5508 B8 1 H A 2 # Vol.28,No. 1
200841 H ACTA ECOLOGICA SINICA Jan. ,2008

FE A7t 33 S EX $15F ( Stipa bungeana) 53 %5 T
—— " SRR R

AV, MERE, B M, BHE
(FHACRABHEAE R BAFIRK -+ (RIETFT, BT FiB 712100)

WE YR RN, 5 TORNED FIBMREEAEEE L. FIRAT XANER( GAM, Generalized Additive Model ) , X #E
T IR SR sy M R A BT 35 (Stipa bungeana ) 1973 8] 435 TN BEATE 5, A S ik A BGAH F b i (R I IKE 4R 1
RHE . GRRY, BRSO TIP R ERT B e R 5P &35 LA 47, R TR R R 2 i 1
AN, B FHTEIAL_EIRAT AFFFE. BN HYT SOMIINERIR A, & (R R 0 FEBR TR R BMERE SR E
¥, MR RARER GRERER . NHSHEEE , 4 KPR R AR 4 X 5 7T 88470 (A AP R FEE L
B, GEFRMARF . BARGIR, T BB RS ER

KRB : AREEGHEE-IRERR ;) LR | AR

42 :1000-0933(2008)01-0192-10 R4 Q141,0145,0048  STHRARIRAD: A

The predictive distribution of Stipa bungeana in Yanhe River catchment. GAM
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Abstract; The predictive distribution of species is of great importance not only to the conservation, utilization and
restoration of grassland with these species as the dominant species, but also to the predictive distribution of vegetation
communities in ecological restoration practices. In recent years much progress has been made in predictive models for
species; models like GLM ( Generalized Linear Model ), GAM ( Generalized Additive Model) and VGAM ( Vector
Generalized Additive Model) become more and more popular and useful, provide greater impact in planning and decision-
making in nature conservation and ecological restoration. Comparative studies showed that GAM, as a data-driven model,
could give more accurate prediction of species distribution. This paper employs the non-parametric GAM model to explore
the potential distribution of the Stipa bungeana in Yanhe River catchment. As per the data requirement of GAM, 3
topographic and 9 climatic indexes were first extracted and analyzed using ARCGIS and ANUSPLIN, then a GAM model for
Stipa bungeana was established using these data and GRASP ( Generalized Regression and Spatial Prediction) module for

ESWB:ERXRELAERMTE ZRITRFEBHE (2007CB407203 ) ; R M E X HRBE-EHBE R AL ESIHSREREAFRHIE
(2006BAD09B03 ) ; Fp B} B TR ZO” A A 3557 7HRIFBYIR B (2006HX01 ) ; B2 B AP E -G F BT B (40301029)

U548 B 31 :2006-07-05; 4&iT B #4:2007-10-30

YEE B RAPEI(1969 ~ ), B, BREEHEN L BIFTA R, EEMNEEBAESKE ERS T WHBTS LIE. E-mail: zmwen@ ms. iswe. ac. cn
Foundation item ; The project was financially supported by “National Basic Research Program of China( No. 2007CB407203)” ; The State Science and
technology Support Project ; Vegetation Configuration Optimized and Sustained Management Construction Technology in Loess Plateau ( No.
2006BAD09B03) ; The talent cultivation program “ Western Light” of CAS ( No. 2006HXO01 ) ; National Natural Science Foundation of China ( No.
40301029)

Received date.2006-07-05; Accepted date.2007-10-30

Biography: WEN Zhong-Ming, Ph. D. , Associate professor, mainly engaged in GIS and restoration ecology. E-mail; zmwen@ ms. iswc. ac. cn

http://www. ecologica. cn



15 AR % SE IR A L3 (Stipa bungeana)) 53 FRIU—— SUAE IS B B L 1o R 193

S-PLUS. The gradient analysis in this model showes that the Stipa bungeana can distribute in a wide range of environments ,
in different gradients of slope, aspect, temperature and precipitation, in all land positions expected for high flat land and
extensively eroded gullies. However it does not mean the distribution of Stipa bungeana is equally affected by each factor,
or has an uniform distribution probability in the whole environmental range. The GAM modeling indicates the distribution of
Stipa bungeana is mainly controlled by the average annual evaporation and temperature seasonality but not the rainfall and
temperature as commonly reported. A map is produced in ARCVIEW using a lookup table generated in GRASP module,
showing the distribution probability of the Stipa bungeana in Yanhe River catchment. From this map it can be seen that
Stipa bungeana can distribute in most areas in Yanhe River catchment, and its distribution centre locates in the middle and
north part of the catchment. This result is in agreement with the reported point distribution of Stipa bungeana , proves that
the GAM model well fits Stipa bungeana. However, as this is the first time the model being used in the study of vegetation-

environment relations in China, there are still problems that need further study.

Key Words: natural vegetation; species-environment relation; Generalized Linear Model ; Generalized Additive Model
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Fy PSR 25 TR 43 A TR e BR5E ™ ; Hettrich 25 A CCA 1 GLM 7k , S48 55 L8] v e ) 18 Wk b R ek 43 A
BTN, AR, S BRI G R IR A GIS T RAA B , MM 410 TR B S 70 2k A2 i 78 B &
U S E BT B AR ESWERE RPN S A FE T, BRGRABHRR, WS
T TR, ZR 2 AR TI BB OREER . B8 , T SOM IR ( GAM) 2 7 S -3 3 04 i
BURFSE T T B LV A AR Y — | B AR AU A v i dE R M M T 2 B 2 A S R

R4 F RIEFRIRS BT B A > — T A A RA S B E R RA R &
EREREZ L, ASCKRA B TR0 AT 7 T 0 BE B IO RR , SR AT SR Z ( GAM) S
FR 4T 7E JE IR R 43 75 HEAT FIUBRST , DA S B 70 4 i Bl R B 1 P
1 HRRER

AT RIS X N BT I, A7 T 36°23' ~37°17'N,108°45' ~110°28'E 2 4], J& B I v i il 4 —
R —FRTR, HEILRRE, REEF, RE, B2, K LB £ FUK BRI ICA SN, TR
A 286. 9km , AT 7687km® , LI W 4. 3%0 ,FTREE LN 4.7 km/km’, AR KRS8, 4
RET & S00mm 7545 ,4E FHSIR 9°C BN R B 1 P b, A% IR B U0 B B0 A AR AT o AR B3, BV
PR 5 At B IO 25 AL, R ] ARV AKX L R R R A2 R X, 7 DA R A B TSR O 6
AL,

2 MIRAZE
2.1 J7SUCHIEEE (GAM) HER

763 30 Z4E D, G — AN BERE, BRE HIH 40 P81 T L&A ( Generalized Linear
Model , GLM) F1J~ X AE I B ( generalized additive model ,GAM) , XS AVIR H 5, R HBE B AL B L FPEHE 7
T, H 550 M R MR 22 4007 BE BRI AT A A A A,

AR AR (GLM) RAMAER Y B , B M RN BATRUE RN AR R, SR L BA E L uA
JetEE 2, CLM BB TR T B4 m%k ¢ () (link function) , 837 MR AE 8 (V) BIBCE LA o
=E(Y) SRMAANTNER LP 2 MME R, HEERIT .

g(E(Y)) =LP=a+X'B (2)
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AH,a X BHFXE () HRE, T AW E, XM AT UREBENT
glp:) =a +Bixy +By Xy + - +B,X,, (3)

SEGMEMEREERFE, GLM #EIH Y (27 7] LLURAEMIE XM 800 A (A0S 84075 BPIEA 2376 1A
AR I3 ) , BREE R BT LA o B9 W 4 BRI 4 ( UD X 4 B 4K logarithm 5538 48 B 4K logit) . Y 5
ZEA T REE V() KT HEEHEE w =E(Y) , X8 Var(Y) =¢V(p), ¢ HHLH(REKRAEZE)
i}ﬁ[%ﬂs,%] o

GAM 2 GLM HLEI 9 285" & ( semi-parametric extensions) ™, JBIZ MR AN AY , B HH9 4 BUR 5>
A2t ¥ %K (Smooth Functions) , GAM 38 R B 45 B4R, a7 e i 2 B S S B E ST & M —1k
BREMEXR, HEEEAN:

g(E(Y)) = 3, (fi(X)) (4)

BN LAY i e BB R 25 S LI AR &, el iz 72 B AR — IR A , BPHCERUEL D O B 1, M ZE b i BRRY
WE 2] F B8 HR 45 R 3K ( Logistic link function ) 8 %7R P’ =log{ P/(1 -P) { . X, H GAM BT LIE A P' =b,

+fi (X)) + +f,(X,)

GAM B O &, 72 T H g sem py 28 & S E F RS EIELEMEREXR T ER R BB,
GAM AL 22T HE A ( Data-driven ) , T A2 2L T B4 B (not model-driven ) , $(4f P % 25 e 7 75 & 1
FNETZ KX R, AR E SHNE T HOESSHEXE . Fit, GAM BB Ll Rt
AR R, SREBUS R SR IS 8B, 40 ] X7 T B F e AT e e LA, oW H e B i 2 6 v R gk
THLA, BTLA GAM B BHBFRONESHHEAL, 1IEFE in it , GAM B8 B & B R G , BLReR B~ g+
B S MAERKR, BRNES RGN R,

2.2 GAM BEITNI AR &7 K K AbsE

FIF GAM EEIFHATAER S A TR , X 40 BA BN BB SR . — e, A (UE SRS X A A 40 DA
gAY 7] B T B RR A B A TR AR &, H ERX Se TN AR B R 2R = B, BT MR A B4R
JEAMESPROM I BEEER, TR REREFE, A AARBEEFAmEE T, HhSERTFEEE
R, R R A EEEEY, RESERAERETHEN, SR TEYRER ARKE
(temp_cold) , 3 B4 A SR (temp_hot) , E 3R (temp_avg) , FH T BRETH & (rain_789) , £ X ETH &
(rain_y) ,5F¥Z8 K & (ET0) , BEFRZETI A8 4k (rain_sea, ) , R ZE 15254k (tem_sea) 8 PMEFRRFAE SIEXITE
SHHEH, FEFERTESENT

Y1 AR

B A5 (temp_cold, C) = 22 71 (5)
Y7 AR

4 H B 3 SR (temp_hot,°C) = == (6)

21

2000

;80“ ~ 12 AR )
4E 3R (temp_avg,C) = T (7)
Y (7 ~9 AFHIMER)
SEIITRHZ BT B (rain_789 ,mm) = = o1 (8)

Y (1 ~ 12 B
T R (rain_ymm) = B (9)

hitp : //www. ecologica. cn



15 AR % SE IR A L3 (Stipa bungeana)) 53 FRIU—— SUAE IS B B L 1o R 195

S (1 ~ 12 AEHERR)

AR (ET0, mm) = =5 51 (10)
> (7,8,9 FEFMEm) + Y, (12,1,2 EFER)
T 2357484k (rain_sea,mm) = — 3 x2i1980 (11)

Y (FERIER) + 3, (ARG
BB (tom_sea, T) = 22 T (12)
AT AR T 0, PO IO 0 B, SRR T R AT TR B 254
W BRI, AT AT , A0 kriging Spline %, o1 T -+ BRI RO 4, A
R ANUSPLIN 2[R {E T i3 WHR(EAM7, By ANUSPLIN 45 SR (LSBT U578 , B¢ Kriging %
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Fig.1 The flowchart of climatic data processing
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(aspect) , B2 (elevation) , HiFEER A/ ( position ) 4 NI B2 5B &, HIEHE 9, B8 BN
DEM E#:A4 B, M2 DEM B, BN ASCR SRR ES, 8P B 0 s I &
frXl 5 7 26, BYATIE 5 4] 6] F 3 ( Drainage and flat land ) | F 3% i ( Lower slope) | H3% (Middle slope) | b3
(Upper slope) . 53 T ( Ridge ) - /& F-#i.( High flat) F140/MNAS o
2.3 MEGBIERESLHE

B 2= A) A % B RO AR , YR o TR B B . DA RIEAEA [R) 2= A) o2 B [R) 3RS 4
b ERREBUS AL B REAR SR , A5 SCR FIERSE 5 8730 B RAEBOR , AR 408 BT TR B0 B B A, o ST IR AR R 43
R 1T AR ROT(BUNINER B BT I RIIEIE BT , R BTER R M5 BT, IR B 16
B RITH R SR, T N R RENFEARE TR, REICFREHERMS S A TR HBER,
FEH E B GRA IR R R T RS S AR YRR R 2R R B RE . BT A A
VB BT BR A, A BIE ST BB e AR IR T 10 B R A4l , S BE R B AL , A SCSEhn R FE IR AR HC 145 4,
2.4 FAGTIAELE A E ST

GAM BEME NG THE BT R B —F R, BRET{UA S-PLUS,STATISTIC /030U RM-F & #2448
B, (Hk skt T AR IME R BT, @ L BRI 5 GIS M T RET B R, Jok | A
BEAT AT, 41X 3X — [B] B, Lehmann 2002 £ S &5 R T ¥ AR P # L GRASP ( Generalized
Regression and Spatial Prediction) ,7E GAM &5 4 B 2 $% 7% (lookup table) , SR /5 E & FK 5 GIS &7k
R, FI R XA TR AE B (GRIDS) #4715 8, LM Mg = M A T . B N B4, — 3402

FEIYEFET R

Anual average rainfall
JEp—— FEHCR s
Anual mean temperature ] Polt data Species model
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—

Anual mean rainfall seasonality

AP AR AR L

Anual temperature seasonality |

YR kR

4% Slope position |
pep Species look up table

3k 1) Slope direction —

3k JE Slope degree ]
ARCVIEW (GRASP)
R F L

Anual average temperature in January \

FEHREHARE -

Anual average temperature in July

b E

Species prediction map

FEHWERERN R

Anual mean rainfall in rain season
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Fig.2 Flowchart of predicting species distribution
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FTF S-PLUS 1, i FRERIEE N, RIS R iy, — R BT ARCVIEW 19 (Hifd) , A 45 Tl 28 & i is S i
PR HEATHE B 2 R AR B TR R B (] 2) . GRASP 7E S-PLUS FRHRAE T R R0 i, TER S A . S50k
JE A REBESE . AU GAM AR, AU T iRE : (1) S24VE B R M 24T , LAZE S B 5 R AH 26 itk
BREMETF, AR E R IERERE; (2) RAEL AT EER; (3) BEERERE, UE
ARCVIEW 9] f GRASP s {4479 4345 Tl

3 GR54H

3.1 Y ISR = AT
SIHT R A B T BB SRR T S 1, o TR A AR R R T RAEREE . B3 FR

AR RETF SIS LRI ARD, 10, NI R B T LA 3508 O 0 4384 12 M el Bl i 3L
A RATSF FER B P AT LA M BER 39 MR, B 36 MR BIA RS . FHE, NEH R B4 H
AR REF IR AR F MR EREER, B35 0 BT SRR &5 _ EE8A 7
i s BR B M A R MR BRI IAE S, A Fh A BARAT DI AR . AR ER AT 3P 7R B AR B A1 L B A HLAR
4 BHRERHEESNA BB EERENER S L, SRRBNAEBOVRERHE R,
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....... N AR
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30 oo e I
§ 21
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B3 RERHFESTERE LK RERE

Fig.3 Environment distribution of Stipabungeana
HREFENFRERRRBERNRERFTERR, K PRERI Y ERIESE LIRS, IR &R 7 AR ERE
BESRESEBLS , BRREEEREEERESIFEHE L EIME  Entre histogram bars represent the distribution of all plots, where

darker areas represent the number of plots occupied by the species in each bar. This number is also written on top of each bar. The plain line is the

ratio between occupied and not occupied plots and the dashed lines correspond to the overall mean proportion of occupied plots

3.2 GAM A BRI
FESI T ARG 26 20 0 SR B4 B ) 2R |, SR I 2 [ H ik 64T GAM BRI ST, S5 R UK 4 s, HEY
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T FEEF R, AR F A EBPR TR RABMBENETEURITE T, RPRAESFRK
FEMERMMHRRBOIE S, MSEEZ RN R IEM M, [ERBEEN S, A [F ) F AL & X

TR R, —Boh, AR BT H b EAR, REBERB P rEAA K. TR A ®H
BEmE, AU T RIMBEDHHIE R (R 1) , 2 MR 3 BR (Drop) 28K 2F B i, 8B4 9 2, 1B S BRI
7 o IREAR A O 8, Rl IR B B A 35 B 25 & (alone) B, A IR B TTIAAR Oy 15. 5, TR T L
929.7, e, IR ZT AR E B TR E R,

10

s(temsea, 4)
[ w

|
n

850 900 950 1.66 1.68 1.70 1,72 1.74 1.76
SEHFE R B Anual average evaperation (mm) 15 5 245451k Temperature seasonality ('C)

Formula = YYYS$sp~s(et, 4) + s(temsea, 4)
Family = quasi (link = “logit”, variance = “mu (1-mu)”)

1000

B4 =R R (fomula) 75778 F i B B #H 25

Fig.4 Stipa bungeana models equation and partial response curves of species response variable graph

ZRRBRNTEFT BRI EGHE, BEREFEMKESE Real line represents response variable equation’s fitting curves and broken line

represents equation’s believe degree

R H RS R R, S — N ETR R1 ANRBAMED

Tablel Contributions of predictors to the model

FEE, W EST(FRE) RRERNEEHE
K144 R RFRZE N 6.32, 30 H B E 135. 1, BEA
WA TR ZE (Null deviance , 1 2 T8 & AR

GRASP CONTRIBUTION (%I FERZEH7)

PREDICTORS( B R ) :S(et,4) R B/S(temsea 4 ) A EFET
ik

ROFR 2 J7 Fl, T DABE BOBEAL (300 A (R ) O 104, Drop(Bh)  alone( (RAFZR) Model (IR
55,%%ﬁﬂﬂuﬁﬂ%?ﬂ%ﬁi&ﬁ%%%fﬁ]ﬁ?ﬁo S(et,4) 9.504637 15.47818 2.076866
S(temsea,4 ) 23.75614 29.73116 8.897094

5B AT R ROC A3, SN HEA T3 R IE,
ROC 45 2 ff i ROC M2 R F BV BURE (Sensitivity ) 5548 54 ( Specificity ) 2 [ i) *F-# B , ROC {H— 8
AF 0.5 ~1 ZJH, HEFT 0.5 RMBATLILBE LS 8K, KRR, & 5 R, LR ERXX R

B XBAE Cross-validation

A2 XHRAIE Cross-validation

E z 10
2 £ 08
: 2 06
¢ L 04
3 i O
o N: 5, cvCOR = 0.466 02 N: 5, cvCOR =0.735
= 02 . fi=3
= i 1 1 I 1 1 0 1 L L 1 L
= 0 0.2 0.4 0.6 0.8 1.0 0 02 0.4 0.6 0.8 1.0
WMAE Observed sp2 M 1-specificity
B—BHIE Validation H—I59E Validation
2 S 1.0
3 Z 08
= ‘A
E r%:) 0.6
g i 04
= . #® 02
B 02 |, N:1,COR=0.612 iy N: 1, ROC =0.819
i 1 1 1 1 1 0 1 1 1 1 I
0 0.2 0.4 0.6 0.8 1.0 0 02 0.4 0.6 0.8 1.0

WME Observed sp2 FiFE 1-specificity

A5 KERMEER R
Fig.5 Croos-validation of GAM model for Stipabungeana
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IE ( cross-validation ) ¥R /& B—IG1F ( validation ) , B EIARRALE T4 5 #) ROC {H (ROC =0.74,ROC =0.82) , 1 H
PR ZHE/N, RIS R R, 65 RIFMERENS
3.3 YrFbatmm

Wb 2 18] 2 70 T , R A AN T 5 A b, A A AR BN 22 #R3% (lookup table ) FIFR I 2R B i 48 &
RBE R TR A R =S R TR (AR 2) o ARSCUAARKRET S 06, #E47 T Yrib i 2 70 Tl i 1 , &5
UK 6 fis . B PEEER/DRR IR AR KN H AR R AR E b B T YRR RS E P AT
TE THERE FR G B8R 43, AR s AR (mask ) X3 ; Y& 230 40 AR EL TRV A (G 4155 HH B SR B R B IR, $60EE
T 1 AR REF AR IRESEE DO X, AaXKEFRZKIE AR FHEBIERR, JLET 0,5/
W X RIAAR KA B MG R EE . BETNS , ARHFALR AR KB TRER, BEELIH
R X AL,
T

YRR INL T EHAZNOEN, H - KRS E(H ) ™ 20, IR WA, T Eh AR
BRIRTER o XF B R SARIRE B RR M A . BR B R SRDRE B PB4 , R R SR E
BB BRAE A B, X S R R AR 1 TR AR R BT A LT T AR, S T 3 R
3. H « IRIRFFAY , X REE A R R AL T LIAMBESIREI L . Syt — 2B UL & 3058 B R X b 40 AR i)
U, Austin ZEAK 555 35 B T 4 A B AR BRI KSR SRR EE B T4 o 3 (7Y IR R T BB R
FRIEEE T, MEREEE T, IR EEY EEAHEF, 10 H,0.NP.CO,5,, X H Tt 24 Bl
YA BRI EERE TR A R E A A B REA Y A B = A e i 7, 40 3%
FRDREE ; T [l 2 R ) = ZEHE BE S R E B W AE Y BT A A, A A A B AR = A e s i), (B AN BB Ao X
IR T BRI TR R 2 A0 7 A R, A0 T 5 xR R YR B S B P TR R AR 3 A o

ERE—YRHTE , AR EEEXNHS AR RN A ERA R, RSCRARMIESER
Y 23 T 55 45 32 R T SOM AR B, R 30 0] 30 3o M B0 3 7 o ) b AR EC 4 2 B9 28 TRI 3 A 64T T T
W, ZREFW, RREFHIH EERRTEHZREMBE RN, MIERAER RERR, NHS
T KIE , A RE 2 TR ER A X ER A W BB 10, (B H A R R EZATILE, X 5RKAFRE
F) 4377 T B K W s 1 2 A A R — B ™ A ST AL R B A SRR B O

YEMER- IR RIR R — D HR12, GAM 1 LIS AL B YFp 40 7 SR R BFEL MR R, A3
BIRFR G R BRI FTE B GAM A2 AN . HR5—FTH, CAM EAE R EMH S 7 Tl R R
H L LB, LR R R R R RV N S 5 T, 1A TR & R Bt — 2RI .
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Fig.6 Predictive distribution of Stipa bungeana
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