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Lévéque, C. & J-C. Mounolou. 2003. Biodiversity.

Perlman, D. & G. Adelson. 1997. Biodiversity: exploring values and priorities in conservation.
Ridley, M. 2004. Evolution. 3" ed.

b e
_ﬁ ‘%”{ “-ﬂlﬂ ‘fL«;




TThere sy be soweswin metde . ... z:ﬁ

“There must be something inside”
A E w2011 & 5 @



Introductory Biodiversity, Handout ONE. Page 1 of 10

F-or AP iRPEIMAS T
e H-ZPAAYLREN R AP SR EMA ik LFEL P LB
Mg gk X8 0 RA 5 S R A @A > L5 0 FES P
e S

=
il
e

()24 5oz
e 4 b FHME B RY P ® > 3 5 biodiversity & biological diversity -

« biodiversity £ biological diversity i&= F = i@ - biological diversity i3 1 1
PRS- Bl ok b g B s i BB 2 P f il
X¢ - biodiversity iz — 3#%+ 1986 & 5 & J13 » L AR 5 biological
diversity ig— 3#5EB + 5 - B s fiF2 L3 0 1986 & h- it g ¢ ALK
eI 2 5 A& % % - 2 {8 biodiversity i+ biological diversity ¥ # o

« biodiversity # biological diversity i&= Bz » P % 2884 hf¥Fi 445 3
Bl o P WA R e 3 TAFBER & T4 &IHE, 27 F

« "Biological diversity refers to the variety and variability of among living
organisms and the ecological complexes in which they occur. Diversity can be
defined as different items and their relative frequency. For biological diversity,
these items are organized at many levels, ranging from complete ecosystems, to
the chemical structures that are molecular basis of heredity. Thus, the term
encompasses different ecosystems, species, genes, and their relative abundance.
Office of Technological Assessment, 1987. Technologies to Maintain Biological

Diversity.

« ”’Biological diversity’ means the variability among living organisms from all
sources including, inter alia, terrestrial, marine and other aquatic ecosystems and
the ecological complexes of which they are part; this includes diversity within
species, between species and of ecosystems”. Chapter 2 in Convention on
Biological Diversity, 1992.
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* The variety of organisms considered at all levels, from genetic variants
belonging to same species through arrays of species to arrays of genera, families,
and still higher taxonomic levels; include the variety of ecosystems, which
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.

» "The term *biodiversity’ is indeed commonly used to describe the number,
variety, and variability of living organisms. This very broad usage, embracing
many different parameters, is essentially a synonym of ‘life on earth’. ... It has
become widespread to define biodiversity in terms of genes, species, and
ecosystems, corresponding to three fundamentally and hierarchically related
levels of biological organisms.” World Conservation Monitoring Centre, 1992.
Global Biodiversity: Status of the Earth’s Living Resources.

« "Biodiversity: the variety of living organisms considered at all levels of
organization, including the genetic, species, and the higher taxonomical levels,
and the variety of habitats and ecosystems, as well as the processes occurring
therein.” Meffe, GK and CR Carroll, 1997, Principles of Conservation Biology.

« General definition: all the variety of life on earth.
(=) 24 5 e - HjRiE

ed NPT H AP IR EMAT UL - BER - BRT =B
Bo~B-BER - BEWITy 2 AR RN 3akg o - B
IEAPIcER > 27 A3 - Z AR SRR T 2 (variety &
variability)> = B % 3. 5 2 & F P A8 5 223 @ 4 (ecological,
organismal, and genetic diversity) > = # & & 5 s 2 & &2 2§ & (diversity
and richness) -

o%ﬂ—,’i’?%ﬂ'}irﬁ@\wj, &I—er@.‘%‘ﬂ pt:%r‘]v{;%« ~ A iﬁ%ﬁéﬁﬁ:% e
‘%’%ﬁ—’»ﬁéﬂ‘gé’; A *“"H\[:\ f F\7 4—*”‘9:)\,'7':31;!* ‘E.k— y%ﬁ»l}ﬁ_i%ﬁﬁ% 1%
N I %ﬂﬂi K%ﬂma s Bpd 4 & o

2 AFMEPHIZ T FET I ER R A BB I RM S NS R 2
& % %% (genetic, organismal, and ecological diversity) = B % 3. o @ & ¥
(genes) ~ 4 fd(species) ~ % 2 f& k& (ecosystems)R| - BALLE VU R A H @
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 Elements of biodiversity:

Ecological diversity Genetic diversity Organismal diversity
Kingdoms

Biomes Phyla
Bioregions Classes
Landscapes Order
Ecosystems Families
Habitats Genera
Niches Species
Populations Populations Populations

Individuals Individuals

Chromosomes

Genes

Nucleotides
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(2) 7 hitahg i g

s PHRPEFIMAME M MA T B };?.(rlchness) ~ 1 £ & (heterogeneity or
diversity) ~ 22353 & (evenness) - & A F x5 X A 252 0T 7
B-w§ a2 52

» Examples of richness indices:
Whoever’s Richness Index
R1=S
Margalef’s Richness Index (Margalef 1958)
Rz =(S- 1)/ In(N)
Mehinick’s Richness Index (Mehinick 1964)
Rs =S /sqgrt(N)

Where N is the total number of individuals in the sample and S is the number of species recorded

o ¥% & (richness)ie Bipihefts » 2 & L4 47 TN o 28
BAOBHEE ¢ 2 Fr BERAOBEERE - 0> AR AT LIER
FRAFE S VAo ABKE Z £ 9:4\1,"1{‘;’%%’: 0

FF # 5 i27% richness &2 abundance - &= BE “ 124 1 Pl T25
E’k I \&'}i 1 e {E%« t"‘[‘; _;El o SpeC|es I’IChneSS {#Fl ﬁ,‘#" *”fégt

2% % (5 & B4 48) population abundance £.4n %+ &8 B AEEE 5
%(*p AR )

o 5 B }i(heterogeneity or diversity) & - B ¥ * 2 ¥ AFEF h- Bip ik o 2R
EWF I FHRE LA BAFRAT AP o P HBRDE
heterogenelty.ki? diversity &% /R * > Flpt F g 2R K o

» Examples of heterogeneity or diversity indices:
Shannon-Wiener Diversity Index (Shannon and Weaver 1949)
Di==X(Pi-In(P)) or Dy==X((ni/N) - In(nj/N))
Simpson’s Diversity Index (Simpson 1949)
D,= ¥ Pi® orDy= ¥ (nj/N)?

Where P; is the proportion of individuals found in the i-th species

« Shannon-Wiener diversity index = #- % Shannon diversity index » # 7 ®
172 24 (information theory) =53 communication entropy > &_4 it & #J§
e ﬁi F - BT ik - st £ R3pHE 5 Claude Shannon (1919-2001).'73

4-:1
“ﬁ
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Norbert Wiener »+ 1948 & #74| » e 3%~ 3 #r7| &7t Shannon ¥7 Warren
Weaver *+ 1949 & #1 & Feh—- A Z ¢ » F|pt ¥ 445 4 5 Shannon- Weaver
diversity index

« Shannon diversity index i * & % 7 - B3 L 1% #7221 (uncertainty) > 4%
4 R kiR R (community)® g BAER o e B iR § P
M AEE(EFR)EFAEE » F (323 R)TEE 70 T diversity =
f(rlchness, evenness) o — ¥ & P 4o % $~ f&(species richness)4% ¥ » Shannon
diversity index ﬁ‘!ﬁ»f{ﬁr—g ;7 Fe fASE e e (abundance)4x353 - &k o
Shannon diversity index ﬁﬁiﬁr‘s °

« Simpson’s diversity index - ﬁ*»/ﬁr AinE 2 (D= T Pi?)y A& p - BEES
BPAC-BARBHY - BREMEH- BAFOBT o T - BEREP
ok fAFAREL R o e BARARE S A AR o 3 FF 1T 0t I AL Simpson’s diversity
index 474 ey 2 £(1-Dy)e (1/Dy) e 4t &2 > 2 "1-D” & "1/D” & 4 o

» Examples of evenness indices:
Pielou’s Evenness Index (Pielou 1975, 1977)
E1 =D;1/Dimax =D1/In(S)
or Ei1=(Di1—Dimin)/ (D1max — D1min)
Where D, is the number derived from the Shannon diversity index, D1 nax is the maximum value of

D4, equal to In(S), and Dy i is the minimum value of D,

eevenness s A 4k A ¥ LA H KT 293 R 353 R EF apkin
7 AR LFENE2 #ic® Ap ¥ o Pielou’s Evenness Index & 3% ¥ ¢ Dy pay

A AN EE A E R T 278 9 gh Shannon-Wiener Diversity
Index -

ot ¥ evenness A iEE o R AR A AGOEHERSAPHER
(absolute or relative abundance) - & ¥ & 7 4L % & /% & evenness » 7% & ;2
5 diversity o & F AR T 0 A fen® R FHE ¥ I DY o

BB ARREFFLIEFREDIRDEE AL HAA LRI AP .
BRARG VR AEFARS  AAIHIARF - *Eymfmﬁﬁ(%
18?) > 323 RA B 5I(5 5 A3937) > L AR Rpihihg i 4r
SN EEGAB2ELNI RA? T AT L S R EPES §
2F A(richness) it £ > BB R &% AERFafp it @ ¥ okl g &

HMEGATH BRERCHEIZIRLA -

i
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AF SR AL 2 S BE S KT S EF S hEES # 2 1
o UBRAFIHREFETIEZHEFA Q)EFENL992 £ T a2

QRP R LRI ERNBBRERF X € HBEE) ¢ 2 hrink

# % F 4 ¥ % k2 5 (Convention on Biological Diversity)» & 2 # % #&{+
SRR G 5 S i M

°r?*<;%5ﬁﬁ25>&i£wﬁﬁﬁ{£5@%’Wﬁ?J’%ﬁ
BIEF OGN A PR ETAS I RE ) A HES 2 2T 2
e 3d 3% 4 5 SR B G TRAEL OfE oy o BLF D
RALF FIE 2

o L LEE G A RFETIIFHEFERFERREOFRLR: WA RESF R
TERABTH A SRV FHER Y BB FERE S LI E o

A RARR TR LR AiriFxo RERHEGFLF IREFET
T A RRFIAD ARG S HLFI T B DA H e bl
Yo B A2 T ’?—% 1—%—5\’,}_#;@_& EFZ R G oo A2 Y 0T
EEAZHERIRREL S Er 4 ﬁ“,ﬁ“ﬁﬁ‘éfs‘fi‘ 1% /54'
AP ELBE G o  KEH-

#{%ﬁ%?—ﬁ@@%é%ﬁﬁo%ﬁﬁﬁ

BTG o 7@ IR A o
( )&r’;\. bti”j,)ﬁﬁ%i.

eRIEFEAf A P 2 ATTRRENL 0L & RF) ) LAN KR
A BRI S FRAIRIF A E
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o ¥ - BAFFFHIRI e §FF LW F A (Homosapiens) ) 3T L g
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P AR ER S TR Y
PELI-FE R RE
1995)

B A KB AT AFET o MIRA T B G -
TR Ao 23REP T A FE 5 % (Cohen

B¥2 gp > @ AfgkpAdEH S A S EERNIEEFP LB
ARG AAE S AT R A IRIZRBIRE HIMAER A
T % #c(Cohen 1995) -

E'J€;~15004* Bipd MAIFR@ 2IRA T RS2 RIT RZF B
T EE-+TFE ieéc (AN :a‘mw\ AT E g 0) * 0.1% (Cohen 1995) -
B 1730 #F > 23R AT B - fRed ~1820#F 23R A T B SR

folflagAf o MAEDIRACAQEF - Ligo1950F 3 5 » 23 A T EH
FH LR EFEP 2 - F 2(Cohen1995) -

(w,

B 2T TH04 T3 45 26 EREFA T FAE S T
R OV ZIO?IR.,i_}_ﬁHz%-‘*-‘Ti’—:M‘?—"r—‘*ﬁ”zié'“ﬁﬁ2.1’
MY - B R ieEF o FR2050 £ 2Tk A v 25 77 0R 0 2150 & % 5 85

o AR FEAET . F 2L T02 T3 LR L 220 2T A T 0 g M
FMA 5 2050 & 2k A ¢ E3t#-5 125 f(Wilson 1999) .

WL FFER N7 AP ROAFBF NG S BERET V- F2F R

E PR o X3 28% i A PR LG &~ 1750 & 3] 2000 £ 0 20%:4 73

& PR G = 1900 & F| 3] 2000 £ 0 13%:04E 05 5 PR E_F 1950 # F)

2000 & ; 82X = L4 & @6k A HE( A fA 84 ) B ¢ £00.00025 0 1 ik T 20%:
A BEA T A PF R (Cohen 1995) -

@ . 1500 # >k & 4 & < %7 (GDP, Gross Domestic Product) 3% & % & ~
1990 & 2_ % ig ,q;;_ Fu FRE A L1990 £ 44 A L s K
L3ad FLEERlY 5 565 F oo - Ly ke kHp2 KARHE(GDP) Y 5 &
1500 # 2. 120 & » A 324 &2 L 37 5 7% g~ 1500 &2 4 B 0 A v BEEs
@ - 1500 & 2. 13 & » < W ix = £ 30 F ~ 1820 & 2_ {4 (Maddison 1995) -

.

B Lk in- F# PN (1900-2000AD.) 0 A ALY i R R o H2 W
~ & #(900-1900 A.D.) 4 #F#r4E ¥ chit R B ch- 2 2+ (McNeill 2000) -
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7} 2000 & iz st 2R A KEATE BB AINA(F 8L ) - E 42 10 faeE
T2 e DI AR 2 A RSB (R §3A) 0 - &4 20 R =
Lz A LR RMAEFIEHE AN B L AR - 9110
DA T e PRTRASEF A AT Rerar S 2 A - &G 10
BEEZ_ e 4 (Pimm 2001) -

z‘"\ z‘"\ \F‘

a
B
a
B

CBEARAMEHE EWERATRAY 50 A3 E R L 2T A KD B
L TR FENT LA 0 RIS LR o> 2T
- EHF 260 R E R R R HY 30R L AT B o 8
230 RmPE S A B P ot AfE- B30 RHFLESF A LR 4
b TR & EH P4 EF (1320 BER)2Z 2 A 2 - (Pimm 2001) -

(Z) 24 5 iz i 4

3

e A i HRMZYAER S NA R AT HREEFIAG PRI RET2
FGERVEEE S S S R S JIE o

'i\,,fﬁ’fik}_/ﬁ%ﬁ}i PRI
«"}*Z{i*"\: E /:ﬁh%ﬂ:i ##g

i e R sk A AN - A S

FA-R2Z B

o BoE o N4R BT AR R 2 B Bl YU AR S B 0 B 1980 # & A Hp
B 2FF e A2 Z PRty 2 A2 - R ke REE(RF A
destroyed > 3 4 2 Ak ez % 2 £+ ) (Wilson 1999) -

o#ﬁ%ﬁﬂ?J%&E’Ewa&&*ﬁm”&méwﬁﬁﬂkoémm
£ L drk G 132485 KE 89 MET S AT A 4 o e indkE AP N
Mg Flatp e R P EAPFT R b2m L 2 @B fh -

st Y AE R F BB (o b FET I R L B
o At R gd PRz dica ke pwt SR AR EAAL e
i ;ﬁd A 5E- f# M T2 (species-area relationship) 4& % -

S=C-A* or log(S)=log(C) + z log(A)

¢ 1988 E (42 Ay ini » PR AP BEGME T QA 1% 3 10% 2 F (115
L2 L H) TEhgAiE 595 6% (Wilson 1999) -

o BE AR Tk ”T‘iﬁ‘_—f_ﬂ{ﬁ.}@ﬁ”#’fﬁ_’ Ho 4)3 98%: Gafa i TS J’f"?fﬁ
GRAERES oM FEEIH o AP RS TEE-FEEG -
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FREGH LhiBI e P& TI0E 1687 - AT IHEEH 953 R
3 812 & (background extinct rate)z- 7 + % (World Conservation Monitoring
Centre 1992) -

s 2BV AL BEBER > T YL
(Wilson 1992) -

i
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M
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FrLis

e Terry Erwinetal. (1991)3 & * &2 £ k{2 ¢ 3&@;,, g o 8% T A8 UK

S8 2 Luehea seemannii %+ %73 7 # 0 £ FE EF 1] 110048 0 + 3%
= # ¢ 160445 2 13> Luehea seemanniic ® ﬁ iR B SR 40% 0 e in
3+ F 4 353t Luehea seemannii 5 ch B %) 400 8 0 BTS2 2 R
AFEHCE ¥ 6 & B Rz - B PIE 4 %3 Luehea seemannii 1% # %) 600
BeoRF AR MBI MR BRNIHEBINER £2F a4k
ZHEFAEER RS EF RN 00 AAFAEGE BR ARG S N
FEFA ARG SO FHREAGH - 29T T

(2) 2% 5 HFEMRA 2R T

eI AF FHRMAFNA N & XIERTF] > ZITHD £ RAFRFEZ
AT FIRATRIF AL oo A5 S PR @A TR F] 0 3 b &
BEPFCEAR BRI MRB - EREHF CERBT T

s MERG K Ppie i 2 HTRE AT Y 0§ 88% 4 fh w R FIAL
BE R B 46% P R FIE KA 20% 5 B 4 0 14% 5 i R R
# 0 2% 5 7 s (Wilcore et al. 1998) -

o MR HEE RS R BRBY CBRBT L WP
BHILA ] 0 BN H A P SR xs;ﬁﬁ - EH AL

Peibdg RITE

* i TOGONEEAXKXKXAAA 2 TOHEAKXKAAAAVVVVY i i}
¥ % 11 Species Richness ~ Shannon-Wiener Diversity Index ~ Simpson’s
Diversity Index ~ 2 Pielou’s Evenness Index - (3>+ Ceiba %)

o AR T4 S HRPETIME ST F ) - 2 B ¥ 200-300

>

F i (B (G Ceiba 302 ) o 32 % 3 7 3 de e f B o
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PhisZREH

o F13% 4 ¥ % M+ 2 X (Convention on Biological Diversity)(7 »* 34z 4 7. B~
) - & 1 http://lwww.biodiv.org/convention/articles.asp

http://wildmic.npust.edu.tw/sasala/biolodivesty.htm

o X B2 49+:E ~ 1 L A 2 biodiversity’ ~ “biological
diversity’ ~ 2 "4 4= 3 442 | 2 HRAT2 F 4 ﬁ*uﬂ B &k o
AR AT 2P FRREEAEpEE-

LN F R AL AS AR bl F AT

BB PE DA EPF 78I HFE T 255
Lt SRR L SN - SN CF- SR Gk SRS
R EEE R -

N

o AL FrAET G 0 4 TG T8 I kgERd o dok Ry PEEYE %
S PR DA S SR | T B RATRE o ok el
Pk 3P E P GEE G WA




Introductory Biodiversity, Handout TWO. Page 1 of 11
Fom Mo RECAFFEEL EEE 2 hAsg

s FIA R M G(eEY B fup) v P FIF LR L F YR H
PIEAF cizwihp 3 ARTRAIFTAERN I LI BEEHF &
EwmaFae AP RFE2IEME > T Er R RBERREL S
FCEIAREIFREAR R I REEF R RE 2P AT R
B E SRR TRERA A S (BY P FAeE A
B g 5 e82?)

-~ BT ERB
(- ) ¥ &

CHITRP F BN A6 BED L L o

RS > d X3 £ A 5 Eon(=)~ Era() ~ Period(% ) ~ Epoch(+')
Hi o BHmriqd 2 A - F AR LR R -

o

T G IR UTRP TR SRS SRS P s S P

R I L AN N PR e

Eon () Era (i) Period (&) FEPET | B4R
(=) (Fa#)
_ Quaternary % = % 2.6 2.6
;:,_,f ZO;O'C Neogene #7iT % 21 23
- Palaeogene + iT.% 42 65
. Cretaceous v ¥ % 75 140
I:'/Ie:;ofiom Jurassic i R % 70 210
Phanerozoic - Triassic = &% 35 245
Bd Permian = &% 45 290
Carboniferous % £ % 75 365
Paleozoic Devonian & 2 % 48 413
v 2 i Silurian 2 ¥ % 28 441
Ordovician % [# & 63 504
Cambrian ¥ # % 66 570
Proterozoic Proterozoic 1830 2400
Azoic Archean Precambrian # % # % 1600 4000
Hadean 600 4600
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(=) 3esdis 1 2 s # (radioactive dating)

PR TR S PR BT i T kAR 5L R R -
B S T2 bR S B P R R 5 B AER

s HR BN T2 B FER T PIERKEREZEED S R EZ G
So HRIE Lkt A ENERT A R L P nF 0 bl4cse (PRD) 24
(87sr),,ﬁ\z’ﬁ,\__l-7{ l/ﬂﬁ , 4’5 _ —‘LE‘f”87Rb}}{':J‘ g%%é 87Sr0;%—‘;; ;/j;/?'li'l—"
B2 B)R 2 gLk B P RATE E R (R A PN 2R R S T
FENERFZGHE R

oMbt e imF TPEE 2 o
N=No(1/2)""
Ni#2Z2B# NosRbk* A2 BE TE2ZEY tEBDBER -

CERITLRPIFFE Nt =2 25 R TSR EL: (DA
FE2A2PHMALEPFLPAE QXEPLEREE Q)2 F ~ 3
LR RS

o FF KPP X BEF AP =22 HL R o

b ik 4 28Uy & %°pp 44 &

b 4 # U & 2"pp 7 e

AR & Th 4 2%%pp 139 &

Bkl s URb 4, 87sr 486 &

49 & 47 K & “Ar 13 g #

B 14 % e F YN 5730
(Z) * HE#H EFHE

WSR2 P BRI AT § L THE 0 R ERE

e
o
e
(H}%
‘“ﬁ

4 fgn_{"r;] sefo 8 I d &~ 1912 # 04K R F % § REH 7% (Alfred Wegener)
# 01 < piR# s (continental drift theory) » 2 SRILE < g KRR &

PEFIP 4 ApEFE A Hleow B B0 @ A FTenjE g o

|
P
;

g
/\_
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e “HEHW A TR EFHIT AR ELERE T 1960 #F Hd 3t B
TEBECTHF T AES LY P RRNFRERR
EH R RER

o {& 1T #» i (tectonicmovement) L & * Z A i e G - K- pF o2

g T B d A hra T g S o m R R BT R AR E o
EF R R R o 2T EF B AF A Bl b o Fa g
3N ¥t TLIE S 0 A AT S BB M E R s H o

A&
ki

N

|

cAFHAER 0 A W AR TR} K B L B L AR - 2
FRRATEF G S S R R

(B)WIhE R EmE T i3

./ﬁ%ﬁ@ﬁ%ﬁﬁ) T 39 & L 5 A2 (Hadean) o iz B PF 4T
Bl i BB A T RS A ’@%¥k¢%@

%mm¢ﬂ,%1+ %a,@@%ﬁamﬁﬁéﬁTi 39

24 i # % 5 = & S (Archaean) » fig- FLEEH N o B A kAR 5’-&'1)?@7& AL
EE o R AR BE AR RARM TS RSO B E L A A 0 A2 4
TR o

o S WA FALF FORAEAE Mo 20RET A FPAF FFEAH A 2
I5REWE FERBRIRAER 2K 2 "E‘J"E’Eful._);%)ii— ®o21% - *

—

FRFF Mg T n s L (e E SRR AL L e W

cEFFAEERBEM H IR RO oA RER FEF WA
?‘?;FE-“ /L)}%W£ EL)"\FI" 4 F o

e N EFTRER IR EE X e X AN - BRE R S
B X 4~ HE(Gondwanaland) o B3 4 X RS IR A2 5 F 0 2 s B i
et BRI A PR M bl W HAEA M PR - Bk

Boo A= {s kend £ F 47 % & (Laurasia) °
e 7 & % P¥ » Gondwanaland £ Laurasia'&'& j‘aﬁ% o W2 ﬁ':@a e G- AR

%’ggﬁ{ﬁf@ﬁ’ﬁﬁi#?%%iﬁvE@ﬁ@ﬂ?W$°

o d AR fpePF o 2 EE XSS B A RABERR R &
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% e pE
SRV 2

EAGRYE:
Bod v

Pangaea B 454 %
4 (Tethys) o
1 g 2 b e enpid B T 2

/% /» if (Tethyan Seaway) °

d AR 2
SR o

E‘ﬁé'/”\)i‘u R A R LN < PR o

AR F L SR i

» Laurasia & A /&4 > I 22 Gondwanaland 2.

X ph

» Laurasia ¥ Gondwanaland = 2 4 & » >t ¢ B g & 350 -
f= ¥ Laurasia £ Gondwanaland ¥

o B ?'@N?$? EBwE o
Era () | Period (%) R e F iR R EE A e
&
(F =)
Quaternary 26 |kipEHFE BAR A A IR
N I RN - O I N
Cenozoic Neogene 65 B R B b oIy T}Eﬁq?*ﬁ E:b—j;l— ) g? *i
., P FLE e B R AR 7 &
Palaeogene e~ B RELAS N
Fioo & X BRI Miﬁ%ﬂm‘@ﬁﬁi
Cretaceous 140 |~ A~ 2 AP R S Effad e F
de k p A A n%ﬁ}’/r k4
Mesozoic . Fho s e R B » B fe B OSE A
Jurassic 210 ” }Ff - ,h\",‘, o * i ¥ 2. 3% %d-
RN R F~ B diR
) ) — &;-\—J- fgl ;’7’_@3 ~ {Q&zx\?‘\
e N G A
Triassic 245 |§ Ficx ~ Ao Ed ISR s of SR
24 ch oY &K L 5 B 3
_ Batda sy |f PR RS
Permian 290 |, AN R RPRE S RAHH
— p (T = F —‘Z‘k" E ;ﬁ.g}fl&
RF LS <A
Carboniferous 365 |f % /f o /&/E ;{'rﬁg%ﬁh B AR
e B #E AR
Paleozoic At dagtg i g
Devonian 413 |+ % % 7 kR ATE 21% o
F F 50 A2 38 i#‘?—,—i’gbm ar
I B e TR AR S I A CIEL S
Silurian a41 |7 ‘ . & I F * TE }V’ ‘JP’
i g i i
. ey & F g X3f
g
Ordovician 504 XA Fiad I
Cambrian 570 |W]X 4~ HE Tk A gFd
) AEA R S R F AL 44X EPmed
Precambrian 4500 iy Tos b e d B

~N

(,_

EEFE S SV
2 (33

Wenivr & L3 L4

A § i
L= 8N R

= o

ERCE A 2
) 2w it g AR

TP o 2 P2
Poiis s 4 s
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7
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RNA - } ﬁd RNA chp g f » T B4Ffecnded FAFHE > @ &b
ERE

B2 A b SR 2o Agd A ko LA R AL ER
Moo & RAXARE > AHART B RGBS A PRt RS T )
Z.A P ARERA R VT o Bldeit B 5 95U A s ded e o R E P mH
et fi5 85% 4 E kil o PR E A R E S I P FA REEL D

R ToN G

Pkl H2 45458 5 R 4 - (prokaryotes) © 7 £ 5 e E
(organelle) » i 7 dmPe % o pan @ S Ehit > 5 B 5 L 2 H wiw R
2o w7 Em A A2 FF P o 3% K (Achean Apex Chert)
RN R LR TR R FEL L b SRS
=+ 3 i & A (Schopf 1993) -

I r e 2 fe (eukaryotes) & fuAgfe2 4 &35 B e BREE G re
BopHewhXhEP@e A H it MR LARED o d RP
1

AP FitiE Pl po RN T R R A PRIt iRl - TR

S At LB Pim A P ks med b 5 b
B AL e RET o

ERE BTl L HcR A B R A T B (L2 B)P L E PP (phyla)
MERREEAIGe NP2 oo

kP 90 2 i e (Ordovician) ® ¥ & & § % (Silurian)4= 2 213 > d 3¢

g B e 2 3R & s 2 ok o iy PR RHE

SEEEYE

—_ ';rﬁ'g ’ 4#70% E] 3\‘%“' y 3% Q\:i*}d%*ﬁ:fLK‘hﬁﬁﬁ"&rﬁiaét o 4#’”%’},{:TL‘
i R - BAndp g EM o YRR 2 R R e

Ra oo hE IR Y 0 F T R A PSR A L 555 8 (Mass
extinction) e 7 x4 A @B Y > U Re FT FEEH eI =-fk
2 e u;ﬁ&§'luLg%jF7w@L%%a@#¢ﬁ@aﬁo&§
Ede FRIHZE2Z MR8t g3 50%

i B 0 B Y s R RATE G S H W A o

A ﬁLf‘ﬁ.’r'E"J’Jik’ =+ 7 'FT

@X
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5 |2 |55 (8 [ElgE |8 €1
E g |9z |E = g =
600+ J 5 o E S j
[} |
Number =
of families 40 - L~
of marine '/\’fb\(
animals . A
2004 | o
ydii
0 | I T !
b Mass 600 500 400 300 200 100 0
extinctions Millions of years before present

(Sepkoski 1992)

e p 47 2 27 % 4t (Aristotle, 384-322 BC)F |+ 4 X & ¥ £ > iz +F F & F > 4
BB R P A S A A S R K R A
SR B o A LT AR L 2 A B T e g
PR S FBT(RETr )i 24 o Bb 2 pHEF AR B 4 L4
N BEAURAR A T FRAS S 2P ER] RF(RY )Rl -
PR AT R LB PR T o R 2 P R A o

s

o |
VR

o &% X (Carolus Linnaeus, 1707-1788 AD) £/ = 2 7 & & suio sgFF & pF > #-
4 $ & 2 4e 4 B (Kingdom Plantae) # 4= # (Kingdom Animalia)= & % -

o MEX K F R P o R MF S ) 4 # (Hooke, 1635-1703 AD)
(van Leeuwenhoek 1632-1723 AD) » 1 % it jF g™t e kg e o e R ¢ o
e PER X FE RO A PR REOTRE C RRER 2 2% b2
Bt - BE AR 0 AR AR LA Ry - LA
B2 4nde o Flam 2R - BRTA SR o

* /& & f (Ernst Haeckel)*+ 1866 # & ! 4 4~ <= J s %L > Kingdoms Protista,
Plantae, Animalia - % &1 - B 70 - R4 24 4 B (Kingdom Protista) - /%
FHRALAPDTEL T BRRFPREA DS 2457 e
Fed k-t mie d fro s R - A 4 4 - 4 5 atypical protists,
protozoa, protophyta - Protozoa £ protophyta = 4 %] & 7 & 4= ~ {5 4 4 o
B4 2 4 > atypical protists = H # 2 L5 ® e F e S A R A 4

Proolmiefh2 G E > T ABRE LT
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 Herbert Copeland »+ 1938 & 3& 1 4 4 chw B % 2L > Kingdoms Monera,
Protoctista, Plantae, Animalia - % - i &7 7 » Kingdom Monera ¢ 3575
* B mre yrend w4 $ o i 4 4 (prokaryotes) > deim R S K o ¥
- i B > Kingdom Protoctista » | & 35735 & % WA B Bg e fonE
A

« Robert Whittaker ++ 1957 £ 4 414 $» 7 % s 3 #-Fungi p R 2 2 4 % ¢
Bz dk > 7 /% 5 Kingdoms Monera, Protista, Plantae, Fungi, Animalia -
Monera(r %4 4 )& 35973 Rtz 2 4 o Protista (R £ 2 % )5 H wre ah
EfAy e Sl A RliRyg &2 304 L Fungi(Z AR )( & A
) ~ Plantae(#£4= %) ~ Animalia($+4= %) - ya4= % 7 p g (v (L & i8% ) >
Bodr BT R Y ER (G R ) > Fungi (7Y (E R (B iE ) o

CEF R TRMEANED > 2 A F AR PEE 2P F Tdtwe 2 e D
‘R o~ ATHUR HHEAR ~ 2 o FEDMAAE 0 B R 0 B AP B -
Biedd A2 RA0gita ke P RPASEE PSR LR
+ > F]pt Margulis #% 3% #- Whittaker 74 3= 7 % & % /& 1% % (Domain Prokarya)
£ 8 7 % (Domain Eukarya) - Z 4% %% # 4% Protista, Plantae, Fungi, Animalia °

o Woese 't $& m [7] et 48 (ribosome) e 1% i (RNA) B 71> 32 5 Rtz 2
P EEE s 5 3 e ez B3 > Domain Eubacteria( E w4t ), Domain
Archaea(w ‘w ##*) - Archaea ¢ 45— &£ & 7 "= RE ‘o ~ “%T A

(Halophiles ) 22 v‘%’ # 7 (Thermo-acidophiles) = J5 s » Flm #& &1 2 $ e
% %v » Kingdoms Archaea, Eubacteria, Protista, Plantae, Fungi, Animalia -

Kingdom Animalia
Kingdom Plantae
Kingdom Protista
Kingdom Plantae
Kingdom Animalia
Kingdom Monera
Four kingdoms Kingdom Protoctista
(Copeland1938) Kingdom Plantae
Kingdom Animalia
Kingdom Monera
Kingdom Protista
Kingdom Plantae
Kingdom Fungi
Kingdom Animalia

The traditional arrangement

Three kingdoms
(Haeckel 1894)

Five Kingdoms
(Whittaker 1957)
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Domain Prokarya
Kingdom Bacteria
Domain Eukarya
Kingdom Protista
Kingdom Fungi
Kingdom Plantae
Kingdom Animalia
Domain Eubacteria
Kingdom Eubacteria
Domain Archaea
Kingdom Archaea
Domain Eukarya
Kingdom Protista
Kingdom Animalia
Kingdom Fungi
Kingdom Plantae
Superkingdom Prokaryota
Kingdom Bacteria
Superkingdom Eukaryota
Six kingdoms Kingdom Protozoa
(Cavalier-Smith 1998) Kingdom Chromista
Kingdom Animalia
Kingdom Fungi
Kingdom Plantae

Two domains, five kingdoms
(Margulis 1988-1996)

Three domains, six kingdoms
(Woese 1977)

e Cavalier-Smith»+ 1998 # & 1 ¥ ¢t - 24 H R g o B ¥4 o L A1 2
P2 L2 = 42 B (Superkingdom) - Cavalier-Smith 3% 5 fwm Fl i+ o9
A3 R RNABFILEE - T R4 4R% 75 - B > Kingdom
Bacteria- E % 2 # 4z fi ) - Cavalier-Smith p| ~ = 7 B % - Kingdoms Protozoa,
Animalia, Fungi, Plantae, Chromista » 73 Chromista(f & &4 f2d &) °
Chromista # 32 £ 5 2 P E£E %3 2 T Y PRbe s W3 - o &2
&R Ha s AR S EFR R oo R EH SRR AR A

B oA IEFLFASBITOLEEEE > IR AFOLFaLs R EY

S E 2 e

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.

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

Margulis 1996. Archaeal-eubacterial mergers in the origin of Eukarya: Phylogenetic classification
of life. Proc. Natl. Acad. Sci. USA 93: 1071-1076.

Whittaker, R.H. 1969. New Concepts of Kingdoms of Organisms. Science 163: 150-160.
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Woese, C.R., Kandler, O., and Wheelis, M.L. 1990. Towards a natural system of organisms:
Proposal for the domains Archaea, Bacteria and Eucarya. Proc. Natl. Acad. Sci. USA 87:
4576-4579.

o homh Ari o A e N ek LA BT 3F S fEA e ehig ix o 0 P w11 Whittaker
B s ki 2 \Woese e Ji kSl 5 3 g o 0T -0 Woese s ik S
£

T
Rk
58 E éw 1 *”'/‘ °

=

« Kingdom Archaea (¢ archaebacteria)(+ m F %) o >+ 2 i @& éfﬁf Hi R
ALt Flaj el rEREEHE - BAF R *"ié“
RS ARy X2 P2 - o IR A S RED > 2 E Aol B
Ao~ B ICE OB TRE o v WF A P B © s £ (antibiotics)il §
F g o

P

e Kingdom Eubacteria (£ mAR) 2 255 mA” R P A & > » v X
4 42 - > ¢ 4 wmF)(bacteria) ~ & cyanobacteria (F %% ~ F¥ R~ & § W
F) o TR IR L R ® T B0 A B AP Bl 0 - AN Al o
cyanobacteria :% pave b BT FREEH chd o d v s L ige
WARFL @A AL BRI PR AT R FRF R D
Mm% kL FF hiE % vt § & Eubacteria ¥ 7 B § fv ’ﬁrRhIZObia(ﬁ
)7 & Eubacteria® d ® i1t 4 F A 2 it £ >4 Chemoautotroph( i

FpEm -

A~

)

* Kingdom Protista (r 2 2 4 %) » & %73 g2 F& ey R~ F# R~ 26
FPROZAF - 37 pd B8 -~ fp s ok 4 # 4 (protozoa) » 4ofe F
“ Rfi(amoebas) s » s EZ D B FREFF DEBEH 4 G A
FEoNHEM RS SV Ad Bh s FRAETT 2 F RS HURGE
(Euglenophyta) » 2 fp% fi(Euglanida) - — & & 58 2 7wz 2 = > & < 7
£ 7100 2> & & o

e Kingdom Fungi (£ # &) > % m3& + %7 - {795 4ci¥ * (absorption) ~ ‘¥
REE A7 BT ® B & (chitinor chitosan) ~ 7 7k & 8% chEZ 4 $ o Bt
T 54 %%A\i:&ﬁi*»% CREB Y D R LRIV S ATHE RS 0 RS
’;r;y%ﬁ{ﬁ %J;M_?%\ﬂ:)\ u/géﬁo gﬁg;};%‘ \I%\B:]\ﬁjié—ﬁ- *ﬁﬁ: o

s -—\\

s

4'._»
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e KingdomPlantae (1£4 %) > = & 7 B e B2~ 7 7R & (8% i1 d lw
R A Y o PRGNS A R BT AP ST ko
wE - BV REE L & LA L T ERE S (Bryophytes)& a g {4
(vascular plants) - ¥ dEf £ ZfEF 25 & 0 & 5 RFESFLEF £
oIS L ERTLZF E A AT S (Gymnosperms) & 4 + {8 4~
(Angiosperms)-#t =+ fi 4= v £ &+ E e p > & 5 5 £ 2.4~ (dicotyledons)
22 ¥ 3 # 48 4~ (monocotyledons) -

e Kingdom Animalia (& 4= %) » & {7/}’ i* i¥ * (digestion) ~ # & m®e k&~ 7 {7
REER DG me LA o 1 IEY S ASRY R PR 0 R
B EER T ER BT AP SR TR LA - BT R HEHS
30 A G fg S Lo S 4~ (Radiata) 0 = RIS 2 A S R RE
(acoelomates) ~ {48 ¥z (pseudocoelomates) ~ ¥2 & 8 33 # 4~ (coelomates) - &
1 ypds 4~ £ k923t (blastopore)# ¥ & ¢ 291 5 & 5 R T # 4~ (protostomes)
22 {5 v # 47 (deuterostomes) -

PRiddp LITE ¢
oﬁguwﬁf,%yﬁﬁy?\?iﬁxaﬁﬁiﬁ,§ﬂ—ﬁk%ﬂm
TR FHEEP ST o (5730 Ceiba %)

http://www.pbs.org/wgbh/evolution/change/deeptime/index.html

PhisZREH

s R TR TAR S TARG P o F it 3k (evolution) 2 4p BE e F F AL o
http://www.pbs.org/wgbh/evolution/ (> v % F)

o Virtual Fossil Museum (¢ & FfEY ~w 24 ~®it 255 it £ %)
http://www.fossilmuseum.net/

o KBE i iR ek o
http://tolweb.org/tree/phylogeny.html
http://en.wikipedia.org/wiki/Scientific_classification

oI SBE AL RETA(EBRR255)(A pag F—2 gt £ )
http://www.ntm.gov.tw/tw/public/public.aspx?no=441
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2 G ARL 2 VA AL

e ABE R Ew - HFinG BAE2 4 ol QF.;[»\,;: o ,,]Huw E - 20N SN

¥ (Pinaceae) 4 #f » & 4 #F(Amphibian) °

« BATE Y 4 NfEFend 0 L H G S
EEmE N RBEERE YA 2 F BESP W




BAAZR (BR - MEEARELNMEEAZBHREZERRA -

AR - BLA& - X8 - B - BERC - A5 - BLE - EBT -
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CER R S I e

el bt b PER LAY B REGEGEPE me 2 p o d - i
Bens gt BRI RIZLT o P ¥ FREFEAILES
REZ2 g2 EDmE ~ g ~ Al anigd] -~ i

N L1 LY

(=) »apF g

& g F (taxonomy) B~ P -3 fRend o5 e PRIgE 0 T 8S G-
g4 o taxonomy ¢ 7 A%~ & LirdEEE 1 0T o

o i ALE R XL i & (systematics) E KT 4 Ford kSRR R e SN
o FAEYED P IR N Fpdid fdn R e d g it R o

* 37#%| taxonomy, systematics, classification, nomenclature g, & £ %] -

o | w4 HE 8 7% = % (binomial nomenclature or binominal
nomenclature) 2 4 #gFs & & ti(hierarchical system) > £_d k% = (Carl von
Linné, Carolus Linnaeus)#t# i& o # #» & #g A # 8 = §_T 48 ; (species) °
A Bfad - BT 2t ehF or e (binomen) > % - B F 5 % (genus
name) > % = 3 i 4] % (species epithet) o &]4cdF 4 78 £ 5 Homo
sapiens >~ # Z 4.8 % 5 Piceamorrisonicola~ 4 & 5 &3
Bofb ] LR Fw FR LR R(TRIZMA) A -
M oK) e

sk /

ftengirles s 5-BFEBEL ¥
Z (subspecies epithet) o & & |- & 2248 ]
& M2 234 | (nominate subspecies) °

c LIMEE IS L B E LT =

o LS AN NENER  EFDF L5 AT fi(infraspecific
names) > ¢ 7 Iy f&(subspecies, subsp.) ~ % fé(varietas, var.) ~ & %
(subvarietas, subvar.) ~ 3| (forma, f.) ~ 4% 3% % fé(cultivarietas, cv.) & % - |
4 Chamaecyparis obtusa var. formosana -
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Fad o F rER7 2 i (Latinized)s 23 0 2 E4 7 2 (Latin) o 27 A de
SMAERE 2 FAMEAIE L RBETF 2 ERE) L)
R T A d A 4_¢mr‘:\g(f” )z 88 0 B PE S L /2;;;1?; Es
(feminine) F%']“n‘ (mascullne) ~ P (neuter)z A o 4 d AN E LB T 2 (L
FFOFRE B L TR VR AR SR

Pand e b2 AR RISEFEL S B Z A2 S FH
BB RO L2 d RS L~ 5 F ¢ (International Association for
Plant Taxonomy, IAPT)#7 3 sk e T B ¥ 48 4+ & %72 4L | (International Code of
Nomenclature for algae, fungi, and plants, ICN) #7234 o & 4= cd &% > d B
w5 & 4 B ¢ (International Commission on Zoological Nomenclature)
ek e DR M E $ & 202 23 (International Code of Zoological
Nomenclature, ICZN) #7345  ‘mpF ~ 2 2 ~ 2 ¢ mpihée L0z > Pl
International Code of Nomenclature of Bacteria (ICNB) #7284 @ :;’iai d 3t
B2 BT i B d w25 Tt pd e g J BT bRy - ke

ICN & ICZN elfe§ > x> BfEFFF i i 5 - B L5 o blde
FE La2RIBLEMR ] LR F (lautonym) L@ 5 F L7 4R L O de
% #8(Picapica) ~ #»2 & (Molamola) - .+ & - ¥ if ¢ 3 & £ H (¥ ¥ &
f o R & & %) &)4r Chamaecyparis obtusa Sieb. & Zucc.
var. formosana (Hayata) Rehder i £ &4 & LRI ¥ 2 R[N & LK & &
LERIE G AR EAK E@L]%P\’#c B i 6 ?Jﬁfri’\ir—%i’é% {;&A’
5] 4 Passer montanus (Linnaeus, 1758) ~ Passer montanus saturatus Stejneger,
1885 -

Poaven i SLA BEIE R 0 2 & ¢ 35 Kingdom, phylum, class, order, family,
genus, speciese fizdt i & f sz ko H s end B K %o 64 subfamily,
superorder, infraphylum & & - sz & a*ﬂ—k ENasl: A ik FAgL
i{ f{Iﬁ‘J_Eﬁ A gl kR & LA Kﬁ 7 ospecies r4 vk o FRIL G — B G e

Piva s -

Cil v &z
Kingdom Animalia Plantae
Phylum Chordata Spermatophyta
Class Mammalia Dicotyledoneae
Order Primates Coniferales
Family Hominidae Pinaceae
Genus Homo Picea

Species epithet Sapiens morrisonicola
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(=) » ¥ 5 ahig2

o A Y YR MeniE s - BRRA = B I% e = B & B E_phenetic principle
#2 phylogenetic principle - = i & ;%< -&_phenetic, cladistic, and evolutionary
schools -

* Phenetic classification principle ( #c4 & Rk B]) 7 2 #d P ag i 5% b
Bood RS $A G i 42 R % 4 412 4+ - Phenetic school
(phenetics) (F fxs 5B R) 2 A F L ML R che 5p 8 2 2 2 58 fo

« Phylogenetic classification principle (.4 4 &R R1)% 34 37 s H 3@
AR ARRE 0 oA R A Faug it B M % ke g4 # o Cladistic school
(cladistics)(* B A g8 %) 2 3 F L B AR s 8t 2 4 E o

e Evolutionary school (;F i* ~ g8 %) A FEFAF LS E AP E L B LW
Rl ens sg 8 x5 LR E e

o 4R AR AR 0 AN S AT G RS e b

“ %{Fﬂ%@’a 77 1 (convergent evolution) #t:% = 1 analogy (3§ i1 4) »

e 4 pg WEHA ok R HEA S E G R B 0B SRR 1T
it 271 % homology(¥ /& +) ¥_analogy - homology ¥_:% & p I Jhie &£ ;
analogy %_d convergent evolution i =t -homology ~ 4 % derived homology
% ancestral homology - derived homology ®_F 3 i&# 2 4 4 & 5 &4

ancestral homology —«%L“,!f TipHEA S BB A Hy B nk iR

e Homology: character shared by a set of taxa and inherited from a common
ancestor. Compared with Analogy.

« Derived homology: homology that first evolved in the common ancestor of a set

of taxa and is unique to those taxa. Compared with Ancestral homology.

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

Derived homology.

e Analogy: character shared by a set of taxa due to convergent evolution, not
common ancestry. Compared with Homology.
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OO 1 e O

ancestral homology =]+ %&ﬁr}b RBHIEL G EDF F DR ﬂi BE G
B BApLIvAERY B e ke analogy)j*ﬁr}b LCE IR S (1
FRF R 0 e AW e A AR A 4 B A 2 e

e AHT I A et NRP A B L s hrk BB R L A SRS
B 7 (phylogeny) % 3=2] » #-3 = £+ i : monophyletic group(E &) ~
paraphyletic group(&-&¥£) - 2 polyphyletic group( % /a#¥) o

» 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 species included in the group
are those that have continued to resemble the ancestor; the excluded species have
evolved rapidly and no longer resemble their ancestor).

 Polyphyletic group: set of species whose last common ancestor is not a
member of the group.

» monophyletic group =]+ ﬁ.}a&rﬂ? g (S W) IR PR AR &
ARG ehis R E B K % - paraphyletic group b+ Fede G e
TRHAF(RAS) > FRP - AR T BRA R AT 0t L FAR S
F At (5 RF T L3 4R 18 %) o polyphyletic groups i+ ﬁ‘&%{r}?’ £~
B P ER e B e s > B P aEkiT R ARk (amniota 3 SEEs ) T2
FARPNER o

oA oggenz BE R AR LR A TILET - & - cladistic school &%
* derived homology sz 4% » &4t 4% monophyletic group % & 4 #f chik
¥ ° evolutionary school f i 3<% derived homology £ monophyletic group
ks 2 gy # % ancestral homology 772% 45 &2 paraphyletic group i%% » & &
% #% analogy % #4522 polyphyletic group =i%;% - phenetic school 12 # 4
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it eafp vt koo dg 0 2 T AGEM B RERDIFEZT 5 F AR
~ analogy iz 45 > 2 ! polyphyletic group 4 #f 5% %

» phenetic ~ cladistic, and evolutionary schools z_ @ 7% %] o

Groups recognized Characters used
Monophyletic Paraphyletic Polyphyletic Homology Analogies
Schools Derived Ancestral
Phenetic Yes Yes Yes Yes Yes Yes
Evolutionary Yes Yes No Yes Yes No
Cladistic Yes No No Yes No No

-~ P P4 (species concepts)

K

o T4 jd 5 (species) ¥ M (% ff B ¥ L » L A P Faprs irg 1%
SR A R R RAERA TR pRATMAET XS
B @3 0 ¢ 3 typological species concept(#-;* #a%£4) ~ morphological
species concept( 3] ik fa £ £ ) ~ biological species concept (4 # fAt£ 4 ) -
recognition species concept (3 f&#% 4 ) ~ ecological species concept (£ ft f&
£ &) ~ evolutionary species concept (i# i &% 4 ) ~ phylogenetic species
concept (Mg fAtEL) o iLF - BHFAPEL T LI * 2475 cnd oo 2 i >
2 morphological species concept ~ biological species concept ~ phylogenetic
species concept = B4 FBIEL & 5 &4 555 RETY HiE

« typological species concept > #-s  fEiE A - i TH M, - #A% Wi -
ROoTAHBBHFITFRELLIB N2 A EMA LR AP RS EA
WOLEERE RS ER P REARACT PRI RS G AT
PPN ORI RE OB A g EFA R - BRESH T A

"R, (type) > e =L WMEBRADAL - TBZEE BRAL %s_;\fﬂ *
(type specimen) £ ,(genus) & p - %s_;\ #8 (type species) e 4 % 2 o
AP AIAR A SR > LA FE RO BT IR A a2 o

» morphological species concept » %] i fdPr 4 » » ¥ fL2 & phenetic species
concept(# féfh,\,) T T, £-#HALHEgder o anr el
¥ RF LR 2 $ B A (sufficiently phenetically similar to one another) o

« biological species concept » 2 # fE1e4 > & fiv"vfﬁ g - HV LI PR
ﬁmihﬁﬁolkﬁﬁaﬁi*éﬁ* R S S VR % S ey

7 e
BLR yne ©
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* recognition species concept » Fn e L 0 TE T iy 4- HEF - B
2 2 ane et % i i 4 (a shared specific mate recognition system) s
AR oFAAF2ZT > €I AARTLT RADE G -

« ecological species concept » # AL féit%4 » T& T4, £- HE LK
- 4 B r(niche)s 2 H B o FRAL N2 B VR FIFL 3 kD
FiL 3 5@ F pR AR A o

» evolutionary species concept > j# i* e A > & TH b,y L aigi- Mg s
LAY o BED %2 FFad 48 (members of an evolutionary linkage
between two branch point) - # @33 > AR F 2 ¥ > ok - FHA e 4
EAN S Bl ﬁr:&»‘ i&? MR FEE > BEL ST R

* phylogenetic species concept » . fAPE L » 4 - BAARAEZ D LR NP
PeL o HE &k THfi, 23l R BuERrTFrLi | ¥
Z_ % 4~ %8 (a group of organisms that shares an ancestor and are in a lineage that
maintains its integrity and has sufficiently clear divergence respect to other
lineages through both time and space) - phylogenetic species concept I 7 & %
TRANERE AP RRETEAS m"f%ﬂﬁfj‘u? ARsE - B

» morphological species concept %% & % 2_ & ﬁ (97> 33 BLA AL - B4
WAPTEAH > P ARG - BEEREE S APl g e

IR SR PN BRSSO R

* biological species concept & Bk &%t 3 4p < fe (interbreeding) ~ 2 78 Ff 3¢
(reproductive isolation) ~ 28 F] % /i (gene flow) o d ** 24 $fdgr 4 $o4d 2 44
ZF DA FC o Flag Az ALY 7 B oo

o 4 gu IR e ¥ 3 T 7| A E (Dobzhansky 1970) o
Pre-mating isolation mechanisms

(a) ecological or habitat isolation % 7&{&# 2 € &
(b) seasonal or temporal isolation % 7EpFfF 2 &€ &p
(c) sexual isolation = #B'Jﬁ F $p%
(d) mechanical isolation # 78 % F chigig 7 it fie &
(e) isolation by different pollmators =k ﬁ 7 e
(f) gametic isolation fe—+ 7 &t % &

\

Post-mating isolation mechanisms
(9) hybrid inviability & & 7 it %%
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(h) hybrid sterility = 7% ¢ 24 Tf
(i) hybrid breakdown & & FEF &4 T a0 4 < hgrE M
o AL & # w3k L > hybrid breakdown » & 3 scend Al a4 > © & (&~
FEFNA T AEERS TR AL R ’Ztt’irﬂ—lil'l ﬁg"'m ’
R U O i AR LR A A aRE N ) o S pEd

o

Cn\ﬂ-

» biological species concept » £_F 70 & i e £ ER ZB* AL o
H35 LA S 4#?13?w#ﬁhw’w%ﬁﬁﬁiﬁﬁ4%’ﬁz
it 57 322252 - B > #7¢0d fE(polyploidy) » B § 37 % eh2 IR
WA T2 F D HFER o DA B A IR A S wﬂmfpﬁgg%
Jﬁiﬁﬁﬁ’E%%*@%%mﬁﬁ%ﬁ’ﬂW¢@£ﬁE£@&@g
3 g Hs A AR o

» phylogenetic species concept » MG fBIEA » 7 0 * K T KT F B2
thiefb @ 2 B AR W AN P A (A3 A p e h @
B4 L F ¥ 7). it &> phylogenetic species concept ¥ % # % T L fé |

TR AR 2R R ARG AMA R AP FEOF AR R

c 3 d
3
Vi 7
R LY wide
R e overlap
broad narrow parapatric
intergradation  hybrid zone contact zone —
0 100km
a b c d e

Phylogenetic
species limit

Evolutionary
species limit

Biological
species limit

Zoogeographical
species limit

« biological species concept, evolutionary species concept, phylogenetic species
concept iz = i 4 FA L L iR %i 7 — - biological species concept & & i
Bete 2 BZ P AmE S G 2k Flom a3z - evolutionary species
concept ¥ 5 £l - B> V MEL P ARE R BRI E LT TR
AT RS BEEE A e AT FRMAc R R Y SRR
/o) - phylogenetic species concept #&2 & 7 £t » ¥ R X A RS FR D
Fe g R F R o
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» phylogenetic species concept ¥ M @ H_ = B % FH ¢ F K »&V/,,\ BFE Y
evolutionary species concept ¥ 2§ _= i 3 ¢ “iﬁ I ABFEL D s (e

™ FR 4 A F1 7w s biological species concept ¥ M E - BEFC L
ABE T 0 2 B s FI R o

o NIEE H R L*”féma‘,\,?‘j\fﬁﬁw%_ﬂ FRARIFL ] BREFL
2> f’r’" T s A e AfA(split) - oA R A R Rasplitter (w s F ) o ok
‘Elé,uﬁiéﬁéﬂf@ﬁ»ﬁﬁ'rmﬂ B RERBAEHET ISR
(lump) - i& 8% & A4p iz 4t o lumper (24 § F) o e b & 8w Fyp v L8 )
BBl AT A RE s FAEEG > FRER \4»,,(@ K
Fia o P AFEEF RS LRI - AP hh R o g
FRILIEO{ AT ZRFHROEIR - ELAFRLTFL > » p REFR

m ’}’ 4)1 r{z% o
= ~ #& 1 (speciation)

o f&it > A - B 2ATH A, o 1 biological species concept ePE A > fE
PR LR R S - HT IR S B A S HER T IR
o~ RHEFG A AR B -

o FA It AR 7 P ¥/ ¥ & % allopatric speciation(£ # &1 ) ~ sympatric
speciation(fe 3= f& i) ~ £2 parapatric speciation(#83 & i* ) = fa#g 3] -

» allopatric speciation(£ & /it )E 45 - BHFAyr L P = in
T o i S fE i o sympatric speciation(fe 5 8 1) Rdp - R ,ii»«' g
g™ 0 g S AT o parapatric speciation(#R fE i) Hdp = B EH
WG AP T g A E .

~mb
13
=
%R;
3;

» allopatric speciation ¥ iy £ 1 S i & chfiin o F] Mg dpm 2 B - BE
¥ oood A TR (gene drift) » SiE- EFER S T AL g R o T
e IR A S EATALG 0 (v 2 AR PIRER o

e parapatric speciation ¥ 3 2 E X - AL i ;pw%]p\ P T s AR E
FoRie AT A ATFFAE A KR > A EbRE A IR

e R EERFE &

« allopatric speciation ¥2 parapatric speciation % *z
HAETEAR -

4};7']'1?17’\43}%‘9{35 4 ;91—’1’11‘1_‘: s gﬁxﬁ
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e sympatric speciation 3 S A7 i R IT o F - ~ A P T
BB F- A B BRES B F - 3 ,s\gmnlﬂgzﬁjo R
APE2LWRG AT B B ARG o F 2 FA '
RoBIAENTIRFLARE S FBHITLLATR & @w
DI o ¥ - R B R 0 TS A D H R
“’%ﬁéﬁﬁﬁ@ﬁmﬁ%ﬁ’E%{’%%ﬁ“wwmm
speciation) - 4 polyploidy (% & #8)#1i¢ = chf it o

2?;‘1

L PN RN
%Iﬁ\‘@ﬁm

d

=
«31 &
3

w4
“

i

5 &

A

o polyploidy % f& 4 i fmre g AR - Ehg d Mo P BHALT 4 2
= 44> Autopolyploidy (¢ ik % B H)E % ¢ Bk p - ﬁ}mféi Allopolyploidy
(BoR % BTk p 2 Firdh -

. g;fggﬁ%ﬁ_@ Efﬁ*ﬁﬂlzﬁﬂ, ’ k%ﬁfﬁ*ﬁﬁééﬁ’ﬁ%gﬁgﬁﬁﬁﬁﬁgﬂﬁ
i B 4o Bt o Wood % 4 (2009) i 3 15% 08 i e 5 1Y 2 31% AT
A E T S R Srig 2 o e polyploidy @4 R A 5 A o

o JREEL ¥ W MWAIRG &FFIP SO FESECERFAAREE S A
BETRAY ¥ A MNPRALES N A FEFEFEL T BWMAPERE
plhe= @R (triploid)shg E~ %k ~ g2 Fd Ao 2 B %&(tetraploid)g’ﬁfﬁ F
B~ o4 >~ 2 al(hexaploid)shad ¢ ~ 4 B % ~ 2 & » N i2 f8(octaploid)
HEE SH R S AT

o~ P fEECP

-)c btz

sl 2P TREMIRERA D LEAB L e P T g A2 4
PR CBRNT L2 P ¢ - AT B ;‘JqL e A
d st AR s %"ﬁ% ﬁ?ﬁ»’? Réﬂl’tﬁ%?’rﬁf" i B2

(synonyms)snF4f » 14 & 2 AFE 2 Beng L 0 F X §5 - B

T FE o

e E. O. Wilson and F. M. Peter >+ 1988 & #ticnfp 3t 5 - Fw - Ff o & b §
P >« 3 4 (N.M.Collins) %3+ 7]- 7 4 i,g;ﬁ cPpW- EXHF-F=F
8 T RrfE ) A £ (Wilson 1999) o F]p 5| = % % & > E. O. Wilson f 3+
AF-FIAA
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75 & W& 5 ¥ (The United Nations Environment Programme, UNEP, 1995)%
AT AP E RO AP RMER Bk 24 E# P (Global
Biodiversity Assessment)(GBA) - #rig 3+ diehe & L Addics - - L1
FfewdHY 572 AR LanEdfed Fl L R RE R Y 10%
i fE g

CEFATTAAEREG L P w2 PR FEPRF AN A

- FATERAI - FHALR
EDEE:WIEFCE: E A

pIR P RA 2 AR A - BV OERT c AR RA S
BB EAR L2 F A o BlAcRI%T 99% 1 b ik EEd B e AR A SEH Y &
%o s2d FF (Chromophyta)(4e# #)¥ v £ F 1.5% s fam L #5 & & o

P F e 5 BB IR A P BT 5 (40 Erwin 1982) 0 H ¢ 4§ % 4
fa-o ## M % (species-area relationship) » 12 #t 3& ;2 (extrapolation) i 3+ - H 5
PFESpLEA > PHBEAHF I FER TP R AHRERAS AL
B SRS B ERRRF DR .

UNEP #t 1995 & “75iin GBA ¥ » 1 i3+ & — 2 fo e & 12 o foiep
o B IR PR - A Pochd B X 8 o] B ehi 3t o GBA T
3]k B EoX st e § 3,635,000 £ 111,655,000 0 2 FAp £ = L2 o
R B HY R Bk K BIRA T ALENE 2 0 TP GBA & 1995 & % > 1k f
faBcehE 1o 3 (3% e ) £13,620,000 -

Kingdoms Described species  Estimated total species Described %
Bacteria 4,000 1,000,000 0.4%
Protista 80,000 600,000 13.3%
Animalia 1,320,000 10,600,000 12.5%

Insects 840,000 8,000,000 10.5%
vertebrates 46,500 50,000 93.0%
Fungi 70,000 1,500,000 4.7%
Plantae 270,000 300,000 90.0%

TOTAL 1,744,000 Ca.14,000,000 12.5%

Pand iR B M L1l it ERERIEP BB BET A

EEA P L E%EF - wE s EF - AA(nematodes) ~ 112 Feag o H P

RAN A s X 0 WA R G - SR AR ARG £ L
FREL A Lnd P (AR -
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Species number

| .
| . M Discovered
nsects )
' To discover

Discovered species:
Plc'nsi Insects: 950000
Plants: 270000
Arachnids: 75000

Arachnids Mushrooms: 72000
Mollusca: 80000
Mushrooms “ertebrates: 56000
Algae: 40000
1o R Protozoa: 30000
u3 Mollusea Crustaceans: 75000
ao Other invertebrates: 120000
Vertebrates
To discover:
Insects: 8950000
Algae Plants: 380000

Arachnids: 740000
Pratozoa Mushrooms: 470000
Mollusca: 250000
Vertebrates: 61000
Algae: 400000
Protozoa: 210000

Crustaceans

Other invertebrates I Crustaceans: 180000
Other invertebrates: 400000
4] 4,500,000 9,000,000

discovered/to discover species

Literature cited:
Erwin, T. 1982. Tropical forests: their richness in Coleptera and other arthropod
species. Coleopterists’Bulletin 36:74-75.
Heywood, V. H. 1995. Global Bioversity Assessment.Published for the United
Nations Environment Programme, Cambridge University Press, UK.
Wilson, E. O. and F. M. Peter. 1988. Biodiversity. National Academy of Science,
Washington D. C., USA.

Wilson, E. O. 1999. The diversity of life. Norton. New York, USA.

Wood, T. E., N. Takebayashi, M. S. Barker, I. Mayrose, P. B. Greenspoon, and L. H.
Rieseberg. 2009. The frequency of polyploid speciation in vascular plants.
Proc. Natl. Acad. Sci. U.S.A. 33: 13875-13879.

PRisdg ITE ¢
- BE SR - BRSO EF L A EFRLA IFASES L
F R L E AR A SR & o (37 Ceiba 5L2)

PRiSER A ¢

e ML RA b LRA S P REAR R o
http://taibif.org.tw/informatics/?p=316 (+% § P fF en® < 2 > &)
http://anthro.palomar.edu/animal/default.htm

http://iczn.org/

http://www.bgbm.fu-berlin.de/iapt/nomenclature/code/
http://www.catalogueoflife.org/
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miEL 2T

WAL

- A en g Eg 3 (Pycnonotus taivanus) £ & £ 57(P. sinesis) i s 4R 3u 5 .=
BrARPE > d FERESELSEFF A N ka2 > EF 8y
A AP AT B O L 37

o f 5
22,
1.

Bde P S 2 e LR

FK“ﬁ T2 L AvRitE 3 7 Bre?
NI R LER DALERF R RE?

a
-
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Sow FEIEPELTFAT

o Bk e fE o H /,,\#gja@—mz Ao H AR AR e
PE-RD BERNEF AR AR AT RE > 5
']“i_/w\'#!?%i;’!ma fé@ﬂ—‘fa#ftﬁ#' ’;’Z"};,\—T‘}":}'f‘é o

- AR AT

o 2P fEhas # = FIB > ¥ A4 5 outline maps(F A E]) ~ dot maps(2k Bl)
#7 contour maps( % &4 Bl)= fE 4 & 1B A5755¢ © outline maps & ¥ % 2
558 odotmaps A & * hd Pt TG K UEFERETHRLILET

ALK R enEA5T o contour maps Bl A & Bt A fe o F T e DA o

 Hutchinson’s Multi-dimensional Niche Concept
4 B2 % sy % A (Hutchinson 1957)
Niche as “multi-dimensional space or hyper-volume in which the different axes
or dimensions represent different environmental variables”.
ﬁﬁi&ﬁg)ﬁrﬁ oAz FAFT T NARIERMATEMER - 3
ZRE O REAFRRRFF DL AL AT R AR LT .

o 4 #"fﬁmq. AR R ‘Ji&g =t 4#,,&:4#,,1@mr‘]_§mr+ pﬁg’,fg}c 2t 4#;,
FlEErE R - - XRIPI) LT 4o Ag s L L2 F
H_73) h fundamental niche (A # 2 i) o 2 HF B Fl A (A2 H 7 mﬁ:
T a~IflRAREr > R A Hadgdha 4 (dispersal ability) 0 B
AAFHAEZRFP - HATL ST EERLE IR & E ”Lrﬁ
1 realized niche GRLF 2 fitei) -

N B8 R R

(=) RS

e T E(scale)EF /AN A BRI GPF > - BPREZ DAL T RFZ o &
R Fﬁm'r%ﬂﬁ PR R B K H g AR

o LRV A G Z BEZ Cextent(d F) ~ resolution(f£45 4 ) ~ grain(4 153
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H) e )T*L»?;Fe'? R R @ T 0 extent & o7 TR IR % i I ] © resolution # 7m
IR G g R B H o _¢§xjﬁf PR BRR TR R T a0
?ﬁm’ pHEEpARy 2Rz AR o grain & 1 A7 0E oo

. f]}uf% > &2 17 (ANOVA) sz 4 22 k3% @ % o extent(E)#2 resolution(R)/A-2_7 #f
3 chz B % & (spatial variance)(SV) = SV =c¢ (E/R) °

ot b grain 3%+ 3t resolution 0 A XA E T £ & o Grain
-7 7 B e )% B (within-block variance)¥? % B % £
(between-block variance) 4 fie o

I
A~ mi)

A

..‘.....................)

% 1 I
0.‘ ‘
. R I

*
*
*
*
0

>

(= ) species-area relationship 4~ fa- o % M %

oG EARS S HP e P ETAR S 5 G ARSI B 4 e i
p fif‘ug Brag v o gt L species-area relationship (4 f&-m % B %) o

A

Species richness (S)

area (A)

o 7 ¥ #_nested design & un-nested design > p A F FEF AT I 4 -5 H M
fax 5 AT g s i) st o

S=c+A” & log(S) =log(c) +z log(A)

S*’”fﬁw B Aomf%“' Cﬂ&ﬁ?#ﬁi ZE- AN 0H 12
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o f8-5 f M 7 A 5 nested design(4: £ 5% % 34)£ un-nested design (24
ENK) - fSonesteddesign 2 F 2 RE A2 Bl o F LM G 5 f
ol hH AR 26§ g et ohE A2 )N o un-nested design & 7 % H

Ao A - REF AT

TR S R M G H z RO G o) o 2
SN G M B oz R Gl ) R E > R F Aol oz B
P 1E A0 S FEE G L T ERAMAPM G b4 f &Y 7
5280152 0352 fF o

* ’&_r,,%}g - '[31&'3 o TG )I}"«Lﬁ‘%“—;

i it Jf—_i ED TFHRR
AL RS- % 0 3SR EDL PR
_:I;.
3 e
L

A pﬁ-zuﬁv*p ~ EJ‘*‘F' ~
o BipAT ’r*”%é?liJ 4 %
WiE s o d - B .&%m#ﬁ

r’/’?l“jg? °

%ﬁ~ﬁ?¢ﬁ# Ll TRCRNEY (2
TS EX U EEERLY EE:
e @2 el AR o #EG iR  F

o PrfE-d AR G ESMBR (oo hz B3 1A 0NIRT o 6 AR
R R ¢*cw%ﬁ$oﬁﬁr‘frﬁ$an%fjg%
A S E A B S BB B AR A 0 - a0
SRS RS S HE RS TR O SRR s X RET
”ﬁ’fm*éﬁﬁﬂﬂw%¥WWﬁ»;ﬁmr%ﬁ@ajﬁaz;
TR H R oo 212-’3— TR (s ’T@,L(iﬁﬂf“_&pa%%)\?@;
RARE 7 L

(=) alpha, beta, and gamma diversity of Whittaker(1960, 1977)

* Robert Whittaker ** 1960 # 5 & ™ ¢ & k% AP fE 5 R K o 8 14 2 B4
Siskiyou bt & cFfe ¥ 5 b > BAp e HFHEF A IR A LS L = BIFE  alpha
diversity ~ beta diversity ~ gamma diversity - alpha diversity(a % # &) ® £
- i ¥ % (community) £ ¥ 3 (association) r & %' F A& - beta diversity( S8 %
BAR)NAREETAEE 2 B ¥ g A% 4R - gamma diversity(y
SHRRBR)RL B %1 7% (community) ¢ ¥ ;(association) PR AEE R R e

* alpha diversity &2 gamma diversity &> #73} =7 inventory diversity(;* & 7 &
B TR A A BRArE P e ¥ F & calpha diversity ¥2 gamma diversity
2ZBendw > A E 2 ERFT F oo beta diversity 53 413 e
differentiation diversity (£ %] 3 &) > TR AP HHE R AL 5 & LY
S ARR e
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o hod E ¥ b iten® B A = & % extent - resolution ~ grain > 2R {048 F H A
s Z R P ograin g > TP BB GETH = ) 7% gamma diversity
i £ extent p e1¥7F % B - alpha diversity * 4 grain 2 p % B > beta
diversity i* % grain 2. FF g £ o

cEFNBEI ARG MBIBRAR g FHRAEE v I RATEL R
HE > REIARIFPRP b BEFR - a3 > I HRADEN
VAR GG RS e B - AP E gy SRR
Tiacha b kA 0 ie+ & Robert Whittaker (1960) 3+ 5 = 34 -

B=v/a or B=y/a -1

e BEKARDEMINRIHBRI AN & ZHERF LB TS
(turnover rate) & 83+ ¥ % % 2 @ cr4p B & (dissimilarity index) - 3 #4& e
# v 12 % L Tuomisto (2010a, 2010b)%# Anderson(2011)1% & -

* Robert Whitaker % 1960 # e & € & » I iL 3 $& % alpha ~ beta ~ gamma
diversity PR 2 B R R BFEZAS ~ > WARIPFBIKAT Y 2B
I

» Robert Whittaker % 1977 # > #-alpha ~ beta ~ gamma diversity 7% 4 i& -
# % B > T E * 424 (habitat) ~ ¥ 7% (community) ~ ¥ # (landscape) 1% 4
HERBRFESFAIBRAEDTF R R w2 » 5 o ¥ # inventory
diversity #% ~ % point diversity ~ alpha diversity ~ gamma diversity ~ ¥ epsilon

-

diversity - differentiation diversity F|# = 5 pattern diversity ~ beta diversity -

22 delta diversity °

e point diversity(2- % R )~ £ % - Migr AP RETHEIRR o a FBRA
REAR-BFHEY PRIRR v IHRAZe ZIREELE - A D
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8% & - epsilon diversity( e Wfifi;),—,\ d e Fleaz B afd bk
R - pattern diversity($: 5% 7 R ) 5 R - BEFEE P LR L 6]
BR O TRIKRARZFSLE - B Mili,w BP2EFHEAYF LY
HRE Tt HEARZFSHLR odeltadiversity(6 7 HE)P] 2 RPN 28
FRDLINIHRE Py S HREZFDLE o

z

4
Z
4

o ¥4+ (habitat) ~ ¥ % (community) ~ # & (landscape)ig & £ 4 (HE & 3 7 P
FEo 2B R AR 2 - R FR o R R 1 Robert Whittaker(1977)
TEFS A RAE SR H TR

Literature cited:

Anderson, M. J. et al. (2011) Navigating the multiple meanings of  diversity: a
roadmap for the practicing ecologist. Ecology Letters 14:19-28.

Tuomisto, H. (2010a) A diversity of beta diversities: straightening up a concept
gone awry. Part 1. Defining beta diversity as a function of alpha and gamma
diversity. Ecography 33: 2-22.

Tuomisto, H. (2010b) A diversity of beta diversities: straightening up a concept
gone awry. Part 2. Quantifying beta diversity and related phenomena. Ecography
33:23-45.

Whittaker, R. H. (1960) Vegetation of the Siskiyou Mountains, Oregon and
California. Ecological Monographs 30:279-338.

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

S FBSHA LT FREAR AT

(- ) F& 3 i (isolation effect)

IR RAR L e IR H > 5 H #f'ﬁ o RARM SRR o IRAARR
VU BEARIT A e B o £ & s (peninsula effect) £ § sz (island
effect) » & ¥ A IR I ©

s bMEFBFAR L L PP RIERAE FRABEAOPFE S HRA 5 XS
TEFRHOPREIER > ARG AFDFRI AL Ly
peninsulaeffect (£ § »cf) o fia3d 4 fi d s @ & 7 LRI IR %
# % bay effect (73 #»< i) -
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e hdpt e fE SR K F VAR A HRA S M 5 island
effect (& sz»afl) > @ ¥ > BEAE X [EARGR G 2> H 548 5 E:éu&o

(=) ¥ 8 # & (environmental gradients)

P RIKRARALFIRBEFRL > FHFIPHEALAFT e o UT G- 2§
R B G R ARG -

-?iﬁ*%ﬂﬁﬁﬁiﬁ’%ﬁéﬁaéii%%&s’%@ﬁé%:ﬁ
YRR 0 0 R P S 4R R 2 SR ¥ & (latitudinal gradient) - G SRR i
BH S RIS PFERT BRI, FRPA -

. f]ﬂa— BlLige i kg o PREIEAF A AMBNRES R ALLTY
Bt S S R R 2 0% 8 & (elevational gradient or altitudinal
gradient) o 2§ AL FRF F 5 bl o B SRR B RPR ¥ LRd
A & # (hump-shaped relation)(Rahbek 1995) -

s AR L ORI BRATALB KA G B 0 R AR REF
P48 % & 2 7F & ¥ & (depth gradient) -

CRWA BB R RE o A ARG AR S P B ARG o L LR
*ﬁ’tiiﬁmpzﬁ&#ﬁ PRRLI ARG LRSS
R

IR g BT WA AP .

. & %Z‘;T‘J:?"S;fé 4 i & kg o R (disturbance)(B] 4otk L) isg B AR < o &+ 3
AR o P A ﬁm#ﬁ AL PP RBIBERLTFEYA
(disturbance gradient) -

e B IREPRA NN WERIAR S FERFINT - BRI BRFFER
(intermediate disturbance hypothesis) - 2 ,g,:}ﬂ#mfé SREATHRBAL R
BN LT S LB RR Y R T IEARR TARE o LY R TR E
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SHRECHZEAFTEIZIAAMES > EARTAF I HRERE TR 3D
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AERNEFE AL o A ET R o
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$°5f?* BB A B R (2R RNEZ R R ) AR L
ig B4R SRR FFIRER DT EG R (dodkh 1 BKg T

XIS ARAEH LB EARYE BRI E R RERNR - B
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Py B~ HEF)S € R F (Grenyer et al. 2006) ©
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(-) #%£ 3 5 R (competitive exclusion principle)
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o AL T T RIS LF NS e E(principle) - e Eip T E AL p AR
LIP3 FFORTE a2 ERF R ARRET —%if’!%fgx“ » FEE > G
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e A AENNFEH > HIFAIBRA T - B A T g o HY - B8
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(= )P 3234 (time theory)
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(z )4 s 32% (predation theory)
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(tautology) =7F* 4% -

(£ )* B #FH EHR (intermediate disturbance hypothesis)
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o Bz fhp 38 o T 738 24 (equilibrium theory of island biogeography) »
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RENE -

© BURA R G (2 B ALS IBT) ) LB AT oL R kp - B
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o IBT ch& & » ¥ MgF4p 5 T )~ gk o

1. The biota on an island endures constant turnover in species composition.

2. The species richness on an island is increased by immigration and decreased
by local extinction.

3. The extinction rate increases with species richness.

4. The immigration rate decreases with species richness.

5. The immigration rate and extinction rate together reach an equilibrium of
species richness on a given island.

6. Besides number of species, the immigration rate is also affected by degree
of isolation of the island.

7 Besides number of species, the extinction rate is also affected by size of area
of the island.

8. Therefore, area and isolation together determine the equilibrium of species
richness on a given island.
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Number of species on an island
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o § g -i#f' ;‘3:‘:7‘. P AT b b A SRR R
R BB ERED - b e ] o R A

o hrk Gt S Ed § b B A dpa st o R B XY
AR BRI R BB B R 2 B TR A
(founder effect) -

o Bidgad 3t 4 FoiB o priB A el g b e A F R PR s Ao PR EE
Fiel REEORHERE IAE > AAXTIABERS A AL B -
ﬂ&’éﬁjmi#mggﬁ“°m%ﬁ§{$’W%%Wﬁﬁ’ﬁﬁ?
PAAR TR BT RE e, A3V UEE NS B Lo

S Rl A B eni e R I

o d R LTI PN FRS GRS Hupd HfA Y § R0
Bl E g UL - Bl o - ReAE riﬁﬁ%%rﬁ TR EBFHAE L E S
$+ & island gigantism (§ & E 3] i) f?'Hﬂ—"ﬁtW # k& (Galapagos) = % 4
(Giant Tortoises) ~ & £ § & % ;!’, ﬁﬂﬁi@ % 4¢(Komodo Dragon) = » 5 & § %
fodr o 3 BEHA € L e df] 0 2t 5 insular dwarfism (& s2fcR] i)
IRz f» raEape ,b(Ballnese Tiger) ~ & = Flores § =w4 v £ (Hobbit
People) o — 4x@ % » K 4 fe Bags E 3 4 4 island gigantism o of 54 %
% % 4 4 insular dwarfism o

o ek FURIRHAZR F 0 HURIEY BB ERBE 4 NG R A
Bengries o T AR il 4##%*%o—ﬂ%#mﬁ%w »
€ T bldete T B 3§ e Flightless Cormorant » % 75 4 2314 7 o

e hupd G AR AF B PR BAFBRE LT LB A B
FRG oom fFAR] 0 2P ART L RG

o §od e A W’i%ﬁ%im AP LB o [RRRARAG
53

$f AR
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o fupd WAL RFEIRM > FRBRE ARG @S FUSBRS o §p
oA~ FRAAR R ARE #ﬁﬁa/o

°%%ﬁW%ﬁ§ﬁ$’#ﬁ#£*’ﬁfﬁ FEANEG AR o B
PAET o FRAARR R F LM B AL PG g FNE

IR T

o G S ECRAEATRS > b b A B AR B L F AR L M A(inter-
specific competition)# & {v o & fF4%-] ~ IpdAie R AXF > AT RL AR {
i o

o Ligd EMEATRCY o JER A A 7] Bpenffhg g
ﬁ%ﬁwibﬂi%%iﬁ@mﬂ%:’”i«&imﬁmﬂ%xiﬁﬁg’ﬁf
,T.%q‘?jﬁﬁ 2§ §# s (ecological release effect) o & fF 4%/ ~ IR 3LAZ R
AR o 2 EFoTR{ PR -

o hid T REEE 4 ﬁﬁk N E - R s RN I AR I N

P Rend R Tt PR A ALY € A 4 BT B IE > g
T 5 tRend FHRE 0 L2 S adaptlve radiation (if &5 &) o 5L ]S
4rse = = B ¥ § (Galapagos) =it fi ~ % (Darwin Finches) °

o fupd ERABMER S > BFERL A HZ o AP BAEERR Y VRS
(FREJBEFTRTRE A B ) JOEGAE" - 2 5% PE =%
BEEARE -

o Gpd SRR E DB P HBBEL SR B IS BER
M FEA Yo f B ATAR D L ML RRARIEAE 0 2 A 4 F F AR
o

o Hpd M EHMBHR S > FHAEREY 7B o EX e R, T 0¥
P & (trophic level) i > » 44 £ % 345 G dode o § 4RhH fFAR] B IR
ARPRAL > G AR R T o

X
%
T

od MMl R LT o FRAFRS > B RAE G5 s
(anti-herbivore defense) & # i i & i) 4 » # F L & (# F 07 5 (anti-
predator defense)~ # # i it &) 4 o
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-%%d“ﬁWﬁﬁm»’wéhﬁ% do o R P e B AR G iR A
b kAR R A R R LA (B A
m)’?TSj‘IJLf%J od LG %ﬁ,a’lbm?ﬁv 3B
awﬁv#ﬂ(argﬂ\ﬁ),ﬁqm@t R AL R eéié\}'ﬁ{_‘ﬂﬂﬁi’”%?‘f?&
ey m G - a3 o E%mﬁﬁéﬁé\ > IOk AR TR 4 0 5Pt
Xﬁkﬁ%%m 4 A% o

o%%*#d%@##@;m,%ﬁﬁzmﬁ AFSE R Fp g 5l
LA LEF A G A ETE kiR 0 L ko BER BE R
PhE A o

~ R e TR IR oh

o B g 38 0T {32 24 (equilibrium theory of island biogeography) » 4
PORERTIIRE > - BARG ERPAHIEG L EHRFLLFI Y
dEPMF

el FERS FRE LI - B AP R
A f e R
e p R A
RS R

Phisdp TLITE ¢
cHEAZEN IR - B LD S o (G ceiba #2)

PRis ER R ¢

Whittaker, R. J. and J. M. Ferndndez-Palacios. 2007. Island biogeography:
ecology, evolution, and conservation. Oxford University Press. (Google
Book ¥ ¥)

MacArthur, R. H. and E. O. Wilson. 1967. The theory of island biogeography. Princeton

University Press. Princeton.

Losos, J. B. and R. E. Ricklefs. 2009. The theory of island biogeography revisited.
Princeton University Press. Princeton.

Wallace, A. R. 1881. Island life. (Google Book ¥ &)
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STEEP ISLAND, FORMOSA.

“Steep Island, Formosa”  Guillemard, 1886
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- w  WIRZERB

1%

ek 4

NS
~
B

=

cAFMREI2Z FHRE > FUEF GRET I IR FELT A
TR c THRIHE AR RE A REEE

- B2 BRE

e XIE AT FE RHETEF GBS Fo A0 b BIET F B
PR F A RS REE

CHIRM A Z A F AR AR E A IR TRA B IR L - 8 R R
oSBT 2 B R S I B o HIRA 2 A pht 2 20

BB g s o n A HaLE 5 235°5HA & B

o Bzt 235 EAL A B T AN IR g > FlMt e A LR R 2 S 1F

WO FES LB oA AP A %%gog;%’%%iﬁﬁw
b (% 23.5°)(Tropic of Cancer) - * 2 pF > <[5 3 3 @«ﬁﬁ%@\(g £3
23.5°)( Tropic of Capricorn) o o &gt = & » kﬂf OB b2 % i A 5 2356°

2 3 4 23.5°2 g &(“r”nﬁ A ERLZ SHBgHN BB R =
’f?i*; HEaRR o PR s GRFAFELEREZZELDTELEE] > v - BBH
IES X S
o A2 AeHiTH Bpb T X F Tk DA ER A o T Hd LR
- BAE e L5 = 8~ B El(atmosphere circulation cell) o & g *
iTd *v?xivj.«f%mécz%iﬁ» CEFRBLEF FRFUIRSL A ot Ry B
BRAE RFRETARE S Awa it BE > e 30T T T o M- §54
FE2Z T F N rEe A FI0FIT NS F o Y F BTG s AR
FHBORF B REFTRIRE F o RO e A g600HIT AL e e A

Bbe o AR T - BAFRIE

4 >z )i (Coriolis effect) » = 2k & & 2
MBI ofe 4 srfig A R en
H oo Xk RHR S e b 2o At IR 0°

I 30°RF i = K A 7 b (northeast trades) > = L3k 0°% 30°FF Rl = L % 3
(southeast trades) - % 30°% 60°z ¥ pi¢ = F F & h (temperate westerlies) » 60°
I = &2 R & & L b (polar easterlies) -



Introductory Biodiversity, Handout SEVEN. Page 2 of 9

R ]‘%)».&/j-ﬁ—_)i FIOL pe R E A Bl endg a0 4§ 5
Ega gt ¥R iR TR o AT AR
e A TP B - L HorBALTEEH TR ETED

Flmg o MEEFTEA R ek o L2 5 monsoon(F k) e Blde 5

PERAMFRRT LFET 5 4 0B - monsoon FAUEA R AR §

e HAE 0 g3 EE H oA

(%Fmv
e
(%F
S5
;g

Ak

o b TFE A TVRE C EEFF PR E A REREAZEHEALATFT 2B o d
RIEHE KA SRR R o BRI A KE 0 A A ARG B
(windward) iz — & 0 & fE2 & 2Dk g (windward side) o JLER F R chiz- G
ALz A b (leewardside) s € F1A ok F F AR BET oA G IR o
TPk FARLRRIEFE o A b BLME RS IR % 0 L2 & rain shadow effect (%

2T l) o Li¥%4A%F > rain shadow effect A% &g % -

« LA HET T b (biomes) Ly - By 2 LB HEEF L HHT TS B
ﬂfr'ql WA e s 7P NHD R jgg_,;k(l;,, 4ok A~ E j\ﬂfrj'*f) N i_"ﬂl(tﬂj
ﬁrfhz EE) %a#ﬂf'&&ﬁ(wﬁ FEAR AR R)E F kA Lo il 4 e

RS W€ Jﬁr]—* mfp BE g KRR )R RA @ P F A R

R R G iR RN R R AF G B R R
AR I 2 g s *” HEF o B R pE T Ae AL B g4 o

HELENE S g LB 2{\1‘”‘/“ KR A R F e fREEDL O R A A

F Ak e S gr L B o

=+ \"—‘“’ aKg

‘E\\L\ ﬂu‘\

* biomes, communities, ecosystems, biogeographic regions iz > # % % %7 2-
RpieE F AR o biomes i k¥ chd pEE o LdnArfded o 2
we%w #ﬂ%;_. : i FEAERBE N hdp b TR E F e ik
TH e SR 4 de BT IEJ_/V\# L T I 4 }a;ﬁ*féﬁ% i (climax) 2 4 2
% o communltles 5 {a‘p R ot pHET LT T ALE - 2 HERCA X
Jfa«fﬂ CEANEER) AT ;L‘é;’fnﬁﬁ.ﬂ_:&ﬁﬁr’é&l’s@ %o 7 ga‘%‘iﬁ B H B
B B en3s i % o ecosystems {;}FH-, it FETE HRER SR L mB
B eIk g onzb 4 *ﬂr]ﬂu(arlsﬁ w}J 1EE)E A b Fé“z’r&ji%? )
AT apd AP TR g BB RS TR blogeographlc regions #
P L% 0 &2 biomes ¥R 3E B 4 4 };ﬁ- Frend i n\blogeographlc regions
58 7% AL ’*?3{*4#?‘@&1”11@" AERL B AL E R A B
H e ¥R LB PR TE S 5 A F(palaearctic realm) ~ L ¥ % (oriental
realm) ~ 257+ % (Ethiopian realm) ~ ;£ #7 % (Australian realm) ~ #74* % (Nearctic
realm) -~ #7474 % (Neotropical realm) -
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%/W)il—lt’“k }\ﬂ’gg,léfif; R #le‘gg\,pt:/\-ﬁm&_‘gzﬁg%ﬂo_r_éj
Bl EBEREEGRE > Bk X R4 HFETTE k(biomes)s F 2 i B
(Whittaker 1975) =Bl i%F * » 3% 5 S P o

=15

ARCTIC-ALPINE
=10 =

=5 =

COLD TEMPERATE

Mean Annoal Temperature, Celeins

o
10 = E,,_ H
¥
15 " = WARM TEMPERATE
=
0 =
TROPICAL
25 fem
1]
o 1000 00ad o Ll
Mean Annual Precipitation, mm
oy BB

(=) #4 = & (tropical rain forest)

cEFANKEAL  JEBLEFR A L 72 B 5 2R o
* “M\m’ﬁ%ﬁ%&\# B A 10°2 poetpt 2t S gEY WA BE
RNE RN R MRS LR S N LR SAR Wk LEul I 0

e A AL F I Fo K EFE SR cHIEE L VBRI 2EREL
w53 o H TP R G4 20°0] 27°2 FF > # ' & E - 44 3T 2500 - 5000 mm
2Z@Fom &R kg 355 100mm o
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eHAF AL A EARERIEPAFRFT AL o LR FIRDRHRF iFeid
e i S
PP ARMSNF R MEG AL FEBPN > A h IS o

-?&@%‘ﬁﬁr’ MBI LEA - BRfRTIHERL4A0mM B Es ¥ %380

ok fkP A S HER S o - S EEF AP AT B E 300/ A S

b’i’*%‘ﬁa#ﬂ BT EATE G AL A R R B P gk o B B AR R
mEAARE R B R - IR SR R A ARPE IR -

(= )& F £ Rk +k(tropical seasonal forests)

BAER R4 F A ‘3‘10°i 25°2. FF o H Aot ¥ 0 & IEETF A fhep
% A ‘J‘%T“%ﬁﬁ%m@ B RLE P gl g 2RI

.éﬁ‘%ﬁ&*#ﬁ&\##‘g‘g’%&‘& F};’
— 4 B3 1500 -3000 mm z_ B o e H & §
ERY - EPHREFR -

Ll

FI30°2.F > £k £

IER R A 20°
AR Ig 04 PEICRE 0 A

o BF T h thend HEM A B LERKERIRPBTAINRF  HIEP Y R
BREFAINREF - LIAFEABILFRR G IERT L L

CHEAFFRHAFARRE TN LEF Ao 2 L RG IR - BAF A
BRI T o RATHF b H oo A - A4 R E ] o ¥UMALH & T3k
LR ELAFI R o HEZ LAY §F AR chiiir HFoTI AT REE
PRI g TH o ABGRAM Ko RIT A G - LU oA § R F S o BT £
BRI g2 e § A AL R AR Foamd a0 d i
BEDEFERFL BRIV FELNETEBBDEL -

(Z) #F eg+k¥ B (tropical savannas)

cEHRE R AR R AR TR HHAETES A F R 2 T ik
'g;(?'!? oo

CEHRE R AA AT ety 10°3 2002 0 FH¥EAF ART T h R
2B HEREERFANRE BT TRIRIPAT "E—'&"Ii:j'ﬁ!_i/"’ﬁ“)é_
300-1800mm 2 [ o A F 5 T & adF L2 A B Y AR R L LR R
BN T S
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et E hd W ETHAE L ESEPIEEPE TS LR AE R
WA R Y BEEE 2 A e B 550 o

sEHRE Rd R F A F AL o T EERG - R F P R b
B R AU R (osad  EFR D R ) o gt
Br R BRI Z A B RA BA o ¥ MR 2 U R T R it
L R EN R s

(= ) 5 (desert)

-WKﬁ%iﬁ%Eaﬁf 20%° 23k = BIRA KR AIE A uAF g g
30z e S B HIEIE AR N AE A F IR R T T2
R oo -2 #IPERE N A300mMmM LT . "f @ A 5 30°8 A 2 b
ORI RS BEV S (Gobi) 2 A E Y LR F b om S 2 4 ) 3 (The Great
Basin) » 5 - & A F A AT FEARE FRSELA i‘_ﬁr”" i 3o

e LBWKIRBIEL L B AR o b IRE A T b2 B F R AR(GE6TC) 0 ¥ A
VR BT R R R NV ESEAET KT ZEIT0C PR MT
20C o a1 > FRALNRSYGFEAKE ] FEF E (evaporation) 2 {8 4 # 47
£ (transpiration) s frpr > i € )= ) i o

e Flaikz A g b 8 A Fez 1FH [ TP L iR
§

¥
ey
J4m
e
et
7@
(\x,
g
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'ﬁi@ﬁiiﬁiiﬁ’i%%ﬂmﬁii YA i e e B 3 L S
L2 FNEFFAFA]EE RS DPFEIRET A E G A E)
‘uﬁ+¢mﬁﬁL&iiﬁﬁoﬁﬁﬁam‘f“‘iﬂ‘£ﬂi33*;
¥R RB R o

s

(T )E ¥ +k¥ &2 8 £ (temperate woodland and shrubland)

o B FRE BB E M A ,__rs&’f?i*;,’} 2 chepig Hos A ppas £ 2 E A ¢ kT
B AMFENGTINS T BRG o ity o F sl LIRS R U = AN ST

b oo g2 R (WOOdIand),Tg.J:}F] & AR A 4Pl (2 savanna 4p i) 0 R RN &

3 K 3V 4 v (& forest Ap it ) o

SR AR BIEE ST F 2L R R A RARS D H A che ¢ s

7| # iz (Mediterranean climate) -

EESEEE S CEEE SAREEE RS U EE s A R & S 2
RS AR L SR R A LR L X

e BA B LA F A P L RLICR Y RS iF o 4 B s ek o
bldef A 7 7 EFF‘? SRTA > U N R X AEY S AR FE LR U
R F i -‘}M'L’ °

(= ) ¥ X & (temperate grassland)

e EFERABL BT AR M ENP TR g 225 ¥ R(Pampa) ~
Zad pEE o BF X Rz #%KEA500 1 1200 mm 2 B o fegrg Pk
A F EApF A B FoRF A NS R RRI T F o

'/n.:r%‘ et ,?; E ‘é%a?mf&?ﬁ ﬁx%mmfr‘ff R 4#@”’ m/#‘}%- %%F’LE\‘
:k:{'_\’f'q'-/«k ~ ¥ g’ﬁ—'\-E‘_’ﬁﬂbﬁ;}'ﬂo/ﬂ_%j'_]ﬁmi%£$“?;;ﬁ-:ri ,‘*’ﬂ? :g,\li‘l-
Kool Ui E WAL A L BT R BE L SHLF -

—-
Kkl

o B X Rende 4 Mo > F ¥ A48 ¥ (herbaceous vegetation) - X Rz fed B R T
Kt ve® h(bem 3 ) FlEGRE X B (>200cm %) o £ ¥ F(grasses)sr B
# ¥ 47 (forbs)ei? kA5 & R RV IR VIR A G E B G
FHEMOT GRS ENEL 2 R ARTER P o
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o B kit e At 30°% 55°2 AF o fe § it R 40°% 50°2 FF o B kA &
BT LRGP B A E W o WA TE N A EL SR 2T D)
TAIW oA TR EATe Tl T B GEEE bk al Ly
(Scandinavian Penlnsula)ra’ % 3 & v 12 § (Iberian Peninsula)  # % i p| & # 3%
LEEAFT I E 1’4}%' E PN G R At ins TR A oo Lk B ¥
ﬁ;l]/)#*“égrﬂ} = ST EREMN N

-ﬂ\q, -ﬂ\y

CEFRAT LEART S EEREBOMM I 2P o g AR ET
A2 18 3000 mm > B2 = A g A ﬂz(temperate rainforest) - J§ ¥ k2. v %
FRRLAP A EVI I B 2L o B AL B BREHLHES A
o et ZF FREMEREIR AL T EFIMEER U EERE S -

H 77 bﬁ’%‘”ﬁ’dﬂ%ﬁ & o £ E A

./EV_%_—JF—F7 —1;&? A Tt oo F AT L it ji’/,; “;é’-‘ﬂ'*—i;'r » B¢ :Léj—;‘{i—ﬁﬁ:}ia gf—:'
4 5 3%
FAR? iy & BRRSEREF S

o

-iﬂ%”%’ﬁii’ﬂﬁ SR BV AT A RO 2 R F R 2 %kﬂzvﬁé%%ﬂwa%;ﬁ
ib* REFREGELER SRR DI BTG I BT
FAKk AR T H AR - A A (canopy) £ o ik B fEd *’g‘i*ﬂ
’a”” RIS A 4ks > e

(~)# % +k (boreal forest or taiga)
o M FARIE 2IREEL G ﬁ%f‘ 11% » 4 % > L gk (boreal &% "M~ R A 2 4) -

%Iuj—"rél% AT RS AT O A T
f“‘)iiqaa%l q % +Lff‘50°‘ 65°2 fF -

1—:\_:‘, 5

e EHAF LR A TR L §FE® o 4o Verkhoyansk(dF o & ¢ 3R)
2R H-70°C> w7 30°C, 2 F L7 100°C o d >0 MR & % > Fpt
FENEM R F 2L FEL > T A A S RS o

o A FAkind e s FEE M M o 1R g M‘ﬁ'ﬁ»%&l%’fﬁ’*”*r’/ Peihn i
RS A g\"?g:&orﬂtb’?% qk%ﬁ?‘\ﬁ*”*r/ 4”'%1“‘
AR RE A FALA ks SR EH R TR 2 AT
fo % -
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o At F AR I L 4 E k0 Blde 2 45 (spruce) ~ 4 2 (fir) ~ JE E > (tamarack)
F oo %fﬁ" Eﬂ«ff'fﬁ B M o Glde o A fe#ﬁt‘ #EEAE A e ST L
b & BHLE 4 (mistletoe) o A B ARIES F b PR 0 0 T J]{‘% o

(4 )# & (tundra)

o R EFRARBIN A NS B A F AT AT B AR T E
ﬁm,f 4L_§‘3@PF«}}“&T*C"&’4C£“L 3L rgo:—é—)fi%,%]' ‘”‘f—65°7“ 80°7 FF o

i\4

o RehF GHEAS AP Gr 0 RE TS B ESRE S FORF ot BHARERS  f
Rent B €dodt FHIVAEL L L G AR FM 4 BRI BEEV AT
FicEdf o kR #rok B AR A > 200 mm $) 1000 mm #5F o fe 2 d 30
EOE I SRR A R R > R A AR R

pe

o Bk ol WHF RS EE T od A JRIER oG R E SR R 2 (peat)
BRFA(umus) e & £ F 2 &2 k2 g @ R L HT 5 - Kfos 2 R

S % (permafrost layer) eyt f&5 & gk & g it 2 5033 0 RAF Bl #2550 .
-@@mg@yﬁ’ﬂﬂﬁzﬁé*iﬁ#<#ﬁifiﬁ‘ﬁiﬁ‘?§ﬁ‘
B KRG TS o L RBERF SRR M L F E fEiya]
i R B EEARE A o Y R R AP Y S e
(%)%
CREARILIRT F H - BEF AL EFTR R AD NFRAFCE IR L F
Lo Flpt LR E G 2 BB IEE S A SR LIRS B BRERE N L ER

S STILLR S B Y A EATR TR LM T

o

act

o L2 FE - A MAae BAGEF A EER R LR P
Boerndi % o s RERCE EIJ KBS o AR ECS o RE] L% 0 P R IR
KRS RS o A IS RS B R A R T
Ris o bR -

o L%z dad AtE ALl LA S Pk A, 2K S RE R R FIMA
e e g b b S e R A AL T A E L R L F LT
U SR A B A

CHELIR R RHGRORE TS R A OO FR L RR TS R
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Flt b P A EE R AR P PEE R R
CIRANTECE A RS SEINIE S S R £ - L EEC s T R NI o
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—
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References:

ArERLAFAP G STATHP LGN T

e3> FEFHo 20110 4 B HF AL RT - McGraw-Hill - % = § -

* Molles, M. C. 2010. Ecology: concepts and applications. 5th edition. McGraw-Hill.

PRi$dn LITE ¢

o FUM iR AT - BRI gL 2 30E 2 8 fE R R TR B
Rim bt % €7 hA 3w i (biome) o (573 Ceiba 32 )

EatEER- Ao |

e 1 FEF-2011 4 8 F A ERY o McGraw-Hill - % = &% -

?ﬁ: E"i‘%”t oy E\‘ E}Lm"‘ 4’7‘3‘3:/;‘; ‘Ep /”‘ ’ /\ i:v ﬁ F)\ ,‘]"ﬂ %é ‘E’ 1:,\: 4 ,‘*’;l ;};i)lt:!" ~
KA (e B E (] L AL -
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o AR A LP AR AVRE A f L o Fk ke E A M - T oo

3 mf,. T‘J:,l, c"'p)\rhT‘j:Jc e K«E"I%Er

$s
R T1%d G G FAREF K 4 b RpAKE o BRR TR 2 5 5
4 7

L
\_\

e AP BN VR IAFEE LT EF > A AL B2 kT AR
(hydrological cycle) - & B KB B (doia i ~Bp ~ P ~kip ~ 2314 %
géﬁ);"ﬂ Hok 2 IR hE K4 (reservoirs) ¢ -k 7 % 02 'E oK (precipitation)

iZon(runoff) ~ Z 4 (evaporation) ~ /% 1% ~ Z #z(transpiration) % & = ;Y& )
- gk

o & B F KA H{ 3% pF R (turnover time) » Edp 2ok & 230 E ATHRE - LT
PER o A F P gk GE 4 X - K o Pk FEFF N5 1223
20 % o RN EPFER O ARPIPAVER S G fF > o RE R KR 2
pEZ A om>d b~k B H{HEFEFMYE & 3100 & -

e XA FGHFF IO6BT L FRE MR 0L A KE D
97% > 1 & & # A= & }‘f*?i”}/li’f‘f'-"/ﬂ'-"\ F B E R AT R

r
B X5 4000 = = > BGFG T4 s A (the Marianas) iR R AZiE- § o ® o

. %ETI'J‘J@ Fens HBigbta 0 7 80% s a - o p 7&7};&&1@: o B K ML
il PARBE R A SN TN AT o T R KT AEXTF LR R
%’w,st;afkuw,\»]{, ¥ gt\j\ﬂpj\mﬁg@ LS oo

od WHEKIFERL ~BAREZLZ - hXFFF 0 @B FEZF(current)R g o
BRBROLE > g@ A RGROLE > G5 RBBE > SRR
(thermohaline circulation) - b ¢ #x# /% -k & & > i&d fad 3 -Kig = K BH

P

# > % kb 2 4 (wind-driven circulation) -
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;‘;:;ﬁ@ﬁg]w AR AE AT R - gyaiE o 3 HRgHREY R
CERBZAEIFOLT o BEL £ Ei%l‘i% S G o blArAs A

B kEF RFAava R Eim A Pt T 3L (Galapagos) ¥ 14 3
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o PinenFFAcE R E A BB o e £ A gds i 4 % (dynamic
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B3 5 e & fE L Mok 184 (fine particulate organic matter, FPOM) >
PRI E2 L 3 A S A RE 3 A 0§ (P/R>
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Fe g S BAEARFO MNIZEIPREL » #TUARES L FF 0 o F
R RN B S AE AR O PRI R G AR S

<3 o e 2 4] a0 the tragedy of the commons (2 F hbjpl) > -
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Far FRaE R RF o ARET R ARE R E T BARIEDLE ¢ F
- BT AEREFHRERS Y AR AT LR WG 85 R
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PRisdg LITE ¢
M EHGER AP X T L AT FEFESE o VLY R

Pr¥freho Bmiafdne o (R5@ERELRT Y E S a2 LERLDFEL )
http://fishdb.sinica.edu.tw/chi/seafoodguide.php

PRisE R

IR a4 4 4 (http://www.nmmba.gov.tw)

Bog T AR 2 k& B2 5 (The Blue Planet) (3Rl < f7 3 DVD)

B DA seg E, F57 (Theend of the line) (‘4 Bl&2 £ ¢7 5 DVD & T+ 3)
I EEF 2011 4 B A ERT - McGraw-Hill - % = & -

Molles, M. C. 2010. Ecology: concepts and applications. 5th edition. McGraw-Hill.
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oA F3600 > T e R RAEFEL R I LFA 2 Stk o A3 2500
Db 2B R AR ANEERE L ARRF L EEI(G AR
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AT IR L 2 fEE A 2 R R R (Su1984)

— _ P - -
altitudinal seEiETen Zone A6 Cin) (/ i) Wi () equivalent
zone g SRR ER= 5 F I climate
i -t e g |EET 10§ F A
Alpine Alpine vegetation subarctic
3 3L > 3,600 <5 <12 TR
Subalpine Abies zone cold-temperate

S NP, 3,100-3,600 5-8 12-36 oA
Upper b -
montane Tszﬁgf; i'i;e:;:;ne 2,500-3,100 | 8-11 | 36-72 °°°'_‘£e‘.;“g;fate
\l'iﬂljﬁjiﬂ; > = 12 Y A
Quercus (upper) zone temperate
Montane Hd (k) 2,000-2,500 | 11-14 | 72-108 A
L A Quercus (lower) zone |1,500-2,000| 14-17 | 108-144 |warm-temperate
By (TAh) R
Machilus-Castanopsis .
Sifim_"r”%a;_e zone 500-1,500 | 17-23 | 144-216 | °'0/0PCY
i 4 1R r
Foothill Ficus-Machilus zone tropical
N Bk <500 >23 >216 4

¢ 4442500 2% T2 FH oo AR E UBEHE L LA 2600 2 1800
DO T K F LS AT e 2 SRR Sk o S EA
(Chamaecyparis formosanensis) ~ % +p (Chamaecyparis obtusa) ~ Z 47 ~ 4847 ~
c &t (Taiwania) ¥ 3 2 > 5t K cfits B o et AP EAHE S Ol R
FHRIERFEP  a g THF 2R LB LRT R R EH-

¢ /A4L 1500 & 2500 = ¢ 2 B enRFE > AL AR S L 7 0 S A5
gk F (Quercus zone) o H#+kF ¥ ¥ &k BE A E L T fER S > 4 2 H
B 4%+ (2000 & 2500 = = )22 ™ K 44k (1500 T 2000 = =) o F R 4%
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% o bR R » & 484 2 2 1 F 7 (Yushania niitakayamensis) 3 1 0 T &
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* /4342500 % 1500 = = 2 B » F iz /BB E 0 > #£39F 17~23C » Fire=
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B e EZRE L AR S F g T AR Vg AL
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¢ AF500 2R T TR A Ly EaERIIEA > — 43 1000-4000
SRR EEE R 230 fi e 3 R R PR RS e
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"Formose. -- Environs de Tamsui." P. 367 of Livre Il in L'extreme Orient, le monde pittoresque et monumental. 1887.
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FLtw AP IEMZSPERR

o AIFAPE ST - BT AL 234 5 Jfannd o« THRAH LD
R T %ﬁhﬁﬁ%$°

el LA A FFEZAFFTRD B I RRINL DA R SRR F] 0 &
FlaF - ﬁé#mfé » Homo sapiens » &3 # @ pfarm & 5t chd £ 0@ 2
W £ R B AAEEE B TR RFEOE L o

o ¥- BAFEI IR e §F g E D A A (Homosapiens).s) d1 it T L g
Ea o FAERAER TEE B A 98d Aim N+ ER > PREF 2TRA
TR A F 8 I 5 (Cohenl995) - B ¥ W o i A KEHch Wi
o AT SERREIREFP VLRI AR o FlF ARE S 2IRAT
i RIZBZF > QEMAFRL L v o

o Fld A 1500 # > BB WA AP 2 AC B RIT BT M
TER-FTFERNB FAZAT ERHFE|01%e 5 & 1730 £ >
PIACRIFLSRod A 1820EF 0 2 AT R LRSI RES
£ o M2 A CAQE S S Ro1960ED 4 0 AT BRI YL ALY
RIS L

o B W ATRIFL T304 T I LB L 26 FREIHFAC FAL W F TS
AT AL S 210 FIMADIFS T4 T3 L@ %% L 21

P - B RAFipHcE 0 7R2050 & R A v B RS LS R0 2150 E %S
AT R AR R F RIS T TS A S 225 AT T
g MM 2050 & 2 A Y B HL - F o LT o

(%)

eI FHERF 9F AT RAAHBS DL S REET V-T2 F R
EpER o X 28%enih G A PR EE & 1750 & 3| 2000 £ > 20% i
& PE R E @ < 1900 # 3] 2000 & - 13%+5%, 3% %5 FF P §_a ~ 1950 # 3] 2000
R L e Wik A (A A E )R g 90.00025 0 e ik T 20%0 4 B
B A pFR (Cohen 1995) -

& - 1500 # >3k & 4 & £ 25 (GDP, Gross Domestic Product) 4% & % & ~
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1%Oﬁfwﬂﬁmﬁé:4nj§%%£’kb‘?1%Oﬁﬁié_%
L¥ad L EERl 5 565 F oo - L8k kHp 2 KRR (GDP) X
1500 # 2. 120 % » 4354 A L3p 5 d ~ 1500 & 2.4 & - 4 ‘?‘,{3}39:.53 i
& 7 16500 # 2. 13 & » + iz & £ §30a = 1820 # 2 {8 (Maddison 1995) -

Bk i
P g
= \}\

e s L kiz— F &N (1900-2000A.D.) A AL i R E o B2
-4 (900-1900 AD) % &4 % this R R L 22 2 b (McNeill 2000) -

0)*]%200035'1"“'& P RTR AR BRI EINA(F EINA) - &4 10 R

=+ 1“‘“ ; }_TT\’\ Rerted 2 7 A TS (P 3304) 0 - #4220 RrE =
E R AT SEHE LB.S'/’JLI'LTI;L*\’H’ - &£ X1k 10
%“"F!ifiif;'i{'f_ D RTRABEF LT Rt S 2 AH o - E RGN 10
£ # (Pimm 2001) -

e EEARA N E F W T RAFRN YT LR g2 EE > L2 AKFE W
P HE Rt G FENT LA LR pESF LR R o S 0 23
Boa- 2932 F» LR fEFrds LR a0 a9 = LRiAgeeE
By AR - P LR S REO Y P A E szt
ez it B R ik 2ThER F A EE(- FZF - L B2

7 & 2_— (Pimm 2001) -

S AR S EB AR EIER

AP L HMZNAER  NAR A BUETIAR PR RS2
AT SRR I AT > A BTG G - BAEEE

A AIHEMIAER G BAHIA R ANTE AR B LFRA
MEAGEZTOFTRE YV EF 2 - RL B3

o P o MR B AR R kA i R BB o Mgtk E B0 3 1980 £ & Hp
sk 2 F e A2 Z PR A2 - Rk B (R Y RS
destroyed) (2% 3 2_e Az % & E_F #) (Wilson 1999) -

e FE LM AERE BB SRR ENEEE L8 - p 1600
EFI R R A 9T 103485 42 83 SR 2 4 o RiEETF VA
Mg Fla R A7 ik afF RERLZ DL ¢ &4 o
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7f R e uvﬁ'g}m;ﬁg; B s /\zﬁgépa "I > Lok - £ & g,ﬁ ‘fﬁ
ARG Ll e E s TEELA R - AP ERE LT
¥ & f8.:# & (background extinct rate)z. 7 + i o

&

1988 # & 2 #7 7 (Wilson 1999)z%. 5 » P % 4 p P J8.5% fiak F ¥ 2. 1% 3 10%
2 (M ELELE ) TG EE YL 6%CLE T i) .

st SRR Y AR 0 F S BB (o b e 1) R L
oAt i Ed Rz iee A Ko pwF il 3 E 2 ;ﬁ,i;ﬁ,ﬁ‘s\iﬁ
2 1o FEd fUE-5 ff B % (species-area relationship) 42 fz -

S=C-A* or log(S)=log(C) + z log(A)

B fE-G MG Sz AFEFTHRY 500151 0352 F o Tk A
g 0 ok - m%,w 75%:nd ff W FlELE 0 R € F 9 30%: i
AT hok BUR R R AL 90% 0 R € F 9 50%:nik 155 B o 4%
FRpUEEN LT FOomERFE L oA AR LT ER £
4-8% A Atk A %#%@;( BB e R ﬁék\ BllE L E 1-2%
2 25% i REFEFRE cFHITPRrRBA SIS AEIITEILA AT
¥ Fetkengs 489 1 50-90% o 7RI ¥ak % 4 10-38 B i A 4

e Terry Erwinetal. (1991)F ¢ ¥ #&E L3k 2 *HIBEFT Y o 8307 £ 5 11
SR A Luehea seemannii #+% F #r3 7 f 0 £ HHFEEF D] 1100/ - s 3%
AP 16048 % 4 53t Lueheaseemanniio ® & ik b B 4 8 Bz 40% > e
3+ 7 4 3% Luehea seemannii #% + e B K 400 48 0 FAHTE 4 52 R
OB F R 2 # K2 - B B R 24 53 Luehea seemannii 15 & ¥ 600
fé A F R Z AL T A BRI HGINEE S AR ARG
ZHFFREAEARSFENG 00 AEF A A BB S AL
FERF AP TR AGHE - NI

=~ AP R4 2 R T

oA F SRR TR T 4R AR RS AU R AR ¢
~fh o ERMI - HRET (5T R -

cAHpd MR EFEIECATEFE A RT PRI RES IS
Booocfok o3 @R EEI R I WAR L ERL G A
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TPFERERE o FIPLRTAE P REY Riedhgik e PR A
&’%ﬁﬂﬁﬁﬂmm%«&’ﬂwﬁ&%iﬂﬂﬁ’m iy 2R
Rode et T A E M R £ P R Akl B PE oplk o
e LEEDY - BRI B AR BE LG 0 BURRS &4
rig S chd P SR A R BB R Sk Rehg o

Fthaf A d R > BMHAEORIE S D RRE R & ER TR A
Hgro L AT RAFPIEFE RS BE AR A FRTES cFRT
—a"q’_#«

e 3 TR EE S SRR b R AR o F]p P £
ARG A SR B 8 R R s
Bpor 0 £1990 & 3 1995 & > 7 & 11 af“(ngerla)mﬁ TiohAR 4 i B A
0.7% - = Norman Myers (1989) 5321990 # 3z T & eneE i £ 2 B A
14.3% > 4p £ 22% % o

AR TR AR 2B A LR ZER N hAe e A
Mg enR e (AU fL2 3 g gt (habitat fragmentation) -
PR E AR FAFASF S I A L B RPN A fRE
BE BB T BB ORI CERE PR o

“i3) i i o s (edge effects) - Ldn e i 2 HT A oee 8]

AN R OP A ARF SFIEGY 0 FHTER MLE 2
PRI Fene vd X Rige p B s B4 N HEr E
BE¥F A4k a2 LHIPBEEY R F2 (P &~ F2) @
S FRE o RO RARFZ 5 2 Ak 2 (ecological trap
effect) o & > 3 L4 AT A R %k B(p 384~ f8)(interior species)
B "'K;}’ﬂ;fé"#;’ #' FERETHFA Ft @S kp v ARG T T *?i#f'
FHM
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FRIEEFARESF DI R ¥4 ¥ AEEER O e TR
% roadkill(#: 4 & 4g) o roadkill # &g 4= - & ¥ £33

£ B RAE G 0 A i B EHER BT G S o roadkill i & 0B B4 R
' W ER L B MerrittClifton e 5 2j e+ g iR = L7 g8

f T o BiE [l e £% 4 Aeig (animal corridors) ¥ 14 g & roadkill (g2

mh‘;_!’? v M

o

bl P FR S ERAT RT3 M meta-population(Bf B ¥ ¥¥) ek
) )i% pisrg £ o #73) meta-population £ 45 "a set of partially isolated
populatlons belonging to the same species and the different populations are
able to exchange individuals and recolonize sites in which the species has
recently become extinct”.

AEE Al 2 TR # ¥ €7 &2 & T H% A b (over-exploitation)

SAF LA S BEGHE o F Lok 4o F B2k (passenger plgeon) ° % H
CA I L+_;'L',E1,L7""%§ Fo 23 RAINEE S § g
hERAITG EAE B L0 d oo fe 1840 & MR F W (S KEBE
BT % 01000 E | % 2 B B 4 o Both— BsAEet 1014 E A b g B
oo RO REFPERE A ARk BRI L0t R R U TR R
e AEERF BRFILEA BN T~ N2 F B AFRSE A
o RFEFRFEDS S L (Dodo) ~ SEER ~ AeB B aa s A F
SRR N A DI SR 'S T S i = R R

ﬁﬁ’ﬁﬂ{fﬁﬁﬁ’%W§¥§ﬂ&E@§ﬂ mEREHE LR R
FEF P ZERS N FELE 7R R k] P 3 E % E (minimum
viable population) ~ @ ® ¥k B g H i 5 TR o

minimum viable population (MVP) #:-p& Global Biodiversity Assessment £
& % 4p " The smallest isolated population having a good chance of
surviving for a given number of years despite the foreseeable effects of
demographic, environmental, and genetic events and natural

catastrophes” o 7= % & ¥ B EF S RBEF T BB HE L x gAY
BETFLNFT - BIERL S RRLA G- BRSBTS G
TR R AVEEEE o - K T O OMVP R REE - F EpEF R 3 99%
g § i

4P EEAR] > BRI > A& F T 5B H - 1t (genetic
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uniformity) ~ %3 1 % # (demographic variability) ~ 2 f #% ¢ ¥t (natural
catastrophes)“rH = e S L e o @ 2 B E R FE R R AL g 13
el o EFAR) 0 FAEE L S BAERER ] c EF L - L K3 MVP
ﬁ%‘u%‘—a? ic € 7% ~ 73] 4 2 (extinction vortex) o ¥ w 4R o

o 4 FoEE o A F(allele) s HE F o R B E G 2D AR R
% o il 5 @R (genetic drift) o AR > B BEFRAEARL o F R
EEATFPEF AR AL 08 100%3:k B AL ik F
(homozygosity) » & % i A Bt § d 4 7 FR AL o E3AR ] - ARF B HAJ
FlE e

o] EHF NG REL TR FRATIFTILES @S EEBY
g 15 A& (fitness) % & 4 (vigor) ™ *% > pt fL2 % 1T 2 % i3 (inbreeding
depression) o ¥ A%/ T FITALR AR o

o] HEEITR IR EHE X > LA FAAF Lk p A EHE O KB
o RBRREELARTF IR L L o B2 5 A FIELTE »k(genetic
bottleneck effect) -

o MY **}?;ﬁr%ﬁ g EE K | ﬁﬂ%%f‘g? s B doo | EE m']%‘ vt (sex ratio) ~ % 78 =
¥ I (reproductive successes) ~ 7 = I (mortality) » & @ p RF 5 3
%e‘w(demographlcvarlablllty) i m ERGE S o EFEAR] > EHGHR

TARR AR o

X pARE K €T LG REMST FH LEp(natural catastrophes) (4% &
LR R R) WA T BT R E SR AL B P R
HAEFT R 2R R ERG -

od MAFABG M ARR B **?’4#ﬁﬁ%§‘ LH A e
Rz poo Terpg) o iwfé (alien species, exotic species) ~ ﬁ_(non -native
species, non-indigenous species) ~ %1% f&(invasive spemes) 25l wi;fé
(introduced species) e *t k fage 2R ¥ ¥ € H 4o — A S ﬁ e ) A
iéc@{é%ﬂ%ﬁﬁﬁgﬁﬁﬁﬁﬁéiﬁiﬁﬁawm,i#Fé

$ B Fla @ AR dr S R 0

et kfalgd AN T R AL A F G Db FED ¥ o deb i
L PR AL R R AR R T R - fifgi“gﬁﬁﬁ%iﬁkﬁé
E AT » R Rpig b R EF g 10 4 ZF A R R FEA
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EAEARE 5 AR BRI T RE P TEEN AL ¥
PEFARRNAL PRI RFICRHRELE T EE R %ngzéz\é
#"Ff/r"‘ﬁf”’lq]]/fi %igijiii"ﬁ_rlﬁ”d*&*?(l l’l”"’éit‘l %q—\
¥ - ’[?‘3&7*3‘}’1:%\

. FHEBZ B 2523 2423 0o e 3§72 k5% -
4%%4“\;‘% A N RFL R FLEE T A At Ak
AEAEA T R AEFL IR AT B

o ARG aF S VB WP E e 1 ERT R YRR

FRBEF I F I A B AR o 4o DDT et £ ¥ 4
E 4 & i** (biological concentration, biological magnification) » # F 4 %
Pt B3P RBEZTFIRRALE > L o amBd > R T a4
BN PN EI SRR A TR AT LA BEREN
G4 RE e FANETE RS > Homosapiens> p 8 E % o

o PEBIEA G P s F VR E E R A 120 B A OETE R R R
<53 —Lﬁfifag = sg ZF CRUERGH "t\m_¢ »z iz (greenhouse
effect)¥ s € & 22 < W)i;igq be 1-AC o BEAR i A EE I m R T &

(Quaternary) » # 3+ 5 + F;F-W%ﬁvm, ,ajﬁp o fe BB F) A A
-3 TLE}{\&‘?}’%‘?&?’? Eblé':’\‘miﬂ{ YRR YESEE v AP ERE

S ig R F B o

. 1’,"7'}5’_ FACH » REAFLFFRDLY 90-160 2 2 e R E T o He o

Sk F R R A 1C o %H#ﬂfw‘\w?iﬂlﬂia “ #3572 90-160 = 2 > 1L ¥ 6
Gfh o NP R RIER kG o B R ARSI UE R & 500 22
BAE X 140" o spREEAMTAT 0 Flid % v % (Quaternary) 2} 3E s A7
;,'J":F“"’}ffs{Pﬁf%\m;}gmﬁ)ﬁ*];i’d“1040\‘i”r?w g€ X I~

)

o bRz FRRORD S R AR BRI PR BRR SR ET S
Ay SRR A PRT FF A A RS KRS

B aad o

o SOUIE(1991) e i b ~ ¥ B~ BRI ~ R fE BRBF L 0 ¥
A AR AR AP S HRBEORPRE AL ERBRTEEFY R
T A RFTA o 2R EARRE AN EE PR o
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(@) = B3 R Re

Genetic & Species Community  Ecosystems
population

Habitat loss

Habitat fragmentation
Over-exploitation
Exotic species
Pollution

(b) B3P B 7e
Genetic & Species Community  Ecosystems
population

Habitat loss

Habitat fragmentation

Over-exploitation

Exotic species

Pollution

o MERK k2 B A fEAT S B ek R0 R B T 85%hR iR
W AE o R P 49%endfE 0 BT R S P 24% b 4 0 1B R R
FaA %P fa o B op R R $ 2%:04 f(Wilcove et al. 1998) -

Coda

» Are some conservation biologists crying wolves? Do they over-estimate or
exaggerate the loss of biodiversity? Are most of the species on Earth facing a
doomed day? Well, I 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 situation that a single species drives many other
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 themselves into extinction. This is the last scenario we

human beings, the only species has morals, want to face (tsd).
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THE DODO.
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RFEEER LD SBRET LG NE - BT e T
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S G MAR S RBLFRE GEAR

PAE RIS 0§ RA S i g i e iR
%iﬂ%@%ﬂm Bib o BEARE ﬁ?iﬁ?ﬁ#¢—1+uu@ FE

TEAMTRR RS o A s AR A 3 g AR Y IR h B s
SRARSE > A IART G - B oo B ER s o FLE R 0 s A
TR RieiTp AREA e

eV E  pARPERELTRE, 2 THE o RES ARG
et % SLRGRUTI - BRI 0 TR G D fARF D o

oM PEFF NI BT R EF- BRSO DI 4p o LT
P (BFRH s SN 53 R FReL v H ard Bl E s o
G TR AR B L I

P AGEHBIRBRE A5 2 TR ES A A E G
® i g (anthropo-centrism) o pt BLEEIL 5 A 5F ¥
?.L’Fbgl,,éf‘-’ F‘}fj}ﬂl""l#"i /}ﬁmﬁxﬁip%@ﬁ "xl—\fﬂ.‘_

e AEP WA K TN FEQAR ERDT A - B TR RARS o

And God said, Let us make man in our image, after our likeness: and let them have
dominion over the fish of the sea, and over the fow! of the air, and over the cattle,
and over all the earth, and over every creeping thing that creepth upon the earth.
[Genesis 1:261, King James Version]

So God created man in his own image, in the image of God created he him; male
and female 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 sea,
and over every living thing that moveth upon the earth. [Genesis 1:281]



Introductory Biodiversity, Handout ELEVEN. Page 2 of 7

xfrp £k ¥ - BApE LI A o JLEELE AT 4 SRS A R
B oLy v digel, wd an ® i g (bio-centrism) g 4 ji ¢

N (eco-centrlsm) PRERIAEEAs A A i TE T EG R
g AL M ’Pﬁfﬁ4éﬁ‘££ﬁ:€3%%ﬁ%i@% S 3 BT TR EAE
FERE Thde o

44 ¢ & 72t Aldo Leopold % Land Ethic(1949) ¥ &— g3 » iF

;‘;r N4 ~ I}IJ‘S‘ °

“The land ethic simply enlarges the boundaries of the community to include soils,

waters, plants, and animals, or collectively: the land”

“In short, a land ethic changes the role of Homo sapiens from conqueror of the land

community to plain member and citizen of it. It simply respects for his
fellow-members, and also respect for the community as such.”

-4ﬁﬂ@i§ﬁ4%ﬁ~ B2 *ﬂ’aﬁﬁzzw&i%zﬁﬁ\g%
BT RBEEEIRE WL RT B2 RE o F I ETERF LT L

%’ﬁa&ﬁﬁk’@&“ﬁ%%%mmﬂﬁﬁ~¢§§§4%é@i§°
FLIRAFL TERTAL  ZRBHRAAE s EoRD N E e Fs P u
BEAFEY w1 HZNF A7 wd Ko
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Article 1. Objectives

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

account all rights over those resources and to technologies, and by appropriate
funding.
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domotrit o 4 fe SR PRI A DITARR Tl A& L 4Re B0 2 EUR
(habitat loss) ~ ## #L#(habitat fragmentation) ~ #+ & #& (invasive species) -
# & 1 * (over-exploitation) ~ ¥ 33 % i* (environmental degradation):iz 7

455 fi'riév’ﬂfﬁ%?#h' AR L LD R i],%iﬂi 3£ (in situ
conservation) ~ -k 4 i¢ * 3 Jk(sustainable use of resources) ~ 2 5 # 2 (ex
situ conservation) o # 4 3 M 2 N g2 B LA 0 ST o

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

"Ex-situ conservation™ means the conservation of components of biological
diversity outside their natural habitats.

"Sustainable use" means the use of components of biological diversity in a way
and at a rate that does not lead to the long-term decline of biological diversity,
thereby maintaining its potential to meet the needs and aspirations of present and
future generations.

7 7 B F2 g & LA 5 o preservation ¥2 conservation - preservation o
- Argsi® L TR > conservation % — fxfwi¥ i T %5 | o preservation

& R-p 2R TR F (preserve) ~ 2 4 I * ehkagE o conservation & 17 i
(conservative)shfi & 5% p AR F R 0 1B FiRa® > % £ o preservation
—BREAZIREFE P RFT RS EEA I F R o conservation ¥ A p 2R
TR e g g AK I 5w 4k o preservation E_conservation g g
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PR A g gy 0l ‘*1‘#5 o FR LG RFEERA o
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455 ﬁb‘_fi&% B % 0 1T =
analysis £ gap analysis » iz = 873 2 5

hotspot analysis(é‘u o) AN A b R Y GRS T oI B N EY
B E:#f“*] 28 H(EE) BARHSER R oAt e RSB

FEY T R A AR RS Kk ()97 $ f(total
spemes) (2) 5% # 4~ 4 (2 #% 7 #4)(endemic species) (37 4 fh(rare
species) ~ (4)#g % 4 & (endangered species)(Reid 1998) -

hotspot analysis ¥ % ﬁé#ﬁém/»\ﬁfﬁiffﬁfﬁé EREARER S GRS
PR BE TR 2 3 F R R BT R o F1t hotspot analysis
MH LG EaH wé‘f]w« F iy R oo

it - A EHOERP A RE AP AL S HRAE 7 A SR
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IUCN(RI"Z p 22 % p RFRETEHE)T w 5w 1 B)H LR
(Protected Area)3 /2 % & - Aprotected area is a clearly defined
geographical space, recognised, dedicated and managed, through legal or other
effective means, to achieve the long term conservation of nature with associated
ecosystem services and cultural values.
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« 12 FSC & bl > iz & - B2 ~ 2y 2Ry Jlihe s S ©
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*% ugﬁ:ﬁ; CHEFRPITEICDE Bg e o A AT o L d
B R R B E s A B I A R 1972 & 2 HATRBE B
) MmN %bﬂ%?%$%wmﬂ°%Wﬁ&&%%ﬁwéw&%
,EPA)+ % 5 H % 1970 & % B 538 (7 o

=@ )

W%ﬁﬂﬁwﬁﬁﬁﬁ%ﬁﬁfm?~ﬁ%@ﬁm%ﬁ~aiﬁﬁﬁ%§
(drfie s ~ >TReg i X)) E’ Wy iER2 L ITE R FPFS B3P R T
iﬁﬂiam’wwﬁﬁ BENE LB ET HRELY S o
éﬁ%?ﬁﬁﬁﬁ*@ﬁﬁ’ﬁ$k%¢ﬁﬁ’ﬂ%pmkQLT%°

1990 # fde » 5 RT HIREAEHEL 2 ok 230G %R FFEE 2
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UNFAO (5% & B B #irie k) ~ UNEP (55 & BR824 %) - IUCN 5 & § =
R #a%bwmﬂwﬁ7nii fadem & WA P 5 RIS ET S i
¥ 5

e [UCN
BN ’:?,‘}};ul?—q s
The International Union for Conservation of Nature and Natural Resources
TUCN £d softify ~ 2bocfrest ~ P H o 07 B S o L R
g R s o 1048 & & 2 > MRy o B2 pepd & LR T R 4
5 /}Ew A o F] 2011 & 10 7 ok HAe ﬂ~$ 140 B B 7= 200 i 12+
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B R e S(UNEP)E M %7 » » 5B & RET 0 E R n 5 o
%w‘?ﬁlﬁ'ﬂ R REEHIE R AL BN LR FEZ R T
T B p A% K% (World Conservation Strategy) ~ # 4 &6 4 %5 =24 3 ~
PEE R ARE AR RET BHESFETE 1999 F > HmERE R R
IUCN 75 & B+ ¢ BLE [ s i o

o JUCN #ridi iz 7 2 A 3 (Red List of Threatened Species) > £_p # F|%
TERREERFESF B RARZLZ L 2 i HBB gL ARR A
w = & ! % (Extinct) ~ ¥ ¢t g = (Extinct in the W|Id) ~ B TR R
(Critically Endangered) - #g%=% ;= (Endangered) -~ % % % (Vulnerable) -
17 j& (Near Threatened) - % Z B ;3 (Least Concern) -

e CITES
WETRE AT A S B T A 2 R (E AT 2 1 )
The Convention of International Trade in Endangered Species of Wild
Fauna and Flora

o s :*mﬁﬁ*&%% Sa % L
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FHREEZ ERERAL D B*’*E%EL‘\F'&@W’?‘?
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WWF  (World Wide Fund For Nature)
R REEALE
1961 & d hﬁmﬂhmby%ﬁﬁ%$*"@ﬁwﬁiﬁ%i.’, éﬁ’ 7

(WorldWﬂdhfe Fund) »1988 F L A L7 & o T R ﬁ‘i E ?L R e

SR GE R FETEREALAML BE AN R TTRRRKTF R ARE
SF 03 500% prr g EgeE o SR kA bR T 2R (NGO,
Non-Governmental Organization)- ¢ &+ # & Rdad - g 38 02+ enifk7 3+
% °3%24 €2 IUCN-UNEP~CITES % 45 %> M % > — = 6 & B ET
ER - 2R fEET {2 1L RAaRE .

TRAFFIC International
ERATL A herEudf ¢

Trade Record Analysis of Flora and Fauna in Commerce
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] # = (World Conservation Monitoring Center > % TUCN &4 i AR -
%Ei%?%ﬁ?ﬁ%%ﬁ@?ﬁiﬁﬁ30%%23’@%m&i&ﬁ,
TRAFFIC TAIPEI » = = #1992 & 10 * o

Greenpeace International
%4 —fr»_-l* ‘e &%\;
S 231971 & 5 B ER3 ﬁ_?w]’viﬁﬁﬁﬁ?i et Ry S BHESE
1 G- BEFHEF - 11“:,5;3%\ ,
- pEmz - II%I“’?QZ g If‘lii gd ~H i+_>;i E&‘]i?%é?ié? SIS A R
FELER-ZREE > LT
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i E"i 2 Gt BT RRE € 3R lé'»ifi o b *fra‘%ﬂ BLER > %#ﬂ:ﬁrﬁ* g EXY
BEFURE o S0 s BB B TS S RT 2
Hogr Rp ] 2Ed i > 23973 160 B B 72 290 4782 £ o

Birdlife International

R% 5 5 g m

ot s B% 5 s %34 R ¢ (International Council of Bird Preservation, ICBP) -

MJ&*““F}’&J)}% 11994 # 8 s M LA TR IR A 4enE IR

q@w,uaﬁiﬁﬂﬁﬁéﬁ*%ﬁw~b#‘@* ﬁﬂ%é*
EARBAI BT AF P RTRL P B P FF - F lm’?\

B HEH o BEARTEF 31096 F 117 2 4e r L% € € R

National Audubon Society

FEIE Ty

BHIUE 623 1886 £ 0 BRI F STHER SI8BAE 09
By FEFESRE OBENT 0 AEEFETFGF - BRERY @
25 100 F BEEFRELET 2FE L oo ) 1'F~p Audubon ° American Birds »
Audubon Activist » Audubon Adventures % |4 » ¥ @] i¥ World of Audubon
TAFH G P o g AREN S fo e 2 —?—!Jf%-&’f‘ CFE A FEAIE Lo ks
Rz R O T EREAREAFLL S BHE AR TLET
HANARALZ B3R 2 P SR

The Nature Conservancy
ZFRP RET € (TNC)
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* 230 1946& 0 d £ W2 & F ¢ (Ecological Society of America, ESA) 4 4] @
T HRE A S TESABE R 7 A A BAF L X B F 531 0T o
TNCu ity 7 £ p RETEREL L 6 2amd R FPH 45 d A H
ﬁ@m%i’%ﬁjﬁgéaﬁaﬁwmam%aogwﬁﬁig,a§

EX-F FE€H w22 2 TEEFXLGFOLBA LI -TNCT 474+
%%JﬁﬁﬁwﬁimiM%m*ﬁ?#ﬁﬁﬁﬁé wAIRE E R
FORUBBELAREE S EAE LR AL A ¥ AP WINC
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Sierra Club

3t 1892 & > d John Muir % £ *+ ¥ K ﬂﬁ-‘“;ﬁf" o}ﬁrx{ g E’_%‘« aé"‘ °
At 20 MR SVEMSS MRS

SR Eﬁwﬁi‘wﬁf@ B F HR R R °EFLF -B iy rgﬁ » 60 % :[&A\
LR 400 5 B R ] e

AN
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Qt
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et

(2) Ay ET 2

The Stockholm Declaration on the Human Environment
N R T S
;e 1972 &g 8046 B B(Stockholm) 7. B B3 & B 4 STk AT 3
¢ (The United Nations Conference on the Human Environment) > ¢ ¢ + 3
SRR T S BAT RS TRNMEBRE BT R
%?26@’?3*145ﬁi%3
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 environmental concern should go together, and less
developed countries should be given every assistance and incentive to
promote rational 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 aiming
at 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
environmental protection.
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PRBERET T I e AL EEAE BE - o T RA AL
S R I - oBFY RRERT 0 2 S REIES ‘FK%’.\Q it
BeBFRFE BRF? NFERBE TR F ST E 5= Afzfq—,sgf%
(NGOs)~ & % 7 » ZEFcfpie sk 48 R iF 5 cnd] T30 12 4 B'E 15 9
7o dmw » BAREEIS 2T FEE R3] % (United Nations Environment
Programme, UNEP) -

1 e,%
o
3

e The World Heritage Convention
ERAAED Y
(2 &4+ 0 Convention Concerning the Protection of the World Cultural and
Natural Heritage)
RAR2GPE R L FREGEHADA 2 CHAE AR
Ao B LT G AR o 2 AW L B K 25 (UNESCO)
5 17 B € 32> 1972 £33 > 30 1975 & &R ® 344 22> 2015 & 5 191 @
W?ﬁﬁwﬁﬂéﬁ?ﬁ%ﬁi%vﬂéﬁﬁﬁ’éﬁ’*#L?W%E
R B R RIGE R R S e 2R E R YRT AR
FAtpenr it Rl Foe RAdAL A ¢ A BAFE J
FBEA G AR LRI R e L op 2 éﬁm%% e
B RS % 3 00 Bt i -

* RAMSAR
R %R o 5 (RAMSAR = 5) Convention on Wetlands of International
Importance Especially as Waterfowl Habitat
CrgEh THEARKREBRLBEEERBEEY 0 F1E R 1971 Ex iy
f4*EH (Ramsar) & 9 > s m L BB ER FX o iF LB L ARFEIRK
B oo Svip Ry 2T R Gy fIE o gﬁj 3E2BER<E-%  ¢RMA
“*%if'ﬂﬁﬂi@?‘ﬁ%§~%%§~$éﬁiﬁﬁi%imw’
GrefH B 2 R BTIRT R 41/?]?3“7 Eﬁxﬁ"f@v AR IRE (T
e 96 B E R RRE 2 BE G 858 B G fF 54,500 F 2 o
H 02 uk >t 7y 4 2 TUCN 30

lr_t*:n \—3

e CITES
TR BT 4 B B T B 2 (R L H)
The Convention of International Trade in Endangered Species of Wild Fauna and Flora
%g%»ﬁwnﬁ3a%ém£&%ﬁﬁ’%aiﬁdﬁﬁﬁﬁﬁﬁ%
*%ﬁ#7nm”%x@ AR BURLEEEEE
a8 ,rpx gpﬁ ?"'\EL + Frmg 4 ¢ T %‘ FF I'_‘E) » CITES © ,F
f’ﬂ’fﬁ‘#"mnmm; PR g FHERRAP hET FL e
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» Convention on Biological Diversity (CBD)
255 RELH
1992 & 67 B2k BEERY BF 0 1993 & 120 29 p Ao A
L PR EERAS SRR T  AFE 2 HIEA R 22 s
YR € 4 ¥ 8 7 € &k(Conferences of the Parties, COP) » ¥ § = e
Fokd o ARy 2R PHIEGRE  IRFEES BF O RE A
FE3E o gt 2 enis F g B A A 0] e

« Rio Declaration on Environment and Development (Rio Declaration)

THORBEFET S (298

BYg 3 A1992# 61 > ¥ @2 GFP g (Rio de de Janeiro) 7. B eipe 3§
&€ gfé“T’??\m@’E”iE’é‘. E-’] T EFE2TERRM EY T 1972
ﬁm%ﬁ%@@ﬁé’ii“*@ g#‘%iﬁﬁﬁﬁé*éiﬁ

AT HER H RS FIGF I M 2
s 2 % 21+ % EkA2(Agenda 21) o

t‘sHL ‘1“-

A piﬁ\miﬁ 35;53" B2 5

 United Nations Framework Convention on Climate Change (UNFCCC)
BMEFF ERILHER N

1992 # 67 AT F LA P pe B EE EF 0 1994830 21 p 2
e AR PRk E KL P A a4 FepFi 4 AL & St da p AR
GRF R EEHAL A AP 2 NS A RBEFRES
PFERYESR BEPRA GTELR c AT AT R YR AT T
RS B SURE S *n¢40%an@%%4wg"mﬁ@ﬁ%n,
AR R FMER > B AR SEHIE 2R

» Kyoto Protocol
P LT
A F BERLEL L NDY = X8 R ¢ &(Conferences of the Parties,
COP) » * 2 #87Z B > 1997 & 127 11 p §% o &% WiTd -~ gp 24
R G RT > 302005 # 20 16 P BN A ke RPN F A FHC B
FRTPGTEZ FHE - g4E 2§ We 4= F L (COy) ~ ¥ *=(CHy) ~
F L% (N20)~ 3 & g1 3 25(HFCs)~ 2 & gt i 4 (PFCs)~ 2 = & 1 £¢(SFe)
BAIP A A 2008 F T 2012 # B8 F & ARt 1990 £ 5 5.2% o
Y BEVIR 8% 2R 7% P& 6% 23 RTEHE N FEARE
B FELE R AR AR ARMAOFETHEE 0
& A3 F BB o
7 ERk E TERFRICSSPBILECHREF > EFRA1990 & ch 23R8
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FAREECTE D 5 55% i sV 4 vk e 8RR 2 ThAL € A 2005 & © i 5
SR BNAREAFREE cBH AT FFRTVUERFR Y
* b R FGR TS mﬂﬁ’ BT LHFIFHE o A T %Liﬁtzms#?
Gpee ﬂ% B 2 LAHATER (R R L2 AP
REFLRGFHRIET AR - Br A HFavE®e S o B F M

TEFPEFFGRERPIFFEF Y (402007 Vienna COP 13, 2008
Poznan COP 14, 2009 Copenhagen COP 15, 2010 Cancun COP 16, 2011 Durban
COP17, 2012 Doha COP 18, 2013 Warsaw COP 19, 2014 Lima COP 20, 2015
Paris COP21) o fe & p m R'E %7 » B IR P it B R F W
RE S

Cartagena Protocol on Biosafety

2% 2R

FIp SRR T 1995 E F - X FHREL NS, YR € R AR

F % >3k 3 (Biosafety Protocol) » ™ FIRIL A 2 Bl g 4 2 sxig 5 4 #ﬂ
$8(Living Modified Organisms, LMOs)(+ i} L g2k Fleeig (74 GMOs)¥ i
i#¢ﬁﬁ@qﬁ\§ﬂ?“‘7%$Wémﬁ%9ﬁ¢%m”?4%—p
(Cartagena) R 755 - = % 9B+ § » & ¥ % Wﬁ‘*ﬁiiﬁ’iﬁ@i
6352000 # e £ X FHFLREEE - 22 40152 3 Brer FHFL
AFed T2 BB ES 2 Ko d ok &ﬁiﬁ‘ o

The Nagoya Protocol on Access and Benefit-sharing (Nagoya Protocol)

BEEfIEA S LT ERTE(FF BREE)
SHRM AN BOMER 2010 £ AE LT B LB €
PN B S BT RS c RS RN MRS

B E OT AR oS T E 2 MR AFIFTRAER{oR 154
R PR TR E DT AR B TR -

Aichi Biodiversity Targets (Aichi Targets)

ot F F P R(EP )

SHMELYE A B YR ER 2002 £ 9 120102 4 5P 0 F
F2010 #FngFRE RIS I RETARER o AT 2010 £
SHELOE LG IRNEREp AETHIE G ER- BRAORE
ﬁé$ﬁﬁmuh4 B2 - SRR KA TP R B R
Sr2NELG IR ER L 2m0ﬁ«£iﬁ+&ﬁé%9%’ﬁﬁﬂﬁ%
et & ( TEHR ) FE - §0pE & 77+ Kok p {E(strategic goals) %
20 78 + P fh(targets) > # ¥ & Fofr& 2pcire ki o0 L5 TR £ 2020
ERR LSS RpEaRT 2 A



Introductory Biodiversity, Handout FIFTEEN. Page 11 of 11

« IR BRET RT EB G SHF ARG her o 1 RBEFEELY
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B LR G B N R gk e A iE R R SRGHELT v R
B eMFRRAAN B SLAERE LR T f T AR ER
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(Austronesian) o ¥ ¢k xR A ET~ (2 2 VS 2 WAL IRE AT R R A
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cEREAE D WA RBAEALE Z EEAE P RTIRL YT
AHABEAFA FORRIEE «c pRAPHREG > SHBRELXELE A A
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