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HETEROTI C BASI S OF OVULATORY AND REPRODUCTI VE PERFORVANCE
IN EMES OF THREE BREEDS

T.S. CH ANGf, B.M BINDONtt, L.R PIPERFT and R EVANSY
SUMVARY

Variation in ovulation rate of ewes was studied with particular reference
to the heterosis effect in a 3-breed (Dorset Horn, South Australian Merino,
Corriedale) experinental sheep population. For the population as a whole,
heterosis effect on the young (2 1/2 year-old) ewes (+0.17 £ 0.06** ova, Of 14.5%)
was similar to that on the mature (5 1/2 year-old) ewes (+0.19 £ 0.06**  ova, Or
12.5%), indicating that age of the ewe is of mnor or no inportance in heterotic
variation of ovulation rate. However, some variation was present in the
breed-specific estimates, notably for the Dorset Horn/Merino conbination due
largely to the fact that the nean ovulation rate of the purebred Dorset Horn ewes
did not increase with age, as did all other breed-genotypes. Thi s sheep
popul ation al so provided data for study of variation in nunber of [anbs born per
ewe joined, or reproductive rate, at the 2 year-old lanbing. The results showed
that on average the r) crossbred ewes were higher in reproductive rate (+0.17 *
0.07* lambs, or 26.2% than their purebred contenporaries but no definite pattern
is discernable from a conparison of corresponding heterosis effects on
reproductive and ovulation rates of the primparous 2 year-old ewes. The
positive relationship between means of these 2 traits for the 9 breed-genotypes
was clearly established.

| NTRODUCTI ON

Utilisation of heterosis by crossbreeding to inprove reproductive
performance of the ewe for lanmb production is an accepted industry practice in
Australia. Heterosis, however, is a variable phenomenon whose effect on the
ewe's reproductive rate may be nodified by a nunber of factors including age and
breeds of sheep (Nitter 1978; Cch'ang and Evans 1978). These sane factors may
al so operate to nmodify heterosis effect on ovulation rate of the ewe, and some
evidence for this suggestion was presented in an interimreport by Bindon et al.
(1978). The purpose of the present paper is: (i) to characterise heterosis
effect on ovulation rate of young (1% year-old) and mature (5% year-old) ewes
whi ch are otherw se conparable, and (ii) using ovulation rate and reproductive
rate data from the same ewes (primparous 2 year-olds) to estimate conparative
heterosis effect on these 2 traits.

MATERIALS AND METHCODS

Source of data
The 9 breed-genotypes of ewes which provided the data for this study were
generated using a 3 x 3 breed diallel-crossing design as part of the CSI RO Sheep
Crossbreeding Experinment at Armidale, N.S.W A description of the conduct and
sheep managenent of the experiment has been detailed el sewhere (Ch'ang and Evans
1978); only those aspects of direct relevance to the present study wll be
mentioned here.

The purebred and r; crossbred ewe lanbs born during the Cctober/Novenber
| ambi ng each year were all reared as flock replacenents. Soon after weaning,
vasectonmised rans (2% - 3% were grazed with the ewe weaners in an attenpt to
avoid or minimse the 'ram' effect on oestrous activity of these ewes. During
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the last week of March, or first week of April, |aparoscopy was conducted over a
2 or 3day period to assess ovulation rate of the young and mature ewes. The
ovul ation rate data were thus collected during the ewe's nornal breeding season

but prior to the schedul ed annual flock joining in May each year. Fol I owi ng
| aparoscopy, all except the mature r, ewes were returned to the breeding flock in
preparation for the annual joining. The reproductive rate data and pedigree

information used in the study were collected daily during the |anmbing season
(Cct ober/ Noverber) each year.

Statistical nethods

(i) Ovulation rate of young and mature ewes The ovulation rate data were
anal ysed by the least-squares nethod (Harvey 1964). The data from the 876 young
ewes were treated separately from those of the 705 mature ewes but the same
l'inear mobdel was assumed to be applicable to each set of data. The nodel
conprised an overall nean, year of observation (1977 to 1983, but not 1980 when
no observations were nade), ewe's own birth type (single or multiple), paternal
(sire) breed of the ewe, maternal (danm) breed of the ewe, paternal x maternal
breed interaction and a residual error term

(ii) Reproductive rate of prinmiparous ewes The same |inear nmodel as for (i)
above' was used to analyse the reproductive rate (nunber of |anbs born per ewe
joined) data of 665 primparous 2-year old ewes except that an extra term
defined as the lanb's breed type (purebred or otherw se), was included to
standardise the difference, if any, due to foetal genotypic effect on
reproductive rate. This effect was non-significant and will not be nentioned
further. The ovulation rate data of these primparous ewes were analysed in the
same way to provide conparative information on heterosis effect.

(iii) rinear functions Al heterotic effects were evaluated by constructing
appropriate linear functions of |east-squares means of breed groups from each
data set.

RESULTS AND DI SCUSSI ON
The results of analysis of variance showed that the ewe's birth type effect
was consistently non-significant in the data sets examined whereas, wth few
exceptions, all the other effects were significant or highly significant sources
of variation.
The nean ovulation rates of the 9 breed-genotypes are presented in Table 1.

Table 1 Least-squares nean ovulation rate per ewe laparoscoped

1% year old 5% year old

Breed T Paternal Paternal
genotype DH MO CO breed DH MO Co breed

DH 1.46 1.36 1.51 1.44 1.46 1.78 1.67 1.63
MO 1.25 0.83 1.18 1.08 1.58 1.31 1.67 1.52
CO 1.52 1.22 1.24 1.32 1.85 1.71 1.79 1.79
Maternal- Over-all Over-all
breed 1.41 1.13 1.31 mean= 1.28 1.63 1.60 1.71 mean= 1.65
+SE 0.04- 0.04- 0.03- 0.02- 0.05- 0.04- 0.04- 0.03-
Range 0.08 0.06 0.05 0.04 0.10 0.09 0.07 0.05

t DH = Dorset Horn, MO = Merino, CO = Corriedale.
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The means for breed-genotypes in Table 1are based on subclass numbers varying
from 50 to148 for the young ewes, and 43 to 122 for the mature ewes. The
difference between the over-all neans, in favour of the mature ewes (+0.37 oval
‘ewe) is statistically significant and represents a 29%increase for the
popul ation as a whol e. The results denonstrate that variation exists anong
breed- genotypes in ovulation rate increase between the 2 ages, ranging from no
change for the purebred Dorset Horn, to +58% for the purebred Merino. Wile this
di fference between the Dorset Horn and the Merino ewes nmay be a consequence of
the earlier sexual maturity in ovarian function of the former, further studies.
woul d be required to confirm the suggestion.

The breed-genotype means of reproductive rate for the 2 year-old ewes and
their ovulation rate at 1% years of age are presented in Table 2.

Table 2 Least-squares mean of priniparous 2 year-old ewes

(a) Ovulation rate (b) Reproductive rate

Breed T Paternal Paternal
genotype DH MO Co breed DH MO co breed

DH 1.53 1.47 1.54 1.51 0.81 0.85 1.02 0.89
MO 1.28 0.86 1.21 1.12 0.79 0.32 0.63 0.58
Cco 1.58 1.20 1.30 1.36 0.92 0.70 0.83 0.82
Maternal- Over-all Over-all

breed 1.46 1.17 1.35 mean= 1.33 0.84 0.63 0.83 mean= 0.76
+SE 0.05- 0.05- 0.04- 0.04- 0.07- 0.06- 0.05- 0.05-
Range 0.09 0.08 0.06 0.05 0.12 0.10 0.08 0.06

+ DH = Dorset Horn, MO = Merino, CO = Corriedale.
(a) Nunber of corpora lutea per ewe laparoscoped at 1% years of age
(b) Number of lanmbs born (dead or alive) per ewe joined and present at |anbing

The data in Table 2 showed that on a population basis, there is a considerable
reproductive wastage between ovul ation and the ensuing parturition at 2 years of

age, if it is assumed that the nmean ovulation rates for each breed-genotype
studi ed remai ned unchanged between the tinme of |aparoscopy, and that of actual
mat i ng. There is, however, a positive relationship between mean ovul ation and

reproductive rates for the 9 breed-genotypes in Table 2, denonstrating on a breed
basis the well-known effect of ovulation rate on litter size in ewes (Hanrahan
1980) .

The results presented in Tables 1and 2 are sunmarised in terns of
heterosis effect in Table 3.
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Table 3 Estimates of crossbreeding genetic paraneters

(a) Ovulation rate of ewes Primiparous 2 year-old ewes
Heterosis (a) Ovulation (b) Reproductive
effect (hl)* 14, year old 53 year old rate rate
I I
n' h’ n' ah’ n' an’ h %h
Population
estimate
Crossbreds
minus
purebreds 0.17%%* 14.5 0.19%* 12.5 0.15%%* 12.2 0.17% 26.2
Breed specific
estimates TT
DH and MO 0.16%* 14.0 0.30** 21.7 0.18%* 15.1 0.25% 44.2
DH and CO 0.17** 12.6 0.13 8.0 0.14%* 9.9 0.15 18.4
MO and CO 0.16** 15.5 0.14 9.0 0.12 11.1 0.09 15.7
+SE range 0.04-0.06 0.06-0.09 0.05-0.08 0.07-0.10

*P<0.05; **P<0.01

t nT = Mean of reciprocal r crosses nminus mean of purebreds in actual units
= (n' X 100/mean of pur ebr eds)

++ DH = Dorset Horn, MO = Merino, CO = Corriedal e

(a) Nunmber of corpora lutea per ewe laparoscoped

(b) Number of lanbs born (dead or alive) per ewe joined and present at |ambing

o°

=2
H
I

Al though on a population basis, the F crosshreds significantly exceeded
their purebred contenporaries in both ovulation and reproductive rates, sone
variation due to the breeds is evident in estimates of heterosis effect. The
enhanced heterosis effect of the Dorset Horn/Merino breed-conbination at the 5%
years of age is due to the fact that the mean ovul ation rate of the purebred
Dorset -Horn ewes did not increase with age, as did all other breed-genotypes (see
Table 1). The present results when considered as a whol e suggest that ovul ation
rate of the r, ewes studied is a noderately heterotic trait, averaging between 12
to 1s% hi gher than the purebred popul ati on nean.
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