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Uncounted Births:
Estimating the Fertility of Tokugawa Peasants
from Shumon Aratame-cho

Futoshi KiNnosHITA

Reflecting recent developments in demographic studies, the first part
of this paper emphasizes the importance of the role cultural an-
thropologists can play in this field. The results of major demographic
studies of recent years, such as the Princeton Fertility Project, the World
Fertility Survey and those by the Cambridge Group for the History of
Population and Social Structure, throw doubts on the validity of the
demographic transition theory which has been the single dominant
theory in demography for almost half a century. Drawing upon the
modernization theory, the demographic transition theory postulates that
demographic behavior, particularly fertility, is strongly influenced by
socio-economic factors such as industrialization, urbanization and
literacy rates. Recent empirical studies, however, fail to find such a rela-
tionship. Instead, they find that demographic behavior is determined
more by cultural factors such as religion and ethnicity. It is in this con-
text that I emphasize the role of cultural anthropologists in demographic
studies which have been long dominated by sociologists and economists.

The second part of the paper examines a somewhat specific, but
crucial, issue to Japanese historical demography. This is the issue of
the underregistration of births recorded in shumon aratame-cho (SAC),
population registers most frequently utilized by researchers. This has
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been a serious problem since it prevents accurate estimates of basic
demographic indices such as fertility and infant mortality. In solving
this, this paper employs a microsimulation approach. This approach
has several advantages over macrosimulation. The most important is
that with microsimulation, we can consider relatively easily in our model
such critical factors as seasonal fluctuation of births and monthly death
rates of infants. ’

The model for reproductive process used in this paper and its com-
puter program are based on studies by the Institute of Population Pro-
blems and those by Bongaarts and Potter. For input data for the simula-
tion, data from the Tokugawa period is used wherever information is
available; otherwise, I use data of the Meiji and the Taisho periods.

The result of the simulation reveals that the degree of underregistra-
tion of births in SAC ranges from 82 to 88 per cent, depending on infant
mortality levels, and thus 12 to 18 per cent of births were never record-
ed. This leads us to conclude that birth rates calculated directly from
SAC need to be multiplied by 1.15 to 1.22 in order to obtain accurate fer-
iility estimates of Tokugawa peasants.

Another important finding from the simulation concerns the range
of random fluctuation in fertility due to a small population size. With a
cohort size of 25 persons, the simulation yields a standard deviation of
0.25 births in total marital fertility rate (TMFR) between five runs. The
comparable figure goes up to 0.7 births with a cohort size of 10 persons.
This will give us a measure of variance when dealing with the fertility of a
small village population in the Tokugawa period.
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BRAEF, ZE%, LAEE, SBEAEEL VO ABEEDIHFOS L, G
B AR L R BEERBARYR > TCELORARARETHY, toZ izt
ANBEPLBREDADYBERL LS L T5HAB% (paleodemography), HED £ #
=X afe KEHET 5 AE4 Y (human ecology), £FHEE% (population
genetics) EDOHRABHFR BT A7 4 — A FEROWELIE, BHEBEIS
Y ¥k, BHEFEREBVWTHAOWBII R INTELA, LHIT1960FEMREED
SI1970FRATHZ 21T CO BB ORIFIZEET 3 —EOWEBIC KV TR B Z &M T
&%, 72& 243, Binford [1968] 1%, AREXEHORFIC L - CTEERERELEL,
BT TSI THLL DANRT 2 5 LN TEHHIR Y v, WRSPHEEN TR
EENTRITVCADEDE VIR T ~ ¢ EX T\ %, Binford BE, 1 %1
b O—#TH % Nunamiut IR\ T7 4 — L F 7 — 2 %70, $HFE BRit
#) Lre ) —BREORELL, HOEOAOMMOEREREL-ELTWS
[BivrorD and CHASKO  1976], %7c, EHHERE BT AANXIBR VAT IT 4 v 7
KD BB S & TH5HRL B -7 [Hassan 19811, Zh b &AM, AT
i%. Koyama [1978], /ML - 22BE [1984] 23, ThETHE W RAELNRDBZ EDlgh ot
RO ADHEEH Y, 2R ORISR LBIFOTFHA D BB L EBEC/T> TV 5,

ARLEARDERA DFC BT 50K MBI O & 5 2%, T ORI Z & T,
BEDOHRBRTE E 2 75230, SULABEE T L 5 AOHROESE LHRCOWT
fRCfih TR &\, &2 CTLAE¥EEC L5 ARHRCHCERT5EAIZ,
HFOHLFRDEFFZEOMOBGRLE L OXHORKE, ULAEF BT A AOH
ROFLVREEDZ I EEZDNETH S,

SALABHEC BT 5 ARHRR, O E20%RE DL DB EDOKERERE LD
hrolcb 0D, 19208R0:LHEE THMLE LTV TVW52), TofRENTb O
OB B &, Rivers [1922], Firth [1968 (orig. 1936)], Powdermaker [1931]
IRET L HERFEAEBC T SR, SULABEELADLZO L DEHENRE

1) BRABEZFC RT3 AQWED BRI L OBEDOEBEI D\ T2, Baker and Sanders
[1972], Swedlund [1978], /MK [1976, 1979a, 1979b], Wood [1990], £5K - AKIF - Al [1990] 7
ERFELVEDRLD 5,

2) ABFELUEAEFOBGEI LT3, Howell [1986], Hammel and Howell [1987],
Caldwell, Caldwell and Caldwell [1987] 7z Fieg LS BRI N TV 5,
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LIERFIDIDTHH 5o £ DEDIOFNRD HSOFERIAF TOHFEF & L TiL,
Fortes 2’07 7 V A CTER L% v v K [ForTEs 1943] 7 >~ v+ V7 4 K&
[FORTES 1949] D ADFHHER I < HMBR T35, ¥, ZORBICRERE L
HAR L ORIt S & Lic Lorimer [1954] %, Devereux [1955] i< X % FBERADBIAL
BBFFRI, BAETHSEIBE LTLIXLESIAZRS,

196052 BT0FERI 0T TOXALARRFEEZ I X 5 ADBFFREO O & oD%, A
O3 ¥ H (carring capacity) B+ 5 4D TH H [e.g., BROOKFIELD and BrowN
1963; Lee and DEVORe 1968; HAYDEN 1975; BrusH 1975], < OBFEIIIEAK
FRG TR, EBARECERERERIEELY S ALY, ZZeED,
Zubrow [1976] 2\#$R& Ut Demographic Anthropology BT AR LI Eh, Al
ANEZFLCIOTBERANEEO—DH L LTARRDOLRE X IR I-TEI, Ok
Wzx, COABEEAYHET — <& Liciith &3, BB ARHRERTT 5 X
ILABE®EHELHFELE LT [e.g., PoLGar 1971; ScriMsHAW 1975; MACFARLANE
1976; Nac, WHITE and Peer 1978; HACKENBERG 1980], = D7 Td, Nag &
Howell i© X 2B RITHEI N D, Nag [1962) 13, HECHEYHEX 2ERLEL,
ZOHD AR OMMAOEBE X E D B e, ¥, Howell [1975,1979] 1320058
W7 4= AR T =2 L), YRERATREEE X LR TWIHERER O A OB 5w
BBTHDH T ERIFE LT,

19802 HIFERICIe D &, ULABREC KT 2 ARPHRIZChICERYEL
T B, TOHEBDVEDL LT, HLABEEN = —m , A EOBERER 2 F
HE R RERAY B LRD IO ORIITH D, HHDOEKRIER AN ¥
TCRALEZ EWEZ R 5 [eg., Nerning 1981; KertzER 1984; Apams and
KaSAKOFF 1984; NETTING, WiLK and ARNOULD 1984; MACFARLANE 1986], X{LA
BEESFRLL» -1 ETRHHN, $50L20BHELTUL, ThETOA
OREDOFLEE > TELERFECEEFEOBRN A DENER (BcHER) %
HBETHHID L LT ERZERTHL ORI ->TCE LS 22T ERS
[GREENHALGH 1990; HAMMEL 1990], ZhiZi¥, AROZEHFIC X 5 1980FEMHKEX
i D OBEBEICHRRESFEBR LTV 5,

Aoy, ADEE#EEG (demographic transition theory) &R I 2B/ D
B, 1980FERM LIERIT AT TREIh LRI OBHYPHAREE L. A
DRI EBRYERE L, TOFTFRUTOX>ThHs, Thbb, HiE
3) ORI ADTHICETAIMRDO LV E 2 —1%, KT [1990] 2BBIhiz\,
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RBEIOFECTREVCOIBEAILARD & ATARES» DEREES~B BB EVT,
#2103 DOBRBER BT XTI bisv, F—OBRBIMARESOBRETR, S
EROVS—-ATHY, EBLIRMBETHHOHEDOEOBEN LN TS RIBT
Hb, ADBBROFE_BHLERLORMKG L L bicthE Dy, T, &k, T%
t, BEHBOER, »5VREBAREBERROBH XY, ETEK, HrIsR
FEERMET T 5, ADRIECTERMETT5 &, BRUFO L 5> i3 Fv % EAR
BCHLEN D7D, WERMET LhD 5, Z0BETRaloERKSL Y
BAL, ZU»FHBHBCBATIED, ELOFHRYELZETCHZ L3k bc

ELoTABLRY, BEDL VeV T 4 7HTEHND, Ticbb, ZOBRETIE, F
FORFOMELS LT OFEE L IKRELEDLLDOTHD, DL 5K, AOEBOE
CZERETRRATENETETL, ThBh THAERR TS, FERELTs
WTRER T REEOHEL R, ADMIAEEL kD, ADBEROREK AT —
CTHHEZBM b L, HEOERILAER, FFLR, HERL HIE L VL
ok, ADBEMABORERHILD, ¥, RELVIBEANDRBE, AR
KTRETEREEOIRTED X 5 Is KKK b b, BREVRET S L AnkR
B IF5ET5 [Davis  1945; NoRTESTEIN 1945; Jo[%F  1986: 14-24],

HiD & 5, REDHABFRILIOARBBRERYEEL TS, ez, 7
V) YR b vKED Ansley Coale b é Lz 7w - 7 + (3%, Princeton Fertili-
ty Project LM %) (LBROFHE D, 3 —r , 2LBCTbR 5700 G B LS
VRADT -2 %IEL, ThFROBRBT AHERETO &1 3 v 7L HLEHK
RER (fobxiX, Waifk) OBRFRERE L, TOBE, =2—r, BT 5H4E
RETO A 2 v 7%, 19H4ER ) 5 20HAZEITH D300 5 SO &\~ 5 B G AR
HEPLTE D, BHBOHLSEFNERCIZEEINS Z Liklcl, T LAEHR
ethnicity £\ 72, Wb s [3fb] LA IR D LD EEELBEREDL L Z &%
BA 5 A3 L7 [KNODEL and VAN bE WALLE  1979; CoaLe and WATKINS 1986], 7= &
ZE, TAFVTEGRCEDLE, TOAODBEAEDIFEDTHDEVERTH T
hhhbbd, 0MITHELLHEL OHAERIET LIAD TR b, ADERER
i< v VA L VBV R IRT [KerTZER  1995: 32],

196002 HBOFERDA ¥ Y A2\~ Th, Princeton Fertility Project D k 5 72 &
DRVHEATHRTE Y, 1970ERFEL L ZOMEREVBEINTEL, 0O
MO RME &L 7 5 7= DX, the Cambridge Group for the History of Population and
Social Structure &FEEh, AOER IVFEFOHRICEVTEAORREYELT
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&ty ZO7NV—-T7OMRELBIE, XY AL, FHIKRELOFE LFKEHEL
BRETHY, ARG X W ERELV ET Lics T2 ADEBRER GBS LW
L ¥ 7 [Lastetr and WaLL  1972), F7:, Z OEIZI\Tikl6ttics 519442
T CTEEEHRADORHLi L OXERHEESRENELY R LI 0b
5%, COMOAEMBEARIBSBERELTEY, ADBREHITT LI H
HARHSEBERAE S L5 B iR & 7th - 7o [WRIGLEY and SCHOFIELD
1981],

THIC ARERERT, 1980ERCER I, BEO LTI ERAOHEEE
F#E L SHhhpd World Fertility Survey (WFS) & X - Th T I hich o7, WFS
ERVTR, FHOBENME (RERNOHBNL W IBRCEVTH, BOERRKR
AEE D BRRICEWTY) ERAEREDOHBOMEBE RO LR iEa by, D
ERBESIHAEREDHEBEDL RO 5 2 2N TE D - % [CLELAND and WILSON
1987], ZIRFWTH, BUOHLBEFRNWER L MAR L OBRIBE I, REL
ethnicity &\ > 73UEAIERDIIF 5 25, HAR L X Y RCEREFEOZ LR EhI,

Princeton Fertility Project, Cambridge Group, WFS &\~ 5 —HOHR AL AESFE
B Lo THEATH DL, ThHoOWRICL Y, HAERLHSEFHERL O
RIEEIh, HAERELMEAERR L ORERIEITOH AR 22bOLT, &
honTes 7 bOERD 2 V-1, AD%E, BEEE Ha%sE BEYE
THY, BERCILOHRELT > TEREAREZERISML Cigh o e &)
TETHAHY, L Liehb, Rfticisyh, AnEEHROET — <& TH5XEA
HFYELLNR XY REERET S L5 - TE7: [e.g., KerTzER and HoGaN 1989;
Ross 1986; CLEVELAND 1986; BRAINARD and OVERFIELD 1986; BLEDSOE 1990;
ZBE 1991; FRickE 1995; CARTER 1995; HARRELL 1995; Kivosmira 1995]), Greenhalgh
[1995:3-28] i3, ChADLDOHRBELINENDT v —F DBV L D 3DEHHLT
W3, $F—04EiL, Handwerker [1983, 1986a, 1986b] infRFEXh 5 L 57c, AR
DGR E LOFEY KB AFFC ) ARICHETH B, BONHILT = I =4
M XBHRTHY, HERRCKTHBBORME, Bt r7 a7 V74 E0 -
TENY = VF—ORECEIRBMIN B ECEEEYTTS [e.g, MAR-
TIN 1987; GINSBURG and Rapp 1991], % L THE=0/BHY, Kertzer 7x LICRELX
NBHFEE [e.g., KERTZER 1995; SCHNEIDER and SCHNEIDER 1995] Th b, ZIIE

) V7Y I - ORRIBETHIBHN, BABRZhcb0E LT, V704
[1982], 3 AV » b [1985], ZFHE [1988], 7 4 &V ¥ [1992] 72 EH3B B,
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AEHRCHERBROBIL £ OBIGREEN e < 7 rBR EBA V1O ADENTE
DX5le 7 v BREXEOOF XS ET %, Greenhalgh BH1L, {LARFOE
RN T B holism #33H L, culture, history, gender, power &\~ 5 $EIRAIEE »
b, &0 THABENVHCREI NS DI XHIETHZ E2ERL, £hy

MEAEDOBBEEY¥ | LIFA TS,

R ENEMCNEFZC L5 AOHER, BELOERY EFaidn»h T,
FREFRORBREN TN EROWET —~ EFETHREZED TV 2B TH Y, X
RS OM TR INEHTERPELETNERFELH DT TEREV, TLTR, &
oD ABEEENANERERICROIERYABHL TV 2T Thitv, L
DL b, ADNEBERERSETNREC X VR CHBHASh, ToPEh -1k
HERFEHER L ADERNEROBEGRAEE I N, Thicflb ) XUERER L An%E
HBEROBGRAMFAIN 20D B RALX A5 &, ULABEFEDRINTHRD DD
FlLuwhsA VoG e&r T %,

2. F 3 E &

ABBRC T 5 MEANBEEZEORLHDOEER XY EWHRTH0D, FHRICPR
Steh’, AROERDT —<AD I, BRL, BADOERARFEOH ER ERA
BITh hiensh, RIERMBREMBEHRS, Thid, BROERAOFCETRD
BECADER L LUELh A EMHIRD S, WA ERREERYHETT 500 L
WHORIETH B, BAOESR ANFEHEKREE GREEXFHES LOERE AL
Bt v 2 —ZBHHER) wrhi, BEIED IV EEESYET, ToMSE<D
RANREIND L L LI, ARBEEOELADEOHRBRE L OB XA LT, ML
¥ 1T 5 BEDARENBBORER Y Iho05 5, BADOERARECS
W, BRENBVCTELERE LT, Rk, BER, HABEZESIR FR
X, SEE R DD DM, 700 THREMIBIRAR S FECHEA IR TE I, T
HJIADERE LT, #NAEOER (iziE, AREEOHXEM parish
register) LB LCh, FEFR2=—7 THELRBHTHE Z LM, BE—HRCH
F#M XN T &7 [CornNeLL and Havamr  1986],

FEIHIRIX B RDBE A ORI AR LB/ TH D DD, ADERE LTOH
HABEDLELR TV 5, Thul, FFIEROEAWME L HRBRT THL L5 L
RELTWS, Tishb, FEPtREEC—E, HoAnzitEiiciglicdo
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THY, HHEDOTHEE LVEORFEA LoOMIcETh, »ORT L BIXEMH
IR I higv, SV T, FRIBIRCER I AAR LV 5013, LHEAE
THEREL Wi bicn w52 2 TH S,

DL S IR AR ORMIRIR,: LB S h 2 HERY, YROZ EenbERD
fEX b HB/NFHIE X 5%, £ O NHEOBEIC O\ Tikdbhr By, & OREI,
HARDOBEEABEDVEFLOEFR Y DT T b, BEHEELYMNE L TEMET
By, ThEBMRLIS ET5RLbH ok [RIE 1976; FEE  1992), & 21X,
HA [1988: 101] XREOHEXOT, 20%2:525% O HATFEMIMIRCEEE I h
o te EHE LTS, LsLiesd, EhboHRRdrhbbd, - ofEY
SELBRTHIIIE > T El, Lichi» T, BARR KT 3BT LEMOHAERE,
WX R ORISR X > o0 X S, RARRBROMBEE LTERIA TV S, &
D ik, BEROMEVHENECRTABEEAODFEOELLIHWRET — <DV EDT
BHILEE2LL, BECBRIhIREEELFETHH LELI BB\,

ZOMBERRRT DR, KBTII=A 70 v o V- 3 YEXBFEYEA
ThH, COFHEEXEATAHBEE LT, AF, ADDBLEEREYRBETHHENL
EFABBEINTETCEY, TOET A2 v, -2 L TCERCHERTES LW
5T E0DTbIB, ¥k, COFHEC IS ERROWETER I - THED
FHEBHCLALD AMIFECHERY, HENERCE S AVCBRRAT I ENTED L
WORIED B 5,

3. FEMHEE ZDOADERE L TOMR

3.1 EFEO ik L EHAE

Tk, IFRROADERE LTRIEL, IRBC L VFIAIRTL35RM
PRI OV TR D, &) Dk, FIAT3ERNC OV TE OIERL B B0 % B
LTz &, IRELFEBRKE L THY, ARMTEARTARTHEMDHTH B,

RPISR L ER19(1614) F, IIBMFF VA b HEEMEREEL, AxhF ) A
FEET W Lk, YUROTEREMN TAH LN T LinBFEHRE IRl LR T 5,
DD, RMIFFHEL L ), EIFIRAOF VA BTV EREAL
feo FOHK, BX10(1670) F, EMIN 4« BEYH L, BROFR—HF—HroX,
ZDREXAFMRICEET Z L2 H Uk, AT, ZOAFIRY, BrFFIHSH
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RFIIR E WS 2 T 5, Bk, RAIE LTIEZ 1R, D5k
KR Z EfER R, RAORESCHE R &2, ToOMBEHET s RIT~HEX
hie, e, FPRKROFELIESH, BEORMIBRIER DD, FHxDERIMT
e RE L, BHPEIRLICEEFOAB L HETIIE, NHARI > TRE B L
LTEb R MEiRE, Mokt 2 BROAFRY L 0 BBHICRKIL T\ EEX D
N5, YFE, AAHROREALEOR TRMIBIBSER S hiz L L Dh A, F0
B kb, LvL, BETD, 270 ¥ L ¥ - RoRMsEy Rod T
ZEIINBETH B,

X1z, WERREHAIBLFEHNICE S EE13(1763) FOREMBEDO—HBTH
%3, EisiR, HHYEALL LTCERESh, FTHHOEIF L LORRK, #
WOR®R, &7 FEH KEEH) BEAShE, ToO%, HHOBREDK A
DWTHHEE O, &80, Fi (BLF) PREBEIN D, M1 rShicttHg,
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BLEREETFYEBFT L L, SMOAYATAHAREHOMH TH B2, HHF I
B, EEBECIELEBRTH -, SHEBOEE X L OMici, 158
DEMEREEI, B (128), 55 (98), HEE (45) L\ 5 4 ADFHN D -
R ENRI DD, WHEREOEE I Kb -k, HHORARS IVUBLIA
Bz bh T, VEHFOREIKRT T2, FMBRIX, ofERERCHDTXT
DA OWTR VBT DOTH S, EVBr X, B8F, WHLEMLCRO2 Y32
HLoTolcdEz T LV,

FRIBIRY AR TH B DI L, HAMBRES R & Fisih 5 5883,
MBI 2F «OHER, KK LUBHARYES LI AOBBHTch 5, L
7o T, EFIEE & HAMBES RO S >0 ST, FEOADBEDE
BB — 20815 2 beinh, bz, HAHBES RS L, =M%
DONOADBRBEGYHAIMS Z LR TELHEL S, &V 5 DIT, BT, I8,
FBAVE LB, FPIBBRCZOZ ENBEARLR TS -7 b, A LMD
IR L THEBEBE L THSD, HACBEL UL, HE E LBEORDD
PR, FLRVEERLE 2R TREIN, 5K, Fl0 X5 REDLH &
AR (eg., 8B, Bk, =5, =) 1fEIhsoT, £x0HERDIEMK
X hFEAEh B,

32 FAHRGLFHEABNBERDOF A 72— A

A REBIRBHET & MM OWE OB AR b A bR IoEMuiRA E R L TEE TR
i, ThEonhERb¥AT LR LT, Hx AOHEMNLETEFTOIFS 72 ~2A
HREDENTED, bz, BiHOWLFENK, X9 (1789) %4, BAKAEE
ARDTHE LTABRORCAE TR Lk s v o, = oliz, k2
(1805) F, EAFEITRTFEFEL ) 6RELOBTFLERT L Lz, BERL
LowADL, LiEb< RRERE &b AR CERRT, T17(1817) 4,
Ui h29R0Rs, BT 3ATHRLUCHE, Lnl, EEL, 7EEOH 6 (1823)
£, ISWOE I THE L,

e, K9 (U789) &, 5ELTEOMOABEE LTATRELEAL S AEE
w3, L9 (1812) %, BIFURTLILV > SBRETORLEB/L, 0B
DEIC 3 B2 K HF-7end, L14(1817) 48k b 3 ARNER L TR i, 20
%, BRCUBER -1 b0D, BARERDEL, BEKES (1837) &£, 9KD
FETHT L, 20X5K, MEDTRTDODADTA 7a—akih, HER
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T EOANDBREEG YL BZ LRI - T, FIRELSZEOADIREYHE
THIENTES,

3.3 FMHEOAOERE LTOHE

PR, TPRROADEELMS 5 X TRERER 0B, RRRIA
ORI E LTOBRELBFLELRTVEDT, FRIEDWT LR TRkl
BV, ETHE—K, FEFREORBRRNIEE R T, HIRD 3 XA AT
BT5HCLORIDELEDIE, TOREDI—HRTILRV, LA -T, BREHFE
FlgiEx ADBFROBR & LCHAT 28, ZoRBFRACKEE Y+ sk 5C
EPBROFIRE D, 2T, BIEENRLERvILbRT I bRVv0n, R
FigiE 2 E S CREBTER) TErhid O, H5VIRABHERTEI L
T D EGD ETHD DEA  1992: 104-108], ABAETIE, BiZOKERRC I HAD
PEEAOD D WCIZEEAD (dejure population) LY, HBEOFRRC LHLDO%
BRAOIE LA D T5H, AOWEDLHOBERE LT, BiEOR>»PEL
TWAHZ ERE S EThHV, HEMER CRESIhRMBECE, FACHEBC
DNWTOELVERY D5, texd, RABRERAOLDMRNAT - BT,
ENEORPHEIERINTI Y, FLMRELLEAAL LTHAASLFIZDOL
T, RIVZOADHER L BHFHHAEBEANRLR TV AONEHATH S, HE
B L THRBRT, HOBAMIANECTIT &, BEEONA LHENTZE IR,
fitdt X DR G T E T OCTEL, N EXBOBHIR EXBEML OIS,

—7, FPISESAEMER TRBEINATVEEE, ke~ X s ikiditiz &
A ETE S, A A DPEBICNPICBE L TuTed &5 3l LB & 5 R A Us,
X5 iR, AREEXHETAE, BCRHEL VIV AZRADHAR (T
febhb, 7)) RBARKCREDL S LVOBRC b vk, LicdioT, HRE
i, FIRTARMBENEEHERCER SN b DA, HBVCIIEEMER CEF
SN O EHER L THELED L LELD 5,

RRIBROE _OFFRL, ARank > E L BHECBRT 5, Tbb, RPHE
DOEROUTEBHE TH », FAIKE,S T, HERS IORRECHEEL
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feExiE, BENORMERL, BERBO=ARACERINLELELY (K25
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ZERELY, BRADRETR, 20X 5 FMRIROBALTERT 500, BIF
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4. AnBEAEREREOIDDET L

4.1 v 3Iav—v g5 vOEEE

AQZBFERITAYI 2 V=Y VL, ®RIvyiab—vavERfmy3a
V= g VOLEHIC KT A LR TER, 7 - 2 V—¥ 4 Vi, deter-
ministic 75> I 2 V— > 5 VELHTh, BRI AHRED A OIS B AR T
SFRADHEE R bR s, CHIEROBARRPIETRL OB Y FRL,
BEOANRLN L OMARSLIRCRVERT S LKE LT, BBk A
O%FETHEDTH B, 350 EDDRA 7Y ialb—va YEWSDE,
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n, HERSFECRL EOFHELT T, SvALREBHE MoK s &0
TED, A TIHOLRABTA 7Y i b=V VvOEKT ROL5HDTH 5,
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b5,

BESE A B2p3R 5 I B oR OFHRY I A 044 X100 AH 51,000 \BE & /hX
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IHAERD S ADEDL HIUE, BRADFEL DD, DL 5K, HEEIFHED
AT, FADF v FABREHCIFR LT Eiebicv, FHEDHZHE S
DI, deterministic 7Y 7 R I L V—v 4 VORIV L VEETH DA, BEA
AEENROIRNDOALIA X B2 BbRBE, Yf 7YV —V 3 VDIEHH
ICHAEBE L VEVWET 25, ¥h, COFER LD L, EROMETER I NI,
ST HAEDEHEBLARDO AR X ATETEHRY, WEMMEC = 7 vic@idirs
EMTEBLEWHIFIEL BB (k)

42 ADBLEE=ET VO

AR THVBADBLEERED ® 7 13, BBRISS-S8EICT b B4 4 A nRIEN
TR INCL D, I XL DOHERBE L /s - 72 Bongaarts and Potter Z0 8
RCAS EZAPARENS), AWMOETABIVOLhEBER TS 077 413, AD
PRI B\ CTHREIh b DR EB LT 52, AFO BRCIE U TFh e fiE
bl AORIEMER CHREINLETAKIVFD S v 75 a1k, AOHEI &K
BTHENS T ERFLLEMELTERY, BT v /5 aThB, Fl, °T0D
ETFALPESADDBERAAOANEZBEL TV 5700, WRPRA V7 » b T5
T2 bBEARENRS ThERBRL-TL B, XTI, COX) KHEDEY
SBBEE AL, TTVOBERLTD T v VI 1 v S Edl, MEDEIELT
O EOBE BT L, ARRBRAFORMRE LIz F A~ T, ATIERPHEEERL
TEY, TORDRA VT » b TE7—-5%, HHLRENLB T, £ZAM,
BEARRCINTE, 20X 5787 — FIEELEVDOT, KRBT ATERE
RETFALOESMEANT, ARFETES THRMAES (natural fertility) | (V7
4 R XS THEBIhWIHET) #HE L,
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R. G. Potter, Fertility, Biology, and Behavior, 1983 % 2R,
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ABOEFAROWTELLHBHT
5,

4.2.1 TFORTFH
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vz, B2 EI1ROILRITFBHmE TEESN, b LISKE CEEC LA
XV L ThiE, FORFRFHSTRE CEEZL I LNTED, ILRISHEECE
EHZENTELRTFIL, SHRE, BRI CEEIERB o LNTER LV L
ThbH, AR TIRISHENHAIKE TOXTFHRFE L L, ZOMOESFRCET 2L
b D&Y, EDIR) Bl 2 v . -2 TREIBLELAE R) & ¥ HK
THILRL->TREIND, Tibb, 1x+1)<1(15) * R<Ix) THHHE, 0
TFORTFEREY xBKETHT), KAMRTER LIS v /5 ATiE, TOFHERLD
Vialb—¥a VORI TRTCOLFORTERYRET 5,

422 HEBIRE
BHOERTFHEDHERETTRTRT, EFELTWRES, Tr 73 23R OEF
DHEEREE IRE LT e bicy, BB, T8, BEE, B, JEh% 5~
CERBLT, ThZThhRETEHRY £ 7 A ORI T Id e S,
ThxHEHCEMCI VBESDT, ARMTE AL E~EbHT, FEMBETH
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FOZHRWEERRM (FH2 AR Tl REE, BV Ih, ThiFEON
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iU, fXZRA, b XA E S IR CERT 5 L 5 AR
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ETHHDhbr b\, Likh-T, ARTIXEOFERC X hHF ShIXBN
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5, BEMOZHRIEREL TN LW HER L -1,
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BHANBEE IR TLES T LMD D, ChEERFEENS, BREOERLES
DEFRCILECD DB DD, NANTHRL BAR, TR » AR CiER i L
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EH, BREIRBBOFRK, OEFRCWHRLL SoBMERR, SR, RTHREE,
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ERBELIBIEBRL, BECEL D > ERYTXTELIO L L, &R
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FREE-E D ERBE ENTES, W61, KIE2FCHI5LE L UFHERD A5
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TRATe< 78D, Hic 6 BICIREOHERXTRT, Z0HK I A1 bL11A O LE)
ZEHTT, HERIBRAEMLET 55, RACRRREATIEWI30TH
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AR CREAFIRK LTS, R1BR) 2EEROZTRACERL, FOBEEL
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1.321 1.151 1.399 0.887 0.813 0.756 0.786 0.874 0.977 1.028 1.094 0.921

0BOKTFD1 Ak AEHZHIE L, BT, 30BOLF s {1.32- £(30)}
Ll CDXd, KBOEFATIE, BAX 0 ZRITIR, FOEER
ERYEILX D E V5 BEET L,

427 $LROBEFIFETRHER

B X 5, FRIHIEOADER & LTORKDOEAIL, HIEDTHFER LBE
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L, 1503— 3 Ap35230-— I ADREID T ODR B VSADHRIETREYE b
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AORCEHERII—BTH B LRKE L1,
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HRACEOESH B I¥ S U LR D50, &% 1 » AxBER L, RERLE
BITDENSZEREDVRARDCTHIEBTH B, bz, FAERFETRLE L
BThid, 1-2 5 BEOFRTHERITZ DM —w v M EE, 2-3 » BOEEI20
N—v v RE, 3-6 » FOBEITI0 -tV FUTREE 5T\ 5,
R726KI130 7K%Y, ARFECRDECLONLLESONEIFCHE L TARS
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Probability of dying (per 1000)

1H ZFI 3A 4R SH 6 A 7Fl 8H 9H 10 11A 12H
Months after birth
E7 BRMEOZEAMFIFLIEIETE (IMR=150.6%)

Probability of dying (per 1000)

1A 2B 3A 4B 5B 6RA 7H 8B 9B 108 llﬁ 128
Months after birth
8 XE4FEOLZEBRNFLRIETEE (IMR=161.0%)
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Probability of dying (per 1000)

Probability of dying (per 1000)

b AR A B
18 2A 3H 4B 5H 6H 7H 8H 9H 108 118 12A
Months after birth

H9 XESHEOLEAMANARECE (IMR=171.2%)

58 68 7H 8H
Months after birth
®10 XIE7HE0£EAKIIFEIETR (IMR=188.6%)

9H 108 11A 128

1A 2A 38 4A
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Probability of dying (per 1000)

1R 2B 3HA 4B 5AH GFJ 7R 8RA 9H 10A 11A 12R
Months after birth

B BE39FEO IR AMGIFLEIECE (IMR=201. 9%:)

Probability of dying (per 1000)

15 2H 3H 4H 5H 6A 7R 8H 9}5] 108 llﬂ 128
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Probability of dying (per 1000)

9 % i

1A 2R 33 4H 58 6RA 7H 8RR 91 108 113 12H
Months afterl birth
B3B38 OILMR AMBIFLEECR (IMR=224.0%)

11, 12, 13), HFAERFRTHETI20— I AU Er&a b7 T5,

4.3 WA AR L AmIALRIECHR

&, HENEZRAD 1 BRTRTELBEDEL, b (m) ¥ m ADHAERK, q (n)
AE (n-1) LA n ¥ TORTHERETHE, | AEEhoTHOS DL, 13
KB EFTHEFELTWHILERL,

b(1) - {1q(1)}
Lieh, AT, 1 BEEhoFHEL 2 AKRBECAEFLTWAHUL,
b(1) - {1-q(1)} + {1-q(2)}
L, BPBIELEE 3 ARBRREZE IR LTHE, ThZhOALEh, »
D3 AKAEFTCEFELTCORARKRIUTOL 525,
1BE&EhT, 3BXRAECEFTHAREL
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b(@) - {1-q(D} « {1-q@2)}-+- {1-q(12)}
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10A%¥h T, 3 8KA & THEET LRI
b(10) - {1-q(D} + {1-q(2)}----- {1q(6)}
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4, FBEZEMILLT, bm) & q) 2—FLEEL, FhFhb,q&LTEX
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2HRAEENT, 3AKBECAETAIALRRUL :
b(1-q) - (1-q) =b(1-q)?
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b(1-q@) =b(1-q)
44 ENT, 3AKAECEETHAARKL :
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RA%XE¥hT, 3AKRBECAETHIRIUL :
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EL, DT m 77 aREFT LI, AETR, LOBREYEHT 5,

5.1 70‘3?"—7_-5@7‘::\y7

ST, FR LT r 7S5 ARV, BRIERICISRIEEI LTV 50
EODaF =y 7THRDI, WOBDT Y7y b LTARATERDWTH
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BoORIBIAEGCIHEIZEFREY, T, ZOMMLbMD L5, 2080525
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9B F CIRITEBICTREL TV 505 TH 5D,

5.1.2 AEAER
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DBBBHEEAETREERAL, 30MABR T — 27 KB LK, B2 THRLTW, K
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