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Abstract Pedigree and early performance records
from lambs on three New Zealand research stations,
involving 51 station-years of data (55 146 recorded
lambs born), were analysed in order to study genetic
and environmental factors affecting perinatal and
preweaning survival. Mean birth weights at each
site were very similar, being 4.26 kg at Woodlands,
4.22 kg at Tokanui, and 4.32 kg at Rotomahana
Station. Total survival rates to weaning (preweaning
survival) across sites averaged 79.0, 78.9, and
80.1%, respectively. Analyses of variance for
perinatal survival and preweaning survival showed
significant effects of contemporary group of lamb,
age of dam, and birth rank-sex combinations, whilst
linear and curvilinear effects of birth weight were
also significant. Optimal birth weights were 4.36
kg and 4.77 kg for maximal perinatal survival and
maximal preweaning survival, respectively. Heavy
singles and twins were at higher risk of not
surviving, but light singles and twins were also at
risk. At birth, survival was consistently lowest from
lambs out of 2-year-old dams, whilst preweaning
survival was lower amongst lambs from 2- and 5-
year-old dams, and higher in lambs from 3- and 4-
year-old dams.

Estimates of total heritability (direct + maternal
+ direct-maternal covariance) for perinatal survival
as a transformed (logit) trait were 0.055 (Tokanui
and Woodlands data), and 0.105 (Rotomahana data).
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Corresponding estimates for preweaning survival
were 0.031 and 0.101, respectively. Maternal
genetic variances for perinatal and preweaning
survival as logit traits were 1.5-5 times the size of
the lamb's additive genetic variance. Our analyses
confirm previous low genetic parameter estimates
for lamb survival.
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INTRODUCTION

Lamb survival is one of the major factors affecting
overall sheep flock productivity. Various studies
have reported the results of analyses of survival
data, and likely factors affecting survival, e.g., birth
weight (BW), age of dam, breed of lamb, sire, and
birth rank. Among these studies, one of the first to
suggest the concept of an intermediate optimal BW
for maximal survival in lambs was by Purser &
Young (1959). In New Zealand sheep, lamb survival
studies using conventional breeds at low levels of
litter size have been reported by Hight & Jury
(1970), Dalton et al. (1980), and Johnson et al.
(1982). McMillan (1983) has reported on the
survival of lambs from hoggets, Meyer & Clarke
(1978) have reported on sire breed effects on lamb
survival, and Hindi et al. (1985) have considered
lamb survival from prolific breeds. Australian
studies include, for example, the work of Alexander
(1984).

It is important to have information on genetic
parameters for all production traits, including lamb
survival. These values are required in formulating
genetic improvement plans, and for evaluating the
relative merits of animals in such improvement
programmes. Some of these parameters have been
put together by Morris et al. (1996), but their study
did not include lamb survival (as a lamb trait).
Lopez-Villalobos & Garrick (1999) reviewed earlier
genetic studies, and then used up-to-date statistical
methods to analyse direct and maternal genetic
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parameters for the survival to weaning of Romney
lambs in a single flock. The present paper uses
similar statistical methods applied to experiments
on three New Zealand research stations, including
data from over 55 000 recorded lambs.

MATERIALS AND METHODS

Data collection
Woodlands
The Woodlands Research Station, situated 20 km
east of Invercargill (farmed by the Ministry of
Agriculture & Fisheries until 1992 and subsequently
by AgResearch), was used to establish a Romney
selection experiment in 1970-1972 from ewes and
rams mainly screened from industry (McEwan et
al. 1984). Selection was applied from 1973
onwards, with a control line and four selection lines
(100-day weight, hogget fleece weight, dam's
number-of-lambs-born, and an index line com-
bining the above three traits).

Lamb survival analyses were carried out first
on records from the lambing years 1971 -1976. After
1976, sex was not recorded on dead lambs, and the
BW of dead lambs were generally not recorded.
There were 4992 records from the 6 years of data,
of which 4912 were complete, including perform-
ance traits, fate, animal pedigree, and flock of origin
(if purchased) or selection line (if born from 1973
onwards). More restricted data were also used to
summarise mean performance at Woodlands for
the 1977-1988 years. Numbers of records for 1971-
1988, and for the 6-year subset, are given in Table 1.

Tokanui

At the Ministry of Agriculture & Fisheries (later
AgResearch) property at Tokanui, near
Te Awamutu, a flock of Romneys was established
from many commercial flocks in 1970-1972, in the
same manner as the Woodlands flock described
above. Some foundation rams and ewes were
transferred between Woodlands and Tokanui, so that
there were genes in common between the two sites.
(Our subsequent genetic analyses took account of
these common links.) From 1973 onwards, four
control lines and three selection lines were
established, where selection was for hogget body
weight, or dam's number-of-lambs-born, or an
index line combining the above two traits. In 1989
the four control lines were combined into one, and
only the hogget bodyweight line and the control

were continued from 1989-1995. Numbers of
records are given in Table 1.

Rotomahana

Romney ewes from a wide range of backgrounds
were mated in 1979 and 1980 at Rotomahana
Station (near Rotorua), a farm owned by the
Department of Lands and Survey (now Landcorp)
and managed by Ruakura staff of the Ministry of
Agriculture & Fisheries. The ewes were mated to
Romney, Border Leicester, and Coopworth rams,
with the Romney rams representing six different
sources. Rotomahana-bred ewes from the above
matings were also included from 1981 onwards, and
the ram breeds and strains were continued in
experimental matings from 1979-1983. Thereafter,
different meat breed sires were used over Roto-
mahana-bred females, with all progeny slaughtered.
Numbers of records are given in Table 1. Further
details are described by Baker et al. (1987).

Data analysis
Perinatal survival was taken as survival to 24 hours
of age. Preweaning survival was taken as the
combined perinatal and subsequent survival to
weaning. Survival was treated as a lamb trait rather
than as a dam trait.

Non-genetic effects

Analyses of variance for perinatal and preweaning
survival were carried out with data from each site
separately using Genstat (1994), fitting contem-
porary group (station-year of birth-selection line at
Woodlands or Tokanui, and station-year of birth-
breed group at Rotomahana), age of dam (2, 3, 4,
and 5+ years of age), birth rank-sex combinations,
and covariates for date of birth, BW, and BW2.

Since B W is widely recognised as a major factor
affecting perinatal or preweaning lamb survival
(Purser & Young 1959), the distributions of residual
BW were studied. Residual BW (Model 1) was
calculated from a least squares analysis (Genstat
1994), providing BW deviations adjusted for the
following fixed effects: contemporary group, age
of dam, their interaction, birth rank-sex (2 classes
per sex group: singles or multiples (twins-plus-
triplets)), and date of birth covariate. This residual
BW was plotted against lamb perinatal survival.

A second set of residuals was calculated,
residual BW (Model 2), using the model above but
excluding birth rank-sex. These residual distri-
butions were then plotted separately for four birth


