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EE4KRBOHBENNSTHR

BRE B R AR

(FEBERAELEYHRA R 430072)

BRE FHRAEXKUERAETHSEIUTERL, UEESFRENEREMNPEELR. TR ELE
KBRS HHEE. AR, BERNT AT ERE 0.6235—0.8761 ZfE, Fita4r
FU, KA R B3 A, R EEREE, KM AR (% >
0.8), MAEMEEKKFEH (6 ARUR), KAIHERBEK (44 <0.7).

X S EREER R BEESRA

7% (Phragmites communis Trin) ERERE —MEENKEEYHRE:. —HE, E
RENEENTUWEME, 5—FHE, CERFNBAEAFFRENBHENTHEM
BT, AMUBRM TiFSEYEEMEN N, SRB/NBEFFERNEW. Hi,
HRESEAKHUFESHR S TEEMBX - ERNVERRHEURRPERESER
MAEYEHEE, AT EENEX.

HEFEAKUAR, FEEFESTAKFEI" D ARAESLEE ST EOLER
U R RAFREREBHRE., A LERAESKEREFHSEILEELRTY, DIEHE
MERHEREAAERH, FARAEERB RO IERE AR ERF BEERAN
.,

1 ¥HEESRE

REH EREKMKEEYEKSTENRES, #1990 F 5—9 AR E KK &R
89 B SRR R — W b 3 A4 7 35 R O ORI BB AT 4 A

WM (114°E, 35°N)MFREMILE, #ERXARER, BRAKA—MEXH KR
B, EIR, AR, PKMABRBHEAMESRESRX, 2ENELH, EFTED
W, EEAMEW, E TR 13.9C., ZH i RO R, BK¥EAHE, KRE
HEEEERAEN, SHENEE, KEFHEKN 1L5Sm. WREIMBYRBENFE, L5
kAR BEA, HEHPNERERTER, HUAZARBAERA TRFEMAE,
AT STERY. EFOLLBEERABRRKNERFAALETHES, LRSS
Ek#zHEN.

s FEMNYREVPESRIIFNANER ARBEXSRB (WS 39670150).
1996-09-024 B);  1997-12-204% [l
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MREENERER, FEARMRE. —ESE4AKNSIYHABRE, XCHEE
WRE (I ESCRTR); —BEER/PHSAER, L ER THESTAYE, BXERL, B
REEHRDA, EEANARTEFIFEES L,

AXFERNGHBBRAOTR, SR TERELTE, HE LR E D447 i
. HE 7 ERRSR DA T BT R 4 AR AR R AR, H¥ /0 AR A, T HE
ZNAE/D. HESGEWHBMHAE, RATHRENLR, KA —EHREEE. H -8
T & , A [7) B 25 850R0 40 BE A 20 R0 ) B 0 B A — 8 R AR BU b, 3 K BT LA B2 R 40 T JUART 1 HE 2
RARARABWEFEZERRER, ATEHE RN EHER,

433 (Fractal) —1#) 3 8 T $I T X Fractus( B B9 ) K % X Fraction, 5 X B it 19 4144
A Mandelbrot T 1975 4 & fe{f I 8, — MR 155 260 RBLN JLA] B TE , d04 ) R R 4K
BER ZBESF, MXENRHHAR, KEIJLATERETE S HHT. Mandelbrot ZEBF 5%
‘KEBRALIRFZ K HRA BREANSKEMMER BB/ D mEm®, WERE
BB/ B RE SR N R YK, EE I MBI R MR — Mk —8, %
FREEAFMBRETRAMNTHRM T X —2KRHN U3t R0 ILE 854, BERF
RERBK LRI B FER G AL (Self-similarity): B R A S8 EHEL, ER—REFiH
EH BMUSH. REXSRENIVTEERISE. 2BLAMNER—BRATREH,
T 253 0, FR M5 T 4 8 (Fractal dimension), 8 #7441,

HRSEERN SRS HMERFBRE. AAKRNISHNETFIELS AT SEX,
B—BEZDETFHERE EHIC N NES). BRNGS) SR E S B4/ R, 7250
XA AR B InN(S) BE In(1 / S) B ARAL i (193 B 4%, SLALR B 40 4 D, X R4 %
¥t & 4% (Box—dimension), X Hausdorff #:%(, th4h, RE R SH/NEFERBEE T4
M —MR, ANESTFEA EEEAAERBRYEARMAS S, WRENE
THS, HMESLEREAS I NDETFREN P, R IE Shannon {5 BB E X, IR E
HSHPNETFHRUENTHESEN.

I=->PInP

B TBE In(1 / S)ZEALE) B3 B 4%, FAN 3B h 40 B4kt 15 8. 48 D, (XM Renyi £%0).
B AL SR B 4058 48 7E OCTEC PC486 / 66 AL L #47.

2 EREitit

BRMAERNRKE - BARIT 400cm, HET LB, BAHTREN S = 400cm. # S
—R WA TS T L, FS T REET B S WA AR N(S) RAHR K5 B4
IGR). EHERE, THAERAEEKBRANEERREESE, R 25 % T AR R
WMot RPMENPRAR, HAR b B ARFEA %, WFE2 TR, BERN
B9 5 BETE 0.6235—0.8761 Z ], #— xf BT H R FTHELHTRLE, LB AR R
KA ESTFABZRNERETEE. XI3INXR40NHETARN P &R R
BEBHAKER, Hh, TZANBENE, LA NERFEE BIWAELT4T) 6
A SRR,
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GREN AEREEFOERGERE S ABNWFERRENERYAERE, 6 A4 KU
FH=KRHEFAEE MS ANEREHNERALYEE. HERADENEEANE—
HEYE, S FIH B AR 4 4, B3 AR T

BEEH SA InN(S) = —0.2747 + 0.8410 In(1 /S) r=0.9875 p < 0.00001
6 HRLS  InN(S) = 0.4464 + 0.6634 In(1/S)  r= 09824 p < 0.00001
fFe#% s5AH 1= —0.4845 + 0.8556 In(l1/S) r=09935 p < 0.00001
6 ARLIEE  1=0.1992+0.6828 In(1/S) r=0.9870 p < 0.00001

XEEREH, FEEARKWGARBTHE LD N R EEEEKNTY,
HR/PNBERYS (5% >08), MEMNEELEKMFER, KOV HFERBER (G %
<0.7).

KRIE AMER EIRR REPI W EW (Hpha angustifolia L) BIEVERI L, B
IR (RE 2 HWESE—F7):

B InN(S) = 0.2294 + 0.6160 In(1/S) r=0.9735 p = 0.00001

EE# 1= —0.0079 +0.6269 In(1/S) r=0.9840 p < 0.00001
S59AGFENTEMHE AERAHHLRFELE FHNIAEL/INTHE BLERER
EF (45700 1.2910 1 1.7059).

Rl HAAEEKERRHSENEESY

Tab.l Basic parameters for estimating fractal dimension of growth pattern of reed.

X # [E] Sampling time (1990)
1/s | XH 5H5H 5H31H 6H27H 8H4H 9H2H 9f2R8"
(cm) | N(S) | -1 | N(S) -1 | N(8) -1 | N(S) -1 | N(S) -1 | N(S) ~1I
1 400 1 0 1 0 1 0 1 0 1 0 1 0
2 200 1 0 2 (01164 2 |06898| 2 06927 2 |06626| 2 |0.4512
4 100 2 |06327) 3 [07525| 3 |1.0085| 4 09529 4 |08532| 3 |0.6768
8 50 3 |1.098| 5 13970 6 |14955| 6 |1.5340| 6 |14948| 5 [1.3013
16 25 6 17267 9 [20233] 11 ([21421] 1t {21917 10 [2.0621] 8 [1.8305

32 12.5 12123622 17 126777 21 27477 20 |2.8106 18 126657 14 | 24292
64 6.25 23 |3.0217| 32 |3.3316] 31 32385 33 (33668 32 |32746] 26 |3.0406
128 | 3.125 44 | 36717 62 (39704 | 43 36574 | 44 |3.6646| 55 ]3.7950| 4l 3.5034
256 1.563 73 141339 105 [4.4743( 58 |3.9773| 49 |3.8133| 73 |4.1340| 52 |3.8140
512 | 0.781 98 [4.4460( 145 |4.8198| 64 [4.0889( 56 ]3.9925| 8l 4.2605| 55 [3.8984

*) AFFERBRM AR, F2—4FE.
2 HAERERBRSEHERLR

Tab.2 Regressions of estimating fractal dimension of growth patiern of reed.

In (N(S))=a+b In(1/8S) I=a+b In(1/8) -
a b 3 p a b T " p

SHS5H —0.5579 0.861%9 0.9971 <0.00001 -0.5508 0.8351 0.9976 <0.00001
5A31H 0.0086 0.8200 0.9978 <0.00001 —0.4181 0.8761 0.9979 <0.00001
6527H 0.4053 0.6666 0.9826 <0.00001 0.2337 0.6714 0.9900 <0.00001
8H4H 0.5573 0.6235 0.9769 0.00001 0.2896 0.6544 0.9815 <0.00001
9H2H 0.3765 0.7000 0.9913 <0.00001 0.0741 0.7225 0.9872 <0.00001
982R" 0.2943 0.6541 0.9889 <0.00001 -0.0740 0.6928 0.9898 <0.00001
& 0.2294 0.6160 0.9735 <0.00001 —0.0079 0.6269 0.9840 <0.00001
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#3 AERMEAEMALE (T =M E, L= AER)
Tab.3 Test of box—dimension between different sampling time (lower triangle shows

t value, upper common dimension)

SHASH 5H318 6A27H 8848 9A2H 9A2H
5AsH 0.8410
SH31H 1.2925
68278 3.6319 2.9496 0.6450 0.6833 0.6603
8H4H - 4.1680 3.5380 0.6146 0.6617 0.6388
9A2H 3.7627 2.9412 0.5638 1.2274 0.6770
9828”7 4.6533 3.9023 0.2077 0.4819 0.8991

4 FRHEMBBOES(FZfk E, EEAHAREN)
Tab.4 Test of information—dimension between different sampling time (lower triangle shows

t value, upper common dimension)

SHSH 5H31H 6A27H 8H48 9A2H 9A2H
SHSH 0.8556
5H318 1.3250
68278 3.8647 4.8591 0.6629 0.6969 0.6821
8H4H 3.4090 4.1966 0.2819 0.6884 0.6736
9H2A 2.6654 3.6549 1.0002 1.1307 0.7077
9H28" 3.2592 42197 0.4106 0.6282 0.5683
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PRELIMINARY STUDY ON FRACTAL CHARACTER
OF GROWTH PATTERN OF REED

Cai Qinghua Zhao Bin and Pan Wenbin

(Institute of Hydrobiology The Chinese Academy of Sciences Wuhan 430072)

stract The researches about reed (Phragmites communis) growth were mainly
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concentrated on seasonal dynamics, investigaion of large area resource, and
comparison of different ecological forms of reed. The study on size distribution of reed,
however, was scarcely reported. By means of fractal geometric theory of non-linear
science, we studied the fractal character of growth pattern of reed, for the purpose of
quantitatively exploring the mechanism of reed growth. The classical method of
studying size distribution is to draw histogram and then to fit distribution curve. It is
well known, however, that the obtained histogram is strongly depended on the number
of class interval and its correspondent width. The determination of rational number
and width of class interval is somewhat arbitrary, since it is gotten according to
analyst’s experience. In general, there are a certain similarity among histograms
described at different class number of class interval and width somehow. It implies
that we could use the fractal geometry to analyze the relationship among them, and
reach more reliable conclusion.

The data we used in our analyses is from the monthly sampling in Caogang Lake
(114°E, 35°N), an emergent macrophyte dominated lake in Fengqiu Experimental Area
of the Huanghuaihai Plain, Henan Province, P.R. China. The way to calculate fractal
dimension (FD) of reed growth is box—dimension (BD) and information dimension (ID).
Because the longest reed occasionally exceeds 400 cm, for the reason of convenience,
we define the largest scale S = 400 cm. Halving the scale S until it could recognize
each individual reed (S < 1cm), the relationship between different scale S and the
number of samples fallen in each S and their correspondent entropy were calculated,
respectively (cf. Tab.1,2). The slope of each regression is the FD at different growth
stages. In order to answer whether the difference between FD at any two different
growth stages is significant, t-test was carried out to judge if the regressions are
parallel. The common slope of two regressions, i.e., the common FD of reed at any
two growth stages was therefore calculated while the functions are parallel (cf. Tab. 3
and 4). The results showed that the difference between "two samplings in May and
those among three samplings in June and later were not remarkable for both BD or ID.
It was noted, however, that the difference between samplings in and after May is
significant. It was demonstrated that the fractal dimension of size distribution of reed
ranged from 0.6235 to 0.8761. The distributon pattern could be statistically divided as
two significant periods: the size of reed is qute welldistributed at the beginning of
reed growth (fractal dimension > 0.8), but is irregular in the middle and later growth
season (fractal dimension < 0.7). These results are benefit to reach the goal of rational
use of reed resources and to protect the biodiversity in wetland ecosystem.

Key words Fractal, Pattern, Growth, Reed, Wetland ecosystem



