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Fig.2 Individual difference of the duration of maternal behaviour in the Japanese Black
cattle and the Japanese Shorthorn cattle. Black square : Japanese Black cattle, White square :
Japanese Shorthom cattle. These data were analyzed by Repeated-ANOVA.
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Fig.3 Individual difference of the frequency of maternal behaviour in the Japanese Black
cattle and the Japanese Shorthorn cattle.(see Fig.2)
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The duration of maternal behaviour

Table 1 The numbers of the cow’s and the calf’s IBS before maternal grooming (MG) and

nursing (NS) in each pair.

dam offspring
Variants n Mean + SD n__Mean+SD _Sigpificance
Japanese Black
The number of IB5 before MG in each pair(times/MG) 13 0.6+ 0.8 - 1.5+ 1.1 P<0.05
The number of IB5 before NS in each pair(times/NS)’ 13 04£08 - 0 L7111 P<0.05
Japanese Shorthom :
The number of IB5 before MG in each pair(times/MG) 5 14+ 06 - 1.5£ 0.7 ns
The number of IB3 before NS in each pair(times/NS)’ 5 1.1+ 0.5 - 20£06 P<0.05
! Analyzed by Wilcoxon signed rank test.
g A . B * g A B
e £
g 0 r=014 8 300 | © st
® . @
E o0 |*° . ¢ 2 F a0l o 0
g . . r=0.58 5 8
St o’ P<0.05 2 g ol o000 IO o o0
§ E E P<0.05
2 [ ] [ ] [ ] g 8
£, L " * 13 Lo . 9
900 C D é 800 C D
750 . g 750 -
~~ © ~~
& 450 | 1 8 450} ° °
ED [ ® [ o0
B, ¢ ° g %0F o r=088 O =070
Z z !
10 r=039 r=-0.08 15 P=0.05
0 . . . ; 0
00 10 20 30 40 00 10 20 30 40 00 - 10 20 30 40 00 10 20 30 40
The frequencies of IBS5 by a calf (lefl) and a cow (right) The frequencies of IBS5 by a calf (left) and a cow (right)
Fig4 The -correlations between the Fig.5 The correlations between the duration of

duration of maternal behaviour and the
frequency of IB5 in the Japanese Black
cattle. A : MG vs offspring’ s IB5, B : MG vs
dam’ sIBS5, C : Nursing vs offspring’ s IBS5,
D : Nursing vs dam’ s IB5. Each dot
represents the mean duration and the mean
frequency of IB5 of the MG and the NS in
each pair of a cow and a calf.

ETRFEIRIC OV TRES T 7=,
EEZMREDOMGRNZITF4 D IBS A ’-4F
DFNL D LD 75 (PC0. 05 ; Table 1).
FHGERERY I B4R 1B5 B & AR R IE DR
MR 517z (r=0. 58, PL0. 05;Fig. 4), A AL
AETIZF 4D BB & MG T &
TRIEDFEREA R b7z (r=0. 92, P<0. 05;

maternal behaviour and the frequency of IBS
in the Japanese Shorthorn cattle.
See Fig.4.

Fig.5),

iz, WILTERIOFFO 1B & F4
D LIBIZfE S AL ATEI ., MAEL b %
NENBEOTNSL LD Eh -7 (BERM
& :P<0. 01, P<0.05; A ALEATE P=0. 06, <
0. 05;Table 2) , FHFLATEN D RFHTRFET I XM &L
BETRAFO Bs L ARRMEEIIR bk
Pofohi, AAEATETITF4O IBS ik
EEDMBEZ R THEANR b (r=0. 88, P=
0. 05) , B-F1TE) & RHEATEI O /21 TENEH
HEREE b [B4E0EL — M6 — F4



Table 2 The durations and the numbers of maternal grooming (MG) and nursing (NS) with

the cow’s initiative and the calf’s LIB.

Variants

dam offspring

n Mean + SD n__ Mean+SD Significance

Japanese Black

The duration of MG following the LIB(sec/MG) !
The duration of NS following the LIB(sec/NS) '

The number of MG following the LIB in each pair(times/8h) > 13
The number of NS following the LIB in each pair(times/8h)

Japanese Shorthorn

The duration of MG following the LIB(sec/MG) '
The duration of NS following the LIB(sec/NS) '

The number of MG following the LIB in each pair(times/8h) *
The number of NS following the LIB in each pair(times/8h) >

24 1192 % 102.5 37 1229 % 93.0 ns

4 284.0 = 260.3 25 489.8 £ 1534 ns
18+ 13 - 29+ 14 ns

13 0305 - 19+ 1.1 P <0.01

24 105.2 + 885 22 179.1 = 172 ns

7 530.7 + 323 30 495.8+ 170 ns

5 5+ 56 - 42+ 18 ns

5 1.4 £ 0.9 - 6.0+ 42 P=0.06

' Analyzed by Mann-Whitney test.
2 Analyzed by Wilcoxon signed rank test.
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Fig.6 The behavioural sequence around maternal behaviour. Analyzed by the cell-by-cell
chi-square test (Kasuya and Fujita.1984). Size of the circle shows the number of the IBs during
Smin before maternal behaviour. Amrows of solid lines mean that the transitions occurred
significantly more than at random (P<0.05) and arrows of ~ broken lines mean the tendency of the
transition (P=0.10).a:Japanese Black cattle ; b:Japanese Shorthomn cattle. D: dam’s IB; C: calf’s IB,

MG: maternal grooming; NS: nursing; ap: approach behaviour; ¢:contact behaviour; V:vocalization.
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D%
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DEDE D R LBRT 501 EH L
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HBEREZITo 7
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Table 3 Correlation matrix between Maternal Grooming and
maintenance behaviour in the Japanese Black

Correlation coefficient

Variants The durations of MG The freq. of MG
Grazing -0.280 -0.291
Resting -0.055 0.184
Moving 0212 0367
Investigating 0.439 0.817
Self-grooming -0.083 0.178
others 0.484 -0.053
The freq. of MG 1.000 0.597
The durations of MG 1.000

Bold: P<0.05, Bold with underline: 0.05<P<0.1

Table 4 Correlation matrix between Maternal Grooming and
social behaviour (SB) in the Japanese Black

Correlation coefficient

Variants The durations of MG The freq. of MG
providing SB (own calf) 0.136 0.213
receiving SB (own calf) 0.332 0.753
providing SB (alien calf) 0.227 -0.161
recetving SB (alien calf) -0.427 -0.619
providing SB (other cow) 0.290 0.312
receiving SB (other cow) 0.353 -0.008
care-soliciting behaviour -0.017 0.402
The freq. of MG 1.000 0.597
The durations of MG 1.000

Bold: P<0.05
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Fig.7 Loading for 2 main factor of MG and
responses in the new enclosure test. fMG: the
frequency of MG, dMG: the duration of MG,
tST: time in starting box, tCs: time in center
square (No.5), tEs: time in enirance square
(No.9), IM: immobility time, nsW, nsG, nsDr:
No. of sniffs at wall, ground, door, nSc: No. of
squares crossed, U/D: No. of urinations and
defecations, nM: No. of moos

Table 5 Correlation matrix between
responses in the new enclosure test and
maternal grooming.

Factor 1

Correlation coefficient

The durationof ~ The freq

Variants MG of MG
Time in starting box 0.516 -0.107
Time in center square (No.5) 0362 -0.757
Time in entrance square (No.9) 0.183 0.740
Immobility time 0.010 0275
No. of sniffs at wall 0.504 0.884

ground 0.010 0.535

door -0.315 -0.438
No. of squares crossed -0.601 0.949
No. of urinations and defecations -0.063 0458
No. of moos -0.878 -0.989
The duration of MG 1.000 0.795
The frequencies of MG 1.000

Bold: P<0.05

Bold with underline: 0.05<P<0.1
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Fig.8 Loading for 2 main factor of MG and
responses in the confrontation test. fMG: the
frequency of MG dMG: the duration of MG,
tST: time in starting box, tNs: time in
neighboring squares (No.1,5,7), tEs: time in
entrance square (No.9), nsW, nsG nsDr, nsF:
No. of sniffs at wall, ground, door, fence, nSc:
No. of squares crossed, U/D: No. of urinations
and defecations, nM: No. of moos, nFr: No. of

rubbing with fence, nPf: No. of prying about a

calf over the fence.
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Table 6 Correlation matrix between
responses in the confrontation test and
maternal grooming.

Correlation coefficient

The durations of ~ The freq

Variants MG of MG
Time in starting box -0.165 0418
Time in neighboring squares (No.1,5,7) 0.073 0.594
Time in entrance square (No.9) 0.032 0.590
No. of sniffs at wall 0.719 0.519

ground 0.999 0.793

door 0.875 0.968

fence -0.315 -0.438
No. of squares crossed 0.688 0.236
No. of urinations and defecations 0.638 0.965
No. of moos <0.511 -0.637
No. of rubbing with fence 0.000 0.000
No. of prying about a calf over the fence 0.838 0.364
The duration of MG (sec/h) 1.000 0.795
The frequencies of MG(freqg./h) 1.000

Bold: P<0.05
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Fig.9 Relationships between maternal behaviour and calves’ growth indices. Top left: MG
and calf’s DG, Bottom left: Nursing and calf’s DG Top right: MG and days of diarthea, Bottom

right: Nursing and days of diarthea.
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Table 7 Change of the number of bacteria from the before-MG
samples to the after-MG samples in LB agar.

. 2
agar ;alf ' The number of bacte‘na (CFU/100cm”) decrement (%)
0. side before-MG side after-MG
Nag - R 660 10° R 036 x 10° 9.5
L 520 x 10° L 057 x 10° 89.0
Nagg R330 x 10° R 030 x 10° 90.9
L 420 x 10° L 039 x 10° 90.7
No1g R 1170 x 10° R 060 x 10° 94.9
IB L 690 x 10° L 078 x 10° 88.7
pa7 R 540 > 10: R 024 x 10: 95.6
L 510 x 10 L 048 x 10 90.6
pag R 000 R 048 x 10° -
L 303 x 10° L 069 x 10° 77.2
pag R 375 x 10° R 084 x 10° 716
L 303 x 10° L 1.02 x 10° 66.3

% R : right side, L : left side

Table 8 Change of the number of bacteria from the before-MG
samples to the after-MG samples in DHL agar.

calf The number of bacteria (CFU/100cm?)
agar - - decrement (%)
No. side  before-MG side  after-MG
N418 R 0 R 0 0
, L 0 L 0 0
N421 R 0 R 0 0
L 0 L 0 0
NOI1 E 0 R 0 0
DHL . . 0 ) L 0 0
B417 0 x 10 R 0 100.0
. L 0 L 0 0
B413 R 0 R 0 0
L 0 L 0 0
2
BAIO R 3.0 x 102 R 0 . 100.0
L 9.0 x 10 L 30 x 10 66.7

¥ R : rightside, L : left side

RHSHMEICONWT Y T AREEZT,  BOTEESNEMER, X275 Akt
BEHEBETToT- R, LB IV THE DOEETH > 7= (Fig. 10), MG OEAEZEITHE
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(e

Fig.10 micrograph of bacteria on the body surface of calves. Upper 3 micrographs were
taken in LB agar and lower 3 micrographs were taken in DHL agar. The bacteria stained with
red indicate Gram negative bacteria and stained with purple indicate Gram positive bacteria.
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Fig.11 The relationship between the rates of
decrease bacteria and the total duration of
MG in each calf.
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