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()

'biodiversty  ‘biological diversity

" ’biodiversity  ‘biological diversity ‘biological diversity
‘Biodiversty 1986
‘biological diversity 1986
'biodiversity
‘biologica diversity

" Biodiversity  biological diversity

" "Biologicd diversty refersto the variety and variability of amongliving
organisms and the ecologicad complexesin which they occur. Diversity can be
defined as different items and their rdative frequency. For biologicd diversty,
these items are organized at many levels, ranging from complete ecosystems, to
the chemical Structuresthat are molecular basis of heredity. Thus, the term
encompasses different ecosystems, species, genes, and their rdlative
abundance.” Office of Technologicad Assessment, 1987. Technologiesto
Maintain Biologicd Diversty.

"~ " Biodogicd diversty’ meansthe vaiability among living organisms from dl
sources including, inter dia, terrestrid, marine and other aquatic ecosystems
and the ecologica complexes of which they are part; thisincludes diversty
within species, between species and of ecosystems’. Chapter 2in Convention
on Biologicd Diversty, 1992.

" Thevariety of organisms consdered & dl levels, from genetic variants
bel onging to same species through arrays of speciesto arrays of genera, families,
and dill higher taxonomic levels, includes the variety of ecosystems, which
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comprise both the communities of organisms within particular habitats and the
physical conditions under which they live. E. O. Wilson, 1992. The Diversity of
Life.

" "Theterm ‘biodiversty’ isindeed commonly used to describe the number,
vaiety, and variability of living organisms. This very broad usage, embracing
many different parameters, is essentialy asynonym of ‘lifeon earthi. ... It has
become widespread to define biodiversity in terms of genes, species, and
ecosystems, corresponding to three fundamentally and hierarchicdly related
levels of biologica organisms.” World Conservation Monitoring Centre, 1992.
Global Biodiversity: Status of the Earth's Living Resources.

" "Biodivergty: the variety of living organisms conddered & dl levels of
organization, including the genetic, species, and the higher taxonomicd levels,
and the variety of habitats and ecosystems, as well as the processes occurring
therein.” Meffe, G.K and CR Carroll, 1997, Principles of Conservation Biology,
2nd edition.

 Genegd ddfinition: dl the variety of life on earth.

()
(varigty & variability)
(ecologicd, organismd, and genetic
diversty) (diversty and richness)

(genetic, organismal, and ecological diversity)
(genes) (species) (ecosystems)
(genetic,
organisma, and ecologica diversity)



" Threeleves of organization: genetic, organismd, and ecologicd diversty.
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Elements of biodiversity. (After Heywood & Baste 1995)

Ecologica diversty Genetic diversty Organisma diversty
Biomes Kingdoms
Bioregions Phyla
Landscapes Families
Ecosystems Genera
Habitats Species
Niches Subspecies
Populations Populations Populations
Individuas Individuas
Chromosomes
Genes
Nucleotides
()
(richness) (heterogeneity)(or
diversty) (evenness)

" Examples of richnessindices:
Whoever’s Richness Index
R]_ =S
Margdef’s Richness Index (Margaef 1958)
Ro = (S—=21)/In(N)
Mehinick’s Richness Index (Mehinick 1964)
Rs =S/ rt(N)

richness

" Examples of divergty indices.
ShannonWiener Diverdty Index (Shannon and Weaver 1949)
Di=-Z (R In(R)) or D1=-Z (n/N) In(n/N))
Simpson's Diversity Index (Simpson 1949)
D=3 P? orD;=% (n/N)?
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diversity
divergty = f(richness, evenness)

Examples of evennessindices:
Hurlbert Evenness Index (Hurlbert 1971)
Ei=D/Dmax Or Ei1=(D - Dmin)/ (Dmax - Dmin)
Fielou's Evenness Index (Pielou 1975,1977)
E;=E/In(S)

evenness
evenness
evenness diversty
Shannon-Wiener Diversity Index

Simpson' sDiversity Index
(richness)

()

@)
e

3) 1992

( )

(Convention on Biological Diversity)

http:/Awww.biodiv. org/worl d/parties.asp
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()
(Homo sapiens)
, (Cohen
1995)
(Cohen 1995)
1500
0.1% (Cohen
1995)
1730 1820

1950
(Cohen 1995)
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2.6
2.1
2.1 2050 77 2150
85 2.2
2050 125 (Wilson 1999)
28% 1750 20%
1900 13% 1950
( ) 0.00025 20%
(Cohen 1995)
(GDP, Gross Domestic Product)
1990 1990
565 (GDP)

1500 1500

1500 1820 (Maddison
1995)

(1900-2000A.D.)

(900-1900A.D.) (McNgeill

2000)
( )
( )
(Pimm 2001)
( )
(Pimm 2001)

()
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1980
(
destroyed) ( ) (Wilson 1999)
1600
113 83
( )
- (Species-areardaionship)
S=C A% o log(S) =log(C) +zlog(A)
13,630,000 an educated guess Globa Biodiversty
Assessment (UNEP 1995)
"~ 1988 1% 10% (
) 6% (Wilson 1999)
98%
(background extinct rate) (World Conservation
Monitoring Centre 1992)
(Wilson 1992)

"~ Tery Erwineta. (1991)
Luehea ssemannii 1100
160 Luehea ssemannii 40%
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L uehea seemannii 400
L uehea seemannii
600
300
()
88%
46% 20% 14%
2% (Wilcore et a. 1998)
http://preserve.coa.gov.tw/download/biodiversity/1.PDF
(Convention on Biologica Diversty)(
)
http://bc.zo.ntu.edu.tw/cbd/index.htm

http:/Amww.biodiv.org/convention/articles.asp

'biodiversty ’biologica diversity
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()

46
Eon( ) Eral ) Period( ) Epoch( )
Eon( ) Era( ) Period ()
(
Cenozoic Quaternary 1.6 1.6
Tetiay 63.4 65
Mesozoic Cretaceous 75 140
Jurassic 70 210
) Triassic 35 245
Phanerozoic :
Permian 45 290
Carboniferous 75 365
Palaeozoic Devonian 48 413
Silurian 28 441
Ordonvician 63 504
Cambrian 66 570
Proterozoic Proterozoic 1830 2400
Azoic Archeen Precambrian 2100 4500
Hadean
()
'R0y (s
87Rb 87Sr (
) () -




(
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N=No(1/2)""
N No t
(1)
(2 3)
238U 206Pb 44
235U 207Pb 7
232Th 208py, 139
8Rb 8 486
40K Oar 13
14 e YN 5730
()
(A.
Weagner)
1960
( )
)
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(46 ) 39 (Hadean)
39
24 (Archaean)
20
15 21%
( )
Era( ) Period ()
( )
Cenozoic Queternary 16
Tatiay 65
Cretaceous 140
Mesozoic
Jurassic 210
Triasdc 245
Permian 290
Carboniferous 365
Paaesozoic |Devonian 413 21%
Silurian 441
Ordonvician 504
Cambrian 570
Precambrian 4500
(Gondwanaland)

(Laurasia)
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(Pangaes)
Panthalassa)
(Tethys)
(Tethyan Seaway)
()
1) (
3
RNA RNA
85%
(organdlle)

(Schopf 1993)

(eukaryotes)

) (2

95%

(prokaryotes)

(Achean Apex Chert)
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Era( ) Period ()
(
Cenozoic Quaternary 16
Teatiay 65
Cretaceous 140
Mesozolc | e 210
Triassic 245
Permian 290
Carboniferous 365
PalagozoiC | ion 413
Silurian 441
Ordonvician 504
Cambrian 570
Precambrian 4500
( )
(phyla)
(Ordovician) (Silurian)

()
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extinction)

50%

Mumber

of families 4004
of marine

animals

k Mass

extinctions

(van Leeuwenhoek 1632-1723 AD)

Cambrian
Ordovician
Silurian
Devonian

Permian
Triassic|

} Carboniferous

O
y /

A

76%

Jurassic|

retaceous

\ C
T

96%

Tertiary
sl

400

(Arigtotle, 384-322 BC)

(Carolus Linneeus, 1707-1788 AD)
(Kingdom Pantae)

200

100 0

Millions of years before present

(Kingdom Animdlia)

(Hooke, 1635-1703 AD)

(Sepkoski 1992)
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(Ernst Haeckdl) 1866 Kingdoms Protista,
Plantae, Animalia (Kingdom Protista)
atypical
protists, protozoa, protophyta Protozoa  protophyta
atypical protists
Herbert Copdand 1938 Kingdoms Monera,
Protoctista, Plantae, Animdia Kingdom Monera
(prokaryotes)
Kingdom Protoctista
Robert Whittaker 1957 Fungi
Kingdoms Monera Protista, Plantae, Fungi, Animalia
Monera( ) Protista ( )
Fungi( X
) Plantae( ) Animalia( ) ( )
( ) Fungi ( )
Margulis Whittaker (Domain
Prokarya) (Domain Eukarya) Protista, Plantae, Fung,
Animdia
" Woese (ribosome) (rRNA)
Domain Eubacteria( ), Domain
Archaea( ) Archaea
Halophiles (Thermo-acidophiles)

Kingdoms Archaea, Eubacteria, Protista, Plantae, Fungi, Animdia

" Cavdier-Smith 1998

(Superkingdom) Cavalier-Smith
rRNA Kingdom
Bacteria Cavdier-Smith Kingdoms
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Protozoa, Animalia, Fungi, Plantae, Chromista Chromista(
polyphyletic( )
paraphyletic( ) Chromista
. Kingdom Animdia
Thetraditiond arrangement Kingdom Plartae
. Kingdom Protista
B rgion e
Kingdom Animdlia
Kingdom Monera
Four kingdoms Kingdom Protoctista
(Copeland1938) Kingdom Plantae
Kingdom Animdia
Kingdom Monera
: Kingdom Protista
mﬁigﬁ?{ggﬂ Kingdom Plantae
Kingdom Fungi
Kingdom Animdia
Domain Prokarya
Kingdom Bacteria
e Domain Eukarya
;I’I\\;Iv ;ggmsalgs’sgvlzgg)gdo ms Kingdom Protista
Kingdom Fungi
Kingdom Plantae
Kingdom Animdia

Three domains, Six kingdoms
(Woese 1977)

Domain Eubacteria
Kingdom Eubacteria

Domain Archaea
Kingdom Archaea

Domain Eucarya
Kingdom Protista
Kingdom Animdia
Kingdom Fungi
Kingdom Plantae

Six kingdoms
(Cavdier-Smith 1998)

Superkingdom Prokaryota
Kingdom Bacteria

Superkingdom Eukaryota
Kingdom Protozoa
Kingdom Animdia
Kingdom Fug
Kingdom Plantae
Kingdom Chromista

Literature cited:

Cavalier-Smith, T. 1998. A revised six-kingdom system of life. Biol. Rev. 73: 203-266.

Copland, H. F. 1956. The classification of lower organisms. Pacific Books, Palo Alto.

Haeckedl, E. 1894. Generelle Phylogenie der Protisten. Systematische Phylogenie, vol.1. Berlin.



Introductory Biodiversity, Handout TWO. Page 9 of 10

Margulis1996. Archaeal-eubacterial mergersin the origin of Eukarya: Phylogenetic classification
of life. Proc. Natl. Acad. Sci. USA 93: 1071-1076.

Whittaker, R.H. 1969. New Conceptsof Kingdoms of Organisms. Science 163: 150-160.

Woese, C.R., Kandler, O., and Wheelis, M.L. 1990. Towards a natural system of organisms:
Proposal for the domains Archaea, Bacteriaand Eucarya. Proc. Natl. Acad. Sci. USA 87:
4576-4579.

Whittaker Woese Woese
Kingdom Archaea(  archaebacteria)( )
Kingdom Eubacteria ( )
(bacteria) cyanobacteria (
)
cyanobacteria
Eubacteria
Rhizobia ( ) Eubacteria
Chemoauitotroph( )
Kingdom Protista( )
(protozoa)
(Amoebas)
(Euglenophyta) (Euglanida)

Kingdom Fungi ( )

(absorption) (Chitin or chitosan)
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" Kingdom Plantae ( )
(bryophytes)
(Vascular plants)
(Gymnosperms)
(Angiosperms) (dicotyledons)
(monocotyledons)
~ Kingdom Animalia( ) (digestion)
(Radiata)
(acoel omates) (pseudocoel omates) (coelomates)
(blastopore) (protostomes)
(deuterostomes)
(evolution)
http:/Awww.pbs.org/wgbh/evol utiorn/ ( )
http:/Aww.pbs.org/wgbh/evol ution/change/desptime/index.html ( )

http:/Aww.eti.uva.nl/Database/\WBD/paper/Paper.html
http://tolweb.org/tree/phylogeny.html

(Pinacese) (Amphibian)
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()

(taxonomy)

Taxonomy, systematics, classfication, nomenclature

(species)
(genus name)
(Species epithet) Homo sapiens
Piceamorrisonicola
Kingdom, phylum, class,
order, family, genus, species
Kingdom Animdia Pantae
Phylum Chordata Spermatophyta
Class Mammédia Dicotyledonese
Order Primates Coniferdes
Family Hominidee Pinaceae
Genus Homo Picea
Species sgpiens morrisonicola
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()
phenetic principle
phylogenetic principle phenetic  cladigtic, and evolutionary

schools
Phenetic classfication principle ( )

. Phenetic school (phenetics)
( )
Phylogenetic classification principle ( )

. cladistic school

(cladistics)( )
Evolutionary school ( )

"~ Homology: character shared by a set of species and present in their common
ancestor. Compared with Angogy.

Derived homology: homology that first evolved in the common ancestor of a set
of species and is unique to those species. Compared with Ancestiral homology.

" Ancestral homology: homology that evolved before the common ancestor of a
set of species, and is present in other species outside that set of species.
Compared with Derived homology.

- Analogy: Character shared by a set of species but not present in their common
ancestor. A convergently evolved character. Compared with Homology.

Monophyletic group: set of species containing a common ancestor and all of its
descendants.

Paraphyletic group: set of species containing an ancestral species together with
some, but not all, of its descendants. The speciesincluded in the group are those
that have continued to resembl e the ancestor; the excluded species have evolved
rapidly and no longer resemble their ancestor.
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Polyphyletic group: set of species descended from more than one common
ancestor.

"~ phendtic dadigtic, and evolutionary schools

Groups recognized Characters used
Monophyletic Pargphyletic Polyphyletic Homology =~ Andogies
Classfication Derived Ancedtral
Phenetic Yes Yes Yes Yes Yes Yes
Phylogenetic Yes No No Yes No No
Evolutionary Yes Yes No Yes Yes No

Species concepts

(Species) phenetic species concept
(morphological species concept)( ) biological species concept (

) recognition species concept ( ) ecological species

concept ( ) cladistic species concept (phylogenetic species concept)

( )

phenetic species concept  biological species concept cladistic speciesconcept

" phenetic species concept
(sufficiently phenetically similar
to one another)

" biological species concept

" recognition species concept
(a shared specific mate recognition system)

" ecological species concept
(niche)
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- cladistic species concept (phylogenetic species concept)
(members of
an evolutionary linkeage between two branch point)

" phenetic species concept

biological species concept (interbreeding)
(reproductive isolation) (gene flow)

(Dobzhansky 1970)
Pre-mating isolation mechaniams
(8 ecologica or habitat isolation
(b) seasond or tempord isolation
(c) sexud isolaion
(d) mechanicd isolation
(e) isolation by different pollinators
(f) gameticisolation
Post-mating isolaion mechanisms
(9) hybrid inviability
(h) hybrid sterility
(1) hybrid breakdown

" biological speciesconcept

~ cladistic speciesconcept

(speciation)

biological speciesconcept
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allopatric speciation( ) Sympatric
Speciation( ) parapatric speciation( )
" dlopatric speciation( )
sympatric speciation( )
parapatric speciation( )
" allopatric speciation
(gene drift)

" parapatric speciation

" dlopatric speciation  parapatric speciation

" sympatric speciation

polyploidy ( )
" polyploidy polyploidy
Autopolyploidy ( )
Allopolyploidy ( )
" polyploidy

polyploidy
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()

E. O. Wilson and F. M. Peter 1988
(N. M. Callins)
' ’ (Wilson 1999) E. O. Wilson

(The United Nations Environment Programme, UNEP, 1995)
(Global
Biodiversity Assessment)(GBA)
10%

()
99%
(Chromophyta)( ) 1.5%
( Erwin 1982)
- (Species-arearelationship) (extrapolation)
UNEP GBA

GBA
3,635,000 111,655,000
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GBA
( ) 13,620,000
Kingdoms Described species  Edtimated total species  Described %
Bacteria 4,000 1,000,000 0.4%
Protista 80,000 600,000 13.3%
Animdia 1,320,000 10,600,000 12.5%
Insects 840,000 8,000,000 10.5%
vertebrates 46,500 50,000 93.0%
Fung 70,000 1,500,000 4.7%
Plantae 270,000 300,000 90.0%
TOTAL 1,744,000 Ca.14,000,000 12.5%
(nematodes)
Literature cited:

Erwin, T. 1982. Tropica forests. their richness in Coleptera and other arthropod
species. Coleopterists Bulletin 36:74-75.

Wilson, E. O. and F. M. Peter. 1988. Biodiveraty. National Academy of Science,
Washington D. C., USA.

Wilson, E. O. 1999. Thediversty of life. Norton. New Y ork, USA.

Heywood, V.H. 1995. Globa Bioversty Assessment.Published for the United
Nations Environment Programme, Cambridge University Press, UK.

(evolution)
http:/AMmww.pbs.org/wgbh/evol ution/darwin/origin/index.html

(Pycnonotus taivanus) (P. 9ness)
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outline maps( ) dot maps( )
contour maps( ) outline maps

dot maps
contour maps

Hutchinson's Multi-dimensiona Niche Concept

(Hutchinson 1957)
Niche as “multi-dimensiona space or hyper-volume in which the different axes
or dimengons represent different environmenta variables’.

', fundamental niche) (
dispersal ability)
(- ', realized niche)

()

(scale)
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extent( ) resolution( ) ogan(
) extent resolution
gran
(ANOVA) extent(E) resolution(R)

(spetid variance)(SV) SV =c (E/R)

grain resolution Grain
(within-block variance)
(between-block variance)

() species-areardationship

species-arearelationship (

- )
- nested design un-nested design (
)
S=c A? log(S) = log(c) + z log(A)
S A C. z 0 1
- z

() Whittaker(1960, 1977) dpha, beta, and gamma diversity

" Robet Whitaker 1960

Siskiyou apha
diversty betadiversty gammadiversty dphadiversty(a )

(community) (association) betadiversity(3

) gammadiversty(y

) (community) (association)
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"~ dphadiversty gammadiversty inventory diversity(
) dphadivergty gamma
diversty beta diversity
differentiation diversty ( )

extent resolution grain
gran gammadiversty
extent dphadiversty gran beta
diversty gran

apha, beta, and gammadiversity

B =y la y =a B
" Robert Whiteker 1960 dpha beta gamma
diversity
" Robert Whittaker 1977 dpha beta gammadiversty
(habitat) (community) (landscape)
inventory
diversity pointdiversity alphadiversity gammadiversity epsilon
diversity differentiation diversity patterndiversity betadiversity
ddtadiversty
" point diversty( ) a
Y
epslon divergty(e )
pattern diversity( )
B
a ddta diversty(d )
Y

http://preserve.coa.gov.tw/download/biodiversity/15.PDF
http://bc.zo.ntu.edu.tw/conf_200109/01.htm

(habitat) (community) (landscape)
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Robert Whittaker(1977)

Literature cited:

Whittaker, R. H. (1960) Vegetation of the Siskiyou Mountains, Oregon and
Cdifornia Ecol. Monogr. 30:279-338.

Whittaker, R. H. (1977) Species diversity in land communities. Evol. Biol.
10:1-67.

() (isolation effect)
(peninsulas effect)
(idands effect)
peninsulas effect( )
bay effect( )
idand
effect( )
() (environmentd gradients)
(Iditudind gradient)
(elevationd gradient or dtitudina

gradient)
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(hump-shaped relation)(Rahbek 1995)

(depth gradient)

(disturbance)( )

(disturbance gradient)

(intermediate disturbance hypothesis)

()

(endangered
Species) (rare species)

References:
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Orme, C.D.L. et d. 2005. Globa hotspots of species richness are not congruent
with endemism or threst. Nature 436: 1016-1019.

Grenyer, R.et d. 2006. The global distribution and conservation of rare and
threstened vertebrates. Nature in press.

Gaston, K. J. and J. |. Spicer. 1998. Biodiversty: an introduction
mapping biodiversity (pages43-75)

http://preserve.coa.gov.tw/downl oad/biodiversity/15.PDF

http://bc.zo.ntu.edu.tw/conf_200109/01.htm
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(process)
(mechanism)

(Brown &Lomolino 1998)

(pattern)

25
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() (comptitive exclusion principle)

(Multi-dimensond Niche
Concept) (Hutchinson 1957)
(complete competitors cannot co-

exis)
(niche) (niche differentiation and specidization)
A B ab
A a B
b a A

b B

() (competition theory)
(Dobzhansky 1950)
" (tautology)

() (spatid heterogeneity theory)

(MacArthur and MacArthur 1961)
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(Speciation)
(foliage height diversity)
(landscape)
() (productivity limitation theory)
(Hutchinson 1959)
(Hutchinson 1959)
(MacArthur 1972)

(locd or regiond scaes)
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( )
(plankton paradox)
@
1988) (2) (3)
() (favorableness theory)
(Terborgh 1973)
() (area theory)
@
@)
©)
Speciation) (parapatric speciation)(

(rescue effect)

(Tilmen

(Terborgh 1973)

(alopatric
)
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() (dimatic gability theory)
(Fisher 1960)
()
(
)
() (time theory)
(Fisher 1960)
(Pianka 1966)

(evolutionary time theory) (ecologica time theory)
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(succession)
( )
() (isolation theory)
D
2
() (predation theory)

(Paine 1966)
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(tautology)

() (intermediate disturbance hypothesis)

(equilibrium theory of idand biogeography)
Robert
H. MacArthur  Edward O. Wilson 1963 1967

( IBT)

- (Species-arearedationship) - (Species

isolaion reaionship)

- (Species-areardationship)
IBT

- (Species-isolaion rdaionship)
IBT

IBT
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IBT

1.

2.

3.

4. (rescue effect)
5. (target effect)
6.

7.

8.

Coda

Literaturecited

Brown, J. H. and M. V. Lomolino. 1998. Biogeography: 2nd edition. Sinauer,
Sunderland.

Connell, J. H. and E. Orias. 1964. The ecological regulation of species diversity.
American Naturalist 98: 399-414.

Dobzhansky, T. 1950. Evolution in the tropics. American Naturalist 14:64-81.

Fischer, A. G. 1960. Latitudina variationsin organic diversty. Evolution 14:64-81.

Whittaker, R. H. 1960. Vegetation of the Siskiyou Mountains, Oregon and Cdifornia.
Ecological Monograph 30:279-338.
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Hutchinson, G. E. 1959. Homage to Santa Rosdlia, or why are there so many kinds of
animals? American Naturalist 93: 145-159.

MacArthur, R. H. 1972. Geographical Ecology: patternsin the distribution of species.
Harper & Row. New York.
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The Blue Planet
23.5°
23.5°
( 23.5°) ( 23.5°)
23.5° 23.5° (
)
(atmosphere circuletion cdll)
30°
30°
60°
(Coriolis effect)
0° 30° (northeast trades) 0> 30°
(southeast trades) 30° 60° (westerlies)

60° (polar easterlies)
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(biomes)
(Whittaker 1975)

=15

ARCTIC-ALPINE
=10 =

.5 =

COLD TEMPERATE

oH

=

WARM TEMPERATE

IEI0JUlEy
ayvaadoma g,

Mean Annual Temperature, 'Celeins

TROPICAL

15 =

k1

Mean Annual Precipitation, min

() (tropica rain forest)

10°

20°  27°
5000 mm

2500 -
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40m
80m 300
() (tropical dry forests)
10° 25°
20° 30°
1500 - 3000 mm
() (tropicd savannas)
10°  20°

300-1800 mm
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(
)
() (Desert)
20%
30°
300 mm 30°
(Gobi)
(The Grest Basin)
(>56 )
0
-20 (evaporation)
(transpiration)
() (temperate woodland and shrubland)
(woodland) ( saamna
) ( foret )

(Mediterranean climate)
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() (temperate grasdand)
500 1200 mm
(herbaceous vegetation)
Gcm ) (>200cm )
(grasses) (forbs)
() (temperate forest)
30° 55° 40°  50°
800 mm

3000 mm (temperate rainforest)
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() (boredl forest or taiga)
11%
")
-70 30
(mistletoe)
() (tundra)
80°

200 mm

(canopy)

(boreal

50°  65°

Verkhoyansk(
100

(spruce) (fir)

1000 mm

(tamarack)

65°
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(peat) (humus)
(permafrost layer)
(
)
()
Reference:
. 2002. . McGraw-Hill.

Molles, M. C. 2002. Ecology: concepts and gpplications. 2nd edition.
McGraw-Hill.

. 2002. . McGraw-Hiill.




Introductory Biodiversity, Handout SIX. Page 8 of 8




Introductory Biodiversity, Handout SEVEN. Page 1 of 3

71%
(hydrologica cycle) (
) (reservairs)
(turnover time)
20

3.6 13

(the Marianas)

80%

(precipitation)

12

3100

4000

(chemosynthesis)
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, Euphotic zone)
(pelagic zone)
(Upwelling)
30°
23 25
18 20 29
27%
(fringing reefs)
(atalls)
( )
)
20
(estuary) (st marsh)

forests)

(Current)
(
(barrier reefs)
(lagoon)
(
10
50
(mangrove
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(dynamic
ecosystem)

(non-equilibrium ecosystem)

(pools) (runs) (riffles)
(riparian zone)

(ecotone)

(coarse particulate organic matter)

. 2002. . McGraw-Hill. .
Molles, M. C. 2002. Ecology: concepts and applications. 2nd edition.
McGraw-Hill.
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()

130
70 (Pleistocene)

160

17%

Tsukada (1966,

1967) ( 750 )

( )

(Tsuga) (Picea) (Abies)

(Pinus) Symplocodq )

( Quercus Sdlix Alnus Ulmus Carpinus)
( Quercus Castanopsis
Mdlotus Trema)

(Tsukada 1966, 1967)
8 1
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( )
()
35,759.5
140
32% 12%
3952
186.4
()
2 () 5 ()
29 16 19

0.6

48%

380

1:21

100

28



Introductory Biodiversity, Handout EIGHT. Page 3 of 11

100 0.6
2510
6700
35
300 1672
747 ()

()
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(USDA 1975)

14 40

()

(1985) 155

20
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4000
()
3600
5
(Juniperus squameata) (Rhododendron pseudochrysanthum)
3600 2500
(
3100-3600 ) (Abies kawakamii)
( 2500-3100 ) (Tsuga chinengs)
(Piceamorrisonicola)
2500 2600 1800

(Chamaecyparis formosanensis) (Chamaecyparis obtusa)
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(Tawania)
1500 2500
(Quercus zone)
(2000 2500 ) (1500 2000 )
(Cyclobdanopss morii) (Cyc.
stenophylloides) (Trochodendron aralioides) (Castanopsis
carlesii) (Cyc. longinux) (Cyc. gilva)
(Yushania niitakayamensis)
500 1500 17 23

(Machilus-Castanopsis Zone)

500 1000 4000
23
(Ficus-Machilus Zone)

(Su 1984)
altitudinal vegetation zone alt. m tm wi equivalent
zone g ' climate
Alpine Alpine vegetation 3.600 5 12 subarctic
Subalpine Abies zone 3.100-3,600 5.8 12-36 cold-temperate
Upper Y -
montane Tsuga-Picea zone 2500-3,100 | 8-11 36-72 cool-temperate
Quercus (upper) zone temperate
Montane 2,000-2,500 | 11-14 | 72-108
Quercus (lower) zone | 1,500-2,000 [ 14-17 | 108-144 |warm-temperate
Machilus-Castanopsis .
Submontane zone 500-1,500 | 17-23 | 144-216 | Subtropical
Foothill Ficus-Machilus zone 500 23 216 tropical
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(savanna)
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()
(marsh) (swamp)
(Phragmites communis)
(Sporobolus virginicus) (Cyperus maaccenss)
(Avicenniamarina) (Kandelia canddl) (Rhizophora
mucronata)
(Ucaspp.) (Boleophthal mus pectinirostris)
()
(Aix gdericulaa) (Anas platyrhynchos)
(Muntiacus reeves micrurus) (Cervus unicolor swinhoe! )
(Isoetes
talwanensis) (Sparganium fallax)

()
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(Zacco barbata) (Acrossocheilus paradoxus)
(Varicorhinus dticorpus) (Odonata) (Neoperla
spp.)

()
200
70
1,000 3,000 5,000
(open ocean) (coastd areq)

/10
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(biota)
1,500 4,200
3,600 28 5,500
150,000 (Peter H. Raven) 70
468 82 32 2,500
150 250 3,000 642

17,600 400

Reference

Su, H. J. 1984. Studies on the climate and vegetation types of the natural forestsin
Taiwan(l): analysis of the variations on climatic factors. Quarterly Journa of
Chinese Forestry 17: 1-14.

Su, H. J. 1984. Studies on the climate and vegetation types of the natural forestsin
Tawan(l1): dtitudina vegetation zones in relaion to temperature gradient.
Quarterly Journd of Chinese Forestry 17: 57-73.

Su, H. J. 1985. Studies on the climate and vegetation types of the natural forestsin
Tawen (I11): a scheme of geographica climate regions. Quarterly Journa of
Chinese Forestry 18: 33-44.

Tsukada, M. 1966. Late Pleistocene vegetation and climate in Taiwan (Formosa).
Proceedings of the National Academy of Sciences of the United States of
America55:543-548.

Tsukada, M. 1967. Vegetation in subtropical Formosa during the Pleistocene and
the Holocene. Paleogeography, paeoclimatology, paeoecology 3:29-48.
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Homo sapiens
(Homo sapiens)
(Cohen 1995)
1500
0.1% 1730
1820
1950
2.6
21
2.1 2050 2150
2.2
2050
28% 1750 20%
1900 13% 1950
( ) 0.00025 20%
(Cohen 1995)

(GDP, Gross Domestic Product)
1990 1990
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565 (GDP)
1500 1500
1500 1820 (Maddison
1995)
(1900-2000A.D.)
(900-1900A.D.) (McNsill
2000)
( )
( )
(Pimm 2001)
( )
(Pimm 2001)
1980
(
destroyed) ( ) (Wilson 1999)
13,630,000 (an educated guess) Globa Biodiversity
Assessment (UNEP 1995)

1600



Introductory Biodiversity, Handout NINE Page 3 of 8

103 83
98%
(background extinct rate) (World Conservation
Monitoring Centre 1992)
1988 (Wilson 1999) 1%
10% ( ) 6%

( )

- (Species-areardaionship)

S=C A% o log(S =log(C) + zlog(A)

- z 015 0.35
75% 30%
90% 50%
4-8%
1-2% 2-5%
50-90% 10-38
"~ Tery Erwinetd. (1991)
L uehea seemannii 1100
160 L uehea seemannii 40%
L uehea seemannii 400
L uehea seemannii

600
300
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1990 1995 (Nigeria)
0.7% Norman Mayer (1989) 1990
14.3%
(habitat fragmentation)
(Edge effects)
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( )(interior
Species)

meta- population( )
meta- population "ase of patidly isolated
popul ations belonging to the same speciesand the different populations are able
to exchange individuas and recolonize Stes in which the species has recently
become extinct” .

(passenger pigeon)

1840 1900
1914

(Dodo)

(minimum
viable population)

"~ minimum viable population (MVP) Global Biodiversity Assessment
"The smallest isolated population having a good chance of surviving for
agiven number of years despite the foreseeable effects of demographic,
environmental, and genetic events and natural catastrophes’

MVP 99%
(alien species, exatic species) (non-netive
species, nor+indigenous species) (invasive species)

(introduced species)
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DDT
(biological concentration, biological magnification)

Homo sapiens
1-2%
(greenhouse effect) 1-4
(Quaternary)
1 90-160
1 90-160

500
14
10-40
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© Soulé(1991)

@
Genetic & Species Community  Ecosystems
population

Habitat loss
Habitat
fragmentation
Overexploitation
Exotic species
Pollution

(b)

Genetic & Species Community  Ecosystems
population

Habitat loss
Habitat
fragmentation
Over-explaitation
Exotic species
Pollution

88%
46% 20% 14%
2% (Wilcore et al. 1998)

Coda

" Are some consarvation biologists crying wolves? Do they over-estimate or
exaggerate theloss of biodiversity? Are most of the species on Earth facing a
doomed day? Wadll, | am not sure. However, | am very sure that the current
speed of biodiversity loss is unprecedentedly higher than those historic periods

without Homo sapiens. The Stuation that a Single species drives many other



Introductory Biodiversity, Handout NINE Page 8 of 8

species onto brink of extinction had never happened to the biota of Earth.
Nevertheless, we have observed that many over-expanding populations and
species have driven themsalves into extinction. Thisisthe last scenario we

human beings, the only species has mords, want to face (tsd).

() ()
()

—
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(anthropo-centrism)

And God sad, Let us make man in our image, after our likeness: and let them

have dominion over the fish of the sea, and over the fowl of the air, and over the
cattle, and over all the earth, and over every creeping thing that creepth upon the
earth. [Genesis 1:26], King James Verson]

So God created man in hisown image, in the image of God created he him; male
and femade created he them. [Genesis 1:271]

And God blessed them, and God said unto them, Be fruitful, and multiply, and
replenish the earth, and subdue it: and have dominion over the fish of the seg,

and over every living thing that moveth upon the earth. [Genesis 1:281]]



Introductory Biodiversity, Handout TEN. Page 2 of 7

(bio-centrism or
€co-centrism)

Aldo Leopold  Land Ethic(1949)

“Theland ethic Smply enlarges the boundaries of the community to indlude
soils, waters, plants, and animals, or collectively: the land”

“In short, aland ethic changes the role of Homo sgpiens from conqueror of the
land community to plain member and citizen of it. It Smply respect for his
fellow-members, and also respect for the community as such.”

(Convention on Biological Diversity)
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(1)
2 3)

Article 1. Objectives

The objectives of this Convention, to be pursued in accordance with its relevant
provisions, arethe conservation of biological diversity, the sustainable use of its
components and the fair and equitable sharing of the benefits arisng out of the
utilization of genetic resources, including by appropriate access to genetic

resources and by appropriate transfer of relevant technologies, taking into

account al rights over those resources and to technologies, and by appropriate
funding.

- 99%
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20
50%
(variety)
25 70%
1989
(WCMC 1992)

1945-1989

7% 13%

90%
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(Ceballos-Lascurain 1992)

(diversity-stehility hypothesis) ( )(MacArthur 1955)

(speciesdiversity and community stability hypothesis)
C )

1970

1980

1990
(Species diversty and ecosystem function hypothesis)( SDEF
) SDEF
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(D)
(diversity-tehility hypothesis)

2 (rivet hypothesis)
3
(redundancy hypothesis) (functiond
group)
4 (null hypothesis)
SDEF

(species-energy hypothes s)(Hutchinson 1958,
Connell and Orians 1964, Wright et al. 1983)
(Climatic gtability hypothesis)(Fisher 1960, Conndll and
Orians 1964) (disturbance hypothesis)(Connell 1978)
(naturd experiment)

Shahid Naeem
(Naeem et al. 1994, 1996, Naeem and Li 1997)
David Tilman (Minnesota)
(Tilman and Downing 1994, Tilman 1996)
SDEF

Coda
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References
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90%
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1991

Artide 2. Use of Terms

For the purposes of this Convention:

"Biologica resources' includes genetic resources, organisms or parts thereof,
populations, or any other biotic component of ecosystems with actua or
potentia use or vaue for humanity.

"Biotechnology" means any technological application that uses biological systems,
living organisms, or derivatives thereof, to make or modify products or
processes for specific use.

"Country of origin of genetic resources’ means the country which possesses those
genetic resourcesin in-Situ conditions.

"Country providing genetic resources’ means the country supplying genetic
resources collected from in-situsources, including populations of both wild and
domesticated species, or taken from ex-Stu sources, which may or may not
have originated in that country.

"Domedticated or cultivated species’ means speciesin which the evolutionary
process has been influenced by humans to meet their needs.

"Ex-9tu consarvation” means the conservation of components of biologica
divergty outside their naturd habitats.

"Genetic materid" means any materid of plant, anima, microbid or other origin
containing functiond units of heredlity.

"Genetic resources’ means genetic materiad of actua or potentid vaue.

"In-9tu conditions’ means conditions where genetic resources exist within
ecosystems and natura habitats, and, in the case of domesticated or cultivated
species, in the surroundings where they have developed their distinctive
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properties.

"In-Stu conservation” means the conservation of ecosystems and natura habitats
and the maintenance and recovery of viable populations of speciesin their
natural surroundings and, in the case of domesticated or cultivated species, in
the surroundings where they have developed their distinctive properties.

Article 15. Access to Genetic Resources

1. Recognizing the sovereign rights of States over their natural resources, the
authority to determine access to genetic resources rests with the nationa
governments and is subject to nationd legidation.

2. Each Contracting Party shdl endeavour to cregte conditions to facilitate access
to genetic resources for environmentally sound uses by other Contracting
Parties and not to impose redtrictions that run counter to the objectives of this
Convention.
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3. For the purpose of this Convention, the genetic resources being provided by a
Contracting Party, asreferred to in thisArticdleand Articles 16 and 19, are only
those that are provided by Contracting Parties that are countries of origin of
such resources or by the Parties that have acquired the genetic resourcesin
accordance with this Convention.

4. Access, where granted, shal be on mutually agreed terms and subject to the
provisons of thisArticle,

5. Access to genetic resources shall be subject to prior informed consent of the
Contracting Party providing such resources, unless otherwise determined by
thet Party.

6. Each Contracting Party shal endeavour to develop and carry out scientific
research based on genetic resources provided by other Contracting Parties with
the full participation of, and where possible in, such Contracting Parties.

7. Each Contracting Party shall take legidative, administrative or policy measures,
as appropriate, and in accordance with Articles 16 and 19 and, where necessary,
through the financial mechanism established by Articles 20 and 21 with the aim
of sharing in afar and equitable way the results of research and devel opment
and the benefits arising from the commercid and other utilization of genetic
resources with the Contracting Party providing such resources. Such sharing
shdl be upon mutudly agreed terms.

15

3. 16 19

1. 16 19 20 21
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Article 16. Accessto and Transfer of technology

1. Each Contracting Party, recognizing thet technology includes biotechnology,
and that both access to and transfer of technology among Contracting Parties
are essentid ements for the attainment of the objectives of this Convention,
undertakes subject to the provisions of thisArticle to provide and/or fecilitate
access for and transfer to other Contracting Parties of technologiesthat are
relevant to the conservation and sustainable use of biological diversity or make
use of genetic resources and do not cause sgnificant damage to the
environment.

2. Access to and transfer of technology referred to in paragraph 1 above to
developing countries shall be provided and/or facilitated under fair and most
favourable terms, including on concessiond and preferentid terms where
mutudly agreed, and, where necessary, in accordance with the financial
mechanism established by Articles 20 and 21. In the case of technology subject
to patents and other intellectual property rights, such access and transfer shall be
provided on terms which recognize and are consstent with the adequate and
effective protection of intellectua property rights. The gpplication of this
paragraph shal be consstent with paragraphs 3, 4 and 5 below.

3. Each Contracting Party shall take legidlative, administrative or policy measures,
as appropriate, with the aim that Contracting Parties, in particular those that are
developing countries, which provide genetic resources are provided access to
and transfer of technology which makes use of those resources, on mutually
agreed terms, including technology protected by patents and other intellectua
property rights, where necessary, through the provisions of Articles 20 and 21
and in accordance with international law and consistent with paragraphs4 and 5
below.

4. Each Contracting Party shall take legislative, administrative or policy measures,
as gppropriate, with the aim that the private sector facilitates access to, joint
development and transfer of technology referred to in paragraph 1 above for the
benefit of both governmenta inditutions and the private sector of developing
countries and in this regard shal abide by the obligationsincluded in
paragraphs 1, 2 and 3 above.

5. The Contracting Parties, recognizing that patents and other intellectual property
rights may have an influence on the implementation of this Convention, shall
cooperatein this regard subject to nationa legidation and internationa law in
order to ensure that such rights are supportive of and do not run counter to its
objectives.
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16

20 21

20 21

(UPQV, Union internationale pour la Protection des Obtentions V egetal es)
1991



Introductory Biodiversity, Handout ELEVEN. Page 7 of 8

2001
70

PCR

(Archaeq) (thermophilus)
PCR(Polymerase Chain Reaction) PCR
Tag DNA polymerase Tag DNA
polymerase
PCR

Reference

. 1999. :
http://e-info.org.tw/issue/bi otech/2001/i ssue- biotech01010301.htm
. 1999. CBD
http://seed.agron.ntu.edu.tw/germplasm/cbd1.html

. 2002.
http://seed.agron.ntu.edu.tw/publi cation/seed- treaty .htm

http:/Aww.biodiv.org/convention/articlesasp  ( )
http://bc.zo.ntu.edu.tw/cbd/cbd_c.htm  ( )
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(ingtu
consarvation) (sustainable use of resources) (ex
Stu conservation)

"In-Situ conditions’ means conditions where genetic resources exist within
ecosystems and natura habitats, and, in the case of domesticated or cultivated
species, in the surroundings where they have developed their digtinctive

properties.

"Ex-Situ consarvation” means the conservation of components of biological
diversty outsde their naturd habitats.

" Sustainable use" means the use of components of biological diversity in away
and at arate that does not lead to the long-term decline of biologicd diversty,
thereby maintaining its potentia to meet the needs and aspirations of present

and future generdions.

preservation  conservation Preservation
” " conservation ” " Preservation
conservation
Preservation
conservation
Preservation  conservation
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keystonespecies umbrella
species flagship species  keystone species( )
umbrella specieq )
flagship species( )

indicator species( )
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hotspot analysis
Gep andyss  hotspot andys g )
C )
@ )
(endemism) (3) (4 (Reid 1998)
Gap analysis( )
(9ap)
(endangered species)
(rare species)
( ) hotspot analysis
(silver bullet)
@ @)
3
4 5
(6)
SLOSSdebate Single Large Or
Several Small (edge effect)
(zoning) (biosphere reserve model)
core zone ( ) buffer zone ( ) transition(
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restoration, rehabilitation, and replacement

(active management)
prescribed fire

reintroduction( )
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Article 7. Identification and Monitoring

Each Contracting Party shall, asfar as possible and as appropriate, in particular for
the purposes of Articles810 10:

(8) Identify components of biologica diversty important for its conservation and
sugtainable use having regard to the indicative list of categories set downin
Annex [;

(b) Monitor, through sampling and other techniques, the components of biological
diversty identified pursuant to subparagraph (a) above, paying particular
attention to those requiring urgent conservation measures and those which offer
the greatest potentia for sustainable use;

(c) Identify processes and categories of activities which have or are likely to have
ggnificant adverse impacts on the conservation and sustainable use of
biologica divergity, and monitor ther effects through sampling and other
techniques, and

(d) Maintain and organize, by any mechanism, data derived from identification
and monitoring activities pursuant to subparagraphs (a), (b) and (c) above.

7
8 10
1
2. 1
3.
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Article 8. In-stu Consarvation

Each Contracting Party shdl, asfar as possible and as appropriate:

(8) Establish a system of protected areas or areas where specia measures need to
be taken to conserve biological diversity;

(b) Develop, where necessary, guiddines for the sdection, establishment and
management of protected areas or areas where special measures need to be
taken to conserve biologicd diversity;

(c) Regulate or manage biologica resources important for the conservation of
biological diversity whether within or outsde protected areas, with aview to
ensuring thelr conservation and sustainable use;

(d) Promote the protection of ecosystems, natural habitats and the maintenance of
viable populations of speciesin naturd surroundings,

(e) Promote environmentally sound and sustai nable development in areas adjacent
to protected areas with aview to furthering protection of these aress,

(f) Rehabilitate and restore degraded ecosystems and promote the recovery of
threatened species, inter dia, through the development and implementation of
plans or other management strategies,

(9) Establish or maintain means to regulate, manage or control the risks associated
with the use and release of living modified organisms resulting from
biotechnology which are likely to have adverse environmenta impacts that
could affect the conservation and sustainable use of biologicd diversty, taking
aso into account the risks to human hedlth;

(h) Prevent the introduction of, control or eradicate those alien specieswhich
threaten ecosystems, habitats or species,

(1) Endeavour to provide the conditions needed for compatibility between present
uses and the conservation of biologica diveraty and the sustainable use of its
components,

(j) Subject to its netiond legidation, respect, preserve and maintain knowledge,
innovations and practices of indigenous and loca communities embodying
traditiond lifestyles rlevant for the conservation and sustainable use of
biologicd diversty and promote their wider application with the approva and
involvement of the holders of such knowledge, innovations and practices and
encourage the equitable sharing of the benefits arising from the utilization of
such knowledge, innovations and practices,

(k) Develop or maintain necessary legidation and/or other regulatory provisons
for the protection of threatened species and populations,

(1) Where asgnificant adverse effect on biologica diversty has been determined
pursuant to Article 7, regulate or manage the relevant processes and categories
of activities, and
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(m) Cooperate in providing financid and other support for in-Stu conservation
outlined in subparagraphs (a) to (1) above, particularly to developing countries.

10.

11
12. 7

13. 1 12

Article 9. Ex-Stu Conservation

Each Contracting Party shdll, as far as possible and as appropriate, and
predominantly for the purpase of complementing in-Stu measures:

(@) Adopt measures for the ex-Stu conservetion of components of biological
divergty, preferably in the country of origin of such components;

(b) Egablish and maintain facilities for ex-9tu conservation of and research on
plants, animas and micro- organisms, preferably in the country of origin of
genetic resources,
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(c) Adopt measures for the recovery and rehabilitation of threatened species and
for their reintroduction into their natural habitats under appropriate conditions;

(d) Regulate and manage collection of biologica resources from naturd habitats
for ex-9tu conservation purposes o as not to threaten ecosystems and in-Situ
populations of species, except where specia temporary ex-Stu measures are
required under subparagraph (c) above; and

(e) Cooperate in providing financia and other support for ex-Stu conservation
outlined in subparagraphs (a) to (d) above and in the establishment and
maintenance of ex- Stu consarvation facilities in developing countries,
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(bio-centrism)
(anthropo-centrism)

(romantic ecology)
(Relph Waldo
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Emerson) (Henry David Thoreau) (Walt Whitman)
Y dlowstone Nationa Park 1874
(preservation)
1892 (John Muir) SierraClub(
) SeraClub (
Yosemite )
1898 (Gifford Pinchot) (U.S. Forest Service)

(conservation)
Gifford Pinchot
(the greatest good of the greatest number for the

longest time)

" John Muir  Gifford Pinchot

(preservation)
(conservation)

' preservetion  conservation ? ?
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~ 1960

(6)

~ 1960

© 1980

© 1990

Protocol)

conservation

UNESCO, FAO, UNEP)

(environmenta revolution)

@) 2 (3) Rachel Carson
(4) ©)
1970
1972
(UNEP) (
, EPA) 1970
(Convention on Biologica Diversty) (Kyoto
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()

UNESCO ( )
UNFAO ( ) UNEP( ) 1UCN

I[UCN

The International Union for Conservation of Nature and Natura Resources
IUCN

1948
2002 3 78 112
735
181 3
6
(UNESCO) (FAO)
(UNEP)
(World Conservation Strategy)
1999

IUCN

IUCN (Red List of Threatened Species)

(Extinct) (Extinct in the Wild) (Criticdly
Endangered) (Endangered) (Vulnerable) (Lower
Risk) (Data Deficient) (Not Evauated)

- CITES
( )

The Convention of International Trade in Endangered Species of Wild Fauna
and Flora
1973 3
126
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(Appendix I)
(Appendix )
(Appendix I11)
()
- WWEF
World Wide Fund For Nature
1961 Julian Huxley
(World Wildife Fund) 1988
24 5
26 500
(NGO, NonGovernmenta Organization) 130
5,000 IUCN UNEP CITES
" TRAFFIC INTERNATIONAL
Trade Record Analyss of FHoraand Faunain Commerce
1976 WWF  [UCN
CITES
(World ConservationMonitoring
Center IUCN )

18 TRAFFIC TAIPE 1992 10



Introductory Biodiversity, Handout THIRTEEN. Page 6 of 8

" GREENPEACE INTERNATIONAL

1971 a4
41 250

158

BIRDLIFE INTERNATIONAL

500

(International Council of Bird Preservation,

ICBP) 1994 8

1996 11

Nationa Audubon Society

1886
57 518 9 6
100
Audubon AmericanBirds AudubonActivis  Audubon
Adventures World of Audubon

- THE NATURE CONSERVANCY

(TNC)
1946 (Ecologicd Society of America, ESA)
ESA
TNC
1953

50
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90 61 TNC
TNC 1,360
" SERRA CLUB
1892 John Muir
50 60
400 700 1,400

()

" The Stockholm Declaration on the Human Environment

1972 (Stockholm)
(The United Nations Conference on the Human Environment)

26 5

. Natural resources should be safeguarded and conserved, the earth’s capacity to
produce renewable resources should be maintained, and non-renewable
resources should be shared.

. Development and environmenta concern should go together, and less
devel oped countries should be given every assistance and incentive to promote
rationa environmental management.

. Each country should establish its own standards of environmental
management and exploit resources as they wished but should not endangered
other states. There should be international cooperation aming & improving
the environment.

. Pollution should not exceed the capacity of the environment to clean itself, and
ocean pollution should be prevented.

. Science, technology, education, and research should all be used to promote
environmenta protection.

RAMSAR
(RAMSAR )
Convention on Wetlands of Internationa Importance Especidly as Waterfowl
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Habitat

(Ramsar)

96

I[UCN

858

~ CONVENTION ON BIOLOGICAL DIVERSITY

1992 6

KYOTO PROTOCOL

1997 12 11
2005 2 16

(HFCy
2008 2012
8% 7%

6%

(CO)
(PFC9

http://dns.tesri.gov.tw/content6/org-f.ntm

1993

38
(CHa)

1990

http://preserve.coa.gov.tw/download/biodiversity/11.PDF

1971

54,500

12 29

(SFs)
5.2%

(N20)
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conservation

(Austronesian)

6500 500

(1624-1661) (1662-1683)

1638
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1969
( )
(1895-1945)
( )
«y
2
©)
1)
2 ©)
(1945-1970) (1971-1980)
(1981-1990) (1991-now)

(1945-1970)

(1945-1970)
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1949 50
18% 1970 430
35%

(1971-1980)

1971 1972
1971
16,092 1972 1,800,163 m®
1975
1975 1)
2
€)
" 1974

1981
1970

1970

© 1980
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1981
1986 8 19
1989
16
30
1972
1981 1984 1986
1992 1995
1989
1975
1980 1989
1991
(D
@)
©)
(anthropocentrism)
(biocentrism)
biocentrism
anthropocentrism

1990
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© 1990

© 1990

1990

1990

© 1990

1990
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19.5%

1970

2001
2001
2004
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~ 2001
1)
3
(4) ©)

(1)
) 3)
(4)

(Patel AD) 1989
20

http://econgis.forest.gov.tw/PDF/biodiversity/index.htm

Coda

& &

t hanks

(5)

)



