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ABSTRACT

ABSTRACT

Songnen plains wetland affected by seasonal rainfall and river feedwater has the dry — wet
alternant progress seasonally, which strongly affect plants with natural selective plasticity, and
adapt to the evolutionary research on wetland plants. Wetland plants responsive to the dry — wet
alternant progress have the vicarism between wet and dry predominant population mutually, and
the progress are propitious to the observation and research about dynamics of wetland predomi—
nant population. Based on the observation about the ramets characters of predominant clonal rhi—
zome plants from wetland, their modular structure, reproductive allocation and population dy-
namics were measured and results indicate that:

(1) There are 2 or 3 age classes of ramets and 3 types of tubers of Scirpus planiculmis pop—
ulation in terms of four times observation in three years. The seasonal dynamic of the quantity,
biomass and height structure of ramets and the quantity, biomass and size structure of tubers
were all different. There are 3 age classes of ramets and 4 age classes of rthizomes of Carex kir—
ganica which quantity and biomass were different between age classes. The same life form, veg—
etative reproduction strategy and similar age structure of Scirpus planiculmis or Carex kirganica
were due to the long time convergent adaptation.

(2) There was significant allomatric growth of Phalaris arundinacea and Scirpus planicul-
mis between ramets height and biomass or constituent biomass, between ramets biomass and
constituent biomass in wet and drought environments. And the relationship between ramets bio—
mass or height and ramets quantitative characteristics also followed allomatric growth for Phrag—
mites australis and Phragmites Jeholensis in wet and drought environments. The allomatric scal—
ing for the wet clonal plants including Phalaris arundinacea Scirpus planiculmis Phragmites au—
stralis and Phragmites Jeholensis did not show “l1/4 — power Rule”. The variation of the allo—
metric exponents between vegetative and reproductive ramets was mainly due to the different

regulation mechanisms in different development stages. Moreover, the variation of the allometric
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exponents between plants in wet or drought environments was the result of the long — time diver—
gent response for ramets to moisture environments.

(3) The reproductive allocation ( RA T and RA II) of three age classes Carex kirganica
from aquatic habitat were 20. 2% ~26. 75% and 16.36% ~22.14% , and that of two age class
Scirpus planiculmis were 20. 10% ~24.99% and 15.23% ~19.36% . There were generally
reproductive growth in each age class ramets of Carex kirganica as well as that in Scirpus plan—
iculmis. Furthermore, the more or less of the reproductive allocation was certain and that is the
result of reproductive trade — off and the adaptation to their habitats. The reproductive allocation
of Phragmites australis was 5.82% ~ 16.31% in 12 grads of moisture and its reproductive
growth ratio ( Rrg) was 10.68% ~ 16.35% . RA 1 of Phragmites hirsuta was 9.09% and
13.98% from two habitat, which Rrg was 22.07% and 18. 06%. RA | and Rrg of Phragmites
australis and Phragmites hirsuta from different habitats showed nonconforming rules because
they are affected by the action of environmental factors and the changes of modular characteris—
tics during their growing process together.

(4) Zhalong, Xianghai and Momoge wetland have the seasonal dry — wet alternative pro—
gress in the Songnen plains. Dry — wet interface distribute different vegetation space succession
serials. The dynamics of o diversities and B diversities of communities, numbers of predominant
population and population relative dominance were different in growing season. Phragmites aust—
ralis was the predominant population when the surrounding tended to wet, and that was Leymus
chinesis when dry occurred on Zhalong and Xianghai wetland. Deyeuxia angustifolia population
and Carex tato population coexisted in growing season and their dominance alternated during

three — observation period on the typical dry — wet interface of Momoge wetland.

Key words: Wetland , thizome plant, module age structure, allometric growth , reproductive alloca—

tion, population dynamics
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1.1 HYMHESFEURERE

FE( population) JEFE—xE 25 [A] Y , [A1Fl AR W AN [A] S A ) B2 1, BV AR s B 55 25 T g A
REERE . FIEERAARERIE I Ge T, R ARAE S50 DO RE A SR A IR e 0, 2 R S5 v ik
TE—E G R IR BRI FRER S A R 732 BA T E B BC R jJE’J/\MK 1E 3R
o BV R YR EAE R AR AT, B T, WA A BT o PP A 282 ( population ecolo—
gy) SRR TEARERAE 45 D g SO 5 R B (R AR 5O R R I%ﬁﬁhm/\ﬁiZIEﬂm
HAEH RIS ARG FERAE AT, LG R AR S AR B S5 A TE 1 & R Rz Bl 22 Ak Y
MR MESTEZ B OCR . MR RS2, RIS 7 I [R] R 23 [a] 1 722 AR
B /N3 AT 5 25 [ 25 R R S AS R HLER . MR A 52 R SR R
B AR BAS  AE FRE SHCERBE ] 5C R 2Bk e BFSE IR N A R R4S 1 P AR
B PSS PP RE AL 4. ( Silvertown 35, HL T 55 18, 1987; Ji] 20 48 45, 1992; 2 i,
1997; #h & % ,2000; Silvertown A1 Charlesworth ,2001)

?h@lﬁ‘ﬁ?i ST TARI AR R 2R T LU N LA 1 TAE: Megiaa it Fh
FERe i A 2 R RE AL RO R A B AR S 2 AP ) C R SF (R ARB A R e T R4,
1997) - *E%ﬂ‘ﬁim’f’],@,Tﬁfﬁl‘ﬁjﬁd\j?ﬁgﬁtﬁgzn’f’]\ﬁﬂ?@/nﬂ"}\%ﬁiﬂlﬁﬁiﬁ’ﬁﬁn,
FEYIRIRE ShAS , B AT AR A B it Ge ST FIRRRE 3 A7 4k Jmy B RIS s o Ao R A B AR 25 205
DL R A 250 SR AT 5 S T R ) e A 28 2 A SR I TY J7 1), S REEAR ) i 98 L AE H
Tt A TR LA ) o B A S 2 A A B S ) R, ((#E N, 1996 h & 1, 2000; 5K MU A5,
2000; HEMG A5 ,2000; % 2=RIFIFNG ,2001; B 22 NS5, 2002; oy 2 W F1#E S ,2002; 5K ST,
2003 By @7 FBP 55 A%, 2003 5K PR S ,2003; F I FIEE RS ,2003; BRENFASE,2004)

L L1 AHYRR AR S AT Iy

MRS SRR T 1662 4F Graunt YN F G827 AR iy R AY W58 ( Natural and Po-
litical Observations Mentioned in a Following Index and Made upon the Bills of Mortality) ,1687
4 Leeuwenhoek 118 1 Ji& i ( carrion flies) fFRIEHE K 2%, 1798 4 Malthus 7F (A8 )( An
essay on the principle of population) —3CH I T H SR AL — A FP B K/ ek F MRS

2 D AR T A B W A WA R P A BB BE 0, SR T L Y B AR B IR B A A7 s
) T FVF A R BEE , BIMEAT—Fh AR MBI, JCIe RAL Y AIRE ik J2 sh A , HACRE A A
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ASTRITA XIS LY e/ Rk i 2e SRS L VR K

Al e TCRR Y , 00 BEAZ 3 A SR TN AR LU0, X — e PR A F AR B h sl ) AR P F
Bt B T Y d5 2 BRAGVE U o 1838 4F Verhulst HEN7 IR FE 4 B T Rl RF S A 1Y
5 ANECEAEL B AN/ de = rN(K = N) /K. 1859 4F Darwin 7£ (#F2JE )( On the Origin
of Species by means of natural selection) H7, LAz R EERT “ N 18 7 e fit B B SRR, I
LY PO R 7 s R IV S PSS 3 o A1 I (7 b S R A Vi € o Ry S B Ll s (M E P 7iE .
XS A A PR B Y Ve 1874 4R Nigeli & 3R 15 — Ji AL ¥ F BE T 5T 18 3C ( Harper,
1977) o 38 T FPRERCE ZhAS I JUAHEA S8, T AR 58 BB T2 I R KR Y 4 4
B BRI AR DA B i B I R T A R IR AR R R S A A F B . Nageli J2 5 FA0F5E
HYIFI R 223

T A 257 B B BEEE AR th 9 [ Y Tansly( 1917) , BT 7RHBKAY Sulcatschew (11928)
MZEE R Clements( 1929) = AMMS7 58 Y- Clememts ((1898) £ i 1 &5 7 e it i ik
( White,1985) . 1974 4F J. L. Harper Fll J. White #2H T LLIEHRR( genetes) 548 b 442
( modules) FEATMEEGE AR EREIE . 1976 4F J. L. Harper & (B AE S22 09IA IR SCOTEED
— 3 SR I T LAAR W B R R g o RN AR e O R Rl AR W B ORE A 9T 1977 4E
J. L. Harper ) G4y fEAE )2 )( Population biology of plant) 4 T LI A: 1 5 S 4 1
TP RE S Y, 5 I 1 &R HE( neighbor) RN A ( prey) SO0, RIAE P AR Y A8
WA S LA A AR ) Z 6] ) 96 2 XA Rl B ) s S BB MO EE 3T 1T 2T R SR B
45, BA R B 22 S0, AR Y AR AR S A N M T VA BE T R Bl . 1978 4F
Hutchinson ff) FhEA472%5 118 )( An Introduction to Population Ecology) ,1980 4E Solbrig it
G R EE S 5 3k )( Demography and evolution in plant populations) & X £, 1981 4F
M. Begon Fi1 O. Mortimer [ (Rt 252 ——sh W R Y A9 55— W58 )( Population ecology:
A unified study of animals and plants) ,1982 4% J. W. Silvertown ) ¥ FPEEAE S22 F18)
( Introduction to plant population ecology) ,1984 4F R. Dirzo #1 J. Sarukhan f9 (HEPIFIEEAES
2#J& B2 )( Perspectives on plant population) ( A& 75 EfF MR RELE S22 F AR THEZY) L1984 4F
P. W. Hedrick R4z 7527 )( Population ecology) ,1985 4F J. White G 4l (I Rh #E 4544 )( The
population structure of vegetation) ,1986 4 Begon et al. {4 22— MK FIRE S RES M E-
cology—Individuals, Populations and Communities) %5 354 FAH 2 [7] tH A [R] £ B2 X6 iR A=
BAWPHEAT T S B WA S YR AR S A F 0 E 1 IR AR Ko 2001 48 Sil-
vertown Al Charlesworth H b9 “Introduction to Plant Population Biology ” B # Fi 3 T & 4 Ff
REA S P S W OC R IR TR R E W27 X IS 00 S B B, 10— AP 5
TSR GRAR S A BEAL AR BOC R L AAR GE B\ Rl A a5t (] o 14 AR 25 2 3 AR
D2 S 8] S PR Y isAG 2 EA T AR R A R ( 2R IAR R, 2002) .

AR IR A 2527 R R () 73 2 AT LA H AL ) 2B 287 E 9 10 R SR A R 2R AR 8%
e, — RS RRE L) — AT (R RFECRE 21 2) o
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M35 77 A2 T 20 4 70 4248, Harper( 1977,1981) , White( 1979,1984) Z5&7E 47
R FIREECE GET BT, A T A 9 25 R B KN e BE R LA A RS b 45 9 B
EAE SIS N R A AR R/ AEAR R 22 5 W (a8, X 43 1 B AR A ) ( Unitary organism) FIFE{4:
A=¥)( Modular organism) 3. HLARAE WA EGe TR AT UTHEC I R E R, A R A
HA K25 B B, W] A o FLIEAR (9 540 5 i R 28 i ik — 25 & 8 L i M A= 1Y)
FRREECE Ge T b 20 7] BV B AR ( Genets) AR Modules) P 7K VO B0 4, R A
JERCAFP LG AR BRE

P AR A WA SC: He—J2 Harper( 1981) IA A (25U A T TE R K B B 1Y
e T JEHESNE— B LB — 2 M S5 1 B 2 B FR R R B — R A
WEZERI, — A 2F, — 9k, — A Tot R 40k (ramet) , AT DLE AR — DI 4. White
(1979,1984) AR E—A B — 1 T s o AR ZH 2 AR RIBE T3S B B I BRI 729,
A [ — AT o A A R R T — A R o RO R AR i E R VR R
1 AN BEAREAR S R R A BRA  « AE A A2 55 4 B ) — 4 4 R 4E( Porter, 1983) o 3%
— 8 U HAG Gt PTHRAE MR, IR 3 T 2 T ( BRIBGHE AT X B, 1997 #8555,
2001; K SCHEAE,2003; A7 SLIEAIZEEE 4K ,2003) -

F PR BA B AR AP R A 252 i S A A R RE Sh 75 1 Se R I AE R - R R Y
SIS LN T R AT AP Sh 2, 020 [R) B ORI AA) {2 0 AR T 4 2 U o R 1 J
N o AGHFIEEGE T o3 R A DX A TR BB L T O o MRS T i s F T e Bk
AME AT I B KA WCEN AP ST, v LAIbRiC MG TRk L a2, R4 738 o0 A4 1
WCE AT A A 4 )t A BE T R 3, BT LIRS G TR A KR B 5 B AR TS
IXLEAE B TR Y AR K 530 ( Bazzaz I Harper, 1977) o Whiter TASA(1979) — MR 2
— N2 A FhEE( Metapopulation) , FE AR K /N A 14 AR FIFE T 00—~ sRE, 38 2o 44 14 B
HEGETE, o] LUEAR AR S S AL, i ALY S S50 SRR A& Ry A8 78 ]
DA WX} TS5 385 7 () ] SR, DA RS T PR A 3 & B o TR A 1 A K R A R 7 S 1
A AR R B SR RN RS AR AR T 1 S AR M AL B ME — 3R AR, IR, MR A TR A
WHFEAEY) 5 IR A B AR, A B AE X AR AR ANV 30 2 & R i AL WLFR S R A B
ZEME (A AR % ,2001) o

FALEBRE TR AR O A T — MY A S 0 AR —— A R A S A
PR AE S R AR A AR SRR AR R T B9 G R MG R EFRE 228 2
AR A8 A 28 2 5 S v AE WA T : A ARG 14 Fh A 1) sh S AIAR W 28 454 5 A 4410
S FR (BRI RN I ,2001) o

113 safEmad b8 2s s
AT T ( EFRETE) ALY FR R e A ( clonal plant) , tHFRTCIPE RAEHYT . Silver—

3



FALL IR DR ZEAE ) T e 2 20 W A 5

town( 1982) FH M HATIEAE I ST AR A7 BB L 2522 BAITRR A To bk & /R ( FERE I3 #E) (ra—
mets) , A TR —SEA Y E SR B A T AR ETC T FR NV B — S TEPE &R ( 5ERE) ( clone) o
TLREAEI IS DA RN A ot & 1E( clonality) A= 334 ( physiological intergra—
tion) | TLIEAE KA JRI( pattern of clone growth) \JGM: 224 K AU( clonal growth forms) \ZEZ% P&
BIAY( hierarchical selection model) =5 [A]4i &M ( spatial mobility) Jot: F A4 1Y A= 28X 535
(' spectrum of clonal plant strategies) \JE 75 7] ¥ 4:( morphological plasticity) 1 5 & 47 4 ( fora—
ging behaviour) ( Schmid, 1985; Eriksson ,1988; Cain,1990; Powell ,1990; Caraco & Kelly,1991;
De Kroon & Kwant,1991; Fitter,1992; Hara et al,1993; XI| R figh 22 )%, 1995; FEMY ,1995,1996a,
1996b; 5Kz ##45,2001; $h & BRI I, 2001 ; a7 8T 55 ,2001) -

ve REAE P A RE A 9T R A B9 TAR R T A 20 Z4F 1 01 52, 6] N e AR W) AP RE 1Y)
WF L= M 20 128 90 AR TR 1Y, Bl E BFSE TR , SEREAR )RR 98 © A AR Y R R
AR S AR I I B —— e PEAR ) 2 5% o Kroon I Groenendael = 4 1 oe B AE ) 4=
A% 534k )( The ecology and evolution of clonal plant) J2& T [ Al 4 Az 75 24 45 Bl il JL 1+
B R IE LA R BE S ORI BZE , RGN T SOREAE Y A B S L4 R
ARVRT IRV RN DI RE S T INGE S KU 73 PERIL I S8 5747 A LA K s A B IR 5545 . 50
REE AL ) 3 ok EL A A [) ) e A1 28, o e 33 A7 B — ik PR Y 1) WL s — T 9 32 452 32 ( Schmid
& Bazzaz,1987) ,HIUT4F K se AR Y)W 58 45 R & I, ve B AR ) B AT 15t 4% A 1] Joa 14, ve B
T ) ELAT B I A8 4% 534k, T 5 B2 A 1 3 3 B HE AR K P 19 35 4% 722 53 ( Boyo & Brown,
1996; Fischer & Matthies, 1998) o X 3 Bl v 3 A8 4 35% 1% 431k 114 355 1o B BRLAJF 59 2 o B
) A 252 RSB O 1] o

[ P 23 T T JUARAE S R ) A 282 ) T BIF SR 2 B AR h e LU D i : (D 5e BEAR
RES AT R, X PR 2 i ( 1995) RGN 1 sw B ( TCHERAEY)) RIS, IF B
S5 7 SCREREYIIDTIEN 2T . B AR B (2001) MR B A T v REAE W) A 252 R o
HESABFGE T 1) o QA9 , £ A (1994) e BAE T 0t R YRR A 05T
FERL, 2R AR (11999) FIFH R b 21 F0 14C A58 1 1 =M B B 8E & O ], sk PR B 5%
(2001) >R 14C FRic M Zemt 52, 550 1 3F S8 BERR 70k SR ZE ] 1G5 7 ) 8 5 e
FEAEAE(2004) HFR T EROCE WM R . @FiRE KBTI, 22505 (1999) I
Fhe B T B AR A S A A K AR AL PR R R SR SR A
(2001a,2001b) ik T Hpd A K AG BN B IR A H 720 BB 4E 45 ( 2002) 1HE T F 5 AE
3 P A3 R B9 sEREA AL K O AR AN EARAE , R B, R IR IE R R 2 5o [
PRI 5 B R U 5 4 5 2 VR A BB R RS o (D S AR I 25 m S PRI 50 2 ] P R iR
AIT7 1], B 77 LA 1998) fF 5% 1 R A A TR 28 ) S Pk , sk PR 55 ( 2003) #1957 #15
G3RAE S TR 7K 43 PREE v () 3R A8 2 S e 1, B 745 2003) 480 1 BRI RG R 1 AR K
Xt BT 25 S A A BB M. TR AE (12002, 2003) K ISR (2000, 2003) 1A A7 W 45
(2001a,2001b,2002) 435I 1 4 80 28 6 ) ) 2 B =3 ) ) 25 A i g TR 25 AT
P @REATHRAY) ES KRB IRAIBE S MW AT AT A — I, R
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W1 Gk

Froidad e A nl B S BE( ZEM , 1996) | B AT N MEARY) BA T2 8h 7l N P 5 v Y
Ak, A BRI B AL T Lo © 73 R S5 N, ] 4 BT AN HE 1S (2002) 14 45 SR 3%
B, —AFLE 2R 7 MR AR RO S B TR 20 BRI 1) S 0, BT 25 e AR S AL (AN ) S 4K
b B AT E ONAFAE 28 57 . (DIRE > TR Ve REAB ) AN IR] 3 0of A S5 8 U5 5 B R ) 22 5%
WENEEA . T RIEEE(2002) BFFE T 48 6 ) ) 22 B S R G2 e i Ml < RO I BRI R 7y
BEIRAS H RE P A 35 138 PR 5L G R R B 3 R e B e R B R AR T IR S A T
RERRIL . YO DI RERE AT T G2 it 98 U5 L BN AR S X se BEAR I AN RS R - BREhH
5(2004) BTG PRAZ L PEHA:AE I5  BF FeAg R o R A A sE N 2 T AR B T AR R B9
45 . ©XF e R L /AL O RS , B A5 (1999) i i S A BE I L TR FE AR XS 258 8 A
TR AL ZAEPERT S A R R, SR B B i AL AL 5Kk F o Al 26 ( 1999)
AP A RN T 5 [RIZAB A LU, VDM B 33 1 728 S K P R e e 22 AR P 0 A 8t 43
FEAE(2001,2004) 70 5318 1 3 5 FH BF O B A 2 RS S MLRAL AR S i AR A R gL £
FEVESE . OTCIE R ( SERE) HEY) IR AR I 45 K B T 50 e T [ 27 3 T 9 e AR ) ol A 205
PR AR S . T 5/ (1985,1992,1993,2004) X A R I 19 2 R TG HE R FHEFAT e
SERRIBIE SR T AR 2500 R0 S 5 WU AR 25 A AF %, T R B 8 0 R A A7 %
(77 1% LA KR 3 R ARG Ik 73 PR S50 58 0 AR AF I G o 1 FR A S5 ( 1998) ARFEAR 254
Yy BET B S B ( SR ) tHAREC o1 A R A AR O, O LUAR 25 0 S PR A7 T AT R
HIG I3 BET A SC R 70 1 P ARZERYAFR RS 2, B 57 1 ARSER WM AR I S5 M RO BT 58 07 3k -
14 FARZE RV YI MO AF IR 450 © o il . ARBER ZAF AR Y —— 2 5 22 )
TR IX BB A AR B S T AR A AR IR A MBS 712 ( Yang Yun —fei et al ,2003) o

SRR A ST B B A 25 Hi AT A P AL ) ) e AR ) T 585 20 A
XA AV 2225 A, AT B ) SR clonality) 2 IR R HIEAL R 3L, ol PR £
AR B 1 S 7 -5 FE R 3 88 10 56 2R~ B B TR 26 (] 18008 25, 2001) , IR AT R I 4
WFTEOR A B T4 78 SO BRI AR A4 A2 2508 B ALE R BRI R Lo JUHOR TR b 9 T
FEAUER , W vE AR YR AF R AT, A B T e R AR S SRR B

T EMH RN Y IR T 6 2 s A W) R IR MRV TP A DL SR RE TR A
T e R ) 2 25 S T BRI R AR BT TS, () I 98 A 58 7K 23 R ik R 5 R Pt 5
WML A i AR 2R 5 P 9 FU R BRI T ARG ROPR SR #T 5t o H e [l e
L) B 180 Ak F00 i B B DRI LG TR AT JRE b e AR U 0 5 B T LR 8 v A ) B
ST LA ZA A BE e s et 1) A S AR OB R PR3 5 K SR SR B HHlE , BAT T
BRI B o

L 1.4 HEYMREAE RS AR E

PR PO AT 1 21 B0 T B A RIS AIE , PR rh 2 AR I I 2 LU R DR A 1 SR DL, O
RERWIFPRERI AR AT RE L BLAY TS IE (B P BLAEME, 1981) o HEABREEAF I 25 40 J2 A [R] 4
B PRLERR AR A A IE EIR 0 , BAT AF IR A5 A RO R 2 MR AL 1R
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FAILAR L S AR ZE A AR AR 2505 AT

AR T R 0400 A 4 2 A U 2 1 S 8 SR T AE R R o o5 A DL 3 b, —
S I ] A A B SRR A I AR BT A= 4l iR 9 AR SR T B IR A
RE A, PIEAE R — e Y N B A2 Ak, R B AR AR SRR R RN EFR
Rl BURRE W7 A A GBS AN JE DUAR ST I PR 40 2% , T BR A7 I B I R R 23
TAFW, &R 2R R AL IR BRI R . Oostermeijer 55:( 1994) Hl Hegland 45(2001) M
FE) VK 7 B A0 A5 = R B 4 3 1 A BE( dynamie populations) .
Fa E BUPPRE( stable populations) FMIE Ak YR ( regressive populations) o

AEWR B AL 2 R 45 R 1) E 2 (A% SU RS, 2001) | al DLSSTI S5 R R AR R RESh
BORA S, 1990; 7 fudESE, 1997 ,1998; 753k 585%,2000; HHHA5,2003b) |, i A] L2 WL
St A W8 R 5L (R A 3 AR DA PR B S oM BE T A A AR T Bl LA MR AR S
FEA AR (4 FLAESE,2001) o HAT AN [F] 45 1 45 48 1) ARARBE B, o A7 A ] 9 A 355 sk % 5
(Henry et al ,1974) ,/MEK G B — 0 FIIRSE ()P0 5 25 F A e A7 i 25 40 i SR sl &
AL B BRIV B AR IR S AL I 25 AR AR R AR, T HE I ARE (AR R RN ) & F S ( Harm—
combe, 1986) , T Rl 4 %) oA St A1 B Z2E A AHE ) i 2 T4 75 2 ( Lorimer, 1980; Engstrom et al,
1991; Dynesius et al,1991; 75 5845 ,2000)

AN TR) A= 30 i (R AL R ) 28 3 2% ELARE €00 100 £ 355 sl JRL 00, ot DSOS R T 78 % B
TR A A AR o A AR b AR R A= T B T (30 B2, T DLRIOR S J H ARk
FOR(MATESF,2001) o KIFATRIRIA, BT 16 I 181380 3 LLAE T, Flvfie i 47 108 9 = rh A
AR B S BrA 1% AR FR B & A9 ( Whipple et al, 1979; Venblen, 1986) o 4l HII 0T 5275 1% 4%,
N Sarukhdn 55( 1985) HF57 85 P4 -RF R A AR R FZ5AT L e R BN MARY RIS, & AN
(FEMG,1987; ARAFIHESE, 1999) (4T ( F8E-F-55,1997) R a iz ( 2 H 4 455,2002) LAt
BAR AR S5 50 800 18 TS , AR AZ PRI 1 37 M 42 55 AR 8 14 [0 U9 O 28 (i 8 3R 55, 1995)
FIMEAE I ( FIKAE , 1994) ke B ARAFE IR (5K SOMESS ,2003) RIS 42 B i 55 4 84 4 [l )
BRORLHN S , LA e B FIBEAR S AR 1 () 50 [ )71 77 e ok FHE Iy o SR JE 58 R 40y v ) 4F 188 ( A St
85,1997) , LUAEARIE NS U Sk 2T HI AR #S ( 77 5645, 1996) o Knowles 25( 1983) £} 1
SRR AL AR 0 A 5 BRI Z (B Y K FR o Sara Diaz 55( 2000) fFFEHRERS
( Pinus lagunae) MRELEFGAISNZS ] “RH—m BE 7 BT sRBOC R A THIMA R AR 1 -

2SR AU R LA 30 R D s LB A% 2 e FE O AR AR R 92 ( Rundel , 1971; Leak,
1975) , a0 LAS7 AR f2 20 B 422 AT LU RS A ( A2 87 45, 1999) Fil g 5 L G AZ Fh it
( TRHEEAE,2003) AYERERL , LIS AT /N R 45 b AR A I8 45 4 ( AL IE bR, 1996 8% A%,
1997; X/ NP4, 1999; 43 17 ,2002) o

KA BT IR AR I 01 Ty B AN R — 2, fn RATRU) iR ik (R D 445, 1982) il
SEATRE( BT, 1994) B g BATAERE , BUA (AR B 30) EEHDI AT ARIE ( £ 489 ,1993) ,
[ GE T3 A IR 284 A7 i ( 9578 56, 1990) B b XUPR I i I3 A5 IR At B o 77 ik 2
(RUPRAE,1995) IRAF IS HYLRAT( ZEEE SC,2000) FI A EEAT (ASARE S5, 1999) W LASEBRAE
B 2 ) I A 2 o



1 E SCERZRIR

HEARMEA BRI A5 ar , A HFAR I S MBI 7 07 15 M AR LE R AR UL SR P ARRE
AR R TGS L PSR A Tk TR ( XIBEAE,1994) o IR A i bl A1 P AR DAAT %
FHVA S B2 AN i i ) S AR GO AR 5K R ,2001) o Kuuseoks E. et al(2001) #7212 & #E
ARFEA R REARN RIS W] HEAR AR — 3 B " A AT A R RO o s (9~ 0
ARAE 16 YO AR, L BN REBRAS I i TR AR K U RIF 2 AR R ARG T I S — R
HEAR TRZE55(2002) SR I HE 252 ARMLIE A9 R/ NS GO AR AR RS 2. BEAR P B AT 5T
A AR FE AL ) ( Mogie , 1990) , HC A R AT I 544 2 7E B S AR ( genet) T ST 73 bk
(ramet) PI/KF- BRI IC A o LA S Pl RS IR AT 3 RR PSP L A I 254
DAFERRAF U 28 A ST ARAFFE R 0 e P ( 295, 2002) o TR 5 2P E AR AR IS Ui U5 35 14 i TR
ABIFFE JOHJR R RER K L HOAE R0, R BT A 25 K B0 A7 i ( Vasek, 1980) , i fef
YA M0 A T A B A DR R TR ) DR M 3 B A v A 0 ol R A 0% 54
WrEH

TRAT (1 224 LR FEACE ) A 16 PRI, M B R4 A A AT, T B AR A, AR
AR e ANEATIREE , BT AR BAL A BRI HAR S o 165 R ARAE I 15
TREIAIE R ZAFRE R Y, PRI 45 M BIEFE 5 73 BE R4 . Rabotnow (11950, 1960,
1964,1969,1978) 1E KRGO 5T T , L2 AR Az BAAE ) AU 19 A 1 B8 I BORFAE
RIS ARG O B R0 “LE AR IFAE 22 4R A2 B B ( Ranunculus acris) [R]AEREE ER AT
FEH R IIE ] T3 — 4754  Gatsuk 25( 1980) KX —J7 ik ZAFRMIBEFELE RAE T 253k
PEEZE o Perkins(1968) HIZEM AYAHS Bt FIAR 25 b /> BERY A X AL B Al i1 T Nardus stricta
MYAERS AR T A BB FRE S5 . Callaghan( 1976) 4% 40 BE I BB L [ 5
( Carex bigelowii) 7373 4 DA BE IFFRON ORI o UK KRR 1999) Hadl 2 J& 1)
PR T e PP IR AR 128, K LA 30 S AN AR B B, 22 IR 2 (2002) 1A
IRERI T A RET S 200 3 AMFIR B BE . TR (2002) DIRTE “28 — 0B o 27 1
Ik BRI Z AR A AR YIRS DR SE PR AR RS - DA TR PERT G I 5e 2, 22
JAE( 2003 ,2004) R 5 B R R - S MR AR RR BG) 22 56 [m] J J7 F RIAR PR BRLAF B4 08 I i S A
PRAF I AT SR E B 58 S RAE I

RIAFH Z AP R e AR ) 75 i 22 A PRI AR R, Bk 08 A i 45 /) T e s — 1> 70 bk
SET I E Fr 42 P YL TG I [E)( Silvertown et al,2001) o {HE, B0 BRAY A5 A ] BEAR A, 40
TR AR IE AR A 1 VRO 4R LR (1 AR RS 1994) 70k 75 i AT 1 ~2
AER T HRI R B AR A R AT AP AR M B BE PR XA 10, T 20 PR A S P 2 356 AR 0% SUA
RETEGA 1L S BB B S MR 25 b 2R A G S5 . LA AR (1998) BF5E T ZAFRLEMR
ZEORRERE IR SIS RELE Q) 5 AT, BT AR IR 70 BE 1Y 5 SR SR T AR 0 3 AR R Y
AR, I LR ZE R SEBRA7 T35 A7 BRI 23 BE TS 158 2300 70 M T ARZE I AR 4, NI Sz 1
—MT AR ZER BRI G5 T 5077 1. B8 (1 L3RS, 1995,1997,1998;
HITHAE,2003a,2003b) A GE( 4 FLAESE, 1997) OEFEF & (e E4E,1997) (Bt (4
FUARAE,1998) (M AL AESE 1998) JBERE T ( 4 fLAESE  1998) (IR( 1 AL AEAE, 1999) |
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(ASTRITAIX VIR RSV E7/ Lk i 2E SRS R VR S

RT3 (M e IES,2000) HF KA (224145 ,2000) F BE (4 e dESE,2001) (HEZE0K
(AR JEZE,2001) (B2 ( Yang Yun — fei et al,2003) BF 305 ( TBARZE,2004) F1EE
(T4 ,2004) 14 FiR 25 AU RE 4 FhEE O A I 4540 © MO 38 . — AR BE A 247 AR Al
P ——4 I T 22 SR B A IS SR FH FE AR ZE XA i A AR B, B4k 08 9 S T AR Ok
i ( Yang Yun ~ fei et al,2003) o 5K SCIESE( 2004) X7 A7 3 f Rl -5 p) FREAR 8 45 14
WEFE , DAKRARZE b 2R SRR 5 Totk 3R A HR I AR

FE W (0 b 2 2 ) BT AR, AR — A AR A A T e AN T AR R Rk A7 AE AT
2546 ( Silvertown et al ,2001) o U FIAS AL — 47 A= HE A B Sh 45, P 2 4 i 245 449 1 AF
FURMIC M E B . Susan( 1991) F| TG00 Y56 BB 98 T b 96 4 Z—4F AL M A | L
( Collinsia verna) [WFIF EAFRE 25K . Moriuchi %5( 2000) FfH2F1 F 5351 20 #e #5845 rhot ik
W32 2 ( TAMS) | I3 VY A 36 19— Fh 4 ZR— AR A2 A5 Y Pectocarya recurvata + 3EFh ¥ ¢
TR 14C B3 i DTG 2 Bl 1128 RO AE I 2544 o

Silvertown 55( 2001) tA K& A W R ELAT P RR S5 44, Fie A4 75 i D9 050 25 003
SR Z AR AR — K, PRt B AR IR S50 o AR AR RIYIF AR AR A SRS 45, S b v
B PR B S R . AR LG AR R AR (4 A Rl T A B S TS SR AL AT BB AR
FA A R R & B I, B R RN, XEEFp RSt BA “Rk F i BRE5H ( stage
structure) o & BIBLAEH” o LTINS, ZAE A MY AR BELS I 5T L LIS R B B B
SR/ IV AE () “AE IR 2 PR RESS FA 2 R B L R A5 FY (40 Oostermeijer et al, 1994; Hegland et
al,2001; Eckstein et al 2004 [HF5Y) , LA SR ZEHE R (4N 43 BE 1 AR =5 RS Bl F-55) 19
SEBRAF S G 43 TR S5 F4 R AT IR 454

L 1S A KIS

S A KA Allometric scaling laws) MFRAH A K RUHE( 56 SCHF Tk =, 2003) /&
— IR AEYIRILS S DR B R AE Y IRAR R KSR, BIEAEY S
1R RN G B AL Il fik 22 [ () & 5 K 2 ( Peters, 1983; Calder,1984) .

S A KRARD AR A T, A KR A AR B B S 2 R IE A AR X AR K
AN R AR A A 3R T A5 A K U 3ok T R A TS LAAH [] 9 B A48 0 ( Hux—
ley,1924;1932) . Huxley( 1932) 8 T faf 8 Sl AR KA e y =an”, o,y i 2
Yres R SAEPIIRZER) B INSOREE  a S W4 b o S E KRR (REE) « XA YA
IR A AR R A S A KR y =ax” (BB AR
W AR (H) 5248 D) Z IR R A4 A K aT R (1/H = 1/aD” +1/c( Kohyama et
al ,1990) & H =B +a,(log,D) +a,(log,,D) *( Niklas,1995) ZE 174k «

S AR AR 5 30 B 1 1 AR W A Rl S B 5 AR WK AR ) R /M GO &R D
Y=Y M o Y BT A Y R T AR A AR A A B MR R R TR Y, R
PR B FELERFIE 40, b SR -

Kleiber( 1932) it 1 2 800 ZFPIHFL 30 5 LKA MIHFE R R B 5IKE M 1%
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