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W OE FUEABET OFRUEAFARN 27T EYESHUERANAEXTRINES
REFERHIE, R L, UERAETZ8) Shannon R BH, T T REBEY S Y
BRSNS TA TR RENBENE UETHBNLAEHYRHTEESEELE, KEi
EAHTIMGEEYSHEEENTEE. HUUTPEAILRET (NECT) KHFNWEBFHE
MHEZ XA 8 MRERE N RS, MH W T Shannon BEKXHABERMERENE T %
MG LY EHARTN T B,

ERiF £PEHHE Shannon R ZFEHAH EibHww

RERSEFRFSRRRERE . EYLHRAERFEHENY —HNE—, 8% £5
REEZHENE. UHERENERZRE. REN-EXXBEYSHENI . BRWEHE
. ATRAESHE. OREHERMERNSHEE . B, GARSENESRRERaRE
MEREEENITR, RITBEDSRENS HEWET - SHE. URHSRUENER S
*®.

1 AYESHEREZH

1.1 4£PHSHERTTEE

50 EARLIE, FARIMEENAEANAERIT —RIABAREYESEENET., XL£X
PEAERIAISEE 274, TTREEANUT e A8A, 0. BTS2 A¥BRLERE,. FE
BELHYHRSEE. BET oMM BHH . Simpson BEMEHE, BAEEYIE
M FYRAE SRR YRS E R ER,

WEEBEFEEN, LARAKSESHEEARRREN. F1M, Odum (1969) ZEM{]
HIREPRR, RERVTERYHORE (EEH), B, BN TESLTEDHNY—
, EXFHERET, H—-HHESEIR I EENSBEFEREELM, ATl Shannon
BRMZTERBEET ZEEIEIMEARRAFEMHRAS. Pimm (1994) IKAHIFE
SHAERUZRTYHENEFS T, AEEYH—NEES, Gin, 2AEEYHY
A F PRk S ¥ AR L p A . Harper #1 Hawksworth (1996) #54. Simpson B 3t —
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HEHHRAE LY, BAEEANYRERTERY - BEWEAERLYHAEEEHY &
HHE/MRTIEER . TR 7L Shannon ML B34 475X Se kg 09 R B BRfE .
1.2 Shannon £ ¥S HEERBIRIT
Shannon ME BBV ABBEAH FEHREELEMEEGRMBE, FEHR
Shannon ¥ ERBEHEENBRREDEENBRA — M REBERER,
WSRE—AHFHE, E;» -, Ea, EfTHBAEE SN piv P2 s poy 3FH, 0

<pk<l (k':ly 2, Ty n)y ;pkzly m\'Jv ${#:Ek %E%‘JE‘&%)‘L%
I(Ek == logpl (1)
BEET (B #mACFHEERIA S # Shannon i H (S),

H(S) =— 3 pdogps @
k=1

BA, M EANEERREEARERE (uncertainty) #MMNTGH A, FFLA Shannon
R REFEBRENER. £F2ERX () M 2 &, LS 2, e, 10 HER,
HEEBMMRAPIREE Git), 2% (nat). BEE (dedt),

(1) Shannon BRI H BB KEERER

M Shannon MEMES LR, X—HEBTHRLMY.

BE N = Zm 3
FHH R = AZ{V! €Y,
_gn,-!
HPNAMEEE: M FF#HAE: o Y8 AR MEE.
g
H = l—;,-l—z = %(lnN! — ;lrm;!) (5)
W Stirling 243,
nl = (Z)"(2mn)rem (6

M
H = %(ln((g)N(Zﬁn)%e‘”(N’) — ;ln((%)“i(ZHm)%ew‘"i)))

M
= ZPiI"P-' + &(ny o ngy0e 1) ) &P
i=1
Hiex2. 7183; =~3. 1416;

1 1
T+ 0.5 ~%vW <15 (8

M
w(N) — Ew(m)
i=]1
N

S0y ) = (AN, — 3 lnComn)) + %
i=]
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™
=7 10)

% n,>2100 BF, OTTUBE—MEIFEZER, Bl Shannon EEY-
H=a— > pinp, (11)
(2) Shannon HAIZHM AT R, FHEHYE
ZHEAESERAEEEEBYTNXR., IREE-TEXWHEHE, TREAAES
By, BB ENERYXRERERS:

M=n- (%)*Da (12)

19 logM = logm + D, « log$S (13
Hf M ZYHHHE: S EEAR:;m HFHELBER EHYFE; D £ Hausdorf 70 4%,
- HEFRFERM PO (the World Conservation Monitoring Center) %, BE& LA R
RERY: KERARE/NT&, SFBYREERD—F¥. WRER, D, WELHER 0. 30,
KEERSHEN “SREDZHETN” REHEL, ESIHREBREENEERY
HRFEEN, TORNFEEHESHRAEFERERZMXR, HiE, YRINEAFRERHR
BB, LHUNCEE,
AR, BRSBEYHEHUNERRERERY, HEERBEPREEMEBR.
(3) Shannon WA RIX B RN /R

1E Shannon R H ~— > pidnp, BB BREE f(2) = zinz XA RERR TR %1%

=1

B. BN ‘% =iInr+ 1, FrLh, % x KF 0.36787944, /NTF 0.36787944 FI & F

0. 36787944 W, d{;;) SIKTFE, MNFENETE. BAEN, 24 x KXF 0. 36787944 B,

f(z) = zinz BH; % x /NTF 0.36787944 B, f(2) BH; % x FTF 0.36787944 B, f(2)
BRI R/ME.

(i, % Shannon #AIH, % i FYFETSL LG p T 0. 36787944 BT, BRHEIEH
H ¥ p By A; % p KF 0.36787944, HEE p 9 MAR s U p FF
0.36787944 &, RE p MMAE RS, H BB /-,

2 HEYSHEEZEREBR

XM S FETIE, T A LA SRR & R T R
In( i (n,)%)2

d:peae: - 1 = (14)

InN
TERMOURKX Q0 HF, KIEAEXEFLHENLMENZEEYSHEEEAERER LR
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2.1 ZRVEBREASHMEN ‘B 5@
2R 19 WHRATIBANEETRH

f(x) = Inx -(15)

g(nyyyny,) = (Zn.-%)z (16)

h(n1)"'y7lm = 2";‘ (17)
i=1

A LS _ Lo a0, f 0 B ATRBREN AH, g (o, -

N.) E?‘Jﬁ;nl=N BT, ABERKEm-N, B, ZEATRESHEENY—HTE.
B Lagrange FeFL, g (n, -, n,) FIBAKEHILEXEGRE

ag(ﬂ“"',nm) ak(fhy"'ynm) _
371} + 4 3"; =0 (18)
ﬁ‘#’]:l, 2, ***y m;
E(nysn) = N — D, a9
=1

MAFE (18 WEN =1, HFi=1, 2, -, m,

Bk, SEFEYHEMEEERN, ZEHEERERIHERE. IRABHRELER
ML RASHENY—AE. B2 (14 HEXETREN

= % = Dy(m,N) (20

HF D, (m, N) BUHE m RXTEEPE (EMEEHE) N 49 Hausdorf SM B,
2.2 FHEESRESEEN ‘FB MFE

Max{d, ...}

HEEZ—R
An(glmy=smn)) _ 1 @n
a'lj 1 = L
(n)z « 2(71.-)2
i=1
aln(h(n:?,,l'-",fl..)) _ ,..1 22)
i En'_
i=1
dﬂ(g(n]_y'"ynm)) S .
o, 2k (23)
An(h(ng, - ,m)) =
n ";nj e (n)7T - ;(m)é
3 _E D
Hit, énj_mﬁ
An(g(ng,+,n,))
e 1 (24)

An(h(n,, o))
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gq:]=19 2, *ecy, I

B—{KiER
36’("_3"&) —nt - ;j(n,-)% (25)
h(n o m)
= -1 (26)
MH. %m>1pp, BBl teds,
3 RRA

3.1 HHSHMFLAVEHAREPHEARER
A (12) A, PHEAHER LAY n SEEEREYREMHXRR
m=M-+ (S) % «@n
H S HER; D, &£ Hausdorf 5-2E%, B X fet E] L.
FELLF NECT AEBRHFEAMBETARWEFHRS ., TAERKNERE /DT 1 28,
Hit, B @27 KX, T#H Q14 AFZBATIIREK,
(Y (FF + M 2 (S7% — DY
s = — In(N) 28
Hb M AEREHREG n ARKPHSARER LS RN EYE G &R0 N
HERXTFHEATERLFEYRNEEDER (REMEED; S ARXEM; D, £ Haus-
dorf A4E¥(. %4 S 4 1hm® B, (28) REFAFEAIREMREIER.

MFARMAEYERX, D, WREREERY. B, KREH (1998) XM ZHENR
MHEXP =P FTERFERER, BIERR — FR#{ M (Pometia pinnata— Terminalia myri-
ocarpa Forest) . KZGWHK — £ 24K (Antiaris toxicaria—Pouteria grandiflora Forest) fiE#X
Ak (Parashorea chinensis Forest), 3. 7% 1.

X1 ARETRARESTERSHMXE

B Plot 1 EE s 5 6 | 7 8
HE Area (m?) 500 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000
FF A Tree 37 50 63 72 81 86 91 93
¥ K Shrub 8 11 12 14 14 15 16 17
ZE A Herbaceous plant 17 19 21 24 25 25 25 26
. A1t Total species 62 80 96 110 120 126 | 132 136

BEX1TE, YTFzEOAURAHEAREFTRRER, TANERSHEXR
*. M = 148 - (§)"* FERECH 0.997 29
HEARKIM=23.(S)"# FE ZECH 0. 992 (30)
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BAR M =32 (S)" MXEE N 0.979 (31)

BABERR M = 201 » () MEEEH 0. 997 (32)

W B, MZEAER AN X WRFETHRBERNTA, AR, EXNEIER,
D, BJEUE 4T B H4 0. 461, 0. 344, 0. 217 1 0. 391, Xf NECT ZREBE A& B 354 # D, BL
B, BRINEAEKFE.

3.2 FIEBRHHEHETHRBHS A .

IHETBE 1 1991 4E 32 1 A E AR AL BH AR — FRRE HUBETY , £ 1993 £ 885k IGBP
BB > —, FEZ HPEAHILES NECT (North East China Transect) , X & & EE
#PIREK AR H W R, BEBE RS 112°~130°30' Z 6], ¥k 43°30 AP LRIRE, K
TEREM£Y 1 600km, BEALIBEEZY 300km ., ZHEWHESEER T2 AR, T, B3 &R: REFH
BHEAENERKME, PHROKHES. REHTHETEFTERLY. 2ZHAFRF
8 8 MEX AT NECT RERBH £ HEZHRHEK.

LHEEERPOF N ERBAEEHRF, 0002 S8 (BHEEEN
0.32) FIEEH S6 (FHEHEIEEY 0.33); HEH S8 BLAE A & 4 XFR M A TIHE 4K,
BN SRR AMEZ o 31+ 1; #EH S6 B & AEXHE B ALK, Bl
AMSERBMEEZ R 11 : 2, THEERRRE KRS S1 #7184, EFIMRFR
%, 450 14 f113; R, F o S4 BERHSAEYSHERMHEZK, EMSEHT
¥ (h0.60) KTRAEEEE &, MEKRER. ERAFETHS —ERENERSI WL
BEYETE L (O 0.56) . tRELR UL, BREYETE S YR a4 Xt 8 B A4 F 1/ B A8 X o8 BEX
FAAEERBE.

4 i

YIFEYBRERAE S EHMARENARRBTEEAEREVNXERY; RN ER
BEHASERZHAEMABREERETNXR. RUETEHEAERERMWNAT
REMEAHXS, AXFENYRFMERESHERART T RS

it NECT R BEAFHAMBSHARYEATE, TAAE U TERMTET R
. ‘ :
(1) £ NECT FHEH B KE 8 MR, FTFARMBREE/MT 100, Hit, &
¥ Shannon BIRIAY KHEARER, EAER Lk, REATFRX 8 MEMM T AR S HAET
H.

(2) #3E Drees (1954) AR E R, MEERATRMAMHEREA, 2 500m’® EiLEF
ER/ANEE, EEAREGHEMAREARFENEIERESEN . KREF (1998) MR
ZR.: MR- EERAR BN EFTEYX RAR, £/ 1o’ BENRBEERELT
# s MBREENEFEHEA 0. 25hm?, MF— M EEHFENRKE, TL 4 XA E
BEYN. EEEE4SHEHAM FEARIEN NECT MERZTER, ERERMX
NECT BB E REERHT RN E. XEEAMBIERENTK.
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A Theoretical Analysis on Models for Biological Diversity

Yue Tianxiang Zhou Chenghu
(State Key Lab of Resources & Emvironment Information System,
Institute of Geography, Chinese Academy of Sciences)
Li Zhenqing Ni Jian
(Laboratory for Quantitative Ecology of Vegetation, Institute of Botany,
Chinese Academy of Sciences)
Abstract
This paper summarizes 27 models published since 1949 for biological diversity, and criti-
cisms of most of the models from many specialists. The causes why most of the models could
not be successfully applied in practice are analyzed, taking the Shannon model as an example,
and the theoretical completeness and availability of the comprehensive models are proved, tak-
ing the model based on fractal geometry as an example. According to the case studies of 8 sam-
pled areas in the zone of temperate mixed coniferous and broad-leaved forests of the Northeast
China Transect (NECT), limitations of Shannon model because of its requirement for a large
number of samples and the applicability of the comprehensive model based on fractal dimension
are compared and discussed.
Key words: Biological diversity Shannon model Comprehensive model Theoretical

analysis



