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Trble 2 The values of A, L and k? of six environmental factors

N & WU L \’ RHBEFRNRE R =3L;
actor load | Accurauleted factor load
) | BM14PC  W24PC @3 4PC
Variable 2y Zy 23 ¢ The first The first The first
f one PC iwo PC Three PC
X=1 ‘ ~0.8744  D.4062 - 0.2398 0.76e6%" ¢ 52982 o.em1d
XN=n 04,3718 a,B8150 a,3827 p,13810 0,BD90 a, 8689
N=3 -a4,6100 —§.561T U,564¢ 0,372, 0.8786; 0.9334@’
N=y l 0,957 - {,268% -0,1325 ‘ 0,37956_ 0.9516@] 0.9592®
N=s5 0,9584 —0_107T3 — 40,2077 0, 9185 0,%300 6,073
X=35 | 0, 8684 G.0792 0,3540 | @, 7560 0,7613 0.85686
w%JE4R)  Elgenvalue \ 3,B281 1.2300 8.7063 ' (3,8GT78) (5.0580) (6,.7684)
TR (% ¥ Contribution rate! 63,8014 20,5002 11,6716
RiFFRRE) Accumulated] oo ooy gy 4016 85,4732 ' (52.8G) (84.30) €85.97)

contribution rate I
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BAEBETRERMAMTER(FES),
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. BRE5FLE, BIRGHERE BRI,
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Fig.t The three-dimension Coordinates of PCA ﬂz?&lﬁ?ﬁ@ﬁﬁ]ﬂﬂ 4% ;f‘rl?.érgﬁ’ & ,”3:-:12?2 _ﬁ-
from six environmental factors among ) .
twenty populations ArF0.9961—1.0071. HAHIEREEK A

0.99285, 0,99694f10,00914, B {5 M2y 0.07446, C.05000FI0. 03001, & WA ARIE
A e THELESHTRAEERAE.
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PCAFEGEENEEREMFSINET S SMEASHEH TSN LSR8 B, i H, Ik
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Table 3 The Coordinates of the first three PC and the principle Components
values of the first to third PC

EAHER T ER W1 —34PCRZ SBHE
Regression Value of each point to the
* B & Component of each point first, first two and first three

Principle component Bl 1 4PC B 2 1-PC B 3 1+FPC
Z{1) VA Zi3d The first The first The first

one PC two PC three PC

A= 1 -~ 2,800D 2.1144 0.1335 ! ~2,4402 -1,7311 -1,61189
No.of point, 2 ~2,0287 2.0008 0.3117 -1,711% —-1,0322 -0,7668
L ~1,9548 2,0813 0.4700 —1,8510 -0.9812 —0,56065

4 ; ~2,8608 ~—1,6970 —1,4971 —2,4182 - 2,9025 ~4,2720

5 ~3,0766 =-1,7671 —0,9045 —2,60B4 -3.1085 —3,880)

& ~1,8034 1,0935 0.3e61 -1,3642 -1.3237 —0,5843

¥ 0.3z27a 0,4258 —0,8833 qa,2769 D.4215 - 40,1667

8 Q,3622 0,4040 —0,6705 0,2975 D.4347 ~0.1384

° a,3027 a,0756 —0.4304 0, 2657 0.2814 —0.0856

10 a.7zé0 0,0712 —0.6338 a,6149 0.6391 0.0974

11 0,3244 =-0,0559 - 0_4557 a,e962 0.6772 0, 2877

12 -2,8214 - 2,23BT 2.4260 -2.3828 —3.1431 - 1.0686

13 1.146 —0,0038 —0,2933 a, 9682 0.266% 0.7182

14 1,0808 —0,2085 —0.4215 0,0187 0.8496 0.4883

15 1.0824 —0.2178 —0,4136 a,p142 0,8402 0.4867

1g 1,8222 0. 1209 0.2720 1,6234 .6845 1.BG60

17 1.8657 =-0,8054 —0,0977 1,4322 1.2266 1.1431

1B 2,2969 —0,3041 0,2046 1,9308% 1.8366 Z,0114

19 2,7685 —0q,0044 0.75BB 2,3382 2,3167 2,981

20 2,7086 —0,2368 1,0580 Z,2856 2,2062 3.11083

;|4 B THEETFPCAEKITPCHAES&H

Table 4 The variance analysis of the first three PC of six environmental [actors _

sV df 55 MS Ful

?i;S‘ltD%C Ay n+p-3=23 31,8281 0.166430 22,045%
éﬁegol;?l PCM n+p-6=21 1.2300 a.058571 T.TEB%E
%he:{x}-’dCPG As nEp-T=19 a,7003 0,036858 £.882%
Eﬁm (1-4)pP—4)=32 ©0,2416 0.007560
B 1 APC,  (EGA(PC,)): Fj, =5.6716** (dy=23,82)
First one PC
gy 2 +PC, (EGAPC)); Fi, _, =7,4449%% (dy =44,81)

" 1=-2
First two PC
BE s 4+PC, (EGAPC:H)), Fai, _,=10.4480%% (A7 =73.32)

First three pc

(1Y ERa=0.0l K FEREE,
**Expresses that the variation is significant at @ =0,01 level,

T TMERSEGCAPCHXRANAMT, MEECAPCHEBERBETRNS B,
(1) H&HHEHSTERE 7 MERMAXREW, 34 EGAPC,) WHXE KX M4
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Table 5 Comparison of corelations between EGA(PC) and the thirteen variates

E%%éﬁgmwﬁgﬂ%ﬁﬁﬂﬁ 3THERSERHARENR
& Variable Eg& mean value and stundard grggfgglt:tg;nl‘%“’:fﬁﬂent of the 3
eV on 0f Correlation-Coef
f;el‘?::isaﬁ;ach variable tp other EGA(PC,) EGA(PC:) EGA(PCs)
L;‘tt:;ﬁdﬁlxl (—g:gg:i—i—?gfggnl) ~-0,8744 -~ 0.TB32 - 0,7854
Loﬁg%t“%e (¢ _"afﬁﬁzf_fafii‘;s, 0.8718 0.5445 0,56525
i o,
Annusal dﬁmjzéﬁﬁ Jé'emperature (Ejfgﬂig:ﬁﬁgg) 0,8378 ,8547 0.7458
Friﬁ%mre?days (g:zf'{gf_g:;gg:) 09584 0.9108 0.,7581
Ana pecipitation | (- bedisas b 880 0,889 0. 8648 0.9142
Flc?'wﬂer?r;g I'e _°.;f§22§oi..‘_’f§f'§m, -Q,B435 —-0,8228 —q,7443
Prating il
Le%fﬁeﬁeﬁéence ¢ _Dn'.ﬁou:ul_f ?_'02_1—1,59130) - B.TTTY -~ 10,7080 ~ 0.5087
Thous:a‘:n%m weight m?;;}’iz_if;fiiig) ¢,881¢ 0,8309 0,8541
Heigﬁfa%'*:g%(:fne) years <E;§Z§}f_g;§§?§, 0.8551 0,3085 0.7329
DBHDﬁaa?:—agf.&fhsz )years : (g:gﬁg:ig:;g?‘;) 0.8728 0.8433 Q,7388
Voluﬁ%ieﬁa?a?{e?f!;yeml (3 :E%’;g,’ig ;;3;2, @,B873 0,B8453 0,7454
Mg;ffgjge l 0.6266+0,1327 %,8055%0,1517 0.79?510.0923‘ 0,7314+0,1131

HEENEZMHE. Significant Value of Correlation-coefficient,
Goag5(18Y =0 4439, og,03C(IB}=0,5614, go.op3{18) =0,6787
Yk, 0,7777—0,8873, 0,7090—0.8805%10.7329—0.8581C KM IR MO A AT &) kT
HEFERY. EHFRERSERSECAPCHEFHEGES., RITHBR-HEEREERETR,

(2) FAGPCHE 7 MEREEAMFER, RALARAIET 1, sMEEBERY
i ATE TR # Ry A:0,99453, 0.99427F10,99936, K BIBATHESS £:0.09892,0, 10924F1
0.08485, MBEM EEETAENESHBERMAM O, x-&ie S5 B H R &5
T, REHEGAPCHA HTH AR EERER,

(3) EREMBERETHEEFLRMURGE, TLRE S ECAHPCHE—EREH
AR LB EES, UHNMEXREMEZARE Y, HFSHERENBEESRIEY SEEIE, H
R RS2 n] F B2 A . (EESRE " Ak ST R EA S L &8
ECEGD, PR HLSDERBRK MR MikE. BEehr, EGLs 3 1-EGCAPC) RM
27 $0,9433—0,95349,

5. EGAMPC T 3 BRI FiM s

L 20 ] Fh IR F e Fh 50 AR X R 65, FT k20 TMEA R EGA(PC, ) Rk EX K EZ
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WEEE R S B, T HHR A0 B A SMEMEE S, TTLRT EGAMPC,) /M.
M3 AR (R 6 M EEART)SEGCAPC) EirERAR, 52 )xNEizmyFHEE
(#£6)., EREN, 3 TESHEEMHSNS 3 fEpBEECREE 20 TEE, TERE

e

FkE, FEEH EGAPC,) R TR M kB RERE. THUBRRESTREMN
o 2B WEE R (), 53 AP EROFEMBEEEKE 7).
®|e IPTEGAPCHY) 5lmais (X) NEASH

Table £ The muitiple regression analysis of three FGA(PCXY) to
three-dimensional geographical co-rdinates(X;

iy hean R Standardde viation
X(1Y 38,04500 5,34230
%5 1 & X(2) 114,53500 10238434
Statistic value X(31) 249,29000 399,08300
¥Y(1>» -o,00006 1.86241
¥(z) -—o,panip 1.80404
¥Y(2) -—-0.,00053 1,84046
# ¥ Coefficient F H&E% Regression Coefficient
Y(i1» Yezd Y3
B{o>= 7,7712 4.9682 —1,.6688
% 5 Bi1:= — 0. 2442 —0,2066 —0.2508
B 5 b Bi{z)= -0,0171 0,0438 0,0077
Resultof multiple B(3)= —0,0018 —a.0021 —b.00D4
regression analysis #i4a2% Be Partial Correlation-Coefficient
X(1)=—9925624 — 0,880 141 — 0.0720004
X(2)=0,7080632 0,9346108 0,0944630
X(31=—0,09697446 —0,9787428 —0,9846015
X H 2 F K Multiple Correlation-Coefficiet
R(43)=0_,0954388 0,.8958678 0.9853802
| Se=0,1762758 0,1720606 0,.3404389

;

W™ 3TEGAPC: )Y5RFTHR. FEENMEEANKENRAE

Tabie 7 The models of estimating the tooo Seeds weight and the tree height
of nine years old and three EGA{PC:) .

j EGAPC,)

EGA(PCYH GEA(PCy)

m H
{Item) be b -

Se by b r S by b T

S,

Fiie e o ¥ 4
Thousand

seeds -
welght ¥ |

7.,40002 0, 43B54 0,8814 0;40495 7.40004 0,42736 0,3809 0,41014

7.40003 0_38335 0,8581 D, 44489

9 AWK
Height at
age of @
years

5.89262 0,34660 0,8738 0,34P94 65,99263 0,31574 00,8433 0,4i53

6,98264 D,26356 0,732% D 47466

K7 pPIERK b, RE—ERET,

EGAPC)HgHE 1, WiEE0,3466m, & ¥k,

EGA(PC,) EHuERETERIGEERER, U
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=, 5 R
1. EGAPC,)BEPCARER L, i Mnx pBEBR? S p x nlEHr R SHE A=, B

1—r "I“'Eliﬂﬁlﬁfﬁﬁs X i =Zﬂijz(fJEj! ".=1!29"'";.f=1:23"',p! }?Etﬂﬂfi\ﬁ

i=t

M1—rEESEREHE HAEGEHHE MRS, BMETTI I—r AERA0 1 SRk
AEBEREGCAPC:)),

2, Bt BRI BI0FE S (B K 6 M BESE T4, iFH EGAPC,) %
HREGGEEET; HEBTEET MR SESBENEUYE. SATEETRIA.
ST EGAPCH Y, 32 MESHEEMRT, BUAREEBETE 18 REXRM
T8 3 8.

3. EGAPC,) RGaZHMELTETHI THR, ENFERESER, HT4—
TERON 1 ME, ATESRESFTNBREER A RAEEENEAYE, mE8ss
R R p, WA REN EGAPC,), WL HENEMS 1 T SRE
SRR HETRSAERMBEETR . RAWE LWL TR, EUHEH AR MG
i EmRE, BRAFHERSEERNTRHERRZE.

4, FXEREESAFTHRTREMRBEEREY, HRAZAT—F W 4. PCA
REEEREHNTESREFHAFFRE—SRIE. ENARTRE, EGAPC,.) HiktkH
Frr@@EZ g s mmBneESRENREERWIA, FEATRESES R RIER TR
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STUDY ON THE APPLICATION OF ECOLOGICAL GRADIENT

AXES(EGA) IN FOREST ECOLOGICAL GENETICS
——EGA(PCr) ESTIMATED BY USING PCA METHOD

Gu Wan-Chun Wang Wei-Sheng Li Bin Guo Wen-Ying
(Research Institute of Forestry, CAF, Beijing, 1o00051)

Principal components (Z=0U"'X) of p-dimensional environmental faclors
in few populations were turned into a linear expression of primary data(X =
UUZy. The estimate error was named dj, EGA(PC,)s were calculated accor-
ding to principal component analysis({PCA) of é¢-dimensional environmental
fectors among the twenty provenances of American elm,The cumulative con-
tributions of 3 EGA(PCR)s selected according to eigenvalue were 63.8%,
84,3% and 96,0%, respectively. Most information from environmental fac-
tors was contained in these 3 GE A(PC,), EGA(PC, ) ymeithod was tested well
in investigated population gradient variabiltiy of 7 traits and could be used
to ideniify the model of population gradient variafion,

Key words: principal components, ecological gradient, ecclogical gradiebt
axes, gradient variation,
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