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Table 1. Number of animals included in this study by months of age in

each birth year

Months of age

Birth year -

2 4 6 8 10 12 14 16 18 24 36 48 60
1960 14 15 15 15 15 15 15 15 15 13 12 8 7 7
1961 21 23 24 24 24 24 24 24 23 23 21 14 18 8
1962 19 18 19 19 19 17 19 19 19 19 15 13 9 5
1963 25 25 26 26 25 25 25 25 25 26 21 18 16 5
1964 6 6 6 6 6 6 6 6 5 6 6 6 5 5
1965 14 15 15 15 15 15 15 15 15 15 14 13 14 15
1966 i4 14 14 14 14 14 14 14 14 14 14 14 14 14
1967 6 10 10 10 10 10 10 10 10 9 8 10 10 10
1968 16 17 17 16 16 17 16 15 15 15 17 17 16 10
1969 14 23 22 23 20 24 24 14 24 24 23 23 17 11
1970 17 22 22 22 20 22 22 22 22 20 22 17 10 9
1971 32 35 35 35 37 37 37 36 32 37 37 23 13 14
1972 23 32 32 32 31 32 31 32- 32 31 27 20 16 13
1973 16 31 31 31 31 30 31 31 24 31 24 21 16 14
1974 19 22 22 22 22 6 22 2 2 22 22 18 12 10
1975 29 37 37 37 37 2 35 1 1 37 31 24 19 16
1976 21 42 41 42 42 0 A2 0 0 41 35 22 20 14
1977 18 30 31 30 30 0 30 0 0 31 24 20 10 0
1978 20 42 40 A2 43 0 43 0 0 43 32 20 0
1979 20 35 35 37 38 0 38 0 0 35 12 0 0 0
Total 364 494 494 498 495 296 499 281 278 492 417 321 242 180

Table 2. Equations fitted to growth data and traits derived from their parameters

. Mature Rate of Point of Age at point
Model Equation® size maturing inflection of inflection
Bropy Yt=A(1—Be—kt) A k
GOMPERTZ Yt=Ae-8e A k el A InBJk
LogGIsTIC Yt=A[(1+ Be— k) A k % A InB/k
BERTALANFFY Yi=A(1— Be-kt) A k 287 A "~ In3B/k
RICHARDS Yt=A(FBe k)M A k ( M];Il ) A In(Bf1— M)/

a) Yt is size at ¢+ months of age and A, B, # and M are parameters.



Table 3. Estimated parameters for three growth models
GOMPERTZ Broby Logistic
Measurements POI® PO1
A B k  AICa) SEW B k  AIC SE. A B k AIC SE.
Yi t : Yi t

Body weight 671.6 234 0102 1195 17.39 247.1 8.3 7211 097 0.051 111.3 1294 656.6 6.33 0.153 131.3 2648 328.3 120
Body length 1726 0.86 0.118 659 256 635 —13 1743 059 0.092 527 1.60 1715 1.26 0145 749 353 858 1.6
Body height 1432 0.62 0.124 502 146 527 -39 143.9 047 0.104 442 1.18 1426 0.82 0146 575 190 713 —14
Hip height 1422 0.58 0.140 433 114 523 —39 1428 045 0119 408 1.05 1418 076 0.163 497 143 709 —17
Pinbone height 139.6 0.59 0139 434 115 514 -—38 140.2 046 0117 364 0.89 139.2 '0.78 0.161 513 152 696 —15
Hip width 59.8 115 0.103 38.0 059 220 1.4 61.0 0.71 0.073 211 052 59.1 194 0134 499 145 296 5.0
Thurl width 526 0.85 0119 335 080 194 —14 53.1 0.59 0.093 209 0.51 52.2 126 0146 422 110 261 1.6
Pinbone width 41.0 1.10 0108 189 048 151 0.9 41.7 0.70 0.078 43 028 406 183 0139 335 081 203 44
Rump length 564 085 0118 339 082 207 -—14 56.9 0.59 0.092 235 056 56.0 125 0144 425 111 280 1.6
Chest width 53.2 1.09 0.120 366 090 196 0.7 539 0.69 0.088 239 057 52.7 177 0153 469 130 264 3.7
Chest depth 765 092 0115 49.2 141 281 -—0.7 774 0.62 0.088 373 092 760 139 0142 574 189 380 2.3
Cannon circum. 19.2 057 0125 —11.9 0.16 71 —45 193 044 0106 —7.2 0.19 191 0.75 0145 —11.1 0.16 96 —20
Chest girth 2045 090 0115 732 333 752 —09 2066 061 0089 624 2.26 2031 134 0142 816 448 1016 21

a) Akaike’s information criterion.
b) Residual standard error.
c) Yt is estimated size at the point of inflection and ¢ is age at the point of inflection.
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Fig. 1. Growth curves fitted to the growth models for body weight.
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Fig. 2.
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Table 4. Regression of growth parameters on birth year by measurements
(excluding 1978 and 1979 year data)

Measurement A (% B k
Body weight 4,93 (0.68) 0.0011* 0.00005
Body length 0.43%* (0.25) 0.0006 —0.00019
Body height 0.29%* (0.20) 0.0003 —0.00016
Hip height 0.14* (0.10) 0.0005 0.00014
Pinbone height 0.19%* (0.14) 0.0000 —0.00010
Hip width 0.13** (0.21) 0.0014%* 0.00004
Thurl width 0.05 (0.09) 0.0003 —0.00013
Pinbone width 0.16** (0.38) 0.0069* —0.00013
Rump length 0.21%* (0.37) 0.0017%* —0.00043
Chest width 0.17* (0.32) 0.0017 —0.00033
Chest depth 0.25%* (0.32) 0.0019* —0.00026
Cannon circum. 0.0076 (0.04) 0.0012 0.00064*
Chest girth 0.61** (0.30) 0.0011* 0.00020

a) The value in parentheses is the propotion of the regression coefficient to the asymptotic
value for size of measurement.

* P<0.05, ** P<0.0L.
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Table 5. Growth coefficients to body height
Birth year B.wW.s) B.L. HH. PH. HW. TW. PW. R.L. CW. CD. C.C. C.G.
1960 4.06 136 095 097 186 140 177 135 168 147 088 142
1961 417 142 094 097 190 143 188 137 179 148 092 147
1962 4.09 140 094 095 18 139 177 134 176 151 089 147
1963 412 1.39 093 096 1.82 141 168 134 172 154 089 143
1964 4.24 140 094 099 1.87 1.39 164 135 177 146 092 147
1965 4.16 136 092 093 183 134 166 130 174 144 084 143
1966 4.23 136 093 094 181 133 166 130 167 143 088 143
1967 4.14 137 088 093 182 134 164 131 167 139 092 142
1968 4.40 147 094 097 198 147 190 147 183 154 093 150
1969 4.36 146 092 094 194 143 186 142 193 153 094 148
1970 4.25 1.42 094 095 194 140 187 140 169 150 093 146
1971 4.32 142 093 093 1.94 141 190 144 18 156 0.90 152
1972 4.23 1.38 095 094 1.87 1.36 186 139 174 150 0.86 1.46
1973 4.33 138 097 09 191 140 181 140 174 154 090 146
1974 4.30 139 094 094 194 136 178 143 175 156 088 144
1975 4.30 139 093 094 192 139 187 140 179 155 097 147
1976 435 142 092 094 193 140 191 142 182 15 099 151
1977 432 1.39 094 096 191 139 187 137 194 153 089 150
1978 421 136 094 09 183 137 169 137 183 146 0.93 147
1979 414 133 09 09 177 134 173 137 181 147 094 144
Average 4.25 140 093 09 190 140 181 139 179 152 092 147

HAXLEY’s allometric equation: y=Ax?, y; body measurements, z; body height, A; constant, 5;
growth coefficients.
a) B.W.; body weight, B.L.; body length, B.H.; body height, H.H.; hip height, P.H.; pinbone
height, H.W.; hip width, T.W.; thurl width, P.W.; pinbone width, R.L.; rump length, CW.;
; cannon circum., C.G.; chest girth,

chest width, C.D.; chest depth, C.C.
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Summary

Five nonlinear models were used in analysis of
longitudinal data investigating the growth patterns
of 13 body measurements of dairy cows. Source
data used in this study was collected from 506
Holstein cows which were born between 1960 and
1979 at Niikappu National Livestock Breeding
Station, Shizunai, Hokkaido.
measured from birth to 60 months of age. Com-

These cattle were

parisons were made among these models for
goodness of fit on each measurement. Yearly

trends in the growth of body sites were estimated
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from the regression of the estimated parameters
on the birth year of cows. The relationship of
relative body growth to increasing body height
was examined using the growth coefficient of HAX-
LEY’s equation. BERTALANFFY’s and RICHARDS’
models were unsuccesful in computing these data.
Generally, the data fitted the BRODY model better
than others, though there were no significant differ-

ences among the BRODY, GOMPERTZ and LOGISTIC'

models in accommodating of data on cannon cir-
cumference. Regression of asymptotic values (size
at maturity) of BRODY model according to birth
year were significantly positive except for thurl
width and cannon circumference, indicating that

general body size tended to increase year after

year in this group of cows. However, other para-
meters showed no consistent trend accooding to
year, demonstrating that the growth of each body
site followed the same pattern among all years of
birth, except for cannon circumference, which
showed a significantly positive acceleration of rate
of maturity. A comparison of the relative growth
coefficients of body height to various body meas-
urements showed hip height, pinbone height and
cannon circumference to have ratios slightly smal-
ler than 1.0 and to be relatively early maturing,
whereas other sites had ratios greater than 1.0 and
were late maturing. These facts were in agreement
with the evidence for the rate of maturing from
BRODY model.



