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SUMMARY

0ver,2000 records wereManalyzed from a trial at Goudies Station to evaluate 
direct (h1) and maternal (hM0) heterosis, and seven components defined below, for 
birth date and live weights up to the yearling stage. The Angus (A) and 
Hereford (H) breeds were represented as straightbreds, FI, F2 and F3 crosses and 
first backcrosses using both FI sires and FI dams. Means of breeds and crosses 
(17 mating types) were evaluated by least squares, fixed-model procedures, and 
then the mating type effects were replaced by seven multiple regression coeff
icients (Koch et al., 1985) to estimate average individual (g1), average mater
nal (g ) and average maternal granddam (g ) genetic effects, individual (d1) 
and maternal (dj dominance effects and corresponding (gg1 and gg ) two-locus 
additive x additive epistatic effects. A paternal dominance effect was not 
estimable because of linear dependence. Breed and crossbred means were as ex
pected for A and H; the birth-date-adjusted live weights favoured H (compared 
with unadjusted data) because of a later birth date in straightbred and FI 
calves out of H dams. Heterosis (h1 and lr̂  effects were significant and posi
tive for all traits, except h1 for birth date. For age-adjusted weaning andM 
yearling weights, h1 values were 4.5+1.3 kg (3.1%) and 13.2+1.5 kg (5.9%); In 0 
values were 10.9+1.4 kg (7.4%lgand 4.2+1.7 kg (1.9%). For,,weaning weight and 
preweaning gain, the g* and g b effects were negative and g positive for Angus, 
as also found by Koch et al. (1985). The epistatic effects were non-signifi
cant, but had large sampTTng errors. The F3s showed an advantage over straight-
bred performance for weaning but not yearling weight.

INTRODUCTION

There are many estimates of individual and maternal heterosis for live 
weight in first crosses between Bos taurus breeds (see Long (1980) for review). 
However, few large cattle experiments have yet reported on heterosis retention 
in advanced generations, although there are two experiments of note. One, with 
Angus, Hereford and Shorthorn cattle at Fort Robinson, Nebraska (whose earlier 
FI phase was described by Cundiff et al., 1974) has subsequently accumulated over 
1700 rotation-cross matings producing second and third generation "Phase III" 
calves (Cundiff, L.V., unpublished data). The other, reported by Koch et al.
(1985), established individual and maternal heterosis estimates by comparing over 
1900 records of straightbred, FI, F2, F3 and first backcross calves of Angus and 
Hereford ancestry. The backcross calves were sired only by straightbred bulls. 
The statistical models described by Koch et al. (1985) provided considerable 
clarification of heterosis estimation procedures. The purpose of this paper is 
to present analyses of a further large set (2033 records) of Angus and Hereford 
data in order to discuss and extend the models of Koch et al., accounting for 17 
mating types compared with their 13 types. The difference in the arrays of 
mating types in our experiment was the result of including crossbred bulls to 
generate backcrosses, thereby establishing a balanced dial1 el.
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MATERIALS AND METHODS

Trial Design
The data consisted of various crosses among cattle of Angus and Hereford

ancestry, set up at Goudies Station, 60 km S.E. of Rotorua, the site of part of
the Ruakura Genetics Section's Beef Breed Evaluation (BBE). Goudies was the 
largest of three locations involved in Phase I and II of the BBE and the main 
site for Phase III. Phase I was the generation phase of a trial covering five 
calving years from 1973 to 1977 (Baker and Carter, 1982). Included were Angus
and Hereford bulls (or semen) for use on Angus and Hereford cows and heifers,
generating four groups of calves (straightbreds and reciprocal crossbreds). The 
four resulting groups were then used to study heterosis retention in Phase III, 
with a 4x4 dial lei extending six years from the 1980 to 1985 calvings. That is 
to say, unselected bulls of Angus (A), Hereford (H), AH and HA FI types were 
mated with unselected cows and heifers of the same types. Straightbred and FI 
bull and heifer calves born in Phase III were also used in later years to con
tinue the 4x4 design. In addition, F2 males and females were mated inter se to 
generate F3s. All matings with bulls in Phase I and III were in individual 
mating groups, so that the sire of calf was known. Phase II, an evaluation of 
cows when mated to terminal sires, was not part of the present study.

Numbers of records available are shown in table 1, by generation and mating 
type, as they applied to the birth weight (BW) analysis. A second analysis was 
carried out for calves with weaning weight (WW at a mean age of 5 to 6 months, 
varying with year) and preweaning gain (PG1 = WW-BW), consisting of 1673 records, 
82% of calves born. A third analysis consisted of records from calves with 
'yearling' weight (YW at approximately 13 months of age) and postweaning gain 
(PG2 = YW-WW). In the years in which culling at weaning was necessary, this was 
done essentially at random within sire groups. In total, 1336 records were 
analyzed to the yearling stage (80% of those with weaning records).

Two calf crops (those born in 1976 and 1977) contained some bull and steer 
calves, allocated to castration treatment at random; these were handled for the 
purpose of this analysis as one sex. For the other years, all males were cas
trated (1973 to 1975) or all left entire (1980 to 1985). All analyses excluded 
twins and all except the BW analysis also excluded foster calves.

Analytical Procedures
The data were analyzed by least squares, fixed-model procedures. Because 

calves were born out of different dam types, one interpretation of any birth date 
influences on say fixed-date WW was that they should be attributed to the mating 
type (i.e. no date adjustments necessary). Alternatively, calf growth to a 
fixed age could be calculated by adjusting for birth date. Thus, two sets of 
models were run to allow for interpretations under either assumption. Age 
adjustments were done by linear regression on birth date, with regressions being 
on a within-year basis. In the analyses where no birth date adjustment was made, 
birth date itself was treated as an extra right hand member. Preliminary 
analyses were undertaken to study possible two-factor interactions, with year x 
sex being the only one of importance and therefore it was retained in the final 
analysi s.

The first model, primarily to estimate variation due to mating type (table 
1) included effects for mating type (17 classes), year of birth (11 classes), age 
of dam (2, 3, 4, S5 years), sex (male or female) and the interaction of year x 
sex. This model was fitted with and without birth date as a covariate.
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The second model included all the above effects but replaced mating type 
with seven multiple regression coefficients to estimate the same set of genetic 
effects defined by Koch et al. (1985). These genetic effects were the average

individual (g1), average maternal (gM) and average maternal granddam (gM(*)

genetic effects; individual (d1) and maternal (d̂ 1) dominance effects; and

individual (gg ) and maternal (gg ) two-locus additive x additive epistatic
effects. Coefficients for the expected genetic effects of the 17 different

T M MPmating types after applying linear restrictions to g , g and g are shown in 
table 1 and are identical to those for the 13 types used.by Koch et al. (1985). 
Additionally, this study compared four other mating types, the backcrosses using 
FI crossbred bulls. Also included in table 1 are the coefficients for a pater
nal dominance (d*j effect, which was not fitted, but which is discussed more 
fully below.

Following Koch et al. (1985), heterosis estimates were constructed for 
I Mindividual (h ) and maternal (h ) effects as follows: 

h1 = d1 -(1/2)gg1

hM = dM -(1/2)ggM, and a modified estimate for maternal heterosis

(hMo) = hM -(3/16)gg1, which applied if epistatic effects were ignored.
Koch's procedures were followed in order to estimate some further biological

implications. Total dominance effects (d1 + dM), total epistatic effects

(ggI+ggM)> net heterosis effects (hI+hMo) and heterosis retained in the F3

(F^-P) were computed, for use in examining the potential in advanced generations 
of inter se matings and terminal sire crossing.

RESULTS

Straightbred Means
The means of breeds and breed crosses are given in table 2, obtained from 

the first model fitting 17 mating types. In the bottom half of the table are 
shown the genetic effects obtained from the second model fitting the multiple 
regressions of table 1.

As expected, the Angus breed calved earlier, with lighter calves at birth, 
had greater PG1 and WW values, a smaller PG2 value and similar YW to the Hereford. 
Because of the significant difference between straightbreds in birth date, 
covariate adjustment tended to favour the Herefords and penalize the Angus, with 
the exception of PG2 where birth date had no lasting effect.

For PG1 and WW, the striking findings in table 2 were that effects were of
opposite sign from generation to generation, e.g. age-adjusted WW: g. = 5̂ kg,
M MG ™gA = 8 kg and gft = -3 kg. The corresponding estimates from Koch et al. (1985)

were -5, 11 and -3 kg, respectively.

First Cross Calves ^
The FI means in table 2 were consistent with the favourable heterosis and gfl
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effects expected. The FI calves were of similar birth date to straightbreds but 
had higher values for all weights and gains. The reciprocal differences dis
played the expected Angus vŝ  Hereford dam breed effects.

Backcross Calves
There were eight backcross types, of which the means for the four types with 

FI dams and the four with FI sires are shown (table 2). Apart from birth date 
which favored the calves from FI dams (i.e. born earlier), all other values were 
greater for calves from FI dams than from FI sires.

F2 and F3 Calves
Although there was a considerable advantage of the F2 performance over the 

mid-parent mean (table 2), except for PG2, the position was different for the 
comparison of the F3 with straightbreds. This latter contrast (P3-P) was sum
marized in table 3, along with some of its components.

Comparing F2 with FI calves, the F2 displayed advantages (due to having an 
FI dam) in the form of an earlier birth date and heavier calves up to weaning, 
but apparently a penalty for PG2.

DISCUSSION

Heterosis (h ) was significant for all traits except birth date. For age- 
adjusted WW, it amounted to 4.5+1.3 kg (3.1%), whereas Long's (1980) review of 
seven studies averaged 7.6 kg (4.0%), excluding Bos indicus crosses. Values 
from the present data for PG1, PG2 and YW were 3.7+1.2 kg (3.1%), 8.8+1.2 kg 
(12.6%) and 13.2+1.5 kg (5.9%) respectively, compared with Long's (1980) mean 
estimates of 4.5, 5.0 and 4.5%. The h1 values from the Angus and Hereford 
crosses in the nearby Waikite experimental herd were 6 .8 kg (5.1%) for WW, 14.8 
kg (8.6$ for YW (R.L. Baker, A.H. Carter, C.A. Morris, D.L. Johnson and J.C. 
Hunter, unpublished), similar to those in the present study.

Maternal heterosis (hMo) was significant for all traits. The dM effect was 
significant only for PG1 (unadjusted for age), and for the traits which it then

affected: WW and YW. The potential maximum for heterosis, the sum of h1 and

hMo (table 3), was significant for all traits here, and for the weight traits 
analyzed by Koch et al. (1985).

No epistatic effects were significant for calves (gg*) or dams (gg ), and
this was one justification for discussing hMo rather than hM. However, as 
pointed out by Koch et al. (1985), the numbers of records required per mating 
type would be very large (>1000) to show a significant and biologically important 
effect. It is suggested that the present estimates be combined with those from 
Koch et al. (1985) and others in the future, suitably weighted by the inverse of 
sampling variances, to obtain more precise estimates. Sums of epistatic effects 
(table 3) were however significant for birth date and three unadjusted weight or 
gain traits. The weights and gains probably were significant as a result of 
the significant birth date effects.

More of the dominance effects (table 3) seemed to persist in the present 
data from weaning to yearling weight, than in the Koch data, perhaps because of 
a low mean of about 70 kg for PG2. _0verall, for weights (but not necessarily 
for reproduction), the contrast of (F3-P) showed no advantage to the F3 after 
weaning, in the present data set.
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Given the symmetric nature of the 4x4 diallel for the first 16 mating types
P I I M Mof table 1, the d effect showed a linear dependence on d , gg , d and gg .

P
A consequence of having no matings to estimate d in the present data (nor in 
Koch's data) was that the other effects contained some bias. Estimation of 
their magnitude must await further data collection/analysis.
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TABLE 1. Coefficients for expected genetic effects3 of mating types after
I M MGapplying linear restrictions to g , g and g (see Koch et al., 

1985), and numbers, of records analyzed__________________________

Mating Type gA
M
gA

MG
9A d1 dM gg1 ggM dP Numbers of 

records 
(calves born 
1980-85)

Parental A 1 1 1 0 0 1 1 0b 110 (296)C
H -1 -1 -1 0 0 1 1 0 78 (110)

F, H. A 
A.H

0 1 1 1 0 i 1 0 118 (190)
0 -1 -1 1 0 i 1 0 69 (168)

Backcrosses A.HA i 0 1 \ 1 5/8 i 0 60
A.AH i 0 -1 i 1 5/8 1 0 50
H.HA -i 0 1 i 1 5/8 i 0 68
H.AH -i 0 -1 i 1 5/8 i 0 55
HA.A i 1 1 i 0 5/8 l 1 69
HA.H -1 -1 i 0 5/8 l 1 46
AH. A \ 1 1 i 0 5/8 l 1 67
AH.H -i -1 -1 i 0 5/8 ‘ l 1 41

F„ HA.HA 0 0 1 i 1 i i 1 96
c HA.AH 0 0 -1 i 1 i i 1 66

AH. HA 0 0 1 i 1 i i 1 80
AH. AH 0 0 -1 i 1 i i 1 60

F3 0 0 0 i i 1 i \ 136
126? (764)

a Genetic effects (1st three 
are of opposite sign

columns) are for Angus, so that Hereford affects

b This column was not used in the final solution, bei ng a linear function of
I M I Md , d , gg and gg

c Additional records analyzed as shown in parentheses, (i.e. the foundation 
generation, 1973-77). The 1985 records (219, 11% of total) applied to BW



TABLE 2. Mating type means and genetic effects for birth date and weight 
traits (kg), with or without birth date ad ju st me nt__________

Birth Birth Preweani ng Wean 1 ng Postweani ng Yearling
Item date, weight ga-in weight ga-in weight

julian + - + - + - + - +

AA 260 27 .1 27..0 121 124 149 151 66 66 219 222
HH 267 30,,1 30.,3 116 112 146 142 75 75 226 222
P 263 28,.6 28. 7 119 118 147 147 70 70 222 222
HA 260 29,.3 29. 2 128 130 157 159 76 76 236 238
AH 265 29,.5 29. 6 117 115 147 145 83 82 235 234
FI 263 29 .4 29. 4 122 123 152 152 79 79 235 236
B (FI dams) 260 30,.4 30. 3 130 132 160 162 70 70 233 236
B (FI sires)265 29,.0 29. 1 120 118 149 147 71 71 224 222
F2 261 30,.7 30..6 130 132 161 162 69 69 232 234
F3 268 30,.4 30. 6 126 120 156 151 71 70 228 220

4 -2 -1,. 5** -1.6** -3** -1 -5** -3* -2 -2 -5** -3

M
%

_ 4** ,1 1 8** 12** 8** 12** _ 4** _ 4** 2 4*

rMG
Ga 1 ,1 1 -3** _4** -3** _ 4*"*' 2 2 -0 -1

d1 -6 ,4 2 4 n 6 12 15** 15** 20** 27**

gg1 -11 ,6 -1.1 1 13 3 14 12 13 13 27

dM -13 ,5 1 8 22** 8 21** -4 -2 7 28**
M

gg -17 -2.,0 -2.7 -4 15 -7 11 -3 -0 0 33

h1 -1 "Jkk ~Jkk 5** 4** 6** g** 9* 13** 14**

hM -5** 1,, 5** 1.3** 10** 14** ii** 15** -3 -2 7* 1.2**
hM° -3** 1,,6** 1.5** 10** 12** ii** 13** -5** -5** 4* ~J kk

RSDb 16 4.,7 4.0 18 23 19 23 16 16 20 25

Nb 2033 2033 2033 1673 1673 :1673 1673 1336 1336 ;1336 1336

* P<.05; ** Pc.Ol

a '+' indicates analysis with birthday covariate and indicates analysis 
wi thout

RSD = residual standard deviation; N = number of records analyzed
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TABLE 3. Sum of individual and maternal dominance, additive x additive and 
heterosis effects and heterosis retained in the

Item3 Bi rthday, 
covariate0

d!+dM I M
gg +gg h1̂ 0 RSDC

Birth date -19** -27** -3* 4* 16
Birth weight + .9 -2.6 2.3** 1.8** 4.7

- .1 -3.8* 2.2** 1.9** 4.0
Preweaning gain + 12* -2 13** 7** 18

33** 28* 17** 2 23
Weaning weight + 14* -4 15** 9** 19

- 33** 24 18** 4 23
Postweaning gain + 11 9 4* 1 16

- 13 13 4* 0 16
Yearling weight + 27** 13 17** 7 20

— 56** 60** 21** -2 25

* P<.05; ** P<.01

a Birth date in julian days; weights and gains in kg

'+' indicates analysis with birthday covariate and indicates analysis 
without

RSD = residual standard deviation
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