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ewes, by the difference between the OR and LS (embryo mortality,
EM ; rate of embryo mortality in percent of OR, EM%1 and 2). We
also calculated the total embryo mortality in ewes mated, fecun-
dated or not, on the first oestrus of each mating period.

Data were analyzed by the restricted maximum likelihood ana-
lysis (REML) as described by Harville (1977). The first analysis
estimated the effects of two factors (year of birth, "78 to "83,
and birth-rearing class, 6 classes) and their interaction, with
all available data per variable. The second analysis is limited
to 412 ewes representing all variables for the first two years,
for the purpose of estimating phenotypic correlations. The third
analysis (445 to 528 ewes) estimates heritability of the varia-
bles corrected for the above two factors. A fourth analysis takes
the OR and LS into account in order to estimate corrected herita-
bilities of the embryo mortality rate and of the number of lambs
dead at birth. Genetic correlations were not selected, since the
number of animals under consideration is too low for making cor-
rect estimates.

RESULTS
Statistical Analysis

The means and standard deviations for each traits are shown
in table 1. The birth-rearing class effect (table 2) is highly
significant on O0OR2 (with an unfavorable artificial suckling
effect when compared to suckling on the mother) and little signi-
ficant on LSI, LS2 and NBA2. This effect is however both non-
genetic and genetic, in that birth-type of the daughters depends
on their mother®"s prolificacy level. Year of birth effect is
highly significant on OR1, LSI and NBD1. Their interactions are
not significant.

Inter-year repeatibility of OR, LS and NBA is 0.30, 0.12 and
0.07 respectively ; the repeatibility of EM, EM% and NBD 1is 0.05,
0.04 and 0.10 (table 1). There is a positive correlation between
LS and OR (0.59 and 0.47 for the first and second years), but a
negative correlation between LS and EM% (-0.56 and -0.76). The
correlations between OR and NBA are only 0.3 and 0.24 for the
first and second years. There is a weak correlation between OR
and LS (0.19 and 0.14 for the 1st year ; 0.08 and 0.09 for the
2nd year respectively).

Heritability estimates are given in table 1 : 0.39 and 0.20
for OR1 and OR2 ; 0.02 and 0.23 for LSI and LS2 ; O and 0.28 for
NBA1 and NBA2. The heritabilities of EM and EM% are 0.11 and 0.09
in ewe lambs (0.09 and 0.08 after correcting for OR1l) ; it is
practically null for the second year.

Relationship between ovulation rate and litter size

The rates of embryo mortality estimated on ewes lambing
(table 3) are not significantly different in 1 and 2 year old
ewes : that 1is to say, a total of 5.2, 13.0 and 20.9 % with 2.3
and 4 ovulations, so that litter size increases by 0.71 and 0.56
when the OR increases from 2 to 3 and 3 to 4. The relationship
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between LS and OR is curvilinear. The curve tends towards a maxi-
mum which is more than 5 ovulations (fig. 1). Losses on ewes
mated are on the average more significant and higher on 18 month
old ewes than on ewe lambs. This reveals the low fertility of
ewes at the beginning of the sexual season (table 3b).

Ovulation site and embryo mortality

With the overall data, we observe an ovarian activity higher
in the right ovary than in the left ovary = 0.55 vs. 0.45 in ewes
with corpora lutea (CL) ; 0.27 vs. 0.22 and 0.14 vs. 0.12 in ewes
with 2 and 3 CL, which confirms Kelly and Johnstone®s results
(1983). On the other hand, the distribution of the CL on the 2
ovaries does not seem to affect the embryo mortality rate.

DISCUSSION

This study confirms that ovulation rate is on the average a
more repeatable and more heritable trait than LS. It also gives a
first estimation of embryo mortality in sheep : it appears weak
but not negligible in the first year, i.e. during the sexual sea-
son, while it is null during the second year, i.e. in the begin-
ning of the sexual season, a period when fertility is influenced
by the 'season" effect. It is noticeable that in Ffirst year, lit-
ter size heritability 1is very low, especially in relation to
embryonic mortality heritability, whereas it is the opposite case
in second year. We can then assume that genetic differences Iin
embryo mortality rate in ewe lambs are able to nullify genetic
differences in the ovulation rate, hence a reduction in litter
size heritability. Phenotypic correlations show that 1st and 2nd
year litter sizes depend at least as much on ovulation rate as on
embryo mortality rate. Therefore, taking into account these 2
criteria Iin an index would improve efficacy when selecting on
litter size, as has been proposed for pigs (Johnson et al, 1984).
A correct estimation of the genetic correlation between these 2
components, an estimation we could not get with our sample, has
yet to be obtained.

When comparing our results with those obtained on 18 month
old Finn ewes (Hanrahan and Quirke, 1984), we note that OR and LS
repeatability and heritability estimations are somewhat similar.
Nevertheless, the phenotypic correlation between these 2 varia-
bles)is higher in Romanov ewes (0.51 and 0.47 vs. 0.41 in Finn
ewes).

This result confirms a previously observed high level of
embryo survival (Ricordeau et al, 1982), which also seems to
exist in other populations, notably the Cambridge strain which
contains 25% Finnish Landrace blood (Hanrahan and Owen, 1985).
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Table 1. Means,

0.R L.s E.M % N. BA
1 2 1 2 1 2 1 2
OR 1 0.30 0.62 0.14 0.28 0 0.30 0,13
OR 2 0,19 0,49 0.09 0,17 0.04 0.24
LS 1 0,12 -0.56 0 0.54 0.08
LS 2 0.02 -0.76 0.03 0.65
EM %1 0.04 -0,34 0.02
EM J 2 0 -0.55
No born alive 1 0.07
No born alive 2
No born dead 1
No born dead 2
Mean (X) 2.74 3.27  2.44 2.72 11.5 19.3  2.10 2.32
T) (0.66) (0.67) (0.67) (0.84) (18.0) (22.0) (0.80)  (1.00)
HSritability(h2) 0.39 0.20 0.02 0.23 0.09 0 - 0.28
((:D (0.17) (0.13) (0.08) (0.14) (0.08) - - (0.14)
Significance of phenotypic correlations s ~ o0.10, HS ~ 0.12
Pre-mating weight 1 and 2 : 38.0 kg (3.6) and 43.8 kg (4.8)
Table 2. Least squares means for reproductive performance, by birth
Birth rearing R 1 R 2 Ls 1 NBA 1 Ls 2
class
2,2 2.61(83) 3.22(73) 2.25 1.87 2.67
3,1 2.66(11) 3.25(11) 2.42 2.08 _
3,2 2.74(167) 3.°30(154). 2.42 2.15 2.70
3, a.r 2.75(114) 3.06(100) 2.44 2.13 2.62
4,2 2.88(69) 3.54(63) 2.55 2.10 2.99
4, a.r 2.81(73) 3.33(62) 2.58 2.13 2.85
Differences (n) NS (517) TS (463) S (514) NS (514) NS (500)

10

94

phenotypic correlations and heritabilities

lambs born singles and 23

lambs born

NBD
1 2
0,22 0.01
0,11 0.20
0.30 0.03
0.07 0.22
-0.12 0
0 -0,10
-0.64  -0.06
0 -0.59
0,10
0.34 0.39
(0.67)  (0.75)
0 0.02
_ (0.08)

rearing class

NBA 2

2.13
2.66

2.41

S (500)

quintuplets were excluded from this analysis.



Table 3. Embryo mortality (p.100) related to ovulation rate (non adjusted data)

a) ewes lambing

1st year
EM % 2nd year
total

Litter size (LS)

b) ewes mated (*)
1st year
EM % 2nd year
total
Litter size (LS)
Fertility 1st year

at 1st oestrus

2nd year

Ovulation

4.9 (175)

6.9 (29)

5.2 (204)

1.90

13.3 (192)

25.0 (36)

15.1 (228)

1.70

91,1

80,6

(*) excludes returns to service

Distribution of ovulation

OR or LS 1
OR 1 0.7
OR 2 0.6
LS 1 6.7

LS 2 8.0

34.

46 .

27.

rate and
2 3
7 55.0
1 60.5
6 43.7
8 48.7

litter size

28.

14.

rate (No of ewes)

11.2 (293)

15.0 (266)

13.0 (559)

2.61

14.9 (306)

24.2 (298)

19.5 (604)

2.41

95,7

89,6

4 5
8 0.5
2 3.6
7 0.4
6 0.9

23.4 (46)

20.0 (126)

20.9 (172)

3.17

28.1 (49)

28.0 (140)

28.0 (189)

2.88

93,9

90,0

in the two first years

6 No ewes

(©)]

30.0 (16)

28.4 (19)

3.58

@)

37.8 (18)

35.2 (21)

3.24

89,0





