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Table 1 The growth of Eremophila alpestris elwesi nestlings

RIS By RE
rac) |, KEGD EERGED @, | meen | B | @b | 3% | e
body weight ¥ standard wing Tarsome- 3 p
age (day) length bodstl b beak middle | tail (mm)
(g) (mm) ody lengt (mm) (mm) tatarsus | (mam)
(mm) (mm)
0 25 34.6 34.6 6.2 5.0 5.8 4.1
I 4.1 35.7 K1 E o 7.5 5.7 8.0 4.7
2 6.4 44,1 44.1 8.6 5.8 9.9 5.6
3 9.6 7 49.4 49.4 5.9 6.1 12.5 7.0
4 12.0 53.3 32:3 13.4 6.5 14.3 8.0 1.0
5 15.4 60.0 58.0 ponz 2il 2 17.0 8.9 21
6 18.1 63.7 60.2 23.4 8.3 18.0 10.7 3.7
7 2).5 69.8 63.4 28.9 P | 20.3 11.5 6.3
8 23.9 75:1 ° 66.4 35.8 9.5 21.6 11.5 8.8
9 26.5 80.3 68.7 42.4 9.5 21.6 | %] 11.6
10 23.1 85.0 71.3 47.0 9.5 21.6 I1.5 13.7
11 21.2 87.8 72.8 50.9 9.5 21.6 11.5 15.7
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Table 2 The mean value and standard deviation for each index.
& PR T RAK
{45 Index ${E Mean o Standard deviation Variation coefficient
{kE Body weight 15.36 8.27 0.54
4{k#& Total body length| 61.90 18.02 0.29
b Standard bod . &
LS sy 56.74 12.71 0.22
# Wing 24.35 16.31 0.67
Wik Beak 7.63 1.77 0.23
Pi{¥E Tarsometatarsus 16.02 5.79 0.36
it Middle toe 8.88 2.91 0.33
B Tail 5.24 5.84 1.11
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Xj = (x5 Zajo~os ¥u3j)"
i=1,2,:2,8
W Xy Xag=ovs Xy BAREMFH Yio Yaor-5 Yoo 1BHEE X = (X Xt X)) =
(2;). BREHE E(X) =0, HE Var(X)) =1 (1=1,2,-++,8), ¥ s FHZ
BEHLER Y,(i=1,2,-++, 8) pABRMGEHTERET. Yo Y- -, Yo BPS{EG),

PREEE ('\/fn) V& TFS (\/ ) FT % 2. H%E2AILIEN, SEFNVMERE
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W S = (Sii)s R=(r;) SN REFIERENER Y Yoo r0s Yo ﬁ@y}ﬁiﬁﬁf‘m*ﬁ
FAEMET ARG, BHBH,HXERER BREBINER X, X s X I EEHA
BiFfhE, BENLAR Y ARXERIEAE X Wb F ZERFI TR 3, HE3I TR, &
R Y, AHBEEX. BRE (Y,) 5dE (V). B (Yo SiEk (Y MEE (Y)
X AR 510 0.82,0.84 5h, HEREBAIKMARXABUSE 0.89 DLk, ;

3 EREER
Table 3 Correlation Matrix R
fa#i Index 1 2 3 4 5 0 7 8
1 1.00 0.95 0.97 0.90 0.98 0.99 0.98 0.84
2 0.95 1.00 0.99 0.98 0.97 0.97 0.95 0.95
3 0.97 0.99 1.00 0.94 0.97 0.99 0.98 0.89
4 0.90 0.98 0.94 1.00 0.94 0.90 0.89 0.99
5 0.98 0.97 0.97 0.94 1.00 0.97 0.97 0.90
6 0.99 0.97 0.99 0.90 0.97 1.00 0.99 0.84
7 0.98 0.95 0.98 0.89 0.97 0.99 1.00 0.82
8 0.84 0.95 0.89 0.99 0.90 0.94 0.82 v 1.00

EREHLER X, BfE s AL HRE, WHEILHEE X = (X, X5, -+, X) B8
— AR Py= (tps %2> 05 %) (R=1,2,7--,12) BR 8 HEEHH—T . K
FENLZER X Xapee0s Xs BIERD 215 225°**5 26y fr b B AL AR SR A E B, RO
SHBEHLAE X = (X1 Xop- 05 Xo) H—BEHMEREHR
Z=XL (4)
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Z = (245 225" "5 %)
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Table 4 Eigenstruture values and contribution rates.

: 1 2 3 4 5 6 7 8
FFIEE A

Bigemberutare-|” 7360359 ‘013268 T Socbwer [ ‘0onyy PSS X7 MMERT.B. 89602 2. 31085
value A;

zi ﬁﬁ$ Zi Con- 0.950

5.76 % 2.14% 0.63%X 0.14% 0.42% 0.31X
tribution rate

0.041 10°3 10- 10-3 103 104 10~

1 ERD = BITTIREY 95%, B 2, KB T [H4R4 95% H9fE A,
T =10 X NS, RS 2 5 X, HEXREK

o(zis X,) = /2 1; (11)
MRAERSY 2 WA X; (UA Fafii (factor loading), HITF X, B 2is 2257+, 25 B
SHdse Wik
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Table 5 The factor loading and contribution rate of the principal
component z, for indexes x;.

i 1 2 3 4 5 6 7 8
Brawik :
Factor loading 0.976 0.995 0.991 0.995 0.989 0.981 0.973 0.926
P (£,5%:)
WERE v, :
Contribution 0.95 0.99 0.98 0.99 0.98 0.96 0.95 0.86
rate v; :

EB:.F‘% 1 iﬁkﬁ 21 ﬁ@&?%%ﬁ?ﬁﬁ‘ Xis Xasoos Xy ﬂ?@.ﬁf’%‘ﬁﬁ'ﬂ 95% > ﬂﬁﬁ%ﬁ‘{]
TAERSREE 5% ER, FURBR—T 2RSS 2 FAZREZERY 8 PMERE
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REBEAN— IS, LR TERRNSEER. XEMBRAXEEBNAERAER
M8 FEE] 1, EENGLEMNMEAERNSNEEBEN. 5. 28, 1, WEMNLEE
HRE L= (0.35,0.36,0.36,0.35,0.36,0.36,0.35,0.34)T, T
z = Xl = (Xu . CYRER 5X8)Il :

=035(X;, + X, + X;) + 0.36(X,+ X;+ X, + X)) + 0.34X, (13)
RITEX 2 AL POERIER, EAELBAERRENSAEBRIER., . BEE
X(i=1,2,---,8) MRBHAE . Z 2 ORERXNPEIEIFNER (REEEHB) A
I, RN E IR 4 B AR EBERRA/N, FN S BAE RRNAOER (ER) X
N, EIRFREIARBAE 0.34—0.36 2 JAl, A1 LARMEALIE IR FE AR 4 L B iR AR R B VE I JL
FRASMN, HENEEHLTEARAN, BEREE Yo Y- -, ¥, T4 HIRAORE
HE DB NENAERES TR ERERKIERETIT% 6.% 6 BR,.EE M
Bl 9 REGREARAMERER MR, £rhUE6 TR ESE KPR, £10.11 K

6 FORBONHERESR
Table 6 The growth index for each day age of nestlings.

Hi Day age 0 1 2 3 4 5 6 7 8 9 10| 11
SRR &, = —2.88—2.07]—1.35|—

G i 4.16 [—3.47 [—2.88/—2.07|—1.35/—0.43| 0.62 | 1.64 | 2.39 | 2.98 | 3.23 | 3.44
H 3 i ot

Palls shereass 0.69 | 0.59 0.81) 0.72] 0.92 1.05 | 1.02 | 0.75 | 0.59 | 0.25 [ 0.21

EREEBERR, ERER A MBI o ROB/MEN—EEN, FEE 10 RS
BREREEEAZEBNE,

B £ T EAEIR TR FREAE R X Xos -0y Xo SRS 2052205 2 A
VARESZ | A58, BRG B R F A

X=2ZL" (14)
HRB—TERS z, WEEGEY
X =Z
Ry
X, = lyz, .
X, = luz, (15)
X5 = Iyz,
EEER R ]
X P(Xisz) = v; (16)

ERER S, BR =086 b, R TAY », BB 0.95 DL L, BEHQ5)R AR Btk
MR, X BRE KIS EREERE ARSI RIS/, 55 ], 2 584k (X)),
BE (X)) ERRBEN 0.995,(15)Rdry
X, = 0.362,
‘ X, = 0.35z2,
JUFRERRRSL , HHITERR X, 8 X, O ST DUL T B e 100 = M8, BT
AEERBGERIMNERN 68 4% 545 ROREMEEERRE, BROITRAK
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z,=0.35(X, + X, + X;) + 0.36(X, + X; + X; + X;) + 0.34X,

Xis Xay v Xo SRIRFREAEHERE . SEK REAK .. W 1, bt B, =z
R BERERBHEEEN 5%, E OVEREHLEARLERNSAERER. &
ERERER X,(=1,2,---, 8) WERERFR/LTHES,

3. AEIIRVET 9 RAESAERE M, LU 6—7 REKEMR,. £ 10 RUBRLHEEHR
AZBERRE.

4. X; =036z, 1 X, =035z, JLPRHEKYL, BFTDABRKREARKENE &
4 904 AR,

$ Hrx-&B RN
BER, 1984, HERESEL QTS NE BEEDFRTQ): 7580,

‘Green, P. E. and J. D. Carroll, 1976, Mathematical tools for applied multivariate analysis..
Academic Press. New York. San Francisco. London.

STUDIES ON THE GROWTH OF NESTLINGS IN THE
HORNED LARK (EREMOPHILA ALPESTRIC ELWEST)
II. THE PRINCIPAL COMPONENT ANALYSIS OF MEASURING
INDEXES FOR NESTLINGS’S GROWTH

Zhou Li

(Northwest Plateau Institute of Biology, Academia Sinica)

The growth of nestilings is a complicated process, which depdnds on both genetic and
external factors. Studies on the growth of nestlings have many measuring indexes, such as body
weight (x1), total body length (x.), standard body length (xs), wring (xs), beak (xs), tarso-
metatarsus (xs), middle toe (x7) and tail (xs) (Tab. 1—2), however none of these indexes can
completely describe the body growth of nestilings, but a side of the growth.

In order to use the multi-indexes quantitatively to measure body growth of nestilings, we
need to search a comprehensive index which is a linear combination of the multi-indexes. Be-
cause there is a close correlation among the multi-indexes (Tab. 3), we use the method of prin-
cipal component analysis to find the comprehenive index.

Write

X = (215 %25 %3 X4y Xs55 X5 X7, xs)
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X is a random vector. We construct a ortho-transform matrix L for X and write

Z=XL
where )
Zwm (o st Bas BydiBes Sanks)
L= (lis 5 ls5 lis Iss lgs 15 Iy)
LL"=]
l; = column vector (i =1, 2,+++, 8)
so that
RL = LB
where

R = the correlation matrix among random variables x,, x;, x5, %4, X5s X455 X7 X5,
B = a diagonal 8-order matrix
diag B = (&1, &2, b3, by, bsy bgy by, by)
b; = the eigenstruture value of the matrix R(6, = b, = b, = b, =
bs = bg = by = by)
therefor
Z=XL
is the principal component vector of the random vector X,
Based on multi-indexes data, we obtain the first principal component
zy=0.35(x, + 2, + x;) + 0.36(x, + s + x5 + x5) + 0.34x,

which is called a body growth index. Its contribution rate is above 95% i.e. z; keeps above
95% information of original indexes (Tab. 4—5). Numerical values of z; with the passage of
day age of nestlings can overall describe body growth of nestlings (Tab. 6), losing less than 5%

information and decreasing information dimensions from 8 to 1.

According to values of z, (Tab. 6), body growth of nestlings in the horned lark is rapider
during the first 9 days of the nestling period, specially, body growth of the 6th and 7th day of

the nestling period is the rapidest.

In addition, we can know that the relative importance of the measuring indexes for measur-

ing body growth of nestlings almost is equal one another from the expression of z.
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