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Ecological scale and scaling

LU Yi-He, FU Bo-Jic { Departiment aof Svstems Ecolagy, Research Center for Eco-Eruvironmentul Sciences.
Chineve Academy of Sciences, Beipng 100085 .China). Acta Ecologica Simica,2001.21(12) : 2096~ 2105.

Abstract: Scale, as an important paradigm in ecology. has aroused wide attention. But the study of
ecalogical scales which is far behind maturity. will he enhanced. The variously delined ecological sczle is
multi-dimensional. So there arc spatial. temporal and functional scales. ete. Functional scale and spatial-
ternporal =scales are different and closely related. In general. functional scale docs not huve a precisely
defined physical dimension. We can find the spatial-temporal scales of the specific organization within some
ccological hierarchy. Ecological scale is different from the scale 1n cartology. The issues concerning
ccological scale are very complex and variant. The very purpese of scale related rescarch in ecology 1= to
find the underlying mechanisms of the ecological world by the use of the appropriately selected sparial-
temporal scales. Therefore, the selertion of suitable research scales and the methods of scaling is very
important.

The establishment of the right scales is the basis and origin, because it has direet effects on the
experimental design and data collection, Different research scales can result in different interpretation and
understanding of the ccological regimes. In this respect, ecologisis generally think much of . In a
theoretical sense the best should he achieved using a hierarchy of scales having the capacity to corrclate
abiotic . biotic and human processes. Often the scales are chosen according 1o perceptual capabilitics or by
technological or logistical constraints. The status of research projects and the {features and complexity of
the ceological entities being observed are the main factors influencing seale selection,

The ccological entities and processes are subject 1o the constraints fraom the ecological scales related.
There are constraints and thresholds on each scale. The results of scaling are ditlicult to undersiand

according ta the classical hierarchy theory. There are exchanges of material. energy and information
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among various scales. Scaling. including scaling~up and scaling-down. can be carried through by the
control of grain and extent. Mathematical models and computer simulation techniques are often used 1n the
process of scaling berause of the complexity of econlogical systems. There are often chaos and ather
nonlinear bechaviors in the transition zone of scale dominions.

Several methods and mathematical models are often used in scaling. They are graphics. regression
analysis, variogram., aulocorrelation analysis. spectral analysis. fractal analyzis  and  wavcelet
rransformation., The rechniques of geographical infermation system ((;18) and remate sensing (RS) are
very helpful in the process of scaling.

The hotspots of research will be the variability and interaction of ecolagical scales and methods of
scaling. The principles and applications of ecological scale will be improved through the deepening and
advancing of the understanding and skills,

Key werds ecologyscalescaling
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SEFPHURIEBATAHASEN ERESZFWMHENELREZ - AREINFRA/LEFRR
MERAT RENEHAZGHHBEMNERAN AL . BRSIBERELEEEFNERH L, JETER
R RERNTEIRE. EELHBEBRERSIERNXERSBUARPI KB FREMAR P RERN-.
HEBFPPHREHT TPNEANHAATEYEENHEILEE L. — . EEERKEN R —
EFEREAEN . BTEERRBANMMATEREXR DA - St 2Nl EREREECEIAULF
NTZRENEEEL BREUMAEHFSENRENE AEAIRHITHRE . AEGERERE SNk
R R HAMRE FEATEEBLERNMMAMRTERERARTS. - AARLERAZD
& BF-AREGEARE AT F AR RN LR R E A NEER AT X BRELFZFRNAE Y
TEBUEABESESENMRMAREROECHE. BAERANEEALD T RE MR BT T8 F A E
LEZRGEFMSER EPEEANOREREDT RS TIFETHSTERED . RIEHM 21T
tEtEIHFIER L EMEY., AXELAHE CSERELSFFTHF AR NS EEM TR TEUL 6 L
HEBEPREMBE AT ESFHT FigR. MABZEREMNBAAMNNEALESE —EBER
FRERAEDEBICHNTRME BRE.

1 REMKEZS5SE

REEAZFPH-TMEEAMEBCS|E ) ZXE., AEEFTEL L PMREEMATEHRNUR T
SE LEEE LMBRE . BSBEIRERMB R RE - REEAEFENHREGREARS S, RIEETLLE
B 3T A & AR 2 B2 A0 bk ) B S wl L T 1 R o R R 4o B A g g s Al (Y pl R R ) B R B —
FERETE %, BRESFRNEMAARHEENABREMNREREHTLARLY Bl E 455 #HEA,
SREEH REANGFERE THARERORFWFRMANE M., NEAE L 2BARREANIFIFN
B AE YURRT R A, B R 8 AT B R B RS ACE (Tnerinsic ) KOBE W) RO B R Sl M4 & 5 % f0
BRE.EALRHN—FMBARE BERAEINERT AR, FTREZARIAZBEAMME LT ALK
FERZS e MBREHYTFHREFTER.FRAERERE, MAFERIENEN KM R. RIEF M AN
METHEITEANNMEREXRBFRACEREREFROAEMYE.

EHRTEREM ST EHEET B LN 5 RE SH4 R )E (Organizational scale )y & 35 6B L &
(Functional scale )X B SHER NIBHARBENNEREREESFHMAZ XK WK Fhgf  BEE A5 5
B RMITEARFREZL VR B N AR OEE. E+ R AMNAMERE BFERE S, #EN
A REEHMEN BHEMN: MAARENEREFA T SERA KPR LIEL AL (Hierarchy theory)
FBE RHEN . EARSREHPHAERMY MM QR LA FAE RN . X ERER 3

I A RN SREENEZRZFE. REHASURTHMEREAZR TEFE L R RIT,
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HETHTHE LE T R MR RER&)E .

EEETYP REMHEFEAR THRESSBEAFPOHFAR (Scale) , FAEZRAHRMB E L. K
REJAEHERRGTEER N FAARFAR AL mARBENAW FREARMSTHE. REEM
B FEAUT LR AR

(LAfHS —#EE XL REAPHREE . AOAAREMAIERE A RES. X T
fMfRARERMEEPHEELRZN., BE. RENZEH MRS M EEEFESFHREBRPEZE
B AMEERH A S —HEFT. REB A TRR BRI LT A R0 BT £ 0y 4 671 (8]
REMHARHEME LS. ERE.ARAZNIBEHSH N EREZEEHLHN . —EFRINEARNES
SEBE - ENEREALCIR AMERS - EMHBREMMNN. TEESRHR DT E5 5 ERREE
BE LA BEEMRAENGE . CREAMTRRAMEE LR,

(DOERE#E REERKEZHEBEAARSRARAEREM M. HEQARFANEREMLER

ARAEMENRERIR. AMEAFEFENZARFIPHREREZ, Delcount B TEREBEH R 4
AR BRU S (O M R B (Micro-scale Dominion) . 835 1 ~500a &8 6] & B #1 1~ 10°m? (177 8] 35 B .
EX—REBNTUMRETREBECK TR A TRAOAKEE) RN Y EES B EE.
M AmEF) EYSR AN S HEEES ONLEEERATEST. O W R E B (Meso-scale
Dominion) , f §§ 500~ 10%a RIBf B FEE A 10°~10"m’ S AIFLE . X — R EEEFE T BT K LUK
FYmumik ERBEMA., DFT MR (Macro-scale Dominion) . f34E 10'~10% BB [u] §& B AT 101 ~ 10" m?
MM E. B —RERNEE T KH-FEAE IR R R R KSR, OBERE R (Mega-scale
Dominion) . 434§ 10°~4. 6 x 10%a () [ [8) ¥ Bl #1 A + 10%m?® 97 o] 7 [ 5 200 T 5% i 3 /Y #e 0 5 15 48
B . Delcourt BT F XHREHEBLEW, T8—IMREBNETLI S — £ ML, TERFERNERF
RSP LR ENTEE D TRUENSRREERN. AR RFTEAMNEE )N ETEEEXAT
em KLATF LB EEABIE AL,

(DERH ALEFHBERASELTARNRAELORAEARMFE. FAXHRTREMNN MEBRE
MMHET. ARRENRASA IR EEER HEEm. RO AEFIE. ARE LEAMHT Z4
RO EHESERESE . SEYT N BEIN S BRETPRELTAFENE R CRE L8
NEMEHEAN B TAMLEAN RS L2 IR Ewm A ARE EMAEME., TR ERHEAE EA
HHMERESFZHIMELIRE.

ETRENBNTRZH FXEUMRTINFTEZIH . ERFERILE 12 ERT TERELEER
LRI FLMEERC), HEHMEF 87— F5 & A/ BRAEYEXAE FARNRBEARK &
HEESRETBERMTLEHAWREERBEEN D IEIRSETSEGIKHETRERAAG ZEBHE
MR EMMSERBE X =7/ TAE TS 8 o RUSE Ak B0 2 nf 19 7% 4 7 FIT L
2 RESH

RESWEES¥ACHNLRIAEHLYEEY. THEHRBEM AR TILAAIRENL T HZHE
B gE0d T BPEMSROIERBREMNSA. BEi. ERARM TR AN MR A8 A0SR
HaWUREREARMNERNB LS AFE . REMNTFEH DB ERBEMER.

RESWEEEHRAFMPEE . PEEFTTREEFNNPIZERBERRNE R SESE. 20T WM
] EEK A AR,

ROE oy e b B (Grain) (0 fZ (ExtentO) AU Bl (Scope) 3 M E B & . BEAHFEEEINE DB
Shike MR EFEHFRE SN A N EFENM R R AR ERE SR EZ . REERN
TREARE. HRBEEERE, B — B SIEZ AR HE KR
2.1 REXE

REABEXARIREALPHRBRIFAGEWE . RATMESMER. REAFRWOAR .S

HAESERBASEELHHEGAARRARNERENRE BRASERWATARERMF P RITAME.



12 8 H—WZEF . ATSFPHINERLRNEEEHRFE 2099

Al .t EFH - EAREESE.

Bit bk oy iZ RS EY . EEY AR SIEXRKERNRERE" ABNERFHEH L
R DR ZEARNRER" ERRRUB RN REMNEHFETTHRIRERIEFHEEMN.
B it O°Neall 55 AR5 B I8 L7 32 LE OF 55 83 8 (| fE B /D 2 ~ 5 4%, i 78 2 R %5 & (Dominance ), JE2 K
(Shape ), B 8 B (Contagion ) % & W45 4 45 1 B 4 88 000 22 BOFE T B0 40 EE BB C 2~5 fFT),

EhEREMNESZE -ZIERXNEWAGR L. BRI A AR, W IR H 69 8 5 5%
B.AR 5B HXKEARN SR EREE., EAT5EIEFAENRALT R EFEM
ZHEEREH NELEQFZELRENREHPMARETR =1M1K. IF4BT2EEEHTY
SRIFRAE 5.

2.2 RIEH &

REF# (Scaling ) A B AR RERMB IR N AWSRES. FERIE AT ENGSROMER
TATHREMRE . §-REITHAHANEKENGRE. 2RFHEICAR R EFG R E &8 &
HRAERAGRE. FREMEBSHSEREEEME. AL AFRFMRENRAZAFATTR EL G
EMLHESBRA.EREWBEARAARKESRBREMYE rEHEE,

Rl $ 3 R F FHE(Scaling-up ) FI R E T # (Scaling-down ), T LA 8 51 8 448 BY A % 19 F0E FE K
TR, BTESFEMESAE REHRFERHRERNAENBRELVREETR | a4FE-—R
EHP R T IREMENE . RERRE S RBRREE, MM OAEBRYER  mi &2 T REWE . H T A
R BERBRE LEMER REFRNORET L., ARESEMIFETEOHBER K ERELE
ARk L5 R (A
2221 By BAEEHTRNAEAMHEUEESNLERE S EREPNARE.ZERARE S TH
Hg HARES T ENNB. B FEEIFSHSEARDBRREXCR.S® Un B o BEAGER . &
OF + s o) B4 0 5 WA KN FRFDERNEH S HHAERE usi=a—Inn. % y=InS'.r=Inr 1§ 5|
HERH-1MHZE y=a— v REEARE B L REAMM OB GXRH X EERL. EREMREERS
SEEERE.EMTRAMNE SRANERBESRPEPRE LESFR R NG E X E/ME/FEHRHE
MTHRE, IR SR TEMEERANBEAYREEREE#T TR . AEFPHERERFE
KT R R EEGEE «c SEENEAER ", mEEH EBREFAR W R B A .M
EHMEH IR EBRAR T EER A RENAR TR ABREENEHETEESREZNGE RS 5
BUWARRE R AWM TAEEEHEAENRRNAERK 2 50E.

2.2.2 T4 RESHFES. BOSGFHERAECEET R MEEENATRE R, BR8N
FREEHNERE. ESYE. -XT. 20 BETHEMNENEL ELEEAYRSERFEEH HHOHL
9. #in.S. Kathleen Lyons S 4L ¥4 ¥ F & B 46T 86 730 ROFE HC# v BO BT 55 7P 0 PR RS JR &3 PR R 7 4R
MBI THMES. @HASE L FANEREXET . eMNZAMERXRI AR N,
S=A+L" } AL® + e (1)
H(DF o HHPIRLE, BPHEHEELES -CAT RPMBEEERE S=F " UF AR AE.
S = CA? 4 FeSU =0 4 Bl =1y (A7) 4 o (2)
A2 S APMHTFEE: A VEREFREETLL ABERNF:C.Z.F.C AFMER.WM B Y EHE
FHABRHRN FHWZERZWAL NG HE L YR F LB REREY. 20l DR ENaR
™ E M A B Marsupials H Baws 23837 T .45 R 2B 1 000km?® 7 25 000km?® ) (LRI R & |- .
SEHEHTEEFSHAHE mEERBIH THEFER AT EERMAA. AR EAOREBERER. NE-W
FHBHMERTIEA =T/ /E - HXLWH 2GR EME &M KW 0T Aot 5% 552204 97 8k (68
BRECEASEX AHAEKEATE LY SHALMFH B = KEw CERE T B8R, B
B, P AERERUMRELAERIHEZTOPN (A EEANZEREIDOITRSEZALEHEHNK

HE w7
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Morris X &t iR BB T T %9 #0388 85 280 % & /% 3§ (Microhabitar) M1 X 4 18§
(Macrohabitat ) ¥ 8 RS PO Fb 3 %00 R BRI B MA BR PR ROTH B E U0 R Bt B A sl 5
RN AEEFEMNGEN . M/ ENA R, Morris IF R FI6Y F Ll #1875 7 Fh B ST R PIR) #0
ERAFAHPERRE FAOSEFE. NESENX FOMEIANBERE TR
2.2.3 ¥ L RBRY F¥LEARISWMERSITYHDHTTNRRAEWROER L. it i BT
G ESRAE HEIELANANEARTEEZPIREEARKBEHEIEERNTREETRIE. ¥'E 56
BTN

glh) - zj\ﬁi‘;‘][xm—xu+m (3)
AHOF NN EREE T AR AdE . XO XGOS ERAEN TR X A B H o+ h 8
BB A (30T LKA °F 7 5 o R A L T B 7 06 0 S B R A AR B T (9T B
Bil{r, TREFALHEANHUSTIR T ENERCHALY SEBRAN TN ESERHNSKITRSE ¢
TREFVMERALLTHELE 1. MABEE/D LTS EMTT. TESIEREFH M FR8EE.
FRE HEEZRHNRTERRXGBREBEIHAAEMNBEEN. TREKHERERP KLV THE MR XTH
THERE . NEBEUANTRRE,

X1 TRAFMNLHBILKUETH

Table 1 Theoretical models of Variogram and transfermations

Bt R £ W e 2R A

Theoretical model categonies Tranzformations Linear models

Bk 8 &Y (Spherical model )

y{h.}:_}’ {,'ﬁ_bu

§1 =10
3¢
) . O3k K Y h=. — =5
AR l 2u ﬁ D<hsia e 2a : Y=ot b+
. , . -
l (.J+( hl=a At — 4l §=&;
35 88 A (Fxpancntial model?
_h

I{‘r h=0 Yihr=x g 7 =7

A 1 ! {0+ - A s=by b1
Co~Cll—e w2 AU
('ﬁfn
o I B (Gaussian model )
_AE

jU h—=1{) Fiht— £ =

Yihi=+ _L: (.H[.{(‘:’b:- }_50+b;~rl
(C.4CU—e™7) A0
—(=b
& A B B (Power made])

lg?(h)—y lgh =,

¥R = AR ()< f 2 lg.A — he y=p.+ b
8=
2R B (Loganthmic model)
Yih)— v lgh = 4.
YRy = Alogh v=4h.a,

A:btl
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THURNBEALR, TFRAPANTERATRELE . ERXAFEES - EREBIZHTEE. EFRREE
G EFEXNENZSARE ENERSFIEMASEIETHN.

E. W. Sandcrson % hi L i+ BB R e B A v B8 (Kriging) #t98 F iR A S Z R KE
MR FESHBRARUE" , SR A3 n 2 LU B4 7 b 2 8 b 1 ) 1+ 0 32 2 4 i L R AT pL A 3
RS STERMEY . IR BN 1980 5] 1999 442 1T 20a MRS ], 3 Bi L FE 40 19 23 (@) 5 4% )=
BHEATARBENTEL MELXIETMITFRAR L BAMAEANERER, X005 5B H
MERtHARRRE T OERRERIE.

Joe E.Meisel Zf ¥ FRERIHERE (AHFRPTEFHEORFERAE * ., IIATRERAK

ZEHEEMEEROEFARXRAANLIYLEHRUSEARESLARAERHMERFRERM T AR R E
# . FNEG TERABRAEREF T E N ARRERRABEA LEMCHTREREMES .U EREH
EEBHEE SN ERAREREHEREAENE, SRR . ER B8 E 3 BRI I iy . &
ROEBRERN B AR -BARITHEBHHNL TERNEEREBEN TAAEENTARR FKREHN
ARESYBRANE . TRENHELUER, REURN ZAWMEENE YR T BEIRIEER QBT
MIABUENMHERESRIENEZRENR., TREEXY TRIEREERAHE,
2.2.4 HAHXSWH ABHXOFIBTHXERHES AUERTROSMHHEIHE T -CNHFER
CROBLETIA ) B AT LARF S & B AE S BRI A] B AR AL R IR BRI ERE. xS
FR-FMEREITTE,AARTRELE. NEAHLTIHEMEREFA.SHABXHBIERZT
[8) B ¥ % #5 #5 (Spatial autocorrelation indices) , S B <i5r T B H = ¢ F ¥ (Moran Coefficient) | 72 F
H (Geary Ratio) HI % F| & 4 i 8 (Cliff-Ord statistic>®, HE¥EEX L 2.

T ksl B A AR Y. Qi R T W BFAE T 2 R KB ALk B AR R IO . BF S B RS
A XERRERERGLEN, AR EHKGEMBNTHEHXCERERE X0 REE L mE
ft. BESRHREMNHEK. A REMNTH - R8T B w /T oAl K. X iR BB & = 8l K ER
XK. ANSHAHXEREATR. THAHXERERETEAER BRI A ARE. BT —-ZE 1T H
R R R EREER. AL RS &I M RN, DR 2 RO 500 5 1)
VAR UE S RAIB 1

x2 THAHAXHEE

Table 2 Spatial autocorrelation indices

X TRk A 1 7 1485
Categories I-"Drmula o Symbols denotatium
. U HBEFERILE. o T
. (n/ lgﬁszzg (7= T) e, —F) " o
%:’%ﬁ iH(-._ t=1 3=1 =1 7=1 ﬂllﬁﬁlnj E‘E{E*i %Jﬂf‘l'ﬁﬁ
Moran Cocfhicient :)_‘ (1 —F)? FEEE.CLh g R
) (C,=188 Mww, i jRAITH
= MK (("_”/EEECH} D 20— )? ﬁﬁ&f—t?ﬂﬁﬁ12wu=l H o
o GR— — =1 -1 v 1 1 =1
Geary Rato . _ S TE o
SJILT.—I)" ’
‘ . [n/;l: wﬂ,ll ‘w Z)0x, )
E*‘Ji_%ﬁﬁﬁ f‘(}_ ¢ 101 11
Chif-Ord statisue i
S
1

2.2.5 ESH ST (Spectral analysis) ¥ TN DB PSR R OBEFE B0k B . 8 o B R — SR 8
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(Frequency domain) 7 i, Mt H S A B RFBEF I HITHBONBIH TR EFNFIBREFI B
FEHRMHEAEE N R B ES RAFE., AdANERPHITHER EWETH TTEREENR
FiE, IR BRERBRLIS. A T8RP XM EETERIT AP AT, BE—&
SIS RNRE . AREELAREETHE AMIFO Ik, #U0 George A Rose FEMAFRHET S HHA S
TAMEEXEFTERNRA R T g T B R-MEREIN . EREH&ED . EHREA
FILTHEERATEMARAANRERE . FOEREER. R TIESNRNERE SR R &
AMAHFRNER N —EEEERR TEERBETI PN A,
226 S ZHRELLMEGHTLESE (FractaD A E . EBHITERTRE RHFEMRE T #5850
RN THMRLEFIBE.BRANREENEISETTASHWER. pEERAZH . EFmBl- AL £ .H
EVHSENERERS, PEEMRARRSRBREXMMOZRTES R MBS 2 R IEw
AS KT 25 [8] &5 #3 BE B P (Patchiness ) A AT RE R B M@ EH K-, B L. Viadimir I Nikora % R4 H 77 B o
KT —F£HSRRE MO REE 502, %8 T &Rk (ndividual patches) RITE 8 &
(Mosaics of patches ) K ¥ EN R EFSELE. .4 8T AREREREE H) R IT 0 R A F
(H#AES.
e MREHIER R A - KR AL
A= I A Waoe L) (1)
AP BERAMLGYERRuBAAR LMW E NEENFE. W ERRFERE.H 2R D
PrHRA Hurst B HAP L ARBEF. YH=1KN. & AHENUE S <IN, R A0 E5HE. 5%
HENRRAHAE. 4B ARK-KEXE. AR-BREXE .45 B4 (Capacity dimension) . {5 B &
W HXHERAEEE6HN. QK- KEXEA. BK-AHHXHEHEEN.
P, = ¢,LP (5)
P, =c,A" (5)
P ERBEK.D.ERBRAOATHER.c AIREFZRIEH .o M BRER LW ARZRERHS & XA
(D ZED . G BRBH D= 1+H). FRER . NC)Xr P Ny B ERRE RO R 8

EFHH.D, AIERTHEN., EEHRHE.EFEH S = Lf".(r)lnﬂ(r)o Piry—niry/ N, BERE» 44k,
r=1

.Sy "ol PO RERBEr ME BBFLRAHRSHMEACORAR BT HARSMEE N,

BEBHRSMAR. LG D, . Clrocy e ,Cri=lim(1/N$) Lﬁ(r— |z, —x, | 7 HH.Cy A X .8

()% Heaviside ¥ |z, —z, | hi  WEANPS. ZEHEHN . SEEANECERTER P HKEN
F.

— B NME—RIRAMEBESTAEAABRERN Fu>A) <A . i hE@RA SR
fiE ., Vladimir 1. Nikora R HRREO RO B EHHASS W AR AN G M BRI L5
AR EHEARRE DR TR RERLG = A F I SRR KR e 1T 8%

i# it B 52 . Viadimir I Nikora X2, 8 MRAPERNAR BRI LR ER BTN, RRERE
Hurst $$8 H £ 0. 75~0. 9 ZA Az . EHFER TRRH L AZBAMM. . UEF R RALARE . XR7/L
SREAPDZEMAXLR . NRERE N B EEERA], R SHRREM AN REHRETH imE
KRE FHMFEERASAX TR FMITETNES -, SREWH. AAREIPDREBEIRETA
Br TRt HERBEERN 3 PERORMEREFREN B . Fra X R m ;o0 1 FEBR £ 8
R R PR REER PR AH 21,

Vladimir 1. Nikore BT A& —EBRE FHER T ARE AR A R E A N FEE S5 I 48 LR
W, XIMAFTIEET o4& R 4 mWRAL /9 EE & (8] 0 L0 9R 8 22 o 8 T8 4 255 9 B9 ol A A0 A

H- 2= 0h & b
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2.2.7 p¥E AR 20 D 80 R PIL RE RN M EFEIE HE F R OREE KB [ a1 1
S HEESRASIT SRR TELMMEEAMNE. TNEFET O/DERNRES |-
RAIMESL FRCKSEEFREBHREABR I FEIL T -ERE. LE0HY T CrEE £
FhrEMREEA IR AIEPAEREENLEUTEEE. LHEEHMUIERRAGRNIELELEDE
HRWMsEERAHEMEHUREEES. DN ETHEE 18R B E 1758 (6 5O 287 I AT LR 8f M
HERAHE AERENBBRTOEME -EREMKY bR al RESRER GBI ATHE LD
W EE RS DBERA RS T B R R E AT LS AT IR PR . S o B XL K
EEEEREREHAEGIR, ~ B3R o OBE AT UEN M COMFER G EHE 0

o 0| AN R T LU AR P T N A B R L X A B e T BRI

€D J. | Wila,blg (o) al—:dadb (7}

5+ BN TR, 0] ARl
flzy = zf}jiju’(,tz.Jm,,qukdj (8

AV EOPHRMBEWRIDERR .- R NET AR ERBENRE o, (O N ERERE, B2
#: 40 57 MHF 289, G. A. Bradshaw SR B/ a8 HESR T HEMPREEER . T. J. Burns F4 2R
ERSEENDEI TEET TG %Y, oK SR R N4 8 7 35 X X F TRl 44 Ak o 7 TP
B THA . T (BT BN = (1 — e AT BB B RARH WS (ab)
N (h—a,) . ‘ 1 (h—a,) . |
S b — HP a AREHE T boa, NIRHFHBE: 2 HNIERB S by RE TR
FRREHOIF. METROEREN . NEETRRBEFNITERT I TESENBITRIES
Loms WE BLE BAL R E A N 20m 7E4EH 201 20m” AKEBHNAEEAR BTN AG. ARTHARE S
WMAHHR S HEBHEEE TN A, VI RELH DK TTERESEEE A BEFE T
MEESNR.EETEREMNMTEHENRERSBSKIENE RN EE ROIELANBEERER HE T H
A 5,
228 BEAMABELEREERA BEABBGERZEHEAULEZREMBEARSHREPAKEFFEFE
ERMEH . BEREAABE XN SZSRELHAREM TRFVBIERL SR . HENilk . A2 E
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