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SRR, PMZEEERRT IERERNEEXAR,
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e B AR EE R EIRY, BEYRRTE—1NE

AR R IRRS, MﬁTuﬁﬂﬁkM%ﬁ

v NERREEFHNAEXE, SHEMSHE%E, BRI
TEZ—&, HE—FREZITIRHEEBEEANIB,
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> May (1973, 1976) ZFAESZFEZRFIAR:

v £

YRR AR SRR, SRAMBREYRE

FREMRSH, MATRENX—SRNEVEFHELLR

-+

AR E S B AR MARE.
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/ SENSUMER, ROWOEDEELEEHTN

v R T SR TE RRT BRI FRILR

BRRNER, MENZE

FESERENSEMN.
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B YRS EEEE YRR P RThEEF{EH
YR A RN R BRI ) RR—MERE
EREREMENRRERRGESLEE, MARENS
Ret S BRI BE 5 R L IEE

AXRUMEESREPIERANRIEATI4M.

(1) TT&RME % (Redundancy species hypothesis) :

EYREERFERRFSET—MIMSEMREE, KT
XN EEFZNGRESSE®EmN, STXMENSEHES—
B FEI1E R 2T K RY(Walker 1992).

www . kaoyancas . net



HESHESREENRRRN
RS RS P TR

(2) 4PET{R V% (Rivet hypothesis):

MTRENRARSREREAR, INSEPEZFTRBRIMN
[ ThEERVIE B LR A oamlm B2 s E 82 X aY(Ehrlich,1981)
R 5TE ERNERIET—HF, EA—MITHNERBEEZ
HLeaRER 2R M .

(3) ¥R &M (Idiosyncratic response hypothesis):

R R MR\ AE DR FN TR EIF SRR,
BEAREEMGEZAATTANEN, EAXEYHMNERZER
[EZ:3: 1P

(4) FERE(Null hypothesis)

FTRUWANNEDHFIERSDMSEFMRTX, AIMRERAR
a4 B2 Th RE BN IR e s
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B XTREMNIER
BB T R A RGN RO PO T2 B i PR R R L ER .

EEYRHEPAEIMBERREENN. HhA L4984
HIERARZEXEEN, BEMNNEESS %”HI']EUE/I\’_'_%E’
FERIEEFIFITNEE, XEERVFIFRBIFR A < B2 (Keystone species)
5% S5 $E#4A (Keystone group).

KB IERATTREEREN, A REEN; XEMEE
EBHRILE BRI RZEKEESRES, MkttESRYS
B9 AR Th SE B HE X F 8821 (MengeSE,1994 ) .
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1. MacArthur (1955) F0Elton (1958) {BRil
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B RAESRGESHZEREETNREE

B HFRERID2FEFE AR ER, ARSI
ToE

B S EIRRRAITELUERRRE, S22 —1TH#H
HHERF R

B R (ZHMR)EEAT R ZHES)EEHES
EHERELZNEE.

B ESZHMSHESE, BRYMEER, BEERIMER
%, TS IE, FiEtES (portfolio effect).
Elton Charles. 19%8:*4N8"ESbIdy of Invasion by Animals and Plants. Chapman & Hall.
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1, MacArthur (1955) FAElton (1958) {BRi%
HEasHMEREMEIER.

2, May (1972) ByPk&R

HEazHEM (E2M) SREMinExX.
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May, R.M. 1972. Diversity and stability in model ecosystems. Princeton Monographs in Biology. Princeton U. Press.
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RSN SRENS

HIBE AL

—Etto

3, ZERIME (Pimm 1984)

a. ZHM., REMMERMEEXAE

b. Y17, Ef
C. T ﬁb%%ﬁl‘e

SR FIME X RAFHRER.
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Tilman, D., J. Knops, D. Wedin, P. Reich, M. Ritchie, EVAN SIEMANN. 1997. The influence of
functional diversity and composition on ecosystem processes. Science 277: 1300-1302

The Influence of Functional Diversity and
Composition on Ecosystem Processes

David Tilman,” Johannes Knops, David Wedin, Peter Reich,
Mark Ritchie, Evan Siemann

Humans are modifying both the identities and numbers of species in ecosystems, but
the impacts of such changes on ecosystem processes are controversial. Plant species
diversity, functional diversity, and functional composition were experimentally varied in
grassland plots. Each factor by itself had significant effects on many ecosystem pro-
cesses, but functional composition and functional diversity were the principal factors
explaining plant productivity, plant percent nitrogen, plant total nitrogen, and light pen-
etration. Thus, habitat modifications and management practices that change functional
diversity and functional composition are likely to have large impacts on ecosystem
processes. www . kaoyancas.net
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Experiment

W 342 13x13m plots
B Herbicided and scraped bare

Wm0 1 24,8 16 or 32 perennial plant species added as seed (1st
treatment variable)

W0, 1,2, 3,4 orb5functional groups of plants (2nd treatment
variable)

— (C4 grasses, C3 grasses, legumes, non-legume forbs, woody
plants

B \Watered and weeded

www . kaoyancas . net
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C. British Herbs D. South African Fynbos

B diversity has a unimodal

o (Al-Mufti et al. 1977) - B0k (Bond 1983)
(humped) relationship ¢ g |
: . S 20F S 20
with productivity = e |
. o 10} 2 10r
M [ow productivity : few & . g2 |
: : ° 1 .. ; & . 1 L 1 P e 1
SPECIES Can Survive %0 500 1000 1500 2000 2600 0 100 200 300 400
. < . Plant Biomass + Litter Biomass
B high productivity: why is e
: : f? _E Australian Vegetation F. California Climatic Gradient
d|ver3|tyl rleduced. | ay g e e o8
(competitive exclusion? § | o
loss of heterogeneity? 2w D fer
dependence onasingle £ | - .« Eoof
|imiting nutrient?) Ol—ie 1 ) e ] * 0 ! i 1 i 1 i i
0 300 600 900 1200 80 60 40 20
Soil PO4(ppm) Moisture Index ..

Desent Grassland Woodlands Forest  Forest
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Table 1. Dependence of ecosystem variables on diversity treatments as determined by multiple
regression. Valuas shown are regression parameters. A separate regression was performed for each
ecosystem variable. Regressions have df = 2, 283 to 2, 286, NS, P = 0.05; %, 0.05 = P = 0.01; ™,

0.01 = P = 0.001; and ™", P < 0.001 for tests of significant difference of parameter value from 0.

Regression parametears

Hesponse Cwerall Cwverall
variable Species Functional re Fvalue
Intercept diversity diversity
Productivity 81,1 —019NS 20.0" 0.09 14.0™
Plant % N 1.24™ —(0.0003NS —0.072" 0.11 1715
Plant total N 104.3 —0.193N5 12.08° 0.02 3.61°
Soil NH, 1.07* 0.003NS —(0.082* 0.04 5.60"
Soil NO4 0.37" 0.001NS —0.041*" 0.02 13.4™
Light penetration 075" 0.0001NS —(0.040""" 0.11 18.3™"

www . kaoyancas . net
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| Other

| Legume

=29 C, grass

B C, grass + legume

1}

—1 — — 2 — —3 —
Functional diversity

:

G

Plant biomass (g/m?)

7
i

S

Fig. 2. Effects of functional composition on 1996
aboveground plant biomass (productivity) in plots
containing at least one legume species (Legume),
at least one C, grass species (G, grass), at least
one of each (C, grass plus legume), or only spe-
cies from other functional groups (Other). Mean
and SE are shown, using all plots containing 1, 2,

www . kaoyancas.net ,
or 3 functional groups.
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Table 2. Dependence of response variables on functional diversity treatments and functional compo-
sition based on ANOVAs. Functional composition was nested within each level of functional diversity. A
separate analysis was performed for each ecosystem response variable.

Fvalues
Hf :ﬁ;g:e Féllnr:til:}lﬂal Functiqr"!al Overall model Overall r?
versity composition (df = 31, 254)
(df = 5, 254) (df = 26, 254) "
Productivity 9.36™* 2.87 4.02% 0.33
Plant % N 22.2"" 17.8" 17.4™ 0.68
Plant total N 4,23 3.92** 418" 0.34
Soil NH, 2.40° 1.23NS 1.40NS 0.14
Soil NO4 22.3"" 1.17NS 457 0.36
Light penetration 12,17 3.217 457 0.36

www . kaoyancas . net
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» Diversity of functional groups seems to be more
important in determining productivity.

» In particular, the presence of C-4 grasses
(efficient N users) and/or legumes (N fixers)
enhance productivity in this nitrogen-limited
system.

www . kaoyancas . net
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Plant Diversity and Productivity
Experiments in European
Grasslands

A. Hector,'* B. Schmid,? C. Beierkuhnlein,® M. C. Caldeira*
M. Diemer,? P. G. Dimitrakopoulos,’ ). A. Finn 5 H. Freitas,4}
P. S. Giller,® . Good,® R. Harris,® P. Higberg,” K. Huss-Danell,®

J. Joshi,? A. Jumpponen,”® C. Kérner,® P. W. Leadley 5
M. Loreau,’™ A. Minns,” C. P. H. Mulder,”®|| G. O'Donovan,®
S. . Otway,' ). S. Pereira,* A. Prinz,? D. |. Read,"
M. Scherer-Lorenzen,'? E.-D. Schulze,'? A.-S. D. Siamantziouras,®
E. M. Spehn,® A, C. Terry,"" A. Y. Troumbis,’ F. |. Woodward,
S. Yachi,’® ]. H. Lawton’

At eight European field sites, the impact of loss of plant diversity on primary
productivity was simulated by synthesizing grassland communities with dif-
ferent numbers of plant species. Results differed in detail at each location, but
there was an overall log-linear reduction of average aboveground biomass with
loss of species. For a given number of species, communities with fewer func-
tional groups were less productive. These diversity effects eccurred along with
differences associated with species compesition and gecgraphic location. Niche
complementarity and positive species interactions appear to play a role in
generating diversity-prpwwcicdoy srleenahéts within sites in addition to sam-
pling from the species pool.

Hector A, et al.,
Plant diversity
and productivity
experiments in
European
grasslands.
Science, 1999,
286, 1123-1127.
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» Varying richness: 1-32 species

» Three functional groups: graminoids, N-fixing
legumes, other herbs (forbs)

» Eight European field sites

» Total of 200 different plant assemblages and 480
plots.

www.kaoyancas.n?$

ttp://forest.bio.ic.ac.uk/cpb/cpb/biodepth/contents.html
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Table 1. Details of the eight field sites, including location [site, country,
degrees of latitude and longitude, and altitude above sea level (asl)]; climate
(mean January and July temperatures and annual precipitation); previous land
use (arable crops, horse grazing, fallow land, or none); method of site
preparation (methyl bromide fumigation or steam sterilization of the soil,
hand weeding only, or use of a sterile sand substrate); number of biomass
harvests; and mean aboveground biomass of the plant assemblages with eight
species. Aboveground biomass comprised all living and standing dead plant

material above 5 cm, harvested in two quadrats 20 cm by 50 cm once or
twice each season around the times of peak biomass (where two harvests
were taken, the values reported are the sum totals per plot). For brevity, we
refer to accumulated net annual aboveground biomass as productivity but
note that it provides only an estimate of the aboveground component of this
process. All vegetation was cut to a height of 5 cm at the times of harvest and
the clippings were removed. Plots received no fertilizer during the first 2 years
of the experiment.

. . . Altitude January July Annual Previous Site Biomass

Site Country Latitude  Longitude (masl) mean (°C) mean (°C) rain (mm) land use  preparation Harvests (g m2)
Bayreuth Germany 50°N 12°E 350 —0.1 18.2 630 Arable Steam 2 802.2
Riverstick  Ireland 52°N 08°W 75 54 15.6 1130 Grazing Bromide 2 767.5
Silwood UK 51°N 01°W 50 3.7 16.9 652 Grazing Bromide 1 683.4
Sheffield UK 53°N 01°W 137 4.5 17.2 788 MNone Sand 1 675.0
Lupsingen  Switzerland 47°N 08°E 439 0.7 18.3 1046 Arable Hand 2 605.5
Lezirias Portugal 39°N 09°W 25 94 26.1 588 Grazing Heat 1 4323
Umea Sweden 64°N 20°E 12 —7.0 16.1 600 Arable Hand 1 4029
Mytilini Greece 39°N 27°E 30 9.6 26.5 682 Fallow Bromide 1 336.5

www . kaoyancas . net
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Table 2. The experimental design at each location, showing numbers of plots per species richness level
and for each level of functional group richness. Plant assemblages (where an assemblage is a particular
species or mixture of species) were replicated in two plots at each site, with the same assemblage
sometimes occurring at more than one site.

Species richness

1 2 3 4 8 11 12 14 16 18 32

Germany 20 14 10 10 3]
Ireland 20 16 4 20 10
Silwood 22 12 12 10 10
Sheffield 24 10 8 8 4
Switzerland 20 14 16 10 4
Portugal 28 10 10 2 4
Sweden 24 12 12 6 4
Greece 14 12 10 8 8
Functional richness

1 172 32 14 b 2

2 68 40 18 4

3 www_kaoyancas -net 44 42 4 8 4 6 8 4
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» Sampling effect--more species means more
likelihood of including a species that is highly
productive

» Niche complementarity--different spp doing
different things acquire more resources overall
(or even add resources if they fix N)

» Mutualistic interactions
ZEMENTRESE T HMESFI BUE

BRFPUHEIRESEEES
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B HEREVSHEMSEFINRESEXR

> HERRGIhEE

v T X: £ERGREM (ecosystem properties) 7S
R (ecosystem goods) FIESRFZRS
(ecosystem services)  (Christensen et al., 1996)

vV RN ERSRGETHIK

v (R EEE B LR

MIREER (WEBRSE

JEE@ FERGEREM)

www . kaoyancas . net

(Hooper et al., 2005)
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B FHEEYZHEMEE AR EM XA
> SPZHEMTUTESRGE IR RN
v (R (species traits) 4T, HMEIES
mﬁﬁgﬁﬁﬁ
WK FEAFFLERFI AR
Zil%?% WE’J?‘%HQ**’J& HPERRFR (EFF
v ZlFIMEAERNZER, mEFTEE (Chapinetal,
1997, 2000)

AN

AN

TS SR ESRGEN, MRS, EHES
?%ﬁg M. £7=N FORIMFINERMANRHNEZRE R
» ERNRGUNENERFEESRAS T mAMRFZIHNERE
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> WM SESRGEIIGEXR
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%l EREYSHEENECNAIEZRE SRS
gE, MURESRGNENT UM ED SR
124571k, GEFMIRZILZARTTITN=EE B F4F

AR ESREINGERNR N, BE:

v EYIZHMESESREIE (WE~TD BXR
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E_EEE I

NEE AR, LE

EfHXXZR: £5R%IEEM
s REE FE
> HS{ALEANIR (niche complementarity effect)

> EIEWN (selection effect) BRENAEMIN (sampling

{E T P

effect)
> TitHXRAR
> —EAIEX
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> ZROAA
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MIRE, XEEESRZEIIINE MBI ATILE
FHh3E R

v BN Fhi%, |SYMIEPREWEES, BEDH
AR USSRk F R PR, BEZHE
AEfERGREMIANL

vV R A45ERXARTUERHZMHYEISE, R—HHE/E
AJgEITHIZ X R, FIUUEERE SN R KB RE
B 1E i i R




BAXW: EPYSHESE~H I TERXR

B EYIZHMEESESREIIRERN XA
> BEEEHR

ya

Fh5IBRSEEE  (species removal experiments)

AT HEEF%ESLIE (synthetic assembly experiments)
B —4 (singularity)

L& M (redundancy)

INEESZ#E M (functional diversity)

=

=AML E MR ( niche complementarity effect )

EIE R B BXAEIRE  ( selection effect or sampling effect )
FhEMEIR (species compensatory effect)

DN N N N N N NN

= RIS (biological insurance effect)

BB A SR Cpertfolio effect) o
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B EYZSHEESESREIEXREZRS

> YIFhGIBREELE (species removal experiments)
v NEZFENBADFBEAREERF, KEWMEITX
SRRt Theedt (E1H1EY, TEHERN,
TIEIFEDE) , AMUREZHEMTH
NSRS R AT HI LT

> AT ZHEEEH%SELS (synthetic assembly experiments)

v ATEFEHMKRREERLT, EREE—RI4

AR A EIRIA LR S, HMMAREYZHFEET
NS RGeS MRV HI SCLE .
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B EYZSHEESESREIEXREZRS

> B—1E (singularity)

vV H¥IZEMEESRGEIERXRREFPH—F. B
NNFPIFE TS R FZINE ﬂﬁﬂﬁm Thk, HIFPEVIE
mEiR S FEESREREZRESEHET L,

> TUHRM (redundancy)

v EYIZHEMEESRERZIRXABREPR—F. &£
SRR T B E— L Y B
MK E; SEVYZHFESTIER, MRS
MR DX E SR INEER B MM R
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B EYZSHEESESREIEXREZRS

> IhEEXZHEME (functional diversity)

INE SRS ENEZHFEE SRR, WEY
INEERF RV 2 S BTN REE KBV 224 1% . Thiek
WS, £5RS0NESTH RBEM. UK
INRNZFRRVBE TS, .

v ETHFINEESREE: C4RE., CIKRE., EFTIEY.
EEREY, F

v ETEMIMEIREIINEE: RN

I_: L,1_L\ Ij]ﬁgj-i _"%

51518 . Rao— X1,

liml1
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B EYSHEYSESRATIRIREERS

> ERAEHY (niche complementarity effect)

v m$wwm¢*u%ﬁ,lﬂ¢%§ﬁﬁ;m¢ﬁ¥%
B E R OMFIHIFMERIE, ANMmiEHESRGINEE
<m EEAIEM

v SESNEAMINBRMIEGEME YEFN”
(facilitation8positive interactions) S HMA. {EHMNE
EVIMEEEMEERHEIER, NMEEIZHFEESHNE
SERZREBEAVIMFAMERIE, BHESRERZINE.

v B, BHESNE “ESAEIEMNT , AT RER
“HBFEI%”  (over-yielding) —Eﬂ%ﬂ%ﬁ%?‘ AE b7
AR RBRESEPNE NS T EEEREMEFETE
ijllJ I Jb% kaoyancas.net
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B EYZSHEESESREIEXREZRS

> EEEH S ENAEESIR (selection effect or sampling
effect)

v BEEEMZEMERIEM, ETRGEPIEBEEMER
BER (WIS~ IR REIEMm; Fit,
EERGREBEEMESE

> MIFREMEIRL (species compensatory effect)
v ETMENRTRES, E—H AR E
BB D A E b Fh e ThgEBERVIE N AT M=, MM{E
ERARGIRENIRAEMIEMN. £E-REHPHIIFPAD
S [ A 490 %%+ 1M RO A8 0 T RS A
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BAXW: EPYSHESE~H I TERXR

B EYZSHEESESREIEXREZRS

> SRR (biological insurance effect)
v EEEMSZHEMERIEN, £ERSPUIMRITRIE
E<tEm, mAX /MR TFINEA R RN X TRV
M SIEM, FbESREIRITIAEE 1158
ZIEM, UWEESEREZNREMBLIES

> BHAESYM (portfolio effect)
v MEZRATVRENS MRS RRETEL R
—RAFBRENIR BRSNS AT EE
K; S<BEU, EYIFEESHESRSEBTEL
SN BIENESRERMBRAEE.

www . kaoyancas . net




MBI : EYSHMSE~H I REERXR

B 1GEFATI4&8%SCIE-BIODEPTH (8 EUME
RKE8L5) (Spehnetal., 2005; Hector et al., 1999;
Loreau and Hector, 2001)

> il ol

Y ZHMTHESEHESRG T RRNATL;

HEYIZ M E SR GOT RIS I an{aIFERT ) 1L ;

MMM E SR G I IET EEIFEREARE I

RENEDZ M

NN X

vV NMPMESERGHEETE: FEh EEYE,; 3EHT
SYE; FEEE; AKSE; EREVEEE;
Bty XFAH; B EEEE; TIERHL
MR ; SEWHITEIEFEM RS #E; SEigiH T

SSFAREM 2B 70 R

Ay



BAXW: EPYSHESE~H I TERXR

B 1GEFAT4HAEEESCIS-BIODEPTH (8EUGHE
5x&L5) (Spehn et al., 2005; Hector et al., 1999
Loreau and Hector, 2001)

> WRFGE
v IRIAEYE, FRAMTEEZRE,;
v YIMEEEKETHERMH, SRULREERELHG)
SRIRIETNRE M HFE51/2/4/8F032

TERB SR

ALEM;

R S 204801 ;

FEHE K N2m*2m; EE1-40R;

¥ 45 @] @ dfancas .net
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BAXW: EPYSHESE~H I TERXR

B 1GEFAT4HAEZCIS-BIODEPTH (84NBM[E
RKE8L5) (Spehnetal., 2005; Hector et al., 1999;
Loreau and Hector, 2001)

> FELR

v RIGHERRR, EYSHMENERTESREITIEER
=80, FRRASN;

v B RBRABMFE SRR RN E AEI, B
HFAE;

v i FEZEMRMNETHT, EENSHEMEBRN R
SN RAE— /MR 22 E ;

v EMZHEMNESRGENEEFIIERTE, F1FEH
RN RS, MEEMNE, KXW AERSENMS
B~ 2 58 2 ¢ngas. net




L

K EMSHESE~HIEERXR

FP

2

TN, £5RGTEE. LIREE
((E) (Tilmanetal., 1997)

YN

v OUEBRENE . DhAES AL R INAE R AT R

RRA

SERGIEIE? flan: EWE~ BEELLf]. E

&I /\/:LE \ ﬁ@ll‘i o

> WMRFBE

v  SLHERREFIFANRREE, FTE6-8cmIIEREK;

v TEYF0E0/1/2/4/8/18/32;
v TEYITHEERE1/2. 3/4F05
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BAXW: EPYSHESE~H I TERXR

Y. £ETRGIE. UEREEES
((E) (Tilmanetal., 1997)

> ERRBSHMNE
v ANIEE;
v R E #1289
v FEHER/M3m*13m
> FELHR
v EYITEERMINESHEEEREEEIE~ . E
MR, EYESRE. XEMNEERTF

N
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BAXW: EPYSHESE~H I TERXR

B 3BBRR7iA M Cedar CreekBi b ECIS (EED
(Tilman et al., 1996)

> Bl e
v WE, BENESEGREL, AYZHEMEESE
EARGEE EEMBEEN) .
MRF*E
v 3% 1/2/4/6/8/128% & 24
> BERXA NS
v
v
v

>

ANITER;
1E£jideJ ;511117
FEHE K /)N3m*3m
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BAXW: EPYSHESE~H I TERXR

B 3 BARF A M Cedar CreekEi i SCId (EMEH)
(Tilman et al., 1996)

> FEHR
V UYINEREEMHESRSEE T OB ZHEEEE
1870 ;

v YifhZEMEREe, TENRIERTE—II1E

iR, geEBefHE, NMmESRZEIIMERL;
v ImiE BAAE R IEYSE FE A IR B F R E
F = EIEhnmmEm
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BAXW: EPYSHESE~H I TERXR

B 4 FARMNEYZHEMERIMECIE (Timan et al.,
1987; Tilman and Downing, 1994)
> File)E
v O EMBEE. EEREERNXRER;
vV BN FEHEENESRGHIERZ M
RFFE: TINERMCIEFN2 2

FERBESHMAE: FAYIAMBABNER (s
D) ; #FiE2%369; A/ Mm*4mFl4m*2m (D)

> EEZP

vV SHEMERENVRESNERNTHRRTSR, B
EXZNTEREFRE

www . kaoyancas . net
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B 5BioCON (ZE[E

> ZiLe)E

) (Reichetal., 2001)

BAXW: EPYSHESE~H I TERXR

v RIEER: SEESERENESRGE

TR
> WRFAZE

v AIE: CO2 (BEERYEk&E560umol mol-1)

(1/4/9%n16) AR EIKIE (6 Fn5ehE) H’Jmﬁék

FHE

v SEERE I T 47 BBV TE

www . kaoyancas . net
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BAXW: EPYSHESE~H I TERXR

B 5BioCON (£[E) (Reichetal., 2001)

ERB SIS

ANILEH;

Pt S 274

FE#E A /)N 12m2;

__§3dk,

FF4ERTE]1997-1999

FEAR

HTFCO2ZREHS, TREHS, BEENINGS,

YR LIRS, EYMEEMENTHIFHHE
SNE 3

>

AN T N N N N
Iml
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BAXW: EPYSHESE~H I TERXR

B 6 NFIREE T Miesrs—FEERBEFEI (3£
%) (Hooper and Vitousek, 1997)

> Filo]EE
v EYIThEEREE = B ANLH B AN AT S2 0 hn F 43 fe I hge di &
[RHVE FR1EIN;
v EMZHEMEEE N, ZREENMURRIRETL
> WRFBE:

v HEYIIhEEEE: BEET—S4EEREYE), BET—FE
EREY(L) ZEEMNERE(P). TEEEMI(N) ;

v AR SIRIKF ERII0NALIE: FTINREREMEHRY; (NE—1
LhReRfRUAED ; S AN TheeRERUAED (ELEPFILP) ; &
3P IheeRFAUREE (ELP) ; 2470 IheeBfAusttth (ELPN)
(HNFh o B iEbAD e  F)



BAXW: EPYSHESE~H I TERXR

B 6 NFIREE T Miesrs—FEERBEFEI (3£
%) (Hooper and Vitousek, 1997)

> WRFE:
v RFE: MEEZEEAESEIT IR IEH 2009 m-
QIEREEAIEH, EE— 1IN MEZRERN
112, 1138kE1/4, HEFEANMEZEIETE;
v HEHEAVIRERL, LWHPFERIWERLTLE, S
FE#£ia30cm; SEEMEHERIEIT
SERBEREMTE: ANTEM,; HFih2360; fFiX
V1.5m*1.5m; EE6R; FrLEATIE]1991-1993
FEEE: EYIERRT L TheE BRI B T 1L B RE
FE EIMANSHEZK
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BAXW: EPYSHESE~H I TERXR

7 Ecotron (ZE[E

> ZiLe)RE

) (Naeem et al., 1994)

v RIEEYZSHMETN GEERYMED HETSRS
NEERRZMR, QREHEMFIR. ofE. EFREFR. B

S FERRIK ST
> WREE

&5

v SHUMRRIANBE M FEE L, B1Mm2, §BX
R, 3P, FEVLERZEEEcotronBIE NI =
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BAXW: EPYSHESE~H I TERXR

B 7Ecotron ([E) (Naeemetal., 1994)

> BERRBISHMNE
v TEVIMEENE, EERIEE. PEFEMSEFD
ZHEMNFE, PSR 59155131
> FELGIR
v FMASSESENTEMZENE, IERREYIZ MR
DRI E SR G RN

It
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BAXW: EPYSHESE~H I TERXR

B SHMBHMEESREREM (reliability) SE
EA ((E) (Naeem and Li, 1997)

> fZibojEl: KGRI

> WRFBE:
v REMEMFEESELWE, THINEEEIFFhE;

v A 3INEFRIKFE, 21HHRKE, I THEEER
FH7K I, 4/|\I)Jﬁ“éﬁ¥7kilz
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BAXW: EPYSHESE~H I TERXR

B SHMZHMEESTREGAEM (reliability) SE
& (EME) (Naeem and Li, 1997)
> BHRRBSHEMNR
vV INEFRR: EFE. HEE., OEE;
v RO R R 2318
v EFHMBER100mm, =25mm

> EELL
v YN IIeeEYIMEBiEmer, E5ESENSEYI=
MZEEMIAE;

v REARFRM (BIgedh 82109 SEERY,
BB TRMEHEFEIZHEN—NREA.
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RBISTH : £PSHNSE~HIREREXR

B 9 EMSHMY R IMAERRESYEIMR G
(van der Heijden et al., 1998)
> Bola)

v IENRSE-EIREER, FAREEHAENES
ARG TR E = AR EE = 189220

> WERGE (81D

v 'R~ H265cm*17cm*18cmA S, EI48NMNFH,
BRIULTEERFH TEON SRR ;

v EEEIMEREREFENSBIMEREREERED
100g HIBIEMA BN FEIERE, SHEIT4ER
HREENSERNEITIEEANERE;

v TN EEEFN A AN E FR
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BAXW: EPYSHESE~H I TERXR

B I EMZHERDFERNESHHRR G
(van der Heijden et al., 1998)
> WiERZE (ER2)

v BN AFHEXE, BRUBAFH TIEFHRIAE
SRS, EBNMERERERESHZEN/2/4/8F01141 4%
EANESREGRIRI; RFRE151 REESIEIFHEY
100 HFIIAT N A FEKLW

> BEEDSHMNE: EBMEFILE,; MFHRE4S;
BNMIFHEKN26.5cm*17cm*18cm; EE8X

> FELP
v EXREREENMTZEMEITEIEE = NDINESR
BN EERE T

VMW EERARTESRENLE, SMES
4 = R



BAXW: EPYSHESE~H I TERXR

B 10NN HDUREYZSHEYESEFEHXR
(FFP22)  (Mulder et al., 2001)

Y YN
v @S ERERETUNETEGZEXRE
B ZHEM TR SEIE & B AT T = B e SR,
AR STt S HEMRE R RT L, RGEWIME
TETHEZHEMENE;
v ZHEMEEFEHRNXRAETHBENNETR, 28
EEH RO RRRE
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RBISTH : £PSHNSE~HIREREXR

B 10BN ADUAREIZSHEYSE~HXR
(FFP22)  (Mulder et al., 2001)

> WRFGE

v EEY, E— 7 EEE (1317, 1931, MAKE]
f@1.5cm) BIZBRMERE E (K/]0.4m*0.6m) AL
1/2/4/8/16/32N 49 FhRVEE S (BMA0.03g) , #E#E
g EHEKFL;

v iR F St o ECE &ML E ;
v BEIBHMAREEL, FETSRE, HHREEE

MR SCERINER ;
v —FR, BTREFIITEEREEERE, HE
E5E TEm[RcRIFESd, FERRITE LVER
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RBISTH : £PSHNSE~HIREREXR

B 10BN ADUAREIZSHEYSE~HXR
(FFP22)  (Mulder et al., 2001)

> BERBSHMNE
v ANLE#ER; HiE2208; K /)MN0.4m*0.8m;
BFEEOR; ?#Q}HTIEHZL:
> FELER
v BN NIREE, BN, mMAREEERN
SEESMEAN, ATLARTFRIBREER:

v JLFRBYMMEEFEEM, RERNTRERR
RENHRFYIMEYEEMNE S ;
v %R?F&E’JXW_I‘Q‘E% PMEEMEZ LRI Z BRI

i, XMAFEIF S SRS RVE = NEIN IR
15 [ Sy B AL




BAXW: EPYSHESE~H I TERXR

B 1M IFEMEEEFNHKFR (=) (vanRuijven
and Berendse, 2005)

> fZiLo]RR
v 9IRS EREL, ANEIFH=
UK EIFTE = NFIHERE
HELBYA[E]
> WRFE:
v REB4SmA EHIRFBE; EEKEER—NASIR
B EHMIM, LUHEREPZARBIIEE;
v RBUNEREM, ANV TFHEY. BREM#ACIZ
F4 (ZEREY)

EENERTREMAE,
= EREATE| L K RAY
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BAXW: EPYSHESE~H I TERXR

B 1M IFEMEEEFNHKFR (=) (vanRuijven
and Berendse, 2005)
> BERBESEMNTE
v ANITER,; #H#i#h2%0102; i X/Nm*Im*0.5m
> FEL
v SWETF, YIMEZEEMESHFRMERARE X
2% FH H Xk RFERTE]H— 2 I05E ;
v YiEEESK, EFTEFANERENFN—E
ZHBENLF;
v BHZEEEMMNERREE

REZE
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MBI : EYSHMSE~H I REERXR

B 5 PR SEE

> BIRMIEES AR, BEANTK. BRI RIERES
EXZROR LA

> A PRONREASHNERRLARES RS

> B ERIRRRIERERA; BIRIMEEESIAA R TI
M BEEEE TN ERENNEELE

B ATHAHHESR

MR E NS R T E SR G BRI

> i MEETERRELEOE SRS, Fa
WYl (BIE—EEASM) BRELDMEEERRNONE

> BIE: SHUETRESRMARESRETENSHMESES
ARG IEEZ B X R A EHG

www . kaoyancas . net
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MBI : EYSHMSE~H I REERXR

B BEFEfR P+ AR LR

YV V V V V

vV V.V V V

E N REFF R AT IR L R, FM R RIMET
H SR G IR R M A& RS LR R EFIAL
ZEFRRARGPEMLHF LT U ETRGINEERIFMN

F S M E SRR INRER RS R0
ERAZHENESRENRENZRMARESRE S H N R
ME S INRER RN

Z B RN ESRENRER R IAR RERN
FERAESESRERIIXER
WFEEMZSHEESESRENRERRMER

ERIMEE U EMZEMESETRETIRE X RVFEN
IR AR A i 37 00 UE
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