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Abstract

Circadian free-running periods exist in the physiological or behavioral activities in living beings
even under constant darkness. It was found that the free-running periods are not identical be-
tween species, which range from 22 h to 28 h. Furthermore, the free-running periods are not iden-
tical between individuals within the same species. For example, it is shorter of American Africans
than other races and also shorter of women than man. Interestingly, even for the same living being,
the free-running period is not stable which depends on its own factors. Daido raised a model to
explain the nonidentity between species, where the nonidentity originates from the competition
between species, i.e., the species whose frequency is closest to the environmental frequency is not
necessarily in the optimum state. In the present study, based on the Daido's model, the noise in the
free-running frequency is introduced and we found that the noise increases the population of the
species. This noise potentially originates from the instability of the free-running periods within
one individual as well as the nonidentity between individuals within one species. Our finding
sheds light on the existence of this instability and nonidentity in nature.
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1. 5|8

I H AT A IEEE T 24 /NE D) I AEE T &M A, ARE AN AR AL (1], 1R
HARJCHR AT, AR A BRRE S AT AiE 2 RE e K it 5 7 S 0 24 /NS AT — 8. S NEBBIZ, 18
B ARDCRIE LT (W RRE R, AR Sok B A BTERCA 24 /NS EIIEE /I[2] [3]. XFd
MEALLT 24 /NS P AR O 8 4R35 (B PR R ) J T (B[R R ) 1 IR 3 JR AR — e 2 57, B8y
ALE 22 & 28 /NP2 [A][4] [5]. Mgk B&, WERAVIR ARG HA 24 /N, 5 HER I 3 7 5 R
Fr—8 K BN — N ER AR AN, A B IRG LA 24 /NeE, 7S 5 45 4 5 3 A [
AL UME T AEYDE N AN A, W E LA . (BT AR AT PRl i B %35 B B ERE i 25T 24
INEE? IR 2 S AR AT PR A B 2 R GRATDR AT AR X o 22 R AR AE 51 S T

—HHMNEYA S HR, Gu % NRIUVEY B RZ 02 8] (R A 55 5 1 B Bk RENS 5 80X R 22 7 14 [3)
[6]o FH—J7HMAEWAMBE R KK, Daido JEIE AU A Fh 2 RVEL T — AN ERARRE 2] IZBAE T
VAR PRI KSR AR T IR 58 DA S IR 564 o RPN AZTEARNL 22, 7E S AR AL
SRR ZE N O IR RR Bl BIRQ)IIFZ M 1564 2 S BN KA /N, YR 8] 1) 564 5L
PTABATIAAL ZE . S5EXPANRER, W RPF R B3R5 R T 5 4 R — 80, BISRA R T 153
S EEARARL, (R B AR ZE A48 /N T TG A5 56 S AR 5, DRI 1 91 35 o -5 90 5 i — B0 T e FEAS
FEERAMIIERE . N TR BIERACAERE, (ERSES S TR I — BRI R 55 4 2 0] ROZAFAE SE AP

BOERISRG R I, B T R A B ARG AN 2 A6, R — W P S 1 RS R I B3R
JAMAAR—RE . B AFR PERIA R 2 S BOA IR A —FE . VR B3R AN 24.09 + 0.2 /MR,
BAERIHN 24.19 £ 0.2 /N[ 7] FEFRN b HAR AP B 3R3% F 4250 12.6 43-5(8]. BIEFE—AAME, B
Ui AN AR (1) o AN BEAE TR I N, F IR A A28 /N 8] [9]. Ja M A HR SR A I e 4 S DR 3R
W2 IR A IR A AR (8] [10]. SRMIIEA NIE, AR W SCARRE A — Y PY SR 0 B 3R 8 3 0 22 5%
NI Ea AN AN EETTS A RN el i) S
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AL ZHAEAE Daido BEALHERY b 51 NP ROGIKAh 22 T PEAN ARG € SR — FiRe . AR
MR T EORTE BAE, X AR N 0 22 AN AR R T CLR AR — P Al B R I e . 3
T, BRI T . 5 M RN A, ZRAE Daido AR ILAL 3G N T — T 7S T,
5 =73 A P BB DL 0 5 ¥R 3 R P P R R ST AR 520 o 585 DU 8 0 A S TR AT 18 8 2

2. TAEEAIEY Daido BT 48
Daido AR 2 AR, LSRR x, UM BIEGL 0, 2], & N MR IR

N
&:@AQ%&—ZE@—@ﬁJ%, (1)
i=1
. N
491.=Qi+rsin(t—6’l.)+%;xjsin(€/_—6’i +a) 2)

Horp i RS i MM, i=1,--,N, A(z)=l+acosz M B(z)=1+bcosz, EH z=1t-0. ZH y,a,b,r,e
R IER: Q, RV BIRG I, KR H RGN 2n/Q, X BRSO, BUN 1. W LLE H,
Z R Lotka-Volterra 28 [ 7 F2(1) [1174A1 Kuramoto ZEA (K5 FE(Q2) [12]1M45 &« AU, X B IKF
TANYIRR 2 [ ER A B A, RO ATIBCIE Y

ARAE SCHR 2] R, 0T AE MRS KA S A AN R R, — RN R, RV 8 1)
SE. SNSRI E e, AT OTRR(DEY A BUH DR B, Hrb 0 = 1(mod 27) I 4R
B PIAAL —BUNTTHE VN A BRAFPRES . S8 a ME 7TXFIREER M Em . Hik, HREQ)AH
(958 T2 T A0 BIRR B 0k B, SRAR AU Fh B AR A7 B B AR AR RS Bl . XN IR BN BREIRATH » TR, W)
Tl 2 1) 4 5 4 s et ] DU 7 AR B — A2k H 7 F2(DH I B Tl %00 DUHIR R % (2), XM
G S EL b RIEE . UM AR AR I, a4zl S —MRITREQMRE—T, R
FUARAL ) HE TR G o AT, AR OO0 ) S H i RAE WX M AR, Btk e o % . A T TRIME,
WMRBAVER Y, =0 -1 KRB 0, WABB T —NKT x, MY, K5, W

N
i :(yA(—‘PI.)—ZB(‘Pi—‘I’j)xjjxi, 3)
i=1
N
Q:Qi+rsin(—‘1‘i)+%2xj sin (¥, —¥, +a)) @)
i=1

AR BRSNS, ARl 2 AR Betidh 53 51 4FH(ES, Entrained Species)fl
B 551 Y F(NES, Nonentrained Species) [2] ﬁﬁ%@%ﬁﬁﬁﬁﬁﬁpi - 1| <7 [P, BIIFREEE IS A £ — o
FRGIREIHT T R IHIAIER W, > sin™' [(Q —1)/r | RIS &, (011 ¥, 552 — B,
N T IR, Daido 8 ES 7£ Q, = Q, =1 HIP Rl i o 551 ¥)A(CES, Central ES), 7£55| K24t
A QBT 1 —r B0 1+ r BN 2S5 P FH(BES, Boundary ES). Wi a 1RK, BLWAMIEIREE, CES )
FEAFRREUI ST HAR IRl . (HRBEE o MK, ST 2Zb R BN EE, CES MAEMATEHS TR,
1E Daido MR MERY I, ASCIEHFEQ)FSIN TSI & (1) (T FE()AE):
6, =Q, +rsin(t—-6,)+& (1) (5)

Horpr & (o) A s, H TR BRG AR ER. SAEIEL. & (1) iﬁ&(;(z)}:o
Gl (5,. ()& (r')} =g’5(t-1"), Hhh g RIBSECNGEF IS,

5XERR2IMSEEUE 8, AWM N=21, y=1, b=09Fr=0333. B&WEEIHSHLER
G E L, RIS AR SRR Q, = 0.5+0.05x(i—1) . AT RI{E, FXRAITESEHMF TS i K
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R ARGIR . RIGEETPIN AT T35, /B i =5,---,17 8 ES GLHPIA BES M1/ CES
(5 R i, =50 =1Li,, =17), FFHAPF4HZ NES. H s(i)=(x)/max, ., <xj> KAl T AR
P sceE, Horb (L) PRI T SRF Y. BT s W T 0Rh i A A A5 0L, DRLBEFRATT AT LASES s PRV Ll i
fA1a8G: s = VIREFR SERAEGF B LI AR ECE R MR, s = 0RERF ML AL, BIK
Yo EAFTEHUR TR, ASCE 1000 KBHUSKOREE— R0 s P 2ME, b yHEREpLIEBOF
WR0<x, <1F0<6 <2m.

3. FUERIGR

£ Daido BRI, WEFC TR BIRGIRE(T S ) FZIFN A AR E(s (i) ) Z R R RZ A R
We 5 B2 (A a IIREMT . 5 Daido 3 —8, AXHEL [ afi/rnlh 0.2, 0.6, 0.8 F1 1.0 MG, 9T i
IR T Kb oy o — 2, BV ES(4 < i <17)853# NES(i <517 >16). Herf ES #E— 257 LL2) N BES(i =5
Mi=16)F1 CES(i=11).

3.1. BAEREXE IR

BT AT B (2)-(d) BRI IEL ER o EIEOLT, WA g X H RGN AEAE R H(s())
Z AR R IIFEIA o 1X BLGE B 1 DYMOAS [ () M S 9 g = 0, 0.03, 0.05 F10.07, HA12Y g =0 B A SC R R
iB A6 N Daido FE7Y

2 a RN 0.2 BFH(E 1(a)), 7E g = 0 BIZAF T (HPTEREFS (015 DL ), s() BMELE NES AL KT 0 {HAR /),
7E BES 4 s()2% T 1, 7£ ES ILARALE N 0. (R, 76 BES AL MIP0FH & 4653 i AEAF L 35, NES Fl ES(A
 BES)IIFAS i34 . WTLLIR AW, FraMEE) L FESE R, KIS SRE ¢ Xt s()IERM
AR, Al A T il 5 M 7 R R T3S 0 A BE 5% BES IR 34 B3 FAR A A 1 25 95

g BINF] 0.6 1 (& 1(b)), #£ g=0M%MET, sG)E NES 4A%:F 0, 7£ BES ALB&/NT 1, 7E ES
HABALE KT 0. BEEMEFEGRE o (UGN, s@)7E NES AHEA HERAE1L, 7F BES AREHE N, £ CES
ASARANHA B, ES (Al X I 38 . RIAE @ = 0.6 I, I A5 5 2 (48 N2> 4 ES b/ s (i) ORI A5 184
IM(AE CES), HAFN s(i)—i FEMKR.

2 a BINE] 0.8 B 1(c)), 7Eg=0MZ%MFT, s()TE NES 4% 0, 7 BES 405K+ 0, 7E ES HIHAh
PEKT 0. BB g (I, sG)fE NES ZHBA HE RN, 75 ES A BN, HH7E CES A
I 2 LA @ = 0.8 B, WA SR 4 NS ES AR () FEA BTN, ABARFEm s (1) —i etk &,

2 q BME] 1 R(E 1(c), £ g=01%MF, s@)fE NES 44T 0, 7£ BES 4b%F 0, 7£ CES 4%
T 1, 78 ES WIHAMLI BN 0. B3R g HIE N, s(i)7E NES Al BES &b FF3 A B & 12846188 8 0,
76 CES &8R-+ 1, {HESEIE CES MM E L KT 0. [RILTE a = 1 B, WA SR 38 n & i 5Eix CES
RE1¥ sGYEA BT, AHAREm s (i)—i FETER R,

ZE LRI, WX sGERIMBURT a He M a %T 0.2 B, BEEX sGEEAEM: 4 a%5T 0.6
i, MRS ES Ab(FR CES)H s(MERIEA IS Y a T 0.8 B, M5 ES M) sGEBIEMAHR; 4 a %%
T 18y, HAARE CES WAL E, M r3inA gL sG)E3ghn.

3.2. REEBRENIRERENE

MESE F R, dn SR R o (R INEERS G N sG)IIME, TR s(i)N B AIARHE J5 25 th 8 12 12 8 LE 451
Bhne ¥ 2 i T IX — B R SRR . A N VTHE, B TAE a = 0.2 155 T (2), HAl B (b)-(d) 24 s() >
0 IF, M FESRAE o FRS8 I AE % BH S sk D A AR BRI AR D7 22 d(i). 1R 1 B A SR IR I, RS IE
HAEBLADL (A2 8 M B Ui R 98D AR A FR BN T B I AR A
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Figure 1. Effect of noise intensity g on species Survival Index s(i)
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Figure 2. Effect of noise intensity g on Standard Variance d(i) of species Survival Index
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4. BE51HR

ASSCAE Daido B FISAL 1, 25 fE B IR G PN W)X 5 MR EA RO RE . BATERRH A
MR P RARR AN 1 9% 35 A 0 B AN R e M R ) — 0 A AN TR 3 B A 2 TR B 9IR3 FR I 22 54, O R I 1 e
FREMS AR T (SN R E o FEIET, o = 0.6 B 0.8)8TCH T(a = 0.2 B DR HIAAF . SLHRY,
FITA IR i B R R S A AE 24 /NI AR I IERS 04, BRI @ = 0.8 BN L AT BERE T H LRI L.
FrL, AR ILSE o m] BEAFAE I MR A AT RP B A A7 o BEAh, AR SR EILRE A W 7 o J5E (Y 488 o 2 i
AAF TR WA IR IRAR . X B A SO BB 40— e MR RE . B3Ik JA J0 1) 11 6 7 4
FE AR 8] AR AL Z2 AR A9 AN 5 » PR L 3 BV b 2 8] (K 58 P ARAIG AT 3 B A R R A SR R =
ASCHIE A B+ B B IR T O A S AFEA R B IR 8 RO ASRG € AN 7] — P i oA 7] 5 A Ak 2 18]
i B % A 1122 52 1k

EHEWH

R EEEE TR R GRS 130021000 F1 FigH Tk S KA Qi g« 5
TN SR 2 R AL S s H R (TH 5. XJ2019141).
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