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(CCA) BIRBER YD 4 FE AT P B9 R (B ) BOE R 4 BRI AE B AR A A 800 B H 5 A S T #n L S sk
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115 ~ 125m #2788 JE #1130 ~ 140m, BFor R, IR 110m BB B 2Ai Y A R B =B . BEEMY HEBR
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GMEMNG , AREILAZ A ERZZIKBESFIERERER, REAZH A EHRZ 2 T Z2RY & R/NHTE %
W s PR, BRI R RS R IR 4 AE AR ER R AR, HERZBRELRBERMR, SRR FREMEYELRAER
£V LB RS & SR AR B R AE R .

KEIR R R SHEML; NS RARRAT

X EHES:1000-0933(2008)05-2176-15 FES S :0142,0Q16,0048 STEKIRIAAD:A

Multispecies, multi-patterns at multiple scales: a case study of four shrubs at
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Abstract; We investigated the distributions and habitats of Ceratoides ewersmanniana, Haloxylon ammodendron,
Rerosimonia soongorica and Calligonum mongolicum in two plots (200m x 200m, the distance between the plots is 15 km)
at Mosuowan desert. We analyzed their intraspecific clumpiness ( caespitose) and periodicity, interspecific interaction,

edge effect, and their relationship with habitats’ geomorphology and soil physical and chemical properties. Wavelet analysis
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was used to detect edges from east to west, explain its existence, and quantify its location; Furthermore, we combined
Wavelet Analysis and Point Pattern Analysis to detect and quantify the scales and periods of clumpiness. Finally, using
Wavelet Analysis, Point Pattern Analysis and Canonical Correspondence Analysis, we studies the importance of habitats’
geomorphology and soil physical or chemical properties to biological patterns. We got some important finding; First of all,
the distributions of C. ewersmanniana and H. ammodendron were non-continuous, rather showing aggregated and periodic
distribution patterns (115 —125m for C. ewersmanniana, and 130 — 140m for H. ammodendron) , which were caused by
the geomorphologic oscillation period at 110m. P. soongorica and C. mongolicum showed aggregated distribution patterns but
no period; Second, detected edge effect demonstrated that the east-west edges corresponding to the influences of their
geomorphology, in the contrary, the south-north edges corresponded to the influences of incoming solar radiation, shad
effect and surface characteristics; Third, the result of interspecific interactions indicated that aggregation of desert plants
was correlated with habitat conditions. Desert plants could form a micro-habitat by aggregation to reduce evaportranspiration

stress and serve as an important adaptive strategy at the community level.
Key Words: caespitose ; periodicity ; edge effect ; wavelet analysis; point pattern analysis

EXRRGREHREFEYRR FRRR SR . BREYNAERKS B SREA X, BE5HA
BHHRER LK EYMHETAERMETEN, 2 2EYRR IFERRNRNEREHELER, EAMARE
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RRERGKFRFRNERANE, B2 BRI R TR H 2 RIA Y ERE T SH8R H AR A
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BERE REKFERESNHERT EER ORI RE, 855 R MBTE SRER. DS ™ %55t
IR, A SR G P RUE SRR 2 57 B R 05 T R BT &R, B3 b, A S RENF G R E
BX RGERTRNOEHEREZ RN . BSIERFLSYR TS RT 5 TR 4S8 S 2
FHHBIRMAKBH . WAA BABARIRE L R IEREFEF R R RN LR RS KM
WY KT R AR SR A T KBTI 4 R a, SIS R4 T (CCA) B A
B A SOb AR A R YIRS R S A SRR T R LR

FWgR RSP RF M PR RRE L A% SEE E S UR RIS, BRI
ST R R R IR BN R R 2R, RIVERAREE, B RE B AR ERER R WA
SB35 300N , 3 R B Y ) 5 R B R S M T B WA B SR P B b R T M WAA T4
R, ST e S 31 %% (structural edge) BYAZE (AR A2 B ) FHIZH RBH %% (functional edge) (/BHERIYAE
BERR-FHA G HFHRNAE)  EELYHRE LRERR 5T, WAA FEESTHREHEHNE
4R, EAERPHRIERMER

AL RIBE R IR F G R R S BUHE R 15km BB~ 200m x 200m L, LLO 52422 (C.
ewersmanniana ) 1212 (H. ammodendron) \FE& 5% ( P. soongorica) F1 Y #37E ( C. mongolicum ) J Hi A= 33 #1 +
B RO ST A, BRE /MR HT (WAA) | G SR 231 (PPA) R X R 404 (CCA) RBFST R 4
VAR TEARP NI SR A OB ) B R b (B AR B A s 00T e L5 A 35 i T2 o+ S LA 1A B o
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AT 4 NMFELE: (D) REHYREDSMEYEAMEN K T REAES AN E EEREB IR
85 UKD, AE AR IR EREA N TREE Y TR EN, @i WAA Al
PPA 7R RAEHIARAN T BB I RE REERMNEH KD, B SHUE Z AKX R, R EY A0
RASMIEHEXE A, (2)Redding F24L T REILAGZKNAFEAE FEZD T K HENAIERERNE
m AR P T KRS X, O AR R R, KRR B DI BABIR., EARPIE
o, WAA HR T 5 M BEA T el IESE T R AW F B E, (3) H CCA IR THEHE
TEROHIE B T MR, (4) LWET PPA Fl WAA BifpZ RS R RBIR LS
1 BMRMEEFE
1.1 XL

AP AN ERE TR, B ES  RUE— 1 RULE R Ui 1] S B — A SRk, AL TR
\WEEH SPEZ RS ER, EENRIL, SARFHEX P EME Y i Bk B ARERE £ mAHES, R ERT
T RPEE AR U L A BT R A P R R R B 148,149 1 150 1 A BWANE , IR BV EE . 24FFFF/D
120 mm , FHHBEREE 17 cm , FER LK E N 1942. 1mm, 24F HIE 2777h, =10CERE KN 3594°C . FEZE= AN,
Z,BRNE 20 m/s, #iF/K 13 m 724, MK UENERA L ER  MEZATERER, RERF. U
RO M9 3E ( C. ewersmanniana) R (H. ammodendron) | LA RARMIFL B EEE 58 ( P. soongorica ) FH)Fp N
i
1.2 BBt

AP AR AR b, T 2005 48 9 B FAIESIE GBIV IR 15km 35 B A BB, H
A(86°09"29"E,44°44'09"N ) FIAEHt B(86°05'40"E ,44°47'14"N) , e —RE AW E LA M ( SYhEE mAEE)
B 200m x200m FIREHE , DMRIEBURE B RFHAA 20 ™2 Bl Sm x Sm f/ME T EE DR G W
DM IEREE RR BB U TR MR AR R ST A% 00 (48 22T . 22 M]3 . ZB30) , FE3t A e (B
la) KRR (B 1b) ALOH SRR 4R (B 1c) DLASE B J3iE (B 1d) RIRIR(E 1e) ALL MBS E
(B 1) HLURBER RGBS MR E 18 My (S E R MIE, R 8 06 L7 B 223 4% 3 14,
ZETR 3 A, ZBIAI30 3 A, 7E &7 HUE (X3 P BRE ML BORE 7 ) , SEBR 36 M7 (B D7 40 U 2 B 138 (0 ~
20c¢m 20 ~40cm 40 ~60cm 60 ~80cm, F/E Uk 3 A FIFRA FEF TTB L4, LUR A TR € + 48 1Y 25 T B
WARAR)  HXTR LT BEA TSRS . TR BRI SL 8 HEAT TR R T, 8 R B S K E% (BT
%) pH {H . BB S B (mg/kg) (0. Smol/L MBRIRE ML) . E AR (¢/kg) CEREIFRIEE) AVLR (g/ke)
(ERBRHAAFEE)
1.3 &S#HAE
1.3.1 gRati(E2,E3)(PPA)

MAXRA:
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ug<t i, 1, (uy) =13 82,1, (uy) =00 WORLA i MELG UL u g R BT R A FERIK SBAEE
B AR, AT AR IE S S A T | 2 IR 2

FEICR AR
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FEJ5 45 (%) Serial number of quadrats (E)

30 40 30 40
77 %45 (F9) Serial number of quadrats (S)

B 1 HEKERLH IS RRRRRKERR
Fig.1 Gray image of landform and the number of C. ewersmanniana and H. ammodendron
(a) A REHBIBTE ; (b) A REHIRIR; (o) AREHLOIBESIZE; (d) BREHHE; (o) BREHURIR; (£) BRSO MIESHEE ., 3 A EH A+
BRI 0 AL F A2 Bedh . Bl B AT T RIREI SR (B4 B.B1.B2) . R 7EZR (EPRERD) METR(EFH
EF) ,FEZEM(EPBREIHD) HHED . BROHIEHRES HEZTNRY  EZ TN ARD, 7E8H B & ,1"E #5538 20"E $50
F30"S BB 40"S B EEMAEKBRBALES T (a) Landform of plot A; (b) H. ammodendron of plot A; (c) C.
ewersmanniana of plot A; (d) Landform of plot B; (e) H. ammodendron of plot B; (f) C. ewersmanniana of plot B. Then plot A was re-combined as
A and halved into Al and A2 (named as A, Al1,A2); The same procedures were executed to plot B (named as B, Bl and B2, respectively) ; H.
ammodendron (b,e) were distributed in slope (gray) and top (white) , but rarely distributed in interdune (black), but C. ewersmanniana (c,f)
were distributed in interdune ( black) , rarely in slope ( gray) , and no distribution in top (white) ; In plot B, the white area in 1*E to 20" E unit and

30™S to 40™S unit was disturbed by human activities

1.3.2  /NESHT(WAA)
() B—ATNE, 5 TR RS, D RABRMEER.f(t) e ' (R),L*(R) N f(t) R EZH,R
FEEE, WES/PNEEBE UGS () B/MNEEREPIR:

Wila,b) = <f8) as(t) > = +ff<t>¢a,b<f>dt = +ff(t) = ;—EJ(t ~%)ay

a>0,f(t) e *(R) (3)
S3d /MBS f(6) RIF /DR EL, B
f(t) = _kzzdi,j(/ji,j (4)

A, Wi(a,b) AHER d, BT, X0 () MBERA R T &M P/ MNERLEHE, B 4, 25t
TN R g, /N ERE(E 4,8 5),
NEF2Z(E 6a,c,e,[8 Ta,c,e)

W (a,b,)
V(a) =5 (5)
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R BT B AR TE 48 S RUBE Y /INB SR T /NE R AR T P (i B BB, PR R 2R 45 (global
structure) ™ o 5 R BERPN B — /MBIy 22 WM R AR SRS — M

i B 752 (& 6b,d,{, & 7b,d,f)

i W2 ( a;, b)
P(b) = =—— (6)

— MR b (IR FAE) RE o(A 1B m) T/ANERECE I B, PR i BLH (i By 22 e e
WA AR R, 5 I 2 Wi 5 DG G e, M DR MR VAR 7 J 0 5 B 1 8 R R A Y T A
Sk B T2 MBSy A DB e (T RE ) 2 IR AR A ) P28 e CR T2 Iy 2 ) 1

REBET 3)RpBaE:

'//a,b :;_EW( %) (7 )

5| HRE H R, SRR/ EE E L (wavelets or basic functions) , SLfR 2 —H B R {y,, () | , ER
B /NEEEE RN o (o) BEAT MR AE R PR I B, BB TS8R AR S0 ZE , Wk (3) A S/ NIk
B,
1.3.3  BLEXHRN 7 (CCA)

XEFEZATHEAESERE, B S8 A0 B RAYMHIEYEEN SN2 6 5RREFZ
IR B TR I 1 T 35 BRI B R R E B — R RIS, R TX b A 2R R R T3
F2 LB EAHE BRI R AT RETH, AR EEE A H & FEB X R DL K& RE 558 H TN AR
R, AR FOr L 20T AR /R AR AR R R . MgCHET B VB 40 & B R Y, Ref HE 5l R B —
ERERBE, BRI S SHERE TR LR,
1.4 EiEmAbE

WAA 53 Hri B ShEEE , BT LR TS SR & i e i, HAPBRIRKRE: (1) ZRU (8
ZBTR 2B M 2B VR {E , HOS ARE S WASCHES SCIR ™Y 5 (2) R IR (A HH 30 T0 K B 5, AR AR M B S B 4
Tt K R 15 (B 1) 5(3) & 3FRE)7 % A A1 A2 B B1.B2, & 3fdiES MASHEE SR (B 1) () &
I IG HORE b BT R B 1 HE g 40 B AR MR IR A AL s (5) AR YA 1R D0 S S 3E A T/ T s (6) BEFT
WAA : BT EMNIE RN R 20, AR —4E %52 WAA, DL S 79 BHiE /N REO B R %

AT WAA BIEERE Sm x Sm B B YIRS, BT LA scale a =1 SEBREEES Jy Sm, B N ESE
T, FFE S WAA MESK; R HE S 45 x Sm = LFREEE

CCA Z3HT 8 « o o B 5 AL B3 B 0t FR LR B8] 5 AN B 9 P35 1E

& CCA 7& R 34K vegan L SE SISt , HABEHE 7 ERAE Matlab 6. 5 Hh 4R 58 A
2 BESHISEL

BERNMYPHRAEFMPEERMBN(ERLD) A ®1 ATB R4 HHHEEY
EET WAA, FRLL, AR SC/MEAS T RéE o4 Table 1 Total number of 4 species in plot A and B
 MARAILI  PPA X B TR, 4 FIVEAREE T esipe 9% Spocies L
LAEAT I o A LIRS C. ewersmanniana 3552
2.1 PPA 4pi7gs 53 W H. ammodendron 805
A e OO IESEETE 1 ~80m ERENM, K gﬁ% R. soongorica 448
WANGRERERBNAE BEHIHHAHEL 3 v e o
%\(E 2a)91ﬁ1ﬁfbﬁg 1 ~ 100m i%%ﬁ%ﬁ(@ 818 H. ammodendron 1304
2b) sV HEE L ~60m EREDNF, 7260 ~70m _FE BB R soongorica 43
YR C. mongolicum 2

Pl A, 70m UG RN AR R (B 2¢) s BE
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S 1 ~85m BRELS M BEIGER/ DRI R B E BRI, Z /5 HRFAREXKR (B 2d) s RRS
DMIEHARLE 1 ~5Sm BIEMR,7E 6 ~37Tm EBFAMRK, X—HR5/PMERBHIMLKRY &, BEE— D
RELENIERZERMER,7E 40 ~65m BIEMXK, G BEFAHEK(E 2¢) 5 LM IEHE S YT O M TEHEE
5B BREVHERREBELA 1 ~100m EHMHRAEXRXRALEE(E2f,8,h,i) ; WHESE
BATE 1 ~25m B BERAMR,25m BEAMME, AR Z(E 2j) .

a b c
10
5/_\/
I I I | OF==g==g5Z-°-7.°_ "7
20 40 60 80 100 20 40 60 80 100

H(r)

-10000 T~
! ! ! ! 20000 - | ! !
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
_ #&JRR B Spatial scale (m) #& JRR B Spatial scale (m)
]
5000  ___--"TT7T 7T
0=z
-5000 ~ - - - - - 95%B{Z X[ 95% on confidence envelopes
-10000 ~ D _ ——— SRR Observed distribution
-15000 | RN

|
20 40 60 80 100
# R HE Spatial scale (m)

B2 ARMSBRLIT
Fig.2 Point patterns analyses for plot A
(a) LoMBEGREE C. ewersmanniana; (b) HR H. ammodendron; (c¢) YR C. mongolicum; (d) BEESE R. soongorica; (e) LM IEHERR
C. ewersmanniana & H. ammodendron; (f).0>H BB IR C. ewersmanniana & C. mongolicum ; (g).[>HEEHENEE ¢ C. ewersmanniana
& R. soongorica; (h) BRIV IHE H. ammodendron & C. mongolicum; (1) RRFIEE S H. ammodendron & R. soongorica; (j) WHEMEELR

C. mongolicum & R. soongorica

B kb, DM BEGRAEFE 1 ~90m REM M, BE/ERENL A (1B 3a) s RIRFE L ~93m REN A, KE/REDL
A (B 3b) s WHRAE 1 ~20m ERES A, BIRK T0m BEEHL M (B 3¢) s BERTE 1 ~T0m LREN A,
WEJERENL A (1 3d) 5 0 M BEEE SRR BT G4k AR IETLF A TS, BREMEX /T 0, Hit2
AR RKR(E 3e) , 5 WAA GERA L, AR AZEN; OHEERSUHTE 1 ~50m EHMEX, HAMEXE
Z , 0\ 50m LUSA B3 (K 31) ;.M SEHEE SEE R 1 ~60m b+ BF MR ,60m LUSA B3 (B 3g) s iRIR
SUHEIE 1 ~40m EBERFR,40m LUSABE (I 3h) ;MR EBERAE 1 ~85m EBERMK,85m U
JEA B (8 31) s WET SBERNAMKKAES RE LA BE (8 3)) .

GiIRRW A FRLBEAE—E RETGENEA AR, R BHARTHRERETSE, 7274 80 ~
90m (0> FEZAE) 90 ~100m (1R ) \20 ~40m( YEE) (60 ~T0m( FEELE) ; FilH] K R oA K BT Z [A1AD
FaEBEZRAMER, SRR NS ERE LA R E MG , BRSSP A=A B 1
SR I EMER/MRIFTE R B R ETEREIN, UL RN R EF
2.2 /NERER

B /N = AR MR I (B 4, B 5 ) BRI T IRIGREE 5/ BB BB FE DA, — S KB/
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20 40 60 80 100 20 40 60 80 100
1% R R & Spatial scale (m) % R RUBEE Spatial scale (m)
| Lx10* i
=TT T~ e 95% "B {5 X Ja] 95% on confidence envelopes
(U e — SEFRWAEHAE Observed distribution

20 40 60 80 100
#%J5 R B Spatial scale (m)

B3 BREHRIERIN

Fig.3 DPoint patterns analyses for plot B
(a) LMBEGFE C. ewersmanniana; (b) R H. ammodendron; (c) WHH C. mongolicum; (d) EEESE R. soongorica; (e) [LoMHIEHBEFRR
C. ewersmanniana & H. ammodendron; (f) .LyMH-IESREEFY I C. ewersmanniana & C. mongolicum; (g) LM EELREEMTBER L C. ewersmanniana
& R. soongorica; (h) BRIV IHE H. ammodendron & C. mongolicum; (1) RRFIEE S H. ammodendron & R. soongorica; (j) WHEMEELR

C. mongolicum & R. soongorica

B RGP R, BRIAEEE B T 3B MRS R A R R TTIRE “ ROR &7 , X R IR SR8
TR R RS ERESER, EEHR T T RENEPENE " . DENBIRRY, YERE ]
YUY IR, NERB RGN Frie L B2 R S I TR A B O, [ AR
5 SEPREHIE X A B, I B e AN B FR T, A BT o2 B D B R 5 S 2 (R AR B RAH )RR I, /N R B
B “REIRGH” e B B RAE Y BB R SBE MY 05 B . R LB -5 SERRE g At & B, g
REFBEFHOME, ARERAEYNET o B, v B R A SR 325728 10 B B o7 LA
PN R BB BRI A Z TR R BE B 2 o

TEFEHL A, AL, A2 FIHEHL B,BL, B2 H1, WAA B9 RIB/MNERBE B ZR T4 RE LHEY)-5 305 ik
B, BERUL, 72 /NRE ERIZUAR LB R, e R RE LB , e T, H B AT BUR R E9
. NETEEBRBAR, RE 5(25m) B 6(30m) R A AR 7337 RE (B 6a,b,c, B 7a,b,c) o BHESTR
BT, W Eam 23RN, KPR 110m 24 , O M SERZEHE SR M 8 115 ~ 125m , RREE 37
JA 130 ~ 140m (FH<BPI M BIEBA Z R EBE B S m — A, B 4f,m,n,u,v; B 5,f,m,n,u,v) ,Fi¥)
P SHIZARE 5(25m) LA ER/MNERBBEMR(R S, R 4) o BRAYIFT AR, BB AR ) % EE
A 5HIE BT B R

P B 77 Z R BRI, PR H B B 7 22 e R FA RUR AR LRI R K A B 05 22 IR0 55 IR AR B0 LU B
W DL iE P AR Rh G B M B R BRI B A 2R S, LB 7 22 B e o0 o A Y D0 B e i (5 R B9
RS, 3R 2) MBS PIECREERZ R AEScH:, R 2) o APTETHE A, AL, A2 HARFITEH 3 14514
SN B 6 NIhREA NI E (DM IR AR 3 1Y) (B 6b,d,f) ,F B,BL, B2 lARFIFA 3 14144
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fffff IKIBRR Hammodendron — me=me=ms= LUFBESEREE C ewersmanniana H1JE Landform
a b c d
2 Scale a=1 5 Scale a=2 5 Scale a=3
0 '« 5 . 0 |[&~ - - : g 0 \.~‘~7 i{; A.\/ w
-2 | | -5 | | -5 | |
0 20 40 0 20 40 0 20 40
e f g
Scale a=6 Scale a=7
10 ~ 10 P
- TN g - TN gummy
(Rl Al S g L
-10 1 | -10 | |
0 20 40 0 20 40 0 20 40
- i j k 1
§ 2 Scale a=1 5 Scale a=2 5 Scale a=3 5 Scale a=4
2 M / [ B [ avme -~
R IR LT R R I VA N | Vo e
5 0 Mﬁw 0 oA d 0 B FPE 0 N “«
3 ) - 1 T -5 1 ] -5 “I ] -5 il =
3 0 20 40 0 20 40 0 20 40 0 20 40
L
§ m n 0 P
=10 Scale a=5 10 Scale a=6 10 Scale a=7 5 Scale a=8
3 Y >
o e e, 0 F“— < L OFW oF X .
% -10 1 ] -10 1 ] -10 ~'\ 1 -5 h R =~ ]
= 0 20 40 0 20 40 0 20 40 0 20 40
q T S t
> Scale a=1 5 Scale a=2 . Scale a=4
0 AN, OW 0'— aha X
,2 \I I} 75 r ] ,5 1 - ]
0 20 40 0 20 40 0 20 40

%77 45 Serial number of quadrats

B4 DMFEBRE(h BT EFET /DB A)
Fig.4 Coefficients of the wavelet transform ( produced with the Mexican hat wavelet function)

(a~h)REHhA; (i~ p) B AL; (q ~x) BEHh A2; ZE/NEEATHT RUBE 6 ST 6 BE, T A/ NB R 307 22 BT AL HE B , 72 8™ 1 30™ BATTAL
B4, WK 110m (30 -8) x5m) ;Lom-BREREEA) /NI R SFE 22 BT R4S , 72 1271 0 37 ™ BATTAL H B , WK Oy 125m; AR A0
AN R 4R 227 BATTAL BRI AT, 7E 127 B UE, K 140m; 78 AL A2 BB, 25 A MR

(a—h) plot A; and (i—p) plot Al; and (q—x) plot A2. In dominant scale a =6, specific features of the landform indicated by peak at 22°! unit
and two valleys at 8, 30™ unit, and wavelength was 110m( (30 —8) x5m; f) ; The specific features of C. ewersmanniana indicated by one valley at
22° unit and two peaks at 12%, 37 unit, and wavelength was 125m (f) ; The specific features of H. ammodendron indicated by two valleys at 4 ,
220 unit and one peak at 12°d unit, and wavelength was 140m(f) ; In plots Al and A2, the conclusion was the same as plot A (n,v)

GAIBEM 6 NIIREAZ A E (DM IEEBRARRE 3 4> BactE A (B 7b,d, 1) , He P B S 2 Zh g
W% Z R TR B LA F el - T AR 0o M SR SRR 40 A 3 s B BB 45 A S B RYBE B R TR 7>
A G B P Bl S % BE RS, P A ST R R W 0 i B K, AR U R (v B AR M T4

BRI, A R R 3SR B B AP e 2 (3R 2, 1Bl 6b,d,£5 18] 7b,d ) .

£2 OHRBAE RBRYUEMMLRE WAA 1

Table 2 Results of wavelet analysis for the number of variables

RSB (HARBIP) No. of plot( along east to west)

Plot A Plot Al Plot A2 Plot B Plot B1 Plot B2
> [
L IESAE . 4 19 32 4 19 32 4 18 32 11 24 36 11 25 33 5 22 36
C. ewersmanniana - - — —
Bk 6 20 36 5 18 35 6 20 36 5 23 34 11 24 34 5 - 34
H. ammodendron = — — — = — — —
#1JE Landform 15 21 31 15 21 31 15 21 31 7 24 31 7 24 31 7 24 31

LGRS E R B A A T AN B S, TG T RIZ 0 2 B

Values are the location of the wavelet peak nearest

each edge; Underlined values denote multiple peaks and non-underlined values are single dominant peaks
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————— KB Hammodendron — ==msmi= ZMHBEERB3E Cewersmanniana HIE Landform
c d
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% m n o
= Scale a=5 _ Scale a=6 B Scale a=7
i : M s e ; }".‘. g
e ; ETea R W B il
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q r S t
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# )7 445 Serial number of quadrats

RS /NEEBRRH(HBERETFMEEHREE)
Fig.4 Coefficients of the wavelet transform ( produced with the Mexican hat wavelet function)

(a~h)BEH B; (i ~ p) B BL; (q ~x) BEHL B2, ZE/NE AT R B 6 BT 6 Bt , 0T B9/ R 1671 BT A4tk it B0 , 7 8™ 28" BT AL

B, Wk 100m ;O BESRAERG /N R E7E 227 BT BLIK 45, 7E 10™ 0 33" BATTAL B0 , B S 115m; AR B9/ R 37E 127
%ﬂ38&'$71:5d:tﬂ B U , 76 20™ BRI A , YK 130m;7E B1.B2 1,453 5 B #F
(a—h) plot B; and (i—p) plot B1; and (q—x) plot B2. In dominant scale a =6, specific features of the landform indicated by peak at 16™ unit
and two valleys at 8, 28" unit, and wavelength was 100m; The specific features of C. ewersmanniana indicated by one valley at 22*! unit and two
peaks at 10" | 33" unit, and wavelength was 115m (f) ; The specific features of H. ammodendron. indicated by one valley at 20™ unit and two peaks
at 12°0 | 38 unit, and wavelength was 130m(f) ; In plots B1 and B2, the conclusion was the same as plot A (n,v)

£3 TRASBRET,AB BEMERRE/NERES DHIRRE/NERBOEXI T

Table 3 Correlation analysis of wavelet coefficients of H. ammodendron and C. ewersmanniana in different scales of plots A and B

R Sealo £ Plot
A Al A2 B B1 B2

1 0.260 0.129 0.100 0.074 -0.277 0.220

2 -0.103 -0.346" -0.007 0.296 0.012 0.141

3 -0.313° -0.629** -0.086 -0.132 0.218 -0.082

4 -0.599 ** -0.703 ** -0.429** -0.357*° -0.348"° -0.068

5 -0.795** -0.739 ** -0.742°%* -0.388° -0.245 0.152

6 -0.881°"° -0.767** -0.886"* -0.377° -0.042 0.396
7 -0.914** -0.797 ** -0.934 ¢ -0.370* 0.180 0.607 **
8 -0.932°° -0.833°° -0.951° -0.373* 0.380° 0.760 **

Fed AL A1,A2 B .B1.B2 ZARBRY/NEREE (& 4, 5) LA R/MNEREE R (R 3,3 4,32 5) RW
MR 1(Sm) ~8(40m) , RARFNL M- BE 9028 B9 /N R B2 H BN K, BEE RUERYIE K, A Sl E &
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————— AR Hammodendron — =emvms= LI BEIRGIEE C.ewersmanniana Hi I Landform

I T 25 Wavelet variance

{2 "B J7 2 Position variance

75 445 Number of transect

El6 SBFEET/MEAEH/NETZSAETZMEE

Fig.6 Curve chart of wavelet variance and position variance of mexh wavelet analysis
HHBAFRHIERZAM NS  Vertical dashed lines denote the edges of landform; (a ~b) A ££H Plot A; (c ~d) Al &E# Plot Al; (e ~f) A2
FEHD Plot A2

(£ 3) s RR (O IR ) SHILH/ME T RS HBIEA R (BRAMXK) , lE REREK, EAX
(BRFAHER) BB E (R 4,KS5) , E—ERE LHIHBNBRE S THEZMIP R ER. EEITRE
FOIE AN, WAA 7= A R B , BRI E TR, (B R UIRE R A BE R R, BT LA, E AR
WAA AERRBORT 10(50m) LI _EREH T, N5 PPA BREFERMEM.

F4 FEASBRET,AB WRMZEBRRERNE RSB NERBOEXS
Table 4 Correlation analysis of wavelet coefficients of H. ammodendron and landform in different scales of plots A and B

R Soale £ Hb Plot
A Al A2 B B1 B2

1 0.303 0. 065 0.264 -0.158 -0.156 -0.020

2 0.052 -0.445** 0.294 -0.066 0.204 -0.256

3 -0.036 -0.055 0.178 -0.111 0.387° -0.538*¢
4 0.208 0.324 0.392°* -0.026 0.490 ** -0.364"
5 0.470** 0.613° 0.642 % 0.050 0.602 % -0.143

6 0.648 ** 0.791°** 0.774%* 0.055 0.705** -0.105

7 0.749 ** 0.880 % 0.812°%* -0.014 0.792 ¢ -0.174

8 0.798 ** 0.913** 0.799 ** -0.157 0.857** -0.263

WAA 1 PPA (T REW PR R TR 4 MEARTE— B RE BRI T A (ZEROIR
DU RE RS K B RN I R E M R RN AR ED) ML, FEXREK
Ui, 4 FERESHRE LR—MOMEXER, BEANRE LBE, B2y TR, K/ R
KEEAERS PPA 5R M ABUK, &g L B BL. B2 I T4 R, BT E MRS/ Bl Hi 5 B
iR EOE (A B ZE#EE, | 7b,d) , T TIEAURE) B2 H15 B 2RIk (LB 2R 250K, B
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fffff IKIBRR Hammodendron — mewmems= Z\HBESEREE C ewersmanniana H1JE Landform
5 ~ 8 4 -
L Sl LTS
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2 ! \ 6 3F )
s H N\ H /
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N A I
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B ? [
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Z ! i
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JR & Scale (m)
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3 [
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{3 B J5 3 Position variance
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F£75 455 Number of transect

B7 BEEET/MESITER/DETTE 5B EHRE
Fig.7 Curve chart of wavelet variance and position variance of mexh wavelet analysis

HEHBARTIHIE AN  Vertical dashed lines denote the edges of landform; (a~b)B #EHb Plot B; (c ~d) Bl ## Plot B1; (e ~f)B2
FEHD Plot B2

7d,f) , X BB WAA t PPA 255 % THLBUR, X 1L R 411 RELBE I H— T TH

£5 TRSBRET,ABWHREMOHIBRTEN KRS TN ERBBEXSH

Table 5 Correlation analysis of wavelet coefficients of C. ewersmanniana and landform in different scales of plots A and B

R Sealo £ Plot
A Al A2 B B1 B2
1 -0.074 -0.308 0. 160 -0.357°* -0.003 -0.392+
2 -0.298 -0.510 -0.199 -0.574 -0.163 -0.649 **
3 -0.527°* -0.775°* -0.134 -0.513* -0.418*¢ -0.508 **
4 -0.761°% -0.910* -0.137 -0.294 % -0.698 ** -0.128
5 -0.873*¢ -0.943** -0.259 -0.109 -0.855% 0.296
6 -0.905** -0.934% -0.416 ¢ -0.069 -0.929°° 0.597 **
7 -0.899** -0.909 ** -0.546 "¢ -0.105 -0.966 ** 0.746 **
8 -0.868 ** -0.874 " -0.611°¢ -0.138 -0.983** 0.794 %

* BEMIKFEH p<0.05 * Correlation is significant at the 0.05 level (2-tailed) ; * = FEHIAKFEH p<0.01 * * Correlation is significant at
the 0.01 level (2-tailed)

2.3 BN NAPTER

SFEXF LT (B 8) o 4 MEARTT LA N 3 2858 1 KU A MBEE L, HEE M 20 ~60cm K FE
TR HARIEZBYMZBNI M ; 26 2 BRI, A RFEZ TR 2B, HEE 5 20 ~60cm /K 73 & BAHRAK; 55 3
FOMBERAE, A KA B AR, AR5 20 ~ 60cm K 43& EHXMK. ASCH MG MENBS & pH
B AVUR FREWNBA HE 4 CCA HIFRFR T Ko SHYEERAMEKKRI,

FHF B, R AR R Y AR T 20 ~60cm 7K 43728 (B B B B , 76 2235 #1228 [A) 1,20 ~ 60cm +

hitp : //www. ecologica. cn



5 WL %:ZRELNZYHESHKE

PABEZR B VDU DU A B HoAE 35 2187

BEEKEEER, WETRHHSKERD,

KPR 43 B Z B R ., CCA Z5R % *
H,20 ~60cm ZKAMEZS IR AN LR TR R T 2 , T .
TG HIR 53 BLR 25 SR A W % Lt T S e e A Y e "
FERARRRRAAERK

KA RZHEPAG R, EHEIAT, HIEY
KEBBK, X R FRKBEEIARE, 55 —F0 R
H AR 2R A 3E B 4R B TR WK 43, AT 5 30 T 7K 43 B9
é}m[32~34] o -1+ . ]

ALK 54 BRI WA T AR SV, S 3 7 ’

TR BA AT AR B R A5 N . F
3 'i;.ﬁfﬁ -2 -1 0 1
CCALl
(1) R VW EES A ES:, BESENRE
EBA B SA, B RAES G ZHERY R iy ?8 % :'l‘ ‘fgmff:?fﬁ“?@m 1
% i ﬁﬁ R 5 , L 3 ig. 8 Two-dimension ordination diagram o: samples
1R7 60 ~80cm + BAKAT; TS 3 4.15.16.27.28; EHHS
JRAEYIN IR TGN M . Bl B, HECEAEYBEADTE 51217 ~24.29 ~36, EIRHE1.2.13.14.25 26
B}, AP RGEES /D, 2R 2 K B B A X4 /N, 2 The eigenvalues for constrained axes are 0. 384623 ( CCA1), 0.
‘I%‘T:FE%{tF—FE(JéEﬁﬁEjJO ﬂﬁi@%ﬁiﬁ%m“}i” 239717(CCA2), 0.001393(CCA3) ; Tops: 3, 4, 15, 16, 27, 28;
fﬁ%}‘Aifrﬁ%E‘J“}‘A” , Eﬁiﬁﬁiﬁfﬁﬁﬁ%ﬂlﬁ% Slopes: 5 —12, 17 —24, 29 —36; Interduns: 1, 2, 13, 14, 25,
S BORAME R A, ACCRIR T e e et
M S, R EARE LRSI N A o e
ﬁ' iﬁo moisture content at 40 — 60cm, mc6 = soil gravimetric moisture

(2)PPA FEHH 4 NYFbERE TRIBREFF N IEAE S, BE  content at 60 —80cm
REM M (IRIE KBS AR, TTLUBEER R
PR , HAEMANETTHRERETRE, 73515 80 ~90m (L 384538 ) (90 ~ 100m(#£242) 20 ~40m( ¥
#E) 60 ~T0m(EBERN) » & WAA RV £/ HIE R 110m Z274 , Yrkp BUME 7370 B9 R 2 31 .0
I RFEHESSER 115 ~ 125m, BB EE IS 130 ~140m( E 4e,f,m,n,u,v, B Se,f,m,n,u,v) ; &
RO BESEE 2 MM, B L, BRI A KEZTA B, .0 M 3840 K& A K70 245 F 22 [
(B 1), FZARBALLHIEHREXK D ERF SR, CCA WER BS54 iR, 3R BB LS YT
B . HTHEERERES, BEFEHR/D, 5HERN.OHIESESHBRE RE LHRAHEX, 78 200m x
200m i FE AR R BRHS 5 R, RS T BB B R R HAR7E .

(3) Redding ZERF 5T “ ZRAR-ER (R0 UGN BT, B e B IL T AR S W h % S ThRe i % , 32 KR
FRARERVE DL R SR B 0 m, (K 4> 5 R E IR 4% i B S ik AIRIRIX 8m 24 1 BE
B It BR A1 10m ™, [Fi, Redding F1 Hansen £ 9BFSE sH A 2290 : B Tl RO DRI TE , B8R
T % — 0 1 3500R B A FE GBS RIS, “ BRAR-A AR B AR AR X R T 4 AR KO 2 B PR L, M XER U, AR
R AR I I EK BT

TMEEABFTH , KRBT 5 Redding BF5T A [6] (4 77 f——ZR 78 77 ) B9 1 R U, eh F 7R 7 TE 2 KT v LA
B30k B KFHAAE ST, B 20 KBRS B A Y , AFEE R L IR R R B , SR LA % AE
BERZ I KABHERAR, AL GFENEZIHMERNER, DERENEREARE M FEFE
FATIREMG S EMN % RIS (K 2) , HAHEE R (3K 2) ZH AR K HIE MY B R/NEWE

CCA2
IS

19
Cer. Eewe. 34
4

soil gravimetric moisture content at 20 —40cm, mo4 = soil gravimetric
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SEALAGA R R, R A0 LA B L, Fr ARG E W RSB A S K,

SR TR X EEIRE SRS, NRIED L R/METHAZR A B, 5575 58 T RAUKEE S R &
ERTREFESRM, RS EBRA RN E R E YT S

(4)4 FERKIFHE R RER AR, RAERSHRE LR B, RN\ T WEAYESEA R T8
AT RIS, SR bR K X SRS ARG

(5) CCA Z5R- B R 0 ~60cm K MR N YT BAR Ry vl 4 %o 1 F v R, K 0B K o i BRI 28
BEEZIVESREEE, —SeERURY EREH X E %R S KB IR AR B ETT
EHETRARD . 5 K E S LA TR R EM MR T AN EERE™ , YDHENEELE
XK > ESRAEIE (B2 PPA G5 R R PRHEAR SR SC , R IA TR AR Y AR 0 A 3 T SR M il R RO
A5 R T B R AYE RS

(6) ERFRR B R EYRBHRRPFE—NRET N XA5HR5 LRI 2 WA Y5t
R ERAY A RIS U THAEERIEMBRYA 1) W SIS AR B A6, B R TR
ARTFERIR A 8 ;i) Yo SER BT SR B ML (B R T REAR R7E S M BT R £

(7) WAA B Bl A& RBTE B TR, R T 58 54070 BB 10 9 R, 1 A 2
FEHFBAHME , AT R, X TS PPA B 5B REEEK LR, 2L RE LRR A
BB A K, A T /N R B R AT B SEIE
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