is called ‘environment’.
2. Ecology- The study of environment in a scientific and social manner is called Environmental Science and Ecology is one of the branches of Environmental Science.
The word ‘Ecology’ is self-explanatory as it is derived from the word oikos, means “Household” and logos meaning “Study” thus Ecology is the study of “life at home”. In other words ecology is the study of organisms and all the functional processes that make the house habitable.
Hence, ecology is the study of relationship between living things (biotic) and their environment (abiotic).
This unit will also help you to understand the nature or environment in a simple manner. Here you will find the relationship between species and their environment, the flow of energy in the environment and how nutrients become constant in the environment.   
Upon completion of this unit you will be able:
	
OutcomesTo add extra outcomes press <ENTER> after the last outcome. Please refer to the user guide for instructions on formatting additional outcomes.

	[bookmark: Text212]To understand the biotic and abiotic components of ecosystem.
Understand the types of ecosystem.
Understand the first and second law of thermodynamics in nature.
Learn about the flow of chemicals in environment.
To understand the balance of nature with the help of Ecological pyramids.

	
Terminology

	 [Ecosystem]:
	[A community interacting biotic and abiotic components in a habitat called Ecosystem]

	
	[Lithosphere]:
	[Lithosphere is solid part of earth or land]

	
	[Hydrosphere]:
	[Hydrosphere is related to water on earth or aquatic part of earth]  

	
	[Atmosphere]:
	[Atmosphere is gaseous part of earth. It is over the hydrosphere and lithosphere.]

	
	[Habitat]:
	[Address of species is called habitat] 

	
	[Producer]:
	[All green plants, which produce their food own through photosynthesis.] 

	
	[Consumer]:
	[Animals those feed on producers] 

	
	[Decomposers]:
	[These are micro-organisms (Bacteria and fungi) feed on dead matter of producers and consumers.]  

	
	[Detritus food chain]:
	[Study of food chain in nonliving organic matter.]

	
	[Niche]:
	[Functional role of species in habitat is called niche.] 

	
	[Benthos]:
	[Benthos are free floating herbivores animals in lakes]


See Richard Freeman’s handbook, Section 9: Drafting and testing.

[bookmark: _Toc452110128] 1.2 Introduction of EcosystemNote that [First topic heading] uses Heading 3 level. Use Heading levels 4 or 5 for additional sub-headings within this topic. See user guide for more help on using styles.

On earth, life is sustained by physical and chemical environment. All living organisms function together and interact in their environment. This assemblage of living organisms and their environment in a given area is called an ecosystem. Ecosystem is a basic structural and functional unit of ecology.
The term of ecosystem was firstly proposed by the British ecologist Sir Arthur G. Tansley in 1935. He defined it as “the resulting from the integration of all living and non living factors of the environment”. Thus, you can understand that the Earth is a giant ecosystem where organisms and their environment are functioning regularly with each other and our earth is surviving.
In the term ecosystem, eco implies the environment and system implies an interaction.  
The following terms and figures will help you to understand the ecosystem:

Biosphere: Several ecosystems function on earth and are based on organisms and their environment. The living organisms exist in atmosphere, hydrosphere and lithosphere; this composition is called biosphere. It is demonstrated in Figure 1.1.

Figure 1.1: Showing the Biosphere
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Habitat: In the biosphere, habitat is the place where species live or in other words, you can say that the address of the species in the biosphere is known as habitat and mentioned in Figure 1.2.


Figure 1.2: Showing Habitat in Biosphere
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Niche: In the biosphere every organism has its unique habitat. Each species has its own occupation for survival in its habitat, which is called niche of that species. In simple words, you can say that the profession of species at their habitat is called niche. (please see Figure 1.3). 
Now you can better understand with this example, suppose you have a friend who teaches in a school. The place where your friend lives and works is his habitat and what he does (teaching) is his niche. Similarly, a lion lives in forest (its habitat) the predator (the lion) that feeds on large mammals (its niche).
  

Figure 1.3: Showing Niche is unit of Habitat in Biosphere
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
[bookmark: _Toc452110129]1.3 Components of Ecosystem
As you have read, environment is consists of living and non-living things and the ecosystem is a part of our environment. In this way, you can recognize that the ecosystem is made of biotic and abiotic components. It is shown in the figure 1.4.

Figure 1.4: Components of ecosystem
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
[bookmark: _Toc452110130]1.3.1 Biotic components
Biotic components are composition of living beings of nature it includes plants, animals and decomposers. These are as follows:

Producers: The green plants are called producers or as autotrophs. The word auto (means self) and trephein (means to nourish), thus “self nourishing”. It means, producers are plants as they produce their food themselves using carbon dioxide and water in presence of sunlight and this reaction is called photosynthesis. Plants receive sunlight, carbon dioxide (CO2) from the atmosphere, water from soil (H2O) and convert them into chemical food energy in the form of glucose (C6H12O6).

Now you can learn this process with the help of photosynthetic chemical reaction. 

Example: Herbs, shrubs and trees are the producers in a forest

	
Note it!If you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Remember:
Green plants on earth are called Producers or autotrophs. Plant makes their food with the help of sunlight and this reaction is called Photosynthesis.



Consumers: Consumers are animals. They are also called heterotrophs because they cannot produce their own food. In other words, consumers are heterotrophs as they are dependent on producers for their food. On the basis of feeding habits consumers may be divided into primary, secondary and tertiary consumers.
 
Primary consumers are generally called herbivores and feed on plants. Secondary consumers may be partially herbivore or carnivore, which feed on plants and primary consumers. However, Tertiary consumers are completely carnivore and feed on primary and secondary consumers. 

Example: 
In a forest, consumers are Deer, Hare, Fox, Bear, Lion and Tiger where Deer, Hare are the primary consumers, Fox, Bear are the secondary consumers and Lion, Tiger are the tertiary consumers.

	
Note it!If you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	In each ecosystem, all animals are called consumers or heterotrophs as they feed on plant and other animals. Consumers may be categorized into primary, secondary and tertiary. Primary consumers are called herbivores, Secondary consumers are called semi herbivore and carnivore and    tertiary is called carnivore consumers.



Decomposers: Decomposers are micro-organisms and are called saprotrophs. Decomposers feed on the dead matter of producers and consumers. Decomposers play an important role to regulate the nutrients and energy in the ecosystem. They decompose all dead complex organic matter into manure and release energy in the atmosphere. 
Example: 
Bacteria and fungi are decomposers in the forest ecosystem.
With the help of the following diagrams you can understand the microbes.



(Images Source: from public domain web site, https://commons.wikimedia.org/w/index.php?curid=27151342 is licensed under Creative Commons Attribution 3.0 International (CC BY 3.0) License)

	
ActivityIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Activity 1.1:
This activity will help to understand the biotic components. In this activity you will spend some hours in a garden with a camera and capture some pictures of flowers, plants (these are producers), some moths and honey-bee (these are consumers) and  small insects, fungus in soil (these are decomposers). Now we have a complete collection about biotic components of garden ecosystem.


[bookmark: _Toc452110131]1.3.2 Abiotic components
Abiotic components are composition of non-living things in the environment. It mainly includes Climatic and Edaphic factors (soil). These are as follows:

Climate: Climate is an abiotic component of an ecosystem; it includes Light, Temperature, and Rainfall. In these components, light comes from the sun and plays an important role in composition of species and the development of vegetation. With the help of example seed germination, food formation in plants you can understand that above activity depend on the sunlight. Similarly, in case of animal, activities such as metabolism, reproduction, locomotion and development are based on the sunlight.

Temperature: Sunlight creates an abiotic component and it is called temperature, which helps in distribution of vegetation and its growth. In the same way activities such as reproduction, metabolism, morphology, growth and development in animals are also connected with temperature.

Rainfall: Precipitation is a chief source of soil water. Plants take up water from soil. Precipitation determines the types of vegetation in a region. For example, a tropical area with heavy rainfall shows evergreen vegetation and scanty rainfall indicates the xerophytes vegetation. Similarly, changes in vegetation also indicate the presence of different animals in different regions.

Edaphic factor (Soil): Edaphic factors are related to the characteristics of soil like pH, moisture, texture and humus. These characteristics are responsible for the growth of vegetation in a region. For example, soil of desert with lack of moisture and humus shows xerophytes vegetation and these changes in vegetation provide a favorable environment for a unique habitat. Therefore, you find different types of animals in the desert.
Thus, you can understand that the abiotic components are responsible for the distribution of biotic components. The study of this relationship between biotic and abiotic is called an ecosystem. It is mentioned in figure 1.5.     


Figure 1.5: Relationship between biotic and abotic components of an ecosystem
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Now in this topic you will know about the types of ecosystems.
[bookmark: _Toc452110132]1.4.1 Types of Ecosystem
Types of Ecosystem: The biosphere supports different types of ecosystems and their function. Ecosystem can simply be understood by categorizing it in two types (Figure 1.6). These are as follows

Natural ecosystem: Natural ecosystems are self-regulated or self operated where the biotic and abiotic components are provided by the nature. The natural ecosystem indicates the existence of single or many food chains and food web.

Terrestrial (Forest, Desert, Grass land) and aquatic (fresh and marine water) ecosystems are the example of natural ecosystem.

Artificial ecosystem: Artificial ecosystem is not self-regulating or operating ecosystem. Generally, it is regulated by the human interventions, where either biotic and abiotic components or especially abiotic components are provided by interventions. Basically, human interventions support the food chain in the artificial ecosystem.
	
ActivityIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	This activity will to understand the artificial ecosystem.
Activity 1.2:  Fix a bowl with aerator, filter and pebbles. Now fill the bowl with water and pony fishes. This aquarium has biotic and abiotic things where all things are provided by man however food chain is devised by human interventions therefore man calls it an an artificial ecosystem.


Table 1: Distinguish between natural and artificial ecosystem

	
	Natural ecosystem
	Artificial ecosystem

	Biotic and abiotic components
	Natural
	Man made

	Food chain
	Present
	human intervention

	Food web
	Present
	human intervention

	Function
	Self
	By man

	Example
	Forest, Desert, Lake, Marine
	Aquarium, Mushroom cultivation area




Figure 1.6:  Classification of ecosystem in biosphere
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

1.4.2 Lake, an example of fresh water (Lentic) aquatic ecosystem
Lake of fresh water (lentic) ecosystem is a self-regulating system. Lake is a good example to understand the biotic and abiotic components and their functions. If we examine the water of a lake by taking a scoop of the bottom mud, you will find it is made of variety of living organisms (biotic) and a mixture of inorganic and organic (abiotic) compounds (see in Figure 1.7).
Now, you will gain the knowledge about the abiotic and biotic components of lake water ecosystem. These are given below:
Abiotic components: 
Light: Sunlight is a chief abiotic component in a lake ecosystem.  Sunlight helps the growth of aquatic plants in that lake. The presence of the sunlight from surface to bottom in a lake may be divided into three zones namely Limnetic, Littoral and Profound zones.  
Limnetic- is also called euphotic zone or true light zone.
Littoral- indicates semi light or mid photic zone. 
Profound- is the dark zone (sunlight is absent) and is also known as aphotic zones.
Inorganic components: The inorganic elements are present in the dissolved form in the lake. These are water, carbon dioxide, oxygen, calcium, nitrogen, phosphate, which create a suitable habitat to sustain the biotic components.   
Organic components: The organic components in the lake are in the form of amino acids and humic acids. They function as nutrients, which are present in the bottom (mud) of lake. Generally, the dead matter of living organisms decompose with the help of decomposers and increase the nutrients at the bottom of lake.

Biotic components: The various living organisms constitute the biotic components in the lake ecosystem. These are as follows:

1. Producers: These are green plants (autotrophs). Green plants fix the sunlight energy and convert it into complex organic compounds (carbohydrate), which is called food. In a lake ecosystem producers are microphytes (Phytoplanktons) and macrophytes.

Macrophytes: Macrophytes are mainly rooted and large plants. These partially or completely submerged plants are known as hydrophytes. For example rooted plants are Trapa, Typha, Hydrilla, and Nelumbo and freely floating plants are Lemna, Wolffia, etc.

Phytoplanktons: The Phytoplanktons are free floated micro plants. These are also known as microphytes. These plants include algae e.g. Ulothrix, Spirogyra, Volvox and Diatoms etc.

2. Consumers: Consumers are heterotrophs and are dependent on producers (macrophytes and microphytes) for food. The consumers in lake ecosystem are divided into following groups:

Primary consumers: Primary consumers are herbivores organisms. These are Benthos, Zooplanktons and Nektons in the lake ecosystem.

Benthos: are free-floating herbivores animals and feed on phytoplanktons. These include Cyclops and Cypris.

Zooplanktons: Zooplanktons are chiefly bottom dwellers and include molluscs, water beetles and water insects etc.

Secondary consumers: are carnivores and feed on primary consumers. These include free-floating nektons (small fishes).

Tertiary consumers: are purely carnivores and feed on primary and secondary consumers. Large fishes (Game fish) are the examples of tertiary consumers in the lake ecosystem.
Decomposers: Decomposers are micro-organisms which exist in the bottom of lake. These microorganisms decompose the dead matters of producers and consumers (complex organic matter) and convert them into simple substances like nutrients. 
Bacteria and fungi function like decomposers whereas Aspergillus, Rhizopus and Penicillum are the examples of lake decomposers, it can be seen in figure 1.7.


Figure 1.7: Showing Lake ecosystem with biotic and abiotic components
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
In the previous topic you have learnt about the components of ecosystem. Now, you will know the functional unit of an ecosystem in terms of food chain.  See Richard Freeman’s handbook, section 6.4: Planning and writing tutor-marked assignments.
See Richard Freeman’s handbook, section 6.3: Planning and writing assessments.

[bookmark: _Toc452110133]1.5.1Food chain 
In natural ecosystem, biotic components interact for food with one another. In this way producers (Plants) are consumed by the primary consumers (herbivores) and primary consumers are eaten by secondary consumers (carnivores) and so on. 
A systematic study of energy flow and food (chemical elements) transfer from producers to consumers is called food chain or in other words the study of the pattern of eating and being eaten in a natural ecosystem is known as Food chain. It is mentioned in figure 1.8. 
Food chain is a basic unit of a natural ecosystem. It always starts from producers and moves towards consumers. Each step in the food chain is called a trophic level.
Grass------ Grasshopper ------ Rat ------ Snake ---- Hawk

Figure 1.8: A Grassland food chain
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Example: in the above picture, grass (producer) is consumed by the grasshopper (primary consumer); the grasshopper is eaten by the Rat (secondary consumers) and the rat is eaten by the snake (tertiary consumer) and the snake is eaten by the Hawk (Top consumer). Therefore, grass is in the first trophic level and the Hawk is in the fifth trophic level.
	
TipIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Remember:
Food chain always starts from the producers and the direction the arrow is always from the food to the consumer.


You can further understand the food chain in different ecosystem by looking at the below mentioned figure 1.9.

Figure 1.9: showing the different food chain in different ecosystem 
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
The variety of food chain is present in the ecosystem their details will know under the topic of types of food chain

1.5.2 Types of Food chain	
	In the biosphere, the food chain may be divided into two types.
Grazing food chain: this food chain starts from the producers (plant) and moves to the consumers (herbivores and carnivores). Grazing food chain generally occurs in all the ecosystems such as grass – rabbit – fox. Another example of a grazing food chain is phytoplankton – zooplankton – fish.

Detritus food chain: Detritus food chain starts from the dead matter of producers (leaf foliage) and the consumers eat this matter. These consumers are known as detritus consumers. Such type of food was described in mangroves area by the ecologists, Heald (1969) and W.E. Odum (1970) (please see figure 1.10). 

For example; Dead leaves – detritus consumers (crabs, insect larvae, mysids, nematodes) – small fishes – game fishes – water bird. This is the example of detritus food chain.




Figure 1.10: showing a complex view of detritus food chain in the Mangrove forest

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

The connections of food chains in the ecosystem will help to understand the food web.   
[bookmark: _Toc452110134]1.6 Food Web
Food web is the complex or matrix structure of different food chains in the biosphere. In other words the complex linkages of several food chains is called food web (see figure 1.11). In the food web one species is dependent upon another species or many other species for it food. It is a real representation of linear energy flow in the biosphere or an ecosystem (see figure 1.12).

Figure 1.11: Showing the complex food web
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)


Figure 1.12: Energy flow model in ecosystem with 10 % of energy transfer from one trophic level to other trophic level (NU = not unitized energy, R = Respiration).
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
After reading the above topics you must have understood how environment or ecosystem is functioning. A question that might be coming to your mind here might be regarding the stability of nature or in other words how nature is balance itself?  You will find the answer of this question in the subsequent discussion in this unit. 
[bookmark: _Toc452110135]1.7 Ecological Pyramids
To understand the stability of trophic levels in an ecosystem, a graphical presentation called ecological pyramid is presented. Generally, ecological pyramids are of three types namely, Pyramids of numbers, Pyramids of biomass, and Pyramids of energy.
Pyramids of numbers: Pyramids of numbers indicate the number of organisms at different successive trophic levels of an ecosystem. 
In a grassland ecosystem, grass (the producers), which is also the first trophic level, is high in numbers while the number of organisms decrease as we move towards the consumer trophic levels. 
Similarly, in the first trophic level of lake water ecosystem, the producers (algae, hydrophytes plants) are high in numbers and the number of consumers decreases similarly. Thus, these pyramids appear upright. This may be better understood if you see the below figure 1.13 a, b.
However, there are cases where the pyramid of numbers looks inverted. This pyramid shows the number of organism increases from the producers to the consumers at the trophic levels. For example, a single tree (producer) supports few birds and each bird has some insects (external parasite) these insects hold millions of microbes (internal parasites). 
Therefore, the numbers of organisms are increase from first trophic level to next trophic levels (see figure 1.13c).

Figure 1.13 a, b, c: Showing upright pyramid of numbers in grassland and lake ecosystem (where numbers of species decrease in trophic levels); c. inverted pyramid of numbers in A tree, forest ecosystem
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Pyramids of Biomass: Pyramids of biomass indicate the dry weight of organisms in per unit area at different trophic levels in an ecosystem. 
In the terrestrial ecosystems, pyramid of biomass always shows the pyramid upright; where the biomass of the producers is always high in the pyramid and biomass decreases towards the next trophic levels. However, in the lake ecosystem pyramid of biomass always shows an inverted pyramid where the biomass of phytoplankton is least and afterward biomass increases at the next trophic levels (see figure 1.14a, b).

Figure 1.14a, b: a; Showing upright pyramid of biomass in grassland and b; inverted pyramid of biomass in lake ecosyetem

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Pyramid of Energy: Pyramid of energy indicates the flow of energy in the ecosystem. Pyramid of energy always become upright and indicates that the flow of energy or 10% of energy transfer from producers to top consumers (see figure 1.12 and figure 1.14 c).
 
It is always found upright in all ecosystems and follows the first and the second laws of thermodynamics.

	
	The first laws of thermodynamics:  Energy is neither created nor destroyed but merely changes from one form to another.
Second laws of thermodynamics: 100% of energy is not used in any ecosystem.

	Reading
	



Figure 1.14 c: showing pyramid of energy in ecosystem
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

The previous topics have shown the function and stability of ecosystem with the help of examples and figures. Now, you will able to understand the flow of nutrient in the environment or the ecosystem. 
[bookmark: _Toc452110136]1.8 Biogeochemical cycle 
The earth is the composition of the lithosphere, the hydrosphere and the atmosphere and the part of earth where life exists is called biosphere. Some inorganic chemicals (e.g. micro and macro nutrients) are present in the biosphere. While some of these nutrients are present in the atmosphere, some are present in the lithosphere or the hydrosphere respectively.
The consumers in the food chain utilize these chemicals.  After that these chemicals return to their origin positions. In this way the percentage of these chemicals become constant in the biosphere. This study is called the biogeochemical cycle.
The biogeochemical cycle may categorize into 2 types.

Gaseous cycle: Gaseous cycles generally start from the atmosphere or in other words the rich source of gaseous cycle for example Nitrogen, Carbon and Hydrogen is in the atmosphere.
 
Sedimentary cycle: Sedimentary cycles start from the lithosphere or rich sources of sedimentary cycle is in the lithosphere or sediment.

With the help of Nitrogen cycle (gaseous cycle) and Phosphorus cycle (sedimentary cycle), you will understand how nitrogen and phosphorus as nutrient becomes constant in the environment. 
 
1.8.1 Nitrogen cycle (Example of gaseous cycle)

Nitrogen is a macronutrient, which is present in the atmosphere. The atmospheric nitrogen, which is approximately 78%, converts into its oxides (nitrate and nitrite) during rain and enters into the lithosphere. Alternately, nitrogen converts into its oxides with the help of microbes (Rhizobium, Nostoc and Anabaena) in legume plants species. 
This food moves from the producers to the consumers in the food chain and after the death of plants and animals these dead matters convert into nitrate, nitrite and ammonia with the help of decomposers (bacteria and fungi). Thus, after the utilization of atmospheric nitrogen it converts into ammonia and nitrate in soil. This is called nitrogen fixation. 
In soil, some microbes (Pseudomonas) convert this nitrate into atmospheric free nitrogen, which is called denitrification (see figure 1.15).
 

Figure 1.15: showing gaseous nitrogen cycle
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

1.8.2 Phosphorus cycle (Example of sedimentary cycle)
Phosphorus is a micronutrient, which exists in the lithosphere as sediment. In soil, inorganic phosphorus is used as a fertilizer (H2PO4) or (HPO4) and is taken up by the plants. In the food chain this phosphate is consumed by the consumers and is stored as organic phosphate in animal body after death of plants and animals. This organic phosphate converts into inorganic phosphorus with the help of soil decomposers. Thus phosphate returns to the lithosphere and maintains the percentage of phosphorus in soil. This is called phosphorus cycle (see figure 1.16).


Figure 1.16: Showing sedimentary Phosphorus cycle
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)Note that [Second topic heading] uses Heading 3 level. Use Heading levels 4 or 5 for additional sub-headings within this topic. See user guide for more help on using styles.

[bookmark: _Toc452110137]Unit summarySee Richard Freeman’s handbook, section 4.1.3: Components that form the three-part structure (Stage 3: Remind the learners …).

	
Summary
	In this unit we have learned the relation between living and non-living things. The Components of an ecosystem in terms of producers, consumers and decomposers. The basic unit of an ecosystem and its complex matrix in terms of food chain and web. The utilization and regulation of chemical in environments.


1. Biosphere is the place on earth, which indicates the presence of life.   
2. The relationship between biotic and abiotic in a habitat is called ecosystem.
3. Food chain is the basic unit of an ecosystem. The presence of food chain indicates the natural ecosystem.
4. Food web is the interlinking of food chains in habitats.
5. Ecological pyramids are graphical presentation, which indicate the stability of trophic levels in an ecosystem and flow of energy in nature.
6. The utilization of chemicals as nutrients and their regulation in the biosphere. It is studied in biogeochemical cycles.

	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.


VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 1
This video introduces the Environment, Ecology & Ecosystem. What are the components of an aquatic ecosystem?
https://www.youtube.com/watch?v=Iv9AJA6rwLc&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j 




This video introduces the Environment, Ecology & Ecosystem. What are ecological pyramids?
https://www.youtube.com/watch?v=KNkv0Hx_RO0&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j&index=2  



[bookmark: _Toc452110138]AssignmentSee Richard Freeman’s handbook, section 6.4: Planning and writing tutor-marked assignments.

	
AssignmentIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Answer all the question 
Total Marks: 30
Time: 1hr.


Objective type question				1 marks each
1. Ecosystem is the relationship between biotic and abiotic components in 
a. Habitat
b. Biosphere
c. Atmosphere
d. Lithosphere
2. Which of the following organisms is the producer of aquatic ecosystem
a. Nekton
b. Zooplankton
c. Phytoplankton
d. Benthos
3. Which statement is not true?			
a. Food chain is basic unit of an ecosystem
b. Food chain starts form producers
c. The pattern of eating and being eaten is food chain
d. Food chain absent in aquatic ecosystem
4. Pyramid of energy found
a. Upright
b. Inverted
c. In both direction
d. None of these 
5. Decomposers are
a. Herbivores
b. Heterotrophs
c. Autotrophs
d. Saprotrophs
Short – answer question 				2 marks each
1. Define the Biosphere, Habitat and Niche.
2. What are the decomposers?
3. List of biotic components in aquatic ecosystem. Who are the producers and consumers of lake water ecosystem? 
4. Write the different zones of lake water ecosystem.
5. Draw the picture of energy flow in ecosystem.
Long- answer question					5 marks each
1. Explain the aquatic ecosystem with their components, examples and figure.
2. Write in details about gaseous and sedimentary biogeochemical cycle.
3. Describe the ecological pyramids in terms of numbers, biomass and energy.







[bookmark: _Toc452110139]AssessmentSee Richard Freeman’s handbook, section 6.3: Planning and writing assessments.

	
AssessmentIf you do not require an assessment in this unit, follow the instructions “Removing a unit assessment” in the user guide to delete it.

	Total Marks: 30
Time: 2hr


Q1. Define the term “Ecology”. Write the components of an ecosystem with examples. Draw the figure of aquatic ecosystem and labelled with components. 
Q2. Define the term “Food chain” their types and explain the role of producers and decomposers in an ecosystem.
Q3. Define the biogeochemical cycles and explain the Gaseous and sedimentary cycle in nature with suitable figure or flow charts. 
[bookmark: _Toc452110140]Unit 2
[bookmark: _Toc452110141]Introductory Biodiversity 
[bookmark: _Toc452110142]2.1 Introduction
You will be surprised to know that variety starts from our houses. If you examine the bookshelf, you will find the variety of books, in the refrigerator variety of vegetables and fruits. Same as in the garden you can see the variety of flowers. Varieties among things are called diversity.
Similarly, the earth is a habitat of all living organisms and the variety of these organisms on our planet is called Biodiversity.
On the earth, biodiversity is not evenly distributed. Some areas are rich and some are poor in biodiversity. It illustrates that there are some responsible factors behind the biodiversity. These factors are abiotic components (climate and geographical conditions) which have been discussed in the previous unit. 
The earth is divided into 12 mega diversity zones. Each country in the world has a unique climate and geographical conditions which help to sustain their biodiversity. 
Everything is connected to the natural world. It means all basic daily needs come from the nature. In this way you can understand the importance of biodiversity in one’s daily life. On the other hand, several activities of development and the greedy nature of man have lost biodiversity in many countries.
Thus, it is our moral responsibility to conserve biodiversity to sustain life on this planet.  
In this unit you will understand the importance, major threats and conservation of biodiversity.

Upon completion of this unit you will be able to:
	
Outcomes
	[Learn] [About biodiversity].
[understand] [Types of biodiversity].
[known] [About Hot spot area].
[known] [About Wetland].
[known] [About the Indian Biodiversity Act].
[understand] [Formation of public biodiversity registers].



	
Terminology
	[Biodiversity]:
	[The variation among the living organisms is called biodiversity.] 

	
	[Species diversity]:
	[The variation among the species in a habitat is called species diversity.]

	
	[Genetic diversity]:
	[The variation in genes of same species is called genetic diversity.]

	
	[Ecosystem diversity]:
	[The variation among the ecosystems. ]

	
	[Endangered]:
	[The species population is declining in the habitat.] 

	
	[Rare]:
	[Poor abundance of species in the habitat.] 

	
	[ex-situ]:
	[Conservation  of species outside the natural habitat]

	
	[in-situ]:
	[Conservation of species at natural habitat]

	
	[Extinct]:
	[No more species is existing in the habitat.]



[bookmark: _Toc452110143]2.2 Levels of Biodiversity
There are three basic levels of biodiversity: genetic, species and ecosystem diversity.
Genetic diversity: Genetic diversity indicates the variety of genes with in a species. Genes are the basic unit of living organisms. They determine the individual characteristics in the species like colour, size and shape. 
If you examine the different characteristics among the breeds of rose, you will find variation in colour of rose. It indicates genetic diversity see in figure 2.1.
 
 
Figure 2.1: Genetic diversity in the rose flowers
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Species diversity: Species diversity indicates the variety of species in the habitat or an ecosystem. Different types of flowers, trees and birds in a garden are few examples of species diversity (Figure 2.2).

Figure 2.2: showing species diversity (in bird species) in bird species
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Ecosystem diversity: Ecosystem diversity refers to the variety of ecosystem in an area. Ecosystem is the habitat of all living and non living things. Several ecosystems (forests, lakes, grassland, and deserts) exist on earth, it can be seen in figure 2.3.

Figure 2.3: Ecosystem diversity; a: forest ecosystem; b: Lake ecosystem and c: desert ecosystem.
(Image Source: image is adopted from https://alchemistclub.wikispaces.com/ is under a Creative Commons Attribution Share-Alike 3.0 License)
This activity will help you to understand the species, genetic and ecosystem diversity.
	
ActivityIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Activity 1.1:
Capture three pictures in a garden with a camera.
First you will capture roses of different colours, the second picture will be of mixed flowers and the third picture will be a mosaic of different ecosystems (tree, grasses, water body etc) in the garden. Now you can understand the three levels of diversity with this collection of pictures. The first picture indicates a genetic diversity, the second indicates species diversity and the third picture indicates ecosystem diversity.


[bookmark: _Toc452110144]2.3 Value of Biodiversity
You will understand the value of biodiversity in this topic. Biodiversity is a natural source. The value of biodiversity may be understood in terms of commercial uses (Fuel, Fodder, Medicine), ecological services (Climate, Flood control, Nutrient recycle) and social value (Recreational, Aesthetic, Research). Now you will understand these terms individually.
Commercial uses: A number of products from plants are manufactured and used for the commercial purposes.
For example: Calabar beans are being used in the West African and their products are marketed as insecticides. Similarly, some herbicides and fungicides are synthesized from the Neem tree in India (see in figure 2.4). In addition, many drugs are also being (morphine, codeine and quinine) synthesized with the help of plants.

Figure 2.4: commercial uses plant species of Neem plant

(Image Source: image is adopted from https://commons.wikimedia.org/wiki/File:Neem_Tree-usamashaikh762.jpg, is under a Creative Commons Attribution Share-Alike (CC-BY-SA 4.0) License.
The examples given above will help you to understand the commercial use and value of biodiversity in different countries.
Ecological services: Maintenance of environmental services such as water resources and soil protection is one of the most important benefits of biodiversity.
Natural vegetation cover helps to maintain hydrological cycle, regulating and stabilising water runoff. Wetlands and forest act as water purifying system, whereas mangroves trap silt and reduce impact on marine ecosystem. 
Similarly, formation and maintenance of the soil depends on biological diversity and diversity of microbes plays an important role in this activity.
Biological diversity helps to recycle the nutrients. In this process, plants take up nutrients from the soil and air. These nutrients move to animals through food chain. The microorganisms decompose dead or waste matter and replenish the nutrients in the soil.
To understand the role of biodiversity in ecological services you can do an activity.
	
ActivityIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Activity 1.2:
This activity will help you to understand the use of earthworm to maintain the soil productivity.
First collect the leaf litter with soil from the garden into a tub. Now spread earthworms in the tub and spray water to maintain the moisture. After one month you will find that the leaf litter will be converted into manure, which increases the productivity of soil. 
With this activity you can understand how worms help to maintain nutrient in the soil.



Social values: Man is a social animal. He lives in small and large groups and these groups are called society.
Everyone wants to make his life cheerful and peaceful. He performs various activities, which are acceptable to the society. Some of these activities are gardening, fishing and use of cattle in domestic and agriculture purposes. 
These activities have some social values. Plant of Tulsi, Peepal tree, Cow, Bull, Monkey and Snakes are considered special and holy in some countries like India and Nepal.
Aesthetic value: The beauty of environment makes our thinking emotional and spiritual. The natural landscapes provide peace to the mind in the stressful life. It also provides opportunities for recreational activities such as tracking, bird watching and nature photography.
Eco-tourism (enjoyment of aesthetical value) is an example of aesthetic value of biodiversity.
2.4 Wetlands and Biodiversity Hot-spots
Many areas in the world are rich in biological diversity. Wetlands and Biodiversity Hot-spots are some of them, which contribute to promote biological diversity. In this topic you will know about these areas in Indian context.
Wetland area: The wetlands may be identified as areas saturate with water in depth of a few centimetre or for at least a few days in a year. It includes salt marshes, swamps, bogs and vernal pools etc (see figure 2.5a, b). 
Wetlands have unique characteristics such as wetness, a type of soil and a type of vegetation, which provide a primary ground for fish, aquatic birds and other animals. 
It has been estimated that about 45 percentages of endangered animals and 26 percentages of endangered plants are dependent on wetland for their existence.
Similarly, to keep the importance of wetlands, a convention on Wetland, was signed in Ramsar Iran, in 1971. It is an intergovernmental treaty for the conservation and wide uses of wetland and their resources. 
India became a party to the Ramsar Convention in 1981 and the National Wetlands Conservation programme was started in all over India in 1987. Total 26 wetlands are declared as Ramsar sites by the government of India.

Figure 2.5a: Showing Chilika lake wetland which provide habitat for migratory birds in Odissa (India)

Figure 2.5b:  Showing the wetland that provides habitat to variety of animal and plant in India

(Image Source: Both images are adopted from https://commons.wikimedia.org/wiki/file:lesson_Flamingos_I3_ Chilika_IMG_9295.jpg,https://commons.wikimedia.org/wiki/File:Cormorant_from_Kole_WetLands_Thrissur_IMG_4255.jpg, is under a Creative Commons Attribution Share-Alike (CC-BY-SA 3.0) License.
Biodiversity Hot-spots: Biodiversity rich areas with a high level of endemic species in the world are known as Hotspots. The Dr. Norman Myers gave the term Biodiversity Hot-spots in 1988. Most of these hot-spots are locate in tropical forests. However, total 39 hot-spots have been identified in the world. 
Now you will know about the biodiversity hot-spots in India. India has about 2.4 percentage of land and contributes about 8 percentage of total biological diversity in the world. 
In addition, India has two major biodiversity hot-spots areas out of the total world hot-spots. These are Western Ghats and North-eastern Himalayas. It is mentioned in figure 2.6.

Figure 2.6: showing the hot spot areas (Western Ghats and North eastern Himalayas) of India
(Image Source: image is adopted from, https://commons.wikimedia.org/wiki/File:India-map-en.png, is under a Creative Commons Attribution Share-Alike (CC-BY-SA 3.0) License.
Western Ghats: Western Ghats are about 1600 km strip of forests in the states of Maharashtra, Goa, Karnataka, Tamil Nadu and Kerala. Variety of plants and animals species is found here. Of these 3000 plants and 60 percentages of reptiles and amphibians are endemic in Western Ghats. It is mentioned in figure 2.7.
 
Figure 2.7: Endemic species (Purple frog and Gliding frog) to Western Ghats

(Images Source: images are adopted from, https://en.wikipedia.org/wiki/Malabar_gliding_frog;https://en.wikipedia.org/wiki/Purple_frog, is under a Creative Commons Attribution Share-Alike License.
North eastern Himalayas: The North eastern Himalayas contribute a rich biodiversity of India in the world. The region estimates about 10,000 species of plants, of these one-third are endemic in the world. Few endemic bird species such as the Himalayan Quail, Cheer pheasant and Western tragopan are found only in this region. You can see endemic species (cheer pheasant) in figure 2.8.

Figure 2.8: Endemic bird species (Cheer pheasant) of North East in India
(Image Source: image is adopted from, https://commons.wikimedia.org/wiki/File:Cheer_Pheasant.jpg, is under a Creative Commons Attribution Share-Alike (CC-BY-SA-4.0) License
[bookmark: _Toc452110145]2.5 IUCN species category
Many international agencies are working on biodiversity and their conservation. The International Union for Conservation of Nature and Natural Resources (IUCN) is one of these. It was introduced in 1948 and work on conservation of nature and their sustainable uses.
The IUCN maintains the information about the status of plants and animal species. This record of information is known as “Red Data Book” or Red List. 
You can find the status of any plant or animal species in this book or in this website: 
The IUCN mentions the criteria of species categorization in the Red data book. It is based on the following points.
The current and previous distribution of species.
Decline in the population of species in the period of time.
Quantity and quality of natural habitat of the species.
The biology and potential value of the species.
Now you will understand the major term of species category.
EXTINCT (EX): The term extinct indicates the species last individual has died or no records are present.
RARE (R): It indicates species, which are very uncommon or naturally existing in small numbers and decline in their population. A rare species may be an endangered species, which is normally found in small concentrated area. 
ENDANGERED (EN): Endangered category indicates that the available species have reduced at a critical level due to destruction habitat and climate change.
VULNERABLE (VU): It denotes that the population of species decrease in numbers due to habitat destruction and poaching or species might become endangered in near future if the same factors will be continued.
You can understand the species category with help of figure 2.9.

Figure 2.9: indicates the IUCN category
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
[bookmark: _Toc452110146]2.6 Conservation of Biodiversity
Now you have understood the value of biodiversity in human life. For sustaining life on the earth, biodiversity conservation is needed. Usually, there are two basic approaches in the world. These are in-situ and ex-situ conservation methods.
In-situ conservation approach: it indicates to conserve the biological diversity in their natural habitat or ecosystem. Biosphere reserves, National parks and Sanctuaries are the examples of in-situ conservation method.

Ex-situ conservation approach: The protection of biodiversity outside their natural habitat or ecosystems is called ex-situ conservation. Botanical garden, zoological parks and seed genes banks are few examples of this conservation approach.
[bookmark: _Toc452110147]2.6.1 In-situ conservation
Now you will study the in-situ conservation methods with the help of following terms.

Biosphere Reserve: The United Nations Educational Scientific and Cultural Organization (UNESCO) launched a programme “Man and Biosphere” (MAB) in 1970. The theme of this MAB programme was to conserve the ecosystems of the planet and name these sites as ‘Biosphere Reserve’. In short, biosphere reserves are established to conserve the ecosystem (biotic and abiotic things). About 500 biosphere reserves have been introduced in the world.
The biosphere reserves are organized into 3 zones, that is mentioned in figure 2.10. 
Core zone: core zone is the inner area of the biosphere reserves. It contains suitable habitat for several plant and animal species and generally the core zone is an untouched area by the human activities approach.

Buffer zone: this is the middle zone of the biosphere reserve with legal protected and commonly open for research activity with permission.

Transition zone: transition zone is the outer zone of the biosphere reserves however this area is open to utilize natural resources by the local villagers or citizen sign.













Figure 2.10: Showing zones within Biosphere reserves
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

National parks: National parks are such huge areas that conserve or develop wildlife in their habitat. This area is strictly prohibited for human activities. However, you can use national park components for collection of dry shoot, research and safari with permission to the park authority.

Sanctuaries: Sanctuary is In-situ conservation approach that is established for the conservation of wildlife. All human activities are strictly prohibited in this area. However, the outer part which is known as transition zone may be allow for grazing and collecting dry wood with permission of chief wildlife warden.
[bookmark: _Toc452110148]2.6.2 Ex-situ Conservation
You can understand the ex-situ conservation with the help of an experiment. Here, you will understand the conservation of bird species that is mentioned in figure 2.11.

	
Reflection
	Experiment:
First erect an artificial nest box on a tree or a wall of your house (about six feet height). Now, spread the grains of rice/millet/maize and put a bowl of water on the roof every day, monitor it for next few months. After few months you will find that a bird has adopted the nest. This is an easy way to understand the ex-situ conservation method.




Figure 2.11: showing the results of ex situ conservation approach
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Same as, some other techniques will help you to understand the ex-situ conservation method such as botanical gardens. This is the place where flowers, fruits and vegetables are grown. You can grow the exotic plants in a garden for the purpose of study and research.
Generally, zoos are established for the conservation of wild animals. Same as, original seeds are kept at a low temperature and humidity in the cold storages. It is an easy method to store the germ plasma of a plant at low temperature. These storages are called seed gene bank. 
You have understood the methods of biodiversity conservation with the help of scientific techniques and Laws. 
Now, you will learn the conservation of biodiversity with the help of laws and public participation.
[bookmark: _Toc452110149]2.6.3 Biodiversity Act
To know the value of biodiversity for the development of human society, many countries have signed in United Nations convention on biodiversity and decided to establish some laws and policies for the protection and sustainable use of biodiversity.
Now, you will understand how laws and policies are helpful to conserve the biodiversity, with the help of an example on Biodiversity Act, 2002 in India.
India became a party to the United Nations convention on biodiversity and established an Act on Biodiversity in the year 2002. (Biodiversity Act, 2002). Conservation of biodiversity, Sustainable use of its components and equitable sharing of the biodiversity benefits are the basic objectives of this Act.
According to this Act, these objectives may complete at three levels i.e. National (NBA), State (SBB) and Local levels (BMC’s).
NBA: It refers to National Biodiversity Authority and deal with National issues on biodiversity. Such as transfer of Indian genetic material outside the country, Intellectual Property Right (IPR) or knowledge associated (i.e. research, bio-survey, bio-utilization and transfer the results of any research relating to Indian biological resources).The NBA provides fund to State Biodiversity Board (SBB) for the conservation of biodiversity.
SBB: It refers to State Biodiversity Board. SBB deals with state biodiversity issues. It means state biodiversity or bio- resources cannot be utilized without permission of SBB. In other words you have to inform the state biodiversity board before utilization of these bio-resources.
BMC’s: It refers to Biodiversity Management Committee at local village levels. BMC’s consists with the help of villagers who collect biodiversity components information and their utilization. This information fills into the register. It is known as people’s biodiversity register (PBR). The BMC’s also collect fees from any person for collecting any biological resource for commercial purposes.
[bookmark: _Toc452110150]2.6.4 Formation of People’s Biodiversity Register (PBR) 
The PBR is a participatory process that requires intensive and extensive consultation with the people. The objectives and purpose is to discuss among the BMC members, students and Panchayat members.
The following steps will help to prepare the PBR.
Step 1: Formation of Biodiversity Management Committee (BMC)
Step 2: Provides knowledge about the study, survey and possible management to the BMC’s members.
Step 3:  Training to members about identification of biological resources, collection of data and traditional knowledge.
Step 4: Data collection from literature and house hold interview, individual interview of villagers.
Step 5: Analysis and validation of data with the support of BMC and technical support group.
Step 6: Prepare a People’s biodiversity register (PBR).
Step 7: Computerization to all the information about biodiversity.
	
Group ActivityIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Group activity 1:
To understand the preparation of PBR. You can do a group activity.
A group will visit to different villages and aware the people about biodiversity values. Individual group member will collect the data on local biodiversity. In this process group member will take personal or group interview of people. After that group members will validate the data with the help of experts. Now group have complete biodiversity information report of visiting village.
This document is a People’s Biodiversity Register. Now group have prepared a PBR of visiting village.








[bookmark: _Toc452110151]Unit summary
	
Summary
	In this unit we have studied biodiversity and its value with the help of examples and some activities. Species, genetic and ecosystem diversity have been discussed in it. The value of biodiversity in terms of social, environmental value and commercial value. Apart from this you have understood the IUCN species criteria such as endangered, rare and extinct. Two new rich biodiversity areas wetland and hot spot have been understood in this unit. In terms of conservation you have known National park, Sanctuary and Biosphere reserve. The conservation of biological diversity with the help of public participation and Biodiversity Act has been learnt in this unit.


Variety of living organism is called Biodiversity. 
The genetic variation in same species is called genetic diversity.
The variation among the ecosystem is called ecosystem diversity.
Variation among species in habitat is called species diversity.
The utilization of biodiversity for commercial purpose and peace in mind indicates the values of biodiversity.
 Conservation of biological diversity in natural habitat is in-situ conservation and outside the habitat are ex-situ conservation methods.
To prepare a report with the help of public participation on biodiversity of an area is called people biodiversity register.


	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 2
This video provides a basic introduction to biodiversity, threats to biodiversity and conservation methods. What are the different biodiversity conservation methods?
https://www.youtube.com/watch?v=MVcocA41zaI&index=3&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j  




[bookmark: _Toc452110152]Assignment
	
Assignment
	Answer all the question 
Total Marks: 30
Time: 1hr. 


[bookmark: Text370]Objective type question				1 marks each
Who introduced the concept of biodiversity hot-spots? 
Norman Myers
E. P. Odum
E. Haeckel
Charles Darwin
The variation in genes of same species
Ecosystem diversity
Species diversity
Genetic diversity
Biological diversity
Which statement is not true?			
Variety among species is species diversity
Variety among ecosystem is ecosystem diversity
Variety in genes of same species is genetic diversity
Variety among things is biodiversity
Which of the following is an example of in situ conservation
An aquarium
A zoo
Botanical garden
Sanctuary 
Which of the following is not an example of in situ conservation
Zoological park
National park
Biosphere reserve
Sanctuary 

Short – answer question 				2 marks each
Define the Biodiversity.
Differentiate between genetic and species diversity.
Define the term threaten, rare and extinct species in biodiversity. 
Explain the term in-situ conservation.
Define ex-situ conservation.
Long- answer question					5 marks each
Explain the genetic, species and ecosystem biodiversity with examples.
Write in detail biodiversity conservation methods with suitable examples.
Explain the terms Hot spot and Wetland of Biodiversity with examples.

[bookmark: _Toc452110153]Assessment
	
Assessment
	Total Marks: 30
Time: 2hr


[bookmark: Text371]Q1. Define the term “Biodiversity”, types of biodiversity and the values of biodiversity with examples.
Q2. Write in details about in-situ and ex-situ conservation methods with examples.
Q3. Please collect two pictures of each to present the species, ecosystem and genetic biodiversity.










[bookmark: _Toc452110154]Unit 3
[bookmark: _Toc452110155]Biodiversity monitoring and assessment
[bookmark: _Toc452110156]3.1 Introduction
The value of biodiversity and its conservation have been understood in the previous unit. Now you will be able to know how to estimate the biodiversity in terms of flora and fauna.
Biodiversity plays an important role to sustain the human life in this planet. About 1.75 million species (plants and animals) have been identified or recorded across the world. However, most of the species have extinct before their estimation or recognition. Although, the available biodiversity is facing threats by the human activities but utilization of biodiversity is necessary for human development. Thus, it is mandatory to estimate biodiversity then use it for sustainable development. 
In this regards, the present unit will help you to understand the sampling, collection and estimation of plants and animals with the help of mathematical formulae.
Upon completion of this unit you will be able to:
	
Outcomes
	Learn about flora and fauna sampling 
Learn to draw the pugmarks in field
Understand the sampling of bird species from the study site
Learn to make herbarium file
Be able to learn techniques for identifying bird species in field
Know the preservation and collection method of insect species 
Learn about estimation of flora and fauna species 
Learn about identification of male, female tiger with the help of pugmarks


	
Terminology
	Transect:
	Area where observer takes samples of species

	
	Quadrate:
	Vegetation sampling area in the transects 

	
	Herbarium:
	Information sheet of plant species

	
	Specimen:
	Preserved sample of species for laboratory

	
	Beta diversity:
	Comparison of species in two habitat

	
	Data:
	Qualitative and quantitative information about species


[bookmark: _Toc452110157]3.2 Introduction of sampling: 
Sampling is the basic step of research. You can understand the quality and quantity of things with the help of sampling. The following examples will help you to understand sampling. 
Suppose you have a basket of apples and you want to know that apples are sweet or not. Pick an apple randomly from the basket and taste it. This apple is a sample of apples in the basket and taste of this apple represents the taste of the apples. If it is sweet in taste; it means these apples are sweet. Thus, with the help of sample you can know the quality of given things.
Another example will also help you to understand sampling better. Suppose, there are 25 students in a class and you want to know IQ of the students in the class. First select few students from the class. These few students are sample of the class that represent the class and their IQ results will represent the IQ level of the class.
Thus, above two examples are helpful to understand sampling.
Similarly, in case of biodiversity estimation you can start sampling from the study sites and with the help of sampling data you can estimate the diversity from the study site (see figure 3.1).

Figure 3.1 showing the bird species sampling in the forest area
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

[bookmark: _Toc452110158]3.3 Animals diversity sampling
Animals are biotic components of an ecosystem. Sampling of animal species helps to know the diversity and individual number of animal species in the habitat. In this topic you will be able to know animal sampling methods. 
Animals: Animals are important natural resource, which helps to maintain the forest ecosystem.  There are several methods for animal survey like transect methods, pugmarks and camera trapping. 
Here you will know some methods of animal survey. Animals are large in size and cover large area so you can adopt different methods for a particular animal.
Transect method: The transect method is adopted for herbivore animals. In this method, first select a study site like forest area then identify the animal moving tracks or corridors. Say, about a 10 km transect is identified. Now you can start survey with the help of a colleague or team member. The team members will start the survey from two different places and count the animals that are sighted in the selected transect. You can understand this method with the help of given figure 3.2. 
Besides this, you can take pictures of the animals and identify them with the help of experts. The collected data values of animals are used by the observer to estimate the diversity indices with the help of mathematical formulae.


Figure 3.2: showing the transect method in study area for animal species.
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Pugmarks: Pugmark identification method generally is used for the cat family carnivores. This method is easy to find indirect evidences of animal presence. With the help of pugmarks you can get reliable information about presence of different animal species, population and sex ratio etc.
Here, you will learn identification of animals with reference to tiger. Generally tiger pugmarks are found near water holes, at dusty forest paths, rivers and streambeds and road trails. You may search tiger pugmarks in these areas of the study sites.
Now you will be able to understand how to make a plaster cast for pugmarks. For this method you need plaster of paris, water, a mug to prepare paste and a stick to stir.
First search pugmarks on the study site and make a paste of plaster of paris, gently put this paste on the pugmarks and wait for the plaster cast to get dry. You can see it in figure 3.3.

  Figure 3.3: Preparation of paste for pugmarks 
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Tracer method: Another method for identification of tiger pugmarks is called tracer. You need a tracer and sketch pen to trace the tiger pugmarks, with the help of figure 3.4a, b, c you can understand the procedure of this method.
You will follow the procedure in this method. 
Search the pugmarks and adjust the tracer on the marks.
Tracer should be parallel to the pugmarks.
Sit on the ground, knee down near the pugmark, keep your eyes above the marks and rest elbows put on the ground.
Hold the sketch pen and draw the outline of the pugmarks on the glass surface of the tracer.

Figure 3.4a: Drawing the tiger pugmarks in field
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Figure 3.4b Traced Tiger pugmarks
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
  
Figure 3.4c: Male pugmarks and female pugmarks
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
In this way you may get pugmarks of a tiger on tracer glass and distinguish it. In the above picture you can see that pugmarks is into a square with round shape toes is male tiger pugmarks and other pugmarks fit into rectangle along with elongate toes shape is female (Figure 3.10).
Birds: Birds are flying creature on earth and play an important role to maintain ecosystem in terms of forest regeneration and pest control. There are two basic methods for bird species survey. These are as follows:
Line transect method: Line transect is used to identify and count the bird species in the study site or habitat which comes in this transect.
For example: suppose you want to identify and calculate the bird species diversity in an agriculture field. First you will select a survey site and this area will be divided into grids. The line transects will be laid in these grids. However, the transect size depends on the area and you can use one km length line transects for bird survey in the agriculture field.
You will walk at a constant speed and observe the bird species both the sides about ten meter of the line transect (1000m × 20m). At the same time bird species will be identified and counted which come within the transect. The demonstration of line transect you can see in figure 3.5.
Thus, at the end of the first sampling about 20,000 mt. Sq. (1000m × 20m) area will be covered from the agriculture field. On the other hand the data on bird species and their individuals will be collected. Now this data will help us to estimate the diversity of bird species in the agriculture field.
1000 mts
Transect line






Figure 3.5: showing the line transect in the study site and black dots are bird species
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

	
Note it!If you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Remember:
The transect size or the length depends on the study site. Suppose you study forest and plain area, transect size may be more than one kilometre. During the bird survey you will use a binocular, a camera and a field guidebook for species identification and a notebook to write the observations.



Point count method: This is another method for a bird survey. In this method you will select points for bird survey at the study site. The points are regularly placed at intervals along with the line transects.    
For example: you will select transect about five hundred metres in the study site. This transect will be divided into five points with hundred metres intervals and these five points will be studied for bird survey. These points are further divided into 50 metre radius and the observer will stay about ten minutes for the identification and counting of the bird species at each radius centre point. 
In this way about 50 metres radius will be studied by the observer and total 10 point is used in this sampling (see in figure 3.6).   
	Sampling point
Transect line
500 m
0 m


Figure 3.6: showing the radius of point count in transect
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
	
Note it!If you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Remember:
Bird survey in dense habitats where it is difficult to see birds you can reduce the size of the circle at each sample point. Suppose you are studying at dense forest where visibility is not more than 20 meters. In such case you can survey within 15 meters. Thus, in 500 m line transect you have to study about 25 point for bird counting.



Bird species identification: Bird species may be identified with help of a field guidebook or during the field survey the observer can also draw a picture of bird and label it with special characters like colour, size, and special body marks. After that consults with the experts and match with guidebook.
You can understand it with the help of given figure 3.7.
Brow
Eye

Figure 3.7: Showing raw figure of bird with basic features which help to bird identification 
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Insects: Insects appear in each and every ecosystem. These are bio indicators of ecosystems. Insects help in pollination and these are food resources for bird species. Insect are available according to seasons and habitat. Generally, some insects are active in summer and some are in winter however most of them hibernate during the winter season.
Here, you will know some field methods of insect collection. These are as follows.
Hand collection method: In this method generally large insects collection can be done by hand and transfer into killing jars for identification. After that you can use chloroform chemical to preserve insects in various size bottles or laboratory records (Figure 3.8).

Figure 3.8: showing insect collection with hand
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Net collection method: Insects may be collected using net. It is called net collection method. This method is generally used for the collection of flying insects during morning and afternoon (see in figure 3.9).




Figure 3.9: showing insect collection method with help of net collection method
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
[bookmark: _Toc452110159]3.4 Preservation of Insects
The Preservation of insect is called specimen and it is a very important record for the laboratory. You will know how to preserve the insect for specimen. 
The specimen of insect can be done using a pin in the insect cabinet box. Pinning is the most common method to preserve the hard bodies’ insects. Apart of this insect also preserve by wet preservation method. In this method you can preserve soft body insects into chemical solution bottles. This chemical solution is composition of ethyl alcohol (70 – 80%) and glycerine (5 ml). It can be understood with the help of figure 3.10.



Figure 3.10: the insects pinning and specimen of insect in chemical solution
(Image Source: image is adopted by https://commons.wikimedia.org/wiki/File:CSIRO_ScienceImage_3289_A_pinned_Australian_sheep_blowfly.jpg, (CC BY 3.0) License.
Fishes: The presence of fishes in water body indicates the healthy aquatic ecosystem. Generally, visually survey method is uses for the fish identification and counting. 
In this method, fish net is used during pre monsoon and post monsoon season for the collection of fishes. After that collected fish can be identified with the help of experts. Some fishes can be preserved as specimen with formalin solution in bottles. You can understand the fish sampling method with the help of this figure 3.11.

Figure 3.11: showing fish collection with net near the water stream
(Image Source: image is adopted by https://commons.wikimedia.org/w/index.php?curid=3514706, is under creative common attribution Share-alike License.
[bookmark: _Toc452110160]3.5 Data analysis:
After collection of data collection you can use these data in analysis. Here you will know the diversity analysis in terms of species diversity, richness, evenness and alpha, beta and gama diversity respectively. 
Species Diversity: Species diversity indicates variety of species. Suppose you are study about bird species diversity in the study area. The data will be collected according to the bird survey method and data will put on the Shannon winner mathematical formula, which is given below.

Shannon’s Index (H’):         
Where, 
ni is the total number of individual of the i th of species in the sample. 
N is the total number of individuals.
ln is the antilog value. 

You can calculate the species diversity with above formula in computer MS excel sheet (See below figure).

Here, the diversity value is H= 1.71.

	
Note it!If you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Remember:
The diversity value has no unit and values will vary in between 1 to 4. Diversity value 1 indicates poor diversity and value 4 indicates maximum diversity. 




Species Richness: species richness indicates the abundance of species in the study site. Suppose you want to study the individual of species or how many species individual are present in the study site you will use the Mergalef richness index. 
It indicates the functional relationship between species (S) and the total number of individuals observed (N).

Species richness:             
Where,
S is the total species in a sample and 
N is the total number of individual in a sample

Now you will know the estimate of species richness with the help of computer in MS excel sheet.

Here, value of species richness is 1.36.

Species Evenness: species evenness indicates the uniformity of species in the study area. The evenness values vary from 0 to 1 where, 0 indicate poor evenness and 1 indicates maximum evenness. 
The evenness may be estimated with the help of following formula.

Where,
H' is Shannon’s diversity index;
ln (S) is anti log value of species in a sample



Now you have known the estimation of diversity indices in MS excel sheet.

Beta diversity: Beta diversity indicates to compare the diversity between habitats. This method is based on presence and absence of species in the habitat. The beta diversity value ranges from 0 (minimum β diversity) to 1 (maximum β diversity).
Beta diversity value may be estimated by the Whittaker method. This method is followed.

Where, 
S= the total number of species recorded in the habitat (i.e. gamma diversity).
ά= the average sample diversity, where each sample is a standard size and diversity is measured as species richness.

With the help of given figure you can understand the beta diversity calculation in MS Excel sheet.

 

Beta diversity value is 0.54, which indicates about 50% of variation in forest and urban habitat.
	
Note it!If you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Remember:
Species beta diversity values will vary in between 0 to 1. The beta diversity value ranges from 0 indicates minimum variation between two habitat species and value 1 indicates maximum variation between species in habitats. 



Now you have understood how to estimate the animal biodiversity form the study field. In addition, you will understand the plants data collection and their estimation in the following topics.


	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 3a
This video introduces sampling, line transect method, insect pinning method, pugmarks methods in the field and diversity analysis with the help of a computer (MS Excel sheet). What are the field data collection methods for trees, herbs and shrubs?   
https://www.youtube.com/watch?v=aO5MngJZ9Rc&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j&index=4 




[bookmark: _Toc452110161]3.6 Plant diversity sampling: 
Plants are important biotic components of ecosystem. The presence of plant species in an area and their quantification estimation method is called Phytosociology. It can be defined as “the study of vegetation of a particular ecosystem at a specific time”. Phytosociological studies are helpful to understand the types of vegetation and the abundant vegetation in the study area. 
You can understand the Phytosociology with the help of given example:
If you want to know the presence of variety of plant species in a study area you will do phytosociology. In this process first you will select a study site area and transect will be marked for vegetation study in the area. 
The quadrates will be placed randomly in this transect and about 10m x 10m size transect will placed for trees, 5m x 5m for shrubs and 1m x 1m for herbs respectively. However, all shrubs and herbs transect will be placed inside the trees quadrates (10m X 10m) and collect plant species data. 
In addition, you can collect the plant species for herbarium. To prepare the herbarium you will cut the different parts of plant like leaf, flower, twig etc with the help of sharp scissors and tag these parts in the herbarium sheet for their proper identification.
Now you can use this vegetation structure data to quantify the vegetation with the help of diversity indices formulae.
[bookmark: _Toc452110162]3.7 Data collection method for trees, shrubs and herbs: 
The collection of presence or absence information about species from the study site is called data. It helps to estimate the species diversity. Here you will know the different data collection methods of vegetation, which are present in the study site.
To collect the vegetation data you need some field tools (Figure 3.12). These tools are vernier calliper, measuring tape, wooden scale, field diary or note book, pencil, ball point pen, binoculars, digital camera, filed bag, alcohol and mercurie chloride, gloves, GPS (Global Positioning System), old news papers, plant cutters (scratchers), plant tags, pocket lens, ropes, pruning hooks and polythene bags etc.



Figure3.12: field tool required for herbarium preparation
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
With the help of these tools you will collect the plant species sample or data from the study site. After the collection of vegetation data, you will fill complete information of plant species in the herbarium sheet. This sheet is a specimen of plant species (figure 3.13).

	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 3b
This video introduces vegetation diversity, plant sample collection methods in the field and vegetation diversity analysis with the help of a computer (MS Excel sheet). How do you apply the line transact and point count methods?
https://www.youtube.com/watch?v=23Vz6Psi-v4&index=5&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j 





Figure 3.13 showing the vegetation data information sheet (Herbarium sheet)
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
This specimen with details of plant species will help for identification of plant species in future survey. In addition, other special characteristics of each plant such as presence or absence of latex, colour of the flower, size of the flower, shape of the stem, presence or absence of hairs, height of the plant etc can be recorded properly.
Now you will be able to know how to collect the vegetation data in terms of tree, shrub and herbs.
Trees, shrubs and herbs: Generally, in the sampling of vegetation you will cover about 10 % area from the study site which represents the complete vegetation of the study site. 
For example, if you have 1000 sq m study area then you will cover about 100 sq m areas from the study site and this 100 sq m area vegetation will represent the 1000 sq m area. 
Now the quadrates will be laid down in the selected 100 sq m cover areas about 10 m × 10 m quadrate will be laid for trees, 5 m × 5 m for shrubs and 1 m × 1 m for herbs in the same cover area. It can be understood with the help of this figure 3.14 a and 3.14b.
Quadrate for tree sampling
Transect in forest habitat

Figure 3.14 a:  showing the quadrate lay in forest habitat for tree species
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)


Figure 3.14b:  trees, shrub and herbs quadrate in the study area.

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Herbarium preparation of Trees, Shrubs and Herbs: The herbarium is a record of plant with complete information as you can see in figure 3.15. To prepare the herbarium you have some basic information like size of the herbarium sheet. Generally, the standard sheet size is 28 × 42 cm hence plant may be collected according to the size of herbarium sheet. However, for the collection of climbers, tall grass and creepers plant you can bend these plants in alphabet characters (W, Y, and V) and fit these plants according to size of herbarium sheet.
The collection of vegetation is depends on the vegetation structure like small herbs may be collected whole plant, small shrubs will be collected with flowering and fruiting twigs as well bark of tree, root, leaves and fruits can also be preserved for laboratory records.


Figure 3.15: Showing a complete herbarium sheet with information
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Herbarium for Large plants: During survey, the collection of large trees as sample for herbarium is difficult task. However, the collection of tree is mandatory for good herbarium. To solve this task you will take photographs with different identification parts like leaf, trunk and flower etc. In this way you have a collection of complete information like phenotypic characteristic about the large tree, which is mentioned in figure 3.16.


Figure3.16: showing the tree sampling in 10 x 10 m quadrate at study site
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
With the help of above figure you can understand how to collect the information about large trees and this sample photograph will help for tree identification. Now you can place this photograph in herbarium records.
	
Note it!If you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Remember:
As a mentor of this course here I would like to share my opinion to conserve the diversity of vegetation. During the collection of vegetation as sample, if you take the pictures of sample with the help of camera, instead of cutting the plant it will help to reduce the over exploitation of vegetation and fulfil our objectives.  



Aquatic plants: the aquatic plants generally studies near the wet area or water body such as lake, pond, river etc. various structured plant are present in aquatic ecosystem. To prepare the specimen of water plants in herbarium you will take following steps.

You will collect these plants near the stream or aquatic ecosystem.
Large specimens may be bent in different alphabetic shapes (W, Y and V).
Muslin cloth may be used to reduce moisture.
Sample is ready to stick on the herbarium sheet.
In the aquatic ecosystem some plants are known as phytoplankton. These are free floating and food for most of the aquatic animals. Here, you will know the collection of phytoplankton from the sampling site.
[bookmark: _Toc452110163]3.8 Phytoplankton’s collection: 
Phytoplankton collects near the water bodies with the help of plankton mesh net that is mentioned in below figure 3.17. The collected aquatic plant or samples will be preserved in the different size bottle by using of formalin chemical solution.


Figure 3.17: showing the phytoplankton net
(Image Source: image is adopted by https://commons.wikimedia.org/wiki/File:THE_%22MARTIN_KARLSEN,%22_A_CANADIAN_SHIP,_IS_A_FLOATING_LABORATORY_FROM_Which_SCIENTISTS_ARE_ANALYZING_PHYSICAL..._-_NARA_-_549596.jpg, is Creative Commons Attribution-Share Alike License.

[bookmark: _Toc452110164]3.9 Herbarium files preparation:
You will know how to prepare a herbarium file for laboratory records with the help of given activity shown in figure 3.18.
[image: ]
Figure 3.18: showing the preparation of Herbarium
(Image Source: image is adopted by https://en.wikipedia.org/wiki/Herbarium,  Creative Commons Attribution-ShareAlike License.

	
ActivityIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Activity 1.2:
You will select a site for vegetation sampling. The sample of plants will be cut as per the prescribe format or with their identification parts.  After the collection of sample it will be dried and pressed in blotting paper with the help of plant pressers (see above figure). Now you will spray alcohol and mercuric chloride to prevent the specimen by the insects and fungus and further these samples are placed between the blotting papers and leave it for few days in dry area.
At the end of this activity you will get fully dried specimens of plants and tag it in a herbarium sheet. Now you have known the preparation of herbarium file.



[bookmark: _Toc452110165]3.10 Data analysis:
Now you will know the analysis of vegetation data in terms of Species diversity, frequency, Density, Abundance, A/F ration and, IVI index.
Species Diversity: Species diversity indicates variety of species. Suppose you are surveying about tree species diversity in the study area. The data will be collected according to the tree sampling method. This data will put on the Shannon winner mathematical formula, which is given below.

Shannon’s Index (H’):         
Where, 
ni is the total number of individual of the i th of species in the sample. 
N is the total number of individuals.
ln is the antilog value.
[image: ]
The vegetation diversity is 1.68 computed in MS excel sheet. 
Frequency: To identify the repetition of plant species in a sampling quadrate, you can calculate the frequency of plant in study site with the help of given formula. Generally, frequency calculates in percentage.


[image: ]
The frequencies vegetation of species are 100%, 30%, 100% and 60% computed in MS excel sheet.

Density: Density indicates the presence of species individuals in per unit of sample site area. Density of species may be calculated by the density formula.


[image: ]
The density of vegetation A, B, C and D are 1, 0.7, 1and 9.5 computed in MS excel sheet.
Abundance: Abundance indicates the presence of species in terms of maximum and minimum in numbers at study site. The abundance is based on species, which occurs in the quadrates.

 
[image: ]
The abundance of vegetation species are 5, 3.5, 5 and 9.5 computed in MS excel sheet.

A/F ration: The abundance of frequency is use to obtain the distribution pattern of plant species in the study area. 
[image: ]
The abundance of frequencies ratio (A/F ratio) computed in MS excel sheet.
Importance Value Index (IVI.): The IVI index express to the ecological success of any species in a single value. The sum of relative frequency (RF), relative density (RD) and relative dominance indicate the Importance Value Index (IVI) of a species. Thus, the IVI index express to the dominance and ecological success of any species in the study site.
To estimate the IVI index you have to calculate the relative frequency, relative density and relative dominance. 
Relative frequency: Relative frequency indicates to the relative dispersal of a species in respect to that species.  
[image: ]
Relative density: Relative density is an expression for numerical strength of a species in relation to the total number of individuals of all species of the study area.
[image: ]
Relative dominance: Relative dominance is a coverage value of a species with respect to the coverage of the rest of the species in the area.

Basal Area: Basal area indicates the circumferences of plant stem. You can measure it with the help of vernire calliper. The multiplication of plant density and average basal area of plants in quadrates is called basal area.
Total basal Area = Average basal area x Density
Now you can calculate the IVI index with the help of following formula.


Thus, you are able to estimate the biodiversity in term of flora and fauna from the study area.
[bookmark: _Toc452110166]Unit summary
	
Summary
	In this unit you learned the sampling of vegetation and animal species. Besides this, diversity analysis is also learnt with the help of formula. You have also understood the collection of insect, fishes and planktons.  In addition, preparation of herbarium file is also learnt in this unit.



[bookmark: Text372]


	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 3c
This video provides basic knowledge on how to prepare a herbarium and a laboratory specimen. What is the difference between richness and diversity?
https://www.youtube.com/watch?v=BQEha0Pg97o&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j&index=6 



[bookmark: _Toc452110167]Assignment
	
Assignment
	Answer all the question 
Total Marks: 30
Time: 1hr. 


[bookmark: Text373]
Objective type question 				1 marks each
Sampling unit in an area, of a definite size, square, rectangular or a circle is known as
Field area
Quadrate
Unit
Study site
The number of plant and animals species present in a community or an ecosystem are referred as
Abundance
Density
Frequency
Species diversity
The variety of animals in an area is called
Richness
Diversity
Abundance
Frequency
The comparisons of diversity between two habitat is called
Alpha diversity
Beta diversity 
Gama diversity
Diversity
Beta diversity values generally vary between ranges.
1 to 10
0 to 1
0 to 5
1 to 5

Short – answer question 				2 marks each
Define the beta diversity.
Write the importance of Plant Herbarium.
How do prepare herbarium file? Write it in flow chat.
Distinguish among the terms diversity, richness and abundance of species.
Write the insect preservation method for laboratory.

Long- answer question					5 marks each
Explain the field data collection methods of trees, herbs and shrubs with suitable figures.
Explain the line transects and point count method for bird species with suitable figures.
Find out the diversity and richness value from the given data set table.
	Species name
	Numbers of species

	A
	10

	B
	9

	C
	8

	D
	12


[bookmark: _Toc452110168]Assessment
	
Assessment
	Total Marks: 30
Time: 2hr 


[bookmark: Text374]
Q1. Define the Sampling. Write the vegetation sampling method and point count method for bird species in details.
Q2. Prepare herbarium sheet record of herbs, shrubs and trees vegetation and labelled the pictures of vegetation. 
Q3. Collects ten different bird species and distinguished each other with different characteristics.


[bookmark: _Toc452110169]Unit 4
[bookmark: _Toc452110170]Sustainable Development 
[bookmark: _Toc452110171]4.1 Introduction
As you know that the natural resources are necessary to sustain life in the earth. Our basic needs are completed from the natural resources. Development is a continuous process in the human society. In this way, to utilize the natural resources for the development of human society and simultaneously conservation of these resources, a term was introduced which is called ‘Sustainable Development’. It can be understood with the help of figure 4.1.
Sustainable development is commonly defined as “meeting the needs of present generation without compromising the ability of future generation to meet their own needs”. In order to achieve a sustainable life, natural resources are necessary throughout the world, so that basic needs of each and every living being must be full filled. The basic components which are required by every living being are fresh air, water, land (soil), plants and animals to survive in nature.



Figure 4.1: sustainable development is relationship among Economic, social and environment
(Image Source: image is adopted by https://commons.wikimedia.org/w/index.php?curid=1587372, Creative Commons Attribution-ShareAlike CC BY-SA 3.0 License.
In this unit you will know how you can sustainable use of these natural resources for human society.
Upon completion of this unit you will be able to:
	
Outcomes
	Understand the sustainable development.
Known about Natural resources.
Understand the causes of deforestation and conservation method.
Learn about the Joint forest management practices; Social forestry and sacred forest.
Be able to understand the invasive species and Biological control method.
Learn about the water conservation method with the help of Check dams.



	
Terminology
	Check dam:
	Small heights construct on runoff water which slow down the speed of runoff water and helps to recharge the ground water.

	
	Biological pest control:
	The reduction of pest population by the natural enemies without human intervention. 

	
	Renewable resources:
	Natural resources renew in short time.

	
	Non renewable resources:
	Such natural resources can not renew in short time. 

	
	Water harvesting:
	Collection of rain water and its utilization in different ways.

	
	Sustainable development:
	Utilization of natural resources and conserve it for future generation.

	
	Invasive species:
	Such species are extending in forest and agricultural land but these are not native species. 

	
	Organic farming:
	Farming by using degradable waste or organic manure.



[bookmark: _Toc452110172]4.2 Natural resources:
Things and services provided by nature to man are known as natural resources. You can understand the resource as such substance or material, which can be used to manufacture products or their services may be used for human development.
Resources can be any biotic and abiotic material like minerals, land (soil), Sun, water, air, forest plants, animals etc.

[bookmark: _Toc452110173]4.2.1 Types of Natural resources:
Some of these resources are rich and some are limited in nature. On the basis of their availability the natural resources may be divided into the following two types, which are mentioned in figure 4.2.

Renewable resources: The renewable resources are freely available in nature and it may be regenerated naturally. In this way these may be used for future. 
For examples forest (plants), animals, air, water, wind power, solar energy, geothermal energy, biomass etc.
Non renewable: The natural resources which are limited in numbers or it cannot be renewed in short time is called non renewable resources.



Figure 4.2 showing the types of natural resources
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
For example fossil fuels (coal, crude oil, minerals) are limited in earth. It cannot be regenerated again or it takes a long time to renew.
Now you can understand the major advantages and disadvantages of renewable and non-renewable resources in this table.
	Renewable Resources
	Non-renewable Resources.

	These are almost free or cheaper in cost.
	These are very costly. 

	These are commonly found everywhere. 
	These are limited and found in a particular area.  

	These are eco-friendly, do not pollute our environment.
	These are not eco-friendly.


[bookmark: _Toc452110174]4.2.2 Causes of Natural Resources Exploitation
As you know that the natural resources are important for human development. But, these are being exploited by different ways. In this topic you will be able to know which, are the major causes of natural resource degradation. These are as follows.
Deforestation: Dam construction, mining and extension of agriculture land are causes of deforestation and loss of natural resources is given in figure 4.3.

Figure 4.3: Showing forest degradation due to forest fire
(Image Source: image is adopted by http://www.public-domain-image.com/public-domain-images-pictures-free-stock-photos/miscellaneous-public-domain-images-pictures/fire-flames-pictures/big-tropical-forest-fire.jpg,  Creative Commons Attribution-ShareAlike CC BY-SA 3.0 License.
Environmental Pollution: The air, water and land pollution are causes of natural resource degradation.
Development activities: Development activities like road construction and urbanization are responsible for Natural degradation. 
Natural Disaster: Flood, Drought and Forest fire are natural disasters are and responsible for loss of natural resources, it can be understood with the help of given figure 4.4.

Figure 4.4: Showing natural disaster (forest fire) damage the forest recourses
Image Source: image is adopted by http://www.public-domain-image.com/public-domain-images-pictures-free-stock-photos/miscellaneous-public-domain-images-pictures/fire-flames-pictures/view-from-the-plane-on-the-forest-fire.jpg, Creative Commons Attribution-ShareAlike CC BY-SA 3.0 License.
	
Activity
	This activity will help to understand the renewable and non renewable resources.
Activity 1.2: You make a group and visit in your nearby forest. Try to identify the various natural resources present in it. Classify them as renewable and non-renewable resources.



	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 4a
This video provides a general description of natural resources and sustainable development. What is Eco-tourism?
https://www.youtube.com/watch?v=vUsimeEMHaI&index=7&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j 



[bookmark: _Toc452110175]4.2.3 Conservation of resources
You have learnt about the values and major threats to the natural resources in the previous topics. It is our responsibility to conserve the resources and their sustainable use for human development.

With the help of following methods you will be able to understand the conservation of natural resources. These methods are
	
Plantation: Drop the seed or plant trees in empty areas.

Eco friendly uses of natural resources.

Always follow the refuse, reduce, reuse, recycle and repair methods to minimize the waste.

Renewable resources should be adopted for the future developments.

5. To create awareness among people regarding natural resource conservation and to promote eco-friendly developmental activities.
[bookmark: _Toc452110176]4.3 Sustainable utilization of Natural resources (Forest, Water and Agricultural land) 
Now you will be able to understand how the natural resource may be used wisely.  The forest, water and land are main natural resources which are essential for organisms to survive.
In the following points you will understand the sustainable/wisely use of forest, water and land.
[bookmark: _Toc452110177]4.3.1 Forest
The term forest is derived from the French word ‘Foris’ it means ‘outside’. Forest is a closed canopy cover area it consists with the trees, shrubs and other woody vegetations. It is a natural renewable resource and also known as green gold.
You can understand its importance by two different ways.
Direct Benefits: such benefits which may be directly extracted from the forest are known as direct benefits.
Forest provides fuel wood, fodder, timber, forests products and industrial raw material along with habitat to wildlife etc these are the direct benefits of the forest.
Indirect Benefits: Such benefits are indirectly related with man or you can say such benefits are related to the environment. 
Such as a forest helps to maintain the ecological balance, regulates the biogeochemical cycles, maintains the soil moisture, fertility etc. Apart from this forest also helps to maintain the water cycle.

[bookmark: _Toc452110178]4.3.1.1 Causes of Forest exploitation
Forest is an important resource for human development and it helps to balance ecosystem. It is mandatory to have about 33% of forest cover area for a healthy ecosystem but due to several development activities we are losing forest cover. 

There are several causes of deforestation you can understand it with the help of following points.

Human population explosion: The population of world is increasing day by day; to fulfil their basic needs we are exploiting the forest land.
 
Developmental activities: Development activities like mining, huge dams; highways construction and railways line etc are the responsible for the deforestation.

Natural Disasters:  Natural disaster like forest fire, landslide, cloud bursting, snow avalanche, flood, drought, volcanic eruptions etc are the responsible for the forest degradation.

Over grazing: Over grazing is common problem in developing countries. Every year due to over grazing a lot of forest area become barren and soil become loose.

Forest disease: Diseases in Forest is common problems which occur due to fungi, pest and insects. Every year thousand of hectare forest land become destroys due to the disease.

[bookmark: _Toc452110179]4.3.1.2 Prevention methods 
With the help of some methods you can conserve the forest resource.

Plantation is best policies to compensate the deforestation.
Education and awareness regarding the forest conservation.
Strict laws and policies or Forest Conservation Act may help to conserve the forest.
Agro-forestry and social forestry plantation are helpful to conserve the forest.
Illegal trade and supplies must be prohibited.
To create the reserve forest or protect the sites for wildlife conservation.
[bookmark: _Toc452110180]4.3.1.3 Eco-tourism 
Now you will understand the sustainable use of natural resources with the help of ecotourism term. Tourism is a largest global economic activity. It helps to increase the revenue for any nation but it was observed that this activity is threat to natural resources.
After that a new concept of ecotourism was introduced by The International Ecotourism Society (TIES). According to TIES the ecotourism define as “Responsible travel that promotes the conservation of nature and sustains the well-being of local people”.
Thus, the ecotourism may be understood as
This concept indicates the sustainable use of natural resources and benefits share to the local citizen or stakeholders.  
Eco tourism indicates the use of natural resources, their knowledge and shares it to increase the local socio economic.
It is an environmental activity for the sustainable development of human society and their culture.
[bookmark: _Toc452110181]4.3.1.4 Public participatory Approach
It is a common approach for the conservation of natural resources with the help of public participation. 

Generally, in this method local communities and stakeholders are involved for the conservation and management of natural resources. This method has been adopted in many developing countries

Here, you will know this method in Indian context. 

Join Forest Management: It is very famous forest management technique used in teaches Indian forest area. In this method department of forest teach the basic forest management technique such as collection of fodder, fuel wood, forest fire protection etc to the local peoples and provides the plants for transplantation in open land area. It can be seen in figure 4.5a, 4.5b and 4.5c. In this way these people take care of these resources as guardians.


Figure 4.5a
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)


Figure 4.5a & b: people transplanting trees in open land area
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Social Forestry: This practice indicates the plantation of such trees which are beneficial for the society. These trees are generally transplant near the villages or open areas (Figure 4.6). In this way we can control the dependency on forest and manage the forest resources.
Villagers can transplant these benefit trees near the agricultural fields, along roads, river and canal banks etc.

Figure 4.5 c: showing social benefit plants near the village land
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Sacred Groves: This method indicates transplantation of trees near the holy places. It is mentioned in figure 4.6. These plants as nature resource are protected by local communities through social traditions.




Figure 4.6: showing forest protection with the help of temples

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

You can understand such activities like with help of community supports and spiritual faiths are also helpful to conserve the natural resources or environment.

	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 4b
This video introduces forest resources, their importance and their conservation methods. What are the causes of deforestation?
https://www.youtube.com/watch?v=BBt87zXWr-U&index=8&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j 



[bookmark: _Toc452110182]4.3.2 Water
No one can live on earth without water. It is one of the basic needs for living organisms. About ninety seven percentage of water is salty in oceans and rest 3 percent is available in the form of ice caps, rivers, lakes and underground water. You can understand the water sources with the help of figure 4.7. 

This 3 % percent of fresh water sources are mentioned below and you will be able to understand fresh water resource on earth.



Figure: 4.7 Source of water
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Surface water:  The river, lakes, and wetland are the sources of fresh water. These sources generally replenished by the natural rain water.

Ground water or Sub surface water: This water is another fresh water resource it indicates presence of water at under the ground.  Generally, this water source also refill with the help of rain water. This stored water under the ground is called aquifers.
Water is a renewable resource however; development activities and oil spills have exploited the water resources on earth. Thus, it is our responsibility to conserve the water resources for future. 

Now you will be able to know the conservation methods of water resources.
[bookmark: _Toc452110183]4.3.2.1 Rainwater Harvesting 
This method is the best way to minimize the water crisis on earth. Generally, in this method the rain water is used to recharge the ground water level and washing etc. It is mentioned in figure 4.8 a, b.

The meaning of Rain water harvesting is to capture the whole run-off rain water and store this water. It helps to recharge the underground water in rural and urban areas. In addition, you can also store this rain water into a gutter (Underground tanks) and use this water for washing and gardening purposes.


Figure 4.8 a: showing the rain water harvesting method in urban area
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)



Figure 4.8 b: showing the rain water harvesting method in rural area
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

	
Reading
	Book: 
UNESCO 2009, Water in a Changing World: UN World Water Development Report 3, UNESCO Publishing, Paris and Earthscan, London. (Download from www.unesco.org).




	
Study skills
	Video: 
You can see the water conservation techniques in given mentioned videos from YouTube.
Bringing home Rain, a documentary by Sushma Veerappa Nad Rainwater Club (on rainwater harvesting in a village).
http://www.indiawaterportal.org/articles/bringing-home-rain-film-rainwater-harvesting
Drinking the Sky, a BBC Earth Report documentary by Joost de Haas (on Cherrapunji).
http://tve.org/series/earth-report 



[bookmark: _Toc452110184]4.3.2.2 Check Dams
A check dam is another method to conserve the water resources. Generally, this method is used to stop the runoff rain water because this water erases the productive soil from the area. You can see it in figure 4.9.



Figure 4.9: showing the check dam on water stream

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Commonly, check dam act as barrier to reduce the speed of runoff water and check the soil erosion. It also helps to settle down the pollutants and retain the soil moisture.
The check dam construction approach emphasizes the underground water recharge and sustainable utilization of water resource. 

Now you will know the basic ideas about where it can be placed and the dam objectives in the following points:

Construction site should be able to store a high volume of runoff water and it may be steep slope or in plane area.

Check dams are constructed near agriculture land to transfer stored water for irrigation with the help of drains or small canals.

Objectives of the check dam creation are to recharge the aquifers and increase the availability of water for agricultural purposes.

Check dam also helps to remove the soil erosion from the natural stream.

The check dams are generally constructed on the basis of land condition and it can be divided into different types. A brief description of this is given below. 
Brush fills: the brush fill dam is constructed by the using of branches of trees and stems of bushy vegetation and placed across the gullies. This method is also called brush plug dam see in figure 4.10.



Figure 4.10: showing the Brush fill dam on steep slops

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Earth plugs: Earth plugs are small structures which are constructed across the gullies. The main purpose of this dam is to hold water and percolate into the ground. It can be understood with the help of this figure 4.11.






Figure 4.11: showing the earth plug check dam

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)


Log check dam:  The log check dams are made of wood, about 1.5 meters height from the ground level and placed across the gully. These dams are generally used to hold the fine and coarse material which are carried by the runoff water in the gully.

Woven-wire check dams: Woven-wire check dam is small barrier which is usually constructed to hold fine materials in the gully or small drainage areas. You can understand the Woven-wire check dam with the help of given figure 4.12.  




Figure 4.12: showing the Woven-wire check dam

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Brushwood check dams: these dams are made of posts and brush which are placed across the gully. The main objective of brushwood check dams is to hold fine material which is carried by runoff water in the gully.


A loose stone dam: The loose stone checks dams are made of small rocks to control canal erosion. These dams are placed across the gully which length is about 100 meters see it in figure 4.13.




Figure 4.13: showing loose stone dam
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 4d
This video describes sources of water, importance of water and conservation of water using rain water harvesting methods. What are the applications of rainwater harvesting?
https://www.youtube.com/watch?v=xk3fKXlkzDU&index=10&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j 



[bookmark: _Toc452110185]4.3.3 Agriculture Land 
Land is solid part of earth which provides a platform to different land resources. The top layer of this land is called soil. It helps to growth of crops, fodder plants, medicine plants etc. The land on earth generally use for the cultivation of crops is called agriculture land. 
As you know human population explosion is a big problem in the world besides this several development activities not only in developed countries but also in developing countries are converting into concretes jungle and impact on soil fertility. 
However, development activities in country are pride of nation and availability of food for everyone is compulsory to sustain life in the world. Although, the modern agriculture practices are helpful to provide food for people but their side effects are also highlighted in the world.
  
In this topic you will know the sustainable uses of agriculture field with the help of following topics.
[bookmark: _Toc452110186]4.3.3.1Organic farming 
The Organic farming practices indicate the proper use of agriculture field, to minimize the chemical use in terms of fertilizers and pesticides so that health of soil, ecosystem and people sustain on earth. 

The various practices are generally used in the organic farming. These are given below:

The use of Bio-fertilizers like animal dung, vermin-compost, and utilization of biodegradable waste as manure in agriculture field.
To follow the crop rotation and mixed crop pattern is helped to maintain the soil fertility.
The use of herbal insecticides instead of chemical insecticides to stop the crops disease.
[bookmark: _Toc452110187]4.3.3.2 Crop rotation and mixed farming 
The crop rotation is basic phenomenon, which indicates the rotation of crop species at regular basis. You can understand it in the following way when cultivators cultivate summer and winter crop species in the same agriculture field, it is called crop rotation.
In this way crop rotation helps to restore the loss of nutrients and maintains equilibrium among all micro and macro nutrients in soil naturally. 

Now you will know the benefits of the crop rotation:

Crop rotation saves on the input of the nitrogenous fertilizers and help in weed and pest control.

Crop rotation helps to reduce and prevent the transmission of diseases.

This process also helps to balance nutrient demand, improves soil fertility, reduces soil erosion, deter weeds etc.

	
Note it!
	It is suggested that during crop rotation you cultivate one leguminous crop in a year. This leguminous crops (pulses plants), have nitrogen fixing bacteria at root. This microbe helps to maintain the soil fertility naturally.


However, mixed farming practices also help to maintain the agriculture field. It indicates cultivation of variety plants species in same agriculture field at one season. For example, cultivators cultivate variety of plants like fuel fodder, legume plants and main crop in the same field is called mixed farming. It can be understood with the help of figure 4.14. 



Figure 4.14: showing the Mixed farming practices

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
In this way you can understand that variety of crops in same area helps to fulfill the basic needs in terms of food fuel and fodder in addition maintain to soil fertility, complete utilization of agriculture field and regular supply of food.
[bookmark: _Toc452110188]4.3.3.3 Biological control
The biological control method indicates, control of population of pests in agriculture and forest with the help of natural enemies. In this way, it can be defined as the reduction of pest population by the natural enemies without human intervention is called biological control and these natural enemies are called biological control agents.

For example, lady beetles (see in figure 4.15) are free living species, which consume a large number of pests during their lifetime. In this example lady beetle is a natural enemy, which prey the pests at immature stage and controls the population of pest naturally. 



Figure 4.15: Lady beetle feed on aphids

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

An experiment on biological control was introduced in year 1880. In this experiment Vedalia beetle (Rodolia cardinalis) was imported from Australia, to control the population of pest species (Iceryia purchase) because this pests have been damaged to the citrus plants in California (USA).

In addition, Silvicultural practices are another biological control method. This method is generally used for forest crop species. You can understand this method such as, crop field have same crop species if you cultivate another tree species in same field this will break down the life cycle of crop pests and control the population of pest.
 
For example, you have field in which monotonous species (poplar plant) are cultivated, this monotonous species plantation generally attract the pests and provide a suitable breeding place if you cultivate another plant species along with poplar species like Neem plant. This Neem plant    outbreak the pests of poplar plant species. 
 
Other methods are also used in biological control

Botanical Extracts: In this process generally we use plant species extract to reduce the population of pests. For example the extraction of green chilly and garlic is used to repel to insects.

Microbial Pesticides: this consists of bacteria, fungus and virus, which helps to reduce the pests population example Bacillus thuringiensis is Bt toxin generally use as microbial pesticides in plant to reduce the pests.

Natural Predators: Natural predators like bird, amphibian and reptiles also help to reduce the population of pests in crops. 
[bookmark: _Toc452110189]4.3.3.4 Invasive species management 
As you know several development activities have lost the natural resources in terms of land, forest etc. in addition some plant species, which is known as invasive species are also responsible to degrade the natural resources.

In other words, you can say such plant species are natively found in any area and now adopting the new environment is called invasive species. For examples pine, eucalyptus, lantana and congress grass are invasive species. Generally these are native species of UK, Australia and America however; these species were introduced in India during the trade with these countries. 
Now these invasive species extending in Indian agriculture and forest land. It has degraded the land resources.

However, many experiments have been done to reduce the invasive species so that we could use our natural resources sustainably. 

For example:  To reduce the invasive species lantana, a bamboo grass planted along with lantana and bamboo grass is helpful to reduce the extension of invasive species. It is mentioned in figure 4.16.


Figure 4.16: showing the bamboo grass planted with lantana shrub and after five year bamboo grass reduce the lantana shrub in same area
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
Now you have known how to control threats to natural resources and use it for sustainable development.

	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 4c
This video provides an introduction to land resources, the importance of fertile land and soil conservation methods. What are the objectives of mixed farming practices?
https://www.youtube.com/watch?v=JI-cD1pDPPg&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j&index=9 



[bookmark: _Toc452110190]Unit summary
	
Summary
	In this unit you learnt about the natural resources and their sustainable utilization with the help of examples and some activities. You have known forest resources, forest benefits and their conservation method along with their sustainable utilization in terms of eco tourism and joint forest management practices. Same as water resources are also studied in this unit and their sustainable utilization in term of check dams and rain water harvesting practices. In addition, you learnt agriculture land resources management practices in terms of organic farming, pests control and invasive species management. 



The utilization of natural resources with their conservation is called sustainable development.
Small height obstacles on runoff water generally is called check dam and utilization of this water for irrigation and ground water recharge is studied in water resources.
 A complete collection of rain water and use of it for domestic purpose is called rainwater harvesting.
The use of bio-fertilizers and minimum use of chemical fertilizers in agriculture field is called organic farming practices.
To minimize the population of pests with the help of birds, insects and plants is studied in biological control method.
Transplanting the variety of plant species in open land or near agriculture land with the help of public participation is studied in joint forest management practices.    



[bookmark: _Toc452110191]Assignment
	
Assignment
	Answer all the question 
Total Marks: 30
Time: 1hr. 



Objective type question 				1 marks each 
Which one of the following is not a method for water conservation?
 
a. Lining of canals
b. Rain water harvesting
c. Recycling of water
d. Construction of tube wells

Any material that can be transformed into more valuable and useful product or service is called

Mineral
Product
Resource
None of these

 Deforestation: (I) Leads to localized flooding. (II) Reduce sustainable logging potential. (III) Reduce watershed stability. (IV) Augment carbon restoration provided by forests.

I and II only.
III and IV only.
I, II and III only.
I, II, III and IV.

Forest is responsible for

Watershed protection
Land    erosion control
Providing economic and environmental benefits
All of the above

The equitable use of resources is necessary for

Sustainable development
Better lifestyle for all
To sustain natural wealth
All of the above
Short – answer question 				2 marks each


1. Define the natural resource and their classification.

2. Define the term ‘Eco-tourism’ in respect of forest management.

3. Define the rain water harvesting and their applications.

4. Describe the invasive species with suitable two examples.

5. Define the check dams and their objectives.


Long- answer question					5 marks each


Distinguish between renewable and non renewable resources.

Describe the causes of deforestation.

Write the objectives of joint forest management and mixed farming practices.

[bookmark: _Toc452110192]Assessment
	
Assessment
	Total Marks: 30
Time: 2hr 


	
	



Q1. Explain the practices using in sustainable development for Forest resources.
Q2. Discuss the practices using in sustainable development for Water resources.  
Q3. Give details the practices which is using in sustainable development for the Agriculture land resources.



[bookmark: _Toc452110193]Unit 5
[bookmark: _Toc452110194]Environmental Impact Assessment 
[bookmark: _Toc452110195]Introduction
As you know that development activities are mandatory for every country. Every country builds infrastructure and industries which provide employment to the citizens and generate revenue. These various development activities are going around us and producing undesirable changes in our environment frequently. The impact of these activities can be seen on our natural resources, like water becomes pollute, air is not pure for breathing and agriculture lands are converting into a barren lands, ultimately the quality of life is depreciating. 
In the view of enormous changes in nature and natural resources because of the development activities, now the countries are concerning about the environmental impact of the development projects. Environmental Impact Assessment (EIA) provides the details of development projects in the environment so that the decision makers can make decisions on development project or amendments in the projects before their execution. 
Environmental impact assessment (EIA) was introduced in the USA, year 1969 and since it has extended in various forms in the other countries. At present, it has become an important tool which makes sure the optimal use of natural resources for sustainable development. You can understand the EIA in simple words; environmental impact assessment is a prediction of potential environmental consequences of a proposed project relative to the physical, chemical, biological, culture and socioeconomic components of the total environment.
In this unit, you will be able to learn the Environmental Impact Assessment (EIA) as a tool for preventing environmental impact of development activities.
Upon completion of this unit you will be able to:







	
Outcomes
	Understand the concept of Environmental Impact assessment.
Know the objectives of the EIA.
Learn the conservation of environment aspects with help of EIA.
Be able to understand the methods in EIA.
Know the importance of EIA.
Understand the procedure of EIA.





	
Terminology
	EIA:
	A prediction and assessment of proposed development project. 

	
	EIS:
	First draft of EIA for the consideration of experts and local community 

	
	Prediction:
	Forecast the environmental impacts of the proposed project 

	
	Evaluation:
	Assess the environment impacts in terms of negative and positive 

	
	Monitoring:
	Important tool to improve the environmental management plan 

	
	Auditing:
	Check the proposed suggestion on the development project

	
	
	

	
	
	



[bookmark: _Toc452110196]Objective of Environment Impact Assessment (EIA)
The basic objective of EIA is to ensure the sustainable development with minimum degradation. You can understand the objectives of EIA in the following points.
To provide the detailed description of proposed project activities.
To improve the planning of proposed project with the help of predicted negative and positive impacts and provide the suitable alternatives in project planning.
To predict the impacts and minimize the adverse impacts which are relevant to the proposed project.
To protect the natural resources and maintain the ecological function. 
To promote the sustainable development with the help of stakeholders, enterprise and government agencies.

[bookmark: _Toc452110197]Process of Environment Impact Assessment
A process is followed to complete the objectives of EIA, here you will know the process of environmental impact assessment with the help of a flow chart in figure 5.1. 
Introduction of Environment Impact Assessment
↓
Identification of environment parameters for the proposed project
↓
Prediction of impact on environment parameter
↓
Evaluation of Impacts
↓
Suggest alternatives activities
↓
Changes to be made according to in order to implement EIA recommendations
↓
Development of post project monitoring plan
↓
Report on observations.












Figure 5.1: Indicate the process of EIA
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
The above mentioned process is completed in different steps. These steps are as follows:
1. Identification

Identification is the first step of EIA, which indicates the present environmental conditions at the proposed project site and identifying the project impacts on surrounding environment during construction and operational phases. These identifying impact data will help us to calculate the impacts and their proper management planning.

2. Prediction

This step requires quantifying the impacts on environment condition with the help of scientific and technical experts. On the basis of this step the identifying impacts are predicted into positive and negative impacts. 

There are various models are uses to predict the possible environmental impacts

Architectural, Physical or Image Models: this model provides us a basic physical image of proposed project and helps us to understand predicted impacts on environment.

Mathematical or Mechanistic Model: Mathematical model provides us a flow chart with the help of mathematic calculation, which is used to understand the predicted impact on environment.

Mass Balance Models: It provides a mass balance equation, which emphasizes to expected impacts of proposed project on environment.

Statistical model: This model analysis and describes the relationship between predicted impact and environment.

Laboratory and Field experimental Methods: With the help of experiment and laboratory test you will be able to identify the predicted impacts on environment.

3. Evaluation

After quantifying the positive or negative impacts on environment, it will be evaluated by using different methods and categorize into long term, short term and moderate impacts. On the basis of evaluation results the agency will suggest to reduce the adverse effects, change in project site, cancel the project or give a non objection certificate on the proposed project.
     
4. Mitigation

Generally, mitigation processes is a suggestion process, which helps to reduce and avoid the adverse effects. For example, in the proposed project solid waste may be recycled on the site or this waste is removed from the project site and treatment will be done in another place.

Communication

After completion of field survey a draft Environment Impact Statement (EIS) is prepared for communication. The Environmental Impact Statement (EIS) is a collection of information and estimation of impacts which derived from the various steps of EIA process.

The EIS is circulated among the concerned public and private interest groups, state or local agencies and invites their suggestions and comments on the proposed project. The received comments and suggestions are reviewed in the EIS and then a final Environment Impact Statement is prepared for the final approval.


6. Monitoring
Monitoring is an integral part of EIA. It suggests monitoring the social, physical and economic changes, which is related with the proposed project impacts. This activity helps you to improve the project management plan.

7. Auditing
In this process, the auditor checks the impacts that occur during the functional phase of the project and assessment the management techniques are satisfactorily on predicted impacts.
[bookmark: _Toc452110198]Method of Environment Impact Assessment
The methodology is an important part of Environment Impact Assessment. You can easily identify and understand the impacts on environment, which will came during proposed project activities.
Here you will know the some methods of EIA.

Ad Hoc Method: It is a rapid method, which is used to assess the environment impacts see in figure 5.2. Generally, in this method a team of experts conducts an EIA and on the basis of their experience and training these experts submit their conclusions in a report. Commonly, the details of this method are not published.



Figure 5.2: showing the Ad hoc method sheet

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)

Checklist Method: It is a basic method, which is used in EIA. Checklists are standard lists of impacts which are associated with proposed project. This method can be understood with the help of figure 5.3. Generally, checklists are prepared in four different types. These are as follows:

Simple checklist: It is a list of environmental parameters of the proposed project. This does not provide guideline how to measure and interpreted these parameters.

Descriptive checklist: It provides the details of environment parameter and guides how to measure a particular parameter data.

Scaling checklist: This checklist is same as descriptive checklist and it provides subjective scaling information of the environment parameter.

Scaling weighting checklist: This checklist is similar as scaling checklist. It provides subjective evaluation information of each parameter along with subjective scaling information.



Figure 5.3: Showing the checklist method survey sheet

(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)


Scales and Weights methods: This checklist method provides comprehensive details of the environment impacts but it is not able to provide ranks to alternatives. The scale and weight methods have a facility, which indicates the scale value (0 is worst – 1 is best) of environment impacts and alternatives in the table sheet (Figure 5.4).
You can understand it with the help of an example, suppose a project is proposed in an area, where the environment factor is wildlife habitat and job opportunity, if habitat is destructs with this project, it scales value will be evaluated 1 or 0 and same as alternative values also evaluate in this method.


	Environment factors
	Weights scale value
	Alternative one scale value
	Alternative second scale value

	Wildlife habitat protected area
	0
	0.5
	1

	Employment increase (Jobs)
	0.6
	1
	0.5

	Wildlife habitat index
	1
	0.5
	1

	Employment increase index
	1
	1
	0.6



Figure 5.4: showing the scales and weights method
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
  
Matrices:  Matrices method indicates the interactions among various project actions and environmental parameter. The cells of the matrix are filled by using expert judgment.

There are two types of matrices, a). simple interaction matrices: it identifies the potential of interaction. b). importance rated matrix: It require more extensive data to categorize the impacts (viz. no impact, insignificant impact and significant impact).    
A matrix method was introduced by Leopold in 1971. You can easily understand and evaluate the environment impacts with the help of this method see in figure 5.5. This method indicates two variants, the columns of the matrix indicates the project action and rows represent the environment condition.

Figure 5.5: Showing the Leopold matrix method sheet
(CC BY 4.0, Graphic Era Hill University, Dehradun, India, 2016)
In this way you can understand how impacts predict and summarize in the table format with their evaluation ranks. However, it is a complete field study based on experience and expertise of EIA experts.

	
Reading
	Book: 
Richard K Morgan, Environment Impact Assessment: A methodological Approach, 1999, Springer science and business media.
Report:
A report on Hydropower project at Arunachal Pradesh, India. http://envfor.nic.in/divisions/iass/EIA%20studies.pdf 



	
VideoIf you do not require an assignment in this unit, follow the instructions “Removing a unit assignment” in the user guide to delete it.

	Video Activity: 5
This video introduces EIA and its importance. What are the benefits of EIA?
https://www.youtube.com/watch?v=tqiBYPC-ygk&list=PLXN-JCVb8z8A15WLHNZgkZAEd5Y08Zn1j&index=11 




	
Case Study
	As you know electricity is basic strength and need of every country to fulfil this need government of Sri Lanka proposed a hydropower project named “Upper Kotamale Hydropower project” in the South Central mountain area at Nuwara - Eliya district on the Kotmale Oya, a tributary of the Mahawali Ganga. The Japan International Cooperation Agency was hired to prepare the EIA report, for the technical assistance and the final design of the Dam.
The basic objectives of the project were proposed to evaluate the project’s anticipated affects on environment and to identify the adverse effects, to prepare technical monitoring programs on environment both for construction or operation phases and to prepare recommendation in Environment Management Plan (EMP).
The proposed hydropower project acquired about 480 Km2 land area, which was covered in different land areas i.e. Agriculture land, Tea land, Forest land, Human settlement area etc. Along with these land areas, the anticipated impact on environment was considered on physical resources, geology, effects on ecology resources (Flora and Fauna), Tourism, Human resources, religious, culture and archaeological sites.
For the protection of environment a plan (EMP) was prepared by the agency. This plan gives details and the suggestion to minimize the environmental impact during projection phase. You can understand it as; Watershed management plan was prepared to mitigate the impacts such as land slide, deforestation etc arising from the project.
To manage the excavated material it was suggested to identify the dumping and quarry sites and also proposed to use of the excavated material for land fill and land road works.
A monitoring programme was also prepared to maintain the utilization of water in downstream areas. In addition, to manage the ecological and aesthetical resources a plan was introduced, in which specially considered the endangered and endemic species.
A resettlement plan was also designed in EMP in which about 478 households along with, a school, theatre, community centres etc were proposed for the project effected communities. 
Thus, UKHP project EIA was conducted in January, 1993 to August, 1994; EIA report was submitted in September, 1994, Public hearing at Nuwara- Eliya completed in February, 1995 along with implementation of all the suggestions finally, this Upper Kotamale Hydropower Project was commission in Sri Lanka, year 2008.



[bookmark: _Toc452110199]Benefits of Environment Impact Assessment
Environment Impact Assessment is an important tool which introduces the development with conservation of natural resources. You can predict and evaluate the impacts on environment components with the help of proper methodology. In this way it is helpful for decision making regarding the proposed development projects.
The following points will helps to understand benefits of Environmental Impact Assessment (EIA). 

EIA benefit to the reduced cost and time of development projects.
EIA benefit in the cost saving modification.
It is benefit to increase the possibility of proposed project acceptance.
EIA benefits to avoiding the environmental impacts and improve the proposed project performance. 
It is beneficial activity to the local people, which helps to increase their knowledge and conserve their rights.
It is beneficial to maintain the biodiversity and natural resources.
It helps to control the environment quality for human health.
[bookmark: _Toc452110200]Unit summary
	
Summary
	In this unit you learnt about the objectives of Environmental Impact Assessment with the help of flow charts and examples. You have known the method of EIA and the benefits of EIA. 
Environmental Impacts Assessment is complete practical and field study approach however, as a mentor of this course I would suggest read some case studies and reports on EIA. 



Development activity to concern the environment impact is studied in EIA.
The first draft of EIA, which available for expert suggestion is known Environment Impact statement.
Matrix method is useful in EIA, which identify the environmental impacts and ranks of these impacts.
EIA a useful tool, which increase the possibility of project acceptance. 


[bookmark: _Toc452110201]Assignment
	
Assignment
	Answer all the question 
Total Marks: 30
Time: 1hr.



Objective type question 				1 marks each
 
Which of the following may not be a case of displacement due to development projects?

Dam migrants moving to another area
Forest tribal’s resettled outside the forest
Poor people coming to cities every day looking for work
People leaving an area due to the coming of new airport

How do dams affect deforestation?

Open up previously inaccessible forest to public
Submerges forest
Damages terrestrial ecosystem
All of the above

Which of the following is not EIA method?

Ad hoc Approach Method
Impact Check Lists Method
Leopold Matrices Method
Drawing & Designing Method

Which of the following is not considered for EIA?

a. Socio-economic conditions
b. Public hearings
c. Air, Water and Land degradation
d. Countries economic conditions

EIA was first used in 1969-70 in which country?

a. USSR
b. USA
c. France
d. Germany

Short – answer question 				2 marks each


Define the Environmental Impact Assessment.

Write the objectives of Environmental Impact Assessment.

Why EIA is needed in development activities.

Define the matrix method.

5. Define the communication role in EIA.


Long- answer question					5 marks each


Distinguish between identification and prediction process of EIA.

Distinguish between Ad Hoc and checklist method.

Write the benefits of EIA.
[bookmark: _Toc452110202]Assessment
	
Assessment
	Total Marks: 30
Time: 2hr 



Q1. Explain the Checklist and Matrices EIA methods in details.
Q2. Discuss the objectives and importance of Environmental Impact Assessment.  
Q3. Give details about the process of Environmental Impact Assessment with flow charts.





Feed Back Form
*Required
1.      Did the course cover the content you were expecting? Why or why not? *
2. Rate your understanding of course expectations and assignments *
Very Good                   Good               Average
3. What topics were you expecting, or would have liked addressed, that were not covered? *
 4.      Was the content arranged in a clear and logical way? *
Yes                              No
5.      Did you utilize any links to external web sites? *
Yes                              No
6.     Did the use of case studies/examples help you gain a clearer understanding of the content? *
Yes                              No
7.      What additional material would you like to see in the course? *
8.     What was the (average) amount of time you spent on this course? *
Weekly in hours
9.      Rate the amount of multimedia (audio, video, and animation) used in the course *
Very Good                   Good               Average
10.  List three important concepts or ideas that you learned in this course *
11.  Would you prefer to take this course online or in the classroom?*
Online                          Classroom
12.  What are the strengths and weaknesses of this course? *

The Feedback Form can also be filled online at
https://docs.google.com/forms/d/1MBTCuypFPkyR77cxrQn00cJjmmC8JxzOPSTotdV8gmo/viewform?c=0&w=1
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