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Introduction

Biodiversity or Biological diversity literallyneans different forms of living organisms in any
given space and time. It basically describes thimwa life forms expressed at all levels (the genet
species and ecosystem levels). Biodiversity is asme of species richness, species diversity and
species uniqueness within specific locations.

The loss of biodiversity has been shown mdbundance of species of highly desired varieties
and the diminishing of other acclaimed low qual®rieties. This record is higher in developed
countries where many habitats have been loss ihaexe to industrial and agricultural activities.
This reduction in ecosystem exposes living thirmgadverse conditions and possible elimination.

Nigeria has rich and varied biologicasaerces, which supports its social and economic
activities. These resources contribute immenselth&éodevelopment of agriculture and industrial
activities as it promotes food production, raw mate for industries and others. With increase in
human population, demands for biological resourdadustrialization and biotechnology in
agricultural activities, there is reduction in dis®y. These have increasing global impacts. It is
important that the environment be conserved taagusliversity of life for the benefit of man.

What you will learn in this course

This course guide tells you briefly what the coussabout, what course materials you will be using
and how you are to use them.

Course Aims

The aim of this course is to provide a good unaaing of the levels biodiversity and their losses;
the biotechnological process of preserving the wenenaterials, their management and

appropriation.



Course Objectives

In addition to the aims above, this course setsctoeve some objectives. After going through this
course, you should be able to:

I. Explain the origin of biodiversity as well as nathe levels of biodiversity

il State the characteristics and explain the elenodritee ecosystem

ii. Explain the status of biodiversity and name lopacses in the Nigerian ecosystem
V. Explain the types and discuss the uses of biodityers

V. Define genetic erosion and identify their causes

Vi. State indirect and direct causes of genetic erasidiigeria

vii.  State the effects and methods of managing genetstos

viii.  Define plant biotechnology and explain traits dénest in plants

IX. Discuss the benefits of plant biotechnology to farsnproducers and consumers
X. Explain the potential risks of plant biotechnolagyorestry

Xi. State the need as well as strategies for conseforegt trees

xii.  Define germplasm, germplasm conservation and expbdistacles to the use of plant genetic
resources
xiii. ~ Discuss germplasm appropriation as well as itsistat Nigeria

xiv.  State the purposes of the Nigerian Conservatioméation

xv. ldentify the constraints to bio-resource managernreNigeria

xvi.  Explain bio-resource legislations in Nigeria

xvii. Discuss approaches to biodiversity management

Working through this Course

The ideas have been carefully put together to ensiuat adequate explanations are made to

enhance better understanding of the course. Yotharefore, encouraged to spend quality time to



study this course and ensure that you attend &ltseissions where you can ask questions, assess
your understanding of concepts and compare youvlaumge with that of your classmates.
Course Materials

You will be provided with the following:

I. Course guide

il. Five (5) modules of content of nineteen (18) units

iii. Recommended textbooks and lists of reference nageri

Study Units

There are eighteen (18) study units in this courkes is arranged as follows:
Modulel: Biological Diversity

Unit 1: Historical Perspectives

Unit 2: The Ecosystem

Unit 3: The Nigerian Ecosystem

Unit 4: Types and Uses of Biodiversity

Module 2: Genetic Erosion

Unit 1: Genetic Erosion

Unit 2: Genetic Erosion in Nigeria

Unit 3: Effects and Management of Genetic Erosion

Module 3: Plant Biotechnology

Unit 1: Plant Biotechnology

Unit 2: Historical Perspectives

Unit 3: Benefits of Plant Biotechnology

Unit 4: Applications of Biotechnology in forestry

Unit 5: Forest Biotechnology and Conservation



Module4: Germplasm Appropriation
Unit 1: What is Germplasm
Unit 2: Germplasm Conservations
Unit 3: Germplasm Appropriation
Module5: Bio-resource Management and L egislation
Unit 1: Bio-resource Management
Unit 2: Biotechnological Legislation
Unit 3: Approaches to Biodiversity Management
Each unit includes a table of contents, introdurtgpecific objectives, recommended textbooks and
summaries of key issues and ideas. At intervaéach unit, you will be provided with a number of
exercises or self-assessment exercises. These laeptyou test yourself on the material you have
just covered or to apply it in some way. The valtithese self-tests is to help you gauge your
progress and to reinforce your understanding ofheerial. At least one tutor-marked assignment
will be provided at the end of each unit. The eds&® and the tutor-marked assignments will help
you in achieving the stated learning objectivethefindividual units and of the course.
Recommended Texts:
More recent publications are recommended for funtbading.
 Buza, L; Young, A and Thrall, P.( 2000) : Genetioston, inbreeding, and reduced fitness in
fragmented populations of the endangered tetrapleadSwainsona recta. Biological
Conservation 93:177-186.
* Ledig FT. 1991. Secret extinctions: the loss ofegerdiversity in forest ecosystems. In:
Fenger MA, Miller EH, Johnson JF, Williams EJR,teds. Our living legacy: proceedings
of a symposium on biological diversity. VictoriaQRg Royal British Columbia Museum. Pp
127-140.
e Ledig FT. 1992. Human impacts on genetic diversitiprest ecosystems. Oikos 63:87-108.
* McGuire PE, Qualset CO, editors. 1990. Geneticuess at risk: scientific issues,
technologies, and funding policies. Davis (CA): insity of California, Genetic Resources

Conservation Program. Report No. 5.

* Neira M.(2011): Biodiversityhttp://www.panda.org




* Oladipo, E.( et.al)( 2001): First National Biodis#y Report on Nigeria. Biodiversity Report
on Nigeria. Accessed on May 5, 2011. Frottp://www.pabiodiversity.org/economic.html

e Silvert W.(2011): The meaning of biodiversitlyttp://bill.sivert.org/pdf/Biodiversity.pdf

* Templeton AR, Shaw K, Routman E, Davis SK. 199 §hanetic consequences of habitat
fragmentation. Annals of the Missouri Botanical @Gar 77:13-27.

Assessment
There are two components of assessment for thiseou

These are :
I. Tutor-Marked Assignments (TMA'’S)
ii. End of course examination

Tutor-Marked Assignment
The tutor-marked assignment (TMA) is the continuagsessment component of your course. It

accounts for 30% of the total score. The TMAs nhestinswered before you are allowed to sit for
the end of course examination. Thus, it is expecdtfegou to apply information, knowledge and
techniques obtained from the course. The TMAs wduddreturned after you have done the
assignment.

Final Examination and Grading

The examination concludes the assessment for tinse&oTo prepare for this examination, revise
all the areas covered in the course. Revision |aheal exercises and the tutor-marked assignments
before the examination will also be of help to ydhe revision should start after you have finished
studying the last unit. This examination constsui®% of the whole course. You will be informed
of the time for the examination. It may or not adde with the university semester examination.
Summary

AGB 404 intends to introduce you to Bio-Resourcenitgement. By the time you complete
studying this course, you will be able to answerftillowing questions:

1. Explain the origin of biodiversity.

2. Name the levels of biodiversity
3. State the characteristics of the ecosystem qpldia its elements



4 Explain the status of biodiversity and name ligp&cies in the Nigerian ecosystem
5. Explain the types and discuss the uses of baosiity
6. Define genetic erosion and identify their causes
7 State indirect and direct causes of genetia@naa Nigeria
8 State the effects and methods of managing geeeision
9. Define plant biotechnology and explain traitsrmérest in plants
10. Discuss the benefits of plant biotechnologfatoers, producers and consumers
11. Explain the potential risks of plant biotectogy in forestry
12. State the need for forest conservation
13. Name strategies for conserving foregstre
14.  Define germplasm and germplasm conservation
15. Explain obstacles to the use of plantgenmesources
16.  Discuss germplasm appropriation as well astas in Nigeria
17.  State the purposes of the Nigerian Conserv&iaumdation
18. Identify the constraints to bio-resource manag# in Nigeria
19.  Explain bio-resource legislations in Nigeria
20. Discuss approaches to biodiversity management.

The questions are inexhaustible. There are mang ymr can answer. We wish you luck and
success with the course and hope you will findththelpful and interesting.

Best wishes!



Modulel: BIOLOGICAL DIVERSITY
Unit 1: Historical Perspectives

Unit 2: The Ecosystem

Unit 3: The Nigerian Ecosystem

Unit 4: Types and Uses of Biodiversity

Unitl HISTORICAL PERSPECTIVES
Contents

1.0 Introduction

2.0 Objectives

3.0 Main Body

3.1 Historical Perspectives
3.2 Definitions Of Biodiversity

3.3 Levels of Biodiversity

4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assignment

7.0 Reference/ Further Readings

1.0 Introduction
In this unit, we will consider biodiversity; itsigm, various definitions proffered as well aslgsels. It
IS interesting to note that most times, biodivgrsst relatively considered to be a new conceptitsu
first prominence was in the 1980s. It is an awstand extraordinarily complex concept that i®moft
used in the current public policy to explain issvegarding the biotic components in our environment

Several specialists in different fora have profferarious definitions, which present biodiversityt n
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simply about animal populations or conservationt &s an umbrella-style political approach to the

interactions between human populations and the@mwient. More often than not, it is simply usedhas

proxy description of habitat or wilderness; wtika phrase ‘biodiversity loss’ is used, it is moften

than not a description of habitat loss or defotasta
2.0 Objectives
By the end of this unit, you should be able to:

- Explain the origin of biodiversity

- define biodiversity

- name the levels of biodiversity
3.0 Main Body
3.1 Historical Perspectives

The term ‘biological diversity’ was used first byilalife scientist and conservationist Raymond F.

Dasmann in the 1968 lay book “A Different Kind Obhtry” advocating conservation. This term was
widely adopted only after more than a decade, whehe 1980s it came into common usage in sciende a
environmental policy. Thomas Lovejoy, in the fored/¢o the book “Conservation Biology”, introduceebt
term to the scientific community. Until then thente“natural diversity” was quite common, introddcey
The Science Division of The Nature Conservancynrimportant 1975 study, The Preservation of Natural
Diversity”.

By the early 1980s, Robert E. Jenkinsjgjoy and other leading conservation scientisthatime in
America advocated the use of “biological diversitfhe term’s contracted form ‘biodiversity’ may leav
been coined by W. G. Rosen in 1985 while plannimg 1986 National Forum on Biological Diversity
organized by the National Research Council (NRG9Idgical diversity first appeared in a publication
1988 when entomologist E. O. Wilson used it aditheeof the proceedings of that forum.

From the period earlier referred to, timen “biological diversity” has achieved widespres® among
biologists, environmentalists, political leadersl aoncerned citizens. A similar term in the Unitt@tes is
‘natural heritage’. It predates the others and wawre accepted by the wider audience interested in
conservation. Natural heritage is broader than ibavdity because it includes geology and landforms

(geodiversity).
11



3.2 Definitions of Biodiversity
‘Biological diversity’ or ‘biodiversity’ ca have many interpretations. These interpretatiarg from
one biologist, conservationist or ecologist to deotand a definition of biodiversity that is alédiger simple,
comprehensive, and fully operational is unlikelyb® found. Some scientific definitions used by tese
managers and ecologists and which can help tolaeven understanding of the broad concept of
biodiversity, have been identified and were presgais:
= The variety and variability among living organisarsd the ecological complexes in which they
occur.
= The full range of variety and variability within dramong living organisms and the ecological
complexes in which they occur, and which encommassm®system or community diversity,
species diversity and genetic diversity.
= The variety of life and its processes including tfeiety of living organisms, the genetic
differences among them, and the communities anslystams in which they occur.

= The totality of genes, species and ecosystemsedgian.

These various definitions, amongst others, seedesaribe in different manners in most circumstaraces
present a unified view of the traditional levelsvditich biological variety has been identified.
3.3 Levelsof biodiversity
Biodiversity can be seen at different basic lewetich could be regarded either as a building blocks a
unified component. These levels include:
= Genetic diversity: this is the combination of difat genes found within a population of a
single species and the pattern of variation fountthiav different populations of the same
species.
= Species diversity: this is the variety and abundaoicdifferent types of organisms which

inhabit an area.

12



= Ecosystem diversity: it encompasses the varietyabitats that occur within a region, or the

mosaic of patches found within a landscape.

4.0 Conclusion

Everything in an ecosystem is part of the webfef NVhen we try to pick anything out by itself, fitred that
it is hitched to others. The various species, aagry different genetic components interact andedéepupon
one another for what each offers. This differenceare identified in their characteristics, needsl

locations.

5.0 Summary

In this unit you have learnt that;

.the term biodiversity as a concept seems newdmiith historical background.

.the definition of biodiversity has different peesgtives depending on the school of thought fromcivithis
being viewed.

. biodiversity is defined in a way as the variehdavariability among living organisms and the egidal
complexes in which they occur.

. levels of biodiversity include genetic diversispecies diversity and ecosystem diversity.

6.0 Tutor Marked Assignment

1. Explain the origin of biodiversity.

2. Define biodiversity

3. Name the levels of biodiversity.

7.0 References
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.Leveque, C. & J. Mounolou (2003) Biodiversity. N&ark: John Wiley. ISBN 0-470-84957-6
.Margulis, L., Dolan, Delisle, K., Lyons, C. Divéssof Life: The lllustrated Guide to the Five Kidgms.

Sudbury: Jones & Bartlett Publishers. ISBN 0-76860-3

Unit 2 The Ecosystem
Contents
1.0 Introduction
2.0 Objectives
3.0 Main Body
3.1 The Ecosystem
3.2 Characteristics of Ecosystem
3.3 Elements of the Ecosystem
4.0 Conclusion
5.0 Summary

6.0 Tutor Marked Assignment
14



8.0 Reference/ Further Readings

1.0 Introduction

This unit will focus on the Ecosystem. You wilb@eciate its features and elements which are quite
unique. Ecosystem is the contracted form of tlwdogical system. The relationships or interactieristing
amongst the different biotic components as welvdalh abiotic components form an ecological system
Within the system, the biotic community cannot fime independently as much as abiotic components,
directly or indirectly, are influenced by the adies of the biotic components
2.0 Objectives
By the end of this unit, you should be able to:
- define the ecosystem
- state the characteristics of the edesys
- explain the elements of the ecosystem
3.0 Main Body
3.1 The Ecosystems

The ecosystem may be defined as either an artifiaiaeated or natural unit, consisting of biotieda

abiotic factors. In real situations, natural urite normally considered for various observatiors stndies.
These natural units can be large or small, depgndim prevailing conditions, natural occurrencesnd a
availability of factors (living and non-living) . hese bears significant influence on natural uaitsl
constitutes marked differences observed therein.

As such, ecosystems differ in structure aatls. These differences bear direct influencehervariety
of biotic components it can support without coliags As the biotic community depends, on the abioti
resources found therein, the sustainability of #dwesystem depends on their population and level of

interactions existing within.

3.2 Characteristics of Ecosystem

15



There is much more to biodiversity than the nummbaf species and kinds of ecosystems. Ecosystem
exhibits three primary attributes: compositiomysture, and function. Within each location, thaieibutes
interact one with another.

Ecosystem components: These refer to the inhabiting species in all thraniety and richness.
The various flora and fauna occupy habitants dhsitinctive features; and to which they are
best —fit. They provide genes for various and digenteractions.

Ecosystem dructure: It refers to the physical patterns of life formsiebh are different,
relative to ecological conditions of an area. Tdusld be described in terms of coastal, forest
or arid areas as shown by the type of vegetati@hcanresponding animal lives, beginning
from the most delicate to the most complex in tredditat.

Ecosystem functions : Ecosystem functions are hard to see in actidnthm®i results can be
felt. These among others, include:

i. The biogeochemical cycles: These are essentialrdoycling of useful environmental
materials.

ii. The natural disturbances: These entail wildfirasiclv release nutrients to the soil, weed- out
of weak trees and reset of the succession cl@ther natural disturbances are energy of
falling water, which creates spawning beds for salmeven while it carves a mountain’s
bones; and the release of oxygen into the atmospher

These ecological processes create landscapedivarde environmental conditions out of life its@lhese
features are all interdependent and thus suppmddical diversity.

3.3 Elements of the Ecosystem
The functioning ecosystem has different el@evhich constitute its uniqueness. The uniquenéss
functioning ecosystem lies in the degree of dieifound in it. Biodiversity is so complex but hass the
most basic element , its genetic variation.
Genetic variation: Genetic variation occurs within individual poptideas and between
populations of species. The variations observddatsf differences in their:
-physical characteristics
-viability
16



-productivity

-resilience to stress, and

-adaptability to change.

Distinct species. This term can be described in terms of their abnoe or decline which
most often attracts concern. Species, such asigameelk, rainbow trout and ponderosa
pine are in abundance. Others like woodpecker’'Silgncushion cactus, the Nigerian
hippotamus, manatee, crocodile, and others, hapalgions that are much reduced or
which may even face extinction. The reduction iredfic species necessitates their
conservation. This perpetuates native speciesumbers and distributions that provide a
high likelihood of continued existence.

Associations of species. Associations of species are often called biolalg@ommunities. They

are usually recognized as distinct stands, patonestes such as old-growth forests, riparian

areas or wetlands. These communities form thedyatits of ecosystems.

The variety of species in an ecosystem is ation of its structural and functional charactecst the
diversity of its ecological processes and the gatsenvironment. This variety are actively expeelas the
elements or make-up of an ecosystem.

4.0 Conclusion

The ecosystem bears a direct influence on biosiiyerlts functions, size and structure determihe t
richness and variety of inhabiting species. Anratien in the structure, size and function, affeotsst times
grievously, the biotic diversity within a locaf) Summary

In this unit you have learnt that;

.Characteristics of biodiversity biodiversity areosystem components, ecosystem structure and éeosys
functions.

.elements of ecosystem are genetic variationndissipecies and association of species, and

6.0 Tutor Marked Assignment
1. Define the ecosystem

2. State the characteristics of the ecosystem.

17



3. Explain the elements of the ecosystem

7.0 References

. Keystone Center, “Final Consensus Report ofkbgstone Policy Dialogue on Biological Diversity on
Federal Lands,”1991

.World Growth(2009) Forestry and Biodiversity : Ae&lthy Report. Pp1-37

.World Resources Institute , World Conservation ddniand United Nations Environment Programme,

Global Biodiversity Strategy,”1992

Unit 3 The Nigerian Ecosystem
Contents
1.0 Introduction
2.0 Objectives
3.0 Main Body
3.1 The Nigerian Ecosystem
3.2 Local Species in Nigeria
321 Local Species of Cereals
3.2.2 Local Species of Legumes
3.2.3 Local Species of Fruit Trees
4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assignment

7.0 Reference/ Further Readings
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1.0 Introduction
Ecosystems differ one from another. These diffegsncan be assessed, based on the type and
quantity of available vegetation. The vegetatisndetermined by the edaphic factors and the
region’s climatic condition. The vegetation coveals direct influence on the type and population of
animals accommodated within the specific ecologioghtion. Thus, the species richness in a
location is a functional tool to ascertain thestadf an ecosystem. Therefore, you will be exmecte
in this unit to come to terms with the status ajddversity in Nigeria. You will be taken through

some indigenous plant species in Nigeria

20 Objectives

By the end of this unit, you should be able to:

- explain the status of biodiversity in the Nigeriecosystem
- name local species of plants withinfhgerian ecosystem
3.0 Main Body

3.1 The Nigerian Ecosystem

The Nigerian ecosystem is rich in bi@igity as it is endowed with a variety of plant @miimal
species. These species occur in different numbélsnwthe country’s vegetation that range from the
mangrove, along the coast in the south to the Sahile north. Most of the biodiversities sustae t
rural economy and with massive dependence, teeofatepletion increases uncontrollably.

Of the 150 food-plants commonly consurbgdnan, 115 are indigenous African species and the
world’'s major regions of crop diversity include amgoothers the delta of Niger River as well as the
humid forest zone of West and Central Africa. Enidam which is the proportion of species not found
anywhere else in the world, is high in Africa. kme Tropical Africa, at the general level, it haaeb
estimated to be 45%. Report show that countfi®east and Central Africa sub-regions have idegifi
a large number of under- utilized species thaimportant to the livelihoods of local population.

On the list are:

19



- 7 cereals
- 8 legumes
- 4 roots and tubers
- 8 oil crops
- 31 fruits and nuts
- 17 vegetables and spices
- 4 beverages
- 38 medicinal plants and
- 44 genera of forages.
These groups of plants also constitutddbd groups used by the Nigerian populace. Restrbsy
that an expanded list of twenty-four indigenows kegetables are eaten in southwest Nigeria only.
In addition to serving as vegetables and fruitsnesglants are also sources of traditional mediame
southwest Nigeria, as shown in the usage of twhntyindigenous leaf vegetables.
Within the Nigerian ecosystem, there aswesal species of local bio-products, with regional

differences.

3.2 Local Speciesin Nigeria

The Nigerian ecosystem is rich in indigenous biatienponents. An index of 7,895 plant species
identified in 338 families, 2,215 genera and 22,@@imal species, confirms that the country is eratb
with a variety of plant and animal species. Theseal and plant species occur in different numlvéthkin
the country’s vegetation, sustaining the rural eooyn There are also exotic species, which havessatjuo
the climatic conditions; they make up part of thetib community.

3.2.1 Local Speciesof Cereals

s/no Local Cereals English Name L ocal Name Parts Used
1 Zea mays Maize Akpakpa Seeds
2 Sorghum vulgare Guinea Corn - Seeds
3 Oryza sativa Rice Edesi Seeds

3.2.2 Local Species of Legumes
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s/no Local Legumes English Name Local Name Parts Used

1 Vigha sinensis Cowpea Nsama Seeds

2 Phaseolus vulgaris Kidney beans Okofi Seeds

3 Mueona urens Velvet beans Ibaba Seeds

4 Conophorun tetracarpidum ~ -------—-- Ekporo Seeds
3.2.3 Local Speciesof Fruit Trees

Sno Fruit Trees English Name Local Name Edible Part

1 Chrysophyllum albidun Star Apple Udara Fruits

2 Dacryodes edulis African pear Eben Fruits

3 Persea Americana Avocado Eben mbakara Fruits

4 Treculia africana African Breadfruits Adian Seeds

5 Mangifera indica Mango Manko Fruits

6 Euginea oweriensis Apple Apple Fruits

7 Colaargentea --emeee- Ndiya Fruits

8 Carica papaya Pawpaw Udia Edi Fruits

9 Irvingia gabonensis Bush mango Uyo Fruit/Seeds

10 Gareinia kola Bitter cola Efiat Seed

11 Maesobofrya dusenii - Nyayatet Fruits

12 Synsepalum dulcificum ~ ---mmee- Mkpautuk Fruits

These native species may not necessarigsept the flora community in the country, there miany
others which may not gain as much popularity dep®ndn its location and usage, but constitute réatae

components of the floral community.

4.0 Conclusion

Though Nigeria has a vast Biodiversity, it is ngerly distributed. Flora and fauna diversity depeiod
climate, altitude, soils and the presence of ofipercies. This measures higher in the tropics thawthier
localized regions. When a wide diversity of speeies maintained, the web of life that sustaindaita is

preserved.
5.0 Summary

In this unit, you have learnt that;

.bio-products common in Nigerian ecosystem arel loegeals, local legumes and local fruit trees
. there are many others which may not gain as rpoghlarity depending on its location and usage.

6.0 Tutor Marked Assignment

1. Explain the status of biodiversity in the &ligin ecosystem.

2. List four of each of local legumes and ftuges found in Nigerian ecosystem.

7.0 References/Further Reading

.Grumbine, E.(1993): “Ghost Bears: Exploring thedversity Crisis,”
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Jensen, D. B; Torn, M. and Harte J. (1990): “Inr @wn Hands: A Strategy for Conserving

Biological Diversity in California,”
.Keystone Center(1991): “Final Consensus RepothefKeystone Policy Dialogue on Biological
Diversity on Federal Lands,”1991
. Oladipo, E.( et.al)( 2001): First National Biodrgity Report on Nigeria. Biodiversity Report on

Nigeria. Accessed on May 5, 2011. Frattp://www.pabiodiversity.org/economic.html

.U.S. Congress Office of Technology Assessment(t98#&chnologies to Maintain Biological
Diversity”

.World Growth(2009): Forestry and Biodiversity Healthy Report. Pp1-37

.World Resources Institute(1992): World ConsepratUnion, and United Nations Environment

Programme, Global Biodiversity Strategy”

Unit4 Typesand Usesof Biodiversity
Contents
1.0 Introduction
2.0 Objectives
3.0 Main Body
3.1 Types of Biodiversity
3.1.1 Functional Diversity
3.1.2 Taxonomic Diversity
3.1.3 Genetic Diversity
3.2 Uses of Biodiversity
3.2.1 Food and Shelter

3.2.2 Environmental Maintenance
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3.2.3 Agriculture
3.2.4 Forest Products
4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assignment

7.0 Reference/Further Reading

1.0 Introduction

Efforts have been made in the previous units tsmdehe concept of biodiversity along with its bistal

perspective and levels. So also, the elements lzardicteristics of ecosystem, genetic erosion Visits/
Causes and management were well elucidated. Inutfits you will learn about the types and uses of
biodiversity. This knowledge is meant to prepare yo appreciate the nature of biodiversity and lyow
would be in the position to manage it in the Nigerenvironment.
2.0 Objectives

At the end of this unit, you would be expected e¢aable to:

- explain the types of biodiversity

- discuss the uses of biodiversity
3.0 Main Body

3.1 Typesof Biodiversity

There are three main types of biodiversity. Thesefanctional diversity, taxonomic diversity andngéc
diversity.
3.1.1 Functional Diversity
Functional diversity ensures that every task tlesds doing within an ecosystem gets done. Accortding
Silvert(2011), functional diversity doesn’t helphave thousands of species of herbivores in amyi$tihere
are no primary producers to feed them and no aeds/to clean up after them.

312 Taxonomic Diversity
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Taxonomic diversity is the most widely recognizedn but may also be the least meaningful. It ingslv
identifying the number of diffusant taxa (usuadlythe specie level) and possibly weighting themthsy
abundance of individuals. Calculators of taxanodbideliversity tend to be limited by the taxonomigerise

available, especially at lower trophic levels(8ity2011).

3.1.3 Genetic Diversity

Genetic diversity has long been recognised in aljuire, where the danger of disease wiping ouinglsi
strain of organism is prevalent. Genetic divergitgtects ecosystems against other forms of envieomsh
change, not only against disease. Diversity withgpecies is the driver behind evolutionary adaytat The
concept of genetic diversity also applies betweeputations, since species replacement in respamse t
environmental change usually indicates that thdaogpnent species is genetically better suited & th

changed conditions.

Genetic diversity becomes especially importarihe context of climate change and other locajlobal
environmental shifts, since it plays a critical eroin determining how communities will adapt to

stress(Silvert,2011).

3.2 Uses of Biodiversity

3.2.1 Food and Shelter

Biodiversity is very important in the provision fdod, fuel and fibre for domestic consumption whil
equally serves as materials for shelter and othigdibgs. Apart from those managed within the estay, a

lot more grow in the wild.

3.2.2 Environmental Maintenance

Biodiversity helps in the detoxication and deconifims of water, stabilization and moderation of lear
climate. To an extent also, moderation of floodmtwol of drought, temperature and extremes ofifofc

wind is another role played by biodiversity.
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3.2.3 Agriculture

Biodiversity plays an important role in the genematand renewal of soil fertility including, nutriecycle
which result from its decomposition. Biodiversit/riesponsible for the pollination of plants inchglimany
crops and also, in the control of pests and diseaBhe maintenance of genetic resources as key iap

crop varieties and livestock breeds, medicinesaher products is attributed to biodiversity.

3.2.4 Forest Products

An estimated harvest of 50,000 to 70,000 plant isgets used for traditional and modern medicine
worldwide. About 100million metric tones of aquadlfe, including fish, mollusks and crustaceans taileen

from the wild every year. So also, meat from witdhaals forms a critical contribution to food sowsce

4.0 Conclusion

We have stressed that types of biodiversity inel@ihctional diversity, taxonomic diversity and géa
diversity. The uses of biodiversity have been aatiegd into provision of food and shelter, maistece of

the environment, enrichment of soil fertility fogréculture and forest products.

5.0 Summary

Having gone through this unit, it is expected §@i should be able to explain;

.Functional diversity as what ensures that evesly that needs doing within an ecosystem gets done.

.Taxonomic diversity involves identifying the nunnb diffusant taxa and possibly weighting themthg

abundance of individuals.

.The concept of genetic diversity applies betwegpupations .

.Biodiversity is useful in provision of food andedter, agriculture, environment and as forest petglu

6.0 Tutor Marked Assignment
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1. Explain two types of biodiversity

2. Discuss the uses of biodiversity within Nigeremosystem

7.0 References/Further Readings

.Neira M.(2011): Biodiversityhttp://www.panda.org

.Silvert W.(2011): The Meaning of Biodiversity. pttbill.silvert.org/pdf/Biodiversity.pdf

Module2 Genetic Erosion
Unit 1 : Genetic Erosion
Unit 2 : Genetic Erosion in Nigeria

Unit 3 : Effects and Management of Genetic Enosio

Unit 1 Genetic Erosion
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1.0 Introduction
2.0 Objectives
3.0 Main Body
3.1 Genetic Erosion

3.2 Causes of Genetic Erosion
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3.3 Reasons for Occurrence in Animals
3.4 Reasons for Occurrence in Plants
4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assignment

7.0 Reference/ Further Reading

1.0 Introduction

In this unit, efforts will be made for you tealrn that, as important as the conservation ofieosity is to
any nation’s environment, losses of elements stttur. In the last unit, we have defined and ergldi
biological diversity or biodiversity to refer to éhvariability among living organisms from all soesc
including terrestrial, marine and other aquaticsgstems, and the ecological complexes of which Hrey
part. Biodiversity also encompasses the varietglldbrms of life on earth that provides the birlgl blocks
for our existence and ability to adapt to environtaéchanges in the future, Jensen,et.al(1990Kaydtone
center(1991). However, despite the importance aiibersity to the survival of present and future
generations, there is a high rate of biodiversitgsl even as experienced in Nigeria, a situationh itha
evidenced by reports of reduced or disappearanocatofe species, Oladipo,et.al(2001). Though tiss laf
biological diversity has become a matter of conegthin scientific and political circles, increage demand
for biological resources rises by the day andletire to increase in population. This poses serithireats to
biodiversity. The elimination or disappearance @ftain animal and plant varieties can have adveifeets
on the environment.

The loss of biodiversity indicates loss of geneariability which is measured by the frequenéyspecies
extinctions; and the rate of species loss far ededge origin of new ones.
2.0 Objectives
By the end of this unit, you should be able to:
- define genetic erosion
-identify causes of genetic erosion

-state reasons for its occurrence in plant anchalnpopulations
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3.0 Main Body
3.1 Genetic Erosion

Genetic erosion is the process in which a plantamimal species faces a gradual or drastic
diminishing or complete loss of its unique genelpoo

A gene pool is a complete set of unique alleles doaur in the genetic matter of all members of a
particular species. When members of a specific ladpn are removed without replacement, the gera po
becomes distorted. This manner of loss can bebatéd to technological advancement in improving- bi
varieties, since the resource, upon which theyased, are eliminated.

A comprehensive survey of the wildlife situation Nigeria in 1962 showed drastic
reduction in wildlife numbers when compared withghéouring countries, a trend attributed to
excessive hunting. This led to a recommendatia@veunting hunting or capture of all species
threatened with extinction. The recommendation alsges a strict limit to the hunting of species
with low or reduced numbers, a ban on night hunéind establishment of closed hunting seaséns.
substantial loss of species diversity (intra arfchispecific) is due to habitat destruction resigitfrom land
clearance for various uses. Forest exploitationwestgbtation clearance are the major causes ofatajene-
pool loss as is occurring in many species includingia gobanensis and |. Wombulu in the Nigerian
rainforest and Niger Delta.

Most species that were originally diverse in Nigesire becoming rare. It is obvious that Nigeria's
plant diversity, is being seriously eroded as ailtesf multiplicity of environmental, political andocio-
economic factors. These conditions are also regpasfein other African Countries, even those that ar
signatories to the Convention on Biological DivergCBD) of the United Nations Environment Prograenm
(UNEP) (1994) and the Global Plan of Action (GPA)mant genetic resources of the Food and Agricailtu
Organization (FAO) (FAO, 1998). They seem to idfgra singular cause of genetic erosion in cropshas
replacement of local varieties by improved or exatarieties and species. This is as a result ofetres-

increasing human population, greater competitiomédural resources and some interplay of natabfs.
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3.2 Causes of Genetic Erosion

Genetic diversity is a dynamic entity that changesr time. Generally, many issues contribute toegen
erosion. Depending on location, there could beediffices of various magnitude which to such extemt a
crucial. Genetic erosion are caused by naturaktele dependence on improved varieties of crops, b
management practices, high level of mortality aabitat loss.

3.2.1 Natural Selection

Natural selection removes some genetic diversityeg@st at the population, if not at the speciegell). Too
rapid a loss, or losses that aren’'t associated wattural processes, such as natural selectioncaase
problems in a conservation or restoration contextddition to habitat loss and fragmentation, ptless
obvious influences can also cause genetic eroBmmexample, where there are no outbreeder, matimang
relatives (inbreeding) is more likely in smallemppdations where the process is cumulative, sodhet time
matings between unrelated individuals become impless

3.2.2 Dependence on Improved Varieties of Crops

The use of only improved varieties of crops andabm@plete neglect of local varieties and the laaugs also
lead to loss of biodiversity. A major example oftts the use of improved okra (Abelmoscus escuinin
place of the native materials of the tall okra €Aillei) that is popularly known to be sensitiveday-length.
Local varieties of crops including sword bean (8aia ensiformis), Africaryam bean (Sphenostylis
stenocarpa) and Lima beans (Phasceolus lunatushawvebecoming extremely rare, as only improved
cowpea (Vigna unguiculata) is being cultivated cemgnfarms. Similarly, Dioscorea dumetorum, Dioseore
bulbifera, Trichosanthis species, (Snake tomata), Rigitaria exilis (Hungry rice — ‘acha’) are naniger in
popular cultivation. Restricted planting of manyext popular crops have also been reduced and @y h
been replaced with commercially improved varietteereby causing the loss of important gene ressunt
these plants.

3.2.3 Bad Management Practices

Grazing pressure, fire, and excessive use of systeenbicides are other factors that affect biodiitg loss.
Fire destroys large areas of forest ecosystemsadlynuith the elimination of sensitive species suah
Afromosia laxiflora, Ceiba pentandra, Entada abysai Hildegardia barteri and Holarrhera wulfbergia

Although, fire is a natural phenomenon in the sawaaiit is steadily entering the rainforest. Indisinate
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hunting of wildlife for food to compliment subsistee farming and bush burning leads to loss of bmdity
and also depletes the ecosystem by causing deatfidhfe; destruction of eggs and plant speciesjlev
illegal grazing of livestock in game reserves citatgts a threat to wildlife itself.

3.2.4 High Level Mortality

High level mortality among species eliminates didtiorganisms thereby, reducing biodiversity. Inqes of
natural disaster- flood, drought, fire- out breag®; when there is massive disaster, genetic oathe
species are destroyed

3.2.5 Habitat Loss

Habitat loss resulting from urbanization acceletdig increase in population destroys homes of tpland
animals. If the habitat, and not just the plants @moved (such as in land conversion), and themoi
subsequent regeneration from seedbanks or preyicoflected seeds, then loss of genetic diversity ¢
occur immediately, assuming that there is somersiitye in the removed plants that is not contained
elsewhere. But even if genetic diversity is not iosmediately, it is often reduced gradually in tiesulting

smaller population.

The loss of genetic diversity in this case can weathe entire species and can lead to eventualctxt.
The disappearance of certain species can have favauable effect on other species that might have
depended on them in some manner for their surardlultimately on the environment as a whole.

3.3 Genetic erosion occursin animal speciesfor the following reasons

- Members of the endangered species cannot meetberet as result of habitat loss, habitat
fragmentation or geographical distance.

- The individual dies without breeding.

- The individuals do breed, but because they aticted to a certain area and cannot travel tot mee
different members of the species, there is low tierversity and inbreeding occurs. Inbreedingde#o

physical defects that weaken the entire species.

3.4 Genetic erosion occursin plant speciesfor the following reasons:

- Loss of habitat is a cause of genetic erosior herwell.
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- Overgrazing an area can lead to loss of plantiepeso also the spoiling of an environment byllan
clearing or chemical dumping or over-zealous comsion.

- Replacing local varieties of plants with thosattivouldn't occur there naturally, like plants from
another area or genetically modified (GM) plangs) also lead to genetic erosion.

- Modern agriculture is also responsible to a lsegeent for loss of genetic diversity. Farmers temd
grow a limited number of commercial crop varietiesGM crops, enforcing a uniformity in farming, asd

there has been a noticeable reduction in the map/\arieties that were seen with traditional fargni

4.0 Conclusion

Biodiversity loss is one of the world'sshpressing crises. It threatens the very basisové
sustainable development and the quality of lifdhe Tesources in Nigeria (flora and fauna), whiah \aary
vital, are presently threatened by increased paipualpressure and intensified human developmentites.
As such, genetic diversity in animals and plantsjomestic populations and in the wild, is beingt lat an
increasing rate.

The loss of biodiversity occurring as aule of loss of natural habitat and movement retsbms
imposed by human developments and activities iseratarming. The advent of scientific plant breedinig
century and rapid spread of high-yielding varietsdsracterized by narrow genetic base had caused th
displacement of traditional unimproved species tizat large genetic base. Narrowness of the gelbpasie of
a crop may lead to disasters, as shown by histaicmnples, especially on Irish potato. In Nigetieere is
awareness about the loss of indigenous leaf velgstals a result of neglect by research and developm
fast rate of forest destruction for industrial depenent and environmental degradation due to pohuas in

the Niger Delta region

5.0 Summary
In this unit, you have learnt that;
. Genetic erosion is the process in which planciggeor breeds face gradual or drastic diminishong

complete loss of their genetic pool

31



.Causes of genetic erosion are by natural seleciad management practices, high level mortalitg an
habitat loss

.Genetic erosion occurs in plants and animalsiféerdnt reasons.

6.0 Tutor Marked Assignment

1. Define genetic erosion

2. ldentify causes of genetic erosion

3. State the reasons for genetic erosion in plamd animals.

7.0 References

.Buza, L; Young, A and Thrall, P.( 2000) : Genedrosion, inbreeding, and reduced fithess in feged
populations of the endangered tetraploid pea Swamsecta. Biological Conservation 93:177-186.
.Campbell, R. K and Sorensen, F .C.(1984): Gelratitications of nursery
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Unit 2 Genetic Erosion in Nigeria
Contents
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3.0 Main Body
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4.0 Conclusion
5.0 Summary
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7.0 Reference/ Further Reading

1.0 Introduction
In the previous unit, we took a look at the defamitand causes of genetic erosion. It is important
note that this situation occurs in all environmantiuding Nigeria. So, efforts will be made to
explain the different activities in the Nigerianveonment that lead to genetic erosion as wellt®s i
direct and indirect causes. It is obvious thategienerosion constitutes great threat to human
survival. The extent and impact of the erosion mai be visible to the present generation. Future
generations will have to pay dearly for the casiess of the earlier generations.

20 Objectives

By the end of this unit, you should be able to:

- Discuss genetic erosion in Nigeria

- state indirect and direct causes okgje erosion in Nigeria

3.0 Main Body

3.1 Genetic Erosion in Nigeria
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In Nigeria, certain factors are observed as avigilaidence shows that biodiversity is being ldst a
disturbing rate in Nigeria. Generally, the causesiadiversity loss here, are largely related tonlan factors.
These are due to interactions with the environrfaamt

-development,
- improved quality of life resulting from indusdiization,
-technological advancement and
- rapid growth in urbanization.
3.1.1 Indirect causesof genetic erosion in Nigeria
Indirect causes of genetic erosion in Nigeria idelthe following:

-economic policies,

- rising demand for forest products,

-poor n cultural practices,

-poor law enforcement and

-weak laws.

-Increased export demands for prisated birds for research
-trade in timber and non-timber spsci
- Continued timber cut without re@aent.
-Cultural practices that encourttgeuse of specific species for festivals ofteritlitme population
of species particularly occurring under narrow egaal range.
-Most of the laws that control tineanagement of several species are outdated, amd the
enforcement is inadequate.
3.1.2 Direct causes of genetic erosion
Direct causes of genetic erosion are related tiow@grral activities and they include;
- bush burning,
-fuel-wood collection,
- logging,
-grazing and
- gathering.
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4.0 Conclusion

The introduction of cash crops like cacooffee, rubber, cotton, groundnut and oil patro ithe
farming systems since the 1900s was a big impetuméssive deforestation of the natural ecosystéms.
example, the land devoted to agriculture incredsmd 8.9 million hectares in 1951 to about 55.8lioil
hectares in 1995. The massive rate of deforest&iandirect cause of biodiversity loss. Wood aatsdor
about 85% of domestic energy use in the countrgfePence is often given to wood species with high
calorific values that occur largely in the savarara rainforest ecosystems of the country. Thus high

depletion of fuel wood species is easily notablthansavanna and rainforest ecosystem.

5.0 Summary

In this unit, you have learnt that;

.Genetic loss in Nigeria is through interactionghwihe environment for development, rapid growth in
urbanization and technological advancement

.there are direct and indirect causes of genebisi@n in Nigeria.

6.0 Tutor Marked Assignment
1. Discuss genetic erosion in Nigeria.

2. State the direct and indirect causes of geeetision in Nigeria.

7.0 References
.The Effects of Poverty in Conservation of Biodsigr : The Nigerian Experience

http://www.scienceinafrica.co.za/2001/nov/nigerimh

.USDA NRCS. 2004. The PLANTS Database, version 3RL:
http://plants.usda.gov (accessed 18 Aug 2004).rBRtmge (LA):
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National Plant Data Center.

Unit 3 Effectsand Management of Genetic Erosion
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7.0 Reference/ Further Reading

10 Introduction

Human impacts on ecosystem have beiag gm since its evolution. As human needs increage
the day, Agricultural and Industrial activitiegaeen as tools which have altered the magniticleamge
lately. The loss of biodiversity offers grave camsences which may required prolonged seasons teator
Genetic diversity changes over time and spacespatially reflects patterns in the environmenggasting

adaptation to prevailing conditions. Consideritsgusefulness, it is imperative that genetic erobie
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viewed seriously. Therefore in this unit, youeation will be drawn to the effects of geneticson as well
as how it can be managed. As proper managemernitesayp-to-date and relevant procedures to sustain

genetic variability, these methods are outlinthimithe context.

20 Objectives
By the end of this unit, you should be able to:
- state the effects of genetic erosion
- discuss the methods of managing geretision
3.0 Main Body
3.1 Effect of Genetic Erosion
- Leads to Inbreeding
- Lowers reproductive fithess
- Reduces the ability of the population to genetjcatiespond to a changing environment overtime.
- The genes from some potential parent plants maypaatpresented in the seeds because of random
factors such as : phenological differences,
- distance from other plants,
- weather patterns that influence pollen dispersal
- random mortality of plants, random abortioreoibryos, and others.

- Increased risk of extinction

3.2 Management of Genetic Erosion

i. Ex-situ Conservation:

The management of agricultural crops, solutiongndigations are focused on ex situ conservation—
seedbanks, genebanks, and others. This apprdauls ajenetic diversity to be maintained even isinot
currently represented in agricultural practiceatidition, genetic research on some agriculturafipartant
crops is done to compare genetic diversity betwewmern and historic cultivars and even with the

progenitor wild plant species, where possible. Tifigrmation helps to illuminate current or to pieduture
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problems of genetic erosion, allowing an appropriabnagement response. For native plant speaess fs

on conservation of genetic diversity in situ, altbb ex situ conservation methods are certainly an
appropriate parallel conservation strategy, pdgity) for rare or endangered species or those rexpeng
high mortality or rapid loss of habitat.

However, ex situ conservation is not an effector reasonable substitute for in situ consermatichese
are complementary, rather than alternative, coagierv strategies . Ex situ collections, for examjdenly a
sample of the natural range of genetic diversitthm species and are removed from the influenceatfral
selection and thus cannot accrue new adaptaticzistione. They are also vulnerable to financial txists
or downsizing, chronic losses in diversity depegdn storage methods, catastrophic losses fronpegunt
failures or fires, among other issues.

ii. Avoiding Losses of Habitat:

Avoiding losses of habitat or fragmentation ofbitet (that can interrupt sharing of genes between
populations, for example) are important managempeattices.
iii. Good nursery management, based on aveaseof possible genetic variation in seed chaiattsy,
germination requirements, and growth patterns, @ measures to avoid inadvertent selection and

minimize the impact on the genetic diversity of tmiginal collection.

4.0 Conclusion
The loss of genetic diversity can weaken therergpecies and can lead to eventual extinction. The
disappearance of certain species can have an uafdgoeffect on other species that might have
depended on them in some manner for their surardl ultimately on the environment as a whole. It is
imperative that biodiversity loss be managed byigesl methods to avoid their extinction.

5.0 Summary

In this unit, you have learnt that;

. genetic erosion ultimately leads to reductiospecies vigour and extinction of all life forms.

.effects of genetic erosion include inbreeding lmeering of reproductive fitness

.genetic erosion can be managed by ex-situ consamyaavoiding habitat losses and good nursery

management.

38



6.0 Tutor Marked Assignment
1. State the effects of genetic erosion.
2. Discuss the methods of managing genetic erosion.
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1.0 Introduction
Technology has gained enormous access into ditfsextors including Agriculture. Biotic resourcee
flexible enough to allow genetic manipulation toenéduman needs. Plants have been raised through
technological innovations because all of the bimalg processes of trees contain targets for
biotechnological alteration and improvement, and thilization processes offer potential targets for
biotechnology as well.

Thus, biotechnology is often associatedthwgenerically modified organisms (GMOs) or
transformations that involves the introduction s#lected foreign genes into the plant genome. This
technology identifies these specific genes and fiesdihem to affect biochemical pathways which itssin
phenotypes with perceived superior traits.

In this unit therefore, you will be exposed te ttoncept of biotechnology and attributes of faoydants.
2.0 Objectives
By the end of this unit, you should be able to:
- define plant biotechnology

- explain traits of Interest in Plants

3.0 Main Body
3.1 Biotechnology
This is a scientific transformation that involvbe introduction of selected foreign genes into pilant

genome which affect biochemical pathways produdesjred phenotypes with superior features.
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This technology has been used in transformiegstrand crops. Various wild plant species with t@ss
undesirable attributes have been altered to amapew or stressful conditions through this staddad
process which have proved dependable.

3.1.1 Plant Biotechnology
Plant biotechnology is a precise process in whabngific techniques are used to develop molecwdad
cellular-based technologies :
» to improve plant productivity, quality and health;
* to improve the quality of plant products;
* to prevent, reduce or eliminate constraints to tpfanductivity caused by diseases, pest organisms
and environmental stresses.
This process and technology transforms threetie components of plant species to produce obb&v
improvements.
3.1.2 Traitsof Interest in Plants
Gene alteration can result in unique gene comlzingtunachievable by traditional plant breeding.
This allows species to have attributes or traigg thould not be possible through natural processes.
These attributes can be characterized as:
Silvicultural Traits: these are features like
Growth rate
Nutrient uptake
Crown/ stem
Flowering control
Herbicide
Adaptability Traits: these are features like
Drought tolerance
Cold tolerance
Fungal resistance

Insect resistance
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Wood Quality Traits: these are features like
Wood density
Lignin reduction
Lignin extraction
Juvenile fiber
Branching
4.0Conclusion
Innovations leading to the generation of-genetically engineered crops have been employedpport
the increasing food, water and fiber shortagescsssal with population growth and climate changds. |
application in agriculture captures desired feaure enhance commercialization of these productghwh
ultimately support human population.
5.0 Summary
In this unit, you have been intimated with the $atiat;
.plant biotechnology is a precise process in whschentific techniques are used to improve
productivity
.biotic resources are flexible enough to allow germanipulation to meet human needs
.plant biotechnology focuses on improving traitsndérests based on silvicultural traits, adapiigbil
traits and wood quality traits.
6.0 Tutor Marked Assignment
1. Define plant biotechnology
2. Explain the traits of interests in plants.
7.0 References
.Buis S. 2000. Writing woody plant specificatiorsr festoration and mitigation practices. NativenBa
Journal 1:116-119.
.Cole CT. 2003. Genetic variation in rare and commptants. Annual Review of Ecology, Evolution, and

Systematics 34:213-237.
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1.0 Introduction
Our natural ecosystems are subject to isarggoressures, and negative effects can alreacede in
some regions of the world. In the years 1999 — 2000 million hectares of forests were lost worldeui
Tropical deforestation accounts for 20 percenthas tworld’s greenhouse gas emissions and the loss of
essential terrestrial and freshwater resourceluforanity and critical habitats for endangered geci
Biotechnological innovations have been empibio replenish the natural abundance and trandfmmm

quality species into highly desirable ones witlorded evidences.
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In this unit, it would be necessary to explore kistorical and futuristic perspectives of biotealogy. You
will be exposed to the extents afhievements in biotechnological world and also aersareas of focus in
the future.

2.0 Objectives
By the end of this unit, you should be able to :
- explain the Historical Perspectives of biotechnglog
- state indicators of biotechnological achievements

- mention areas for fetachievements
3.0 Main Body
3.1 Historical Perspectives

Plant biotechnology in use today is a prodictadvanced technology, which allows plant breede
make precise genetic changes to impart benefi@abtto plants. This practice of plant biotecliyyl has
been around for centuries.

The use of less advanced methods by eamgers and plant breeders to improve plants reftetieir
traditional breeding methods which included sefertand sowing the seeds from the strongest, most
desirable plants to produce the next generatiorsébgcting and breeding plants with characterigiecsh as
higher yield and resistance to pests and hardirthese early farmers dramatically changed the genet
makeup of plants long before the science of gemet&s understood. As a result, most of today’stplaear
little resemblance to their wild ancestors.

The tools of modern biotechnology allow planteders to select genes that produce benefieitd &ind
move them from one organism to another. This psotefar more precise and selective than crosshrged
which involves the transfer of tens of thousandgaries and provides plant developers with moreleéta
knowledge of the changes being made. The abilityntmoduce genetic material from other plants and
organisms opens up a world of possibilities to fief@d production.

3.1.1 Indicatorsof Biotechnological Achievements
Important commercial plants that have been nediifo resist viral infections include; potato, ag,

cucumber, watermelon and papaya. These plantst réisiises through a mechanism known as cross-
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protection, which is somewhat similar to immunigati Farmers growing these plants are able to reduce
pesticide applications to control virus-carryingeuots.

Other varieties like Soybean, Corn, Caratd other crop plants have been modified toatdesafe,
broad-spectrum herbicides. Herbicide tolerancenallfarmers to use weed controls more selectivedyh&
than applying herbicide before planting, farmera wait until after the crop emerges to apply hedeis
where and in the quantities needed.

3.1.2 Biotechnological Achievementsin the Future
New advances including a promising array ofip, will offer:

- improved yields,

- enhanced nutrition,

- medicinal properties and vaccines;

- healthier cooking oails;

- extended shelf life;

- renewable resources and industrial feedstock’s,péimel desirable products.

These new varieties of plants could open up luseatiew markets to farmers and provide enhanced food
products to consumers .

4.0 Conclusion

Biotechnology emerged to encompass a developingation of tools for modifying plant physiology and
genetics to aid breeding and propagation. Overyéaes, these various methods have become incréasing

sophisticated producing acceptable varieties.

5.0 Summary

In this unit, you have learnt that;

.the tools of modern biotechnology have been usepldnt breeders to select genes that produce ib&ef
traits, transferring them from one organism to haot

.commercial plants have been modified to resisal\infections, tolerate safe, broad-spectrum héatbic

among others
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.biotechnological achievement hopes to produce angd yields, enhanced nutrition, medicinal progerti

and vaccines, extended shelf life in the future.

6.0 Tutor Marked Assignment

1. Explain the Historical Perspectives of biotedbgg
2. State indicators of biotechnological achievetmien
3. Mention areas for future achievements

7.0 Reference/ Further Reading

Buis S. 2000. Writing woody plant specificationg f@storation and mitigation practices. Native Ban
Journal 1:116-1109.
FAO. 2004. Preliminary review of biotechnology ordstry, including genetic modification. Forest €&

Resources Working Paper FGR/59E, Forest Resoureesl@pment Service, Forest Resources Division
Rome, Italy.

Unit 3 Benefits of Plant Biotechnology

Contents
1.0 Introduction
2.0 Objectives
3.0 Main Body
3.1 Benefits of Plant Biotechnology
4.0 Conclusion
5.0 Summary

6.0 Tutor Marked Assignment
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7.0 Reference/ Further Reading

1.0 Introduction

There have been indications of positive achievememg plant biotechnology as analysed in the
previous unit. Are they available in our environtffehis unit will seek to explain potential bengfit
accruing to various groups of people.Modern ciatlian would be impossible without the domestication
of a small number of plants, particularly wheaterand maize. Domestication generates plantshigth
yields, large seeds, soft seed coats, non-shajte@ed heads that prevent seed dispersal and thus
facilitate harvesting, and a flowering time thatletermined by planting date rather than by natdasl

length. These improvements are driven by technoédgnnovations.

2.0 Objectives
By the end of this unit, you should be able to
- discuss the benefits of plant biotechnology tonfrs, producers and consumers.
3.0Main Body
3.1 Benefits of Plant Biotechnology
A distinguishing feature of the introduction ethnology is increased productivity because it cedwcost
or enhances yield. Thus, the application of biotetogy in agriculture has resulted in benefitdaioners,
producers and consumers.
1. Pest and Weed Control
Plant biotechnology has helped make both insedt gmsrol and weed management safer and easier
while safeguarding plants against disease. For pbamenetically engineered insect-resistant catias
allowed for a significant reduction in the use efrstent, synthetic pesticides that could contatein
groundwater and the environment.
In terms of improved weed control, herbéctdlerant soybeans, cotton and corn enable theofise
reduced risk herbicides that break down more gyickkoil and are non-toxic to wildlife and humans.

2. Herbicide Tolerant Plants
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Herbicide tolerant plants particularly are comiplatiwith no-till or reduced tillage agriculture sgss

that help preserve topsoil from erosion.

The Flavr Savr tomato was the first gendficaodified commercial crop food Plant biotechnpjohas
been used to protect plants from devastating déisedBhe papaya ring spot virus threatened to fuén t
Hawaiian papaya industry until papayas resistatihéodisease were developed through genetic engigee
— something that saved the U.S. papaya industrge&eh on potatoes, squash, tomatoes and othes crop

continues in a similar manner to provide resistanogral diseases that otherwise are very diftiolcontrol

3.Increasein Yields

Biotech plants can make farming more profitdijlencreasing crop quality and in some cases magase
yields. The use of some of the crops can simplifyknand improve safety for farmers, which allownfigrs
to spend less time managing their crops and more ¢in other, profitable activities. Biotechnologgrigied
varieties of pest protected corn, cotton and petatand herbicide-tolerant soybeans significantlyeha
reduced pesticide and herbicide use, boosted yégldsaved growers tens of millions of dollars.tédyg by
the National Center for Food and Agriculture Polfoynd that six biotech crops — canola, corn, c¢utto
papaya, soybean and squash — increased grower éscoynan additional $1.9 billion, boosted crop dsel
by 5.3 billion pounds and reduced pesticide uséy million pounds in 2003. These savings cammfro

reduced inputs including time, labor and wear &ad bn farm equipment.

4. Quality Traits

Biotech crops provide enhanced quality traitshsag increased levels of beta-carotene in ricaraptbved
oil compositions in canola, soybean and corn. Famngle, scientists have developed a new strairicef r
called golden rice, that naturally produces betatese, the precursor to vitamin A. Golden rice peovide
enough beta-carotene to make up for vitamin A dicies in the diets of poor children, and it atsm
increase the amount of vitamin A in breast milk,igportant source of nutrition for infants. Furthire,
scientists have enriched the same strain of ritle additional iron to combat anemia, which affdutsdreds

of millions of the world’s poor.
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5. Drought and Salty Soils Resistant Crops

Crops with the ability to grow in salty soils orttee withstand drought conditions also are in the
works. Thus, Plant biotechnology also can be adtegnent in the fight against hunger and malnutrifio
the developing world.

Today, an estimated 800 million people do not heeess to sufficient supplies of food.
By 2030, the global population is expected to redalot exceed, eight billion people, putting ather strain
on food supplies. But while world population is egfed to grow rapidly, particularly in developing
countries, the amount of available agriculturablas limited. Only 10 percent of the world’s langiface is
arable, and over farming and soil erosion are gngvpiroblems in some areas. To overcome those dgaam

farmers will need to find ways to grow more foodilwhusing less land.

4.0Conclusion

Plant biotechnology is a precise process in wiitkntific techniques are used to develop moleeaad
cellular-based technologies to improve plant prdigitg, quality and health; to improve the qualib§ plant
products; or to prevent, reduce or eliminate camsts to plant productivity caused by diseasest pe
organisms and environmental stresses. This pramedstechnology already is in widespread use in the
United States today. Plant biotechnology, pradticaincreases the production of main food staples,
improves the efficiency of production, reduces ¢hgironmental impact of agriculture and providsscess

to food for small-scale farmers.

5.0Summary

In this unit, you have learnt that,

.the application of biotechnology in agricultureshiasulted in benefits to farmers, producers amdumers
.benefits of biotechnology include; pest and weadtiol, herbicide tolerant plants, increase indselquality

traits and production of drought and salty soilgtesit crops.
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6.0 Tutor Marked Assignment
Discuss the benefits of plant biotechnology to farsnproducers and consumers.
7.0 References

Cole CT. 2003. Genetic vatian in rare and common plants. Annual Review abl&gy, Evolution

and Systematics 34:213-237.

Guerrant EO. 1992. Genetic and demographic coraidaes in the sampling and reintroduction of rare
plants. In: Fiedler PL, Jain SK, editors. Consaorabiology: the theory and practice of nature @suation,

preservation, and management. New York (NY): Raigiee Chapman and Hall Inc. p 321-344.

Unit 4 Applications of Plant Biotechnology in Forestry

Contents

1.0 Introduction

2.0 Objectives

3.0 Main Body

3.1 Applications of Plant Biotechnology

3.1.1 Benefits of Biotechnology in Forestry
3.1.2 Risks of Biotechnology in Forgstr

4.0 Conclusion

5.0 Summary

6.0 Tutor Marked Assignment

7.0 Reference/ Further Reading
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1.0 Introduction
In the last unit, we considered the besefftbiotechnology to different human groups whovive
in various environments. These areas, are occlgyidubth plants and animals. Its sustainability ehejse
on the vegetation cover.  Biotechnology is aiificiel process of recombining genes from different
organisms and by passing natural barriers to sergybduction. It promotes the engineering of new
biochemical pathways to increase species thattegss tolerant. Its application has enableds;riopes
and their products possess traits that meet pdeinands, easing primitive stress conditiove will

thus consider the benefits and potential riskglaht biotechnology in forestry.

2.0 Objectives
By the end of this unit, you should be able to
- Identify the benefits of biotechnology in forgstr

- explain the potential risks of plant biotechnolagyorestry

3.0 Main Body

3.1 Applications of Plant Biotechnology

Much of the information related to plant biotectogy focuses on its use with crop production. This
primarily is because the technology has been appl used in this way. It still is being debatad tested

in the laboratory for other uses, such as in foyeQther applications include using biotechnoltgyroduce
ornamental flowers with new colors, fragrancesianteased longevity.

3.1.1 Crop Production

Plant biotechnology provides farmers with toold t&n make production cheaper and more manageable.
For example, some biotechnology crops can be eagideo tolerate specific herbicides, which makedve
control simpler and more efficient. Other cropsédnaeen engineered to be resistant to specific giaatises
and insect pests, which can make pest control meliable and effective and can decrease the use of

synthetic pesticides. Those crop production opticaus help countries keep pace with demands for food
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while reducing production costs. A number of bibit@ology-derived crops that have been deregulateded
USDA and reviewed for food safety by the Food amdgAdministration (FDA) and/or the Environmental
Protection Agency (EPA) have been adopted by grewMdany other types of crops now are in the re$earc
and development stages. Advances in plant biotéobypocould provide consumers with foods that are
nutritionally enriched, are long lasting or contémer levels of certain naturally occurring toxitieat are
present in some food plants. Developers are usiagt fpiotechnology to try to reduce saturated fats
cooking oils and allergens in foods and increaseatie-fighting nutrients in foods. They also aseaeching
ways to use genetically engineered crops in theymtion of new medicines, which might lead to a hew
plant made pharmaceutical industry that could redhe costs of production by using a sustainalsieuree
Genetically engineered plants also aredeleveloped for a purpose known as phytoremediatio
which the plants detoxify pollutants in the soilalrsorb and accumulate polluting substances otlteo$oil
so the plants may be harvested and disposed dy skfesither case, the result is improved soillgyat a
polluted site. Plant biotechnology also may be usedonserve natural resources, to enable anirnalséd
nutrients present in feed more effectively, to dase nutrient runoff into rivers and bays and tp heset the
increasing world food and land demands. Resea@rerat work to produce hardier crops that walliflsh
in even the harshest environments and that williregless fuel, labor, fertilizer and water, hetpito
decrease the pressures on land and wildlife habitat
3.1.2 Forestry
Forestry researchers are working on ways to ctes¢s to resist pests, to make it easier to prqoelgsand
paper products and to assist in the restoratioeandfingered tree species. Developing a more sabtain
means of producing wood and paper products is gentirneed. For example, Americans consume 750
pounds of paper every year, not to mention the wawvoducts used for building and other endeavors.
Although the United States has 20 percent mores tile@n it did on the first Earth Day 25 years dgds
estimated that an additional 800 million hectarel®w-yielding native forest, or 25 percent of Bestforest
estate, will have to be logged to meet worldwidmaded in 2050. With humans relying so heavily orefbr
products, biotechnology could reduce the need tp dim-growth forests. For example, trees could be

engineered to be grown more efficiently on plaotaiand to make stronger lumber or more pulp fpepa
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Such genetic enhancements could increase the gindtuof tree farms and provide trees that wouse less
energy and fewer chemicals during processing asultri cleaner air and water.

Scientists believe that if there is to belegpread use of Genetically Engineered (GE) tieésst will
be on intensively managed forest plantations —tptéons that already are using the most curremnsei
and intensive management practices to improve timbality and production. Research has shown how GE
technology could provide commercial plantationshwiiees that grow faster, produce pulp easier aodqe
better wood quality than conventional trees. Butlevthe potential benefits are intriguing, the eammental
consequences must be carefully considered. Andgtheome observers believe it could be more than 10
years before genetically engineered trees becomemoaplace, developing countries could move much
more quickly. F or instance, there already aredaest plots of GE poplars currently being culidhin
China, and other developing countries — drivenrtgrnal and external demands — could begin comiaterci
use of GE trees in as little as a year. Some ottimeern about GE trees centers on the fact teatpollen
can drift miles away, so even if the technologylesively is applied to private forests, pollen tigbuld
cause GE trees to migrate into “wild” stands wherewey might be, including national forests, paaksl

other public lands.

3.1.2.1 Benefitsof using biotechnology in forestry
» Revealing trees’ unique biological properties whirttreases wood yield and quality
= Reducing pressure on natural forests by incregsioductivity of managed forests
= Improving disease and insect resistance assistitigeirestoration of endangered tree varieties
=Reducing the environmental impact of pulping asgjsh cleaning up toxic waste

= Serving as a new source for feed and pharmacéutica

3.1.2.2 Risksof using plant biotechnology in forest production
= Trees could become invasive, supplanting naturakte
= Environmental impacts could persist because ofahg life spans of trees.
= |t could be difficult to track “escapes” and to eese potential damage.

= |t could be difficult to predict the consequenaesdomplex ecosystems.
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= |t could alter the aesthetic qualities of forests.
= |t could clash with the cultural need for natui@leists consumer concerns could emerge.

= |t could foster inequities between large and staallowners.

4.0Conclusion
Biotechnology uses the tools of genetic engimgenvhich is the process of manipulating genes and
involves the isolation, manipulation and reintrogore of DNA into cells. This process introduces new
characteristics physiologically, producing desiratributes. These tools have been invaluable for
researchers in helping understand the basic biadbdying organisms. As products are meeting asbir
purposes, thes indicates possibilities of greatkieaements, especially in agriculture.

5.0 Summary

In this unit, you have been informed that;

.applications of plant biotechnology are basicalhgerved in crop production and forest conservation

.biotechnology in forestry is largely associatethvgotential benefits and risks factors.

6.0 Tutor Marked Assignment

1. What are théenefits of using biotechnology in forestry

2. Explainthe potential risks of plant biotechnology in fdrgs

7.0 Reference/ Further Reading

.Cole CT. 2003. Genetic variation in rare and commiamts. Annual Review of Ecology, Evolution, and

Systematics 34:213-237.

.FAO. 2004. Preliminary review of biotechnologyfarestry, including genetic modification. Forestr@gc

Resources Working Paper FGR/59E, Forest Resouressldpment Service, Forest Resources Division

Rome,ltaly.

.Guerrant EO. 1992. Genetic and demographic coraidas in the sampling and reintroduction of rare

plants. In: Fiedler PL, Jain SK, editors. Consaorabiology: the theory and practice of nature ewaation,
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preservation, and management. New York (NY): Ralgle Chapman and Hall Inc. p 321-344.

Unit 5 Forest Biotechnology and Conservation
Contents
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3.0 Main Body

3.1 Forest Biotechnology and Conservation
3.2 Conservation of Forest Trees

4.0 Conclusion

5.0 Summary

6.0 Tutor Marked Assignment

7.0 Reference/ Further Reading

1.0 Introduction

There is significant social and ecologicalue in conserving larger areas of biodiversitytrizatural
forests and in reducing economic demands on thassts by increasing yields from planted forestisTh
suggests that total value in plantations is notpgima financial equation. While intensive forestmd
biotechnology are not panaceas in the absencenokeded efforts by governments and the privateoseot
expand protected areas, they are important toalsshpport sustainable forestry programs. This wiiit

thus focus on the necessities and strategies farereing forest trees.

2.0 Objectives
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By the end of the unit, you should be able to
- state the need for forest conservation

- state the strategies for conserving forest trees

3.0 Main Body
3.1 Forest Biotechnology and Conservation

The world’s forests are under severe presdunes unsustainable logging and road building. Threats
are especially acute in the tropics, where just 45%riginal extent of habitat remains and the rimhar are
being lost at rate of 1% per year. Current ratetsagfical deforestation are equivalent to an athe size
of Florida being removed from the lower 48 annually

Of course, commercial timber production @ the only contributing factor, since many othencés are
driving the global forest crisis. But the infrastture associated with timber extraction is oftentls
vanguard of habitat conversion and threats to egefand species. A compelling example was published
recently in nature: gorilla and chimp populations3abon and the Democratic Republic of the Congiztwh
showed a drop by 80% from 1983-2000, leading $isisnto recommend immediate designation of the
species as “critically endangered.” The decline atagbutable to illegal bush meat hunting and Bbgtus
epidemic, but a significant root cause was expaneionew a logging road network into remaining atta
tropical forests in western equatorial Africa. Tdenn the tropics are highly relevant to the futafdorests
and the forest and paper industry in North America.

A new report commissioned by AFPA and comelddoy Seneca Creek Associates found that illegal
logging — mostly but not entirely in the tropicssignificantly depresses U.S. and Tropical defotasta
accounts for 20% of the greenhouse gas emissiepsmsible for global warming and the threat of elien
instability.

Global warming, in turn, presents enormasissrto the world’s biodiversity. Research findiregtimates
that one-third of all species could be committedextinction under current global warming scenadssa
consequence of disruption of habitat ranges anel oesults of changing climate patterns.

Moreover, forest destruction is a majoweriof loss of terrestrial and freshwater resoutbas provide

essential ecosystem services for humanity andtaritiabitat for endangered species around the wbdd
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instance, the global amphibian assessment receuabllished by CI, IUCN and Nature serve concluded th
more than 40% of salamanders, frogs, toads and athphibians are in decline, with habitat loss fees t
major driver underlying this threat. Fortunatelygredients exist for convergence of interests betwhe

business world, conservation community and the di®donsumers.

3.2 Conservation of Forest Trees

Reports by WWF-International titled “The Fsréndustry in the Z1Century” concluded that meeting
projected increases in global wood demand ovenéx¢ five decades will not require significant engi@n
of commercial logging beyond the estimated 600iomlhectares of timber lands that currently accdant
90% of the world’s industrial wood supply.

A broad consensus may be emerging arounelémeents of a strategy that produces benefitsfibustry,
communities and biodiversity. Thus, Forest treeshm conservation by a strategy that produces he rief
industry, communities and biodiversity. One elen@rthe strategy is a shift away from commerciaigimg
and road construction in biodiversity hotspots argjor tropical wilderness areas. Another criticadd is to
secure and expand protected areas around the warldadditional component is to achieve best
environmental practices on existing plantationgheut tapping substantial new areas of naturalstoiar
fiber production . The strategy must also incledi®rts to build international pressure on “badoes’
conducting egregious logging, and strengthen eafoent systems to crack down on illegal timber.

Stepping up appropriate strategies for ther&in research, development and technology transferest
biotechnology as well as addressing associatecetebcind regulatory issues seem very demanding. A
general response is that the R & D strategy shbeldocused on whether and how forest biotechnology
might contribute to achieving the objectives of saving threatened forests and biodiversity whiketimg
society’s needs for forest products. For exampbesdorest biotechnology have potential to enhdihes
production, while enabling reduced chemical apfitices and improved water efficiency, on intensive
plantations established on degraded agriculturadda It is important to recognize that intensiftedber
management on existing plantations, while clearfyreferable alternative to liquidating remainingpical

forests, does not unto itself guarantee positigeilte for conservation. Intensive forestry or bibtiteology
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should not be oversold as a panacea in the absécoacerted efforts by governments and the prigatdor
to expand protected areas, stabilize and rebuifilptions of endangered species, and create ca@isgTv
corridors that combine protection of key biodivrsareas with ecologically compatible economic uses
across the larger landscape(Buis,2000).
4.0 Conclusion
The forest has been the reservoir of biotic comptmelts elimination exposes both biotic factorgl an
edaphic factors to adverse conditions with gravesequences on the human population as well. Bicgitye
should be taken care of in carefully structurednsgparent and independent regulatory frameworks. If
shortcuts are taken on regulatory issues and pgphliticipation could result in lengthy delays osdoof
valuable new technological innovations.
5.0 Summary
In this unit, you have learnt that;
.the threats to the world’'s forests are especadlyte in the tropics
.global warming presents enormous risks to thedi@biodiversity
. forest trees can be conserved by a strategy piatuces benefits for industry, communities and
biodiversity
6.0 Tutor Marked Assignment
1. Why is forest conservation necessary.
2. State the strategies for conserving foresstree
7.0 Reference/Further Reading
.Buis S. 2000. Writing woody plant specificatiofos restoration and mitigation practices. Nativeurié
Journal 1:116-119.
.Cole CT. 2003. Genetic variation in rare and cammlants. Annual Review of Ecology, Evolution, and
Systematics 34:213-237.
.FAO. 2004. Preliminary review of biotechnologyfarestry, including genetic modification. Forestr@tc
Resources Working Paper FGR/59E, Forest Resouresel@pment Service, Forest Resources Division

Rome,ltaly.
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.Guerrant EO. 1992. Genetic and demographic coratidas in the sampling and reintroduction of rare
plants. In: Fiedler PL, Jain SK, editors. Conseorabiology: the theory and practice of nature @suation,
preservation, and management. New York (NY): Ralgide Chapman and Hall Inc. p 321-344.

.Meyer SE, Monsen SB. 1993. Genetic considerstiompropagating native shrubs, forbs, and graseas
seed. In: Landis TD, technical coordinator. Prooags, Western Forest Nursery Association symposium
1992 Sep 14-18; Fallen Leaf Lake, CA. Fort Colli@©): USDA Forest Service, Rocky Mountain Forest

and Range Experiment Station. General TechnicpbR&M-GTR-221. p 47-54.
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1.0Introduction
All biotic components are made up of genetic matsriThere are naturally preserved for contindRgcent
development shows that their availability may netdonsistently guaranteed. Germplasm as it isresfdp
is the source of the genetic potential of livingjamisms. It can also be referred to as genetic riabtaf
plants or plant genetic resources. This meansebd sr other material from which plants are propsgja
Biotechnology can never thrive except on its resesir This unit will seek to identify where they cafely
preserved.

2.0 Objectives

By the end of this unit, you should be able to:

- define germplasm

- mention potential germplasm storage centres

3.0 Main Body
3.1 What is Germplasm?
Germplasm can be viewed differently. It, thusiaatis various definitions. It can be defined as:
= a collection of genetic resources for an organism;
= the genetic material, especially its specific molacand chemical constitution, that comprises the
inherited qualities of an organism; or
= aset of propagules that carries the desired pem@siburces.
These definitions identify the genetic materialthe functional property; but in the zoological cexit

reference could be made to the preservation of gemaand the animals from which they are derived.

3.2 Germplasm Storage Centres

Germplasm can be preserved in standardized pléees |

Seed banks

Crop type collection centers or field gene banks

Natural ecosystem

Collection mission
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- Cryopreservation centers

4.0 Conclusion

Seeds are the most convenient part of plant faagég with the exception of a fespecies that ha
recalcitrant behavior e.gldfairia occidentalis. In storage, under good temperature aocdidity
regimes, seeds can be stored for several yearsefohe following collectionreliable seed banks m
be put in place for conservation of the collectathgles. It must be emphasized tregular checks a
carried out to test the viability of the stored de@eriodically. The seed bank will serve asajor

insurance against permanent loss of any specieballdbeen previously collected.

5.0 Summary
In this unit, you have learnt that;
. germplasm can be defined in different ways amuingch is the collection of genetic resources for
organisms
.germplasm can be preserved in standard placts vegulated conditions
. seeds are the most convenient part of plammage with exception of a few species with recedait

behaviour.

6.0Tutor Marked Assignment

1. Define germplasm
2. Name standard places where germplasm can berprqpeserved.
7.0 Reference/ Further Reading

Falk DA. 1987. Integrated conservation strategie®hdangered plants. Natural Areas Journal 7:128-1
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Given DR. 1987. What the conservationist requirése situ collections. In:Branwell D, Hamann O,
Heywood V, Synge H, editors. Botanic gardens anel world conservation strategy. London (UK):

Academic Press. p 103-116.
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7.0 Reference/ Further Reading
1.0 I ntroduction
As you go through this unit, basic facts on germplaconservation, need to conserve, benefits of
germplasm conservation and obstacles to effectbeeai germplasm will be explored. It would be
important to appreciate that conservation is agssdhat involves adequate planning, controlled
exploitation, judicious use and efficient managam of resources to ensure their availability for
present and future use. As human population inesgathere is increase demands on available
resources. Conservation of the germplasm thus esdie continuity of wild species on which

biotechnology thrives upon.
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2.0 Objectives
By the end of this unit, you should be able to
- Define germplasm conservation
- State the need to conserve germplasm
- Identify the benefits of germplasm conservation
- Explain the obstacles to effective use ohygdasm
3.0 Main Body
11 What is Germplasm Conservation
This is an activity involving the consc#ogtorage of genetic materials under standardized
conditions by regulated agencies for safe-keepmpraost importantly to avoid loss by extinction.
This is carried out by technological innovasoand approaches that ensure conformity with
original conditions even in artificial environmemiotechnological approaches have been employed

extensively in the process, even as research seeksommodates new bio-materials.

3.2 Need for Germplasm Conservation

The rapid decline in the abundance of wildozal biodiversity demands the setting apart enegic
material mainly to avoid its disappearance fronuratenvironments. In the excessive demand foretes
varieties, certain wild forms tend to be ignoredug, it is observed that there is :

= increasing availability of cultivars,

= their supply is more controlled,

= the quality is high,

= their botanical identification is not questionable,

= there are genetic improvement as well as

= agronomic manipulation,

= their post-harvesting is usually good and

= they are relatively safe (little or no adulterajion

3.3 Benefits of Germplasm Conservation
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The benefits include the following:

Building blocks/ gene pool for genetic improvementiancemet

Genes for adaptations/endurance to varying, unfaobel biotic/abiotic stresses/environments
Contribute to develop high yielding varieties

Contribute to sound pest and disease management

Reduce dependency on external inputs.

3.4 Obstacles to the effective use of Germplasm

Several obstacles limit the effective use of plgtetic resources. These include:

the lack of characterization and evaluation data,

poor coordination of national policies and pootkéiges between the national genebanks and the
users of the germplasm.

Utilization of plant genetic resources maintaingdidrmers is limited due to lack of information on
their characteristics and lack of availability.

Though, International Research Centres (IRC) @fidcan National Agricultural Research
Systems(ANARS) have developed new improved vasgtiegese varieties often do not reach farmers
because of lengthy testing requirements which haviee repeated even in countries with similar
agro-ecological conditions. For existing and apprbvarieties, lack of national capacity to maimtai
the variety and provide basic seed in a timely neatmampers exploitation of the varieties.

Other obstacles are:
Weak Disaster Management
Disasters (droughts, floods and conflicts) areeasing in frequency around the world including
Africa where acute disasters are developing intmml disasters which lead to food and seed
insecurity. However, although it is generally adeépthat disasters occur regularly, there is little
forward planning or consultation at national orioegl levels and African countries currently do not
have the necessary capacity to respond to disaster effective and sustainable manner. A number
of efforts to deal with the impact of disastershsas food aid, food imports by government and
supply of seeds as part of relief programmes hacd dnly minimal impact on the overall food

situation, and the frequent introduction duringadiers of unsuitable varieties erodes biodiversity
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and leads to loss of valuable local genetic resmsurés a result of the increasing incidence of

emergency situations, an increasing proportionhef dssistance allocated to Africa is invested in

relief operations and a much smaller and decregsiogortion in seed development work needed to

increase sustainable seed supply and improve m@pass. This complex situation must be reviewed

and solutions found to ensure adequate investmesgdd development.

= |nadequate Regional Seed Marketing
There is a lack of collaborationnsoltation and harmonization at the regional andticental

levels concerning the development, movement andofigégh-yielding vegetatively propagated materials
and seed. This has led to unduly restrictive seetification and variety release requirements, Wwhidfer
from country to country, and which, together witttcessive phytosanitary and foreign currency regunat
function as non-tariff barriers that hamper seedharge. Better coordination and capacity building a
needed at the national, regional and continentatldeto overcome the constraints related to seadetr

through harmonization of seed rules and improvéditips.

4.0 Conclusion
Though, International research centres anitdtrnational agricultural research systems haveldped
new improved varieties. However, these varietigerofdo not reach farmers because of lengthy testing
requirements which have to be repeated even intdesnwith similar agro-ecological conditions. For
existing and approved varieties, lack of natiorsgdacity to maintain the variety and provide Baged®bin a
timely manner hampers exploitation of the varieties
5.0 Summary
In this unit you have learnt that;
.germplasm can be preserved to avoid its disappearfaom natural environment
.the rapid decline in the abundarfogilol biodiversity necessitates its conservation
.germplasm conservation has manfitsn

.several obstacles limit the effective use of ptpanetic resources

6.0 Tutor Marked Assignment
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1. Define germplasm conservation
2. State the need to conserve germplasm
3. Identify the benefits of germplasm amwation

4. Explain three the obstacles to usdalftmenetic resources

7.0 References

Falk DA. 1987. Integrated conservation strategieshdangered plants. Natural Areas Journal 7:128-1
Given DR. 1987. What the conservationist requirésex situ collections. In:Branwell D, Hamann
Heywood V, SyngeH, editors. Botanic gardens and the world consemastrategy. London (UK

Academic Press. p 103-116.

Unit 3 Germplasm Appropriation

Contents

1.0 Introduction

2.0 Objectives

3.0 Main Body

3.1 Germplasm Appropriation

3.2 Germplasm Appropriation in Nigeria

4.0 Conclusion
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5.0 Summary
6.0 Tutor Marked Assignment

7.0 Reference/ Further Reading

1.0 I ntroduction
In this unit, focus would be laid on germplasm ampration. An appropriation may be defined as ancéc
taking something which belongs to someone elsacéally without permission. We will be looking abwa

farmers’ rights to genetic resources are usurped.

2.0 Objectives
By the end of this unit, you should be able to
- discuss germplasm appropriation
- explain the appropriation status in Nigeria
- explain the appropriation status in Nigeria
3.0Main Body

3.1 Germplasm Appropriation

The concept of Farmers’ Rights was formulated a®teospective equity to acknowledge the different
contributions which farmers have made towards “eoriag, improving and making available plant gemeti
resources particularly those in the centers ofimidiyersity”. The rights were vested in the intational
community, as trustees for present and future gg¢ioes of farmers. It was proposed that they wdagd
implemented through an international fund for plgenetic resources.

In many regions, there seem to be a lack bélmoration, consultation and harmonization at riagional
and continental levels concerning the developmemiyement and use of high-yielding vegetatively
propagated materials and seed. This has led tolymdstrictive seed certification and variety ralea
requirements, which differ from country to countand which, together with excessive phytosanitary a

foreign currency regulations, function as non-fdrérriers that hamper seed exchange.
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Most times farmers do not know their rights amdy be cheated out of accruing benefits. Better
coordination and capacity building are needed anttional, regional and continental levels to coere the

constraints related to seed trade through harmtimizaf seed rules and improved policies.

3.2 Germplasm Appropriation in Nigeria

Germplasm Appropriation in Nigeria seemsbe passive if non-existing. Even though Nigergs h
joined the league of International Treaty Communityajority of known species are disappearing ftbeir
natural habitats without control, documentation@ssessments. Individuals may gather biodiversitr
preservation, without legal authority and to mgistered controlled environments. Farmers and dJser
mostly recognized over time that certain herpsrardonger found. There is no enforced legislation

promote germplasm appropriation.

4.0 Conclusion

The conservation ethic advocates management ofata&sources for the purpose of sustaining biaditye

in species, ecosystems, the evolutionary processhaman culture and society. This should be ogfieto

foreign and local farmers.

5.0 Summary
In this unit you have learnt that;
.the concept of Farmer's Rights was formulated dknawledge the contributions of farmers towards
conserving, improving and making available plamegie resources particularly, those in the cenbérs
origin/diversity
. there seem to be a lack of collaboration, coatalt and harmonization at the regional and contade
levels concerning the development, movement anaisigh-yielding vegetatively propagated materials
and seeds.

6.0 Tutor Marked Assignment
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1. Discuss germplasm appropriation.

2. Explain the appropriation status in Nigeria.

7.0 Reference/Further Reading

Falk DA. 1987. Integrated conservation strategieshdangered plants. Natural Areas Journal 7:128-1
Given DR. 1987. What the conservationist requirése situ collections. In:Branwell D, Hamann O,
Heywood V, Synge H, editors. Botanic gardens anel world conservation strategy. London (UK):
Academic Press. p 103-116.

Guerrant EO. 1992. Genetic and demographic coratides in the sampling and reintroduction of rare
plants. In: Fiedler PL, Jain SK, editors. Consaorabiology: the theory and practice of nature @wuation,

preservation, and management. New York (NY): Ralgige Chapman and Hall Inc. p321-344.

Module5 Bio-resource Management
Unit 1 Bio-resource Management

Unit 2 Biotechnological Legislation

Unit 1 Bio-resour ce M anagement
Contents

1.0 Introduction

2.0 Objectives

3.0 Main Body
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3.1 Bio-resource management
3.1.1 Bio-resource management in Nigeria
3.2 Nigeria Projections on Bio-resource Management

3.2.1 Constraints to Bio-resource Management ireidg

4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assignment

7.0 Reference/Further Reading

1.0 Introduction

In this unit, your attention will be drawn tookiesource management, how it is done in Nigefite
country’s projections and constraints to managemehttbe considered. It is necessary to note timat t
continual depletion of plant and animal species teddegradation of ecosystem stemming primartynfr
economic motives have become an important issggavfing global concern. Despite the unbridled wate
increase in the exploitation of biodiversity gldigathe rate of replacement has not been commeteswith
use. Thus, the number of threatened and endangpemies is increasing. There is need to presehedr t

diversity. Focus on the activities of Nigerian Gervation Foundation will be great importance.

Objectives
By the end of this unit, you should be able to:
- define bio-resource management
- explain the status of bio-resource managementgem
- state the purposes of the Nigerian Conservatioméatiion(NCF)
- where are the locations of NCF projects
- state Nigeria projections on bio-resource managéemen

- identify the Nigerian constraints to bio-resourcanagement
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3.0 Main Body

3.1 Bio-resour ce M anagement

Management is an aspect of conservation. It goesl v hand with adequate planning to control
exploitation of resources and employ judicious aisthe resources. The management of bio-resoigces
an integral aspect of natural resource managemeichwarters for all abiotic wellbeing to sustaiotlz
components. The edaphic and other environmentatlitons must be conducive for bio-resource
management to be successful. These conditionsd@goper waste control and management, especially
gaseous emissions which promotes global warmingendition that increasingly supports biodiversity

loss.

3.1.1 Bio-resource Management in Nigeria
In Nigeria, government had set up various agentie®anage natural resources within its territorug,
bio-resource management is taken alongside thegearent of natural resources by
» The Establishment of Conservation Agencies
- The Forestry Department of the State and Fedenaisiy of Agriculture
- The Federal Environmental Protection Agency (FEPA)
- The Rivers Basin Development Authorities
- The Department of Wildlife Conservation
- Zoological and Botanical gardens in some Nigeriasehsities
- The Nigerian Conservation Foundation and Nigeriam& Reserves Authorities.
The Nigerian Conservation Foummat(NCF) is one of the foremost environmental non-
governmental organisation (NGO) in Nigeria today.
It was established to achieve the following purgose
-saving the country's flora and fauna from extorct
-protecting the environment from pollution and idetation

-improving the quality of life of the custodiankaur wildlife heritage.
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Since its inception, NCF has been deeply involvesbiecific projects targeted at improving the quaif the
Nigerian environment and Its management.
NCF projects are found in different locations asrth& nation. These conservation centres include
» Game Reserves, for the preservation of rare anjiiteds
Yankari Game Reserve in Bauchi State
Borgu Game Reserve in Niger State
Kainji Game Reserve in Niger State
Obudu Cattle Ranch in Cross River State
Okomu Sanctuary in Edo State
* Forest Reserves, for the preservation of plardsraes, like
Olomu Forest Reserve in Kwara State
Milki Hill Forest Reserve in Enugu State
Zamfara Forest Reserve in Zamfara State
Shaha River Forest in Ogun State
The centres which protect the environment alormgbidtic components are
Hadejia-Nguru Wetland Conservation @coj
Kano Desertification Control Projedt;.e

These projects still need support —financiallyhtecally, etc for sustenance.

3.2 Nigerian Projections on Bio-resour ce M anagement

In practice, biodiversity’ suggests sirstay the diversity of species in each ecosystemvasplan
human activities that affect the use of the land aatural resources. Thube Federal Government's policy
goal on the conservation of biodiversity is to eassustainable use of forest resources and premserva
the many benefits accruing from soil, water, anldiifé conservation for economic development.

Among the current priority programmes in Nigeaire the extension of National Parks and Resemwés
the compilation of the flora and fauna of Nigerighe Nigerian Biodiversity Strategy and Action Plan
(NBSAP) reviews the status of biodiversity consgorain Nigeria in an attempt to fill the gaps idiéied in
the country study programme, and develops straegid action plans to bridge the gaps in the coaten

effort.
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The Government's mission is that Nigeria'sh rlmiological endowment together with the diverse
ecosystems would be secured, and its conservatidnn@anagement assured through appreciation and
sustainable utilization by the Year 2010. Nigeril eontinue to be active in the international aaemhile at
the local level infrastructural, human, and institnal capabilities will be developed to ensure itdple
sharing of biodiversity benefits over time.

To achieve this goal, the Nigerian strategy willdased on:

a) the inventory, identification, and rehabilitatiof all threatened and endangered species o fand flora;
b) increasing the network of protected areas ttude all ecosystem types consistent with intermaiiy
accepted classification;

¢) promotion and enhancement measures for bositunand ex-situ conservation through identificatio
inventories, evaluation, monitoring, research, atioa, public awareness, and training;

d) increasing the nation's biodiversity managenmagability (human, infrastructural, institutionand
technological);

e) the development of economically and culturatlyred strategies to combat biodiversity loss;

f) protection and promotion of policy guidance fio prospecting and indigenous knowledge (inteliakt
property right); and

g) the rehabilitation of degraded ecosystems.

3.2.1 Constraintsto Bio-resource Management in Nigeria

Bio-resource management in Nigeria is of utmostartamce and immense support.

The major constraints are
- dearth of trained manpower,
- appropriate technology and
- Inadequate funds for implementation.
4.0 Conclusion
Biodiversity is the degree of variation of life fos within a given ecosystem, biome, or an
entire planet. It is also a measure of the healthcosystems. Greater biodiversity implies
greater health and as it is in partuaction of climate, it is of great need to be gidusly

managed.

5.0Summary

In this unit, you have been exposed to the fadt tha
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.the management of bio-resources is an integrachgid natural resource management
which carters for all abiotic wellbeing to sustaintic components

.in Nigeria, government had set up various agenoi@sanage natural resources within its
Territory

.government’s focus is that Nigeria’s rich biolagiendowment together with the diverse
ecosystems would be secured, and its conservatmanagement assured through
appreciation and sustainable utilization

.there are many constraints to bio-resource manageim Nigeria

6.0 Tutor Marked Assignment

1. Define bio-resource management

2. Explain the status of bio-resource managemeNtgaria

3. State the purposes of the Nigerian Conserv§tmmmdation (NCF)
4. Where are the locations of NCF projects

5. State Nigeria projections on bio-resource maimeaeg

6. Identify the Nigerian constraints to bio-res@ncanagement

7.0 Reference/ Further Reading
Prof. Oladipo, E.( et.al) 2001. First National &ixersity Report on Nigeria. Biodiversity
Report on Nigeria. Accessed on May 5, 2011. n¥ro

http://www.pabiodiversity.org/economic.html
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United Nations Report on: National Resource AspedtsSustainable Development in

Nigeria.2009

Unit 2 Bio-resour ce L egidation
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1.0  Introduction
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3.1 Bio-resource Legislation

3.1.1 Bio-resource Legislation in Nigeria

4.0 Conclusion

5.0

6.0

7.0

1.0

Summary
Tutor Marked Assignment

Reference/ Further Reading.

I ntroduction

Biodiversity as the economic and socio-cultural eébasf human systems, providing
unquantifiable benefits to man and the environniecitiding shelter, food, clothing, medicine,
recreation, and resources for industry, needs ta@dreserved and managed sustainably for
present and future generations. Uncontrolled laggind tree felling are the order of the day in
many parts of the southern states of Nigeria. Thisies with it loss of precious biological

diversity. This unit will look at the bio-resourdegislations in Nigeria.
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2.0 Objectives
By the end of this unit, you should be able to
- discuss legal status on bio-resource
- explain the bio-resource legislations in Nigeria
3.0 Main Body

3.1 Bio-resource Legidations

There are legislations regarding bio-resauthey are related to private and public property
rights. They can define protection for threatenedsgstems, but also some rights and duties (for
example, fishing and hunting rights). They defapecies that must be protected because they may
be threatened by extinction. The U.S. Endangeredi€p Act is an example of an attempt to
address the "law and species" issue.

Domestication and plant breeding methodsat new, but advances in genetic engineering has
led to tighter laws covering distribution of gewatly modified organisms, gene patents and process
patents. Governments struggle to decide whethdodos on for example, genes, genomes, or
organisms and species; but there are global agrésnseich as the Convention on Biological
Diversity), which give "sovereign national rightser biological resources" . These agreements
commit countries to

* conserve biodiversity
» develop resources for sustainability and
» share the benefits resulting from their use.

Biodiverse countries that allow biopresiing or collection of natural products, expect a
share of the benefits rather than allowing theviddial or institution that discovers/exploits the
resource to capture them privately. Bioprospectiag become a type of biopiracy when such
principles are not respected. Sovereignty prinsigan rely upon what is better known as Access
and Benefit Sharing Agreements (ABAs). The Conwentn Biodiversity implies informed consent

between the source country and the collector, tabésh which resource will be used and for
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what, and to settle on a fair agreement on beséfiring. Though uniform approval for use of

biodiversity as a legal standard has not been aetiim many countries.

3.1.1 Bio-resourceLegidation in Nigeria

Without doubt Nigeria is richly endowed with diverflora and fauna. These vital resources are
presently threatened by increased population pressud intensified human development activitieseseh
activities are of major concern to managers whbzeghat natural resources are the backbone ofsingl

Though there are technologies and capabilitiesgod@veloped to protect endangered ecosystems,
especially watersheds, freshwater and high forgsthligeria, conservation of biodiversity requirdset
development and application of appropriate techmglgarticularly in research, ex-situ conservatiand
others. Such technology are not yet operationaligeria, though, there are hopes of implementaiticthe
near future.

There is no Land Use Policy in the country otfran a Land Use Act. States are being encouraged
to derive their legislation from the national frammek. A national forest and wildlife law is beingwkloped
with the involvement of all stakeholders.

There is no forest certification practice the country. However, public involvement on forest
certification is being articulated in the proposedised policy which will encourage private seaad NGO
participation.

Issues relating to reports on Nigerian Farm®ights Legislation and Policy Database shows that

there is no legislation found on Patent Laws indxi@, neither is there the Plant Breeders’ Rigigislation.

4.0 Conclusion
There are relationships between law and ecosystédtich has been for decades now and they
have consequences for biodiverslaw regarding species is more recent whievs regarding gene
pools have been in existence but were not poputdit recent times, mainly due to needs to
preserve or conserve. In Nigeria, some of theses are lacking and those in place lack popula
enforcement.

5.0 Simmary
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Having gone through this unit, you are aware that;
.bio-resource legislation can define protectiontfoeatened ecosystems, endangered species as well
as some rights and duties
.there are global agreements committing countnesonserve their biodiversity, develop resources
for sustainability and share the benefits resulting their use
. presently, there is no Land Use Policy, no Fotestification Practice, there is no legislationirfiol
on Patent Laws neither is there the Plant Breedggit legislation in Nigeria.
6.0Tutor Marked Assignment
1. Discuss legal status of bio-resource legislation
2. Explain the bio-resource legislations in Nigeri
7.0Reference/Further Reading
Prof. Oladipo, E.( et.al) 2001. First National Bigetsity Report on Nigeria. Biodiversity Report on

Nigeria. Accessed on May 5, 2011. Frhttp://www.pabiodiversity.org/economic.html

United Nations Report on: National Resource Aspetf&ustainable Development in Nigeria.2009

http://asbp-au.org/about/-programme|programatienale/inadequate-regional-seed-marketing

Unit 3 Approachesto Biodiversity Management
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3.2 Ex-Situ Approach
3.3 Restoration and Rehabilitation Approach
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3.4 Land-Use Approach

3.5 Policy and Institutional Approach
4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assignment

7.0 References/Further Reading

1.0 Introduction

You have been intimated with the concept ‘biodiitgrparticularly, its definitions and benefits humans
and natural endowments. Emphasis has also beezdpteceffective management of bio-resources with
many strategies employed. In this unit, howeviéores will be made to further stress the approadheat are

being adopted to control and manage biodiversity.

2.0 Objectives
It is hoped that at the end of this unit you wil &ble to ;
- discuss in-situ approach
- explain ex-situ approach
- explain restoration and rehabilitation approach
- discuss land-use approach

- discuss policy and institutional approach

3.0 Main Body
3.1 In-Situ Approach

This approach is very popular among théogists and conservationists who use it to pradtebitats
and ecosystems. Simply, the approach uses methddsals to protect species, genetic varietiestatiitats
in the wild. It ensures that the cherished vargetiespecies of plants do not go into extinctidme T
usefulness of the species not withstanding botth#meficial and the less beneficial are collectivel
protected.

3.2 Ex-Situ Approach
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This approach is concerned with thebadetite and selective removal of plants, animadismaicrobial
species and genetic varieties from their origimsironment. What the agriculturalists and specierdated
biologists do is attributable to this approach. Thinate goal for the use of this approach is apph is for
the maintenance of samples of species.

3.3 Restoration and Rehabilitation Approach

As the name implies, the approachlmoges the use of the earlier described approatheasis, in-
situ and ex-situ to achieve its objective. The borad approaches are used to re-establish spgelastic
varieties, communities, populations, habitats aradaglical processes. Ecological restoration is eamed
with the reconstruction of natural and semi-natecasystems on degraded lands.

This approach therefore, includes thetreduction of most native species, while ecolagic
rehabilitation is concerned with the repair of gmbem processes.

3.4 Magjor- Land-Use Approach

This approach is popular with the tools andtsgi@s as used by those in agriculture, foresskefies and
wild-life management and tourism. This is becatese fields make use of extensive land and inrtheeps
incorporate protection, sustainable use and eguitigria and guidelines as management objectivds an
practices.

These approaches dominate most landscapab@near shore coastal zone and so offer théegtea
reward for investments in biodiversity management.

3.5 Policy and I ngtitutional Approach

The main focus of this approach is tstalelishments of easements and the arrangementsdret
public agencies and private interests that areiisgé® establish landscape characteristics favdertab
biodiversity. The approach works by limiting thesuf incentives and tax policies to foster paracuhnd-

use practices and to create and enforce land tem@egements that promote effectiveness and
sustainability.

4.0 Conclusion

Biodiversity management requires deliteeedfort at making the species and varieties efio-
resources in a particular environment. The evolefigctive strategies that are being used inclodert-situ
approach, the ex-situ approach, the restoratiorremabilitation approach, the major land-use apgr@ad
the policy and institutional approach.

5.0 Summary

Having gone through this unit, you shouldrbthe position to acknowledge that;

. in-situ approach uses methods and tools to grbtegesources in the wild

. ex-situ approach is concerned with the delibematbselective removal of plants, animals and rbiato
species from their original environment
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.restoration and rehabilitation approach includesreintroduction of most native species and thairef
ecosystem processes

.major land-use approach incorporates protectisstamable use and equity criteria and guidelirses a
management objectives and practices.

.policy and institutional approach aids the agesamd pirate interests that are seeking to estalairlscape
characteristics favourable to biodiversity.

6.0 Tutor Marked Assignment
1. Distinguish between in-situ and ex-situ appreadh biodiversity management.

2. Explain restoration and rehabilitation approathiodiversity management.

7.0 References/Further Reading

. Gray J. S.(2004): Why should we study and beemed about marine biodiversity? Hydrobiological

.Neira M.(2011): Biodiversityhttp://www.panda.org

Silvert W.(2011): The meaning of biodiversitiyttp://bill.sivert.org/pdf/Biodiversity.pdf
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