
View All Proceedings Next Conference Join NZSAP

New Zealand Society of Animal Production online archive
This paper is from the New Zealand Society for Animal Production online archive. NZSAP holds a regular

An invitation is extended to all those involved in the field of animal production to apply for membership of
the New Zealand Society of Animal Production at our website  www.nzsap.org.nz
 

 

The New Zealand Society of Animal Production in publishing the conference proceedings is engaged in disseminating

information, not rendering professional advice or services. The views expressed herein do not necessarily represent the views

of the New Zealand Society of Animal Production and the New Zealand Society of Animal Production expressly disclaims any

form of liability with respect to anything done or omitted to be done in reliance upon the contents of these proceedings.

This work is licensed under a  Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License.

You are free to:

      Share— copy and redistribute the material in any medium or format

Under the following terms:

     Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may

do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

     NonCommercial — You may not use the material for commercial purposes.

     NoDerivatives — If you remix, transform, or build upon the material, you may not distribute the modified material.

http://creativecommons.org.nz/licences/licences-explained/

 

http://www.nzsap.org/proceedings/browse
http://www.nzsap.org/conference
http://www.nzsap.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/


140 Rutherford et al. – LIMITS TO EWE REPRODUCTIONISSN 0370-2731/2003 Proceedings of the New Zealand Society of Animal Production 63: 140-143

Recognising the limits to live weight-reproduction relationships in ewes

L. RUTHERFORD, A.M. NICOL AND C.M. LOGAN

Animal and Food Sciences Division, Lincoln University
PO Box 84, Lincoln University, Canterbury

ABSTRACT
The relationship between joining live weight and ovulation rate and number of lambs born was examined in a

composite flock of small- and large-framed ewes. Approximately equal numbers of small- (n = 315) and large (n = 305)
framed, mixed-age ewes of equal average condition score, selected in the same proportion from 9 commercial flocks
(mainly Coopworth), were managed together from early March to pre-lambing. The average pre-joining live weight
(±SD) of small-framed ewes (61.3 ±6.35 kg). was significantly (P<0.001) lower than that of large-framed ewes (71.1±6.58
kg).  Ewes were joined with 14 Coopworth ram hoggets fitted with ram harnesses on 8 April. Ewes marked by rams
were temporarily removed from the flock every 7 days for 21 days and ovulation rate (0, 1, 3, 4) recorded by laparoscopy
the following day after fasting. Pregnancy status (0, 1, 2 or more) was recorded by ultrasonography on 4 July. Ewes
were fully recorded at lambing. The mean ovulation rate (OR) of small-framed ewes was significantly lower (1.76,
P<0.05) than that of large-framed ewes (1.92). The regression of OR on joining live weight (jLW) was significant
(P<0.001) for small- ewes (OR = 0.0216 x jLW + 0.463) but there was no relationship between OR and jLW in large-
framed ewes.  Maximum OR (1.92) was predicted to occur at 67.5 kg jLW.  The results of this study indicate an upper
limit to the live weight ovulation rate relationship. Compared on the basis of equal ewe live weight per ha, OR per ha
was 12% higher for small- than large-framed ewes.
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INTRODUCTION
The positive relationship between live weight and

reproductive rate in ewes, originally reported in New
Zealand by Coop (1962) and confirmed and refined by
others (Hight & Jury, 1973; Smith et al., 1979; Rattray et
al., 1980; Knight & Hockey, 1983; Thompson et al.,
1990), is firmly established in practice and in practical
farming literature (Geenty, 1997: Smith & Knight, 1998).
It is likely that much of the increase in the national lambing
percentage over the last 15 years has been mediated
through increased ewe live weight (ES, 2002).

 Since the decades of the 1960s and 1970s, when most
of the original studies of the effect of both live weight
and live weight change on ovulation rate and the
subsequent lambing percentage were reported, there has
been a significant positive genetic trend in both live weight
and reproductive rate in some flocks (NZOSR, 2001).
Consequently, it might be prudent to re-examine live
weight-reproduction relationships with today’s ewes.

An opportunity was taken to examine the joining live
weight-reproductive rate relationship in a flock composed
of small- and large-framed ewes sourced from current
commercial flocks.

MATERIALS AND METHODS
A flock of ewes was established by selecting, in Jan/

Feb 2001 and/or 2002, groups of around 25-38 ewes of
either small- or large-framed frame size from mobs of
400-500 ewes on each of 9 farms. Ewes were
phenotypically selected on frame size but groups were
balanced for age and condition (recorded as an estimated
GR measurement, the tissue depth over the 12th rib
midway from the spine to the sternum). Flocks originated
from north, mid and south Canterbury with one from
Southland. Most of the source farms would be classed as

intensive SI breeding and finishing farms (ES, 2002). Six
flocks were Coopworth-, 2 Romney- and 1 Perendale-
based.  The ewes were transported to Lincoln University’s
Ashley Dene Pastoral Research Farm and managed
together as one flock from arrival to pre-lambing 2002.

The onset of the breeding season of a proportion of
the ewes (280) was monitored by harnessed, vasectomised
rams (n=4) from 18 January to 4 April 2002. The raddle
colour on the harness was changed weekly and the tag
numbers of ewes marked by rams were recorded twice
weekly and that date recorded as the start of the breeding
season. Entire Coopworth  harnessed rams hoggets (14)
were introduced to all the ewes (620) on 8 April 2002.
Ewes marked by the ram over the first 21 days of the
joining period were drafted off at seven day intervals and
ovulation rate (OR) was recorded by laproscopy the
following day after fasting. OR was taken as the number
of corpora lutea (CL) identified per ewe showing at least
1 CL.  Ewes were returned to the mob after laproscopy.

 Pregnancy status (0, 1, 2 or more) was determined
by ultrasonography on 4 July.  Non-pregnant ewes and
those with a single foetus were removed and returned to
their original owners. For the purposes of this report, it
was assumed that single-scanned ewes gave birth to one
lamb and that the survival of their single lambs was the
same as that recorded for lambs of the small- and large-
framed ewes retained.  The remaining flock was divided
into separate groups (25-40) of small- and large-framed
ewes from the same source and set-stocked for lambing
(10 days before the planned start of lambing, 3 September)
on paddocks appropriately sub-divided to give the same
live weight per/ha of small- or large-framed ewes.  Ewes
were fully recorded at lambing.

Treatment effects on continuous variables such as live
weight, GR and date of onset of oestrus were analysed



141Proceedings of the New Zealand Society of Animal Production 2003, Vol 63

by analysis of variance using frame size and farm source
as fixed effects.  Distributions of discrete variables such
as ovulation rate and number of lambs born were
compared by a Chi-squared test.

RESULTS
Details of the location, breed type, mean pre-joining

live weight and condition score of the small- and large-
framed ewes sourced from each contributing flock are
shown in Table 1.  On average small-framed ewes were
10 kg lighter (P<0.001) than large-framed ewes and this
difference was fairly consistent across all sources.
Although the difference in average GR between small-
and large-framed groups was only 0.5 mm, this was
significant (P<0.001).  The significant difference in live
weight and GR between small- and large-framed ewes
was maintained at lambing when the average live weight
and GR were 66.3 (±7.1) kg and 3.2 (±1.7) mm, 71.8
(±6.0) kg and 3.4 (±2.2) mm respectively.

There was no significant difference in the cumulative
proportion of ewes showing oestrus by 4 April (0.81 and
0.87 for small- and large-framed ewes respectively).
However, the mean date of the first overt oestrus was 3
days (P<0.05) later (23 March) for small- than for large-
framed ewes (20 March).

Measures of reproductive rate of small- and large-
framed ewes are in Table 2.  The overall ovulation rate
(1.79) of small- ewes was significantly (P<0.05) below
that of large-framed ewes (1.92). Although the number

of ewes in each sub-flock was too low to give good
estimates of OR, all flocks followed the same trend of a
lower ovulation rate in small ewes.  The difference in
mean OR reflects the significantly higher (P<0.05)
proportion of small ewes (0.28) with a single CL
compared with that of large-framed ewes (0.17) (Figure
1).

 The regression of OR on joining live weight for all
ewes (n = 605) was:
OR = 1.06 (±0.18) + 0.0119 (±0.0027) jLW
where OR = ovulation rate and jLW = joining live weight
(kg). The regression and both the constant and regression
coefficient were significant (P<0.001). The regression of
OR on pre-joining GR was not significant.  The equivalent
regression for number of lambs born (NB) (P<0.001) was:

NB = 1.09 (±0.21) + 0.0089 (±0.0031) jLW

TABLE 1:The joining live weight and GR of small- and large-framed ewes sourced from nine commercial properties in South Island.

Small Large
Farm Location Breed type n Joining Joining GR n Joining Joining GR

live weight (SD) (mm) (SD) live weight (SD) (mm) (SD)
 (kg) (kg)

B N. Canterbury Coopworth 41 56.5 4.5 7.2 1.5 35 66.8 5.0 8.4 1.4
DC N. Canterbury Coopworth 35 63.7 4.9 7.2 2.2 38 73.0 6.4 7.7 2.7
G N. Canterbury Romney 36 60.5 6.5 7.4 1.7 36 71.4 6.6 8.0 2.4
H N. Canterbury Coopworth 33 60.1 8.1 8.7 2.3 35 71.0 6.3 9.0 2.3
Hu S. Canterbury Coopworth 40 59.4 5.8 8.6 1.9 36 69.1 4.5 8.7 1.9
I Mid Canterbury Perendale 38 63.6 5.2 9.0 2.1 33 76.4 6.0 9.7 2.4
ML Southland Romney 16 60.1 4.3 8.2 1.5 25 69.8 6.8 8.7 2.4
M Mid Canterbury Coopworth 37 61.9 6.8 8.3 2.3 34 71.0 5.3 8.1 2.6
S S. Canterbury Coopworth 39 66.9 4.8 9.4 2.1 33 73.5 7.0 10.3 2.5

All 315 61.5 6.5 8.2 2.1 305 71.3 6.5 8.7 2.5

TABLE 2: Reproductive parameters of small and large framed ewes
sourced from nine commercial properties in South Island.

Frame size Significance of
Small Large Chi squared test

Ovulation rate (CL/ewe) 1.79 1.92 <0.05
Non-pregnant/ewe joined 0.02 0.04 NS
Lambs born/ewe lambing 1.68 1.71 NS
CLs not resulting in a lamb 0.06 0.11 NS
Lambs alive/ewe lambing 1 1.50 1.57 NS
Lamb survival 0.89 0.92 NS
Lambs alive/ewe joined 1.47 1.51 NS
1 alive 24 h after birth

FIGURE 1. The distribution of ovulation rate, number of lambs born and number of lambs alive at 24 hours of small- and large-framed ewes sourced
from ine commercial farms.
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When the data set was restricted to small ewes (n =
308), the respective regressions were (P<0.05):

OR = 0.463 (±0.28) + 0.0216 (±0.0045) jLW
and (P>0.05)

NB = 0.508 (±0.33) + 0.0187 (±0.0054) jLW
Neither of the equivalent regressions was significant

when the data were restricted to large-framed ewes.
Figure 2 illustrates the relationship between OR and jLW
for small- and large-framed ewes.  The number of ewes
in each sub-flock was too small for significant regressions
of OR on joining live weight, but in six out of nine flocks
the regression coefficient for the small ewes was greater
than that for large-framed ewes. These data suggest that
the optimum joining live weight in this group of ewes
was around 67.5 kg, the live weight at which the regression
of OR on jLW for small-framed ewes bisects that for large-
framed ewes.

There were small non-significant differences between
small- and large-framed ewes in the proportion of non-
pregnant ewes, the proportion of CLs not resulting in a
lamb and in lamb survival (Table 2). The net result was
non-significant differences of 0.04 in lambs born/ewe

lambing in favour of the large-framed ewes and in the
number of live lambs per ewe joined (1.47 and 1.51
respectively for small- and large-framed ewes, Figure1
and Table 2).

DISCUSSION
There are two important implications of the results of

this study.  First, this is the first report that clearly
demonstrates a different relationship between ovulation
rate and number of live lambs to increased ewe joining
live weight for small- and large-framed ewes of similar
condition score.  Secondly, this study suggests that large-
framed ewes reduce the number of lambs per given area
because the relative decrease in stocking rate would be
greater than the increases in OR.

The evidence presented here that there was no
significant relationship between ovulation rate and live
weight in  large-framed ewes suggests a likely upper limit
to the relationship.  The within-flock change in OR per
kg change in joining live weight observed in this work is
compared with those previously published in New
Zealand (Table 3). The mean joining live weight of ewes,
even the small-framed ewes, in the current study was 5-
10 kg greater than in previous studies.  Thus any upper
limit to the OR-jLW relationship was more likely to be
detected in the present study. The inclusion of ‘non-
responding’ large ewes in the whole-flock analysis diluted
the effect shown with small ewes which was quantitatively
similar to other reports. There is a trend in Table 3 for the
predicted OR at a given jLW to increase over time.  This
may reflect an increase in the inherent reproductive rate
of ewes over the period of 30 years.

Other studies have suggested an upper limit to the live
weight-reproduction in ewes.  Ducker & Boyd (1977)
found no significant difference in the OR of small- and
large-framed ewes (1.76 versus 1.84 for small, 64.8 kg
and large, 71.0 kg ewes respectively) of the same condition
score. Rhind et al. (1984) showed that the higher OR of
very heavy, fat ewes was not reflected by a higher litter
size. Coop (1962) himself recognised that the twinning/
live weight relationship appeared less strong at live
weights above 64 kg although he was cautious about the
importance of this due to the small number of records
above this live weight. A similar interpretation could

FIGURE 2:  The relationship between ovulation rate and joining live
weight of small- and large-framed ewes sourced from nine commercial
farms.

TABLE 3: Values published in NZ of the within-flock regression of ovulation rate (OR) and number of lambs born (NLB) on ewe joining live
weight (kg) and the predicted values  of OR and LB for a range of joining live weight.

Ovulation rate Lambs born
Change per kg Average at at Source

joining live weight joining 50 60 70 50 60 70
OR LB live weight (kg) kg kg

0.0005 1 -0.0022 1 71.3 1.91 1.92 1.92 1.78 1.76 1.73 Large ewes, this study
0.0119 0.0089 66.4 1.66 1.77 1.89 1.54 1.62 1.71 All ewes, this study
0.0216 0.0187 61.5 1.54 1.76 1.98 1.44 1.63 1.82 Small ewes, this study
0.0469 54.0 1.66 2.12 2.59 1.41 1.71 2.02 2 Thompson et al., 1990
0.0160 55.0 1.53 1.69 1.85 1.32 1.43 1.53 2 Kelly & Johnstone, 1982
0.0330 50.0 1.45 1.78 2.11 1.28 1.49 1.70 2 Knight & Hockey, 1982

0.0156 48.0 0.90 1.05 1.21 Hight & Jury, 1979
0.0126 55.0 0.79 0.92 1.05 Kelly, 1980

0.0208 53.0 0.80 1.01 1.22 Coop &Hayman, 1962
0.0251 56.5 0.93 1.18 1.43 Coop, 1962

1  non-significant coefficents
2 conversion to lambs born based on Meyer & Clark (1982)
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explain the results of Rattray et a.l (1980) who showed
that the OR of lighter (thinner) ewes increased at a higher
rate with increasing live weight than that of heavier (fatter)
ewes.

The optimum joining weight of around 67.5 kg
identified in this study was derived in a composite flock
of ewes from a number of sources and should be treated
with caution in its more widespread use and needs to be
confirmed for a range of genotypes. However, the practical
implication is that further increases in  OR of ewes over
68 kg is unlikely and efforts should be restricted to
increasing the weight of lighter ewes within a flock.

The three-day later onset of the breeding season of
small-framed ewes had no impact on the average lambing
date of the two sub-flocks.  Larger numbers of ewes would
have been needed to demonstrate that the embryo loss of
large-framed ewes was significant although a positive
relationship between OR and partial failure of multiple
ovulation has been reported (Kelly & Knight, 1980).
Similarly, the difference in lamb survival between the two
groups of ewes is equivocal. In a previous year, there was
no difference in lamb survival of twin-born lambs from
small- and large-framed ewes.  The net effect of the
differences in the various reproductive parameters was a
relatively small  (0.04) and non-significantly higher
number of live lambs per ewe joined for the large-framed
ewes(Table 2). Expressing LA/100 kg jLW, to adjust LA
for differences in jLW between the groups of ewes,
favoured the small-framed ewes (2.4 versus 2.1 LA/100
kg jLW for large-framed ewes).

The second major implication of this work is on the
relative reproductivity (LA/ha) of flocks of small- or large-
framed ewes. On the assumption that a comparable
stocking rate of small- and large-framed ewes is ‘equal
live weight/ha’, and using the mean pre-joining live weight
(Table 1) and reproductive performance (Table 2) of small-
and large-framed ewes in this study, their relative per ha
production of lambs was calculated. This shows that 12%
more LA/ha would be produced by small- ewes compared
with large-framed ewes. In other words, the reduction of
16% in relative stocking rate of large-framed ewes was
not compensated by their higher ovulation rate and lamb
survival. In experiments in which stocking rate (ewes/ha)
has been used to produce ewes of varying mean live weight
(e.g. Rattray et al., 1980), the same conclusion was
reached. In situations in which number of lambs/ha is
limiting productivity, more smaller ewes will out-produce
fewer larger ewes. This may be the case, for example, in
very highly fecund flocks where any further increase in
ovulation rate will lead to marked increases in the number
of triple bearing ewes (Davis et al., 1983).

By comparing the reproductive performance of small-
and large-framed ewes from a number of flocks in which
the mean joining live weight was higher than in other
studies, this study has indicated an upper limit to the live
weight-reproductive rate relationship. When this point has
been reached, further increases in the number of lambs
produced/ha can only come from carrying more smaller
ewes or through increased genetic potential for
reproduction, or both.

ACKNOWLEDGEMENTS
Nigel Jay performed the laproscopy, Gretchen

Anderson marshalled the data and John Dunnett managed
the flocks.  The co-operation of the farmers who made
their ewes available is gratefully acknowledged.  This work
was part of a Meat and Wool Innovations Ltd funded
project.

REFERENCES
Coop, I.E. 1962: Live weight-productivity relationships in sheep. New

Zealand journal of agricultural research 19:165-181
Coop, I.E.; Hayman, B.I. 1962: Liveweight-productivity relationships

in sheep. II. Effect of liveweight on productivity and efficiency
of production of lamb and wool. New Zealand journal of
agricultural research 19: 265-277.

Davis, G.G.; Kelly, R.W.; Hanrahan, J.P.; Rohloff, R.M. 1983:
Distribution of litter size within flocks at different levels of
fecundity. Proceedings of the New Zealand Society of Animal
Production 43: 25-28.

Ducker, M.J.; Boyd, J.S. 1977: The effect of body size and body condition
on the ovulation rate of ewes. Animal production 24:377-385.

ES, 2002: Annual review of the New Zealand Sheep and Beef Industry,
Publication G2192, The Economic Service, Wellington.

Geenty, K.G. 1997: A guide to improving lambing percentage. Wools of
New Zealand and the New Zealand Meat Producers’ Board.

Hight, G.K.; Jury, K.E. 1973: Hill country sheep production. IV. Ewe
live weights and the relationship of live weight and fertility in
Romney and Border Leicester x Romney ewes. New Zealand
journal of agricultural research 16: 447-456.

Kelly, R.W.; Johnstone, P.D. 1982: Reproductive performance of
commercial sheep flocks in South Island districts. 2:
Relationships between ovulation rate, liveweight at mating and
lambing performance. New Zealand journal of agricultural
research 25: 519-523.

Kelly, R.W.; Knight, T.W. 1979: Sources of reproductive failure in
commercial sheep flocks. Proceedings of the Ruakura farmer’s
conference 1979, pp 19-26.

Knight, T.W.; Hockey, H.U.P. 1982: Ovulation rate in Marshall Romney
and Romney ewes: effect of body size and condition.
Proceedings of the New Zealand Society of Animal Production
42: 25-27

Meyer, H.H.; Clarke, J.N. 1982: Effect of ewe ovulation rate and uterine
efficiency on breed and strain variation in litter size.  Proceedings
of the New Zealand Society of Animal Production 42: 33-35.

NZOSR, 2001: New Zealand Ovine Sire Reference Across Flock
Analysis, 2001 Unpublished

Rattray, P.V.; Jagusch, K.T.; Smith, J.F.;.Winn, G.W.; Maclean, K.S. 1980:
Flushing responses from heavy and light ewes. Proceedings of
the New Zealand Society of Animal Production 40: 34-37.

Rhind, S.M.; Gunn, R.G.; Doney, J.M.; Leslie, I.D. 1984: A note on the
reproductive performance of Greyface ewes in moderately fat
and very fat condition at mating. Animal production 48: 149-
155.

Smith, J.F.; Knight, T.W. 1998: Reproductive management of sheep. Chapter
6, in  Reproductive Management of Grazing Ruminants in New
Zealand (eds. E.D. Fielden and J.F. Smith), pp113-143.

Smith, J.L.; Rattray, P.V.; Jagusch, K.T.; Cox, N.R.; Tervit, H.R. 1979:
Ovulation-liveweight relationships in ewes. Proceedings of the
New Zealand Society of Animal Production 39: 50-55.

Thompson, K.F.; Sedcole, J.R.; O’Connell, D.; Geenty, K.G.; Sykes,
A.R. 1990: Spring and summer pasture feeding and ewe
reproduction and wool growth. Proceedings of the New Zealand
Grassland Association 52: 123-127.


