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AXIFOBRBTEICET S EABEEEIL, EF
EHELNL, 7k A, Mendl and Paul (1990)
A TNY A AR X I Mus domesticus DRE ITH
ELT, A (nursing a pup), FOEITL AW
(grooming a pup), F#U (carrying a pup)
BLU#EE (building a nest) ZHBIFTHDH,
McGuire (1988) 7 X U AT 2 X I Microtus
pennsylvanicus \ 2BV, BEILTEFFIC [T
g ¢ [ %178 (brooding pups)| &ML,
TEUITEN R T OENRE LITE) (retrieving a pup)
ELTw3, Perkin (1987) druovyyuyviv
7 A Peromyscus melanophrys (2B LT, #AT
Br THAT/3F %% 178 (nursing or cover-
ing pups)] & LTCw5, STBHOEHRANEL LET
D&, INEOBNIHT T - OMT R AEDE
HEENERLZLIH->TEY, FROLIBED
ELRRLBETH-TH, FUORBETEH Y- %
FoZ iR s b, AANRECLD, MR
H399.6% UL E 2% 5 783R Y T AIZBWTH F D F]
AT, REPOHBRII LT NTOY (1 TOR
B e R, AR LoOREE, whwd [Erg)
WHELTARSA, ZHIEBESTFERWTVEHEI
FOIBE~OREIHERELENC L, FLEELTY
TOHFHPERIZILE R > TV EHhERITIL RV
EWERLTWD L) THAE.

il

BRETHOBBIZALHAY T ARHNDL 2 L,
BEFIEIEACEETLLEN W L, BENES
THHI LB EDHMIZEY, FXIHHIIBITLHE
ITEIDRRY /ST — V DEITIAENTH L. T,
FRICH<EENEEPLLBYHL 0 CH L7120, 17
BOEEHZEICHET 2 OWEELFEL TV 5.
B2, REFHOENEFOREFFF LTI >Tw
LRI AR, REEHEONY - L RERHICHE
o TVBEDT, BT TRL, FrofEnit,
ThbbTORRIE) BB I HTORIE LI
BTHETHZIENHELEbN D,

RO BEE, 5 2 RZBOELRT T A EH
W, TORREEEBTHMERAEEL, FAIHICB
A REEITEORRE FOREERFEL OO HERE
AR EITHI 2L Th b,

kB L OHE

FHOBHIL, Taylor (1972) OERSR< 7 A27
AR E A LR RS T 16 O FIEEA TSI &
LEERY MVEROBEESZIZL TTo 7.
C57-%#% L DBA/2 Z# 32T R Fe Tkt b E Iz FE S
VRN N—TDO—D2THb. £IT, KIFFETIX
C5TBL/10& DBA/2 % #HEHE L TEA

UHBEOFAETEN (FiR2+2C, LD 12:12) T
B SE LRARBRYT A 2R E, KL LTHh
ABERGER) - KA — b —JRTC, EH
SR (NMF, 40 Lv s VERES) BLUkEH
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HENSETHE L, HESHE S RT D1
MBS h, HARETENSEOBEZZOTE, #1
UEOBEIE 5 HEICHF & Lk, REBBLTHE
BIN—TD 2D THRL 72,

BEBHE V- 7B L Tid, HAERZEE* 0HE
EL, LMR20AKE TIZ 2 HEIZ, S0OHB T CIE5 H
B, 1500\ TIHI0HE, REBLIUNT 4
B (&R, BR, #ER, HR) »sHIL. #EQ
ETRE (BB E0.0lg) HWT00lg nHEfrF
T, N4 FREIERB LI F2 (B/)BEE1
mm) *HWT0.1lmm DEME TRE SN, K2,
KEHAME 2 MR R (Zullinger et al., 1984)
BT, @AM, RREEREES & U A A
L3 HEE RS, BIZ20HE T TOFIZOWTIL,
SRR S L ONEBIRE D OB LB S h. A
BB LTk, BAaofey, REOE(L, 5o,
Uwomt, FiloMOs X URIBCEELCEAE
BL, TNENOHBOTHED L VIZEREZ % M
AATEH L.

BEDOMOBEER, 15— - ¥ 47— %3
EL7-8mm ¥74 4 25 (CCD-V89, Sony #3)
ERWT, BE L) A i 0o BERY -
TELTIE, HBEBIUHKRERAZEXE (40X35
X15em) &, HHIZBETAX23 9 1 D0ORY 4 X
DOEED 2 2%FHATEL LI Ly — DIz, 1A
LBEREODTHE L2, C5TBL/10A 5 3 IR
EEES C1BLUC2, FU DBAZZ»5IEDLEB
JUD2ERENFRT L SNE LTEEL, B8y —
VATHESES. ThALBTO4 7 NV—TE0RIZ,

WEH (0 HER) »520HEF T 3 45T 5 BT
BHREERBITo. SBEa~ 6F) ATHO
IRL7ZATENE TEEO & 9 210D FTB R 45T 72,
1. FIoRd 2 EBENRITE
1) THE 1 HEUEOTH, BabeoiRET
WD BETE T2 fE B AREE
2) Fro
3) FORNRE
4) FEY
2. RO ¥R TE
1) #%
2) KRB
3) BOLAN
4) &
5) Bk
6) HH
MBS 1B LOF L BEREEMIETTHL5E
L, BB v BOEEG T AREITRD,
FEF HALCIHOERAT L 72,
MROBER L i CTFOME (BH - 41 LHEES
SUEBYEROFEL ML, BiZ, 70
BXATRTI—EII oo s g B, i
BOBE TSIl koM N BT T
HEOMBYHEAASSHBF L, Martin and Bateson
(1990) DFAFEIZHE, FOMRIIT 2EHEE (2
R OTBEOMFIINT 2R HFDEEOFSIEER)
FREHBLE. 2BTEBEI V-T0T 5, REOK
B2 BL-DIKERXHE IR,

Table 1. Three parameters of Gompertz equation fitted to growth curves of
body weight and lengths of four characters in C57BL/10 and DBA/2.

C57BL/10 DBA/2

Sex A K | A K |
Body weight (g) & 294  0.048 20.2 276  0.039 235
& 233 0.048 17.4 223 0.043 20.0
Total length {mm) ¥ 189.3  0.062 5.6 183.4  0.058 5.2
J 1852  0.060 5.4 180.4  0.058 5.0

Tail length (mm) ¥ 96.2  0.072 8.8 905  0.071 8.4
949  0.070 8.7 888  0.072 8.1

Hind foot length (mm) J 18.6 0.139 11 18.0 0.142 1.2
% 182  0.147 1.2 176 0.147 1.2
Ear length (mm) d 118 0128 6.9 115 0124 5.9
% 117 0125 6.9 111 0.128 5.9

A, asymptotic values; K, growth rate constants; I,

inflection points in days.
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1. FORRHIURB LEHEHOEEL

1) B

BREBLUNB4TBE (&R, BR, #ER, HE)
% 320 ERXR (Gompertz X, logistic B LU
von Bertalanffy &) 12H TxH-FEER, BRHKED
MEHEE B 12 Gompertz RS H D LSBTk FE o7
(Table 1, r=0.991—-0.998). HEIZBIL TIZ20H
BRI, BRMB» SN L B EEIERO S
7z (Fig. 1), ToEsHsE, BlIMIIRE 2D,
WO RAEE LM EL R L (MM OZE .
C5TBL/10, 7.1g ; DBA/2, 5.3g). Shik 4 & -4
LTh, HMFETRKEWER %R L2 (Table 1).
F 7z, REIZBVTCS FHAME T & b BLR A RIS
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Fig. 1. Gompertz plots for postnatal
mean body weight (g) against
age (days) in the two strains of
inbred mice. 0, males (C57BL/
10, n=17; DBA/2, n=20); @, fe-
males (C57BL/10,n=17; DBA /2,
n=15).

L, EMAHAT2EBKREL, BEREZED
MTHo7: (Table 1). RHEMTHAMEL LB T 2
L, FRHIECHYIBL/I0ICBWVWTKRE L, BlzeR
(FAFE DX #, 59mm ; B, 4.8mm) BLURE
E (M, 5.7mm ; #, 6.lmm) {2B\T, FOHEE
Moo, BMEREIZEL T, AEBLIU2ERD
BEFREA CHTBL/I0T L W K& <, MoREATILR
HECBEE L EREIZED N o7,

2) SNEIREROZEAL

WThORH D 0 HEOF AT Tk, LEOMEN
BFETHLI LB ELBEET, BIRSIIEHET
BAbhCn7, BAIEACES LUEED LTS
5F, NEMA -8 E X ORBHIEN T TH VIR
AL Twi.

CSTBL/10IZ BV T, BTN 2150 (Fig.
2, 2.7+0.9H#S, n=35), R\THE 4 5itMOHHE
WEE o, FOH%, BNV (3.6:0.5H#E, n
=40) L7-#, BiLdFZEic LT, #ito
FEREHSH 1 ABNCHIROE 4 -5 EMIc B
LOBENIEE D, MEFE B, RV THITE (4.5
T0.5H#, n=40), £ (4.9+05H%, n=40) 2
SEEIBEL . BEF--RICERH o721, Wk
T (10.2+0.8A#, n=40), EZE (10.710.6 H#5,
n=40) OMIZFH L7, BECHILAHEO (13.1£0.7
H#s, n=30), B (14.2+0.7H#:, n=34) LT,
AR T RCH R L 7.

DBA/2IZBW T, FDIHEAM#EY L7 (2.3+
0.68#, n=50). HF4-5HMOSHMALRIIEE
WD, E4-5IRHOTENET o7 HIZH
8 (3.9+0.3H#, n=50), it (4.0x0.4HKE, n
=50) DEEIZSBE L. BENE B, FEH—
BRIZEZ Bio 721812, WEASTHE (9.020.7H8#, n=
45), F#H (9.6£0.7TH#:, n=45) OMIIRH L 7.
KT, BR (12.220.6H%, n=45), HLOMAO
(12.8+0.6H#E, n=41) 2522 0, S EEENICIX
FTARTHER L2,

2. BFERBFROEL

1) HEBOF I § 5 EHEY S 1TE)

BBOFIITHEBROPT, FRETEFROIH
BB sh, BPRIIEILACOKRBEE T RIS 498
54T-7:. C57BL/10® Cl & C2Tix, Fx#NT
WAL HROMICHBIZRO O o oA
(Fig.3, L), DBA/20 D1 & D20F X BIC
12, 0 B#>S20HEE CHREABICHENH 2 E
W L2RBRLPED SN, DITIE Y=—1.049X+



42 FAHETFT - B K EBE BB A 4]
S " Eyes open
o Auditory meatus open
'I Upper incisors erupt
+ T Lower incisors erupt
- Dorsum is covered with hair evenly
T All hind digits separate
ol All fore digits separate
Hair appear on abdomen
T Fore digits begin to separate
'I _____ I Ear pinnae erect
* T Hind digits begin to separate
! Hair appear on dorsum
—_— PR T T W T TS T T TN T SR TR S S T S S
0

Age(days)

Fig. 2. Diagram showing postnatal development of the two strains of inbred mice.
Solid and broken lines indicate the average age at which each change oc-
curred in C57BL/10 and DBA/2, respectively.

52.94 (r=0.801, p=0.003, n=10), D2CT Y=
—1.183X+56.06 (r=0.931, p=0.0001, n=10) o
HFERPELN.
FHOTENIEICFRE - TEESH, wih
OEEDO T2 HITEND HE L FRICHBE OB 5 HHENY
WAORTRL (Fig.3, FH). ClTE Y=—0.672
X+15.46 (r=0.823, p=0.0035, n=10), C2Tit
Y=—0.537X +12.00 (r=0.842, p=0.0022, n=10),
DI T Y=-0.522X+9.918 (r=0.884, p=0.0003,
n=11), D22 Y=—0.478X +9.861 (~=0.866, p=
0.0012, n=10) OEYREMHSEFNENGF LN,
FEUITENZ, BIMCHRAFEMRS I HAT
ENRTITE S L THREINAY, FOHEERIEFIC
Dot CLIZBWTIZISHEMC 1, €215\
TIXI6H#IC 4 FBE S 7-012xt L, DBA/ (DI,
D2) ZBVTiE, FARSHIMAI b HGT, v

NOIIBWTH FEMTHIIBEE S L o7

MEAS 1 BELLEOF & a2 B2 LT, Cl
ZBVT 0 HEBLE 8 HEE T3 ERM 2 1R 7
%, 160K E C—HRD L7, 20%KIZ0HK T T
m¥séwvyny—rrmrl (Fig. 4, £#), 3K
M A BICER S h /s (r=0.895, p=0.0153, n=
10). C2lIHBiT 2T L OBAEEIE, 0 HELIK12H
I T—HBigd, FO®NAEE ML, 2 X
CHBICER SR (r=0.888, p=0.0046, n=10).
DI (r=0.873, p=0.0032, n=11) BL U D2 (r=
0.953, p=0.0002, n=10) i C2 & FAEEOMM % T
L, 2XBEICAEREICERB IS, —7, MAKIZE
THNTHNOBMAEIZBNTD, FRETHBLUTFE
DITENZE R SN DB % RV BT OBARH I,
12— 14 0B LARE20 H 5 F 4 12IN§ 5 M H o
72 (Fig. 4, W)



< ADRE & BT RBER

43

100 T T T T T T T T T T u T T T u ¥ Y T
Brooding Brooding
80l - —&— D1 r=0.801
0 0 -A- D2 r=0.931
o 0
g s0f . ® o . |
§ ) ® . 9 $ rem
& 40 o | |
a ®
[ ]
20 [
0 1 1 1 1 i 1 1 b 1 1 1 1 1 L 1 L L 1
25 T T T T T T T T T T T T T T T T T T
Grooming pups Grooming pups
20 |- —@— C1r=0823 L —&— D1 r=0.884
-©- C 2 r=0.842 - A - D2 r=0866
5 L
S a
c pH
[
o
D
o
0 1 1 1 L L 1 1 1 1
0 4 8 12 16 20 0 4 8 12 16 20

Age (days) Age (days)

Fig. 3. Changes in the percentage of maternal behavior: brooding (upper
figures) and grooming pups (lower figures). @, Cl;0, C2 ; &, D1;
A, D2. Solid lines represent the regression lines for Cl and DI,
and broken ones for C2 and D2 at the 5% significance level.
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Fig. 4. Changes in the percentage of mothers making contact with
their pups (solid lines) and no maternal care occurred in the
meantime (broken lines).
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2) MOBEKERFITEIOZE

MR OEEATENZ DWW TiE (Fig. 5, EX), CliC
BYWTOHHLUE0HKE TTOHK L EEIZHBED
2 EMMEN RSN (Y=0.639X+11.428, r=
0.885, p=0.0007, n=10). C2iZBWVTix, O HE
PAMEIOH # F C—HHhn, LIM20E#E TR T 58
y—UBRON, FOIF— i 2 RBRICEEICH
jmEnsz (r=0.865, p=0.0079, n=10). DLiZE\>
Tit, 0 HEMLIB20H#IGE ¢, ORMEFECHED S
LHEENEMSER O (Y=0660X+13.69, r=
0.617, p=0.0434, n=11). D2IZB\¥ L BIEFTENI 0
HELR10B ® £ T— g, LIBE20H8E TR L,
2 KMBICHEEIZER Sz (r=0.911, p=0.002,
n=10). L& L, SKITEIZBWVTE, Wihof
L FOHEBKEMD ) OECEEIEYESIN. &
BRI L TE, wihofisb FoREEFEIC
MO H D EROBAERL (p<0.05), £DOEEH
43, DBA/2 (D1, D2) i2BwT, C57BL/10 (CL,

C2) IZBITB LD b K&

3) RET IS D FOITEI L FEEAL

BAIBEH L -To84, ClTiA 212
HEGE T, C2TIX14B#E T, DIB LU D2TIE12
HEE TI3TEO <, #hlBEasICyEmERL
72 (Fig. 6, LX). Zo@E4 L, 4HBOT—% %
REL ol ClUS, 3 XTHIBOREZ % BiG L FH
L, wih b BRI (16H%) TELL
WhL7z. B, D2ICBLCRENCRBRETHLTD
HEH20H el W AMER &R L7245, oA TIZ20
H#sE cHmL 7.

FTOBE~DEEERX, ClTIPRCELI12BEE
T, C2TIZ4HEE T, DIB XU D2TCIX12HE T
TIRIZXOC, TLHBROEEIZI00%HHOE % |2
BELTWA (Fig.6, TH). ok, B2RIZFD
AHENPEL, 16— 18H®IZIZF L BOTRED%
BFOBEXIZEATHDDTH o7z,

B, BEEHOLIRVEH ClE DIOFOHE

35 T T T T T T T T T

30 +

---0---C2  r=0.865

Feeding behavior of mother (%)

F —a— C1 r=0.885
F

ol

4 —&— D1 r=0.604
- - -A--- D2 r=0912

Mean weight of pups (g)

] 5 10 15 20
Age (days)

Age (days)

Fig. 5. Changes in the percentage of feeding behavior in mothers
(upper figures) and in the mean body weight of their pups
(lower figures). @,Cl; 0, C2 ; &, D1; A, D2. Solid lines in
the upper figures represent the regression lines for Cl and
D1, respectively, and broken ones for C2 and D2 at the 5%

significance level.
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Fig. 6. Changes in the percentage of pups being out of their nests

(upper figures) and the responsibility for proximity of the
pups to their mother (lower figures, see text). E, eyes open-
ing; F, initial ingestion of solid foods.

Bit, tOBBOLVECEBRC2E D2OTFOHKE
Ehb, shrhE 2B RLA (Fig. 5, T
&),

ey
2N

%

1. 2REMICS T IR EERENDE
C57BL/100 /75 DBA/2IZ L L THIE A &
BREBLUERONERE L ECD, FHPEEIZBT
LEEES LB o7, —F, RERBIURRIZHE
LTid, DBA/2OJAELEI 0§ 5 A0 9 2 Bl R
HESEL, HETLFOEENEP/2. 22
Mo, BEIEIEICRL CEBRENE LN RCEEL
BEESMLE —BMICECRBEINE LD, HEE
{2 C5TBL/10i3 RS DERIZ, DBA/2 I EREN LT
BOSILIIRROES Y BT LLEZLNS. 2
DORLRFEIZ L DR FORBIBEN L ER Y Bt
L, ¥-RBTHLECEHEREZ BN S,
2. REHICE 5B FHEEER

BETE [ToEGREEOL L)%, BTk
HENDLHLOLFE] LERTLHE, SHOBET

i3, THE, 720, TEUBIUTERD 41T8IHR
FITeE L THIZEETHL EEDNS,

BRI FOBEMEICELLIEBELRAXRY FTHDY,
FER - HFMOBSORBALS—RLZE, §7
bt, TOHRERESHBY ZoMTE LTRI o7
ZEIHRRG, FRERoNED Ty —b, BA
ADBE Y — 2 EMBAOBE S — 2 EIEFERIC
IL-FLTBY, THAE~OEEE B E LT
NABELIOLEEINE, SO ki, AEY
BEEMSE T TR EELELOR 2 HEINES 5
N2 ElcbZHanty. 72, FIRBEEcEN
~HBZ LR, FIRATOF B IHERE®IC
R TwB EEbNRS,

C57BL/10MMER I X A T & 478 LT, &
L LMEOEBTITENI T ORI ETIIOESD
L7z, MBUEEBTFOREIEEFETH LI LT
TRF~OEELES LIEHTED, ZOAMLAN
FlrEmAoEriRT o EZONSE, —7F, HR
BOT BT ME~OBAE BIZENANH 5178
i, FORIIMTLIHUGEERTHEHRENS., FO
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BEBR A~ O 4 & B & T OBMEER S 3 L7225,
A E A S FREB LU TFLDITEHI B R SN H
MEELFlwzRMbEmLZ. 2F ), HHIEIFL
BEEMSE TV HS T, HETHCET AT
Brlohhol-HEEMLI -l L 2ERL, HH
DF T HECEIMET L2 & &R,

HOAXIFEHEBR B THRBOHEFGIS R
TWBH (FEziE, I3vrany B 2 X3 Mus
musculus musculus, B, 1959; N & X 3
Microtus montebelli, Tk, RERK), EXH<TY
AZBWTE, I TH LB HATRICAERNO
B s, ZhiE, ToFEBEOENE, L
WO LI FOFRIIN U CHEBRSERE.II DT L
DEBOBNEBRINL .

Wi, HHOBEM Y — 0, R BT AE
REIBDHoNT, LLAFELEKAT2 OORL B
=, Thbb (1) HEEGZD S B SERY
M LET Ay -, BLUT(2) HEKIOHE F
THEEHEIEL, 20REBAITE/35 — 0O 5
e, ThOEBETHOZERIIHEBEOKEIIZ LS
Ny, LLATIZEEERIZL, () ¥4 TOMBED
Fi3(2) ¥4 TOMBROFICHNTHEEREINEHIKE
<, 20H B HEBA OB &% O TS Shiz.
Ziud, BEE TSR B TIFIINT
LB (B£5EAE) ¥oLl, #ho0TFom
BN 2ERIKRELL I L BRTOTHS ).

IO OGRS & UEERLEBHICED H b B
DORRIE, Trivers (1974) DIRFB L7 [HF M7
OIS OFHR, Thbb [BIZLE2F~OKER
B BLUFICEAB~OMBFEROEN] £ BT
LrEbns,

RIZHICR % 23R~V A 2 &% (C5TBL/10,
DBA/2) 2RHWT, BFHBEHROELEEAN, 20
EETORELOBEDYFVIIDONWTERLL. B
FHOMRIE, —EZMEBTHEE L 8mm ¥ 74
EIZLDEEL, ARCTFOREBLIURFZUTO
IODOFFEITLNBELA ;1) REBLUIRATE
(2K, BE, ®REE, BR) OWE, 2) AEE
EMELOBREB LU3) 2 0MOBBHEMAE. &
RIRUTOEY) THB.

1. KREBLUHNETARE O#FLEIZ, C57BL/10
BV TRE D7 WMBREOREENF I3 ARM
TERPED LNz, FlotnFhoREE,

FTTDBA/2IZBWTREBIZRH S 1z,

2 . FORNTOTEIIFAE B T THE Sy, H
ROE®ZRP, LGS NIZNIE, BRA~OBRIT B
ELTWR LS Thotz,

3. CSTBL/I0DTH T8 2B < REITHIL, F
D HEBIZ oW TED L.

4. MOEBEATHIZ B WL 2% REEIZRD S
Nhpdpotz, L5, F—RHENIZEEEBAHENL
BT HNE— R HMEI0H IR 535 —
YELHMD2 A4 THROLN, TOERITFOR
BRTHICEEE RIZLL.

it 23

ARFFEE BT LB B2 4720, KB %R JIRE
T HV ZZUNRERF B EBEOTHZ 2 B
WRH#T L. £ 72, AR T ADGE % /-EL
BIZFRIIEIT ORI FIEREIR & EERE Y h RAF FERT D
EREBRIE < B8 L B3, BiC, Y %8E
ETHVIUNREBYABEZEORFEREBRICESH O
BeRTAL,
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Summary

We investigated changes in the patterns of interaction between mother and their off-
spring and discussed on growth of offspring, using two strains of inbred mice (C57
BL/10 and DBA/2), which are genetically distant. Interaction was observed by record-
ing behavior of mice on 8 mm-video tapes at regular intervals. Postnatal growth and
development were observed in the following two aspects: measurement of the total body,
tail, hind foot and ear lengths and body weight; observation of changes in the develop-
ment of external characters. The results obtained are as follows:

1. The asymptotic weight and lengths were always larger in C57BL/10 than DBA/2.
The order in the occurrence of morphological changes differed between the two strains
of inbred mice, and postnatal development was earlier in DBA/2 than C57BL/10.

2. Young stayed inside the natalnest until their eyes opened, and immediately after
eye openning, they went out actively of their nest for the purpose of access to their
mother.

3. Maternal behavior was gradually decreased with aging of offspring except for the
brooding behavior of C57BL/10.

4. Feeding behavior of mothers was not apparently different between the two strains,
or rather two patterns were observed whithin either strain, i.e. 1) increasing time spent
for feeding and 2) decreasing time spent for feeding after young was 10 days of age.
The lower feeding activity of mothers affected the weight gain and behavior of their

young.



