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Strix 10 : 93-106 (1991)
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Fig. 1. Map of the study area (Ozu, Iwakuni city, Yamaguchi Pref.). Dotted area is a

lotus-field where Dunlins were counted in the spring of 1990 and 1991.
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EEE->TVWRVLOT, HOHFMIE>WTIO0mES F TREAT I EMTEL. Lich-
T, BEDIA vy AMNEXRMBFERTHEOLRND, COBARIBEOHEES
B2 tBRHROBERIKRIH LT AT v FOREMBLAI LT 3.

BYOBBETI

BAZEAT 28D BIIARIELH D o BRMt~, BB, S BAHIC R T
BT 5. HRL S BMHI~NED I, ECICLUBFEST, —KHICHEHZXB3EOVA
M, SEMRIC LI <o Fid, Wb TE24kY, 2 TIRALLHOHES,

NeyEFOFEodiiiti LTEL TOAERER, MOTFESLEMEOL I CEVICHN
TWT, LrhbEREXEEEZONE, H2IRTLIIE, N2y FORMNIBREM, S
thgki % Hic /- & 0 508 S BN Eh 5 LRET S, S0k HBRETCOENOBTHOD
BEE, BREWICEYEROBE LBEUANE Y (L 1990). zoeF L EEERY -
T~ “Mh " Ny ¥ L, ROPHEN “Rhlid” BOELEZELE
AHBREHLIENTES, x=x () KAt THIRiIcWa 2y Folre L, %
ZxDLICEBWHET S, A EROHBA~NOBHK LT 2L, BHEAHENE,

Xo=— AaoXo

1= Aoxo — A1 X1

¢))
Zn = Aac1 Xt — AnXn
Zat1= Ao Xa
FpdE i
HiFEH Transits H 93t
Starting point Destination

OO —@—

K2, #ooEK oOBEEHERE (0) Sodikitt (1~n) 2EFHLCHNM (n+1) &
5 T4 o—fEEXZEMBTES,
Fig. 2. Diagram of a migration process. The process is considered to be a kind of “dif-

fusion” which goes from the starting point (0) to the destination (n+1) via transits
(1~n).
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ERFELILCEREENS >LDOTREVWALELAONS (BREBEHEIDHMEKREL T
AR LUBERPERL 0, BELHMMBRTHITREOVR, BHD22oD 51 7O
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L, COHOEBRRAEME L TRV EAENIWEEDN S, 1991464, 44 7BBB &
U994 7CCOLELLOMMERM>TH, IIBOAHMNEEBEFEAMM/ NS M1, LI
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DRELTEILENTESD, X->TINUMELINIES, iy 1 7CCDOEHM L W EY
WL, S BENIcERTAC LIt K3 ER4icznii@ERY. 199042,
1 H& 72 D BERS00F], D~<3,000FhE< 28 L 1-45, Cohficxtd 2 EHEE LA
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RORS5, WbicRLE, K3EMS5, H4EE6%EH~2E, ¥4 7CC oG DL
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#1. HEER
Table 1. Results of estimation.
$ER Year 1990 1591
{7 —#% Used data 90A" 90B” 91A® 91B*
57— 4 {#¥ Sample size 15 14 13 12
KA AT Type AA =9 - - -
Mean sum of squares Type BB 535.43 29.93 1654.33 1082.21
of residuals Type CC 457.52 2.00 3746.36 720.08
X HxHEfn Type AA — - - -
Sum of absolute Type BB 168.50 46.44 339.92 232.23
values of residuals Type CC 134.71 10.92 326.52 178.52
Type AA - - - -
U, 1307.71 1399.82 1179.51 1272.17
a 10.03 11.03 18.78 20.76
Tyvoe BB b, 0.0036 0.0040 0.0101 0.0151
yP U 134963  1361.60 944.96  976.65
R OHEE e 3866 3857 319 34.52
Estimates of b 0.0430 00414  0.0148  0.0137
unknown .. . eeeeeeeete et st n s nn s st st e s nan e eeatan
parameters Vi 3532.25 3748.69 3399.87 3399.87
a 14.47 15.02 22.81 22.81
T ce b, 0.0567 0.0591 0.1132 0.1132
ype V. 334193 339428 264141  2641.41
a: 38.97 38.95 36.39 36.39
b 0.1598 0.1590 0.1062 0.1062

1) 2BREREMEH. Al data,

2) 4298 ORBEKA. Except observation of April 29.

3) 4H226~5 A28 & TORBEMA.
4) 4A25H~5A260 % TORRR LA,
5) k. Diverged.

Observations from April 22 to May 26.

Observations from April 25 to May 26.

BUS1LA00HEHEL TS, ChZEESE1IOMMEEELALLSDBETH>T, &
4 & RET NI, FBlofE 3 sicAERLATAEE LY. Bho2HEE
£ U 1319905E D55 1 BEAS#91,38050, 25 2 BEHSH91,250FITH » - DT, 1991EDHE 1 8
#1,250F), 22 B RMITOTCEDY LTS, L ITB2ABMDEL - .
B OMBERTRNald, BEANEGTHAD L KB EH L LKLTSH 24, MbH
VRS RAEETNEEFEO 1 PBBELLBLEALLTIL. LALELIROL
TOZOHEMIZ, &5 OoDESLHEICHALARROBREL LD SEVIBLTH L H
S, MELLZOTEERBICLALAMNLL. ThOHETHNTH S E191EDHE 1 B
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£2. "2 UFORKI & ORHE.

Table 2. Characteristics of migrating flocks of Dunlins Calidris alpina.

fER  Year 1980 1991

Bh Flock 1st 2nd 1st 2nd

HhoLEEY

1399.82 1361.60 1272.1 76.
Estimated flock size Type BB 13 212.17 976.65

Type CC 1379.07 1248.69 1250.74 971.72
SETAEKOFHEZI" (days)

Time of arrival of Type BB 11.03 38.57 20.76 34.52
the 1st individual” Type CC 15.02 38.95 22.81 36.39
EAREISR 8540 (days) Type BB 26.84 43.48 28.90 43.07
DREAME Time Type CC 26.76 43.31 28.93 42.92
Maximum ......................................................................................................
no. of T Type BB  514.96 500.90 468.01 359.29
the curve No. of birds Type CC  507.33 459.37 460.12 357.48
Bhok#Ea Type BB 9801.82 2964.61 4584.60 3699.91
Total length of flock’s stay Type CC 9422.88 3170.16 4459.35 3694.62
Btk oTYREE K Type BB 7.00 2.18 3.60 3.79
Mean length of individual's stay Type CC 6.83 2.54 3.57 3.80

1) K& (B5%)0) 133 H31H.  The origin is March 31.

BAEL D HEMHE6~8 AN, BHI3I~4BREHBELLLEDbN S,

BOOBA M TRABUICEL 5% ¢, 13, 1990FE 0 1 #bs4 A26~27H, F2HMH
5A13HCATH -7z 19915E1358 1 A4 A290, H2HHM5A1BHTAT, ¥4 7BB
Tb9 4 7CCTORESRBBI LB LD -/, BIBICBL TI990E L D 1915ED K
M2~3HENIH, BE2RIEELSBIEHNTHD 72, TORAKIZIG0EIF 1
BETHIS00F], BoOBTHA60FITH - 1o, 191ERZENEH, #94607F) & #H360F T, HifE
EHREDOLTVES,

wic, &R x () CBsRE @) cHEEh-BoomEE, BhoRERK
(BEEF - B) 2FbL, 20U EOBREFAL-OLERTOL>ORE
W15 5. 19904E 1355 1 BEA5#99, 500F] - HTH > -DicxtL, B2 BH3493,000F - B & 3
BD1ILOVWTH 1. & AMINOIEIISE 1 BEHKI4,5000 « H, 352 #{A#93,700%] -
HEZEMNE ot LB HOBMEARRAECHENTH - 1.

CORBMEAMABRNWOL2MAAK U TEH L E, 1 P& OEYMERKMHEON S,
19905E B I /LGP THLESHELLDI, BoBRH25HEEP /. 191FERE 1
Bo3.6H, B2RMMSHIBALBIEELL SVORGHEHKMTS > T, 19904 & D&
WHEDE 12,
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Fig. 3. The fluctuation in the number of Dunlins at Ozu in the spring of 1990, and the
curve of Gompertz type (the type CC, O : unused for estimation).

500 -

Number of individuals

April May

R4, Biicsid 2191FFE0 < v FEGE (XBIEOH) oXie, = v/v— v RAKKMR
(#41 7CC iR, OHIZKRMBMOME bl - it ERT).

Fig. 4. The fluctuation in the number of Dunlins at Ozu in the spring of 1991, and the
curve of Gompertz type (the type CC, O : unused for estimation).
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M5. BRicki? 319905EH0 < & FEKKOEH &, ERSHREKKMSR (£ 1 7BB #hR :

AXBR). pTREHRT v — v RIEEKMEBIZES X O,
Fig. 5. The fluctuation in the number of Dunlins at Ozu in the spring of 1980, and a theo-
retical curve of the Normal distribution type (the type BB) which was not fitted so

well as the Gompertz type curve.
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6. BHICBI 3191EED < v ¥AKBOET L, ERSHEEGSHER (¥ 1 7BB #iR).
HTREHRT VA —vRIBEGEKEGRIZE X (T,

Fig. 6. The fluctuation in the number of Dunlins at Ozu in the spring of 1991, and a theo-
retical curve of the Normal distribution type (the type BB) which was not fitted so

well as the Gompertz type curve.
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BbYIC

HTROIFAOANDOV LEOTH 1, HHEFNVORYUMEZRAL, bbb THEEQ
R EERELTEBE W,

HROEROOASBE, 1990FEDITRICTIE Y 1 7CC DA V~AA X S BA L 12,
ULHL, 19 EDORBRICH LTI, RIEREDHTREVERS N1, H4%ERBE,
SAPEICEBLAE2HICHT 2 THREONIBRVWEITHE, SEAZERALEF N
T3, BHEALHSEHICOZIEEL TV EEELLY, FhUAOBERME VDO H»
bl 12E A, APABICEDN THEMICBH LD, Robh#fi~@E» 5K
ERBEHIC o N TEBHT 2HENE,L -1 LbEL SN 3.

—hHbhbhDEET 5 EENREEHOBh L THEET 5Icd, AHROHE
ROLII2oOBPNYHABIC A TE IBEIIEUTH 505, BEMICELVES
Bhict LTEBATIDRAVAALTLLYL, 2055 HBAICEBEEOE VIR
BAMBETHB. 94 7AA, 914 7BB, 914 7CCOHBIZ LN LREHB 6 TH I S,
HRODIWEETEOLDICRITHULOEBRSHSETH S, Likd-T, 3AZED
HATEERMICELS LMK S20BLARIRERBLTVL 220 ARH LT, choi:s
M AR EEICHET A ERTERYL, INECE 2RSS AIR%2TELC A
NESBBFNBEMUL AL EIONS, COENITREVNBEL L >EHATH S L
Thid, BEOKMHNBEEAETLENS 3.

LhL, 2200BNAMEHNICIEEASEL > TEALAE X, BEL-EEDS B,
ENLSVOHMELSOBNEET 20082, B TRHPDO VELHEDS
Chicxt LTHEEICHEBRICED, PERLICC KRS, CORBRAEICOBRAMNSH, B
BB EMP < E>Td, HELSB2OOBIARETCEIR VRS LS 2.

19914E4 A 1 ~22Hic 3 T, /PERBNHM 22 SV CHOMBICEALI:EBbn 3
(K 4). coBnicHd b TEHHEER, BREMESDESBEYLHTITEE» 1.
COBALHERBEE LI3LEMHIEBbNI B, .

SEEREE 1Lt EX 704, CITOEKROBLREBIcR AL DEiOh
OB ERECZIBEEIONBL, FRERCLIZETH O EHOhgkHE LT
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Changes of flock size of migrating Dunlins Calidris alpina during spring at Ozu,

Iwakuni city : A mathematical approach
Hiroshi Sasaki!, Takeshi Hironaka? and Masashi Nakata?

1. We attempted to apply a mathematical approach for analyzing a migration of Dun-
lins.

2. We considered a migration of Dunlins to be a kind of diffusion process which goes
from the starting point to the destination via transits. From this point of view, we in-
troduced a mathematical model to the process.

3. From diffusion equations, we obtained three types of curves ; 1) the exponential type,
2) the normal-distribution type, 3) the Gompertz type, representing the number of
migrating Dunlins.

4. The sample used here was the number of Dunlins observed at Ozu, Iwakuni city,
Yamaguchi Pref. in the spring of 1990 and 1991 at intervals of three or four days.

5. By estimating unknown parameters of population curves based upon our mathemati-
cal model, we could characterize the migration in a transit station such as Ozu. The
dual Gompertz type curve,

o=+ i,
where x' = V,» (ep.t-a)— 1) » g—eb(t7a0 i=1, 2),
was fitted well to the sample data in 1990.

6. We explained the change of the numbers of Dunlins at Ozu by characteristics of theo-
retical curves. The flock size, the time of arrival of the first individual, the maximum
number of Dunlins at Ozu, the total length of flock’s stay, the mean length of individu-

al’s stay, etc. were discussed.
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