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ABSTRACT  Diversity is an important parameter of a biological assemblage as it is
crucial to the study of the basic function and structure of biological systems.
Traditionally, species diversity, or biological diversity, has been used to measure
ecological diversity. However, what exactly is “diversity”? Many terminologies and
definitions are found in the literature. Since 1988 after the term “biodiversity” emerged,
it has become a common term to the public, but the meaning remains a debate to the
present. Not only in the ecological domain its scientific meaning is discussed, but the
term is also adapted by political, social, and economical disciplines. Furthermore, how
can one measure diversity? The issue has being studied since the 1940s to the 1950s.
Although many diversity indices are developed, they are calculated from different
formulas and thus are often subjected to arguements. The purpose of this paper is to
clarify the terminologies and indices of diversity to enhance ecological understanding of
diversity and construction of conservation policies.
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55 — {8 % 56 — £ ¥ % k& M (biodiversity)
(Wilson 1988) 1R 1% » ZHEMERY AR REEE SR
TERE NG 1992 FaEkEE) T AV RN
N LUME 2SR T R s —(EE
FREREHY e - (EE AP AR ERIRAR
aEmE o B AR A RRER AR T BUASE -
g 52 814K 75 52 R (5] A 48 b5k (Harper and
Hawksworth 1994, Kaennel 1998, Hamilton
2005, Tuomisto 2011) -

GEY 2001 TR E @S T A
HRRMATEN T E , TSR ~ R - BE K
REAEZ BN - TEMATENITZET » BINER
LSRR S KA SRR - L
(2003) 1 B AW BEME C S RATI TR ST
TrtfriE BN AU ZE BRI RS A BRI N  E
Hit % am R MR RS ANV S - R
TR JRF A R T 5 458 4 B 601 2R W) 2 R MR AEL R R
Y7 2R BRI 9% SIRAE BT AR A P i 1 4

"R AV RS L Bk T YRR
PERZE AR o - KL B MH A B 44 S i B e
72 AP HRERERERITZE LB A -

0] B ZRER I A S Eh ) S P Y SR 2
(assemblage) &l 12 1A [E]AY 4771 EL {18 G 2
BRIV EE TS Ry 2 2R SRR MR (diverse) B2
&he BRIFE RN EE AT A (ERS R
—REHH - ZRRME R E LN - SRR (diversity)
TR Ry A 28— EE SR L 2SRl
TR Z AR (community) A AT RE B
SEFERE A2 A RREE IR Ry ERERY
%M (ecological diversity) - £ IR fEZS
B (species diversity) stifi 2 Fy A=Wy 2 BE M
(biological diversity) » —E #7FH DI{RFERARERT
ZREMEAYEAE - (BB E LY SR S
— YR A REHY L REME(E - B % S8 (niche
width) B 15 #, 2% 15 P (habitat  diversity) 7. 7] 1)
&R AR RRHY 2 1 M & OHI{E (Hamilton 2005) -
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T NS ERG R ERESIRE - Rt Nawfa
T3 i 5 72 1 I B S 1 0% 37 09 5 A T A
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Fyfa] 2 HRRRABRIENE S 0 2 26
HENP PR AR S BUR 2 5 T30 T LIE R
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EfE%4EE - AE R EIRIES S R 2456 - ¥
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T XE PR 5 B T L R ) el B ok S O (A
F B i sk L (Fisher et al. 1943) » FrLla] LA
ARSI RN W B S BOR AR RRHY
HIRMENRED NEA L AERRERA /AR
PRV U IV AR AR AT » LA
W AR BB RS R R M 20 ik 1 — % 7T DAME By
ARE BRIV E(Halmilton 2005) - 2R RERE(L
B DL N — R 22 RIS AT LUERS
Y & R R R £ BB Y % k& M (Magurran
1988) 5 MM 2 A M HI DA SRS A AR A 2K
FORARRHIZAEE(Mumby 2001) - (RIEEA 25
FIRA T AR SARNE | SROEE YIRS R
E RIS SR  DAE R A REAY 2o B M R Bl A
Yittir 2 A RE Ay & HI(Magurran 2004) - BEZR

TRV RN ) 1E 1960 SRR RS B
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(Fisher et al. 1943, Preston 1948) - {HH 1988
— A%y BIODIVERSITY HY&w L& H R
(Wilson 1988) » Biodiversity i {E 5557 T 4= H8
ELA 1 245 » FefM AR SE BB W {18 SRR
LHRIE(AGRICOLA Ei CABI)Z = biological
diversity B biodiversity FYJ< 2328 » I PAER
B2 W AR P AVAS R A = 5 - (HEE
— %4 - biodiversity FY{s F A= biological
diversity iy 10 fZ%([& 2)- H biodiversity /& 1988
F LA BRI -

EWIEETFHIHIE - R Fy 1985 356
A T BERAYN L ERRIE ,  (National
Forum on BioDiversity) - 1986 £ iE [z EHY:R
X - F44 % BIODIVERSITY » &Sl
HIFF SREENEREA T E 42 H 1985 &
s — R AV TS 5 BIODIVERSITY ([&
3) (Wilson 1988) - 7 1% biodiversity 32 ([ z5HY
EREBOE ~ tH & RIRER S LA R - B4
REELATTRARER /N » BEZR— LR AR AT
biodiversity &2 biological diversity HYfSTBE4E
7 (Harper and Hawksworth 1994, Ghilarov
1996, Magurran 2004) » {H £ 5% Fy— B A RERS 1
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FiEFE % 5 (scientific terminology)fyH
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e S B A M DA 26k 1 HE B E B A
B BRI E RN DIBAE T AR > H
PRSI SRE MDA R B R 'H - BE
FZAEE T A ERERERY %456 7] Ae #i AT DA
T8> B biodiversity - Kaennel (1998)f75 k-4
| AT i Ry — (B R 2200 H » 1% Bttt ]
DIROBAER Tt 1859 5] 1996 4 [ SRk FTz
HK A EE 2% 2 Ga1E 1988 FEDIREREE R T
biodiversity - &8 1992 Rl & B4 MY 2 8%
M 4\ 49 (The International Convention on
Biological Diversity) 9y %4 5 F 89 t R 2
biodiversity(http://www.chd.int/convention/articl
es/?a=chd-02) > {H{LI3F biodiversity 2 & 5EE
biological diversity [T E4E S 2 A #2 AGT
s EAlE o) -
(e ER A BRI 58 B UL Y 2 AR Y AR A2
= WHIRHER AR TR AT
W AR EA: » H ISR a2
S B R R G AE 5E FR » JE (ERHEEA4 sa Y B SR
AR - B LR R B - SRS EIE
BERVEA L RS ES © 1. A& » 2. FEEAL -
3. F&xE - 4. REE(L 5. FE AN (Sager
1990) - Kaennel (1998)&f# 1985 £F 4 1995 4
125 A [E] SEI AT SRR biodiversity 72 &
A FIEIUPEEL -

WIERZAG]EH biodiversity ZZ ([~ HFEHY
&SRR 5 ARERERY AT AR EVIaT o BLERET
HYEEL YR - 40 1986 4 HAREIZ AP0
SRt EN R R R BN %
% M TR )% (The current state of biological
diversity ; (Wilson 1988) - ift 2R /E & {5
biological diversity 7& {li ¥ - {H 3 E S
B ERYIREN DT - RIEFfT AT DAER - 1985
FELAFTATERAY " AV AR | B2 YIE 2%
M BEPR AT B R[] 22 R R AT YR 44
SETRTESY o~ B~y ZH4E M (Whittaker 1956) » {H
HAEYRERIE S B R > Hh i A E PR
& )7 5L [ (species richness) B4 47 1 35 &) &£
(species evenness) o &Y A BEERZZ 57 By
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IR BRI E A RSN - LB RE 2T
HEAR - EmEREEEAEREERN
BT B A A AR E24E S, - 1988 4F L% biodiversity
& HF AT EHI N A &R R R YfE
[ BIHANTHRE MR 245 14 (functional diversity)
B 4E BE 2,50 151 (ecosystem diversity) o REF
M50 Ry A= REE2LHI T = » biodiversity Hi/Z
biological diversity FJfEjTE E4iE 53 A AN A
TaE > BIEE M EREHE R E > biodiversity 35
Rk T A2 R | YEE - biological diversity Hif
HEERG T ARV SRR ) SUE BRI SR
RKELA - & HEY LB MHEESE R

biodiversity 552 biological diversity i% » t7'H
IOLAE 3 B R IE AT E YN BIdnEY)
RN IRNE IR AT IR R ER A B
222 (Global Biodiversity Outlook 3)H » #ZHH
biodiversity E[] biological diversity 452 [E

i) HOEFIETE [ oRAFTA R » MR A
KEARBRGHI S LY DB

— B HI S YIREN - PITER - AERE RS FTRE
A AR REFE M (CBD 2010) © | JEfE e FeE

EEVIZ R AT (AR R E AN AR

ST YRR ST SR B 1 - A0SR AR
RRER SRR P L0 B AH R 44 5] S BRI N
INDAEEE ([ 4) > P]DUEIEEAE 5y A (5] 4456

IHVEE R « BN RE T am A 2 ik 2 ORIHY
SRR EH L YRS U B - TRRIERE Tt
RN o CH R FHEUEHE(S IR 2 AR 4
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= SRR SRS 0

Fem IR SRR E 4 TEy
B — i - #E N R AR IR R FTE
Ry aE > F—(EEEE A AREER R
By T TEERRSRAT TH ) SR ER T
LAY - (B GRE T 4 BRCTE L #URA
BE EHIRIRE SR LIRS R RO - £RE
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4. N ZARIERT I E R A [E s Y o)

TE - B0 A AR 10 FTESENAA - H
— R B ENEREAEE > 55— R AR E
RSB — et b 91% > HoAth 9 FaisHfEY
EFGEES R G 1% WA AR S A E
{EE A RETEEEH AN e 2R - {RIFE
HIELRC LR R MRV T, T E
REFHY - FTbASERE "4, TE L MR 0 EREER
FI BB e B s TR A Ry 55— T R 2 1Y
T3k BRI AR R - B
PR Bt B — (B4R &M ERVEE R - BlaiEt
T T S L e (18] S B R S T Y 45 SRAF
FYIES R RV E N - R A ZHETER
JriEMEE R AR e A — AL & T i WA E
HEAVER PSSR AR RBE
A TR B ARV (E AR (E Ry AR B 266
T2 (Pielou 1967, Ghilarov 1996) -

FLAE 1940-1950 A AT YE
SRS B RE (Fish et al. 1943, Preston 1948,
MacArthur 1957) » iS5 5H0 98 125 1 —(E m A2
F B S A% 2% o AT A Ak R AR B8 LUK 13-
SRR < BR T A BB ER IR o AR AR A HIHY
JIESS A — DR G B —(EERY
FHREH > 1960 FALURFFZEHNYIES
B M fE Bt J =0 3R AE SRR | (Magurran
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st LoyEA — Sl L avE e R
YN > U A S T E P R A A (T
HE FWERBESE ? BAREEEAES
RAVE R B RENS TN TR (— M 45
HE—(ERR) ? —HERZ RN > Ky
NEETERFTS RN EARE > T2 g
A —80 R TP RE R ENE S -
HRILLTE 1970 Bt A R B AR
FRATEA = — (AR RS & (Hurlbert 1971) - o
HAE S MR B E SR ARE SR
iE i % 5 B Ry 0% B BB E 09 & (Jost
2006) > FlANFA R 18R —(E RS AR TS
o (HANR TAZATHE R & BT TAZ5T
Brh o oI DUR G EAE R R N TERERY « AR
DIYRESE RS SR R B RN EEES
%5 8 TE{ERSAE [EYEE 16 fE(ERSFHIERY
YitE Ryl > LEREEE R DI R ATRRaRE  18E
ERETHZAIRIAZ {22 Shannon LS MRS BN
HETEAVEE > AUEIIEEDE 3.0 0 BEIHEH
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B EIER M 2 B EHEIENZ
BEMEEAE (Hoffmann and Hoffmann 2008) ? 4=
REEESLRHEE N EEIE R - B RERER S
R UG TR A - 1 R4 R
FAEIESR SR RN A R =
£ (Hoffmann and Hoffmann 2008, Jost 2009,
Moreno and Rodriguez 2011) - SR DL —{RE ]
T BRI LUBRERVE HEE L Ry AN » B
S A A W TR 5T e R R AR & - F
AMA 10 BEKR > F—EHEgHE 10 5k Z74%
MHAEAR 10 18 - {HiE5—fEiEA 100 £ > H
Shannon % £ P~ G E o W R AR AR Y
Shannon ZALMEFEREETE 1.0 - HEfEHE Z AR
HY R —REH & 90 4% - Shannon Z5 A%+
Bt @A U » (HIMRER AR A T E
WS (FE LT 2003) ? KL el )i 2 ik e (B R
IEHY AR )5 Y Z (2 Tuomisto (2011)5%
Ty P SR AN e 26 AR MR FE A 2 L Y e B (]
S o3 AR RE BV A R 8 7 A = (an effective
number of types) - BJLAFE 5 ARFE - FAiTed
RE TR > T DR — % AR
FF - YIS S R DAY AT R R - A
Yok REA{E G 2 B ROERS EAY—(EAS+ f]
W 5 A =EEED = ERTRRE Y
T LB MERIAE RS ARSI AR AR E
foiteE - P EDUZ S & ~ S e E g
P flnfE 5 Y 3~ 2.34 - 1.96 - "] LLAHEL
B () AFE "L T (Jost 2006, Chiarucci et al.
2011) :

R 1/(1—q)

D= (Z 2 ) )

TRHEIFZEET AR B a8
GER > EEaTafa S EAEN S
E °

=~ Shannon M FREAY(E ]

H A4 RRE2 (0 Y B MR R Rk 8 200
f&(Chiarucci et al. 2011) - H:H Shannon 2514
FHRERETREGMEBEREHN —HE
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(Ghilarov 1996, Izsak and Papp 2000, Pla 2004,
Ricotta and Szeidl 2006, Jost 2006, Chiarucci et
al. 2011) - Shannon 2 MEFEEINETE ()20
=

H(X) == p(X,)log p(X,
(X) =2, p(X))logp(X,) )

HEFEFEE Claude Shannon 7£ 1948 4F
EEFAE N E R (PRI - BEELL 2012) - 75T
HUE R 1R IE(E TR B 2 5
BN (A ERH R E (Shannon 1948) - 1957 4
AREEL S Margalef #1225 [FFE R B & AU L
(Margalef 1957) - Shannon ZEEM:FEH= 5 4
R YitE iR g0 ? A RRER REAE
S EFRY(Pielou 1967) - 5% [E] A (Martin and Rey
2000) > AR AR EAMMUEIE(EFE
2003, Chao and Shen 2003, Pla 2004, #5nEEsE
2008) - #£Jf> Shannon ZAEMEFEEHRHEEVES
fAlEFE ? LHEZEMHELREFEHREZERY
IR TS F RS - AUBEERNLERS
HE—5 4 B (.0 2006) - HFERE Shannon
AR RO R A E sl (Information) B 5 - /2
TS — BT RIS A EE M - NHEE
ik RIEFTR SRAVEHE ER0HE - 1A
ENEZ BRI REEER B WREE
BB - RIECRREE MERUE - BT 2R AV ERE
b/ o E I G (Entropy) {F R it
AHEEMHIER BT e el  HER
T BRAMEENMES » JREI A EE R AYEE R
% MERATEREKR ) E TR —E
TGS R AR I » RS R
1B - BIEERFEE MoK - e A EEnyERE
EER AN - RARHEE M e RIS
BEZIET  WENETRE R R B e
HY A S R B A - AT LA Shannon 26514
FE8tt =] DURE By Shannon fi - JE TR R
ZRRVERE - DN R B SR TE S R YR Y B
H > FrLAEY R &R - AR PR AR
R H N BRI & MY 22 i 43 #r L A R RF

19



FREER > BERELLI

M ~ SR P A E AR~ R EF
Sl EA E RS R SRR A H R s E T
REVEAFR AR BT REN B R EFRER L
55 2003 - 750, 2006) © 750555 (2003) 14 8
LV ORIV T 48T R
T A Shannon 2 VRSB B E 2 iR » AR
EURFR B ECERAE NN - B DS R BEAL ~ R
HetBATIRE - YfEfEs(S) R g ey
FEEES -

BRI N R RIS AER
IEHY 2L iR M A 5 B 2 AR 98 i e A S 2R X
(1) > & q=0 % » D=R > Bl B¥f'e i » & g=1
i D B 2R (VA R A AU - JREN
Shannon 5 ¥ {E (exp(x)) » FAFT =] LA (=]
R IR AT A R (A% 5 2 8 FE(E A EY
PrfEE 16 fE(ERSHEEYRENEF - HEE L
YITEA W REHIRA (5 SR Mt IERZ A Wi A RE
% » RAITEHY Shannon #5805 3 - BEIER
SHEVER 2°=8 5 1%%HJ Shannon $58 5 4 &
HIFHIZHENER 2'=16 - BEZRIE R —(EF 7RG
T ECRERENE R E 5 iRk
{9 > Shannon 2k 1445802 0.84 BAE TEZHE M
2.34 AR -

Y ~ AR R

iR VERIIIE R R IR AR PR B R Y
GE > BT DA YRS LS YR (RS S W B2 B
S8 BB AT EREREF IR AN
YITE AR MR > 2R 2 AR e B =Y
BRI - BRI A R EE
5 AL RS AV RN 2% > HE
% EORE TAEREA HELIET - F4iyistt
FEE AT HE BEAY R R F R B R R Y 22
M BHRE ARV SR - Yot = B R
EWVEEEIEZ - KILstiRE BVSEtE
MR > e bEfs RIVFE-KH - 4
RNy AN SRR EEZ S R A E
YIfEMNZER > NameERRThEEERY - JERE
19 ~ SRR R R SRSl
YITER R SR E 5% A K [E] 69 1 22 (Humphries et
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al. 1995, Crozier 1997, Izsak and Papp 2000) - fff
DRSS A R A A Vi [ S S
BRI AR MR - SR I A e 3 PR Z T
A T R e B R A Y S P Y S 05 5 B M A
#(quadratic diversity, Q) (Rao 1982) > & =4[
TE) -
Q:,Zl“; dijpipj (3)
Hrr dij EFEETSHY R ERERE A 5L

pi B py I3 !l R EAR SR - 2 R A2 5
WHAAMS BLET R ? B AR IR R
47t (Warwick and Clarke 1995, Ricotta 2004) » =,
H P REEZhRERE(1zsak and Papp 1995) » B3
& fE % 3% 4 B8 1% (phylogenetic relationships)
(Allen et al. 2009) » =3 AR R 71 (Shimatani
2001) - iE{EHTEURHY SR MR B4R %
BEMEFS A (R[5 2 Khan (2006) 1] F 5% 14
HYE R T R S URAT AR 2216 - S
A 12 HEA FE AL RETE S 30 #k > R IA
[EHY 12 {EEEL 12 (@} - 26 WA 12 AR [E
ALfSIPRBITE 2 30 Pk - (HE N 5 {E/ESEL 4 {EF -
STHEIEWI{E S8y Shannon 2 B4 E 3.58 »
EIMASE RS EEE  FEZ 919 28
AIAA 77.9 - BIEIE M B H1+ AI o] &3
Shimatani (2001) f£ AR ARER (35S 22 B M B Y
B9 - Z b5 AR @ PR AR T R E2 e Bk
150-250 FERAMGA Ry LHIAM 5 > 1971
A B e 5 AR » 28 F1RIEITH
3 MR R ES TGRSR E N R
S EREA P A ERA RS
MEEETE  IREREIVE BRI EE R e
YIRS MR 8 PSS YRR 22 R E
EYELREMAE RU A ZE N AT R, - IR AL
A DY 2 iR M e Bt B A BRET Bl 3
& (Shimatani 2001, Ricotta 2002, 2004, Ricotta
and Szeidl 2006, Allen et al. 2009, Chao et al.
2010) - 2t B Ay HER DU R T 4R
{HRM 2R B 40 Shannon M AE
A& » 138 R 0 AR PR B A A
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11402 ,4
Ay

24434
?" féf ¥y

RS RSS2 A
PIRESIR =2 345 % (9=1)

#’*iiﬁfi

HESE  HBSE
PIESARHE=1.96H % E(9=2)

5. VNSRS LI RE R - B RV TR (ERe S RO T - ABIA =fEfiE
BT LA = (88T 2RAREE - PIRE S BEME AR TR PP AN [EfEHE - PR DUEER &P ~ %

(IS4 ({2 & Tuomisto 2011) -

SIS T SR MRS A R AR AR ME— A R
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