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Abstract The old issue of biodiversity-ecosystem function (BEF ) has been rekindled in the 1990s due to the
fact that the loss of biodiversity caused by the increased human impact on ecosystems may substantially alter e~
cological functions and jeopardize ecosystem services to humans. The contemporary biodiversity -productivity ex-
periments started in the 1990s. in which plant species richness is deliberately manipulated and aboveground
productivity of the ecosystem measured: generally demonstrate that greater plant species diversity leads to
greater productivity - However, a debate has followed regarding the mechanism causing the relationship in these
experimental systems and questioning whether the observed positive relationship exists in natural , unmanipulat -
ed systems- The debate has divided ecologists- One group represented by D- Tilman and S- Naeem: holds the
view that there are causative relationships between diversity and ecosystem functioning- The other group led by
D. A. Wardle; M- A. Huston, and J- P- Grime, believes that it is the biological characteristics of the domi-
nant plant species rather than their number that control ecosystem productivity and biogeochemistry - One com-
mon criticism of biodiversity experiments is that there is a discrepancy in the relationship between experimental
and natural ecosystems- With experiments. as well as literature survey » we present some evidence in this paper
that the discrepancy may be caused by the differences in community density; evenness and soil nutrient avail -
ability between biodiversity experimental communities and natural developed communities- These three factors
were relatively uniform in experimental communities, while they differ spatially in natural communities- We ar-
gue that community density» evenness, and soil nutrient availability are confounding factor in the BEF relation=
ships and that they should be considered when drawing conclusions about the results from biodiversity -produc-
tivity experiments- We also raised the potential feedback by soil nutrient availability ; which may also influence
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Fig-1 Diversity effect in relation to characteristics of the
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Fig-2  Various patterns of biodiversity-productivity relationship at two
scales of ecological organization (Data from
Mittelbach et al -, 2001)
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Fig- 3 Various biodiversity-productivity relationships at different geological
scales (Data from Mittelbach et al-, 2001)
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Fig-4 The plant diversity-productivity relationship as it is affected

by density in experimental communities
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Fig-5  Aboveground biomass in experimental plant communities in an
old field as a function of evenness (Simpson s index )
(Wilsey & Potvin, 2000)
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FRYEREE EAFE R ZE R I BRI R R 22
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BEF Z [B]{) R RAEFRE R AIF LTS, 2 2 il 5%
PRI, —HIEA SR AMEN, WY 2
VEAEAS S A F T RE R L A/ AL 2 —
BV AT VS A AR B8 B 1 (Insurance hypothesis ) (Lawton &
Brown, 1993; Naeem, 1998; Mulder et al-, 2001)

FI—AE A T RE VS K B — A B TR (R U
—“HFVEFRR I (Tumer et of-, 1966), BIEY)
Z B &4 R R 3P A A B FH G 22 (Nursetype in~
teraction ) » il 4N I AF 0 W) T () 7E /MK K B - 312 fit
AERA K AR FRSE . BAREI Y AR S, &
MBS TR S R AT REA A T X R AR

DA EARE] 7% 245 B L s IR o) & X
BEF PR, HI AR R IURE A H AR R ) B ATy
1E. X EF 1 BEF AR 5838 2 BR T4 B &R A7 5
IR T R UR M E AR AR BRI . FRAT]
X T Ml bR S B A 2 R A ) AR R R R
2 AT SR BT A EL D X A — @ R BE - FHAG T % BEF
AR T it
3.4 LR RIS YERT AP 2 REVEVE R TR
iAE A

FIBATTIE T 23S IR 1F R BEF X R R
SN, (B, EEIBUE, A RN SRR S r 4L
(RS TR AR 04 BRI BT i < K IR A= 2
FEVESEER (Tilman ev al -, 2001), U8 & I SL5G A
FrE i AL A 7 48, BIARSCE R A 9 48,
T — LA R G PR S QTR (Litter ) 9 73 9 ]

%*Eﬁf%'@é"]@chlesinger, 1997) , NI EARUEAEY)
ZREHERTES RS NPP (R E RS AR A . WIF5
BRGNP RRE Ko iR ABCTE
Fr B AE 13 TR (Deposition) , 4RV PIANfE
% By R N TC RGN IR 4 13 0 B 3% S
B B LR F T K

TERF A A=) Z AV Se g b AR AT RE A 40 14
6 Jronmy U B E . X Fh U e R ER T
NI SAESRGH IR H N 7, AR
(Tilman et al-» 2002)3EBH, L) AR AES &
GV A A LIES R E R TER. A X
A ZREERE RN —, HERS BT 11
o N TR APERRAG, A SERR R AR 2 R
RS R AP A B N & B FEAK (Knops et
al-» 2001) , TEQATTE B AR B N BB
FEAR R A= P BRAL S50 2 — B Rk e, 4
KA A BRI ). 10 B #T 8 BEF 525638 1 0 52
B, s B E R IR IS o s
TR, RERR—RASERY) . Tehnitdl
PR —SE R b o T T R AR 1) 38y U5 A AR RAR K
YONE BUG EAEM R R D3RR TN B
W5 A HE KR UE D R TR 8 B a5 RTE R —
AN B W T AR AR BN/ INT A =5 5 IR E & ) 24
PERS B2 (Wardle, 1997) , Wardle &5 (1997) B 5345 5
R D R AV R AL 34 i 15 W5 T AR el /N 1T
N ZERE /D By G TR E PR E . X
HERH R R - X Fh 57U 454 T RE A7 AE L AR 9%

S R
Biodivarsity
|
/ Productivi
U AN B UL
Tissue N Plant growth
| t
[l WEHN 4 & H BRI A
Litter N N availability

WY /
Litter decomposition

6 N AERAS P S B R AR 7 ) BUR B5 T RE
RS LEW) ZREVE-LE R ) Z IR 2R
Fig-6  Negative feedback of soil N availability to experimental

community productivity might weaken the biodiversity-
productivity relationships

LR N Pddiiive difebt!1 SO TFUR SR Negttive febdhaek



842 H oY &

s % M 21 %

I A A L TR O S T LAHEN, B 2
R M SR RS R YL NPP Y IEAE A
] RERE A A TRIHERS T 988 . Xt AT BE 2T AL A
ZET B AERA—BW RN Z —, d T4 BEF
BAMIE RSB F I AR, NIt THEEL
A AR AT 1Y SE B R SR

4 4

T SRR EM SR RS R
G Z A SR & 2 O IE ARG (HAB A BOR HE Al
MBFERITEAN Z Bl Z B R REOCR R, Rl
A EEFZER) KA IS AR AR S R
G RE PR R B T T (B2 BRSNS
I 25 R 7R A=) ZREE LS R AT 1 2 ]
AR ERA S Phalee, (HABM R 2l N L. 456
VR B 2 DL K 5 T B4 SR Z R » FRATT 204 17 2B
ARSI TR AN H R K B R BEE Z AR 57 [ A
BTSN AN 4% 5 By 45 R A — B SR A W] RE 2
H T RER R BE 4 50 BE e LB IR AR O phe S I HLik
BTHEM SR ESRERET D ZERR, X
BEIN T7E B RTRR PR 2 AR, e R Z RV R
PRI A UE N ARYT — B, HAESRER
R QYRTE I 7 A EL 33X 632 P SRR 22 A I 7]
T . REER R, SRR AR SR
SRR Z B R R E AT REZ 3| 3T R n] Al
R S s R oM, SRR BN, A=) £
FEPEXT AR AS R G A T (e BEAE RS A AT RERE &
[AIHERS TR . Tt 7] BE R HF S0 32 2 5 5
LERA—H A Z —.

2 £ X ®

Abrams,P. A. 1995. Monotonic or unimodal diversity-productivity
gradient : what does competition theory predict’ Ecology. 76:
2019~2027.

Bazzaz. F- A- &J. L. Harper- 1976. Relationship between plant
weight and numbers in mixed populations of Sinapsis alba (L)
Rabenh- and Lepidium satwum L. Journal of Applied Ecology
13:211~316.

Begon, M., J. L. Harper & C. R- Townsend. 1996. Ecology :
individuals: populations: and communities- 3rd ed. Oxford:
Blackwell Science Lid-

Cameron, T. 2002. 200Z: the year of the ‘ diversity-ecosystem
function’ debate- Trends in Ecology & Evolution, 17: 495~
496.

Catovsky, S- & F. A. Bazaz- 2000. Contribution of coniferous
and broad-leaved species to temperate forest carbon uptake: a
bottom-up approach- Canadian Journal of Forest Research, 30:
100~111.

Chapin, F. S, IIl, P- A. Matson & H. Mooney - 2002. Princi-
ples of terrestrial, ecosystem ecology ; New York: Springer-Ver-

lag-

Chapin, F. S., Ill, E. S. Zavaleta, V- T. Eviner, R. L. Nay-
lor, P. M. Vitousek, H- L- Reynolds; D- U- Hooper, S- La-
vorel, O- E. Sala, S- E. Hobbie, M- C. Mack & S. Diaz-
2000. Consequences of changing biodiversity - Nature, 405: 234
~242.

Darwin, C- 1859. The origin of species by means of natural selec-
tion- London: John Murray -

Elton: C- S- 1958. The ecology of invasion by animals and plants-
London: Chapman & Hall -

Fridley, J- D. 2002. Resource availability dominates and alters the
relationship between species diversity and ecosystem productivity
in experimental plant communities- Oecologia, 132:271~277.

Gibson; D- J-, J. Connolly, D. C. Hartnett & J. D. Weiden-
hamer- 1999. Designs for greenhouse studies of interactions be-
tween plants- Journal of Ecology. 87:1~16.

Goodman, D- 1975. The theory of diversity-stability relationships in
ecology - The Quarterly Review of Biology, 50:237~266.

Grace: J- B- 1999. The factors controlling species density in
herbaceous plant communities: an assessment- Perspectives in
Plant Ecology: Evolution and Systematics 2:1~28.

Grime, J- P. 1997. Biodiversity and ecosystem function: the de-
bate deepens- Science, 277:1260~1261.

Hairston, N- G- Jr- 1989. Ecological experiments. Cambridge:
Cambridge University Press-

Harper; J- L- 1977. Population biology of plants- New York: Aca-
demic Press-

He. J- S F. A. Bazzaz & B. Schmid. 2002. Interactive effects
of diversity,; nutrients and elevated COz on experimental plant
communities- Oikos, 97:337~~348.

Hector: A- & R. Hooper- 200Z. Darwin and the first ecological
experjment . Science ;s 295:639~640.

Hector; A., B. Schmid, C. Beierkuhnlein. M. Caldeira; M-
Diemer, P. G- Dimitrakopoulos: J- A. Finn, H. Freitas, P-
S Gillers J- Good, R- Harris; P- Hogberg: K. Huss-Dannell,
J- Joshi, A. Jumpponen, C. KOrner, P. W. Leadley. M.
Loreau, A- Minns, C- P- H. Mulder G- O Donovan, S- J-
Otway, J- S- Pereira; A- Prinz. D- J. Read. M. Scherer-
Lorenzen, E.-D- Schulze, A--S. D. Siamaniziouras. E. M.
Spehn; A. C. Terry; A- Y. Troumbis. F. I. Woodward, S-
Yachi & J. H. Lawton- 1999. Plant diversity and productivity
experiments in European grasslands- Science. 286:1123~1127.

Hooper, D- U- & P. M. Vitousek- 1997. The effects of plant
composition and diversity on ecosystem processes- Science 277:
1302~1305.

Huang: J- H. CEEHE), Y. F. Bai (4K &) & X. G- Han
(g X2[E) . 2001. Effects of species diversity on ecosystem func-
tioning: mechanisms and hypotheses- Biodiversity Science (:E#
ZFEME), 9:1~7. (in Chinese with English abstract)

Jolliffe, P. A. 2000. The replacement series- Journal of Ecology s
88:371~385.

Kaiser. J- 2000. Rift over biodiversity divides ecologists- Science:
289:1282~1283.

Kinzig> A-> D- Tilman & P. Pacala. 2002. Functional conse-
quences of biodiversity : experimental progress and theoretical ex~
tensions - Princeton: Princeton University Press-

Kira, T-, H- Ogawa&K- Shinozaki- 1953. Intraspecific competi-
tion among higher plants- I. Competition-density-yield interrela-
tionships in reqularly dispersed populations- Journal of the Poly~
technic Institute, Osaka City University, 4:1~16.

Knops; J- M- H., D. Wedin & D. Tilman. 2001. Biodiversity
and decomposition in experimental grassland ecosystems- Oecolo-
gia, 126:429~433.

Lawton, J- H- & V. K. Brown. 1993. Redundancy in ecosys-
tems- In: Mooney, H. A. ed. Biodiversity and ecosystem func-
tion .Berlin: Springer-Verlag-

Loreau> M-S. Naeem &P Tnchansti. 2002 Biodiversity and e~



6 A PEES EMERIE SRS RGET ) W QB AP 32 4% S s 4 R A — 27 843

cosystem functioning: synthesis and perspectives- Oxford: Oxford
University Press-

Loreaus M-: S- Naeem, P. Inchausti» J- Bengtsson, J- P-
Grime, A. Hector> D- U. Hooper> M- A. Huston, D. Raffael~
li- B- Schmid: D- Tilman & D- A. Wardle. 2001. Biodiversity
and ecosystem functioning: current knowledge and future chal-
lengeg . Science 294 :804~808.

MacArthur, R- H. 1955. Fluctuations of animal populations and a
measure of community stability - Ecology » 36:533~536.

May, R- M. 1973. Stability and complexity in model ecosystems -
Princeton : Princeton University Press-

McGrady-Steed J-» P- M. Harris & P. J. Morin- 1997. Biodi-
versity requlates ecosystem predictability - Nature, 390: 162 ~
165.

McNaughton: S- J- 1983. Serengeti grassland ecology : the role of
composite environmental factors and contingency in community or-
ganization- Ecological Monographs 53:291~320.

Mittelbach, G- G., C. F. Steiners S.- M. Scheiner, K. L.
Gross: H- L- Reynolds, R- B. Waide, M- R- Willig. S- I-
Dodson &- L. Gough - 2001. What is the observed relationship
between species richness and productivity ? Ecology s 82:2381~
2396.

Mulder> C- P- H-» D. D- Uliassi & D- F. Doak. 2001. Physical
stress and diversity-productivity relationships : the role of positive
interactions- Proceedings of the National Academy of Sciences of
the United States of America, 98:6704~6708.

Naeem, S. 1998. Species redundancy and ecosystem reliability -
Conservation Biology, 12: 39~45.

Naeem, S-, K. Hékansson, J- H- Lawton, M. J. Crawley & L.
J. Thompson- 1996. Biodiversity and plant productivity in a
model assemblage of plant species- Oikos, 76:259~264.

Naeem. S- &S. Li. 1997. Biodiversity enhances ecosystem relia~
bility - Nature, 390:507~509.

Naeem, S-, L. J. Thompson, S- P. Lawler & R. M. Woodfin-
1994. Declining biodiversity can alter the performance of ecosys~
tems- Nature, 368:734~737.

Puwis: A- & A. Hector. 2000. Getting the measure of biodiversi-
ty- Nature, 405:212~219.

Redmann; R- E- 1975. Production ecology of grassland plant com~
munities in Western North Dakota- Ecological Monographs. 45:
83~106.

Scheiners S- M. & J. Gurevitch. 2001. Design and analysis of e~
cological experiments- Znd ed- New York: Oxford University
Press-

Schlesinger. W. H- 1997. Biogeochemistry : an analysis of global
change- 2nd ed- San Diego: Academic Press-

Schlépfer, F- & B. Schmid- 1999. Ecosystem effects of biodiversi-
ty: a classification of hypotheses and exploration of empirical re-
sults- Ecological Applications, 9:893~912.

Schmid, B-, A. Hector M- A. Huston, P. Inchausti> I- Nijs,
P. W. Leadley & D. Tilman- 2002a. The design and analysis of
biodiversity experiments- In: Loreau, M., S. Naeem &P. In-
chausti eds- Biodiversity and ecosystem functioning: synthesis
and perspectives- Oxford: Oxford University Press. 61~75.

Schmid, B J- Joshi &F. Schlépfer. 200Zb. Empirical evidence
for biodiversity-ecosystem functioning relationships- In: Kinzig,
A-» D- Tilman & P. Pacala eds- Functional consequences of
biodiversity: experimental progress and theoretical extensions-
Princeton: Princeton University Press- 120~150.

Schulze: E- D- & H. A. Mooney - 1993. Biodiversity and ecosys~
tem function- Berlin: Springer-Verlag-

Symstad: A- J.. D. Tilman. J. Willson & J. M. H. Knops-
1998. Species loss and ecosystem functioning: effects of species
identity and community composition- Oikos, 81:389~397.

Tilman, D. 1996. Biodiversity : population versus ecosystem stabili-
ty- Ecology, 77:350~363.

Tilman: D- & J. A. Downing- 1994. Biodiversity and stability in
grasslandg. Nature 367:363~365.

Tilman, D-, J.- Knops,; D- Wedin &P. Reich- 2002. Experimen-
tal and observational studies of diversity: productivity, and stabil -
ity- In® Kinzig> A-, D- Tilman & P. Pacala eds- Functional
consequences of biodiversity : experimental progress and theoreti-
cal extensions- Princeton: Princeton University Press. 42~~70.

Tilman, D., P. B. Reich; J. Knops, D- Wedin, T. Mielke &
C- Lehman. 2001. Diversity and productivity in a longtem
grassland experiment - Science, 294:843~845.

Tilman, D-» D. Wedin & J. Knops- 1996. Productivity and sus-
tainability influenced by biodiversity in grassland ecosystems- Na~
ture, 379:718~720.

Turner- R- M- S- M. Alcorn. G- Olin & J. A. Booth- 1966.
The influence of shade, soil, and water on saguaro seedling es-
tablishment - Botanical Gazette, 127:95~~102.

Varley. G- C. 1957. Ecology as an experimental sciences- Journal
of Animal Ecoloqy, 26:251~261.

Vitousek> P- M. & R. W. Howarth- 1991. Nitrogen limitation on
land and in the sea: how can it occur” Biogeochemistry, 13:87
~115.

Waide, R- B-» M- R. Willig, C- F- Steiner: G- Mittelbach, L.
Gough, S- I. Dodson, G- P- Juday & R. Pamenter- 1999.
The relationship between productivity and species richness- An-
nual Review of Ecology and Systematics, 30:257~300.

Wardle: D- A., K. I. Bonner, G- M. Barker. G- W. Yeates
K. S. Nicholson: R- D- Bardgett, R- N- Watson & A Ghani-
1999. Plant removals in perennial grassland: vegetation dynam-
icss decomposers; soil biodiversity; and ecosystem properties- E-
cological Monographs, 69:535~568.

Wardle, D- A., M. A. Huston; J. P. Grime: F. Berendse: E-
Garnier» W- K. Lauenroth. H. Setala &S. D. Wilson- 2000.
Biodiversity and ecosystem function: an issue in ecology - Bulletin
of the Ecological Society of America, 81:235~239.

Wardle, D- A-, O- Zackrisson, G- Hornberg&C~ Gallet - 1997.
The influence of island on ecosystem properties- Science, 277:
1296~1299.

Wheeler, B- D. &S. C. Shaw. 1991. Aboveground crop mass
and species richness of the principal types of herbaceous rich-fen
vegetation of lowland England and Wales- Journal of Ecology s
79:285~301.

Whittakers R- H. 1966. Forest dimensions and production in the
Great Smoky Mountains- Ecology, 47:103~121.

Whittakers R- H. 1975. Communities and ecosystems.- 2nd ed-
New York : MacMillan-

Wilsey; B- & C. Potvin- 2000. Biodiversity and ecosystem func-
tioning importance of species evenness in an old field- Ecology ,

81:887~892.

Zhang: Q- G- (JK£[E) & D. Y. Zhang (KK H). 2002. Bio-
diversity and ecosystem functioning: recent advances and contro~
versies- Biodiversity Science (=M 2 %E4E), 10:49~60. (in
Chinese with English abstract)

Zobel. K. & J. Liira. 1997. A scale-independent approach to the
richness vs- biomass relationship in ground-layer plant communi-

ties- Oikos, 80:3256~332.

FHEME: KRH  FEmE. LG



