2. 4. Biodiversity: refers to the richness of species in an ecosystem.

· It is the variety and variability of life on the Earth.

 Biodiversity is also the extent to which an ecosystem contains different species. Greater biodiversity makes an ecosystem less vulnerable. 

Index of diversity a number indicating an ecosystem’s biodiversity.

One index of diversity is Simpson’s index of diversity and is calculated from the formula. 

    d =           N (N -1)/£n( n - 1)

 Whereas d = index of diversity

         N = total number of organisms in the area.

         n = total number of organisms of each species.

· The following table shows the distribution of six species of plants in three different areas.

	Species
	number of 
organisms each species

	
	area 1
	area 2
	area 3

	A
	86
	16
	24

	B
	5
	17
	25

	C
	2
	16
	27

	D
	3
	17
	5

	E
	1
	17
	12

	F
	3
	17
	8


d = N(N – 1) /Σn(n – 1) 

For area 1: d = (100×99) / [(86×85) + (5×4) + (2×1) + (3×2) + (1× 0) + (3 × 2)] = 1.348
For area 2: d = (100×99) / [(16×15) + (17×16) + (16×15) + (17×16) + (17×16) + (17× 16)] = 6.314 

For area 3: d = (100×99) / [(23×22) + (25×24) + (27×26) + (5×4) + (12×11) + (8×7)] = 4.911 

· A low 'd' (the index of diversity) value refers to :  

· An area dominated by one or just a few species. 

·  A few successful species because of a hostile environment or harsh environment with only a few organisms being well adapted to this environment.     

· A high 'd' (the index of diversity) value refers to:  

· An area dominated by many species.

· A higher diversity index suggests:

· a number of successful species.

·  a more stable ecosystem. 

· More ecological niches are available and 

·  The environment is likely to be less hostile.

	Diversity index: - is mathematical measure of species diversity in community.


Biodiversity: - is a measure of overall variability of life on the earth at:

       - the species diversity( richness of species).

       - the ecological variability of each species.

       - the genetic variability of each species.

Species Diversity: - refers to variety of species within an area.

· It can be measured in species richness, species abundances, and taxonomic diversity.

Genetic diversity: - refers to the variation of genes within species.

Ecosystem diversity: - refers to the broad different between ecosystem types and diversity of habitat and ecological processes occurring within each ecosystem.
Human influenced biodiversity by 

     • deforestation

     • the impact of agriculture. 

     • over grassing by livestock.
i) Deforestation affected biodiversity

 Deforestation is the process of clearing of forest areas by cutting down the trees.

 Deforestation is usually carried out for one of two main reasons: 

- to clear land for mining, agriculture or house building, 

- to obtain timber to make products such as paper, charcoal, furniture, or use as a building material. 

ii) The impact of agriculture on biodiversity  

-large area is dominated by just one species called monoculture such as maize, cereal, teff and then drastically reducing biodiversity.

- killing other species by chemical such as pesticides, herbicides.

Biodiversity in Africa
 There is mammal species richness and plant species richness.

Africa biodiversity include:

· a quarter(1/4) of the world’s mammal species, 1229 out of~ 4700

Occur in Africa, including:

• about 960 species in sub-Saharan Africa (SSA) and 

• about 137 species in Madagascar.

• 79 species of antelope species in eastern and southern savannah.

· more than a fifth (> 50) of the ~10 000 bird species in the world are found in Africa; 

• about 1600 bird species are endemic to SSA.

· about 950 species of amphibians.

Biodiversity in Ethiopia

· Ethiopia is better than most African countries although not as high as in some countries such as Kenya.

· Ethiopia is an important regional Centre of biological diversity due to wide range in altitude and climate.

· there are about 6500 - 6700 plant species out of these species about~ 1150 plant species (10–12%) of these plant species are endemic to Ethiopia.
· Ethiopia is one of the 12 centres of origin (Vavilov centres) of cultivated crops. 
· There are 11 cultivated crops, which have their centre of genetic diversity in Ethiopia. These are:

      1. Coffea arabica – Coffee  

      2. Eragrostis tef – Tef  

      3. Ensete ventriculum – Ensete  

      4. Coccinia abyssinica – Anchote   

      5. Guizotia abyssinica – Niger seed (Nug)   

      6. Brassica carinata – Ethiopian rape (Gomenzer)   

      7. Carthamus tinctures – Safflower (Suf)   

      8. Sorghum Spp. – Sorghum

      9. Hordeum Spp. – Barley   

     10. Linum usitatissimum – Linseed (Telba)

     11. Ricinus communis – Castor bean (Gulo) 

· Ethiopia is also an important centre of genetic diversity of forage plants. 
· There are About 46 legumes are endemic to Ethiopia.
· They are used as forage crops and increase soil fertility.

     Include:  -Trifolium (clover)

               -Vigna (a type of bean) and 

          - Lablab (all parts of the plant are edible) 

Every group of vertebrate animals is well represented in Ethiopia as table 2.4.

	Vertebrate group
	number of orders
	number of families
	number of

genera
	number of species
	Endemic to Ethiopia

	Mammals
	12
	40
	144
	277
	22

	Birds
	24
	87
	306
	861
	27

	Reptiles
	4
	15
	36
	78
	3

	Amphibians
	5
	7
	19
	63
	17

	Fish
	5
	14
	33
	101
	4


Direct effects of human practices on biodiversity:
  - Deforestation 

  - Fuel wood collection and illegal logging

  - overgrazing by Livestock animals 

  - Over hunting (poaching) 

 –introduction of improved crop varieties .

Overhunting (poaching) – directly reduces the numbers of the species hunted introduction of alien invasive species 

Indirect effects of human practices on biodiversity: 

    • high population growth 

    • under valuation of biodiversity 

    •legal and institutional systems that promote unsustainable exploitation 

    • disregard of traditional communal (range) land management system.

Biodiversity concern

 As global millennium assessment (MA) findings suggest that biodiversity loss contributes to:     - worsening health

        - increasing insecurity of food supply

        - increasing vulnerability

        - lower material wealth

        - worsening social relations

        - Less freedom for choice and action.

The biodiversity benefits are collectively that humans gain known as ecosystem services. 
- A loss of biodiversity will reduce ecosystem benefits locally and globally.

There are three guiding ideas of conservation: 

   - Research: to know what we do

   - Minimum intervention 

   - repair rather than replace 

· The ecological principles that form the basis of conservation of biodiversity are: 

 • protection of species and varieties of species will support biodiversity.

 • maintaining habitats is fundamental to conserving species.

 • large area contain more species than smaller areas with similar habitats 

 • disturbances to habitats shape the characteristics of populations, communities and ecosystems.

 •climate change will increasingly influence all types of ecosystems.

· The key to maintaining biodiversity will be to maintain habitat.

Food chain is a linear sequence of organisms which starts from producer organisms and ends with decomposer species. 

• In scientific terms, a food chain is a chronological pathway or an order that

Shows the flow of energy from one organism to the other. 

Example of food chain

Grass (Producer) ➡ Goat (Primary Consumer) ➡ Man (Secondary consumer)

• The primary consumers are the organisms that consume the producers.

•The sun is the source of energy, which is the initial energy source. This is used by the producers or plants to create their own food, through photosynthesis.

• Each level in the food chain is called a trophic level. 

• The different trophic levels are Primary producers, primary consumers, Secondary consumers, tertiary consumers and quaternary consumers.

Food web is a connection of multiple food chain or many interconnected food chains.

Example of Food web

           Rat     snake   
Grasses     goat       human         hawk.

               Donkey ➡hyena   

Producer - usually a green plant that produces its own food by photosynthesis

Herbivore - an animal that eats plants.eg. Cows, sheep, goat, donkey)

Carnivore - an animal that eats other animals. (Lion, Tiger, ..).

Omnivore - an animal that eats both plants and animals e.g. humans, rats, 

Primary Consumer - Animals that consume only plant matter. They are herbivores - e.g. rabbits, caterpillars, cows, sheep, and deer.

Secondary Consumer - Animals that eat primary consumers (herbivores).

Tertiary Consumer - Animals that eat secondary consumers ie carnivores that feed on other carnivores.

Predators - kill for food. They are either secondary or tertiary consumers - e.g. polar bears, golden eagles

Prey - are the organisms that predators feed on.

Examples of predator and prey species are: fox and rabbit.

Scavenger - a consumer that eats dead animals

(E.g. crab, crow, vulture, buzzard and hyena. )

Detritivore - a consumer that obtains its nutrients from detritus

Decomposer - an organism such as bacteria and fungi that breaks down dead organisms and their wastes. 







WORK SHEET

1. Which of the following material is not recycling in an ecosystem?

  A) Water    B) energy     C) nitrogen     D) carbon

2. Which of the following group of vertebrates more Endemic to Ethiopia?

    A) Mammals    B) reptiles   C) Fish         D) birds

3. The end of every food chain is_________    

   A) Producer               B) primary consumer

   C) Secondary consumer      D) Decomposer

4. Increasing biodiversity could include increasing: 

  A) Species richness       B) genetic variability 

  C) Ecological variability   D all of the above 

5. A loss of biodiversity may affect well-being of rural communities in which of the following ways? It may:

      A) Reduce food security     B) reduce freedom of choice 

      C) Reduce physical protection   D) all of the above

Explanation: loss of biodiversity may contribute to:

        - reduce security of food 

        - increasing vulnerability

        - lower material wealth

        - worsening social relations

        - less freedom for choice and action.          
6. Carbon dioxide is removed from the atmosphere when 

   A) Animals respire         B) plants respire 

   C) Plants photosynthesis   D) Plants and animals respire

7. What percentage of our potential biodiversity is being lost every 50 years, at current rates?     A) 5%   B) 7%   C) 10%    D) 20% 

8. The high species richness of plants and mammals in Ethiopia is due largely to: 

         A) The lack of disturbance 

         B) The presence of several different biomes within the country 

         C) Efficient ecological management        D) lack of predators 

9. Which of the following biome is the most complex and species-rich ecosystems in the world?  A) Desert   B) Tropical montane forest   C) Tundra     D) Tropical rain forest

10. Which of the following biome is characterized as permafrost or frozen soil? 

  A) Tundra   B) Tropical montane forest:  C) Desert   D) Tropical rain forest

11. Which of the following aquatic biomes are highly oxygenated?

    A) Wetland & ponds         B) ponds & lakes 

    C) Streams and rivers       D) coral reef & Estuarine

12. Which of the following aquatic biomes is unique habitat due to intermediate of salt water and freshwater?   A) Estuarine     B) coral reef   C) oceanic pelagic   D) oceanic abyssal

13. The plants that grow on other larger plants called_______ 

     A) Geophytes   B) epiphytes C) succulent D) cacti

Explanation:

  Geophytes: - ground plants can survive as underground bulb or corms.

 Epiphytes: - plants that grow on other larger plants.

 Succulent and cacti are desert plants which store water in larger parenchyma cells and to minimize water loss.

14. Photosynthesis and respiration are both involved in which type of nutrient Cycle? 

     A. Nitrogen cycle 
B. water cycle    C. Carbon cycle 
D. phosphorus cycle

15. The key to conserving biodiversity is:

      A) Using hardly any of the current biodiversity 

      B) Replacing any of the animals or plants we use

      C) Maintaining habitats where at all possible 

      D) Using only specially bred stock animals and crop plants 

Explanation: The main conserving biodiversity is:

                              - repair rather than replace.

                              - maintaining habitats

                             - using resource in a sustainable way.                                            

16. Continued felling of forest can: 

          A) reduce the biodiversity of an area  

B) Increase the amount of flooding in an area

          C) Allow erosion of the soil           D) all of the above

• Continued felling of forests in some countries leads to 

   - reduce the biodiversity of an area 

   - increase flooding

   - reduce production of medicine from plants such as 

     the oldest painkiller – aspirin

  - reduce production of anti-cancer drugs from animals.

  - allows erosion of the soil.      

  - reduce the genetic diversity of stock animals and crop plants.

  -  grow vast areas of cereals in monoculture                                           

2.5 Population:

•A population is all the individuals of a particular species in a particular habitat at a particular time.

• They are not static and constantly changing(dynamics).

Populations dynamics: - the study of how and why population size changes over time. Populations dynamics measured the characteristics of a group of organisms such as density, natality, mortality, age structure, migration and form of population growth.

Population size: - is the number of organisms of the same species sharing the same habitat at a certain time.

Population density: - is the number of individual species per unit area/ volume at a given time.

The factors that affect population sizes divide into two categories.

i. Density dependent factors include space (overcrowding), predation, competition, parasites, and disease.

ii. Density independent factors include light, temperature, water, nutrients, rain, humidity, atmosphere, topography, edaphic factors

•many population can live together in the same area because each a different habitat and have different niche.

 Habitat is a part of an ecosystem where members of a particular species live.

Geographical range is the part of the Earth’s surface where members of a particular species live.

For example: 

• Cheetahs live in open grassland or savannah within a large geographical range.

· Different organisms can share the same habitat. However, they make different demands on that habitat. This combination of habitat and the demands made is called the ecological niche. 

For example: floating plants and tadpoles are found in the pond as habitat.

    - Plankton exploits the open water  

    - Decomposers live on detritus found at the bottom.

    -floating plants use sunlight, carbon dioxide, water and mineral photosynthesize.

    - The tadpoles feed on the larvae of insects. 

In another example: both blue tits and great tits spend much of their time foraging in trees for insects and insect larvae. 

When one or the other species is present, they forage at the same height. However, if both species are present in the same trees, they forage at different heights and avoid competing for the same niche.

· Research shows that two species cannot normally occupy the same niche. If two species are present initially, they will compete for the same available resources in the niche. One will be more successful and the other will be made locally extinct. This is called the competitive exclusion principle.

· They have different ecological niches

·  The ecological niche of an organism describes its role within a habitat.

 A habitat is an area where a population lives and finds the nutrients, water, living space and other essential resources it needs to survive.

Factors affecting population size

· There are three factors that directly affect numbers: 

 i) Natality – birth rate   

 ii) Mortality – death rate 

iii) Migration – movement into (immigration) and out of (emigration) the area

· Natality and mortality are linked in their influences population size:

  a) When natality exceeds mortality:

     - More are born than die

     - The population numbers will increase

  b) When mortality exceeds natality:

    - More die than are born

    - The population numbers will decrease.

   c) When mortality and natality are equal

    - The population numbers will remain the same.

· Emigration and immigration are linked in their influences:

  a) When immigration exceeds emigration:

   - More enter than leave.

   - The population numbers will increase

b) When emigration exceeds immigration:

   - More leave than enter.

   - The population numbers will decrease.

c) When emigration and immigration are equal:

  - The population numbers will remain the same.

Other factors affecting population size.

These factors can be divided into two main categories:

   i) Biotic factors 

   ii) Abiotic factors

i) Biotic factors: the effects of other organisms of the same species or of a different species

Some of the main biotic factors are:

· Predation – the presence of a carnivore (predator) or herbivore, in the case of plants.

· predators feed on prey

Examples of predator (fox) feed on prey (rabbit).

Disease – infection by micro-organisms can reduce productivity and may be fatal.

Intra-specific competition – competition between members of the same species

Example of caterpillars (larvae) hatched in large number of on tree leaves began feeding and competing with adults. On other hands competition for mates, territory, food ...etc.

Inter-specific competition:-competition between members of different species.

  - It occurs when two different species compete for the resources in the same habitat.

  - The species are able to coexist.

Example of -Barnacles are a kind of crustacean that live on rocky shores. Chthalamus and Balanus are different species of barnacle.

 Chthalamus can live in all three zones. However, Balanus cannot live in the upper intertidal zone because of this Balanus is outcompetes in upper intertidal zone for the available resources, particularly space i.e. on beaches where Balanus is absent, Chthalamus occupies all three zones.

Example of Ethiopian wolf and domestic dogs hunting for rats.

 ii) Abiotic factors:- the effects of factors in the physical environment (light, temperature, carbon dioxide concentration, oxygen concentration, physical space, etc.)

How do populations grow?

· Population can grow by two main possible ways:

      1. Arithmetic 

      2. Exponential 

 1. in arithmetic growth
· The number of population is increased by the same fixed amount in each time period. This produces a uniform rate of growth over the time period.

For example: 5, 10, 15, 20, 25, 30, 35, 40....

           Graph shown below
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2. In exponential growth: - the number of population is increased by an increasing amount in each time period.

- The population doubles in each time period.

For example: 2n
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     320-      Graph shown below
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· The four main phases of the population growth curve are:

     1. Lag phase

     2. Log phase

     3. Stationary phase

     4. Decline phase.

1. Lag phase:

· Population is low and stable as the population adapts to the new environment.

2. Log phase: - adapted population increases rapidly due to abundant resources.

3. Stationary phase: - numbers are high and stable as deaths are matched by births; this is the carrying capacity for the population.

4. Decline phase: overuse of resource or accumulation of toxic waste products causes a decline in the population; if the resources recover, the population may also recover otherwise it may decline to zero.

Demographic transition: - a model that seeks to explain the transformation of countries from having high birth and death rates to low birth and death rates stages of the demographic transition are:

1. Pre- industrial stages:

 - Population with high birth and high death rates and population growth is very slow or stable.

    E.g. a few remote groups

 High death rates due to: Disease, famine, poor medical knowledge.

 High birth rates:  no family planning.

2. Mechanisation of agriculture/urbanisation:

  - Population with high birth and high death rates.

  - Population size increases.

  E.g. Egypt, Kenya, India

 High death rates due to: Disease, Religious/social encouragement, sanitation, famine, poor medical knowledge.

 High birth rates: no family planning.

3. Mature industrial age:

  - Population with low birth rate and falls more slowly death rate.  

  - Population growth increases slowly.

   E.g. Brazil

4. Post-industrial age:

 - shown population with low birth rate and death 

 - Population growth is stable or slow increase  

 - Low birth due to - Family planning. Good health improving status of women. 

Later marriages. 

Low death rate: Good health care, Reliable food supply.

   E.g. USA, Japan, France, UK.

5. Other post- industrial age stages

· shown population with low birth rate and death  

· Population growth is stable or slow increase  

·  Very low birth rates due to - Family planning. Good health improving status of women. Later marriages. 

Low death rates due to: Good health care, Reliable food supply.

   E.g. Germany

· In the demographic transition, the relative numbers of young and old people changes. These are best shown by age pyramids.

  Pyramid ages of developing countries are:

      - Broad base and narrow tip.

      - These indicates - short life expectancy

      - High birth rates and population growth is increasing.

       E.g. Africa, Afghanistan etc.

Pyramid ages of developed countries are:

  - relatively rectangular shaped 

  - base and tip of the pyramids are relatively the same.

  - less gap between different age.

  - these indicate longer life expectancy.

  - low birth rate and the population size is stable or slowly increase.

     e.g. USA, Italy, Japan, Germany.

•Expanding, stationary and contracting population has different age pyramids.

• Rapidly population growth can be controlled by:

       - Contraception programmes

       - Education about sex

       - Better provision of resources to agriculture.
               Work sheet 
Choose the correct answer
1. A population is: 

      A) a group of one species in the same place at the same time 

      B) a group of different species in the same place at the same time 

      C) all the organisms of one species in the same place at the same time 

      D) all the organisms of different species in the same place at the same time

2. Which of the following definitions best describes a habitat?

     A) the role of an organism within its surroundings

     B) the physical surroundings in which an organism lives

     C) the area where an organism lives and finds everything it needs – its home 

     D) the number of organisms of a particular species living in an   area
3. The sequence of phases in a population growth curve is: 

    A) log – lag – stationary – decline 

    B) lag – log – stationary – decline 

    C) lag – log – decline – stationary 

    D) log – lag – decline – stationary

6. In exponential growth, numbers increase: 

   A) by the same amount in each successive time period 

   B) by a decreasing amount in each successive time period

   C) by an increasing amount in each successive time period

   D) none of the above 

7. The human population is currently: 

      A) increasing at an increasing rate   B) increasing at a steady rate 

      C) Increasing at a slowing rate       D) decreasing

8.. The carrying capacity of a population is: 

    A)  the maximum number the population can attain 

    B) the maximum number that can be sustained by the environment 

    C) the minimum level at which the population is still viable

    D)  None of the above.                                           

 9. Action that can be taken to reduce rapid population growth includes: 

    A reproductive (sex) education         B access to condoms

    C improved resources for agriculture   D all of the above

10. Primary succession is ecological succession that begins in a place that________________________.

     A) Does not have rock     B) already has soil   

     C) does not have soil     D) does not have simple plants 

11. Which of the following species is the pioneering community in a xerosere? 



A. Mosses 

B. lichens 

C. Scrub 

D. Forests
12. ALL of the following shown Pyramid ages of developing countries except
    A. short life expectancy 

   B. long life expectancy 

    C. high birth rate & high death rate 

D. relatively rectangular shape

13. The following are Simpson’s index of species diversity calculated for four areas containing the same types of species. Which index value is from the area dominated relatively by a fewer species?

       A. 10  

   B. 200      C. 3 

D. 20
14. In Ethiopian animals’ diversity, which group is represented by the highest number of orders, families, genera and species?
       A. reptiles   

   B. amphibians     C. birds  

D. mammals

15. Which of the following processes releases co2 into atmosphere?

       A. respiration      B. assimilation     C. photosynthesis 

D. feeding 

16. All of the following cultivated crops have their Centre of genetic diversity in Ethiopia except:

       A. sorghum       B. linseed    C. teff  

D. maize 

17. Which of the following can be reservoir of infection for diseases like pneumonia & tuberculosis? 

               A) Human being     B) water       C) soil      D) Air 
18.   Gene gun has made genetic engineering possible in:

        A) Teff, sorghum    B) apple, maize     C) tobacco, carrot        D) A and B      
19.    In doing genetic engineering, which of enzyme can be used to cut a gene?

        A) Restriction      B) plasmid       C) ligase       D) vector[image: image1.png]
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