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EZTERATH, HAEHAFENAEL, BoagEditte B OREHFRER
HAT A (Wiener, 1964; Platt %, 1975), MBEFWHRFE HAFRASHHER
H ERBEN, MEZEHEAREREBT YRKETEZALSPEREER, TS5HF
FFLEX., HERENAFRHERBETL, REPERENHEEHRSERETARH, HME
SR ERREGT N RS MRHEIN I BRREY R, HiRBHERRTEENN
B MER M EEE (Cardon 5, 1970),

EEREFEHESREY,. HEEWINLE-— BANKBHEIN B EED) . SR
KEA 3—4 R FH ARG, MSENL 3 ENEYEBEER. M TFEERRURAHR
R E 7 2 2= 4 B F OB B I RTEL SR 5 1F  E (TT0G R v B Jal A 0 A 3 ) SOV e i 4 %1
REFNEARER D 5FRAK—FY 3—4 FFHEIAY GFAPA L, 1), K
R NREDBEA-VHEBEENEZRTYAEERRIE. MYLIEST T 3—4 EFEE NS
BEHFAMREFN, BRRBREEERBRERE BRI IEZRE. FoaaXE
HESRANSHHRNESRESLERAERNBRES: HFHEBEST BN 3—1
2 X BRA L ERITH M,

Finerty (1980) ZHl AL ¥ ok ir sy /bl R K & TR irE 3—4 £ HF
BHEHENEE., TR ELEREFESRS, /)WL A HBaE#
Bl p A 2SS BB B,

FTEMEREBELEEREFESREEE NN, B 1976 FRULURE SR 17 M 4EXL, #
RTAENF/IRMEE. #BOREI/IIHANIYERASERBNEEI TS, &
0, REF\ESERTDESSrEEIIR, BT, &30 0 8riEE 4 i
(RPN EHDHUR. EAVEERENEE, KPR ABERREM LB, B0
HANKNRREZ ALBH (HE, XEXREMBHEYT (EEFEMFELTE). REEIR
ERALES IS B POLER A A B e ea k. HEEREnERES
RTEsifT AR ZR AN EEHHREHE (AR, 18EFES) TANRITEATETHL
#ElEs, BMEAREISNEAHE—cBELERT HEXEHESEETEERERH
Y R ER B, - B DA BRT A0 B U T R R PP I e B /AR B B I

MR RGRESESIT NI, B2EDBEREARBITAOBESME
RN EEREGHWRAEANT T —. B EXBHHAEA—MEERE, NG
MR A EAINELER . EEEEMBSHPTRR, AUBEANES R E
EZHMAAAE, MAEAKELXRBSEA R, HHEAG TR E0KE.

RErmBERE

EWATTER DR — A R RN E TS, L R EORM, U
B RIS, HEMH 3564 FAH, WHHEHER 2. 994 oW, HEPERE

LEEEHESRASUWNUTFIIEMRDEERN, FEBE, IKREHHEM, KRS
MBSERZE (1995) WM 1, I, HARE¥E. MEMH DL LR R #

DHEDNE, REBEFMKE, HE 70 E/RPYLIE, HENDENTRERD .
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Hmr Sk EEEEY. SkEN, mitsREERE" MR FLnFEELEFREAM
RE. UFEHEBmMSHR, SHEERL. BFHETHFEABER/N, LT
EMSHHEERRIRE, TTREREGETSREREFROEIAE. [THFASS
R RN FREFRBBIITE 1, KITHERETHE L.

X1 19501990 FREFH-EME ()
Table 1 Numbers of individual in Tibetan sheep populatisn (Sheep) in 1950— 19%0

3 1950 1951 1952 1953 1954 1955 1956
Year

2 i 317 1483 118 113 4427 4882 7525
Number

3 1957 1958 1959 1960 1961 1962 1963
Year

XE 15835 14810 1041 2672 3191 3255 1647
Number )

E 1964 - 1985 1966 1867 1968 1969 1970
Year

%R 4619 5843 6350 6701 5775 6566 5469
Number -

i 1971 1972 | 1973 1974 - 1975- 1976 1977
Year
BN ¢ 5816 - 6243 5955 5590 600G . . 12355 13238
Number ' ‘ _
E 1078 1979 1980 . 193} 1482 1983 1984
Year -
Co ek pL 11816 . 13461 14932 15772 20774 20474 | .gipae

Hl.lﬂ;bp!,r AEPRA . ; — - PR N P —

F 1985 1986 1987 1988 1989 1990

Yenr

N 21191 22138 L 22445 25050 25552 24598
Number

""h.t ' II.I.:. 1 . . k

LU gawana

B HIE, REMEAM -HREESERMBENORFEE, ALY
{1995) ZEBFH 1 B8R4 AUR T S 2 e IR foris . AL A B P AE
AR EETHHEAX, AHELHHIT.

X RRSB: EMMEMRRE, lﬂlﬁiﬁiﬁfﬁ$ﬂ’ﬁ¥ﬁﬁ$ﬁ {X., e (1, 2,

) WR—AEREE R ERRALIED ., % 1 5PN PR L ] 5
(BHz,t=1,2, ¢ 1) RHEFNX NPT REERE RINEKEFEXBY
x (¢=1, 2, =, 41) FfhHHutEFFES X, B irdedt. WA 1 FTRUE S, A FrRIE
EEhEHHB LABKE. R, HEFEINEREHELAEZRRXT FRAMAER (sta-
tionary time series) B9 (Chatfield, 1980), 35T M A:X &3, BE B LR ERN A

. 2'55 .
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Fig. 1 Dynamits of Tibetan sheep population:
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Y - X1+1_—IXI == ?Xﬁ . (1)

18 31—~ $r 8 B [ 3 Y. (t=1, 2, ), BE¥. —~FESBEFELUBLZEMFHEL
Y SAF i, FFAAWERET RIFZFE A8 BRIYE (Box and Jenkins, 1970}, %

Y, =x, — .= Vo, c (2)
L ] e (== 1,2, ,40) |
B, (Y, Yoy oy Yo %Ba‘:wfu Y. BI—PTHERRY. Fﬁﬂafm:’rillﬁ%mﬂﬁj
Y. HRERRY, =1, 2, -, N, N=40) BT RELI, #EHBHHRR
B4k, \aRBRES (Y.}, EEERERMNNEFA (X)) FLAORNER EEER,
BRBH (Y, =1, 2, ) Ny N=d0) WHAHIDY

.6

. 1 | |
I'l* i I F}' 'IEI | '1 F= FE=] J‘I“ \ . LA ’ _F ’ | ! (3)
BARRDTEEEY | ST
A f'Iﬁ,IIN:n.i: . _ .
P R F,Z:, Y= »Fm =7 @

A {k_"ﬂsli sN"“I)

-,'thk ﬁ:ﬁ#ﬂ%ﬁu& (zag) SR Sk T = i E TR

n=R/R, . (5
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DA EER £ il HERH - WA, FEH B HXEE _-F%E ﬂﬁﬁ?ﬁf&
B Cautocorrelogram) .’

T efE 7 Y, E‘J*Eﬁﬁ}%i%ﬁﬁ»ﬁ?ﬂ%% ﬁﬁﬁiﬁﬁ?#ﬁ%ﬁ%ﬁﬁﬂ%nﬂ?ﬂ

B (Fourier) Xk

() = —};{LRD -+ ZEﬂkRiEDE mk} (6)

S o e e [0, - Tl A
HH, AP o R ERE, r%‘]’ﬁﬂﬁﬂ%ﬁﬁﬁ ﬁ’%ﬁﬁﬁﬁﬁiﬁ%ﬂfﬁ
(Nyguist) 3%, W1 (6) RAFit [0, »] R AT AWENTIEN. MAREA
(trumcation point) LM< N}, (8) i A RN A3 B B ZR% R (k=0, I3
oy MO SIMESEE LR, R E VR ATEE £ K, R BRI, BF
PRI B S R (K<M<N) &IZH ., A (=0, 1, -, M) BIER
B (lag window), A BHEWE & BRCTTRER/N, SkFHEMY R BOERHR

K/, EPURE RN Tukey B .

A, = %[1 - c0S8 %) ; {7)

=5 (6) iﬁ#ﬁﬁﬂ:ﬂﬁm mk ﬁﬂ‘ﬁﬁM%ﬁ Fmeﬂ‘:}' (mau) ?fﬂiﬁﬁz, BPEEY 3 1~

ﬁﬁ?:ﬁ:wm, — (N/10+N/4) ﬂfN/-a ﬁmﬁi ﬁ%ﬂﬂ'ﬁ]ﬁﬁ (s> ﬁiﬁﬂlﬁaﬁfﬁ DA R,

&iﬂ*ﬁﬁfﬂiﬁﬁ‘ 5 F Tukey W H , B BB E v=8N/3M, it iE # (O EAHE v Z
REHEhREHEEREY ()2’ vi(w) /i) dﬁ‘ﬂrﬂﬂﬁ!ﬂ YE A A, B DA

4
b= — IM « 2w | . (8)
(Jenkins %5, 1968) , b #2875 &3 & A T iﬁ%}%ﬂﬁ/-%hﬂﬂ@ 2F:5t$ﬁfh‘lﬁ‘ﬂ 148,
Eﬂiiﬂ“l’%\éﬂ I?UEJ;%H

W 1L i ﬁéﬁﬁ*ﬁﬁﬁﬁﬁﬁwﬁﬂﬁﬁ 3 AMBTEL . 1950—1950 45 R
BB KV B B30 . 1959— 1975 SEF)MERE SRR LTt T 19751990 4FM11H 2 K4
BMRR BT RS NS . B, SWFREAEX. BSADKR
BT, MR IR AT, ELE R BB A B Bk, MR R R

RE,  BERHSR . AAGSINE R RS LA R SR AR Y, E

i ZE-+ @ BE LR R THAR SRR A REEARE, oy sl oy
- HA (2 FHEo50 IS0 SR R R MR R PR o (6= 1020 n AL AT

RSy IR MR BRI A v (=1, 2, -, 40> BEAR LABER (H2). 8

BT SR v BEaD, SR 3RS B Wy — Yy Yae—yie) + 1T AR IR

A BT EAE B RO v, SR A R A PRSI RAGRIMFEEN )
PR, AP =142,. -2, N, N==40) #THE#ES . Bk 3, - RH
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. AT OGEEEE D SENAMBAARE RO ), HTHEES ERE

HBW 288 R, RISFH Tukey O W) &) % (6) XiHEE [0,.7] KL%
FEREE o=x/Q (Q=0, 1, , Q) F#H&ithEHKT (v)., N FHARBw =0, 1,
"y Q)s ﬁﬂﬂﬁ‘?ﬁ$ fj%

—_—

e 2m 2Q
(_j = ﬂ,l,*“,Q)
BTFREHHEEEONRRRER L E, NMAHRE o WRRINE/E, WE{ BB
REA/E, X i=Qf, wREBRSHFEKE/E; B (9 A, BEITLSHRNE
EENSHE fo=0.5 MPE. MRy WEFHTFEEZRY, BTF y. 20F 5 KSR A
BMRIE @D,y URA—TIFEENERAY. FHik, RINE Q=9, bt {,=6/18
=1/3 BW/AEWS) B, ME L, MAPRERISF, BTHE v X SEMMRARITHE

f‘j=£u_—'-’_rj_’f.9——_j_ | {(9)

13000
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Fig. 2 A new time series yo (t=21, 24 -, 40} resulting from &iﬂera:n-:ing
" thé time series of numbers m Tibetan sheep bbpulnﬁéﬁ’
v ' ! P ! " . ' & ’

TR ST b R 1S e A R R A . KT B3R LAY Finerty (1980) 7kl 3 4
BN E (B3 AHOWR) . M=4, 7, 10, G~ M S EBHEhEF T (o) (=

G, 1, ey 9, BB ATIRBHTR , RT3 R REH O R TIRBGR, B2 £

PL - HrRiE oo M g R, BRI EMR, B MINEBRERNLL E 3iRR,
DA A ARV B HETh R F ) R, M =4, 7, 10 =&

FR—ITE I, B3 BR, ERE =0 2778 A/ ELSHBREDIE BE—NR
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FOORAE, RO =0. 2778 /£ E B £ R B R o A 7 2 TR B, B
MBS BT RE— 1 £=0. 2778 JAl/ M £H, BIFRAE— K24 =3. 600 4y 2

B, RFWRPMPOTE S FOTHEIAN. RE @) AHFER o=2xf, M=
4, 7, 10 BfHY Tukey BT AHN 0.33, 0.19 1 0.13 /4. FEEH O LEA R
A48 R AL TS B ARGY .  TRIB TR 0 R 12 K 1 3 Iﬂﬁlﬁﬁﬁﬁ&ﬁ
BRAEE, Eﬁﬁ‘[ﬁﬂ'lﬂﬂﬁﬁ, XERARFIHT .

it ®

b 55 LI % b R S R R A DSBS R A, MR 04 S ERT
¥ S AW (Finerty, 1980), A FR MBI HREGESESE, RTESREAT
RE KIS B 34 R 3 ERTHABEZ . ETTNNED T, WREFE L 3—4 6
B R s (Br%s, 1995098 1, 1), A MTFRGEREN, FRAEH s
REN KRG ENHBE, LABLTES 3 ETHRSIRY.

B A S MR B BT N SN E T, AR A R AT A B IR
WX, ENRENEE, B2, AXNERSEFRDERERM. £HUSKF
BT, B eESEER RN RN BRPU RN BEE., INBETLERAR
FEEMERERH RO RS, TERKMMNBENNEN, REeRys T
By SR T A BEPIES I AL SRR . B, R, B MBEA LB
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STUDIES ON THE CYCLES OF
NONLINEAR OSCILLATION
a BEHAVIOR AT THE ALPINE
MEADOW ECOSYSTEM

w. . WI. THE CYCLES OF NUMBER
~ FLUCTUATION IN TIBETAN
SHEEP POPULATION

Zhou Li  'Wang Qiji
( Northwest Plateaw Institute of Biology. The Chiniese Academy of Sciences)
Zhou i
( Labowr Worker University of Jitin City)

Abstract

The alpine meadow ecosystem is a nonlinear system, the fundamental mode of its behavior is nolin-
ear cyclic oscillations acting random disturbances. Therefore, the ecosystem tends to a cyclic (periodic)
organization in time, in space, or in hoth. According to this view, the ecosystem may be seen as an en-
aemble of nonlinear oscillators. For this reason, a complete description of the ecosystem would include a

frequency structure: a list of the frequencies of all of its dominant cycles in studied on the structure,

funetion and development of the ecosystem.

To recognize dominant cycles of ecosystem behavior in the presence of random effects can be a
formidable task, the only known applicable mathematical technique is the method of power spectrum
analysis.

In this paper, using observed data on individual numhers in Tibetan sheep population in 1950 —
1990 at Haibei Alpine Meadow Ecosystem Research Station and the theory and method of power spec-
trum anslysis for time series, we discuss the existence of cycles for nonlinear oscillation behavior in Ti-
hetan sheep population at the alpine meadow ecosystem, and determine its deminant cycles or frequen-
Cles.

The results of spectrum analysis indicate that oscillation cycle with an average period of 3 to 4 years

( 3. 600 years}is actually existed in the individual number fluctuations of Tibetan sheep population at the

alpine meadow ecosystem.

Tibetan sheep is a domestric animal, individual number in the sheep population is certainly con-
trolled hy the management patterns of mankind., But for local fluctuations, variations of external envi-
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ronment conditions, especially, the variation of food condition, and regulation mechanism within the
sheep population are main sources causing population fluctuations. However, these sources are consis-
tent with sources ceusing fluctuations of wild animal population. Therefore, we infer that small animals
and their predatdrs +alsﬂ have &v&rége cycles of 3 to 4 years in pﬂpulatmn Dﬁcdl&tu}n behavoir.

Main abiotic factors in the alpme meadow ecosystem, rainfall and temperature, oscillate with cyeles
of 3 to 4 years; prinjasy productivity Dsmllates with.an average period of 3 to 4 years under the excita-
tion of cyclic abiotic fat:tﬂrs; further, ﬂmmﬂ[ pnpulatmns also oscillate wlth average cycles of 3 to 4
years under the &‘.x-‘.—:ltauﬂn nf th&. eyelic ahmtlc‘facturs and primdry prﬂductlwtjr. \ The:éfare. cycle with
an average period of 3 to 4 years (3. 600 }*gars? is dominant cycle, or 0. 2778 c::,;clfs per year 18 dominant
frequency in the frequénty structure of nonlinsar oscitlation behavio# at the alpine meadow scosystem.

Key words: Alpine megdow ét:é:system'; The c]rciic behavior bf fonlinear oscillation: The dominant cycle
of fluctuation for the population uf Tihetan slmep, The frequem:y structure of ecosystems)

The power spectrum anahrsm of stnchastm prﬂness
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