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Abstract

Performance of autumn- and spring-lambing ewes was compared in a year-long trial. Ewes were shorn in November and mated
to lamb in May or August. Midside wool samples and plasma were collected at seven-week intervals to determine wool-growth
rate, fleece characteristics, and prolactin concentrations. Autumn lambs were lighter (P<0.001) at birth and weaning (3.92+0.1;
15.6+0.7 kg) than spring lambs (5.27+0.1; 25.3+0.7 kg). Plasma prolactin concentrations were high (150 ng/ml) at mating (Dec)
of autumn-lambing ewes, but low (50 ng/ml) at mating (March) of spring-lambing ewes. Both groups exhibited periparturient
prolactin surges, but in autumn-lambing ewes this created high plasma prolactin concentrations during early pregnancy when
plasma prolactin is usually very low. In autumn-lambing ewes, clean fleece weights (3.75+0.11 kg), midside wool growth over
345 d (37412 mg/cm?) and fibre diameter (39.8+0.5 wm) were significantly higher (P<0.05) than those of spring-lambing ewes
(3.26+0.12 kg; 33114 mg/cm?; 38.2+0.5 um respectively) whilst bulk and colour did not differ. Bulk was higher (P<0.05) in
single-bearing ewes (21.1+0.4 cm?/g) than in twin-bearing ewes (19.2+0.7 cm®/g). It is postulated that elevated plasma prolactin
concentrations (at key times) are related to seasonal differences in birth and fleece weights. Autumn lambing is beneficial for wool

growth but detrimental for lamb birth weight and growth.
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Introduction

Autumn lambing may be practiced in areas with good
autumn pasture supply to meet market requirements for
the year-round supply of chilled lamb (Morris et al. 1994).
However, autumn- or winter-born lambs are 0.4-1.0 kg
lighter at birth than are spring-born lambs (Reid et al. 1988;
Peterson et al. 1990; Morris et al. 1993). August-lambing
ewes produced heavier lambs than did June-lambing ewes,
even though groups had similar residual herbage mass
(Morris et al. 1993). Subsequently, Jenkinson et al. (1994)
confirmed that seasonal differences were evident in fetuses
at day 140 of gestation (P140) and were associated with
differences in placental development. Autumn-lambing
ewes have the same number of caruncles, but a lower
number of placentomes and lower total placental weight,
compared with spring-lambing ewes (Jenkinson et al. 1994).
Fetal:placental weight ratios were not different in the two
seasonal groups which implies that the smaller placenta in
the autumn-lambing ewes was the cause of their lower fetal
growth rate. These differences occurred despite nutritional
management that ensured that live weight (LWT) of the
ewes in both groups did not differ at corresponding stages
of gestation. (However, maternal nutrition may have had
some influence, due to the pasture consumed by the ewes in
the different seasons.) Furthermore, other trials have shown
a greater mean fibre diameter (MFD) and staple strength
(Morris et al. 1993) and that milk yield is lower (Peterson
et al. 1990) in autumn-lambing ewes compared to spring-
lambing ewes.

The New Zealand Romney exhibits an annual cycle
of wool growth with concomitant changes in fibre length
growth rate and MFD resulting in maximum fibre volume
in summer and minimum fibre volume in winter. This

cycle is entrained by changes in photoperiod via changes
in circulating prolactin and is influenced by complex
interactions among nutrient supply and reproductive
hormones (see review by Kendall et al. 2006)

In sheep, circulating prolactin is strongly influenced by
season, being highest in summer (Munro et al. 1980) (when
formation of placenta is occurring in autumn-lambing
ewes), and ambient photoperiod markedly influences
plasma prolactin concentrations in the fetus (Bassett et al.
1988; Ebling et al 1989). Jenkinson et al. (1995) found a
significant stage-of-gestation-by-season interaction such
that maternal plasma prolactin concentrations were higher
in December-mated ewes at P70 and in March-mated
ewes at P100, but did not differ significantly between
ewes mated in December and March at P140. Despite the
lack of difference in maternal prolactin concentrations at
P140, fetal plasma prolactin concentrations at P140 were
higher in March-mated ewes than in December-mated
ewes (Jenkinson 1994). Such results suggest that seasonal
differences in birth weight of lambs may be a consequence of
seasonal differences in circulating prolactin concentrations
in the dam and/or fetus.

Seasonal differences in fetal weight were apparent at
P84 and associated with small differences early in placental
development (McCoard et al. 1996), suggesting that the
seasonal effect occurs during that time. However, it is also
possible that fetuses of ewes mated to lamb in the autumn
or spring initially form the same number of placentomes but
that the autumn lambs subsequently lose more placentomes.
Jenkinson et al. (1995) demonstrated that the number of
placentomes was lower in December-mated ewes. Data
from other studies (SH Min, DDS Mackenzie and SN
McCutcheon, unpublished results) indicate that something
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retarded the loss of placentomes in spring-lambing ewes.
Growth hormone is unlikely to be the mediator since
exogenous bGH treatment had little discernible effect on
measures of placental size (Jenkinson et al. 1999; Gargosky
etal. 1991). Insulin-like growth factor-1 (IGF-1) may be the
mediator since increasing maternal IGF-1 in mice and rats
altered the pattern of fetal growth by removing maternal
constraint (Gluckman et al. 1992).

There are major seasonal differences in the physiology
of'sheep forwhichwehavebeenunable to ascertain the cause.
Elucidating those mechanisms may enable manipulation
of parameters of importance to animal industries and
perhaps to human clinical medicine (Jenkinson et al. 1999;
Gluckman et al. 1992). From another perspective, lambing
in autumn has detrimental effects on lamb birth weight and
lactation of ewes, but may have advantages in terms of
wool-growth characteristics.

The objectives of the experiment were related to both
wool growth and fetal growth. Our hypothesis was that
wool-growth rate (WGR), fleece weight, lamb birth weight,
ewe LWT and plasma prolactin concentrations differed
between autumn- and spring-lambing ewes grazed at
pasture, independently of seasonal nutritional differences.

We wished to evaluate wool-growth (quantity and
quality) differences between ewes lambing at different
times of year and to identify possible causes of the low
wool-growth response observed in out-of-season-lambing
ewes. Further, we wished to gain insight into a possible role
of prolactin leading to the differences in wool growth, and
in fetal growth and birth weight

Materials and methods
Animals and treatments

The trial was carried out at Keeble’s farm, Massey
University, and was approved by the University Animal
Ethics Committee.

The trial began with 137 Romney x Border Leicester
ewes but only ewes (n=47) that successfully birthed and
reared one or two lambs were included in the analyses.
Ewes were shorn in November and a 10x10 cm midside
patch was cleared on each ewe on 15 Dec. Following
synchronisation (using progesterone-impregnated CIDRs
for 14 d) ewes were mated to lamb in either May or August.
Ewes mated in December were treated with 500 i.u. PMSG
as Folligon (Intervet International B.V., Boxmeer, The
Netherlands) the day before CIDR removal, whilst ewes
mated in March were not treated.

Rams were fitted with mating harnesses, and crayon
marks on ewes were recorded daily. Following ultrasound
pregnancy diagnosis at P50, groups were balanced for
pregnancy rank, age and LWT. Ewes in each group were
managed as separate mobs on pasture, mainly ryegrass
(Lolium perenne) and white clover (Trifolium repens),
following normal pasture management procedures and
allowance for pregnancy. Both groups were flushed four
weeks prior to mating on the best pasture available.

The midside patch was re-clipped approximately every
seven weeks (Table 1) with clippers (Oster; Milwaukee, WI,
USA) fitted with a No. 40 blade, until the sheep were shorn
in November at the conclusion of the experiment. Patch
wool samples were washed in warm water and detergent,
dried, conditioned to 16% regain and weighed. The mid-
side wool samples were used to determine growth rate and
diameter. Mean fibre diameter was measured by OFDA
(Edmunds 1995). Fleece weights were recorded after 360
days (November shearing) and sample were tested for
bulk using a WRONZ bulkometer following the procedure
of Bigham et al. (1984a) and were colour-tested using a
Hunterlab D 25 D2M Colorimeter (Bigham et al. 1984b).

Plasma samples were collected at about seven-week
intervals throughout the year for analysis of prolactin. Live
weight of the ewes was recorded (Tru-Test Distributors,
Auckland) at the same time. Birth weights and weaning
weights of lambs were also recorded. The weaning dates
were 12 Aug and 25 Nov (98 and 100 d respectively after
first lamb birth) (Table 1).

Assays

The prolactin assay was a homologous double-
antibody competitive-binding radioimmunoassay based
upon the method of van Landeghem and van de Wiel
(1978). Details of the assay were described previously
(Peterson et al. 1994). Standards ranging from 1-1200
png/l were prepared using biological grade ovine PRL
(NIADDK-0oPRL-18, AFP-82277E, 30 i.u./mg). The linear
range was approximately 10-800 pg/l. The first antibody,
rabbit anti-oPRL antiserum, was used at a working
dilution of 1:50,000 (final dilution 1:550,000). The second
antibody, goat anti-rabbit IgG (Lot No. 8103, Immuno-
Chemical Products Limited, Auckland, New Zealand) was
used at a working dilution of 1:40. Plasma samples were
assayed in triplicate. The mean intra-assay coefficient of

Table 1 Comparison of stages of pregnancy and lactation
in two groups of Romney x Border Leicester ewes lambing
in either autumn or spring. On the dates indicated, plasma
and midside wool samples were collected and animals were
weighed. Dates of lambing were; autumn 6-18 May (mean
12 May) and spring 17 Aug-10 Sept (mean 5 Sep).

Date of wool Dayof  Autumn-lamb-  Spring-lambing

and blood trial ing ewes ewes

samples

15 Dec 0 clear initial midside patch

04 Feb 51 early pregnancy  pre-mating

25 Mar 100 mid pregnancy  post-mating

13 May 149 late pregnancy early pregnancy

06 Jul 203 early lactation mid pregnancy

12 Aug 240 late lactation late pregnancy
lambs weaned

07 Oct 296 post-weaning carly lactation

25 Nov 345 dry period late lactation

lambs weaned
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Figure 1 (a) Live weight (kg) and (b) plasma prolactin concentration (ug/l) measured every seven weeks, of 25 autumn-

lambing ewes ( #——¢) and 22 spring-lambing ewes (m----

m) grazed at pasture and managed for normal commercial

production. The February plasma samples were lost. Vertical bars represent the standard error of the mean.
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variation (CV) calculated over 12 assays was 9.7% and
the mean inter-assay CV was 12.6% for three reference
plasma samples corresponding with the linear portion of
the standard curve.

Statistical analyses

Multivariate (repeated-measures) analyses of variance
were used to analyse time-series data. Prolactin data were
log transformed and were analysed using the computer
statistical package REG (Gilmour 1990). Remaining data
were analysed using SAS proc GLM. In addition to main
effects (season), models included number and sex of lambs.
Least-squares means (:SEM) are reported unless stated
otherwise.

11-May
Date

29-Jun 17-Aug 5-Oct 23-Nov

Results

Although both groups of ewes had similar LWT at
the beginning of the trial, and identical LWT in March
(55 kg) when the spring-lambing ewes were mated, the
effect of pregnancy and lactation resulted in the autumn-
lambing ewes being 10 kg lighter than the heavily pregnant
spring-lambing ewes by the beginning of August (Fig 1a).
However, following good spring feeding, there were no
differences between the groups by November. Prior to birth,
autumn-lambing ewes were 53.9+1.3 kg and declining in
weight whilst the spring-laming ewes were 58.4x1.4 kg
and increasing in weight.

Plasma prolactin profiles, for the most part, did
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not differ between the two treatment groups with the
exception of samples taken in May, when plasma prolactin
concentrations were significantly higher in the autumn-
lambing ewes than those in the spring-lambing ewes (Fig
1b).

Wool growth rate did not differ (P=0.3) between
groups at the beginning of the trial but by March, WGR
in the autumn-lambing ewes had declined significantly
(P=0.0002) below that of the spring-lambing ewes (Fig.
2). Then in July and August, the autumn-lambing ewes
had significantly higher WGR than did the spring-lambing
ewes. Subsequently, WGR did not differ between the
groups. Over the whole trial period, autumn-lambing ewes
had higher (P<0.05) midside WGR and fleece weights than
did spring-lambing ewes (Table 2) and their November
fleeces (4.55 kg) were significantly (P<0.05) heavier than
those of the spring-lambing group (4.01 kg), with slightly
coarser (P<0.05) wool fibres. Bulk and colour did not
differ between autumn- and spring-lambing ewes, however,
bulk was greater (P<0.05) in ewes with single lambs than
in those with twins, while no other fleece characteristics
differed with birth rank.

Mean fibre diameter (MFD) differed significantly
(P<0.01) between groups at the start of the trial (before
treatments started) but by March and May, MFD did not
differ (Fig. 2). Subsequently, MFD remained higher in
autumn-lambing ewes for the rest of the trial (P<0.001).

Autumn lambs were on average 1.35 kg lighter at birth,
they grew significantly slower and their weaning weights
were 10 kg lighter than those born in spring (P<0.001)
(Table 2). Autumn lambs were on average 92 days of age at
weaning while the spring lambs were 88 days old.

Discussion

The objectives of the trial were to evaluate differences
in the reproductive performance and wool growth
characteristics of ewes lambing in autumn and those
lambing in spring, with a view to identifying possible
relationships among seasonal differences in plasma
prolactin concentrations and the production differences
observed.

Live weight

Live weight in each group followed the changes
expected in pregnant ewes, and, since they conceived
at different times, their LWT profile differed (Fig. 1).
Autumn-lambing ewes were 4.5 kg lighter and declining
in weight compared to spring-lambing ewes, which were
increasing in weight. These small differences are unlikely
to have resulted in the lower autumn lamb birth weight
since large differences in maternal nutrition (ad libitum
versus maintenance) during the last trimester failed to
reduce lamb birth weights; rather those more-poorly fed
had heavier lambs (Kenyon et al. 2011).

Prolactin

The plasma concentration of prolactin is a result of
the effects of both pregnancy and photoperiod. Data from
spring-lambing ewes indicate that the profile of prolactin
concentration was consistent with the very few published
New Zealand studies (Munro et al. 1980; Craven et al.
1994; Pearson et al. 1996, Peterson et al. 2019). Mating
the ewes at different times, therefore, resulted in a peak
in plasma prolactin concentration in the autumn-lambing
ewes at an uncharacteristic time relative to the ambient
photoperiod, in agreement with the results of Jenkinson et
al. (1995) and Peterson et al. (2019). The timing of that
peak may relate to the lower birth weight and greater wool
growth in the autumn-lambing ewes.

Wool

Inautumn-lambing ewes, clean fleece weights, midside
WGR and MFD were significantly higher than those of
spring-lambing ewes, whilst bulk and colour did not differ.
Bulk was higher in single-bearing ewes (Table 2) than in
twin-bearing ewes. Seasonal differences in pregnancy
resulted in markedly different WGR at the same times of
the year, being initially higher in the spring-lambing ewes
(Fig. 2), presumably because of competition for nutrients
between fleece and fetus in the autumn-lambing ewes.
However, after the autumn lambing, WGR in those ewes
was much higher than in the pregnant spring-lambing ewes.
WGR did not decline during winter to the same extent and

Table 2 Effect of lambing season and litter size on wool-growth rate, fleece weight (FW), clean fleece weight (CFW), mean
fibre diameter (MFD), bulk, and colour of the final fleece, lamb birth and weaning weights, and liveweight gain (LWG) to
weaning (mean+=SEM) in two groups of Romney X Border Leicester ewes mated to lamb in either autumn or spring.

n Wool FW CFW MFD Bulk Colour Birth weight Weaning LWG
growth rate! (kg) (kg) (um) (cm¥/g) Y-2) (kg) weight (kg) (g/d)
(mg/cm?/d)
Lambing season
Autumn 25 374 +12°  4.5120.12° 3.75+0.11° 39.8+0.5> 19.920.6 3.52+0.41 3.92+0.12* 15.6+0.7° 129+7°
Spring 22 331 +14*  4.05%0.13* 3.26+0.12* 38.2+0.5* 20.4+0.6 3.62+0.46 5.27+0.13> 25.3+0.7° 229+7°
Litter Size
Single 33 361+ 10 4.32+0.10  3.53+0.09 38.9+0.4 21.1x0.4° 3.50+0.32 5.08+0.12° 22.8+0.7° 202+7°
Twin 14 344 + 16 4.33+0.15  3.48+0.14 39.1x0.6 19.2+0.7* 3.64+0.52 4.10+0.13* 18.0+0.8* 1558

® Means within main effects having different superscripts are significantly different (P < 0.05) * Means within main effects having

different superscripts are significantly different (P<0.001)
! Total mid-side wool growth from days 0-345.
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Figure 2 (a) Wool-growth rate (mg/cm?/d)) and (b) mean fibre diameter (i) measured using midside wool samples taken

every seven weeks from 25 autumn-lambing ewes (¢

4) and 22 spring-lambing ewes (@------ m) grazed at pasture and

managed for normal commercial production. Vertical bars represent the standard error of the mean.
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the growth curve was much flatter. Was this due simply
to greater availability of nutrients for the fleece, or was
WGR increased in the autumn-lambing ewes due to the
concurrent high plasma concentration of prolactin?

Effect of pregnancy on wool growth: Pearson et al.
(1999) detected an effect of pregnancy on individual fibre
length growth rate, determined by autoradiography, as
early as 21-35 days after joining, suggesting a hormonal
influence on WGR at an early stage of pregnancy. In the
second month of pregnancy, fleece production and MFD
declined below that of non-pregnant ewes and continued to
diverge until parturition. In the non-pregnant group, wool
production increased from August, but did not increase in
lambing ewes until after parturition, the rapid increase in
growth coinciding with the disappearance of gestational
hormones from the circulation and despite an increase in
the metabolic requirement of lactation compared to that
of the growing fetus (Rattray, 1986). In the results of

10 May 6 Jul

12 Aug 7 Oct 25 Nov

Pearson et al. (1999), the inhibitory effect on wool growth
was associated with pregnancy rather than with lactation.
All three of their measures of wool growth (patch wool
weight, fibre diameter and fibre length) indicated that wool
growth increased markedly following parturition, which is
consistent with the results of the present trial (Fig. 2), even
though our two groups lambed in a different photoperiod
(compared to each other). Thus, although they did not
identify the hormones affecting wool growth, the data of
Pearson et al. (1999) suggested that pregnancy is associated
with an early hormonally mediated depression in follicle
output superimposed on the decline associated with winter
photoperiod, and the same is likely true in the present trial.

Effect of photoperiod and prolactin on wool growth:
Prolactin concentrations (Fig.1b) in the spring-lambing
ewes followed changes in photoperiod as expected, as did
the seasonal pattern of wool growth (Fig. 2) in that group.
However, the autumn-lambing ewes exhibited a peak in
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prolactin concentrations in May, presumably as aresult of the
changes in prolactin related to parturition and lactogenesis
(Peterson et al. 1990; 1994). Given the established role of
prolactin in controlling WGR (Pearson et al. 1999; Kendall
et al. 2006), it is likely that the “unseasonal” peak in
prolactin concentration is responsible for the concomitant
increase in WGR. Follicle recrudescence during the spring
has been linked to increasing photoperiod and plasma PRL
concentration in a variety of species (Pearson et al. 1996)
so it likely that the May increase in WGR is due to a signal
from prolactin.

Birth weight

The present trial confirmed the results of previous
trials in which autumn lambs were lighter than spring
lambs (Reid et al. 1988; Peterson et al. 1990; Morris et
al. 1993). Our hypothesis was that high summer prolactin
concentration in the autumn-lambing ewes may have
been responsible for the lighter birth weights in autumn.
Figure 1b shows that, during pregnancy, autumn-lambing
ewes were exposed to prolactin concentrations about
five times higher than those in the spring-lambing ewes,
lending support to our hypothesis. Furthermore, prolactin
has been shown in lactating animals to optimise the action
of IGF-I by repressing IGFBP-5, which is an inhibitor
of IGF action (Wilde et al., 1999; Flint & Knight, 1997,
Sorensen & Knight 2002). IGF-1 has been shown, in mice
and rats, to increase fetal growth by removing maternal
constraint (Gluckman et al. 1992). Nevertheless, this is
just speculation and the mechanism is, as yet, unknown.
Whilst there is no published evidence that prolactin per se
increases fetal growth, in contrast, consumption of ergot
alkaloids produced by endophytes resulted in decreased
serum prolactin concentrations, vasoconstriction and
reduced fetal growth (Britt et al. 2019). Further evidence
against our hypothesis was the finding that elimination of
the summer prolactin surge in autumn-lambing ewes (using
bromocriptine) failed to prevent low autumn birth weights
(Peterson et al. 2019).

Conclusions

It was not possible to identify the primary causes of
wool growth (quantity and quality) differences between
ewes lambing at different times of year (i.e., to identify
causes of the low WGR response observed in autumn-
lambing ewes, in particular to separate possible nutritional
effects from photoperiod effects). However, the low
WGR response was concomitant with a high plasma
concentration of prolactin. Similarly, it was not possible to
determine the cause of lower lamb birth weights in autumn,
but we have shown that they follow high plasma prolactin
concentrations during pregnancy.
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