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Abstract

The objective of this study was to evaluate ewe Emib performance in an
accelerated lamb production system, and to conpar@erformance and lamb output
between a conventional and an accelerated lambugtiod system. In the
“Conventional” system, ewes were bred in March @mlb in August. The
“Accelerated” system was based on the “STAR” sysfeawis et al., 1996), in which
there were five breeding periods within each ydarthe current experiment these were
14" January, 28 March, 9" June, 2T August and %' November. Progesterone was
used to synchronise the breeding periods and dtihmgon-breeding season, eCG was
used to induce reproductive activity. Lambing begm each of these dates and
weaning was 73 days later, coinciding with the reneieding period. The experiment
ran over a three-year period beginning with breg@mMarch 2003 and was complete
with the weaning of lambs from the January 200@&tbegves. This resulted in 15
lambing and breeding periods over the three yaatha Accelerated system and three
lambing and breeding periods in the Conventionsiesy.

Average pregnancy rates were lower in the Accaddratystem than in the
Conventional system. Lamb growth rates were shmilatween the two systems,
although lamb live weights at weaning were lowethia Accelerated system due to the
age of the lambs at weaning (average = 69 vs 96)daylore lambs were born and
weaned, resulting in more kilograms of lamb weainetthe Accelerated system relative

to the Conventional system over the experimentab@d€26,200 vs 24,300 kg).

Labour input was 35% higher in the Acceleratedesystor 13% higher per lamb
weaned. Average annual ewe energy requirements 6éérhigher in the Accelerated
system. Ewe energy requirements per kilogrammblaveaned was lower (6%) in the

Accelerated system due to more breeding and lany@ngds per ewe per year.




Laparoscopic observation of ewes’ ovaries at eaekding period revealed that
most ewes had active ovaries and were thereforabtawf successfully producing a
viable foetus. In a subsequent experiment, bl@mdpdes were collected for analysis of
progesterone concentrations from ewes bred dutiegspring and autumn breeding
periods. Observations of data indicated that dlsmanber of ewes conceived and lost
their conceptus, or had abnormal corpora luteasule suggested that pregnancies

were failing due to a lack of an appropriate sigrain the embryo to the dam/uterus.

Exposing Romney ewes to an atrtificial lighting ragn was unsuccessful for
inducing reproductive activity during spring. Imather experiment, melatonin
implants administered to Romney ewes in springus®dl in conjunction with eCG and
progesterone, resulted in 61% more lambs born \perteeated, compared to eCG and
progesterone alone. This result indicated thaatoeln implants, used with eCG and
progesterone may be a suitable method for improvemoductive performance in
sheep bred out of season in New Zealand.

Delaying weaning of lambs and breeding lactatinggewan be used to obtain
heavier lamb weaning weights in the Acceleratedesys Spring-bred ewes had lambs
weaned at either 69 days post partum or 90 days padum. Reproductive
performance was similar between the two groupsaafse and lamb live weights in the

later weaned group were heavier when lambs wesn€L20 days of age.

This research has shown that accelerated or osgadeon lamb production is an
option for some New Zealand sheep farmers. Howeber mechanisms associated
with reproductive seasonality and methods of swsfadg circumventing this
seasonality require further attention in order tohiave optimum reproductive

performance.
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Chapter 1

Chapter 1 Introduction

Farming is an important industry in New Zealandhwagriculture adding $16.6
billion to New Zealand’s economy (MWNZ, 2006b). nhb meat contributes 12.7% to

that export market and contributes to 55% of therimational exported lamb meat trade.

Lamb production in New Zealand is limited by thesenal pattern of pasture
growth and the fact that most breeds of sheepeggm®ductively active only during the
autumn-early winter period. While annual lamb prcttbn has steadily increased over
the last fifty years, the seasonal pattern in whings lamb is produced limits the supply
of young lamb for chilled trade for overseas maskethere is potential, in some parts
of New Zealand, to increase the frequency with whéc ewe lambs within a year

providing the reproductive seasonality can be omeented.

McCutcheon et al. (1993) introduced the conceptaaf accelerated lamb
production system in New Zealand under pastoraditioms. While out-of-season
lamb production has been investigated in New Zeklan true accelerated system has
been thoroughly investigated. The implementatibsuch a system as described by
McCutcheon et al. (1993) offers exciting opportigsit for New Zealand’'s sheep
farming industry, but it also presents some pogrdifficulties, foremost of which is
the seasonality associated with sheep reproduct®milarly, breeding a proportion of
a flock to lamb outside of spring is another alatiwve which is more commonly
researched and used commercially. As with acdelédamb production, out-of-season

reproduction requires circumvention of reproducseasonality.

The objectives of the research were to evaluatacaelerated lamb production
system, to compare the productivity of an accederalystem and a conventional once-
yearly system. The list below briefly describesheahapter and outlines the objectives

for each of those chapters. Chapters 3, 5 to @Qpablished journal articles, are in




Chapter 1

press, or have been submitted for publication. uthe nature of the research, the
order of the chapters does not necessarily cormespavith chronological

submission/publication of the respective journéiches.

Chaptertwo: The objective of this chapter was to outlineegh@roduction in

New Zealand, convey its importance to the New Zwhlaconomy, and to review
literature on accelerated lamb production systesgasonality in sheep, and methods

previously described in the literature to overcag@oductive seasonality.

Chapterthree: This chapter describes and compares a “Conveaitimnce-

yearly lamb production system with an “Acceleratéahb production system over a
three-year period. The Accelerated system was dbase the “STAR” system,

developed by Cornell University, New York, and reapd by McCutcheon et al. (1993)
and Lewis et al. (1996). The objectives here werprovide proof of concept to the
sheep farming industry and to compare the perfocearf both ewes and lambs in the

two systems.

Chapterfour: The labour input and ewe energy requirements@fAccelerated

and Conventional lamb production system are caledland the main findings are

presented.

Chapterfive: The reproductive performance of ewes is the naiuis of this

chapter, but lamb performance was also monitoidte objectives in this chapter were
to compare the performance of ewes and lambs wiki@rAccelerated lamb production
system over a period of three years. Problemscaded with aseasonal reproduction

are also discussed.

Chaptersix: The research associated with chapters threefiaadead to the

guestions “is impaired or reduced ovarian actiatycause of the low reproductive

performance in ewes bred outside of the normaldangeseason?” This therefore, was




Chapter 1

the objective of this chapter. Ovarian activitysnraonitored at two breeding periods

within the normal breeding season, and three caitsidhe breeding season.

Chapter seven: In this Chapter blood progesterone concentratiovere

collected from ewes bred during the autumn andchgdreeding periods. Samples were
collected from Day 8 to Day 39 post oestrus, whb expectation that progesterone

profiles would indicate where pregnancies wererfgil

Chaptereight: The objective of the experiment in this chapters to expose

ewes to 24 hrs of artificial light to break photoaetoriness. It was hypothesised that
exposure to artificial light would induce reproduet activity and improve pregnancy

rates in sheep bred during late spring.

Chaptemine: This chapter was designed to circumvent thecsedisy in sheep

by using melatonin implants. It was postulatedt ttee melatonin implants would

improve reproductive performance in ewes bred dyitie spring.

Chapterten: One method of increasing the weaning weight iamatoving the

lamb output in the Accelerated system (with rektivshort lambing to rebreeding
intervals) is to delay weaning and breed lactaings. Here, it was hypothesised that
breeding lactating ewes in spring would not afi@stasonal reproductive performance,

but would increase the live weight of lambs at 88 420 days of age.

Chaptereleven: The final chapter summarises the findings of tieisearch and

the conclusions of chapters 3 to 10. Some specntaare suggested regarding the low
aseasonal reproductive performance, further reseaanecommended in some of these

areas and the weaknesses and limitations of thé&sareh are outlined.
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Chapter 2 Literature review

2.1 Introduction

Year-round lamb production offers exciting oppoities for New Zealand’s
export trade, it can increase capital utilisatidnneeat processing plants and skilled
labour, and is one method of providing young lamlzdansumers throughout the year.
It may also offer economical benefits to farmeis pioduction of young lamb at a time
of the year when premiums may be available anceasad ewe efficiency (the number

of lambs born per ewe per year, or the kilogramamibs sold per ewe per year).

Research into out-of-season lamb production has bagied out for the last 50
years (i.e. where a proportion of a flock is bredsale of the normal breeding season).
Accelerated lamb production systems (i.e. lamb pctidn systems in which ewes lamb
more than once a year) have also been investigaitthdvarious husbandry systems
being utilised. These systems include breedingsessehat individual animals have the
opportunity to lamb twice in one year, three tinneswo years, or five times in three
years. Some of these production systems havesumeessful while others failed to be
economically sustainable. There have been few sydtems attempted in New
Zealand, although several experiments have inastigearly season, or out-of-season

lamb production.

Sheep are seasonal breeders and most breeds gpauweto the ram only during
the autumn-early winter period when daylight hoairs decreasing. The mechanisms
behind this seasonal phenomenon in sheep have tewopughly investigated.
Reproductive seasonality has implications when dingesheep more frequently and
outside of the normal breeding season, and exogemaumones are required to induce
reproductive activity, particularly during deep astrum in seasonal breeds, such as the

Romney, Perendale, Coopworth or Suffolk.




Chapter 2

The purpose of this literature review was to fystrovide a background into
New Zealand lamb production and its importanceh® New Zealand economy, in
terms of production and export volumes. Accelerdeemb production systems are
explored, and advantages of the production of lamh year-round basis are discussed.
Limitations associated with out-of-season reproduacare covered, and a section is
devoted to seasonality in sheep, and the use ofesxms reproductive hormones,
melatonin and atrtificial lighting treatments, agn@ans of overcoming reproductive

seasonality.

There is substantial literature available on sealsynn sheep and this literature
review can not cover all of this. Rather, it hasem written with the intention of
covering the issues that are more pertinent toobgeason or accelerated lamb

production in New Zealand.

2.2 Sheep production in New Zealand

Sheep numbers in New Zealand have fluctuated dwerpast four and a half
decades (Figure 2.1) from 48 million in 1960 to Mdlion in the 1980s, and then
declining over the last two decades to 40 millidn.June 2005, there were over 27.2
million ewes utilised for breeding. Despite thegladecline in sheep numbers over the
last twenty years, total kilograms of lamb produfledure 2.2) has been maintained by

an increase lambing percentages and heavier larnassaweights (Figure 2.3).

New Zealand exports lamb products to over 100 wigtstins including countries
in the Middle East, Europe, Africa, the Pacific,jdhand North America. Since 1981,
New Zealand has consistently exported over 95%sqirocessed lamb. In the 2005/06
season, 25.6 million lamb carcasses produced 43%¢0Mes and 98% (426,000 tonnes,
24.8 million lambs) of that was exported (MWNZ, Ba). New Zealand is the largest
sheep meat exporter in the world, supplying 55%hefworld’s internationally traded

lamb and earning New Zealand around $1.9 billich{®illion in total sheep products)
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(MWNZ, 2003). The European Union is the biggespamer of New Zealand lamb
meat with around 50% (226,700 tonnes) of New Zebsaaxported lamb meat being

sent there annually.
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Figure 2.3 Lamb carcass weight®] with trend line { - -) and lambing percentages-@—)
with trend line (< — —) from 1981 to 2005. Source MWNZ (2005).

Limitations with conventional lamb production

Lambing percentages and lamb mortality

As farmers target increased lambing percentages eavel efficiency in their
flocks, lambing percentages (lambs docked/ewes) medew Zealand have risen from
98% in 1960 to 124% in 2006 (MWNZ, 2006a). Howevarcreased lambing
percentages through larger litter sizes, are astsatiwith increased lamb mortality.
Multiple-born lambs (particularly triplet-born lamphave lower birth weights (Dalton
et al., 1980; Scales et al., 1986; Hinch et al96l9opson et al., 2000; Kenyon et al.,
2002) and are at higher risk of dying from stamatand exposure (Figure 2.4), thereby
contributing to higher perinatal mortality ratesight and Jury, 1969; Dalton et al.,
1980; Hinch et al., 1983; Scales et al., 1986; Rodlet al., 1992; Morris et al., 2003;
Morris and Kenyon, 2004). Mortality rates from 11#%40% have been reported in
triplet-born lambs (Dalton et al., 1980; Scalealgt1986; Nicoll et al., 1999; Kenyon et
al., 2002; Morris et al., 2007) and from 12% to 3BP4win-born lambs (Dalton et al.,
1980; Litherland et al., 1999; Tarbotton and Weld899; Kenyon et al., 2002; Morris
et al., 2007).
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Figure 2.4 Lamb deaths from starvation/exposure classifiedoaling to birth weight;

multiple-born @) and, single-borns() lambs (Dalton et al., 1980)

One way of avoiding high perinatal lamb mortalithile still achieving high ewe
efficiency is by increasing the number of timeswae dambs within a year. So, while
lambing percentages at a particular lambing magdpeal, or even lower, the overall
lambing percentage for that year could be increadédreover, if the number of triplet
lambs is reduced per lambing, overall lamb survarad growth rates to weaning might

be increased.

Seasonality of lamb supply

Another important limitation to the conventionaltgean of lamb production in
New Zealand, is that it is seasonal, and is someudtinen by pasture growth patterns.
This allows New Zealand to keep the cost of landzlpction low and thereby compete
more effectively on the international market. Theasonal pattern of pasture growth
dictates that most lambs are ready for slaughteth&n summer and autumn period
(Johnson, 1989; MWNZ, 2006a). The economic efficieof processing is seriously
affected by this seasonality of production (Johnd@®@89). The monthly fluctuations in

lamb kill throughout the year (Figugeb) indicates that meat processing plants operate
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at or near capacity for only a few months of tharyend a significant proportion of the

skilled labour is only used for that part of theaye
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Figure 2.5 Number of lambs sent for processing each montdew Zealand for the 2004/05
season ) (Personal Communication, Williams, August 2007)d saverage monthly lamb

schedule from February 2004 to January 2005 ($igad;[] ) (MWNZ, 2006a).

In New Zealand, some meat processing companies dftenot pay significant
premiums for young lamb sent for slaughter outsidéhe normal season. The schedule

price may be higher, but that is due to the scamitanimal available for slaughter

(Figure2.5).

In summary, farm returns could be increased by idnog lambs for slaughter
over the period where availability is traditionalbyv and schedule price is often higher.
There are two methods that can spread the produofitamb over a year to ensure a
steady provision of lamb for national and interoaél supply throughout the year;
breeding a proportion of the flock to lamb out e&son or increasing the frequency of

breeding/lambing within a year (i.e. accelerateddgroduction).
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2.3 Accelerated lamb production systems

Accelerated lamb production is where ewes lamb rtltae once a year, and these
systems differ from out-of-season lamb productidine latter is usually regarded as a
system in which the normal breeding season (fooradl part of a flock) is extended or
altered rather than breeding more than once a y&&we most common accelerated
lambing system involves ewes being bred every engbihths or three times in two
years (Speedy and FitzSimons, 1977; Notter and @wper, 1980; Dzakuma et al.,
1982; Vesely and Swierstra, 1985; Fahmy, 1990; Nugad Jenkins, 1991; Fogarty et
al., 1992a; Urrutia et al., 2001). Other systeattfiough not as thoroughly researched,
involve breeding ewes every six months, i.e. twiearly (Land and McClelland, 1971;
Whiteman et al., 1972; Walton and Robertson, 1@&@ht and Maijala, 1977) and four
lambings in three years (Menegatos et al., 2008ang and Dickerson (1991), Lewis et
al. (1996) and Smith (2006) reported a system (BEAR” accelerated lambing

system) in which ewes have the opportunity to ldwvdtimes in three years.

Advantages of accelerated lamb production systems

The number of lambs born per year can be increagbdut increasing litter sizes
by increasing the frequency by which ewes are bvigdin each year. For example,
Fahmy (1990) reported 2.3 lambs born per ewe par ye an accelerated lambing
system where ewes lambed every eight months. Waltd Robertson (1974) reported
3.54 lambs born per ewe per year in a system irtlwbives lambed at six-monthly
intervals — an increase of 53% over the conventiom&e-a-year lamb production.
Rawlings et al. (1987) reported that an eight-migntimbing system produced 37%
more lambs per year than the conventional onceaa-y@mbing system. Other
accelerated lambing systems have also reportegutinéeer of lambs per ewe per year to
be greater than the conventional lambing systerhléT2 1). Whilst there are numerous
examples of accelerated lamb production, there seklom comparisons with

conventional once-lambing systems within the satueys
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IS Table 2.1 Number of lambs born per ewe per year in accelédatab production systems, country in which stu@gwonducted and breed of sheep
Breed by lambing interval Lambs born/ Country Reference
ewelyr

Eight-monthly lambing interval

Finnish Landrace x Dorset Horn 2.13 Edinburgh, ook
Finish Landrace x Rambouillet 2.20-3.41 VirginikgA
Finnsheep, Dorset and Rambouillet crossbred ewes

. 1.92 Oklahoma, USA
Hampsire, Suffolk and crossbred rams
Finish Landrace and Dorset crosses 2.51-2.06 rialb€anada
Finnsheep, DLS (synthetic breed) and Finn x DLS 73.2 Quebec, Canada
Booroola Merino x Poll Dorset, Trangie Fertility Ko x Poll _

) ) 1.81-2.38 NSW, Australia
Dorset and Border Leicester x Merino
Merino Rambouillet 2.74 Mexico
Six-monthly lambing interval

Finnish Landrace x Dorset Horn 2.90 Edinburgh, ook
Dorset, Rambouillet and Dorset x Rambouillet 1.86 klaBoma, USA
Finnish Landrace 3.54 Quebec, Canada
Finnish Landrace 4.03 Finland, Europe

Speedy and FitzSimons (1977)
Notter and Copenhaver (1980)

Dzakuma et al. (1982)

Vesely and Swierstra (1985)
Fahmy (1990)

Fogarty et al. (1992)

Urrutia et al. (2001)

Land and McClelland (1971)
Whiteman et al. (1972)
Walton and Robertson (1974)
Goot and Maijala (1977)

48 monthly lambing intervals is equivalent to lanpthree times in two years.
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Season of lambing

While lower birth weights have been recorded faumn-born lambs (Morris et
al., 1993; Jenkinson et al., 1995; McCoard et1896; Gootwine and Rozov, 2006),
several authors have found no significant diffeesint perinatal mortality for lambs
born in different seasons (Notter and Copenhav@80;1Notter et al., 1991; Morris et
al., 1993; Dabiri et al., 1996; Fisher, 2004). other studies (McQueen, 1986; Reid et
al., 1988), higher lamb survival rates have begmomed in autumn-born lambs
compared to spring-born lambs despite lower birdigits in the autumn-born lambs

(Reid et al., 1988).

In New Zealand, timing of once-yearly lambing varteroughout the country, but
usually occurs from July (Hawkes Bay) through tovdlmber (South Island high
country), during which time, the highest rainfatidalowest temperatures are recorded
(Figure 2.6). Therefore, given that newborn andnp¢al lambs are most at risk from
exposure in wet and cold conditions (Gregory, 19B8Bhbing at other times of the year
could be seen as advantageous, providing nutritig@uirements of pregnant and

lactating ewes can be met.

Some regions of New Zealand may be suitable foelacated lamb production as
they are less seasonal with pasture growth ratlesv pasture species, the development
of ryegrass cultivars that have increased growthsrén the winter periods and the
increased use of nitrogen fertilisers have charnbjedpattern of pasture growth as seen
in Figure 2.7, in that higher pasture growth raesnow achieved compared to those in
the 1970s. The pattern of pasture growth in Daligamdicates that it could support
the production of lamb outside of the normal seas®rit has acceptable summer and
winter pasture growth which would support springl mammer breeding (summer and
autumn lambing; winter and spring lamb finishinggufe 2.7). Higher ambient
temperatures during these periods could also rasutiwer perinatal lamb mortality,
and adequate rainfall encourages pasture growtjui@i2.6). Hawkes Bay has low

pasture growth rates in mid to late summer, anthésefore not suited to summer
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lambing or finishing, although summer breeding, apdng or early summer finishing
would be suitable for this area. The Rangitikejioa has adequate pasture growth

throughout the year and thus, may support lambiylamb finishing at any time of

the year.
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Figure 2.6 Average monthly rainfall (bars) and temperattiree§) in 2004 for New Zealand'’s

main area (Auckland®, Wellington; , Christchurchf and Dunedin®) in relation to time of
lambing (circled).

Most areas in the South Island would not be suibedinter lamb production due
to low pasture growth (Figure 2.7) and low ambiemperature (Figure 2.6). Areas
such as Southland, that have high pasture growh late spring and summer, would
be more suited to lambing later in the year (i.etev breeding; summer lambing;
autumn finishing), particularly in areas that suffieem heavy lamb losses due to low

temperatures and high rainfall (and sometimes ssimnms over the spring lambing

period).
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Figure 2.7 Seasonal pattern of pasture growth for differemgions in New Zealand
(Dargaville; [}, Hawkes Bay; , Rangitikei; ] non irrigated Canterbury plainf], and

Southland plains ). Source (Radcliffe, 1974; 1975; Baars, 1976;dRtd, 1976; Rickard and
Radcliffe, 1976).

In conclusion, accelerated lamb production is nsuied to some areas of New
Zealand, while a shift in the lambing season fpr@ortion of a flock is more practical

for other areas.

2.4 Limitations to accelerated lamb production

systems

For an accelerated lamb production system to beesstul in New Zealand,
several factors need to be considered; out-of-segsegnancy rates, postpartum
intervals, and labour and ewe feed/energy requinsneTo this authors’ knowledge,
there has been no information/data published etahdhe labour input or on the annual
ewe energy requirements in an accelerated lamhuptioth system. Nevertheless, these

components need to be evaluated for any lamb pevdwecho is considering
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implementing an accelerated lamb production systein. some accelerated lamb
production systems, ewes need to be re-bred saen péarturition and while still
suckling lambs therefore it is important to addrpestpartum anoestrus intervals and

lactational anoestrus.

Postpartum anoestrus interval and lactational dnges

The effects of lactation on reproductive succesy geatly. Reports on the
return to oestrus following parturition (i.e. pastium anoestrus interval; PPI) have also
provided variable results. A ewe is unable tonetio oestrus and successfully breed
prior to uterine involution which has usually oa@ad by 24 days postpartum (Call et
al., 1976). Therefore, in an accelerated lamb yechdn system, PPI is not an issue

with ewe productivity as long as ewes are bred ptesine involution.

It is difficult to separate the seasonal anoestrom lactational anoestrus, as in
seasonal breeds of sheep lactation occurs durengdh-breeding season. Nevertheless,
some studies have attributed reduced aseasonabdrepive performance to the
lacational status of the animal (Mallampati et 4871; Lewis and Bolt, 1983). Other
studies have reported better reproductive succelstating ewes compared with non-
lactating ewes (Hulet and Foote, 1967; Pope etl8B9; Fogarty et al., 1992b). For
example, Hulet and Foote (1967) reported that ntemtating ewes returned to oestrus
compared with non-lactating ewes after one treatmeth progesterone. A similar
pattern was reported in autumn- and spring-bred sewathout progesterone
administration (Pope et al., 1989). Further, Pepal. (1989) reported that a higher
proportion of ewes that were lactating over thaeling period lambed and, during the
non-breeding season, Fogarty et al. (1992b) regpartereased litter size in lactating

ewes relative to non-lactating ewes.

Low concentrations of luteinising hormone (LH) habeen associated with
reduced fertility (Pelletier and Thimonier, 1973)daare lower in lactating ewes

compared with non lactating ewes (Lewis and Bof83). Since peripheral LH
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concentrations are important for owvulation, it i®sgble that the reduced LH
concentrations, present in lactating ewes, prewsntation and delay the return to

reproductive activity.

Litter size affects PPI since ewes rearing twinbdarhave a longer PPI than ewes
rearing singletons (Barker and Wiggins, 1964; Hwed Stormshak, 1972). No
correlation however, has been reported between pridkluction and PPI in lactating
ewes (Fletcher, 1971b), although negative cormaiati between plasma prolactin
concentrations and the resumption of ovarian dgtivave been reported (Fitzgerald
and Cunningham, 1981). Rhind et al. (1980) suggeptolactin was responsible for
the effect of season and lactation on ewe ferfilapgd Kann and Martinet (1975)
concluded that surges of prolactin, specificallguced by suckling were the cause of
suppressed ovarian activity during lactation. $avether studies have indicated that
the physiological stimulus of a suckling lamb ispensible for prolonged PPl and
reduced fertility in lactating ewes (Denamur andriih@t, 1960; Fletcher, 1971b;
Restall, 1971; Kann and Martinet, 1975). It wotlidrefore appear that if re-breeding
occurs during a stage when lambs suckle more fretyuler shorter periods (i.e. during
early lactation) (Obregon et al., 1992; Reale and€8es, 1995), the effect of lactation

would be expected to be greater (i.e. poor repribekiperformance).

Nutrition has been found to affect PPl whether e¢la@s were lactating or not at
the time of breeding, and Hunter and van Aarde ) @dncluded that if ewes were fed
adequately for their lactational status, and theiritional requirements were met, PPI

should not differ between lactating and non-lantagwes.

These studies suggest that it is possible, if weaatageous to breed lactating
ewes providing their nutritional requirements aret,nuterine involution has occurred
(24+ days postpartum) and they are towards theoétattation when lambs suckle less
frequently. It is therefore feasible to breed eweslst they are lactating in an

accelerated lambing system.
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Reproductive seasonality in sheep

Where possible, this review of literature regardihg seasonality in sheep is
restricted to studies conducted with the ewe. &fyeriod changes are interpreted by the
eye and the photoreceptor in the eye transmitgraabkvia the suprachiasmatic nucleus
and superior cervical ganglion to the pineal gléddffman and Reiter, 1965; Reiter,
1968; Stetson and Watsonwhitmyre, 1976). The pimggand then produces a
biochemical response to changes in light and dahlerev light inhibits and dark

stimulates the synthesis of melatonin (Arendt gt1£181).

Photoperiodic signals are converted by the piné&aidyinto a hormonal signal,
namely melatonin (Maeda et al., 1988), and thisaigthrough a complex nature of
interactions, regulates the reproductive seasosheep. Clear diurnal changes in
melatonin concentrations have long been recogn{Ballag and Niswender, 1976;
Rollag et al., 1978; Matthews et al., 1992). Thienpry effect of light is to inhibit the
pineal gland’s secretion of melatonin (Rollag et 4078; Arendt and Ravault, 1988),
therefore, melatonin concentrations during thequkdf long nights (i.e. winter) remain

elevated for a longer duration than when nightsshmet (i.e. summer).

High prolactin concentrations are generally comrgdeto be an impediment to
successful reproduction in sheep during both lemtand the anoestrus period. During
the non-breeding season blood prolactin conceatratare high whereas during the
breeding season, they are low (Walton et al., 19hfmonier et al., 1978; Walton et
al., 1980; Kennaway et al., 1983; Webster and Hgmes983; Karsch et al., 1989;
Santiago-Moreno et al.,, 2000). The high prolaaconcentrations during the non-
breeding season are alone, not responsible forstmoe (Walton et al., 1980) and have
been described as coincidental rather than causd#ited to photoperiod (Webster and

Haresign, 1983).

Luteinising hormone is important in the controlaMulation but there appears to

be no differences in LH concentrations in sheepéen the breeding and non-breeding
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seasons (Poulton et al., 1987). There are howseasonal differences in LH pulses
(Goodman et al., 1982; Bittman et al., 1985; Ratin®t al., 1985a) which are
important for ovulation. During the breeding segsoestradiol has a weak negative
feedback effect (Webster and Haresign, 1983) p@ngitthe necessary LH pulse
frequency for ovulation to occur. During the naedding season, oestradiol has a
much stronger effect and is able to block tonic ketretion (Legan et al.,, 1977;
Thimonier et al., 1978), reducing LH pulse frequebelow that necessary to sustain
the follicular oestradiol secretion required to smuthe preovulatory LH surge
(Scaramuzzi and Baird, 1977; Goodman and KarscBD;1&oodman et al., 1982;

McNeilly et al., 1982), thereby preventing ovulatio

A number of studies however, have indicated thagesterone is the primary
steroid controlling tonic LH secretion (Hulet anddte, 1967; Mallampati et al., 1971;
Baird and Scaramuzzi, 1976; Hauger et al., 197Tsdfaet al., 1980a; Lewis and Bolt,
1983; Pope et al., 1989; Kasavubu et al., 1992) aedpheral progesterone
concentrations vary between the breeding and needimng seasons (Rhind et al., 1978;

Forcada et al., 2003; Coelho et al., 2006).

Follicle stimulating hormone (FSH) is responsilie $timulating the development
of follicles and also stimulates the release ofrogen. Blood FSH concentrations have
been shown to be associated with follicular groatinl regression (Bartlewski et al.,
2000; Duggavathi et al., 2005). While other repicitve hormone concentrations vary
between the breeding and non-breeding seasons,dppears to be little or no variation
in FSH blood concentrations (Walton et al., 1974léh et al., 1980) and exposure to

short days does not increase FSH concentrationiqlVet al., 1980).
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2.5 Overcoming seasonality

Methods used to alter the breeding season or kdesdg the anoestrus period,
rely on stimulating the hypothalamic activity usiadificial photoperiod or melatonin,
or depend on the use of artificial reproductivenhanes to circumvent the effects of
season. The most common and widely researchedtharge systems that use
progesterone and equine chorionic gonadotrophi®(eso known as pregnant mares’
serum gonadotrophin or PMSG). For this reasos,glction of the literature review is
limited to progesterone and eCG for the use ofémdureproductive activity during the
non-breeding season, and, in the case of progesterenhancing out-of-season
pregnancy rates after post-mating supplementatitxogenous melatonin and exposure
to artificial photoperiods have also been usedittumvent seasonality in sheep, and

are also discussed.

Exogenous reproductive hormones

Progesterone and reproduction

To induce most breeds of sheep to reproduce outsidbeir natural breeding
season, exogenous hormones are required. Thetiowé oestrus relies on previous
exposure to progesterone, which, during the noeding season, is artificial
progesterone. In the past, reproductive activitg been induced with injections of
progesterone intramuscularly (Dutt, 1952; Robins®@@54a; 1954b; 1954c; 1955;
Gordon, 1958; Braden et al., 1960; Gordon, 1963ndrd, 1964; Fletcher, 1971a;
Alifakiotis, 1977; Haresign et al., 1996), subcwansly using implants (Gordon, 1958;
Cunningham et al., 1980; Kittok et al., 1983; Mctdeand Haresign, 1984) and/or via
oral supplements (Southcott et al., 1962; Daniel.e2001), albeit with varying results.
These methods of progesterone administration atieemgoopular nor practical for New
Zealand sheep farming practices. Intravaginal adimation via the use of

progesterone-impregnated pessaries and controleernal drug release devices
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(CIDRs) are the most common method utilised. Tioeee this literature review

concentrates on sheep research using intravagiogégterone administration.

Exogenous progesterone, administered to the eweicsithe release of
progesterone from the corpora lutea. Exposuradggsterone is required to sensitise
the hypothalamus to oestrogen and this is requioedthe display of oestrus (i.e.
prevention of silent oestrus). After withdrawal thfe progesterone source, events
surrounding ovulation and oestrus occur as theyldvoormally if the progesterone

source was endogenous.

There is a substantial amount of scientific literat published where
exogenous/artificial progesterone has been utilisethe reproduction of sheep, both
during the breeding season and the non-breedingpseaResults from the use of
progesterone, either in the form of progesterone&droxyprogesterone (MAP),
fluorogestone acetate (FGA) or norgestomet, in wutjon with the use of eCG or
alone, have been variable, in terms of pregnani®s rand/or conception rates. These
studies are difficult to compare as different hulvg/management systems are used,

and hormone regimens, season, breeds and latilcmidifer.

Variability in pregnancy and/or conception ratesvéhabeen reported where
progesterone has been used for synchronisatioastfus during the breeding season or
for induction of cyclic activity during the non-l@éing season. Further, progesterone
administration has been shown to reduce the priopodof ewes pregnant or that lamb
from progesterone-synchronisation during the breggdiseason (Rhodes and
Nathanielsz, 1988; Wheaton et al., 1993; Daniedlgt2001). When progesterone is
used alone (i.e. without eCG) during the non-bmegdieason, it appears to work more
successfully and achieve higher pregnancy ratesmgluhe transition back into the
breeding season (i.e. mid to late summer; 81% (Setitl., 1988a), 64-76% (Morris et
al., 1993), 93-95% (Wheaton et al., 1992)) and atoa time when ewes are in the

transitioning from oestrus to anoestrus (earlyrgpril2% (Smith et al., 1988a)), or in
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deep anoestrus (late spring to early summer; 118arfl@agham et al., 1980), 2% (Smith
et al., 1988a), 55% (Kohno et al., 2005)).

The normal luteal phase, in which peripheral prtayesie concentrations are
elevated is 11 days (Day 3 to Day 14 of the oestoyale (Geisert and Malayer, 2000)).
It was once thought that the duration of progesteradministration should mimic the
luteal phase of the oestrous cycle. The duratibrartficially induced elevated
progesterone concentrations range from five to dysdwith little variation in results
(Ungerfeld and Rubianes, 1999a; Knights et al., 12Qfhgerfeld and Rubianes, 2002;
Ungerfeld et al., 2003). Longer durations tendetbé more effective in these studies,
but the differences were not statistically diffedretdowever, while there appears to be
no industry recommendation, duration of progesteradministration used in some
more recent research is 12-14 days (Hawken e2@05; Kohno et al., 2005; Ungerfeld
et al., 2005; Zeleke et al., 2005; Gomez et alQ620 Pharmacia & Upjohn, the
manufacturers of Eazi-Breed™ CIDRs®, recommend 42}dys during the breeding

season and 7-12 days during the non-breeding season

Progesterone, the uterine environment and post-matg supplementation

Progesterone plays a major role in controllingutezine environment required for
successful embryo development (Ashworth, 1995)e périovulatory period has been
shown to be important for embryonic survival (Maat885; Wilmut et al., 1985) and is
thought to be responsible for the rapid preimplaotagrowth phase of the embryo
(Bindon, 1971).

Exogenous progesterone supplementation has alsa heed during early
gestation as an aid to improved pregnancy ratesisboenly successful when restoring
endogenous progesterone concentrations (i.e. its doet elevate progesterone
concentrations that, with no intervention, wouldvdad®een low). Some studies (Pearce
et al., 1984; Davis et al., 1986; Parr et al., 198ave found progesterone

supplementation from 10-26 days post mating ine@@gwegnancy rates, while other
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studies have found no effect on pregnancy rateR mibgesterone supplementation
from 3-14 days post mating (McMillan, 1987; Kleemaat al., 1991; Davies and Beck,
1992; Iglesias et al., 1997; Kenyon et al., 200S)nce increased pregnancy rates were
reported in studies were progesterone supplementatas continued for up to 26 days
post mating, and no effect was reported where sapghtation occurred at an earlier
stage post mating, it appears that the time of lsapgntation could be more important

than the duration (i.e. 10-26 days post mating).

Equine chorionic gonadotrophin (eCG) and reproducton

Administration of equine chorionic gonadotrophi(® or PMSG) causes a surge
in the release of gonadotrophins (e.g. FSH and Wwhich results in ovulation. The
most common route of administration is intramuscul®uring the breeding season,
eCG is used to increase ovulation rate (Gherardilandsay, 1980). During the non-
breeding season, eCG is required for the follithedevelop to a stage at which they are

viable and can ovulate.

During the non-breeding season, at the time whessea&e in deep anoestrus, eCG
is used in conjunction with exogenous progesterané this has resulted in higher
reproductive performance than when progesteronedd alone (Dutt, 1952; Robinson,
1954a; 1954b; 1954c; Raeside and Lamond, 1956;daprtB58; Cunningham et al.,
1980).

Reproductive response to eCG tends to increadeeadose rate of eCG increases
(Andrewes et al., 1987; Knight et al., 1989b), @lthh Smith et al. (1988a) showed that
a higher dose does not always result in higherrznegy rates. Andrewes et al. (1987)
found that a higher proportion of ewes treated wvémber with progesterone and
750 ILU. eCG lambed (74%) compared with ewes tceateth progesterone and
250 1LU. eCG (42%). Similarly, Faure et al. (1988ported increases in pregnancy

rates after administration of 0, 60 300 |.U. eCG.
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Smith et al. (1988a) reported varying response®or 800 I.U. eCG throughout
the year with no clear pattern indicating whethee dose rate was consistently better:
In October, December and April pregnancy rates wegker for 800 I.U. eCG than for
400 L.U., in June and August, there was littleaté#ihce between the two dose rates, and
in February 400 I.U. resulted in a higher pregnaratg. Although the differences
between the eCG dose rates varied, the patteraspbnse for each was similar to that
reported by Gheradi and Lindsay (1980) in Merinoeewwhereby the response
mimicked the natural pattern (i.e. best resultsenwahieved during the autumn period,

and the worse during the spring period).

Melatonin

Melatonin is synthesised in the pineal gland and been identified as being
responsible for a cascade of events ending in tilnatien of fertilisable eggs from the
ovaries of seasonal breeders, including sheep€Eoll982; Matthews et al., 1993;

Williams and Helliwell, 1993).

Knight (1983) fed Romney ewes in New Zealand maelatdor 25 or 45 days
from early January, exposed them to rams in lateakg, and achieved pregnancy rates
of 62 and 44%, respectively. In Australia, melatormplants used alone (i.e. no
progesterone or eCG) in January-bred Romney ewasrieaulted in pregnancy rates as
high as 95% (Williams et al., 1992). Since Knigh®83) and Williams et al. (1992)
both used Romney ewes bred at a similar time ofyé&ae (January) at similar latitudes
(37°S and 38S for New Zealand and Australia, respectively), andtrol groups had
pregnancy rates of 29 and 89%, respectively, tHferdhce in pregnancy rates cannot
be entirely explained by the use of oral vs immdnmelatonin. Neither does the
duration of melatonin administration account fag thfference as the pregnancy rate in
ewes fed melatonin for 25 days was 62% whereagsgonding group of ewes in the
Williams et al. (1992) study (i.e. ewes administeneelatonin implants 21 days prior to

ram introduction), pregnancy rates were 98%.

26




Chapter 2

Melatonin implants appear to work more efficientty Mediterranean sheep
breeds than they have done in New Zealand breads gibecia et al. (2007) reported
significantly more lambs (0.33) per treated ewetwa of four farms where melatonin
implants were used in spring. Forcada et al. (12®%0 reported an increase in 0.36
lambs per treated ewe when melatonin was admiestey Rasa Aragonesa ewes in
spring. Melatonin increased pregnancy rates by 19%pring-bred Rasa Aragonesa
ewes (Lopez Sebastian and Inskeep, 1991). Similkdliotis et al. (1997) reported
increased pregnancy and conception rates whenanalamplants were used in spring-
bred Chois ewes, and Abecia et al. (2007) repdhatl melatonin implants increased
pregnancy rates in spring- and summer-bred RasgoAesa ewes. Horoz et al. (2003)
reported high pregnancy rates in Turkish Kivircikes bred in summer, although the
pregnancy rates between the different groups (ocbntr5%, melatonin; 85%
progesterone and eCG; 90%, progesterone, ecG ardtoma, 95%) were not

significant.

Since the earlier experiments in New Zealand (Khig®83), advancements in
technology and the delivery of melatonin (e.g. eaimplants), it is feasible to suggest
that the use of melatonin in aseasonal breedingranas may be more successful than it
has been in the past, and should be considerednagpton for circumventing

seasonality in sheep.

Artificial light treatments

Scientists have used various light/dark regimesntiuce sheep to reproduce
during the non-breeding season. Yeates (1949) awasng the first to alter the
photoperiod and breeding season of ewes by expawes to artificial light. The
breeding season of Suffolk X Border Leicester X Wbie ewes was reversed by
reversing the photoperiod (i.e. ewes were exposeartificially long days during
winter, and short days during summer). Shortlgrattdart (1950) proved that an abrupt

decrease in daylight hours and an associated sen@adark-hours had the ability to
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induce maiden Suffolk ewes to cycle three monthdieeahan ewes under ambient
photoperiod. This experiment (Hart, 1950) showhdt tgradual decreases and/or
increases in atrtificial light (i.e. to mimic ambtephotoperiodic changes) are not
necessary to evoke a reproductive response in shbeywing exposure to an artificial

lighting regime.

Manipulation of photoperiod controls the productammelatonin from the pineal
gland, and entrains the underlying circadian rhytlgenerators located in the
hypothalamus. Exposure of ewes to extended peabtight followed by exposure to
shorter periods of light (i.e. extended periodsdafkness) retrains the hypothalamus
and changes the sensitivity of the hypothalamusodstrogen, thereby inducing
reproductive activity (Legan and Winans, 1981).p&sing ewes to artificial light rather
than preventing exposure to light (i.e. dark) vght proof housing may be a more
convenient method of manipulating photoperiod. kamc& Bowman (1974) added
artificial light to mask night hours, thereby inasing the number of hours the ewes’
were exposed to light. Following an abrupt deaeaadight hours (from 22 hours to 16
or 18 hours), reproductive status was successimtlyced in Dorset Horn and Clun

Forest ewes and eight-monthly lambing intervalsewsstained.

Williams (1974) showed that the larger the decreaseaylight hours (whether
gradual or abrupt), the sooner the onset of fiestras but that this also coincided with
an earlier onset of anoestrus. Exposing Bordesteeewes to 13 hrs of light and 11 hrs
of darkness resulted in a reduction in the proporbf ewes displaying oestrus (100%

to 38%) and lambing (90% to 11%).

2.6 Management difficulties with accelerated

lambing

Certain task associated with the management oteglexated lambing flock need

to be addressed. Such tasks include when to shwas, when to introduce new
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breeding ewes to the flock, the possibility of extabour requirements, increased
vaccination use for pregnant ewes, the frequencireéding and therefore lambing,

feed utilisation and the need for winter and sumfaed crops.

Shearing is important due to the risks associatéld @nbryo/foetal losses from
overnight fasting and handling of pregnant she&pe introduction of breeding ewes
should occur at a time when they are most likelgdoceive whilst avoiding having a
larger autumn breeding flock. Breeding ewes moeguently, and the subsequent
increase in lambing frequency needs to consideréerins of increased labour, and the
decreased time within each year where farmers lyshale the opportunity to take
holidays. The input of feed into an accelerateddag systems needs thought with the

use of crops as an option to evening out feed @ity throughout the year.

However, literature available on management optiand decisions is, to this

author’s knowledge, non existent.

2.7 Summary

Lamb production is an important part of New Zealaradjricultural sector and is a
significant contributor to international trade. Awcelerated lamb production system,
incorporating aseasonal breeding programs may &fw Zealand sheep farms the
opportunity to increase ewe efficiency by lambingoren frequently than the
conventional once-yearly lamb production system.ccelerated lamb production
systems have been used internationally with vargingcesses. The main constraint to
these systems is the poor reproductive performémenmely pregnancy and conception

rates) in sheep bred during the non-breeding season

The most widely used method for circumventing seabty is the use of
exogenous reproductive hormones, namely progestesod eCG which, used in
combination, can result in reasonable reprodugbe@dormance. Melatonin implants

are becoming an internationally accepted method aeasonal breeding although

29




Chapter 2

results vary (depending mainly on latitude). Actdl photoperiodic manipulation has
also been used to alter the seasonality in shetpseime experiments highlighting the

effect of differing light:dark regimens on seasatyaxhibited by most breeds of sheep.

2.8 Scope and purpose of research

There is potential for some areas of New Zealangrdoluce lamb year round by
utilising an accelerated lamb production systenshsas the “STAR” system (Lewis et
al., 1996). In this system, there are five bregdind lambing periods within each year,
and ewes have the opportunity to breed and lan#btiimes in three years. Although
out-of-season breeding programs have been triallddew Zealand (Andrewes et al.,
1987; Lowe et al., 1988; McQueen and Reid, 1988d e al., 1988; Knight et al.,
1989Db; Knight et al., 1992; Morris et al., 1993), accelerated lamb production system
based on five breeding periods per year has, notil, has not been attempted in New

Zealand.

The objective of this research was to investigate gotential of an accelerated
lamb production system which has five breeding qariwithin one year, including
three aseasonal breeding periods, and to provideofpf concept” to New Zealand

sheep farmers. More specifically, the objectivesex

1. To compare an *“Accelerated” lamb production systemth a

“Conventional”, once-yearly lambing system.

Comparisons in reproductive performance of ewakenAccelerated lamb
production system and the Conventional once-yekaybing system were
made. Lamb live weight at weaning and averagey dmdwth rates from birth
to weaning were also compared between the two regsteAnimals were
managed under commercial conditions to ensure tiondi were close to

those that the industry would expect.
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Two sheep breeds were used: The Romney — as aitywagbthe New
Zealand sheep flock is comprised of Romney sheemd-an East Friesian
Composite (EF). The EF was a synthetic breed mpads %2 East Friesian, %
Polled Dorset and ¥4 Texel and this composite wasea for its potential
attributes for fertility and milk production (Eag$iriesian), out-of-season

breeding potential (Polled Dorset) and meat pradodfTexel).

2. To compare the different breeding periods{Z4nuary, 28 March, ¢
June, 21 August, 2° November) in the Accelerated lambing system
The focus of this was to compare the reproductiedopmance of ewes
and the growth rate of lambs at the five differereeding/lambing periods
throughout the year. Aseasonal breeding periodge hareviously been
identified as having poor reproductive performaacel were therefore the

focus of further experiments.

3. To identify weaknesses in the Accelerated lamb gpectdn system and

design intervention experiments to overcome thosasaidentified
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Chapter 3 Comparison of an accelerated and a

conventional lamb production system

Abstract

In New Zealand, a large proportion of lamb is pretl during a condensed
period. One method of providing a continuous syppllamb for processing is to lamb
more frequently. The objective of the current ekpent was to compare ewe and lamb
performance in a conventional once-yearly lamb petidn system (CL) with an
accelerated lamb production system (AL) over aetfyear period using two breeds of
sheep (East Friesian Composite; EF, and RomnesggnBncy rates were lower in the
AL flock relative to the CL flock due to lower oof season reproductive performance
(P<0.001). Litter sizes were similar at birth wgre higher in the CL flock at weaning
(P<0.001). Birth weights and, due to an older wegrage, weaning weights were
heavier in the CL flock (P<0.001). Growth rategeveimilar in EF lambs but better in
Romney lambs in the AL flock compared to the Clco More ewes were bred in the
AL flock, resulting in more lambs born and weaned pwe per year. More frequent
breeding of ewes resulted in an increase of 8%sight of lamb weaned over the three-

year experimental period.
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3.1 Introduction

Lamb production in New Zealand is largely driven thyg seasonal pattern of
pasture growth, with ewes being bred in the aut@onfamb in spring when pasture
growth is increasing. This seasonal pattern ofblgsmoduction means there is poor
annual utilisation of meat processing plants, veiier half of spring-born lambs being
processed during the January to April period (MWIHZQ5). The current, somewhat

condensed pattern of lamb production is not suitetie year-round chilled lamb trade.

One way of providing a less condensed, more evezadpof lamb throughout the
year, is to breed ewes more frequently than oneglyethat is, an accelerated lamb
production system. In addition to providing a dans year-round supply of lamb,
accelerated lamb production systems could be useachieve a greater number of
lambs per ewe per year, as an alternative to iaggdtigh fecundity rates in the
conventional once-a-year lamb production systeimgucing ewes to lamb, on average,
more than once a year is achievable, however sekaite been variable (Carpenter and
Spitzer, 1981; Lofstedt and Eness, 1982; Horoz.eP@03). McCutcheon et al. (1993)
suggested the implementation of an accelerated [aoduction system to increase the
number of lambs born within a flock, but such systehave not been thoroughly tested.
The “STAR system, reported by Wang et al. (199Bwis et al. (1996) and Smith
(2006), is an accelerated lamb production systeah llas five breeding and lambing
periods within a year, and in which individual ewes/e the opportunity to breed and
lamb five times in three years. Theoretical madgllon this system indicates an
accelerated lamb production system has potentren@iial advantages for certain

scenarios under pastoral conditions in New Zea(Mutel et al., 2004).

The objective of this study was to measure eweorkmtive performance and

lamb output, in an accelerated lamb productionesysffive lambings per ewe in three
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years) and to compare this accelerated system avitbnventional once-yearly lamb

production under pastoral conditions in New Zealand

3.2 Material and methods

Five hundred and six two-year-old and mixed-agedseof two breeds (Romney
and East Friesian Composite (1/2 East FriesianPbied Dorset and 1/4 Texel; EF))
were randomly assigned to either a “Convention&L)(or an “Accelerated” (AL)
lambing flock. The CL flock consisted of 239 ew21 Romney and 118 EF) and the
AL flock contained 134 Romney ewes and 133 EF ew@dirty-four individual
paddocks in a 41.4 ha block were randomly allocatéd two blocks of 21.1 and
20.3 ha for the CL and AL flocks, respectively. eTaxperimental period was from
March 2003 to August 2006 when lambs from the emased in January 2006 were

weaned.

Ewes were shorn in December and in May, regardiesghere they were in the

reproductive cycle. Lambs were weaned from theseamd were transport off the

property.

Each year, forage crops were fed in summer (hytorigip; cv Pasja) and winter
(annual ryegrass; cv Hunter) to meet feed demamdsighout the year, so that on each
block there were approximately 14 ha of permangegnass/white clover pasture and

approximately 6 ha of forage crop.

Conventional lamb production flock management
Ewe management

Ewes in the CL flock were joined with rams of thedspective breeds for 46 days
beginning on 28 March at a ram:ewe ratio of approximately 1:80n ZI* June each
year, pregnancy status and the number of foetusesemt were determined by

transabdominal ultrasonography using a 3.5 Mz thacer.
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Ewes were managed under commercial conditions, eavel live weights and
condition scores were recorded on the first daghefbreeding period (Day P0) and two
weeks prior to the first predicted day of lambimge(amb). Parturition date was

recorded for each ewe that lambed.

Lamb management

Within 24 hrs of birth, lambs were weighed, eamged, and dam, litter size and
sex were recorded. Lambs were weighed at appréeiyn85 days of age and at
weaning (average age at weaning = 96, 83 and 199 a2003, 2004 and 2005,
respectively). Weaning occurred at the discretérthe farm manager, which was
usually subject to pasture availability, and therefenvironmental conditions. To
provide a direct comparison of daily weight gainveen the CL and AL lambs and to
eliminate growth rate differences, a sub sampl€bflambs (n=109) were weighed
(unfasted) in 2005, 74 days after the first dayEdicted lambing (average age = 66
days).

Accelerated lamb production flock management
Experimental design

The accelerated lamb production system was desi¢gmedave five breeding
periods within each year, beginning™®arch, ¢ June, 21 August, 3¢ November
and 14" January. In order to achieve this, the AL flocksunitially divided into three
flocks with approximately equal numbers of Romneyd &F ewes. Each of the
breeding periods were 73 days apart and were 24 idajuration, resulting in a total of
15 breeding periods over the duration of the expent. Lambing was predicted to
begin 146 days after the first day of the breegiagod, and lambs were weaned from
their dams 73 days after the first predicted daylanfibing. The day of weaning
coincided with the first day of the next synchreudisreeding period. Therefore, each
of the five lambing periods within one year, ocedrr73 days after the preceding

lambing period. Ewes that were identified as noegpant were removed from the
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group, had CIDRs inserted on Day P-11, and at D&yjdtned the group of newly
weaned ewes for re-breeding. Ewes were culledhdly thad three consecutive

unsuccessful breeding periods.

Therefore, at the beginning of each 73 day perieiet was one group of ewes
being re-bred (after having weaned lambs or afeénddiagnosed non pregnant from
the previous breeding period), one group begininmdamb and one group in mid
gestation. For example, ewes bred at tH&N@&rch breeding period began lambing‘21
August. Lambs from these ewes were weaned and wesmsrebred on"2 November.
Ewes that failed to become pregnant at the Mareleding period were re-bred at the
subsequent breeding period"(3une). Ewes mated in June, lambed in Novembelr, an
were weaned and rebred in January. Non preghaes éoom June were re-bred in
August. This pattern continued for the durationhaf experimental period (March 2003

to August 2006 after lambs were weaned from Janoetged ewes).

Ewes were fed according to their physiologicales{@icol and Brookes, 2007).
Feeding levels were monitored through unfastedMeight measurements on Day PO,
at pregnancy diagnosis (Day P62), two weeks padarmnbing, and at approximately 35
days post lambing. The target for ewes in the pdtesn was to maintain similar live

weights throughout the experimental period.

Ewe management

Ewes were synchronised using progesterone primedratied internal drug
release devices (CIDRs; 0.3 g progesterone; Pha@n&dJpjohn, Auckland, New
Zealand). Additionally, equine chorionic gonadptim (eCG; Folligon, Intervet Ltd,
Auckland, New Zealand) was administered intramwstplt CIDR withdrawal for the
January (400 IU), August (800 IU) and November (80D breeding periods. These
differing dose rates were chosen as the most apptepmethod to induce reproductive
cyclicity in ewes during the respective anoestreisqals (Smith et al., 1988a; Knight et

al., 1989b). The ram:ewe ratio was approximately) and the rams remained with the
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ewes for the 21-day breeding period (Day P0O-21h D@y P7 CIDRs were reinserted

and removed on Day P14.

On Day P62, pregnancy status and the number ofudest present were
determined by transabdominal ultrasonography usir§)5 Mz transducer. Date of

parturition was recorded for each ewe that lambed.

Lamb management
Litter size, lamb sex and dam were recorded foh déaimb within 24 hr of birth.
Lamb live weight was recorded within 24 hr of bjrt approximately 35 days of age

and at weaning (73 days after the first prediciaygl af lambing).

Statistical analysis

All statistical analysis was done using SAS sofaMdf8, SAS Institute Inc, Cary,
NC, 2001). A general linear model (PROC GLM) weasedi to analyse ewe live
weights. The statistical model included lamb puigiun system, year of breeding,
breed and ewe age (2-year old vs mixed age). ®ysteed and year interactions were
also tested but were non significant and therefeneoved. The model was then re-run

without non significant fixed effects and interacis.

Univariate analysis was used to compare the nunabepregnant and non
pregnant ewes (pregnancy rate). Pregnancy ratel@fased as the number of pregnant
ewes per ewe exposed to the ram. Pregnancy datatreated as binomial traits, were
logit transformed and analysed using a logistiegression model (GENMOD). Values
were back-transformed into percentages for pregenta The model for pregnancy
rates included lamb production system, year of dirgeand breed as fixed effects.
Ewe age and ewe live weight were included in thgimal model but had no significant
effect, so were removed. Breed by system by yearaction was also tested but found

to be not significant and was removed before thdehaas re-run.
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Litter size is defined as the number of lambs litter for each ewe that lambed at
each lambing period. Litter size at birth and &aning were analysed as categorical
variables with lamb production system, year ancedbras fixed effects. Interactions
were also tested and removed where there weregndisant effects, and the model

was then re-run.

The number of lambs born (NLB) and weaned (NLW) pee per year, were
analysed using the same model. The NLB and NLWdafened as the number of
lambs born to each ewe that lambed per year (asseppto each lambing period). This
differs from litter size as ewes in the AL systeambed more than once a year therefore

gave birth to and weaned more than one litter withyear.

Lamb live weight at birth and weaning, and averdgdy weight gain (ADG)
were analysed using a general linear model (PROMI)GL The statistical model
included lamb production system, year, ewe breedage (2-tooth vs mixed age), lamb
sex, and litter size at birth as fixed effects. eEage was not significant in the model so
was removed and the statistical model was rermterdctions were tested, removed if

not significant, and the model re-run with onlyrsfgcant effects.

A general linear model (PROC GLM) was used to campghe growth of CL
lambs with the growth rate of AL lambs for a similgeriod. The statistical model
included system, breed, lamb sex and litter sizeirtth as fixed effects. Birth weight
was also tested but had no effect. Ewe age wasdtesit removed from the statistical
model as it had no effect. Interactions were tested removed where they were not

significant. The statistical model was then re-witihout ewe age or any interactions.

Lamb mortality was assessed using a univariate ysisalwhich included
production system, breed, year and litter sizar#t (1, 2 or> 3 lambs) in the statistical
model. Year of breeding was not significant aneféhwas a year by production system

interaction. Other non significant interactionsraveemoved and the model was re-run.
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Lamb mortality was defined as any lamb recordeldaasgng died or any lamb with birth

records but no weaning live weight record.

3.3 Results

Ewe live weights

The 3-year average breeding and prelamb live weiglgre heavier for both EF

and Romney ewes in the AL system than in the CtegsygTable 3.1; P<0.05). In both

flocks, average live weights over the three yeasewheavier in the EF ewes compared

with the Romney ewes (P<0.001), with the exceptibthe breeding live weight in the

AL flock.

Table 3.1 Ewe live weights (kg) on the first day of the briegedperiod (Day PO) and at

approximately two weeks prior to the first predittday of lambing (prelamb) for East Friesian

composite and Romney ewes in the accelerated amgentional lamb production systems.

Values are least squares means + standard error.

East Friesian Composite Romney
Lambing system Day PO Prelamb Day PO Prelamb

Accelerated lamb production system

Year 1 60.9+0.63 63.7+0.7C° 60.7+0.6" 61.9+0.75

Year 2 61.9+0.60 65.7+0.73 61.0+0.6° 64.1+0.7%

Year 3 62.9+0.61 71.0+0.72 63.2+056  67.1+0.6F

3-year average 61.9+0.35 66.8 £0.44° 61.6 £+0.34 64.4+0.45"
Conventional lamb production system

Year 1 58.2+0.89  66.5+0.81 51.6 +0.87” 55.9 +0.86"

Year 2 61.9+0.87  65.7+0.80 60.5+0.86° 62.0+0.80°

Year 3 58.7+0.92  65.2+0.88 52.1+0.85 60.3+0.69

3-year average 59.6+0.52 65.8 £0.49°2 547 +0.50" 59.4+0.48"

aPindicates differences within columns and lambipstem (P<0.05)

12indicates breed differences within row and DayoPprelamb live weight (P<0.05)

Y% indicates differences between lambing systemsinvitiay PO or prelamb live weight (3-year

average; P<0.05)
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Ewe reproductive performance

Three-year average pregnancy rates in the CL fleeie higher than in the AL
flock for both EF and Romney breeds (Table 3.2;.86D0). Pregnancy rates in the
Romney and EF ewes in the CL flock did not différen averaged over the three years,

while in the AL flock, EF ewes had higher pregnarates (P<0.001).

Number of lambs born and weaned

The number of lambs born (NLB) and weaned (NLWY, g@ge lambing per year
was higher in the AL flock compared with the CLdko(P<0.001; Table 3.5 and Table
3.6). This was consistent across all three years far both breeds. Both NLB
(P<0.001) and NLW (P<0.05) over the three yearseviewer for Romney ewes than
for EF ewes in the AL flock. These parameters vgemalar between Romney and EF

ewes in the CL flock.

Table 3.2 Pregnancy rates (ewes pregnant/ewes exposed tanthdor East Friesian composite
and Romney ewes in the accelerated and conventiamdd production systems. Values are

logit + standard errors, with back transformati¢#tg in parentheses.

Lambing system East Friesian Composite Romney

Accelerated lamb production system

Year 1 1.13 + 0.15 (75.8Y 0.45+0.13 (61.1)
Year 2 0.36 +0.13 (58.9) 0.19 £ 0.13 (54.7)
Year 3 0.94 +0.14 (71.97 0.30 +£0.12 (57.3)
3-year average 0.81 +0.08 (69'2) 0.31+0.07 (57.7*

Conventional lamb production system

Year 1 3.11+0.46 (95.7) 3.13 + 0.46 (95.8)
Year 2 4.07 +0.71 (98.3) 4.75 + 1.00 (99.1)
Year 3 2.28 +0.33 (90.7) 2.97 +0.36 (95.1)
3-year average 3.15 + 0.30 (95%9) 3.62 +0.39 (97.4)

aPindicates significant differences within colummsldambing system (P<0.05)

!2indicates significant breed differences within rR<0.05)

Y % indicates significant differences between lambsygtems within breed (3-year average;
P<0.05)
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The three-year average for litter size at birth, @@e lambed for each lambing
period, did not differ between systems within bré€dble 3.3). Within each system
however, EF ewes had larger litter sizes at bindntRomney ewes (P<0.001). Litter
size at weaning did not differ between ewe breeilsinveach system, but litter size at

weaning was larger (P<0.001) in the CL flock conegaio the AL flock.

Table 3.3 Litter size at birth and weaning for East Friastamposite and Romney ewes in the
accelerated and conventional lamb production systerWalues are least squares means *

standard error.

East Friesian Composite Romney
Lambing system Birth Weaning Birth Weaning
Accelerated lamb production system
Year 1 1.55+0.05 1.29 + 0.06*° 1.39+0.068 1.14+0.06
Year 2 1.65+0.06  1.36+0.08 1.52+0.08° 1.28 +0.06
Year 3 1.66 £ 0.05 1.19 £ 0.06 1.55+0.08 1.18+0.06
3-year average  1.62+0.63 1.28+0.04 1.49+0.03 1.20+0.04

Conventional lamb production system

Year 1 156 +0.06  1.16 + 0.06" 1.47 +0.07 1.13+0.07
Year 2 1.80+0.08  1.77+0.07 1.72+0.08 1.70+0.07
Year 3 1.67+0.0?7° 1.40+0.07 1.52+0.05 1.35+0.06

3-year average  1.68+0.64 1.44 +0.04 1.57 £+0.04 1.40 +0.04

2Pindicates differences within columns and lambipstem (P<0.05)

2indicates breed differences within row, birth avehning (P<0.05)

¥ % indicates significant differences between lambaygtems within breed (3-year average;
P<0.05)

Lamb live weights and daily growth

Over the three years, the average lamb birth wewghin breed was higher in the
CL system compared with the AL system (P<0.001;]d8b4). Live weight at weaning
was also higher in the CL system relative to the $yktem (P<0.001), but CL lambs
were older at weaning than AL lambs. Within systemeaning weights were

significantly heavier in EF lambs compared with Rmay lambs (P<0.05). Average
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daily growth rate did not differ significantly betéen EF ewes in the CL and AL
system. Romney lambs in the AL system grew fas$tean Romney lambs in the CL
system (P<0.05). W.ithin system, EF lambs had hightGs than Romney lambs
(P<0.001).

Live weights of a sub group of CL lambs were reedrdn 2005 only. These
provided a direct comparison between the systentsthiat comparison could only be
made with spring-born AL lambs. Nevertheless, leetwvbirth and Day 74 after the
first predicted day of lambing, CL lambs had slogeywth rates than lambs born in the
AL system (247 = 6.5 vs 274 £ 6.9 g/d; P<0.001)or Ehis sub group, triplet-born
lambs grew slower over this same period, relatigetheir twin- and singleton
counterparts (230 + 14.1, 254 £ 5.2 and 297 + &0 rgspectively; P<0.001). Romney
lambs had lower growth rates than EF lambs forgbkisod also (247 + 5.9 vs 274 + 7.4

g/d, respectively; P<0.01).

Lamb mortality

The 3-year average lamb mortality between birth wedning was similar in the
AL system (34.1%) and CL systems (30.3%). Thers wa system by litter size
interaction, but mortality of litter sizes of three more was 73.2% and higher than
other litter sizes (P<0.001). Twin and singletoartality rates were 18.5 and 21.3%,
respectively and did not differ. Mortality rates lambs born to EF ewes was higher
than in lambs born to Romney ewes (37.8% vs 2783¢6.01). In the CL flock, lamb
mortality was higher in Year 2 (45.9%) comparedhwiiear 1 and 3 (29.1 and 20.3%,
respectively; P<0.05). Year 3 (47.5%) in the Abck had higher lamb mortality rates
than Years 1 and 2 (31.2 and 26.2%, respectivel®;d). Lamb mortality was higher
in the CL flock than in the AL flock in Year 2 (P<€), and in Year 3 this pattern was
reversed (P<0.001).
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Table 3.4 Birth weights (kg), weaning weights (kg) and age daily liveweight gains (ADG; grams/day) for Elagesian Composite and Romney

lambs in the accelerated and conventional lambymti@h systems. Values are least squares meatendlasd error. Average weaning age in

Accelerated and Conventional lamb production systeere 69 and 96 days, respectively.

Lambing system East Friesian Composite Romney
Birth weight Weaning weight ADG Birth weight Weagiweight ADG
Accelerated lamb production system
Year 1 4.50 +0.08 21.57 +0.292 244 + 3.4F 4.35 +0.07° 20.68 +0.34* 236 + 3.96
Year 2 4.30 +0.08 22.05 +0.322 256 + 3.747 4.23+0.07 20.78 £ 0.34* 240 + 3.96'
Year 3 4.44 +0.08" 19.12 +0.32 213 +3.88 4.45 +0.06’ 18.73 + 0.3 212 +3.87
3-year average 4.41+0.04 20.91+0.18Y 238 + 2.2F 4.34 +0.04 20.06 + 0.20"Y 229 + 2.39'*
Conventional lamb production system
Year 1 5.17 + 0.082 31.07 +£0.392 265 + 4.6372 491 (+0.08'  26.69+0.39* 227 + 454
Year 2 4.16 +0.07 24.19 + 0.39* 236 + 4.647 4.70 £0.07 22.03+0.36" 215 + 4.40**
Year 3 4.74 +0.08* 29.01 + 0.392 216 + 4.592 5.01 +0.06°2 26.07 +0.32* 195 + 3. 721
3-year average 4.84+0.05 28.09 +0.24* 239 + 2.8% 4.88 +0.04 24.93+0.22* 212 +2.65"

abindicates differences within columns and lambipstem (P<0.05)
!2indicates breed differences within row, birth avehning weights, and ADG (P<0.05)

YZindicates significant differences between lamtipgtems within breed (3-year average; P<0.05)
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Table 3.5 Number of lambs born (NLB) and weaned (NLW) peedambed per year for East
Friesian composite and Romney ewes in the acceterand conventional lamb production

system. Values are least squares means + stasdard

East Friesian Composite Romney
Lamb system
NLB NLW NLB NLW
Accelerated lamb production system
Year 1 2.39 £ 0.09 2.01+0.68 2.05+0.09 1.71 £0.09
Year 2 2.24 +0.09 1.87 +0.09 2.08 +£0.09 1.76 £0.09
Year 3 2.33+0.09 1.65 +0.08 2.02 +£0.09 1.59 £0.08

3-year average  2.32+0.05 1.84 +0.052 2.05+0.05' 1.68+0.05"

Conventional lamb production system

Year 1 1.56 +0.08 1.25 +0.08 1.47 +0.09 1.38 + 0.0
Year 2 1.80 +0.09 1.79+0.08 1.72+0.08 1.69+0.08
Year 3 1.62 +0.08° 1.43 +0.08 157 +0.08 1.42+0.07

3-year average 1.66 £0.05 1.49 +0.05 1.59+0.058 1.50+0.05

aPindicates differences within columns and lambipstem (P<0.05)

!2indicates breed differences within row, birth avehning columns (P<0.05)

¥ % indicates significant differences between lambsygtems within breed (3-year average;
P<0.05)

Overall system performance

Over the three years, the CL system produced 2481&f lambs weaned (1151
kg/ha), while the AL system produced 26,205 kg @LR§/ha; Table 3.6). The EF flock
in the AL system produced nearly 26% more lambgdg basis) than the CL system,

while the Romney AL flock produced around 8% lesslh than the CL system.

Of the 267 original AL flock (133 EF; 134 Romney)386 ewes (90 EF, 96
Romney) had the opportunity to lamb 5 times assaltef being bred at least 5 times
over the three year period. Twenty-four percenRomney ewes, and 34.4% of EF
ewes lambed five times, and 49.0% of Romney eweés4&13% of EF ewes lambed

four times.
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Table 3.6 Number of East Friesian Composite (EF) and Romewgs bred and lambed,

number of EF and Romney lambs born and weanedkisogtams of lambs sold for each year

for the conventional and accelerated lamb prodociystems.

Lambing system

Conventional

Accelerated

Breed EF Romney EF Romney

Yr 1 Total number of ewes bred 117 119 260 271
Total number of ewes lambéd 112 109 188 168
Number lambs borh 162 150 290 231
Lambs weaned/ewe lambed/year 1.25 1.38 2.01 1.71
No lambs weanef 130 138 241 192
Kg lamb weaned 4,130 3,767 5,256 4,080
Kg lamb weaned/ ha 391 357 518 402

Yr 2 Total number of ewes bred 143 134 282 285
Total number of ewes lambéd 139 134 167 153
Number lambs borh 209 202 266 218
Lambs weaned/ewe lambed/year 1.79 1.69 1.87 1.76
No lambs weanefl 152 171 221 157
Kg lamb weaned 3,492 3,667 4,817 3,959
Kg lamb weaned/ ha 331 348 475 390

Yr 3 Total number of ewes bred 105 163 278 321
Total number of ewes lambéd 98 159 187 181
Number lambs borh 148 230 295 249
Lambs weaned/ewe lambed/year 1.43 1.42 1.65 1.59
No lambs weanef 131 207 217 199
Kg lamb weaned 3,777 5,483 4,246 3,847
Kg lamb weaned/ ha 360 522 418 379

Total kg lamb weaned for 3 years 11399 12917 14319 11,886

24,316 26,205
Kg lamb weaned/ha for 3 years 1151 1292

Based on the number of ewes present at pre-larighing
Based on the number of lambs with birth weighbrded

Based on the number of lambs with weaning livegiveiecorded

Based on raw weaning weights multiplied by the benof lambs weaned per block
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3.4 Discussion

The primary objectives of the current experimentes® compare an accelerated
lamb production system (AL) previously reported lgwis et al. (1996), adapted to a

pastoral based system, with a conventional onceaa{gmb production system (CL).

Ewe live weight has not previously been reporteddoelerated lambing systems
(e.g.Lahlou-Kassi et al. (1989) and Lewis et a@9@)). In the current trial, ewes were
managed under commercial conditions to match thaysiological nutritional
requirements in both systems. Live weight datanfrine AL system, indicated no

negative consequences of the AL system on ewenaright.

Low pregnancy rates in the ewes bred outside ofntbrenal breeding season
(January, August and November (deNicolo et al.,720@Chapter 5)) reduced the overall
pregnancy rates in the AL flock. These were nati@aarly different to other out-of-
season breeding studies using similar exogenousdegtive hormones (Andrewes et
al., 1987; Smith et al., 1988a; Knight et al., 1988 ngerfeld and Rubianes, 2002).
Due to more frequent lambing, there were more labdra and weaned per ewe in the
AL system, compared with the CL system, despiteltire out-of-season pregnancy
rates. The number of lambs born per EF ewe pear, yedghe AL flock for the current
experiment, was similar that obtained in other Breted lambing systems (Notter and

Copenhaver, 1980; Vesely and Swierstra, 1985; Fpgaal., 1992a).

The CL system produced significantly heavier lamabsveaning compared with
the AL system which can be explained by the agtheflambs at weaning. Average
daily growth rates between birth and weaning, iathd that there was little difference
within breed and between systems, although at the tme when a direction
comparison could be made, ADG was 11% higher inAhéambs compared with the
CL lambs. DeNicolo et al. (2006; Chapter 10) régparthat breeding during late

lactation does not affect pregnancy or conceptatesrin Romney ewes, nor does it
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have any affect on the subsequent progeny. THisates that weaning can be delayed

to improve lamb weaning live weights without affagtewe reproductive performance.

As litter size increased, birth weight and growates decreased, while mortality
increased which agrees with other studies (Hinchl.et1983; Litherland et al., 1999;
Kenyon et al., 2002; Morris et al., 2003; Morrisdakenyon, 2004). Regardless, the
high mortality rates observed in the triplet lanmbshe current trial (76%) were higher
than previously reported (Dalton et al., 1980; Hiret al., 1983; Nicoll et al., 1999;
Kenyon et al., 2002; Morris et al., 2003; Thomsbalg 2004).

In terms of kg of total lamb weaned, the AL sysigemerated 8% more weight of
lamb weaned than the CL system (or 12% more orr agéasis). Over the three-year
experimental period, the EF AL flock produced 26%renkg of lamb than the EF CL
flock, whereas the CL Romney ewes produced 8% l@sd than the AL Romney
ewes. This suggests that the New Zealand Rommesdhs less suitable for accelerated
lamb production systems due to lower pregnancysyatdower number of lambs born

and weaned per ewe, and lower lamb weaning weights.

Although a greater output was achieved in the Aktey, costs such as feed,
labour and exogenous reproductive hormones neebBletaconsidered. Increased
handling of animals, and increased frequency oblag would be expected to increase
labour costs. There were no reproductive hormasesl in the CL system, therefore,
the costs of breeding were higher in the AL systdraed flow through both systems is
expected to be different with a more sustained, flestuating pattern of demand in the
AL flock compared to the CL flock (Morel et al., @), although this area requires

further investigation.

3.5 Conclusion

Breeding ewes on a more frequent basis in the mueperiment resulted in a

greater number of ewes being joined, and more labdrea and weaned per year
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compared with a conventional once-yearly lambingstay. These increases
compensated for the lower pregnancy rates andothierlweaning weights in the AL
flock. The EF ewes in the AL flock produced 26%renkilogram of weaned lamb than
EF ewes in the CL flock. The extra costs in tlyisteam should be considered before an
accelerated lamb production program be implementiedut-of-season pregnancy rates
could be improved, accelerated lamb production heye a place in the sheep industry

in certain parts of New Zealand.

Two issues not investigated in this chapter weeeréguirement of labour and the
food or energy requirements of ewes in the twoesgst This is an important
consideration as one would expect that a ewe dmieg and lambing more frequently
than in the Conventional lamb production system |dotequire more energy to
maintain live weight, and sustain multiple pregnescand lactations. Further, as
lambing occurs five times in one calendar year, ami€icial reproductive hormones are
administered, labour or time requirement shoul® & investigated, on a flock basis
and a per ha basis. As there are more lambs Imofnwvaaned in the Accelerated lamb
production system, the increase in the number ofba weaned could offset the

assumed increase operating costs in terms of lalkquirements and time input.

The objective of the next chapter was to asseds et energy requirement of
ewes, calculate the pasture requirements basetlabrabd compare between the two
systems, and also to determine the labour requitenfer the two systems and make a

comparison.

The accelerated lamb production system is furtheestigated in Chapter 5 with
particular emphasis on ewe reproductive performatdbe different breeding periods.
Lamb birth weight, growth rates and weaning weigatse also examined for the

different lambing periods throughout the year.
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Chapter 4 Ewe energy requirements, and

labour input - a system comparison

4.1 Introduction

The reproductive performance of ewes, and theregghts and growth rates of
their lambs in two different lamb production sysgemere examined in Chapter 3.
These lamb production systems were a Conventiomed-gearly lambing system and
an Accelerated lamb production system, in whichelveere five breeding and lambing
periods within a year, and where individual ewed tine opportunity to lamb five times
in three years. However, labour input for the mabock-handling and animal

management tasks, and ewe energy requirementnaeassessed.

The labour input required in terms of stock-hamglliand management in an
Accelerated lamb production system, along with esveergy requirements have
received little attention, despite a significantmber of these systems having been
studied world wide (e.g. Speedy and FitzSimons,719lbtter and Copenhaver, 1980;
Dzakuma et al., 1982; Vesely and Swierstra, 198bnky, 1990; Fogarty et al., 1992a).
There were two objectives of the current chaptéirstly, to calculate ewe annual
energy requirements in the Conventional once-yeamnty Accelerated lamb production
systems studied in Chapter 3. The second objestageto assess and compare the time
requirement to perform the main husbandry and namagt tasks required to operate

these two systems.
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4.2 Methods

Annual ewe energy requirements

The method used to calculate annual ewe energyreeagents were based on the
equations of Nicol and Brookes (2007) using thetdiagal approach where energy
requirements for each stage of production weremastid separately, then summed.
Individual annual ewe energy requirement withinredamb production system were

calculated using data gathered in Chapter 5 alatigthe following assumptions:

I. Litter size at birth: Accelerated; 1.56, Conven#if) 1.63 Table 3.3

ii. Litter size at weaning: Accelerated; 1.24, Conia@al; 1.42 Table 3.3

iii. Lamb birth weight: Accelerated; 4.38 kg, Convenél 4.85 kg {able 3.4

Iv. Lamb weaning weight: Accelerated; 20.5 kg, Conweratl; 26.5 kg Table
3.9

v. Assumed ewe liveweight change over one year: /Acatdd; 5 kg,
Conventional; 6 kg

vi. Maintenance requirements were for a 60 kg ewe ggazilling hill country.

Values from Chapter 3 are the average for bothdsremd is the average of all
three years (e.qg. litter size at birth; EF = 1.B28mney = 1.49; average = 1.56). For the
Accelerated system, the valued used is the averagle 15 breeding periods.

To a compare the annual energy requirement of arelweth systems, the average
requirements of a ewe bred in either January/Ayddstch/November or June were
calculated. The values for this were based theageeenergy requirements of a
January/August, March/November and June-bred ews tise average values quoted
above (Appendix D). Further, using these calcofeti and values, annual energy
requirements for various scenarios, consideredetdebsible measures for improving

the Accelerated system, were also calculated.
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Labour input

The labour input, in terms of time taken to perfaime main animal husbandry
and management tasks were calculated for the year ' January 2005 to 31
December 2005. Calculations were determined oer dgsk basis and were calculated
using estimations of time taken to perform eack s ewe or lamb given by the farm
manager. The time per animal for each task was theltiplied by the number of
animals present for that task. For example, it estsmated that crutching ewes took
2.5 minutes per ewe through a sheep-handling ¢radémching took one minute per
ewe, and shearing took two minutes per ewe. Caioms for most animal
husbandry/management tasks were the same for pstitnss, except for the checking
of ewes and lambs at lambing time (including resaydambing data; tagging lambs,
and recording sex, dam, birth rank and birth weighiThe exception to this was when
no lambing data were recorded for each ewe lambi@n this occasion, the farm
manager was asked how much time each day woulddpgred to check ewes and
lambs during the lambing period for a flock of 2B@es, and a flock of 70 ewes
(average flock size for lambing in the Accelerasgdtem). Ewe and lamb checks were
carried out for 50 days once yearly in the Conwerai system, and for 10 days on five

separate occasions in the Accelerated system.

4.3 Main findings

Annual ewe energy requirements

To enable a direct comparison between the two l|grdguction systems,
calculations and assumptions regarding the livegyhtesf a ewe were the same between
the two systems with the exception of the live vaeichange. By using this method, a
direct comparison of the energy requirements fer different production levels (i.e.
number of lambs born and weaned per lambing angger, and lamb live weights at
birth and weaning) could be made. Using an averafjghe January/August,

March/November and June bred ewes (Appendix D), difeerence in energy
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requirement between a 60 kg ewe grazing on roliigcountry in the Accelerated and
Conventional lamb production systems is small - BRIME per year or 6% in favour

of the Conventional lamb production system (Tablg.4

Table 4.1 Values used for calculation of annual energy iregquents for one 60 kg ewe grazing
rolling hill country in the Conventional and the d&terated lamb production systems. Values

are three year averages (from Chapter 3).

Conventional

Accelerated

Ewe LWt (kg) 60 60
Ewe LWt change (kg) 6 5
Lambs born / ewe lambing 1.63 1.56
Lamb birth Wt (kg) 4.85 4.38
Lambs weaned/ewe lambing 1.42 1.24
Lamb weaning Wt (kg) 26.5 20.5
ME requirements (MJME)
Maintenance 10 x 365 10 x 365
3650 3650
, 25 MIME x 6 kg 25 MIME x 5 kg
Weight changé 150 125
245 MIME x 1.63 221 MIME x 1.56
Pregnancy lambs lambs x av. gest.
399 517
L, 45MIME x 26.5 kg x  45MJIME x 20.5 kg x 1.42
Lactation 1.42 lambs lambs x av. lactatiorfs
1693 1907
Total ME requirement 5892 5256

! See Appendix A
% See Appendix B
% See Appendix C
* Averages from Appendix D

Energy requirements differ over a year in the Aeakd lamb production system,
depending on when a ewe is bred (Appendix D). & éved in January (and re-bred in
August; 2 gestations, 1 lactation) requires 5628 Jer year, and this is 5% lower
than in the Conventional lamb production systemdB8BMJIME per yearTable 4.).

March-bred ewes have 1% gestations and two lantpgoiods within one calendar year
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therefore their energy requirements are higher thawe in the Conventional system
(6594 vs 5892 MIME per year; 12%). Similarly, aedwed in June has 1% gestations

and two lactations.

Various scenarios for improving the Acceleratedtesyswere put forward and
those scenarios are shown in the shaded areadia 2. These improvements were
considered feasible and were small; 4.5 or 6.5kgesse in lamb weaning weight, 0.4
increase in litter size at birth and the associateckase in litter size at weaning, a 10%
decrease in lamb mortality. The energy requirempat kilogram of lamb weaned per
year were also calculated. For each of these sHosnaenergy requirements per
kilogram of lamb weaned was lower in the Acceletagystem compared to the
Conventional system (due to the increase in thebeunof breeding and lambing
periods within one year). For example, if lamb niag weight were to be increased to
25 kg, ewes would require 10% more energy per yeanpared to a ewe in the
Conventional system, but would require 20% less kkrgram of lamb weaned.
Increasing lamb weaning weight to 27 kg would reg@4% less energy per kilogram
of lamb weaned. Energy requirements for a ewe witheased litter size and lamb
weaning weight, and a decrease in mortality, wd€dl6% more per ewe per year in
the Accelerated compared to the Conventional systam would be 27% less per

kilogram of lamb weaned.
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© Table 4.2 Annual energy requirements (MJME) for a 60 kg @n&zing rolling hill country in the ConventionaldAccelerated lamb production system,

and different scenarios for improvement of the Aexaed system. Shaded areas are the proposeoviempent.

¥ 191deyd

Conventional Accelerated
Increased litter size Increase litter size and
Increased weaning  Increased Decreased and decreased weaning weight, and
No change No change weight litter size mortality mortality decreased mortality
NLB 1.63 1.56 1.56 1.56 1.6 1.56 1.6 1.6
NLW 1.42 1.24 1.24 1.24 1.28 14 1.44 1.44
Birth weight 4.85 4.38 4.38 4.38 4.38 4.38 4.38 4.38
Weaning weight 26.5 20.5 25 26.5 20.5 20.5 20.5 25
Annual MIME for:
Maintanence 3650 3650 3650 3650 3650 3650 3650 3650
Weight change 150 125 125 125 125 125 125 125
Pregnancy 399 590 354 354 363 354 363 363
Lactation 1693 1907 2325 2465 1968 2153 2214 2700
TOTAL MJIME req. 5892 6272 6454 6594 6106 6282 6352 6838
Lambings per year 1 1.67 1.67 1.67 1.67 1.67 1.67 1.67
Total kg lambs weaned 37.6 42.4 51.7 54.8 43.7 47.8 49.2 60.0
MJIME/kg lamb weaned 157 148 125 120 140 131 129 114

Difference in relation to Conventional (%)
Annual MIJME requirement 6.4 9.5 11.9 3.6 6.6 7.8 16.1
MJME/kg lamb weaned -5.5 -20.2 -23.1 -10.8 -16.1 -17.5 -27.2
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Appendix E shows the feed flow through both theadd the AL systems, along
with the estimated feed demand for each flock ler year running 1 April 2005 to 31
March 2006. The pattern of demands in the AL flsbkws a flatter, more consistent
trend than that for the CL flock, which peaks ableng time. Within the AL flock, of
the three groups of ewes in their different produrcicycle, there is one mob in late
gestation, lambing or lactating, on mob being boedn early gestation, and another
mob in mid gestation. Having three mobs at diffiérgtages of their production cycle
flattens out the feed demand. After lambs are weean the CL system, there is a
decline in feed demand as ewes are returned totemaince feeding and lambs are
weaned off the farm. Throughout the year, the Ik have higher feed demand with
the exception of lambing and flushing in autumrhere are however, still fluctuations
in pasture cover in both systems. Spring surplas @onserved for supplements, at the

discretion of the farm managers.

Labour input

There were differences between the Accelerated @uihventional lamb
production systems for the time required to perfomm tasks: Events surrounding each
breeding period (40.1 vs 15.3 hrs for the Accetstaand Conventional systems,

respectively) and events surrounding lambing (¥8.82.9 hrsTable 4.3.

The management or husbandry tasks that were spéaithe Accelerated lamb
production system (such as the use of reprodubiivenones) resulted in higher labour
input for each breeding period. These increasetk trequirements were further
compounded by the fact that more ewes were brel gear in the Accelerated lamb
production system (570) compared to the Convenitispstem (281), therefore tasks
related to breeding in the Accelerated system (hanmeeording crayon mating marks,
pregnancy diagnosis, animal handling (i.e. drafiimg respective breeds for breeding,
removal of cull ewes, ram harness fitting and cragbanging etc) had higher time

requirements relative to the Conventional system.
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Table 4.3 Time requirements in hours for tasks involved immmg a conventional lamb

production system and an accelerated lamb produsyistem run on 20 hectares.

Task Conventional Accelerated
Shearing

Ewes 16.7 17.0

Rams 1.0 1.0
Ewe crutching 21.3 23
Drenching

Ewes 8.5 5.0

Lambs 4.5 6.0
Stock shifting 24.0 72.0
Ram testing 0.5 2.5
Insertion and removal of CIDRs 114
Breeding 2.0 7.3
Crayon tupp reading 8.4 (0)* 11.4 (0)*
Pregnancy diagnosis 4.9 10.0
Pre-lamb vaccination 3.2 3.7
Lambing 42.8 (37.5¢ 47.2 (21.0
Docking 11.6 15.2
Weaning 8.5 11.3
Total hours 158.0 (144.3Y 243.9 (206.35°
No. lambs weaned 338 451
Time spent per lamb weaned (hours) 0.47 (0*43) 0.54 (0.46) *

! with no crayon mating marks recorded, pregnanégrimation solely based on pregnancy
diagnosis, and no conception information required.

2 No lambing data (lamb tag numbers, birth weigfiterl size, dam and lamb sex).
Conventional system = 45 min/day x 50 days; Acetat system = 25 min/day x (5 lambing
periods per year x 10 days).

At lambing (in both systems), lambs were taggedlart weights, litter size, sex
and dam identity recorded. Ewes in the Accelerdamibing flock were lambed in
smaller groups and were quieter due to more hagttiroughout the year from a higher
lambing frequency and more yarding. Therefore tithe taken to catch lambs, identify
dams and ensure all new born lambs in the paddadlben recorded was less, thereby

shortening time spent per ewe lambing. Time rexpéants at lambing per ewe lambing
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were greater in the Conventional system comparatig¢dAccelerated system (8 vs 10
min per ewe lambed). However, as more ewes lanbdéte Accelerated system, the
total time requirement over the year for lambingsvisggher in the Accelerated system
compared with the Conventional system (47.2 vs W&8per year). The total time
required for all events surrounding lambing (inohgd docking and weaning) was
higher in the Accelerated system compared to thev@ational system (73.7 vs
62.9 hrs). If no lambing data were recorded, owee year, more time was spent
checking ewes and lambs at lambing time in the €otienal system than in the

Accelerated system due to larger flock size (38.21.0 hrs).

In the Accelerated system ewes were managed ire teeparate groups
according to their physiological state (breedindjeajestation, mid/late gestation,
lactating/lambing). This management resulted ithrae-fold difference between the

two systems in the time spent moving groups of ewes

Time taken for shearing and crutching ewes waslainbetween the systems
and any difference was due to the number of ewesept in each system at the time of

shearing or crutching.

More time was spent drenching ewes in the Conveatigystem than in the
Accelerated system. This calculation was base@amventional ewes being drenched
prior to the breeding period and at docking (asf@en management practice). Ewes in
the Accelerated system were only drenched at dgakimen ewes had faecal egg counts
(FEC) higher than 500 eggs/gram or three out oéd8s had FEC >1000 eggs/gram.
Lambs were drenched at weaning in both systemsatitere were more lambs weaned
in the Accelerated system, slightly more time wpens drenching lambs during the

year (6.0 vs 4.5 hrs).

The total time required to run the systems on tresipective blocks for the year
from 1** January to 31 December 2005 was 244 and 158 hours for the Actetd

lamb production system and the Conventional langalgetion system, respectively. If
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no crayon mating marks were recorded during theeding periods and no data
recorded during the lambing periods (lamb tag nus)dgrth weight, litter size, dam
and lamb sex), total time requirements in the Aeeged flock were still greater (206 vs

144 hrs per year).

4.4 Conclusion

In the Accelerated lamb production system, a 6@lage grazing rolling hill
country requires 6% more energy than a 60 kg ewthenConventional system. A
January/August-bred ewe in the Accelerated sysegmires 5% less energy than a ewe
in the Conventional system, while a March/Novemlogrdune-bred ewe bred requires
12% more energy. An increase of 4.5kg in lamb niveg live weight in the
Accelerated system would require 10% more energy t ewe in the Conventional
system, but 20% less per kilogram of lamb wearfecenarios suggested for improving
the Accelerated system resulted in a 12-16% ineress annual ewe energy

requirements, but 20-27% less energy per kilogratamb weaned.

The total labour input required to perform the manimal husbandry and
management tasks in the Accelerated system wasm36f than in the Conventional
system (86 hours per year). However, when thisdabnput was divided by the
number of lambs weaned, the difference was 13%ehigkr lamb weaned for the year

running £' January to 31December 2005 in the Accelerated system.
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Appendix A

Calculations for basal metabolic rate of a ewe uditlg the metabolic cost of grazing,
movement and activity (Nicol and Brookes, 2007).

MJME required for basal metabolic rate

Basal MR= species * sex*0.28*exp(-0.03*age)*(LWrB)/Km
Where:

LWt = liveweight (kg) 60

Species = 1.0 for sheep 1

Sex = 1 for females 1

Km = M/D*0.02 + 0.5, where M/D = MIJME/kg

DM (assumption MIJME/kg DM = 10) 0.7
Age 4
Days 365
MJIME per day = 7.65

MJME required for grazing activity

ME graze = LWT*[Species*DM intake * (0.9-dig))[/Km
Where:

LWt = liveweight (kg) 60

Species = 0.2 for sheep 0.02

Dig = DM digestibility, calculated as

(ME/DM)/15.088 0.662778367
Km = M/D*0.02 + 0.5, where M/D = MJME/kg

DM (assumption MIJME/kg DM = 10) 1.0

MJIME per day = 0.28

MJME required for movement

ME move = 0.0026*LWt*S*(TSR/SD)/(0.057*PM+0.16)
Where:

LWt = liveweight (kg) 60

S =slope (1.0, 1.5 or 2.0 for flat land, easy hill

and hard hill country, respectively) 15
TSR/SD = relative stocking rate, 1 for sheep 1
PM = pasture mass in tonnes DM/ha 1400
MJIME per day = 0.003
MJME required for activity

MJIME activity = LWT*((0.0026*Hkm)+(0.028*Vkm))/Km
Where:

Hkm = horizontal km walked (assumed) 4
Vkm = vertical km climbed (assumed) 0.5
Km = M/D*0.02 + 0.5, where M/D = MIJME/kg 0.7
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DM (assumption MIJME/kg DM = 10) (assumed)
MJIME activity = 2.09

TOTALS per day

Basal MR= 7.65
ME graze = 0.28
ME move = 0.003
MJIME activity = 2.09
Total ME requirements 10.0 MIME per day
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Appendix B

Further assumptions used in calculations to deterw@lues used in Table 1 and Table 2 for

energy requirements for live weight change andhtaunt.
MJIME requirements for live weight change (Nicol @rdokes, 2007; p154)
55 MJIME / kg for gain — 30 MJME / kg loss = netuggment of 25 MIME /kg live

weight change

MJIME requirement for lactation (Nicol and Brook2607; Table 3 p155)

(45 MIME / kg lamb weaned) x lamb weaning weigl rRumber of lambs weaned)
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Appendix C

MJME requirements for pregnancy (Nicol and Brook)7; Equation 6; p169)

MJME requirements for pregnancy for one lamb =
(BWt/4)*((exp(7.649-11.465*exp(-0.00643*days)))*@B7*exp(-0.00643*days))/Kp
Where BWt = lamb birth weight (Accelerated; 4.38 €gnventional 4.85 kg)

Days = days post conception

Kp =0.133
Conventional ewe  Accelerated ewe
MJIME MJIME
Days since per Weekly
conception  per day week per day total

End of wk 1 7 0.023 0.164 0.021 0.148
End of wk 2 14 0.036 0.254 0.033 0.229
End of wk 3 21 0.055 0.385 0.050 0.348
End of wk 4 28 0.082 0.572 0.074 0.516
End of wk 5 35 0.119 0.833 0.108 0.753
End of wk 6 42 0.170 1.192 0.154 1.076
End of wk 7 49 0.239 1.675 0.216 1.513
End of wk 8 56 0.331 2.314 0.299 2.090
End of wk 9 63 0.449 3.145 0.406 2.841
End of wk 10 70 0.601 4.210 0.543 3.802
End of wk 11 77 0.793 5.552 0.716 5.014
End of wk 12 84 1.031 7.219 0.931 6.519
End of wk 13 91 1.323 9.260 1.195 8.363
End of wk 14 98 1.675 11.726 1.513 10.590
End of wk 15 105 2.095 14.665 1.892 13.244
End of wk 16 112 2.589 18.126 2.339 16.370
End of wk 17 119 3.165 22.152 2.858  20.005
End of wk 18 126 3.826 26.781  3.455  24.186
End of wk 19 133 4578 32.044 4134 28939
End of wk 20 140 5424  37.965 4.898  34.286
End of wk 21 147 6.365 44557  5.748  40.239
TOTAL MJME required for pregnancy 245 221
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Appendix D

Values used for calculation of annual energy regménts for one 60 kg ewe grazing rolling hill
country in the Conventional and the Acceleratedblgmoduction systems (Nicol and Brookes,

2007). Values are three year averages (from Ch8pfeable 3.3 and 3.4).

Jan./Aug. bred Mar./Nov. bred’ Jun. bred
Ewe LWt (kg) 60 60 60
Ewe LWt change (kg) 5 5 5
Lambs born / ewe lambing 1.56 1.56 1.56
Lamb birth Wt (kg) 4.38 4.38 4.38
Lambs weaned/ewe lambing 1.24 1.24 1.24
Lamb weaning Wt (kg) 20.5 20.5 20.5
ME requirements
Maintenance 10 x 365 10 x 365 10 x 365
3650 3650 3650
, 25 MIME x 5 kg 25 MIME x 5 kg 25 MIME x 5 kg
Weight changé 195 195 195
Pregnancy 221 x 1.56 x 2 gest. 221 x 1.56 x 1% gest. 225§ £.1Y5 gest.
690 517 517
45 MIME x 20.5 kg x 45 MIJME x 20.5 kg x 45 MJME x 20.5 kg x
L 1.24 lambs x 1 1.24 lambs x 2 1.24 lambs x 2
Lactation . . .
lactation lactations lactations
1144 2288 2288
Total ME requirement 5609 680 6580
Delayed weaning 5860 7082 7082

2 Based on ewe that was bred in Januaf$; lsnbed June™ weaned lambs August %land
re-bred August Zito lamb January 4= 2 x gestations)

P Based on ewe that was bred in NovemB&rlambed March 28 weaned lambs was re-bred
June 9, and lambed NovembeP®q=1%: x gestations and 2 x lactations)

° Based on ewe that lambed MarcH'2&eaned lambs and was re-bred Jufiea®dd lambed
November ¥ (=1%: x gestations and 2 x lactation)

! See Appendix A

> See Appendix B

® See Appendix C

“Based on an average lamb weaning weight of 25ty délaying weaning
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Chapter 5 Ewe reproduction and lamb
performance at five ditferent breeding

periods within a year

Abstract

In this experiment ewe reproduction and lamb penorce in two breeds (East
Friesian Composite (EF) and Romney) was assességeatlifferent breeding and
lambing periods within a year, including three aee@l breeding periods. The
experiment was designed so that weaning coincidétl the first day of each
synchronised breeding period. In addition to waiginal progesterone, eCG was used
for aseasonal breeding periods (January, Augusteidber). Pregnancy rates in March
(EF; 94%, Romney; 91%) and June (EF; 91%, Romn#&3)9vere higher than August
(EF; 54%, Romney; 45%), November (EF; 49%, Rom#déayp) and January (EF; 68%,
Romney; 39%; P<0.001). Number of lambs born andned was highest for August-
bred EF and March-bred Romney ewes and varied mwitmd between years.
November-born lambs were heaviest at birth andthedowest mortality and March-
born lambs were the lightest at birth (P<0.05).mba born to EF ewes were heavier
than Romney lambs (P<0.05). August-born lambs Wwesiest at weaning and grew
faster from birth to weaning than lambs born ineotlambing periods. This experiment
demonstrated that for either an accelerated oru&ofeseason lamb production system

to be successful, low out-of-season pregnancy reded to be addressed.
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5.1 Introduction

In New Zealand, lamb production is governed bydbasonal pattern of pasture
growth and the reproductive seasonality of shdgeeding sheep and producing lambs
that are consistently available at any stage duttegyear offers New Zealand lamb
meat exporters the opportunity to provide a comtirsu supply of young lamb
throughout the year. This can be achieved by limgeahd lambing a proportion of a
flock out of season (McQueen and Reid, 1988; Setithl., 1988b; Knight et al., 1989a;
Morris et al., 1993) or by an accelerated lamb potidn system whereby ewes are bred
and lamb more frequently than once a year (Goot Magala, 1977; Speedy and
FitzSimons, 1977; Fahmy, 1990; Fogarty et al., B992wis et al., 1996; Urrutia et al.,
2001).

Low aseasonal reproductive performance in accelératr out-of-season lamb
production systems have previously been shownnd the success of these systems.
Reproductive performance, specifically pregnandgs,ahave been reported to be low
during the non-breeding season, regardless of whethnot exogenous reproductive
hormone regimes have been incorporated (CarpenterSaitzer, 1981; Smith et al.,
1988a; Knight et al., 1989b; Morris et al., 1993 1gdrfeld and Rubianes, 1999b; 2002;
deNicolo et al., 2008; Chapter 6).

Although seasonal differences in lamb birth weighizve previously been
reported where lambs born in spring were heavidyirgth than lambs born in autumn
(McCoard et al., 1996; Gootwine and Rozov, 2006waorter (Morris et al., 1993;
Jenkinson et al., 1995), no difference in lamb aldyt has been reported (Notter and
Copenhaver, 1980; Morris et al., 1993; Dabiri et &P96; Fisher, 2004). Several
studies have however, reported lower growth ratesutumn-born lambs compared to
their spring-born counterparts (Gould and Whitemd®71; McQueen, 1986;
Cruickshank and Smith, 1989), although Notter e(1891) found no difference in pre-

weaning growth rates of autumn- or spring-born lamithen creep feeding was

75




Chapter 5

available. Sheep farming in New Zealand is paktoased and the feeding of high

energy or protein supplements to lambs is not aslue to the costs. Moreover, the
different lambing seasons in accelerated or owgeafson lamb production systems may
lead to differences in lamb growth rates. It isréiore, also important to consider pre-

weaning growth of lambs during different periodslad year.

Ewe reproductive performance, and lamb growth rmortant to the performance
and viability of accelerated or out-of-season laptbduction systems. Theoretical
modelling on an accelerated lamb production sydiased on the “STAR” system has
indicated there are potential economic advantalyksg| et al.,, 2004). Hence, the
objective of the current experiment was to mongae reproductive performance and

lamb performance in ewes bred and lambed at fifferdnt periods within a year.

5.2 Material and methods

Experimental design

The experiment was conducted approximately 5kmhseast of Palmerston
North (40 south, 173 east; summer solstice: 2December, winter solstice: 2Tune).
The first breeding period was 281arch 2003 and the trial was completed when lambs

were weaned (Z1August) from the group of ewes bred in January6200

Two hundred and sixty seven, 2-year-old and mixgetda East Friesian
composite (1/2 East Friesian, 1/4 Polled DorsetHAdrexel; EF; n=116) and Romney
(n=121) ewes were divided into three groups (detiaiater) and were managed on a
20.3 ha area. Ewes were managed under commesaiaing conditions and were

shorn in May and December.

The trial design was based on the “STAR” systemeltged at Cornell
University, New York. (Lewis et al., 1996). Thenere five breeding periods (14
January, 28 March, 9" June, 2T August, 39 November), where ewes were

synchronised using progesterone primed controliegrmal drug release devices
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(CIDRs; 0.3 g progesterone; Pharmacia & Upjohn, khared, New Zealand) which
were inserted eleven days prior to ram introductioim addition, equine chorionic
gonadotrophin (eCG; Folligon, Intervet Ltd, AuckiaimNew Zealand) was administered
on the first synchronised day of breeding (Day fe®)the January (400 IU), August
(800 IU) and November (800 IU) breeding periodsanuhry was considered the
transition back into to the breeding season sovalaose of eCG was used compared
to August and November (Smith et al., 1988a; Wheabal., 1992; Morris et al.,
1993). These oestrus induction regimens were chasehey were deemed to be the
most effective methods for inducing aseasonal ptive activity during their
respective breeding periods in New Zealand (Sntithl.e 1988a; Knight et al., 1989b;
Morris et al., 2004; deNicolo et al., 2008; Chagier

Mixed-aged rams were introduced to groups of ewakeir respective breed on
Day PO (approximate ram-ewe ratio of 1:10), andsraemained with the ewes for 21
days (Day PO to Day P21). Seven days after tkeday of the synchronised breeding
period (Day P7), reused CIDRs were reinserted te gon pregnant ewes a chance to
be rebred. These CIDRs were then removed on Ddy FAn Day P62, pregnancy
status was determined by transabdominal ultrasapbgr using a 3.5 MHz sector
transducer applied over the caudodorsal flank foldny ewes identified as non-
pregnant were introduced into the subsequent gimuine next breeding period eleven

days later.

The first group of ewes (n=88) was joined with ramns28" March. Lambs were
weaned 73 days after the first day of lambing whes predicted to be 146 days after
the first day of synchronised mating. Ewes wernthebred on the day of weaning,
eleven days after having CIDRs inserted. The skeoob of ewes was introduced to
the ram on 9 June, followed by the third mob onS2RAugust. Breeding, lambing,
weaning and rebreeding management was the sara# foe groups. Based on the first
day of the synchronised breeding period, this mamet resulted in a breeding to

rebreeding interval of 219 days. If ewes fromMerch breeding period were pregnant,
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they lambed in August and were rebred in Novemleregnant ewes from the June
breeding period lambed in November, and were relmedanuary, thus giving five
breeding and lambing periods within one year, @iedn breeding periods over the

three-year experimental period.

Animals were grazed on ryegrass/white clover pastur 14 ha and/or annual
forage crops on the remaining 6 ha. Annual foraggps were planted in spring
(brassicapv Hunter pasja) and autumn (annual ryegreg§;oncord Italian ryegrass) to
meet feed demands through summer and winter. Sogpitary feed (hay and/or
balage) was harvested on the farm or bought in ahdhe discretion of the farm

manager, offered to ewes at times of feed deficit.

Shearing of all ewes, regardless of there prodnatiele, took place in December
and in May. Approximately two weeks prior to lamdi(pre-lamb), pregnant ewes
were vaccinated with 5 in 1 claustridial vaccineh&ing Plough Animal Health,
Wellington, New Zealand). Faecal eggs counts wawee periodically for ewes
(breeding, pregnancy diagnosis, pre-lamb, ~ 35 gags lambing and weaning) and for
lambs (~ 35 days post lambing and weaning) to roomtorm counts. Ewes were
drenched at trigger levels (2 x >1000 epg per 18seov average FEC of >500 epg). At

weaning, lambs were drenched then transportedheffarm.

Satistical analysis

Pregnancy data were treated as binomial traitsg viegit transformed and
analysed using a logistical regression model uSiA§ software (V8, SAS Institute Inc,
Cary, NC, 2001; GENMOD). Values were back-transied into percentages for
presentation. The statistical model included breggheriod, ewe breed and year as
fixed effects. Interactions were also tested,\@ack removed from the statistical model
if they were not significant. Pregnancy rate wa$nd as the number of pregnant

ewes per ewe exposed to the ram.
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The number of lambs born (NLB) and weaned (NLW) @&e lambed per year
were analysed as categorical variables (GENMOD) twieeding period, ewe breed and
year as fixed effects. Interactions were alsoetksand were removed from the

statistical model if they were not significant.

A general linear model (PROC GLM) was used to aswllamb birth weights
and average daily weight gain from birth to wean(A®G). Lamb data was analysed
with lambing period, lamb breed, sex, litter sizel a/ear fitted in the model as fixed
effects. Breed, lambing period and year interastiovere also tested. Where they were
not significant, interactions were removed and tm@del was re-run without
interactions. Lamb data is presented as montarbing which was six months or two

breeding periods after the ewes were bred.

Lamb mortality between birth and weaning was aramlyas a binomial trait
(GENMOD) and the statistical model included lamledat, litter size at birth (birth
rank), lambing period and year as fixed effectstthBrank was categorised (1,23),
and a lambing period by breed interaction was tedtet was not significant so was

removed. No year by lambing period by breed irttgva was tested.

5.3 Results

Ewe reproductive performance

Pregnancy rates for both EF and Romney ewes welehin March and June
(Table 5.1; P<0.001) and lower in August and Novenm([®<0.001). In the EF ewes,
pregnancy rates in January were higher than in stugnd November, and lower than
March and June (P<0.001). In November and Janpaggnancy rates were higher in
EF ewes compared with Romney ewes (Table 5.1; R¥®0t in March, June and

August, pregnancy rates were similar between tloehireeds.

There were significant breeding period by year bgeld interactions for the

number of lambs born per ewe lambed (NLB; P<0.08)e NLB varied throughout the
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year and between years (Table 5.2). This variatias not significant for the EF ewes
in Year one or two, nor was it significant for tRemney ewes in Year one. In Year
three, the August-bred EF ewes had the highest WhBe March-bred ewes had the
lowest (P<0.05). In Year two, March-bred Romneyeswad the highest NLB while
August-bred ewes had the lowest (P<0.05). Jungé-Bmmney ewes in Year three had
the highest NLB and January-bred ewes had the lo(iRes).05). Breed differences
were seen in August-bred ewes in Year two and meJand January-bred ewes in Year

three. In all three cases, EF ewes had higher theB Romney ewes (P<0.05).

Table 5.1 Pregnancy rates (ewes pregnant/ewes exposed tartf)dor five different breeding
periods over three years for East Friesian comp@sit Romney ewes. Values are logit least

means squares + standard errors. Back transfamsadire presented as percentages.

East Friesian Composite Romney
Breeding period LSM * se % LSM + se %
March 2.76 £ 0.4% 94.0 2.36+0.27 91.4
June 2.35+0.42 91.3 2.34 +0.4% 91.2
August 0.14+0.18 53.5 -0.20 £ 0.2% 45.1
November  -0.05+0.1%°  48.7 -0.64+0.16* 40.9
January 0.77 + 0.1%° 68.4 -0.43 +0.14* 39.3

P Indicates significant differences within colun{#®s<0.05)

12 |Indicates significant differences within row (P&®)

There were significant breeding period by breedyewr interactions for the
number of lambs weaned per ewe lambed (NLW). ImR&y ewes in Year one and in
EF ewes in Year three there were no significarfedéhces between breeding periods
(P>0.05, Table 5.2), but for the remaining yearhwwvieach breed, there were variations
in the highest and lowest NLW at the different bliag periods. The highest NLW in
EF ewes was from August-bred ewes in Year one immd June-bred ewes in Year two,

whereas in Romney ewes, the highest NLW was in MarcYear two and in June in
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Year three. In all three years in January-bredsetlvere was a breed difference where

EF ewes weaned more lambs than Romney ewes (P<0.05)

Table 5.2 Number of lambs born (NLB) and weaned (NLW) per déavabed for five different
breeding periods over three years for East Friestanposite and Romney ewes. Values are

presented as least squares means + standard error.

Year East Friesian Composite Romney
Breeding period NLB NLW NLB NLW
Year one
March 153+0.11 1.30+0.11° 1.50 +0.11 1.09+0.11
June 1.47+0.11 1.35+0.1F° 1.36 +0.10 1.28 +0.10
August 1.75+0.16 159 +0.16’ 1.43 +0.20 1.17 +0.20
November 1.63+0.12 1.20+0.1% 1.44 +0.15 1.17 +0.14
January 1.63+0.11 1.34+0.1F° 1.45+0.13 1.23+0.13
Yeartwo
March 1.63+0.11 1.27+0.17 1.69 + 0.10 1.52 +0.10
June 1.81+0.14 1.61+0.14 1.46 +0.14° 1.30+0.14°
August 1.81+0.16 1.32+0.16° 1.30+0.17* 1.05+0.17
November 1.58+0.15 1.44+0.15"° 1.63+0.158° 1.37+0.15°
January 1.63+0.11 1.37+0.117°2 1.40 +0.13" 1.03+0.13*
Yearthree

March 1.33+0.18 1.07 £0.13 1.52+0.10° 1.25+0.10*°
June 1.38+0.18°2  1.29+0.15 1.77+0.1%4  1.45+01%
August 2.04 +0.11 1.34 +0.11 1.76 +0.18° 1.19+0.17°
November 1.71+0.1%  1.07+0.13 1.69+0.1%8 1.19+0.15°
January 1.73 £0.1¥° 1.25+0.10 1.36 +0.12" 0.99+0.1T

" Month of ewe breeding
2P Indicates significant differences within colun{i#0.05)

12 Indicates significant differences within row (P&®)

Lamb birth weights

There were no month by breed or year interactiolamb birth weights. Lambs
born in November were the heaviest at birth, foddwby August- and January-born

lambs (P<0.001; Table 5.3). January-born lambe hkEd similar birth weights to
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March- and June-born lambs. Lambs born to EF ewe® heavier compared to
Romney lambs (P<0.05), and lambs born in Year oeeewsimilar to the other years,

but lambs born in Year two and three differed (P5).

Table 5.3 Effect of lamb breed, year and lambing period anldebirth weights and mortality
from birth to weaning (average age = 69 days). u¥slare presented as least squares means *
standard error. Lamb mortality values are logiingformed least squares means * standard

error, and are also presented as back-transforeredmtages.

Variable Birth weight Mortality
(LSM+SE) (%)

Breed

East Friesian Composite 4.41 + 004 1.39+£0.10 32.8

Romney 4.29+0.02 1.43+0.12 315
Year

One 4.38 +0.08° 1.49+013 29.6

Two 4.25 +0.0% 1.67+0.14 245

Three 4.43 +0.08 1.08+0.11 447

Lambing period

August (March) 4.43 +0.05 1.22+0.14 389
November (June) 4.68 + 0.06' 1.82+0.200 20.8
January (August) 4.27 +0.07"° 1.45+0.19° 30.8
March (November) 4.10 £ 0.06' 1.31+0.17 358
June (January) 4.28 +0.08 1.26 +0.14 375

abed |ndjcates significant differences within varialii<0.05)
" Interactions were significant and are preseni€tiable 4

! Month of ewe breeding in parentheses

Lamb weaning live weights

There were significant (P<0.001) interactions beiweyear, ewe breed and
lambing period for live weights at weaning, althbugere were no consistent patterns
within each year for either the heaviest or théthkgt lambs at weaning (Table 5.4).
November-born EF and Romney lambs were heaviesteaning in Year one, and

lightest in Year two (P<0.05). In Year two June+b&F and January-born Romney
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lambs were heaviest and January-born EF and Rofangys were lightest in Year one

(P<0.05). In Year three, lamb of both breeds weraviest when born in August and

lightest when born in January (P<0.05). Weaningts in EF lambs were higher than

Romney lambs for August- and January-born lambsYear one, August- and

November-born lambs in Year two and in August-, &lober- and June-born lambs in

Year three (P<0.05).

Table 5.4 Weaning weight (kg) and daily weight gain betweérhband weaning (ADG;

grams/day) for five different lambing periods otleree years for East Friesian composite and

Romney ewes. Values are presented as least squeaes + standard error.

Year

East Friesian Composite

Romney

Lambing period ~ Weaning weight ADG Weaning weight
Year one

August 22.50+0.58°2 266 +6.972 19.40 + 0.59'*
November 24.03+057  264+7.06 24.21 +0.53
January 19.92 +0.74¢ 213 +9.272 16.82 + 1.09*
March 19.94 + 0.660 215 + 7.4 19.00 + 0.76°
June 21.18+0.51° 244 +6.392 19.96 + 0.66

Yeartwo
August 23.21+0.59° 283 +7.37? 21.40 + 0.48*
November 20.65+0.612 248+ 7.63"?2 18.59 + 0.72*
January 21.99+0.78° 243 +9.15*° 22.41 +0.90
March 20.96 + 0.78" 234 +9.09 20.34+0.76'°
June 23.08 + 0.5%° 263 +6.88 21.53+0.74

Yearthree
August 24.14+0.73% 299 +9.272 21.57 +0.50*
November 21.29 + 0.7°7 231 +9.671° 18.89 + 0.69'*
January 1541+0.59 157 +7.66" 15.49 + 0.92
March 20.40 +0.70 223 +8.7C° 18.42 +0.78
June 17.93+0.5%° 197 +6.67°2 16.30 + 0.63*

ADG

231+ 7.271
277 +6.53
174 + 11581
209 +9.44
225 +8.14*1

253 +594"
219 +8.88"*
251 +11.16°
229 + 9.49°
242 +9.24°°¢

265 + 6.26°
207 +8.28
160 + 11.4C°
206 +9.32
167 + 7.88

Month of lambing

2% Indicates significant differences between peribthmbing, within column and within year

(P<0.05)

12 |ndicates significant differences between bregthin row (P<0.05)
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Lamb growth rates from birth to weaning

Lamb daily growth rates for year by lambing penmithin breed interactions are
presented in Table 5.4. August-born EF lambs hadighest daily weight gains for all
three years and the lowest growth rates were inalgrborn lambs in Years one and
three, and in March-born lambs in Year two (P<0.050r Romney lambs in Year one,
November-born lambs had the fastest growth rate Jardiary-born lambs had the
lowest (P<0.05). In Years two and three Augustab@omney lambs had the fastest
growth rates and November- and January-born Rorfamelgs had the slowest growth
rates for Years two and three, respectively (P<0.0Bomney lambs tended to grow
slower than EF lambs, with significant differenaasJanuary- and June-born lambs

(Year one), and August- and November-born lambs(Yeo0).

Lamb mortality

Lamb mortality was lower in November-born lambs pamed with lambs born at
all other times (Table 5.3; P<0.05). Although istatally, this difference was not
different, the biological differences was signifita Mortality in January-, March, June-
and August-born lambs were also not statisticalfgent from each other. Year three
had more lamb deaths than Years one and two (Px0A&ross all three years, lambs
belonging to litter sizes of three or more had Heyhb mortality (74.0%) compared to

single- (16.4%) and twin-born lambs (23.5%; P<0)001

5.4 Discussion

The objective of the current experiment was to nwwnewe reproductive
performance at five different breeding periods aveee years. The use of eCG in the
current experiment is confounded with breeding qukras the dose rate varied (O-
800 IU) throughout the year, but the objectivelsd experiment was not to compare or

test the effects of eCG, but rather, to comparedifferent breeding periods in this
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experiment. Previous studies in New Zealand weseduo develop the induction

regimes used (Smith et al., 1988a; Knight et &89b; Morris et al., 2004).

The ability of ewes to successfully reproduce ofitseason is pivotal to the
viability of an accelerated or out-of-season lambdpction system. The current
experiment indicated that aseasonal reproductivieqpeance is low (August; 45-54%,
November; 41-49%, January; 39-68%). These resulissimilar to the findings of
other studies were aseasonal breeding has occurgdith et al. (1988a) achieved
conception rates of 30-52% August-, October andebdxer-bred ewes, Knight et al.
(1989b) and deNicolo et al. (2006; Chapter 10) riggbpregnancy rates from 47-55%
and 33-36%, respectively, in December-bred ewed, Marris et al. (1993) reported

pregnancy rates of 64-76% in January-bred ewes.

Alternative means of circumventing seasonality acHieving higher pregnancy
rates in aseasonal breeding periods, thereforedsné® be addressed. Melatonin
implants are a possibility and although previousults have been disappointing,
methods of administration and improvements in teeetbpment of the implants may
provide an improved product for use New Zealandrli& work in New Zealand using
melatonin fed to ewes for 25 days from early Japuasulted in pregnancy rates of
62% (Knight, 1983). Melatonin implants have shgwamise in Mediterranean breeds
of sheep (83% (Forcada et al., 1999)) and in Alistvéith Merino, Border Leicester x
Merino and Romney ewes (93-97% (Williams et al92)9. Recently, deNicolo et al.
(2007c, see Chapter 9) reported a 15% increaseegnpncy rates and a 61% increase
in the number of lamb born per 100 ewes treatednwisng melatonin implants in
conjunction with eCG and progesterone during sp(@gtober). Melatonin implants
could be used in New Zealand in conjunction witbgasterone and eCG, although this

combination may be expensive.

Another option is to use artificial photoperioddotrain the underlying circadian

rhythm associated with seasonality to retrain thgpothalamus and induce
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photorefractoriness, which can lead to reproductisivity (Legan and Karsch, 1980;
Jackson et al., 1988). However, due to housinficdifies (including the control of
humidity and temperature in summer), an increastenhandling requirements of the
sheep, the extensive nature of sheep farming in Keatand, and the poor response
recently shown (deNicolo et al., 2007b; Chaptettl} option is not a practical method

for circumventing seasonality in sheep.

The Romney flock used in the current experimeniceted that they were not
suited to a lamb production system in which aseasdmeeding period(s) were
incorporated. This finding is in accordance witdiNicolo et al. (2008; Chapter 6) who
reported that Romney ewes performed poorer in AtigNsvember and January
compared to EF ewes. Furthermore, it appearstiieaRomney breed is affected by
seasonality to a greater extent that other brelddsre et al., 1988; Smith et al., 1989;
Knight et al., 1992; Morris et al., 1993). Expeeintation with other less seasonal
breeds of sheep may result in an improvement iasas®l reproductive performance
(e.g. Finnish Landrace (Fahmy, 1990), Border LéaregHall and Killeen, 1989),
Dorset/Poll Dorset (Knight et al., 1989a)). Howewhanging to a less seasonal breed
may require the use of terminal sires to ensurélbwe weights at weaning and carcass
weights are suitable for the market. A furtherijpeon is the availability of sufficient

numbers of such breeds of sheep in New Zealand.

Perhaps a more practical option under New Zealanditions in this accelerated
lamb production system is to change the design ffiom breeding periods within a
year, to three or four, thereby avoiding the permfddeep anoestrus and lowest
reproductive performance (i.e. spring). In therent trial, August and November were
the worst months for pregnancy rates, thereforesethmonths should be avoided.
Breeding in early autumn and winter when reprodecperformance is expected to be
high, and also incorporating one or two breedingogs which coincide with the
transition into shallow anoestrus and the transiboit of anoestrus may prove to be

more successful (i.e. late July/early August owuday, respectively).
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Recently, deNicolo et al. (2008; Chapter 6) havewshthat ewes are ovulating
outside of the traditional autumn breeding peridgiranormonal oestrus induction,
although they are failing to conceive. Therefduether research in this area is required
to determine means of ensuring ewes conceive andrtibryo survives and results in a

viable foetus and a live lamb.

McQueen (1986) and Reid et al. (1988) reported drigamb survival rates in
autumn-born lambs compared to their spring-bormtaparts, although this was not
the case in the current experiment: Mortality Waghest in early spring-, autumn- and
winter-born lambs (August, March and June), whela@sspring (November) appeared
to be the best time for lamb survival. Howevergapected, lamb losses between birth
and weaning increase as litter size increaseds i§hof little surprise as the association
between litter size, lamb birth weight and perihdamb mortality has been widely
reported (Dalton et al., 1980; Scales et al., 198&ia and Ascaso, 1999; Jopson et al.,
2000; Morris and Kenyon, 2004).

August-born (early spring) lambs had the heaviesaning weights and the
highest daily weight gains compared with other langlperiods. Forbes et al. (1979)
demonstrated that exposure of lambs to longer @dgy hours (16 hrs light), albeit
artificial, resulted in higher growth rates comghte lambs exposed to shorter periods
of light (8 hrs light). This is apparently not tlease with exposure to ambient
photoperiod and/or pastoral-based diets since dginaan lambs tended to have the
lowest daily live weight gains — the lambing periatiere day light hours were the
longest. Nevertheless, growth rates in autumn-dambs have previously been
reported to be lower than spring-born lambs (Gand Whiteman, 1971; McQueen,
1986; Cruickshank and Smith, 1989; Morris et a®93) which appears to be in line
with the current experiment. This may be partlg ¢ lower milk yields since Peterson
et al. (2005) reported the lowest milk yields inmtalambing ewes and the highest in
June-lambing ewes, although lamb growth ratesercthrrent trial did not coincide with

that pattern of milk production. Autumn and sumrpasture have lower quality than
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spring pasture (Machado et al., 2005), howeves, shbuld not have been an issue with

the current experiment as forage crops were grawatdtumn/winter and summer.

In the current experiment, lambs were weaned 73 dégr the predicted first day
of lambing, so they were therefore younger thanbsmeaned in conventional once-
yearly lamb production systems. Increasing lamlaniey weight (particularly those
born outside of the normal spring lambing perioddynbe a practical method for
improving the lamb output of accelerated and oegedEson lamb production systems.
Delaying weaning and breeding ewes while they altesackling lambs has previously
been shown to be an effective means of increasangp|weaning weight without
affecting reproductive performance in spring-brage (deNicolo et al., 2006; Chapter

10).

5.5 Conclusion

The objective of this experiment was to monitor ewproductive performance
and lamb performance in a lamb production systeneravlbreeding and lambing
occurred at five different periods within one yedme major weakness identified was
the low aseasonal reproductive performance whiclppats previous studies
incorporating aseasonal breeding periods, and pateolutions were identified. These
results suggest that unless aseasonal reproduymifermance can be improved, it is
unlikely that the breeding periods of August andv&ober, and to a lesser extent
January, will be utilised in an accelerated or @useason lamb production system.
The age of lambs at weaning also needs to be addies the weaning of young lambs
meant live weights at weaning were not sufficiemt $tore lamb trade during some
lambing periods. If these weaknesses can be addtemcreasing the frequency of
breeding and lambing may have a place in the shelpstry in some parts of New

Zealand.
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In this chapter, it was shown that pregnancy rdtgeng the aseasonal breeding
periods were low, particularly August and Novembed to a less extent, January.
Observations in this chapter indicated that a nitgjof the ewes presented for breeding
had crayon mating marks, yet were identified asigp@ion pregnant 62 days after the
start of the synchronised breeding period. The wchapter examines the theory that

inactive ovarian activity contributes to this loseasonal reproductive performance.
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Chapter 6 Induced seasonal reproductive

performance in two breeds of sheep

Abstract

The objective of the present experiment was tordete whether failure to
become pregnant through out-of-season reproductivenagement regimes is
attributable to a failure to stimulate normal cagpdutea production. Romney ewes
and East Friesian Composite (EF) ewes were matedinmmer, autumn, winter, and
early and late spring after administration of im&rginal progesterone inserts (plus eCG
in spring and summer in a factorial (2 breeds xdimg periods) experimental design.
Oestrus rate was determined from mating data, e@dtmber of corpora lutea were
determined by laparoscopy 9 days after ram introdac Conception rate, pregnancy
rate and litter size were determined by transabdaimiltrasonography 62 days after

ram introduction.

Proportions of ewes displaying oestrus did notedif§ignificantly (75-100%)
between seasons or breeds, except for the Romney Ewsummer (67%; P<0.05).
Number of corpora lutea on Day 9 for EF ewes wagegt in autumn (1.5) and winter
(1.5), and highest in late spring (2.1; P<0.0%).cdntrast, Romney ewes had the lowest
corpora lutea count in summer (1.3), and the higimeautumn (1.8) and winter (1.6;
P<0.05). Only in summer was there a differenceveen breeds (EF 1.8; Romney 1.3;
P<0.01). The proportion of ewes that failed to a@we despite having one or more
corpora lutea present was highest in late spritg4E%, Romney 43%), and lowest in
autumn (EF 9%, Romney 4%) and winter (EF 14%, Romifé; P<0.05) matings.
Conception and pregnancy rates followed similatgpas with values for autumn (EF
91%, 91%; Romney 96%, 96%) and June (EF 86%, 828mriry 91%, 83%) being
significantly (P<0.05) higher than in early (EF 50840%; Romney 54%, 50%) and late
spring (EF 44%, 36%; Romney 42%, 36%). Pregnaatyin summer was higher for
EF ewes (60%) than for Romney ewes (39%) but cdrmepates were not statistically
different (EF 68%; Romney 60%). Numbers of foestugtentified at scanning was
highest in autumn (1.5) and lowest in late spridg <0.001): Litter size in pregnant
EF ewes was highest in early spring and lowestiimew (1.8 vs 1.2; P<0.01), but for
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pregnant Romney ewes was highest in winter and doweearly spring (1.9 vs 1.3;
P<0.001).

It was concluded that seasonal differences in Hiéyaof ewes to conceive are
not the consequence of failure to display oestrus ovulate, but probably are a result

of failure of fertilisation or the establishmentmignancy.
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6.1 Introduction

Year-round lambing systems depend on the abilitgveds to breed outside of the
normal breeding season. Although much is knowrutbiee physiological principles
that underlie the regulation of transitions betwdbe breeding and non-breeding
season, attempts to breed sheep out of seasondesezally resulted in low and
variable overall pregnancy rates, with poor coesisy between different studies and
between different breeds/husbandry systems. Tlie ishether out-of-season breeding
has been induced with (3-67%; Dawe et al., 1969p€&rder and Spitzer, 1981; Smith et
al., 1988a; Knight et al., 1989b; Ungerfeld and RRnbs, 1999b; Knights et al., 2003;
Morris et al., 2004) or without (0-28%; Goot and ik, 1977; Lewis et al., 1996) the
use of exogenous hormones. Conversely, despite poch results in terms of
pregnancy rates, the ability of out-of-season hrepdegimens to induce behavioural
oestrus is generally good. In the studies of Datval.e(1969), Smith et al. (1988a),
Knight et al. (1989b), and Ungerfeld and Rubiari&99b) oestrus was displayed by up
to 95% of ewes. Whilst some data exist on therdxte which out-of-season breeding
regimens induce normal follicular and luteal a¢yiie.g Hunter et al., 1986; Hunter
and Southee, 1987; Smith et al., 1988b; Southed.,el988), the contribution that
failure to induce such activity makes to the evahforegnancy outcomes either in
whole-flock management regimens, or when out-ofgeananagement protocols are
employed at different stages of the non-breedirag@® has received relatively little

attention.

In a recent experiment (Morris et al., 2004) in ethreproductive activity was
induced at five different seasons through the ygamas found that only 46-61% of
those ewes which had been induced to breed owasibs were subsequently identified
as pregnant. Unpublished data from the same gndigated that, even though the
pregnancy rate was low, 82-99% of those ewes disglaoestrus when they were

exposed to rams (as indicated by crayon mating shaHowever, it was not established
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whether the low out-of-season pregnancy rates teghan that study, as in many other
similar studies, were due to inadequate follicalavelopment, a reduced ability of the
ewe to ovulate, failure of conception or implargati or embryonic/early foetal

mortality.

The objective of the present study was to examieedvarian activity of two
breeds of ewes (Romney and East Friesian Compoitdetermine whether failure to
induce corpora lutea was responsible for the disorey between high numbers of ewes
displaying oestrus and low out-of-season pregnaatss, especially in animals that

were induced to breed during deep anoestrus.

6.2 Material and methods

A study was undertaken to examine the reprodugeréormance of ewes at five
different breeding dates (early spring: mid-Augukstte spring: early-November,
summer: mid-January, autumn: late-March and winearly-June) over a 12 month
period, using a total of 103 New Zealand Romne\etgwes and 110 East Friesian
Composite ewes (EF; 50% East Friesian, 25% Polls&pr25% Texel) that were
managed in a year-round lamb production systene fifbt breeding season was early
spring. The experimental design was a factoriedreyement of two breeds by five

mating periods by 22 to 61 replicates (ewes).

The study was carried out in New Zealand, approteiyabkm south-east of
Palmerston North (40south, 175 east; summer solstice: 21 December, winter setstic

21 June).

Feed demands were met using a hybrid turnip cregPésja) during the summer
and winter active annual ryegrass (cv Hunter) dutive winter. In summer, ewes were
run on 6 ha of hybrid turnip crops and 14 ha ofhmrent pasture. During the winter,

animals were run on 14 ha permanent pasture aada@iual ryegrass.

96




Chapter 6

Numbers of ewes of each breed type used at eaeldibgeperiod and ewe:ram
ratio are given in Table 6.1. Eleven days prioeach joining period (Day -11) all ewes
had progesterone primed intravaginal devices (Op3ogesterone; CIDRs; Pharmacia
Ltd, Auckland, New Zealand) inserted. On the dayam introduction (Day 0), ewes
were weighed and condition scored (scale 1-5; deffe 1961) and CIDRs were
removed. In ewes that were to be joined in egrting, late spring and summer, equine
chorionic gonadotrophin (eCG; Folligon, Interved]tAuckland, New Zealand) was
given at doses of 800, 800 or 400 IU, respectivblyintramuscular injection. Ewes
bred in autumn and winter received no eCG. Eweag \separated into their respective
breed types and joined with five rams of their breagpe on Day 0. Prior to
introduction, rams were subjected to a breedingndoness examination (including
measurement of scrotal circumference). Each ram fittesl with a crayon mating
harness and run with the ewes for 9 days. Crayatinghmarks were recorded on P8,

as an indicator of oestrus display and mating agtiv

Table 6.1 Number of mixed-aged East Friesian Composite anariRy type ewes, and the

ewe:ram ratioused for each breeding period.

Season of mating East Friesian Composite Romney

Ewes Ewe:ram ratio Ewes Ewe:ram ratio
Summer 57 13.8 57 13.8
Autumn 38 19.0 51 24.7
Winter 22 10.8 24 9.4
Early spring 40 10.4 30 8.8
Late spring 61 14.2 61 14.2

" The ewe:ram ratio included non-trial ewes thatemeranaged with each mob during each

breeding period, but that did not undergo lapamg@nd were not included in this research.

On Day 9, laparoscopic examination of both ovawes performed on all ewes
and the number of corpora lutea on each ovary wegerded. Follicular activity was
also subjectively scored, on the basis of numbedssizes of antral follicles present on

the surface of the ovary. Prior to examination,eewvere sedated with acetyl
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promazine (10 mg: Acezine 10%, Ethical Agents L#&slckland, New Zealand) and
lignocaine hydrochloride (20mg/ml, Nopaine: Phoetkarmaceutical Distributors

Ltd., Auckland, New Zealand) was used at the dientry of the laparoscope.

On Day 62, pregnancy status was determined byabamgninal ultrasonography
using a 3.5 MHz sector transducer applied overcthedodorsal flank fold. Ewes that
had conceived at the first and second breedingesywekre identified by this procedure.
Since the laparoscopic observations had been madéehé first cycle only, only

pregnancy outcomes for the first cycle were useslivsequent data analysis.

Following pregnancy diagnosis, ewes were classifiatb one of five
classifications based on the presence or absenoatofig marks and corpora lutea, and

pregnancy status in relation to the first synchsedioestrus cycle:

i.  non-responsive (ewes that did not display oesassndicated by lack of

crayon harness marks) and had no corpora lutegatdscopy),

ii.  silent oestrus (ewes that did not display oestuishhbd corpora lutea observed
at laparoscopy),

lii.  pseudo-oestrus (ewes that displayed oestrus butdadrpora lutea observed
at laparoscopy and were not pregnant),

iv.  non-pregnant (ewes that displayed oestrus, hadiptea observed at
laparoscopy and were not pregnant)

v. pregnant (ewes that displayed oestrus, had cotptea observed at

laparoscopy and were pregnant).

Some ewes contributed to more that one set of thateby giving 223 and 214
records for Romney and EF types, respectively. cdmribution of more than one data
set by some ewes occurred for two reasons. Firstlyes that were mated and
conceived in early spring or late spring, lambedummer or autumn, respectively, and
were re-mated in autumn or winter (post weaningherefore, any ewes successfully

conceiving to the early and late spring breedingops contributed to two sets of data.
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Secondly, any ewes that did not conceive in a @adr breeding period were rebred at
the subsequent breeding period. Ewes weaning a lpndy to re-mating were

considered to be in a lactating state at matingiteeghe lamb being weaned on the day
of mating. Ewes that did not conceive to the prasimating were considered to be in a

non-lactational state at mating.

Season and lactational status (lactating versuslawtating) were used in all
statistical models as fixed effects. Live weigit the first day of the synchronised
breeding period (Day 0) was used as a covariatallirstatistical models, but was

removed where it had no statistically significaffi¢et.

Univariate analyses compared the number of ewgdagiang and not displaying
oestrus (oestrus rates), and the number of ewgmamné and not pregnant (conception
rate and pregnancy rate) for breed type within esason. Oestrus rate was defined as
the number of ewes marked by the ram per ewe egpwsthe ram. Conception rate
was defined as the number of ewes pregnant penesieed by the ram, and pregnancy
rate was defined as the number of pregnant ewesvpeexposed to the ram. Oestrus,
pregnancy and conception data were treated as mhomaits and were logit
transformed. These traits were analysed usinggetioal regression model in SAS
(V8, SAS Institute Inc, Cary, NC, 2001; GENMOD) avalues were back-transformed
into percentages for presentation. The proporbbrewes with at lease on corpus
luteum present in the mated, non-pregnant ewes siergarly analysed as binomial
traits. Due to a low number of non-pregnant eweautumn and winter, breed types

were combined for statistical analysis.

The proportion of ewes within four of the five d#gations (no oestrus, pseudo
oestrus, non pregnant or pregnant) were analysétamial traits. To obtained breed
differences, a breed by month interaction was destSome classifications had a low
number of observations (0-2) so where there wasvaoall breed difference, the two

breeds were analysed separately to test of a smasfiect. In the case of the
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occurrences of silent, pseudo and no oestrus, seasth zero observations were
removed to test for significant differences betwdenremaining seasons. Live weight
at breeding was tested, but had no significantceffe these variables, so was dropped
from the statistical model. In the case of theuoence of silent oestrus, the low
number of observations meant a sensitive statistizaysis could not be performed. A
simple statistical model for the occurrence ofrdileestrus used breed, lactational status
or season as main effects. Within breed, oveaaliational status or season were also

tested.

The number of corpora lutea present at laparosamy litter size per ewe
scanned and per pregnant ewe were analysed usimg pasametric analysis
(GENMOD) with respect to breed and season of bregdiData for follicular activity
on Day P9 were not subjected to further analysss, vehilst indicative of ovarian
activity, there was no reason to suppose that & nghated to event around the induced

oestrus/ovulation. .

6.3 Results

Oestrus rates (number of ewes marked by the ramevperexposed to the ram) in
EF ewes ranged from 75% in early spring to 100%utumn. In the Romney type,
oestrus rate in summer was the lowest (67%) amditnmn, it was the highest (100%).
Thirty-two percent of Romney type ewes exposedh® tam in summer failed to
display oestrus. In autumn oestrus rate was 100Romney type ewes, with values of
89, 85 and 92% for winter, late spring and earlsingp respectively. Oestrus rates
recorded in summer for EF ewes were higher thasethecorded for Romney type ewes
(P<0.01). There were no other significant breeffedinces within other seasons

(P>0.05).

There were no significant differences in conceptiates (number of ewes

pregnant per ewe mated) between lactating and axiating ewes, but there was a
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breed by lactational status interaction where cptioe rates in lactating Romney type
ewes (75.0 %) were higher than in non-lactating Reyntype ewes (58.8%; P<0.05).
Conception rates in the EF ewes were lowest inyemmd late spring (50 and 44%,
respectively) and highest in autumn and winterq3hd 85.7%, respectively; P<0.05;
Figure 6.1). In the Romney type ewes, conceptairsr were higher in autumn and
winter (96.1 and 90.9%, respectively) compareduimreer, and early and late spring
(59.5, 53.6 and 41.5%, respectively, P<0.05). @lveere no significant differences in
conception rates between breeds within each season.
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Figure 6.1 Conception rates (ewes pregnant per ewe m#gdind pregnancy rates (ewes
pregnant per ewe exposed to ram;in a) East Friesian Composite and b) Romney typed
aged ewes bred at different seasons within one. ydaifferent letters indicate significant
differences (P<0.05) between season within ewe aypkvariate (abcd; conception rate, wxyz;

pregnancy rate). Breed difference is shown betwegand bottom figures (P<0.05).
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There was no effect of lactation on pregnancy rates all seasons and there was
no significant breed difference across all seasoRseegnancy rates in EF ewes were
higher in summer (59.6%), autumn (91.2%) and wii8r.8%; P<0.05; Figure 6.1),
compared with early and late spring (40.0 and 36.18¢pectively). The highest
pregnancy rates in the Romney type were recordesuiomn and winter (96.1 and
83.3%, respectively), with summer (38.6%), earlp.(86) and late spring (36.1%)
being significantly lower. The proportion of ewtbsit were not marked by the ram and
that did not have any corpora lutea present anB®éstrus) differed between summer
(16.7%) and early spring (4.3%; P<0.05). Thereewmeo ewes of either breed in
autumn, and no Romney type ewes in early spririgigncategory. A higher proportion
of non-lactating ewes had no oestrus (11.6%) coetpaith ewes that had just weaned
a lamb (5.3%; P<0.05). Over all seasons, the oeonae of no oestrus was lower in EF
ewes (5.1%) compared to Romney type ewes (10.3%;0Bx When breeds were
analysed separately, there were no significanedifices between seasons for EF ewes
(range 0-7.5%). Romney type ewes differed sigaifity between summer (29.8%) and
late spring (6.6%; P<0.01).

The proportion of ewes classified as non pregniaat displayed oestrus, had at
least on corpus luteum present at laparoscopy last mot pregnant at P62) did not
differ significantly within each breed. There was breed by lactational status
interaction where the number of non-pregnant ewas tigher in non-lactating EF
(30.9%) compared with non-lactating Romney types{d.4%; P<0.05). The lowest
proportion of non pregnant EF ewes was recordediinmn (8.8%) and winter (13.6%)
and was highest in early (32.5%) and late spring0@; P<0.05; Figure 6.2). In
autumn and winter, the Romney type had the lowespgstion of non pregnant ewes
(3.9 and 4.2%, respectively), and in summer (24,&¥ early (33.3%) and late spring
(42.6%; P<0.05) the proportions of non pregnantsewere highest (P<0.05).

The occurrence of pseudo oestrus did not diffeniBagantly between season

overall (range 0 to 8.6%), of within either breednge EF; 0 to 7.5%, Romney; 0 to
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10.0%). Also, the proportion of ewes judged toenhad a silent oestrus did not differ

statistically between seasons, overall or for eibiteed type (range 0 to 13.3%).

a) 100 - d

80 ~

Percentage

80 +

60 -

Percentage

40 +

20 +

Summer Autumn Winter E.Spring L.Spring
Season

Figure 6.2 The proportion of a) East Friesian Composite l@n@omney type mixed aged ewes
with successful (-4—) or unsuccessful pregnancies (displayed oestiitls @orpora lutea
present;---M---) at different seasons within one year. Differétters indicate significant
differences within variates (abcd; successful paegy, wxyz; pregnancy failure) between

season (P<0.05). Differences between breeds ve¢gnificantly different (P>0.05).

There was no significant breed difference in theuo@nce of silent oestrus, nor
was there any significant difference between laajaind non-lactating ewes. No ewes

were classified as having had a silent oestrusiinnan, and there were no statistically

103




Chapter 6

significant differences between seasons (range%)10Vithin each breed there were

no significant differences between seasons (rafg®H2.5%, Romney 0-6.6%).
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Figure 6.3 Average number of corpora lutea in all ewes eggdse the ram for a) East Friesian
Composite and b) Romney type mixed aged ewes &reliit seasons within one year.
Different letters indicate significant differencéB<0.05) between season within ewe type.

Breed differences are shown between figures (P¥0.05

Due to low numbers of mated, non-pregnant ewes aithwithout corpora lutea
in autumn (n=5 and 0, respectively) and winter (and 1, respectively), the two breed
types were analysed together for all months. toraun, all ewes in this subgroup had at

least one corpus luteum at P9. The proportion afemh non-pregnant ewes with
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corporal lutea present at other times of the yaaged from 82% in summer to 93% in

winter, but these were not statistically different.

The average number of corpora lutea observed atdapopy for all EF ewes was
lowest in autumn and winter, and highest in latengp(P<0.05; Figure 6.4). Romney
type ewes had the lowest corpora lutea count imsemnand the highest in autumn and
winter (P<0.05). East Friesian composite ewes fade corpora lutea in summer

compared with Romney type ewes (1.8 vs 1.3; P<0.01)

The number of foetuses per ewe scanned was highastumn and lowest in late
spring for EF ewes (1.5 and 0.5, respectively; B&D). This variable was also highest
in Romney type ewes for autumn and winter (1.7 B respectively), and lowest for
summer, and early and late spring (0.6, 0.6 andr@dpectively; P<0.05). In winter,
Romney type ewes had more foetuses per ewe scdhaadEF ewes (1.5 vs 1.0;

P<0.05).

Average litter size (number of foetuses per pregeave) was highest for early
spring-bred EF ewes (1.8), and was statisticalffexint from winter-bred EF ewes
(1.2) but not EF ewes bred in summer, autumn @ $qiring (P<0.01). Within the
Romney type ewes, litter size was lowest in egolyrg bred ewes (1.3). This was
significantly different from litter sizes in autumand winter-bred Romney type ewes
(1.8 and 1.9, respectively; P<0.001). Breed dffiees were observed in winter where
EF ewes had smaller litter size than Romney typeseid.2 vs 1.9; P<0.01) but in early
spring, EF ewes had higher litter size than the Reyntype (1.8 vs 1.3; P<0.05).
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Figure 6.4 Average number of corpora lutea in non pregnantgnd pregnantl) a) East
Friesian Composite and b) Romney type mixed agessdar different seasons within one year.
Different letters (abc) indicate significant diféeices (P<0.05) between season within breed
type and within pregnant ewes. Different numbelrs ) indicates significant differences
(P<0.05) between pregnant and non pregnant ewéinviteed type and month of breeding.
Bars without numbers or letters are not statidiicdifferent. Breed differences are shown

between figures (P<0.05).
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6.4 Discussion

The use of laparoscopic examination of the ovaok®wes bred at different
stages of the annual breeding cycle has made gilgesto determine the extent to
which failure to induce ovulation (i.e. inasmuch a@asmals lack corpora lutea) has
limited pregnancy rates during the non-breedings@eaMoreover, it has allowed
differentiation between animals that displayed msstbut did not ovulate and those

which both ovulated and displayed oestrus but syurs#ly failed to conceive.

Although there have been several previous inveshigs of the responses of ewes
to out-of-season breeding regimes, few are diremiyparable with the present study.
The finding of the present study that pregnancy@mteption rates were lower in ewes
that were stimulated to breed in early and latengp{32-60%) than in the autumn and
winter (96-98%) were commensurate with (Knight &t 4989b; Ungerfeld and
Rubianes, 1999b; 2002), or higher than (Fukui gt1885; Smith et al., 1988a) other
studies in which similar stimulation regimens (ipgogesterone and eCG) were used.
These, and other studies (e.g. Robinson et al5;1@heaton et al., 1992) have also

shown that pregnancy rates out-of-season are lthaerin the breeding season.

Without the administration of exogenous hormoness difficult to induce ewes
to ovulate during the summer (Hall and Killeen, @98The present trial has shown that
ewes can respond to reproductive stimulation regimene of four main ways. Firstly,
they may ovulate and conceive; albeit at a lowae than in the breeding season
(Robinson et al., 1975; Wheaton et al., 1992). o8dly, they may ovulate but fail to
display oestrus. Thirdly, they may display oestinasmuch as they permit, mating,
but do not ovulate and form a corpus luteum. Theeee relatively few ewes in that
category, but, the fourth category, namely ewes$ dmplayed oestrus, ovulated, but
failed conceive, accounted for most of the aninthlt failed to become pregnant.

Conversely, the lower pregnancy rates in the nemeding season could not be
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attributed to the proportion of ewes that had pseoesstrus or silent oestrus, as these

did not vary throughout the year.

Low pregnancy rates in the non-breeding season terefore not generally due
to low proportions of ewes displaying oestrus aftee synchronisation/stimulation
regimen, with oestrus rates recorded in the cutraitbeing similar to those from other

trials (Fukui et al., 1985; Smith et al., 1988ajddm et al., 1989b).

It was not expected that most of the ewes thagdaib conceive after stimulation
to breed in the non-breeding season would haveeactiaries (i.e. corpora lutea present
on Day P9), although Smith et al. (1988a) did sleopattern at a single time point in
the summer that was not dissimilar to the resuthefpresent study. For the EF breed,
even in summer, virtually all ewes had corporadyteesent, regardless of whether they
conceived. Indeed, the only circumstance in tresgmt experiment in which corpora
lutea were not present in a high proportion of ewas in the Romney type in summer.
Nonetheless, even in ewes that were marked by dhe (i.e. displayed oestrus),

successful pregnancies were still poor out of Se§38-68%).

Two of the main factors that might have contributed such a pattern of
conception rates are ovulation rate and the notynalisubsequent luteal activity. The
evidence of the present study was that ovulatiosm weas not adversely affected by the
treatment regimens, since number of corpora luteeewiot significantly different
across the year in ewes that conceived. FurthernmorEF ewes, there was little
difference in the number of corporal lutea predsitveen pregnant and non-pregnant
animals. This may not have been the case in thenRy ewes, since there were low
numbers of corpora lutea in ewes that failed taceore in winter. Hence, in ewes that
successfully conceived, the litter size varieddithroughout the year (~1.5 lambs per
pregnant ewe in both breeds), again suggestingthdation was not the limiting factor

to ewes’ ability to conceive.
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There are other possible reasons for reduced ouseafson reproductive
performance. There is good evidence for abnormigdara lutea function after out-of-
season induction regimens (Hunter et al., 1986;t&\#tial., 1987; Southee et al., 1988),
although the impact that this has on conceptiotepz at a flock level has not been
studied. Similarly, there is evidence for changesdrvical mucous (Smith and Allison,
1971; Rexroad and Barb, 1977), reduced sperm nwmded viability (Hawk and
Conley, 1972), negative effects on cleavage dimsioQuinlivan, 1970), and
fertilisation of aged ovum, all of which could réisin conception failure or early

embryonic mortality (Hunter et al., 1998; Wortznaard Evans, 2005).

On the other hand, it was notable that, in summeeatively large proportion of
Romney ewes did not display oestrus. It may siniggya case that during the early
spring, late spring and summer, ewes were in deggsirus whereby reproductive

performance is reduced, even with the use of ptegase and eCG.

Oussaid et al. (1993) described two types of anagsslight anoestrus, occurring
at the beginning of the anoestrus period, charaetérby the presence of normal
follicles; and deep anoestrus, occurring 80 daye ithe anoestrous period and
characterised by a marked reduction in the numbantral follicles present. Ovulation
during slight anoestrus could be induced by inggdi of luteinising hormone (LH)
alone, whereas ovulation during deep anoestrusregfjthe administration of LH and

follicle stimulating hormone.

Romney ewes, having a relatively deep anoestrushapty require a greater
degree of stimulation to induce oestrus than danbes aseasonal EF; so, perhaps this
is merely a reflection of a requirement for diffiereloses of eCG needed at this time of
year in the two breeds. Reduced reproductive padoce has previously been
reported during spring and summer with a varietyhafmonal regimes (Smith et al.,
1988a; Knight et al., 1989b; Ungerfeld and Rubia2€92; Knights et al., 2003), and

indeed was the case in the current trial. Thergome other evidence to support this
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notion: Faure et al. (1983) reported that low doseeCG (0, 60 or 150 IU) have been
reported to be less effective than higher dosesirmaulating oestrus in ewes during the
non-breeding season (Faure et al., 1983), whilsinimther study (Smith et al., 1988a),
synchronised ewes not receiving eCG had lower westates than ewes that had

received eCG (400 or 800 IU).

In terms of the objective of this study to deterenihreduced ovarian activity is
responsible for low pregnancy rates achieved withad-season breeding of Romney
and East Friesian Composite ewes, it was evidetttie pregnancy rates obtained in
the current study were low in the non-breeding @eas Nonetheless, such poor
pregnancy rates could not be explained with refegevulation failure, as a majority of
ewes had at least one corpus luteum present anavaiies at nine days after the start
of the synchronised mating period. The predomircaainge between the seasonal and
non-seasonal breeding periods is in the proporioewes that failed to conceive after
an ovulation that, at least in terms of gross olegern of the corpora lutea, appeared to

have been normal.

6.5 Conclusion

Out-of-season reproduction is an important compboéa profitable accelerated
lamb production system. Therefore the increagherproportion of non pregnant ewes
appears to be a hindrance in the adoption of aatebk or out-of-season lamb
production system. This may be purely due to thesebeing in deep anoestrus in early
spring, late spring and summer. Although the EFeswtended to have better
reproductive performance in summer compared toRibney ewes, conception rates
remained only moderate (68%). It was concludetigbasonal differences in the ability
of ewes to conceive are not the consequence ofréaib display oestrus or to ovulate,

but probably are a result of failure of fertilisatior the establishment of pregnancy.
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The next step in this doctoral research programras W attempt to identify a
specific time point at which pregnancy was failingn the next chapter, serum
progesterone concentrations during early pregnamese monitored in sheep bred
during the normal breeding season and at a bregmingd outside the normal season.
This experiment was conducted in an effort elueidane particular stage at which

conception, implantation or retention the embryetfis was failing.
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Chapter 7 Serum progesterone concentrations
during early pregnancy in spring- and

autumn-bred ewes

Abstract

Blood samples were collected from ewes from Da@&8st tupping in spring- and
autumn-bred ewes. Serum progesterone concensatiere analysed in an attempt to
ascertain whether ewes were ovulating and failmgnaintain pregnancy, conception
was failing. Following pregnancy diagnosis 62 dafter ram introduction, ewes were
categorised; no display of oestrus, mated but megf@ant, or pregnant. Progesterone
profiles showed typical characteristics for theaspective season of breeding. A
majority of spring-bred ewes that failed to disptasstrus had silent ovulations (86%)
and 66% of those ewes had abnormally short-livechbara lutea. Circulating
progesterone concentrations during dioestrus imailsi that had ovulated and displayed
oestrus were unaffected by season. Similarly, gstegone concentrations did not differ
between pregnant and mated, non pregnant ewesresaks indicated that while early
luteylosis, low progesterone secretion from corplotea and embryo mortality did
occur, these were in only a small proportion of ¢élaees. Further, adequately elevated
progesterone concentrations indicated that a ntgjofimated non-pregnant ewes were
capable of successfully producing a viable embogilfs. These results indicate a
failure of maternal recognition of pregnancy, arndisi recommended that events
surrounding this stage of pregnancy be examinece malmsely in relation to the non-

breeding season.
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7.1 Introduction

Research over the last sixty years has faileddmease pregnancy rates in out-of-
season breeding programmes to the levels observabei normal breeding season
(Yeates, 1949; Andrewes et al., 1987; Smith et H88a; Knights et al., 2003;
Ungerfeld et al., 2003; Morris et al., 2004). Véhdxogenous hormones have increased
pregnancy rates compared to breeding out of seasithout hormones, results have
been poor and variable (Dawe et al., 1969; Carpertd Spitzer, 1981; Smith et al.,
1988a; Knight et al., 1989b; Knights et al., 2003).

Morris et al. (2004) bred ewes out-of-season (Janueugust, and November) in
New Zealand but achieved poor pregnancy rates §386)5even with the use of
progesterone primed controlled internal drug redemsgCIDRs) and equine chorionic
gonadotrophin (eCG). Conversely, March and Jueeding (normal breeding season
in New Zealand; 40south, 175 east) have resulted in comparatively higher pregna
rates (78-94%). Interestingly, a high proportiodhewes that underwent hormonal
stimulation out of season displayed oestrus andewmated (72-89%), but were

diagnosed as non-pregnant.

DeNicolo et al. (2008; Chapter 6) examined the ieganf ewes which underwent
oestrus induction and synchronisation. In AugiNstyember and January at least 80%
of treated ewes had active ovaries, as indicatedhbypresence of corpora lutea.
Despite this, only 31-61% of those ewes were ifiedtias being pregnant. It is not
known whether these ewes failed to conceive, intptaon failed, or implantation was

followed by embryonic/foetal loss.

In the pregnant ewe, blood progesterone concemtiatremain elevated until
parturition and can therefore be used as an identf pregnancy status (Susmel and
Piasentier, 1992; Boscos et al., 2003; EhrentrEmtster et al., 2003). In the non-

pregnant ewe, luteolysis occurs on Days 12-14, witbhgesterone concentrations
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becoming basal approximately one day later. Maosbrgonic losses occur prior to
implantation (which starts on Day 22-24 of gestat{®ineda, 2003)) and most other
pregnancy losses occur relatively early in gestaffertilisation to Day 30 (Edey, 1969;
Wilmut et al., 1986; Zheng et al., 1998; Pinedd)3). As progesterone concentrations
rapidly decline after the loss of the embryo, measent of progesterone
concentrations ecan be used to determine whenslags®ir. Since abnormal corpora
lutea either secrete low progesterone concentigtionnormal values for a shortened
period, blood progesterone concentrations can ladsaosed to examine luteal function

(Hunter, 1991; Lassoued et al., 1997).

The objective of this experiment was to measureodloprogesterone
concentrations during early gestation to deterrfitiee apparent reproductive failure in

ewes bred out of season is due to a failure toaigamr embryonic loss.

7.2 Materials and methods

The experiment was undertaken, under commerciatogzs sheep-farming
conditions, at Massey University, Palmerston Noilew Zealand (40south, 17%
east), and included a group of ewes bred duringnihie-breeding season (spring,
August, n=103) and a group bred during the normeéding season (autumn, March,
n=130). In New Zealand, summer and winter solstaecur on 2% December and 21

June, respectively.

Spring and autumn-bred ewes were synchronised usirayaginal progesterone-
releasing devices (CIDRs; 0.3 g progesterone; Paaem& Upjohn, Auckland, New
Zealand) beginning 11 days prior to the introduttmf rams. On the day of ram
introduction CIDRs were removed. Ewes that werbddred in spring (August), had
800 IU of eCG (Folligon, Intervet Ltd, Auckland, WeZealand) administered by
intramuscular injection. No eCG was used for ethias were to be bred in March (mid-

Autumn). Two breeds of ewes — East Friesian CoitgpdEF; Y2 East Friesian, Y4
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Polled Dorset, ¥ Texel) and Romney - were managedeparate groups during the
breeding period, but not during synchronisatioweFentire rams of each breed, fitted
with crayon mating harnesses were joined with e groups of ewes. Oestrus was
determined by the presence of crayon marks onwles’eumps. These crayon marks
were recorded daily for three days beginning ondag following ram introduction.

The first day on which a crayon mark was recorded defined as Day 0.

On Days 8, 10, 12, 14, 16, 18, 20, 22, 24, 29,1841 30 approximately 8 mls of
blood was collected by jugular venupuncture int@acesated glass tubes containing
lithium heparin anticoagulant (lithium heparin aothgulant: vacutainers; Becton
Dickinson, Preanalytical Systems, Franklin Lake AYy&om subsamples of ewes of
each breed in autumn and spring (see below; n=B@es that did not display oestrus
within 3 days of ram introduction had a blood sasngbllected, beginning 11 days after

ram introduction.

Blood samples were immediately placed on ice watitrifuged at 1000 g for 10
minutes to separate plasma. Plasma was then temllend stored at -20 until
analysis. Plasma progesterone concentrations weesured in duplicate by enzyme-
linked immunosorbant assay (ELISA; validated bye$aat al. (1986) and Groves et al.
(1990); Ridgeway Science, UK). Using duplicatepd @liquots, the assay sensitivity
was 0.5 ng/ml, with inter- and intra-assay coeéints of variation of 16.0% and 5.9% |,

respectively.

Ewe live weight was recorded on the first day @& $lynchronised breeding period
and on the day of pregnancy diagnosis. Two moaities ram introduction, pregnancy
status was determined by transabdominal ultrasapbgr using a 3.5 MHz sector
transducer applied over the caudodorsal flank fditlves were classified into one of
three categories based on the presence of crayongmaarks (indicating oestrus) and

pregnancy status:
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1. No oestrus (ewes that did not display oestrus),
2. Mated non-pregnant (ewes that displayed oestrusaemd identified as non-
pregnant),

3. Pregnant.

For both spring- and autumn-bred ewes, progesteram&entrations were
measured in samples collected from all ewes nqilaygg oestrus, all mated non-

pregnant ewes and ten pregnant ewes.

Plasma progesterone concentrations were subjextathtysis of variance, using a
general linear model in SAS (V8, SAS Institute I@gry, NC, 2001). Ewe category
(no oestrus, mated non-pregnant, pregnant), se@stamn vs spring) were fitted as
fixed effects within time after oestrus (day), amédwe group by month interaction was
fitted. Breed was tested in the model but was mgtificant, so was removed from the
statistical model. The effects of live weight resed at CIDR removal was initially

added as a covariate, but, as it was not signfficethe model (P>0.05), it was deleted.

7.3 Results

There were no differences in the proportion of ethed did not display oestrus
between the autumn- and spring-bred ewes (Table 7The proportion of ewes that
displayed oestrus and were non-pregnant, and tpogion of ewes that were pregnant
were different between the autumn- and spring -leds such that there were less

mated non-pregnant and more pregnant ewes in thenalbreeding period (P<0.001).

A total of five spring-mated ewes had elevated psbgrone concentrations
beyond Day 16, but were then diagnosed non-pregriamtas assumed that these ewes
had experienced embryonic loss. A further five £wailed to display elevated
progesterone concentrations (<1.0 ng/ml), or hahat luteal phase (i.e. premature
drop in progesterone concentrations) following mesinduction. In the spring-bred

ewes that did not display oestrus, nine had a cetmplata set. Six of these ewes were
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considered to have abnormal corpora lutea baseldverprogesterone concentrations
between Days 8 and 14, two were thought to havengige luteolysis and only one
had a normal progesterone profile (Figure 7.1)thlnautumn-bred ewes, two failed to
display elevated progesterone concentrations anchaéd short luteal phases. One ewe
had no increase in progesterone concentration Datl29. Progesterone profiles for
the autumn-bred ewes that did not display oestndgcate that six had short luteal
phases, but as the ewes did not have crayon matedss, it can not be stated
conclusively that these ewes ovulated at the same &s those ewes with crayon
mating marks. There were no individual ewes indb&umn-bred group that had low

progesterone concentrations and failed to dispéesyros.

Table 7.1 Numbers of ewes and proportions that did not dispkstrus (no oestrus), displayed
oestrus but were non-pregnant (mated non-pregmact)were pregnant (pregnant) for March
and August breeding periods. Numbers of animals frdhich samples for progesterone assay
were collected are shown in parenthesis. Propwiaoe presented in least squares means with

values back transformed into percentages presanfatentheses.

March August ,
: _ Difference
n Proportion n Proportion
No oestrus 9 (7) -2.65 + 0.37 (6.6%) 11 (10) -2:2M36 (9.9%) NS
Mated non-
29 (11) -1.36 +0.23 (20.5%) 42 (40) -0.35 + 0(20.4%) 0.001

pregnant
Pregnant 92 (11) 0.98 +0.21 (72.7%) 50 (11) -@1521 (46.4%) 0.0001

During the first oestrus cycle (i.e. Day 8-12),rthavere no differences in mean
progesterone concentrations between pregnant atetpr@on-pregnant ewes in either

the March or August breeding periods (Figure 7.2).
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Progesterone conc. (ng/ml)
w

Days post oestrus

Figure 7.1 Progesterone concentrations (ng/ml) for individaaes that did not display oestrus
after progesterone + eCG treatment in spring (Agusth normal (solid line; n=3) or

abnormal (dashed line; n=6) corpora lutea.

In the autumn-bred ewes that did not display oestnmean progesterone
concentrations were elevated until Day 14 and agairDay 20 (Figure 7.3). In the
spring-bred ewes, progesterone concentrations &ell Day 14, reached basal
concentration on Day 16 and did not rise againrmdutihe experimental period. During
the follicular phase (Days 16-18), progesteroneceatrations were basal in spring-bred
ewes that failed to display oestrus and in matedsethat were identified as non-

pregnant.

Mean plasma progesterone concentrations declingd.@Pl) between Days 14
and 16 post-oestrus (indicating the onset of lyws] Figure 7.3) in ewes bred in
autumn or spring that were mated but then idextiien-pregnant. For spring-bred
ewes, progesterone concentrations remained at bakesds for the remainder of the
experimental period. In non-pregnant ewes in theiran-bred group, progesterone
concentrations were elevated again on Day 20 fatigwhe first display of oestrus.

Following the first luteal phase, progesterone eotr@tions in the mated non-pregnant
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autumn-bred ewes, were lower (P<0.01) than in @megewes until the peak of the

second luteal phase (Day 29; P<0.05; Figure 7.3).

Progesterone concentration (ng/ml)
w
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Figure 7.2 Mean progesterone concentrations (ng/ml) for Mar@op) and August-bred
(bottom) pregnant (solid line) and non-pregnansiea line) mixed aged ewes from Day 8 to
18 post-oestrus. Differences between March- angustimated ewes are displayed between

graphs for pregnant ewes (Preg.), and mated nanrant ewes (Non-preg).
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Figure 7.3 Mean progesterone concentrations (ng/ml) for Mar@op) and August-bred
(bottom) mixed aged ewes from Day 8 to 39 days-pestrus. Ewes that did not display
oestrus (solid line) were first sampled three dégiowing ram introduction. Ewes that
displayed oestrus and were identified as non-pregfaashed line) were first sampled 6 days
post-oestrus display. Differences between Marahd August-mated ewes are displayed

between graphs for ‘no oestrus’ ewes (No Oestd,maated non-pregnant ewes (Non-preg).

Mean plasma progesterone concentrations on Dag® &nd 12 (the first luteal
phase) in spring-bred ewes that failed to displestrus were lower (P<0.001) than in
the equivalent autumn-bred ewes, and in spring-beregs that were mated but

identified as non pregnant (P<0.05). Progesteraeentrations in ewes that were
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mated non-pregnant ewes were similar amongst autanuh spring-bred ewes, except

on Day 12 (lower in spring: P<0.05)

Seasonal differences in mean plasma progesteroneewations of pregnant
ewes were present on Days 12 (P<0.05), 20 (P<O0&td B89 (P<0.01; Figure 7.2). On
Days 12 and 20, autumn-bred pregnant ewes had rhgybgesterone concentrations
than spring-bred ewes, but on Day 39, spring-breg@sehad higher progesterone
concentrations than autumn-bred ewes. In the matedpregnant ewes there were no
seasonal differences until after Day 20 when theg@sterone concentrations in the

autumn-bred ewes began to rise.

7.4 Discussion

The objective of the current experiment was to meit@e the extent to which
failure of ovulation or subsequent luteal functeffected the reproductive outcomes of
ewes that were bred in the normal breeding seamaturin; March) or out-of-season
(spring; August). Analysis of progesterone prafiedlows assessment of whether (a)
ovulation occurred, (b) embryonic death occurreterafmaternal recognition of
pregnancy and (c) premature luteolysis occurré@lsb indicates luteal function, to the
extent that circulating concentrations are a réfd@cof luteal secretion. Similarly, the
presence of abnormal corpora lutea can be detedgedperipheral progesterone
concentrations. Although pregnancy failure caruocle to process involving the ram
(such as low fertility and semen quality), the eomitof this discussion is kept with the

ewe in focus.

Progesterone concentrations in autumn-mated, negrpnt ewes displayed
profiles typical of normal oestrous cycles (Cunmagn et al., 1975; Karsch et al.,
1980b; Pineda, 2003). Spring-mated, non-pregnaas eshowed progesterone patterns
that were characteristic of ewes synchronised ¢éedduring the non-breeding season,

inasmuch as they did not return to oestrus or ajsptgular oestrous cycles after the
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initial ovulation (Walton et al., 1977). Thus, ewthat were synchronised in autumn
(breeding season) continued to have recurrent amestcycles (if they were non-
pregnant), whereas those that were induced in ggron-breeding season) all had a

single post-induction oestrous cycle.

However, mean progesterone concentrations on Ddaya & the induced cycle
were similar in ewes that did or did not concensgjardless of whether they were bred
in spring or autumn. In other words, circulatingpgesterone concentrations during
dioestrus (the luteal phase; Days 8-12) in anintiaé&d had ovulated and displayed
oestrus were unaffected by season. This findireg \sariance with some reports in the
literature, in which lower progesterone concentradi have been observed during the
non-breeding season compared to the breeding s€éBéamd et al., 1978; Forcada et
al., 2003; Coelho et al., 2006). It is possiblat tfme discrepancy from these studies can
be explained by the separation in the present @rpat of progesterone profiles of
animals that failed to display oestrus from thodeiclv were mated but failed to

conceive.

A number of previous studies have suggested tlugesterone concentrations in
metoestrus (Days 1-5) or dioestrus (Days 8 to ff2ctapregnancy outcomes in sheep
(Brien et al., 1981; Lawson and Cahill, 1983; Ashaet al., 1989). In the present
study, however, there were no differences in prggese concentrations during
dioestrus before the onset of luteolysis in matesh-pregnant animals compared with
pregnant animals. Hence, pregnancy failure cabe@xplained with reference to mean
progesterone concentrations during dioestrus wigaich category of ewes. Some of
the causes of pregnancy failure can, however, paeed with reference to individual
animals’ progesterone profiles. Nevertheless, gstayone concentrations during

metoestrus should be further examined in out-of@edred ewes.

It appears that ovulation had occurred in the nitgj@6/7: 86%) of autumn-bred

ewes that did not display oestrus, and in a thfrthe spring-bred ewes that failed to
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display oestrus. DeNicolo et al. (2008; Chaptefoéind that, in both the breeding and
non-breeding seasons, similar proportions of ewek30o0) had active ovaries but failed
to display oestrus. Smith et al. (1988b) and Ulederet al. (2005) reported a
somewhat higher occurrence of ovulation withouttrmss during the non-breeding

season (38% and 36%, respectively), than deNidah €2008; Chapter 6).

High progesterone concentrations over the luteakelof the oestrous cycle prior
to the mating cycle have been reported to resut limgher conception rates (Folman et
al., 1973). In the current experiment, the ewas Were bred in spring had exposure to
progesterone from CIDRs only. Although progesteraconcentrations in ewes
administered CIDRs has not been investigated, tlesulting progesterone
concentrations from exposure to the CIDRs may mohigh enough and it may also
decline towards the end of that priming periodstigiving an inadequate elevation in
circulating progesterone. This may also theretumee been a contributing factor to
their poor out-of-season reproductive performaniéeso, this may account for some of
the failed conceptions in ewes that were inducebreed in August, since there is a
need for previous exposure to adequate progesteroneentrations for subsequent

normal luteal development (Legan et al., 1991; Beanrd Hunter, 1994).

The occurrence of abnormal luteal activity has jnesly been reported during the
breeding (Oldham and Lindsay, 1980; White et @87) and non-breeding seasons
(Walton et al., 1977; Atkinson, 1988) and as altesfinduced ovulation (O'Shea et al.,
1984; Southee et al., 1988). Most evidence shtvasduch short-lived corpora lutea
undergo premature luteolysis, which can occur asy eas Day 4 post-ovulation
(Southee et al., 1988; Beard and Hunter, 1994; duess et al., 1997; Mann and
Lamming, 2000). In the present experiment, indraidorogesterone profiles of spring-
bred ewes that did not display oestrus, indicaked & high proportion (6/9: 66%) of
these had short-lived (i.e. abnormal) corpora lut8amilarly, a number of spring-bred
ewes that were mated but did not conceive appdaré@dve undergone luteolysis on

Days 12-14 post oestrus. This also suggests ltleaptemature luteolysis, which is
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characteristic of the abnormal corpus luteum, mayehimited the fertility of spring-

bred ewes.

7.5 Conclusion

In conclusion, serum progesterone concentratiodgcated that low aseasonal
reproductive performance recorded in the currempesment was not due to a large
proportion of ewes (a) failing to ovulate, (b) urgleng premature luteolysis or (c)
losing embryos/feotuses between Days 12 to 39théuyrthere were no differences in
corpora lutea function in mated ewes regardlessvizéther or not they conceived.
However, if ewes failed to conceive, they were miikely to have had premature
luteolysis and a majority of August-bred ewes fladed to display oestrus appeared to
have abnormally low progesterone-secreting corpgea. Further research regarding
the events surrounding maternal recognition of paegy (Days 12-14) and conception
(Days 6-8) may shed light on the cause of pregné&aiyre in sheep mated during the

non-breeding season.
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Chapter 8 Out-of-season breeding of sheep

using artificially induced long days

Abstract

This experiment investigated the effects of sulmjgcRomney ewes to artificially
induced long days (24 L: 0 D) in spring for 30 day®n abruptly applying eight hours
of darkness (16 L: 8 D) to induce the onset of @dpctive activity. The treatment
groups were: Progesterone + eCG (control), lightpregesterone and light +
progesterone + eCG (Control). Blood samples welleated over a 24 h period for
analysis of serum melatonin concentrations. Ewesaries were examined
laparoscopically nine days after progesterone reamovDuration of secretion and
maximal concentrations of melatonin were lower wee treated with light +
progesterone (+/- eCG) compared to the control eweswer light + progesterone
treated ewes displayed oestrus (66%) and were guésty identified as being
pregnant (28%) compared control ewes (97% and 68%pectively) and ewes treated
with light + progesterone + eCG (98% and 53%). ¢eption rates were higher in
control ewes (67%) and light + progesterone + eG6%) compared to light +
progesterone treated ewes (43%). Results obtainthdate that artificially induced
long days did not improve the results of out-ofssgabreeding program beyond that

achieved with the use of eCG.
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8.1 Introduction

Reproductive seasonality is a widespread phenomérainserves to ensure the
greatest possible survival of offspring. A seasdmaeding pattern is particularly
appropriate to many species of herbivores, for twtseasonal changes in growth of
herbage and the consequent shifts in nutrient guprd crucial determinants of the
ability of their young to survive. Domesticatioad) however, the potential to render
seasonality unnecessary, since agriculture provities ability to control nutrient
supplies. Where this is so, seasonality is aroiries inconvenience and, especially in
the case of sheep and goats, a great deal of déffsrigone in to developing ways of

circumventing it.

Because the control of seasonality is based upandogenous rhythm, altering
breeding seasons is difficult. Other than throtigyroidectomy, it is not possible to
extend the duration of the breeding season in slifepgkinson and Follett, 1994)
without the use of exogenous hormonal administnatidMoreover, attempts to alter its
onset through manipulating the photoperiod are aeth by the phenomenon of
photorefractoriness, which is itself a consequen€ethe endogenous rhythm of
reproductive activity (Follett, 1982; Robinson dt, &985b; Karsch et al., 1986;
Nicholls et al., 1988; Nicholls et al., 1989; Klthéind Jackson, 1991).

Despite these difficulties, out-of-season breedirgg altering the time of onset of
the period of reproductive activity) has been aehike by manipulating daylength
(Yeates, 1949; Ducker and Bowman, 1972; Legan aadsdk, 1980; Vesely and
Swierstra, 1985; Williams and Ward, 1988; O'Callghet al., 1991), although
reproductive outcomes to such regimes are seldogoad as in the natural breeding
season. Abrupt increases in day length, followgdabrupt decreases have been
reported to induce ewes to display oestrus (Duekel Bowman, 1972; Ducker and

Boyd, 1974; Legan and Karsch, 1980). This elingsathe need for light-proofed

133




Chapter 8

buildings to induce short day conditions and alldas sheep to be grazed outside

during the day.

Whilst use of artificial short daylengths to stirmd out-of-season breeding in
ewes in the Southern Hemisphere has been repoMedtes, 1956; Evans and
Robinson, 1980; Poulton and Robinson, 1987), tkealiure appears to be silent on the
use of artificial long days followed by a return ambient photoperiods. In sheep-
rearing systems of New Zealand, provision of lighidef buildings during the summer
is not feasible, but provision of additional ligite. to artificially increase daylength)
could be warranted by the value of out-of-seasombi&a The experiment reported in
this chapter examines the hypothesis that expasives to artificially long days for 30
days during late spring would break photorefracess in Romney ewes thereby
inducing reproductive activity when the animals &vaubjected to a subsequent and
abrupt transition to ambient photoperiods. Furttibat this photoperiodic regime
would enhance reproductive performance over angeabimse normally achieved with

the use of progesterone and eCG.

8.2 Materials and methods

Animals and treatment regimens

The experiment was undertaken, under commerciatogzs sheep-farming
conditions, at Massey University, Palmerston N¢4f south, 17%east) from October
2005 to January 2006. In New Zealand, summer aintemsolstices occur on 21

December and 2June, respectively.

Mixed-aged Romney ewes (n=302), which were sucKiamgbs (1.3 lambs/ewe)

were weighed and randomly allocated to one of ttnesments:

i. Progesterone + eCG (control): Ewes in this grqu=93) were managed
entirely at pasture under ambient photoperiods L{@Bt:11 Dark).

Vasectomised rams fitted with crayon mating haregssere introduced on
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Day -23. On Day -9, all ewes received a progesternpnmed intravaginal
device (0.3 g progesterone: CIDR; Pharmacia & UpjoAuckland, New
Zealand). On Day 0, each ewe received 600 I.U. g&Bigon, Intervet Ltd,
Auckland, New Zealand). Intact rams (1:24 ewettgdi with crayon mating
harnesses were introduced on the day of CIDR reh{®ay 0), and remained
with the ewes for 7 days. Harnessed vasectome®d were then introduced
to the flock for a further 14 days. Ewes with cnaymarks from intact rams
were recorded on Days 3 and 7, and from vasectdméeas on Days 14 and

21. Lambs were weaned from their dams on Day O.

ii. Light + progesterone: For 30 days, startimgl@" October (Day -53; sun rise:

0644 hr, sun set: 1934 hr), ewes (n=102) were siupa during the day and
were housed from 1900 hrs until 0700 hrs undefi@ati lights. At 0700 hrs

the ewes were returned to pasture. These ewes therefore exposed to
continuous lighting (24 L:0 D). The atrtificial g provided a mean light
intensity of 80 lux at ewe head height. A lightemsity within the range
previously reported by Vesely and Swierstra, (198&fter 30 days (Day -23),
the ewes were housed from 1900 hrs to 2100 hrsrartigcial lights to give

a daylength of 15 L: 9 D. Ewes remained under ligiging regimen for 23

days, during which time vasectomised rams with @naynating harnesses
(1:24 ewes) were introduced. Fourteen days afterstart of the 15L: 9D
lighting regimen (Day -9), each ewe received a Clbfat remained in place
for 9 days. Crayon marks from intact rams weremed on Days 3 and 7,

and from vasectomised rams on Days 14 and 21
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iii. Light + progesterone + eCG: Ewes in thisgwdn=107) were managed in an
identical manner to the light + progesterone-tr¢ag@ves, except that, on
Day 0, each ewe received 600 I.U. eCG (Folligorteriret Ltd, Auckland,
New Zealand). Ewes with crayon marks from intachs were recorded on

Days 3 and 7, and from vasectomised rams on Dapsnid £1.

Sampling regimens

Ewe live weights (unfasted) were recorded at Daj E3ay -18, Day 0 and Day
53. Eight ewes from each of the light + progestere eCG and light + progesterone
treatment groups were randomly selected on Dayfel&ollection of blood samples
(10 mL by jugular venepuncture, lithium hepariniamiagulant; Becton Dickinson,
Preanalytical Systems, Franklin Lake, USA) evely, 4tarting at 1900 hrs, for 24 h.
Control ewes underwent the same blood samplingegitre the following day. These
ewes were kept away from artificial light, excegtam samples were being collected at
night time when low intensity light from a smalghit mounted on a headpiece was
used. Blood samples were immediately placed orunté¢ plasma was separated by
centrifugation at 1000 g for 10 min. Plasma wasest at -20C in 1.5 mL aliquots until

assayed.

Melatonin assay

Melatonin concentrations were determined by radmimoassay using Kkits
manufactured by IBL-Hamburg, Hamburg, Germany (R¥EHA9 according to
manufacturer’s instructions. The assay was vailér use in sheep by demonstrating
parallelism between standards diluted in assayebuaffid in stripped sheep plasma. The
intra-assay coefficient of variation for the rar#50 pm/mL was 8.5% and the inter-
assay coefficient of variation for the range 30gA8L was 15%. The limit of detection

of melatonin in serum was <3.5 pg/mL.
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Ovarian and pregnancy status

On Day 10, laparoscopic examination of both ovanas performed on all ewes
and the number of corpora lutea were counted. BEwvege sedated with acepromazine
(10 mg:L Acezine 10%, Ethical Agents Ltd., Aucklandew Zealand). Local
anaesthetic (2 x 2 mL: Lignocaine hydrochloriden®mL, Ethical Agents Ltd.) was

infiltrated into the skin and abdominal musclethatsite of laparoscope insertion.

Pregnancy status and the number of foetuses preserd determined by
transabdominal ultrasonography using a 3.5 Mz thacer, 53 days after ram

introduction (Day 53).

Analysis of data

Based on mating marks, laparoscopy observationspageghnancy status, ewes

were classified into one of five categories;

non-responsive (ewes that did not display oestassndicated by lack of crayon
harness marks) and had no corpora lutea at lapgrpsc

silent oestrus (ewes that did not display oestuishbd corpora lutea observed at
laparoscopy),

pseudo-oestrus (ewes that displayed oestrus butdadrpora lutea observed at
laparoscopy and were not pregnant),

non-pregnant (ewes that displayed oestrus, hadmiptea observed at
laparoscopy and were not pregnant)

pregnant (ewes that displayed oestrus, had cotptaa observed at laparoscopy

and were pregnant).

Univariate analyses compared the number of ewgdagiang and not displaying
oestrus, the number of ewes with and without capatea present at laparoscopy, and
the number of pregnant and non-pregnant ewes. pidsence of crayon mating marks
and corpora lutea, and pregnancy status were dreetebinomial traits (0 vs 1). A

logistical regression model was used, with treatnasrnthe main effect in the statistical
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model and live weight at mating (P0O) as a covar{s® SAS Institute Inc, Cary, NC,
2001; PROC GENMOD). The proportion of ewes witbacth of the five classifications
described above were analysed as binomial traitegit function was applied to
analyses of all binomial traits, after which datergvback transformed for presentation.
The number of corpora lutea present, and the nuoitfeetuses identified at pregnancy
diagnosis were analysed as nonparametric data (PREXIMOD), using treatment as
the main effect and live weight at mating as a dat@ Live weight and live weight
changes were analysed using a general linear n{B&DC GLM), using treatment as
the main effect. Only ewes with complete data se&e used in the analysis

(reproductive parameters n=299; live weight and ieight change n=287).

To assess the effect of lighting on plasma melatooncentrations, only samples
collected from 1900 to 0700 hrs were analysed. aDatints were not normally
distributed so natural log was applied to eache/aod analysis conducted on logged
values. Repeated measure analysis of varianceused to compare changes in
melatonin concentrations over the 12 h period. HEwatment group and time were
fitted as fixed effects. Ewe within ewe treatmgmup was fitted as a random effect
and used as the error term to test the ewe treatgnenp effect. Interaction between

time and ewe treatment group were also includederinear model.

8.3 Results

Melatonin concentration

Patterns of melatonin secretion are shown in Fig&é. Melatonin
concentrations were higher (P<0.001) in the congales (ambient photoperiod,
progesterone + eCG) at 2300 hr and 0300 hr thawes exposed to artificial light (+
progesterone +\- eCG). Further, the changes imator@h concentration between
1900 hr and 2300 hr and between 0300 hr and 07@@&te greater in the control ewes

compared to the other two groups of ewes (P<0.004t).1900 hr and 0700 hr there
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were no significant differences in the plasma noglat concentrations between any of

the treatment groups.
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Figure 8.1 Average plasma melatonin concentrations at 12800, 0300 and 0700 hr for eight
ewes nhot exposed to light and treated with progeséeand eCG A —) and eight ewes, each
exposed to artificial light and treated with pragesne (— <& —) or progesterone + eCG @
—) and. Values are least squares means of theahltgarithm with standard error bars.

Reproductive performance and ovarian activity

Oestrus rates, proportion of ewes with corporaaugand the average number of
corpora lutea per ewe were higher in the contrdllaght + progesterone + eCG treated
ewes compared with the light + progesterone treatees (P<0.001; Table 8.1). Two
percent of ewes returned to oestrus during the db mkriod (post mating) that the
vasectomised rams were with the ewes; these wesadphroughout all three treatment

groups (data not shown).

139




ovT

Table 8.1 The effect of ewe treatment on oestrus rate, ptapoof ewes with corpora lutea present, averagelar of corpora lutea, pregnancy rate, conception
rate, foetuses scanned per ewe exposed to thendfittar size. Data are expressed as least maprages + standard error for untransformed loditesa and

percentages (from bionomial measures) are backftraned values.

Progesterone + eCG Light + progesterone LigRtogesterone + eCG
LSM + se % LSM + se % LSM = se %
Oestrus rate (ewes displaying oestrus per ewestipat 3.59 +0.60° 97 0.67 £0.22 66 3.67 £0.60° 98
Proportion with corpora lutea present 2.94+047 95 0.98+0.22 73 3.04 £0.468 95
Average no. corpora lutea 1.93+0.10 1.03+0.16 1.97+0.10
Pregnancy rate (pregnant ewes over number of expesed
gnancy rate (preg -0.61+022 65 0.93+0.22 28 -0.13+0.19 53
to the ram)
Conception rate (pregnant ewes over number of évets )
_ 0.70 +0.22 67 -0.27+0.25 43 0.19 +£0.20 55
displayed oestrus)
Foetuses scanned per ewe treated 1.07 +°0.09 0.43 +0.09 0.84 +0.08
1.66 +0.08 1.50+0.12 1.58 + 0.08

Litter size (foetuses per pregnant ewe)

aP|ndicates significant differences within columi®s<(.05)
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Table 8.2 The effect of ewe treatment on the proportion oégwhat were non-responsive (did not display ogsind no corpora lutea at laparoscopy),

displayed silent oestrus (did not display oestcospora lutea at laparoscopy) or pseudo-oestrgplédied oestrus, no corpora lutea at laparoscogyan-
Data are

pregnant), and the proportion of non-pregnant (disg@l oestrus, corpora lutea present at laparosaagynon-pregnant) and pregnant ewes.

expressed as least means squares * standardogromtifansformed logit values, and percentages(bmnomial measures) are back-transformed values.

Non-responsive Silent oestrus

Pseudo oestrus

Non-pregnant

Pregnant

Ewe treatment

LSM * se % LSM * se %

LSM * se %

LSM * se %

LSM * se %

Progesterone + eCG
Light + Progesterone
eCG

Light + Progesterone

-4.78 1902 0.8 -3.87+0.72 20

-28.50 0.0 -356+059 2.8

-1.26£0.25 21.1 2.12+0.32 107

2P|ndicates significant differences within columi®=(.05)

-3.10+0.51 4.6

-3.05+0.46 45

-3.23+£051 338

-0.94+£0.23 28.1

-0.44+£0.20 39.2

-0.70+£0.21 33.3

0.61+0.22 64.9

0.13+0.19 53.1

-0.93+0.227 28.3

g J1a1deyd
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The proportion of ewes with at least one corpusuot present was higher in
control ewes (95%) and the light + progesterone&C& €95%) treated ewes compared
with ewes treated with light + progesterone (73%0.B.001; Table 8.1). Average
corpora lutea count followed the same pattern whegh¢ + progesterone + eCG treated
ewes (1.97) had the highest number of corpora ,utaa this was not significantly
different from the control ewes (1.93). Both weliferent from light + progesterone

treated ewes (1.03; P<0.001).

Pregnancy rates were highest in the control ewg&%)6followed by the light +
progesterone + eCG treated ewes (53%) and werestomwehe ewes treated with light +
progesterone (28%; P<0.001; Table 8.1), althougbsew the treatment groups which
received eCG were similar, regardless of exposuareatrtificial light (P>0.05).
Conception rate (ewes pregnant per ewe mated) @asrlin light + progesterone
treated ewes (43%; P<0.05) compared to light +¢stegone + eCG (55%) and control
ewes (67%). The number of foetuses per ewe treassdhighest in the control ewes
but not significantly different from the ewes tregtwith light + progesterone + eCG.
Both treatment groups were eCG was administeredri@é foetuses per ewe than the
ewes treated with light + progesterone only (P<D)OCLitter size (per preghant ewe)

did not differ between treatment groups (P>0.05).

There were less than 1% in the control ewes andameresponsive ewes in the
light + progesterone + eCG treated ewes (Table 8B)s was different (P<0.001) from

ewes treated with light + progesterone, in whicko2# ewes were non-responsive.

Compared to the control ewes (2%) and the lightregesterone + eCG (3%)
ewes, more ewes treated with light + progesteradéo( P<0.05; Table 8.2) were not
marked by the ram, but had corpora lutea identifd¢daparoscopy (i.e. had silent
oestrus). It was assumed that these animals filad fa display oestrus despite having

ovulated.
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A small proportion of ewes in each group were mdrkg the ram but had no
corpora lutea present at laparoscopy (pseudo-@@stithere was no difference between
treatment groups in the proportion of ewes thateméought to have had a pseudo-

oestrus.

8.4 Discussion

The most commonly used hormonal regime for the éiido of reproductive
activity in ewes outside the normal breeding seasantravaginal progesterone either
alone, or in conjunction with eCG. With that inndj the objective of the current
experiment was determine whether photoperiodic pudation of Romney ewes that
subsequently underwent a progesterone-based osgtrakronisation regimen in early
summer (i.e. when they are at the nadir of themuah reproductive cycle) would
enhance reproductive performance beyond the limdasmally achieved. It was
postulated that if the photorefractoriness thairesent at that time of year (Nicholls et
al., 1988) could be broken by an abrupt transitram artificially induced long days

(24 h light) to ambient photoperiods, reproducireeformance might be improved.

The photoperiod used in the current experimenediatb enhance reproductive
performance of ewes treated with progesterone @l eln addition, the reproductive
performance in the ewes subjected to artificial tpperiod and treated with
progesterone was poorer than ewes maintained wamleient photoperiod and treated
with progesterone + eCG. Hence, the photoperiocelitmen used in this experiment
failed to provide the expected enhancement of thetseason reproductive activity of

New Zealand Romney ewes.

The light intensity averaged 80 lux, but there wakarge variation in intensity
throughout the housing period (22-140 lux). Prasistudies have achieved successful
out-of-season reproduction with light intensitigenfi as little as 43 (Ducker and

Bowman, 1972) through to 380 lux (Poulton and Rebim 1987). Hence, whilst it is
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conceivable that some ewes were in areas of thditgiin which light intensity was
insufficient to evoke a response in ewes, duringpdanoestrus, it seems an unlikely

explanation for the unresponsiveness of entiregg@i ewes to artificial photoperiod.

However, while the pregnancy rates achieved ineives treated with light +
progesterone were not as high as either of ther die treatment groups, other trials
have reported lower pregnancy rates when ewes tnemeed with progesterone alone
(e.g. Andrewes et al., 1987; Smith et al., 1988H)e 28% pregnancy rate recorded in
the light + progesterone treated ewes in this isiddetter than those reported by Smith
et al. (1988a) in Coopworth ewes bred in New Zehlam August, October or

December.

Pregnancy rates obtained in ewes treated with ptegme + eCG (control ewes)
in the current experiment were similar to thoseortgal in other similar studies using
progesterone and eCG (Lowe et al., 1988; Kniglat.efL989b; Morris et al., 2004), and

were higher than reported in other out-of-seaseeding studies (Smith et al., 1988a).

Few field experiments in which photoperiod has bewmipulated have reported
oestrus rates, so it is therefore difficult to camgthe current trial with other studies in
terms of the proportion of ewes that displayedrosst However, the observation of the
lower oestrus and pregnancy rates in light + priegese treated ewes compared to
light + progesterone + eCG is comparable with #suits of other experiments where
progesterone was used without eCG (Smith et aB849Zeleke et al., 2005) and

without concurrent manipulation of photoperiod.

The relative lack of success of the current expeniito induce out-of-season
pregnancies is probably indicative of the relatdepth of anoestrus in Romney to
during the non-breeding season, when comparedstdtseachieved with other breeds
subjected to abrupt decreased in day length (DuakdrBowman, 1972; Ducker and
Boyd, 1974; Legan and Karsch, 1980). Poulton ambifson (1987) reported

significantly higher serum prolactin concentratiofwghich are negatively associated
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with reproductive activity) in Romney ewes companeth Merino ewes, and therefore,
could be considered as an indicator that the Ronmeyre seasonal than the Merino

ewe.

While many published lighting experiments were agtdd at least three decades
ago, different breeds of sheep were used and cmagily higher pregnancy and/or
conception rates were reported (Ducker and Bowrh@n2; Williams, 1974; Robinson
et al., 1975; Vesely, 1975; Mears et al., 1979;ellesand Swierstra, 1985). Hence,
results from the present study are compatible wWighview that anoestrus in Romney
ewes is deeper than in other breeds (viz. Finneshdtace, Suffolk or Dorset), so it is

more difficult to induce reproductive activity ihd non-breeding season.

Earlier work with synchronised Finnish Landrace alléd Dorset spring-bred
ewes reported conception rates of 84% after ewes @mposed to 30 days of 18 L: 6 D
(Robinson et al., 1975). Conception rates achiemethe present experiment were
higher than Vesely (1978), but progesterone wad tesanduce oestrus, whereas Vesely
(1978) did not use hormone oestrus induction. l@ndther hand, these results were
lower than those of Robinson et al. (1975), buthm case of the current experiment, a
more seasonal breed of sheep was used. It iSehemfficult to directly compare the

results of the current experiment with those presip published.

8.5 Conclusion

In conclusion, exposure to artificially induced dprdays (in addition to
progesterone and eCG treatment; 53%) did not iserd@ out-of-season reproductive
performance of the Romney ewes in comparison tose¢thewes treated with
progesterone + eCG in ambient photoperiod (65%JrthEr, ewes treated with light +
progesterone displayed the poorest reproductiviopeance (25%). Pregnancy rates
for the two groups of ewes receiving eCG was coatgarto other out-of-season sheep

reproduction studies. However, the number of lagdised per 100 ewes treated was
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lower in both the groups exposed to artificial mipariod. The results achieved in this
study suggest that the use artificially inducedylalays to breed Romney ewes out of
season does not warrant industry application dueh# costs, and the reduced
pregnancy, conception rates and number of lambg\pertreated compared to the use

of progesterone and eCG alone.

The next chapter investigates the use of melatomgtants as another alternative
method for circumventing reproductive seasonalityRiomney ewes bred during the

non-breeding season.
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Chapter 9 Melatonin-improved reproductive

performance in sheep bred out of season

Abstract

The effects of melatonin implants on out-of-seabmeding in New Zealand Romney
composite ewes, was determined by comparison sbdeptive performance in ewes
treated with progesterone + eCG (Control; n=1073|atonin + progesterone + eCG
(n=97) or melatonin + progesterone (n=96) during tearly summer period.
Conception rates in melatonin + progesterone + @é€&ed ewes (67%) were higher
than in the Control ewes (P<0.01; 47%). Pregnaatgs were higher in melatonin +
progesterone + eCG treated ewes (55%; P<0.001) amahpvith the Control ewes
(40%). Fewer melatonin + progesterone treated elepdayed oestrus (14%; P<0.001)
and subsequently became pregnant (6%). Oestres imtmelatonin + progesterone
treated ewes (14%) were lower than both the mealaterprogesterone +eCG treated
(82%) and Control ewes (86%; P<0.001), which wemilar to each other. The
number of foetuses per pregnant ewe was similatlithree treatment groups. Serum
melatonin concentrations at Day -9 were highehaéwes treated with melatonin and
there was a large variation between individual eWwas concentrations were similar for
pregnant and non pregnant ewes. The combinatidrigbier conception rate and the
trend for more lambs per pregnant ewes resulteghore lambs being born per ewe
treated in melatonin + progesterone + eCG treatees ecompared to the other two
treatment groups. These results suggest that englaimplants, in conjunction with
administration of progesterone and eCG, may balsigitas a means of increasing the
number of lambs born per ewe treated in an outatsn breeding program in New
Zealand sheep flocks while melatonin and progestei® not.
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9.1 Introduction

In New Zealand, sheep reproduction is seasonallantls are born to coincide
with spring pasture growth. There can however,elbenomical advantages from
breeding sheep either outside the normal breedenigg or more frequently than once-
yearly. Despite this, the world-wide use of thesnagement practices are limited due
to out-of-season pregnancy rates being variable amdow as 3%, even when
exogenous reproductive hormones have been usedgi@ar and Spitzer, 1981; Smith
et al., 1988a; Knights et al., 2003; Morris et 2004; deNicolo et al., 2006; deNicolo et
al., 2008; Chapter 6).

Melatonin initiates a series of events resultinghi@ onset of the breeding season
(Barrell et al., 2000; Rosa and Bryant, 2003). Aastration of melatonin, either orally
(Wheaton et al., 1990; Robinson et al., 1992) txcataneously (Forcada et al., 1992;
Staples et al., 1992), has been used to inducedegtive activity in ewes. Research
administering melatonin to New Zealand ewes bredummer (latitude ~48) gave
poor results (26% ewe mated in first cycle; Knightl., 1992). In contrast, in Turkey
(latitude 42N) more recently pregnancy rates in summer-brecsevaze reported to be

as high as 95% (Horoz et al., 2003).

The purpose of the current experiment was to finadn@ans of improving
aseasonal reproductive performance. It was pdstulthat a recently-redeveloped
melatonin implant when used in conjunction withgesterone and eCG, could improve
late spring/early summer pregnancy and concepétesrabove that seen in the standard
progesterone/eCG regime, and therefore provideaetipal implementation for out-of-
season breeding programs. A further objective twasscertain if the use of this
implant when used with progesterone, could imprinesreproductive performance of
late spring/early summer-bred ewes, above the atdnatogesterone + eCG treatment

used and could therefore be used as a replaceoresC6.
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9.2 Materials and methods

The study was undertaken on the Massey Universigpaka farm, 15 km south-
west of Palmerston North, New Zealand %40uth, 175 east, summer solstice; 21
December; winter solstice; 2Dune) from October (spring) 2005 to January (surjme

2006.

In early October, three-hundred mixed-aged laggaRRomney Composite ewes
(*2 Romney, ¥ Texel and ¥ Finnish Landrace) thaeweesumed to have lambed 4-8

weeks prior to experiment commencement, were akoc® one of three groups;

I Control: progesterone primed controlled internaligdreleasing devices
(CIDR, Pharmacia & Upjohn, New Zealand; 0.3 g psigeone) + equine
chorionic gonadatrophin (eCG; Folligon, IntervetdLtAuckland, New
Zealand; 600 1.U.)

ii.  Melatonin implants (Regulin, 18mg melatonin, Cew@mt® Animale, France)
+ progesterone + eCG

iii. Melatonin + progesterone.

Reproductive hormonal treatment of the control ewas based on the standard
reproductive induction regime for out-of-seasornredpction in New Zealand Romney
and Romney Composite ewes (Smith et al., 1988agtKrat al., 1989b; Morris et al.,
2004) and is hereafter referred to as the “Congatup.

All ewes were weighed (unfasted) at the commenceéuotfeihe experiment (Day -
39). Ewes treated with melatonin had the implansgrted subcutaneously near the
base of the ear, for 35 days (as per manufactteuctions) starting on Day -35 (11
October). On Day -9 ewes in all treatment groupd KIDRs inserted. Day 0 was
defined as the day of CIDR removal. To ascerfaing implants had been administered
or remained in place for the duration of the prdtngaperiod, blood samples (10 ml)

were collected by jugular venepuncture (lithium dmép anticoagulant: vacutainers;
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Becton Dickinson, Preanalytical Systems, Franklakd, USA) on Day -9 (between
9.00 am to 1.00 pm). Blood samples from 50 ewdbkenControl group, 90 ewes in the
Melatonin + progesterone + eCG treatment group @Mdewes in the Melatonin +
progesterone treatment group were collected andeniately placed on ice. Samples

were centrifuged at 1000 g for 10 minutes, andsttrem was frozen (Stuntil analysis.

On Day 0, ewes were weighed, CIDRs were removed6@ddl.U. of eCG was
administered by intramuscular injection to Groupa2d Control ewes. Crayon-
harnessed Suffolk rams were introduced (ratio 1:1arb ewes) and crayon mating
marks recorded on Day 3 and 7. Rams were removeday 7 and harnessed
vasectomised rams were introduced for a furthedays (Days 7 to 22) to detect if any
ewes cycled subsequent to removal of the entirs.raew crayon mating marks were
recorded on Day 22 and the vasectomised rams wareved. Ewes were managed as

one flock throughout the experimental period.

On Day 11, laparoscopic examination of both ovanes performed on all ewes
and the number of corpora lutea were counted.r Ryi@aparoscopy, ewes were sedated
with acepromazine (10 mg: Acezine 10%, Ethical Agerd; Auckland, New Zealand)
and local anaesthetic (Lopaine, Lignocaine hydmoth, 2x2 ml, 20 mg/ml, Ethical

Agents Ltd, Auckland, New Zealand) was used astteeof laparoscope insertion.

On Day 67, pregnancy status was determined byabameninal ultrasonography

using a 3.5 MHz sector transducer applied ovec#uelodorsal flank fold.

Melatonin assay

Melatonin concentrations were determined by radmimoassay using Kits
manufactured by IBL-Hamburg, Hamburg, Germany (REHR9 according to
manufacturer’s instructions. The assay was vailér use in sheep by demonstrating
parallelism between standards diluted in assayebaffid in stripped sheep plasma. The

intra-assay coefficient of variation for the rar@@50 pg/mL was 8.5% and the inter-
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assay coefficient of variation for the range 30pgdmL was 15%. The limit of

detection of melatonin in plasma was <3.5 pg/mL.

Analysis of data

Oestrus rate was defined as the number of eweseadharl the ram per ewe
exposed to the ram. Conception rate was definddeasumber of ewes pregnant per
ewe marked by the ram, and pregnancy rate wasedkfs the number of pregnant

ewes per ewe exposed to the ram.

Following pregnancy diagnosis, ewes were placed ornte of five categories
based on the presence or absence of mating masreclutea and foetuses (deNicolo

et al., 2008). The five categories were:

I.  non-responsive (ewes that did not display oestassndicated by lack of crayon
harness marks) and had no corpora lutea at lapgrpsc
il. silent oestrus (ewes that did not display oestutsbd corpora lutea observed
at laparoscopy),
lii. pseudo-oestrus (ewes that displayed oestrus butdvadrpora lutea observed at
laparoscopy and were not pregnant),
iv. non-pregnant (ewes that displayed oestrus, hadtptea observed at
laparoscopy and were not pregnant)
V. pregnant (ewes that displayed oestrus, had cotptaa observed at

laparoscopy and were pregnant).

All data were analysed using SAS (2001). Only ewéh complete data sets
were used in the analysis (n=299). Ewe live wewghs$ analysed using a general linear
model (PROC GLM) using ewe treatment as the mdeceand lactational status as a

fixed effect.

Oestrus rate, pregnancy status, and the preseraeledst one corpus luteum (1

versus 0) were analysed as binomial traits usihggestical regression model (PROC
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GENMOD). The effect of treatment on conceptioresatvas analysed as a binomial

trait with treatment as the main effect. Live wdign Day 0 was fitted as a covariate.

Lactation status was originally included in alltstiical models for the various

reproductive parameters, but was removed as inbaignificant effect.

The proportion of ewes within each of the five slfisations (no oestrus, silent
oestrus, pseudo oestrus, non pregnant and pregmarg) analysed as binomial traits

using a logistical regression model.

Logit function was applied to all analysis of binairtraits which was then back

transformed to determine percentages.

The number of corpora lutea present at laparosdepylity (number of foetuses
per ewe exposed to the ram) and litter size (nurab&retuses per pregnant ewe) were
analysed as nonparametric data a logistical reigressodel with treatment as the main
effect, live weight on Day O as a covariate andalhan status as a fixed effect. Litter
size was analysed by using data from pregnant enlgs Lactation status had no effect

and was subsequently removed from the statisticalain

Melatonin concentrations after which, the log valugere analysed using a
general linear model procedure with live weight@ay O used as a covariate. Due to
the large variation in melatonin concentrationg two groups of ewes that received
melatonin implants were split into subgroups forthiar analysis of melatonin
concentrations (less than or greater than 20 ngind)to assess the effect of melatonin
on oestrus rates, conception rates, pregnancy aatkstter size. A value of 20 ng/mL
was chosen because it was 1.5 standard deviatiooe athe highest value in the
Control ewes (i.e. the ewes not treated with exogermelatonin) and was similar to
the value reported in other breeds of sheep durgs of daylight (Kennaway et al.,

1981, 1982).
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Melatonin concentrations were not taken for all €anewes, and therefore
melatonin concentrations could not be used in tlewipusly explained models (as a
covariate) for oestrus rate, pregnancy rate, cdimepate, fertility and litter size.
Consequently, to assess if melatonin concentrabonDay -9 had an effect on
reproductive parameters, analysis was re-run udimg transformed melatonin
concentrations as a covariate for those ewes (¥ éwwm each treatment group that
received melatonin implants and 50 Control ewes} there sampled. Melatonin
concentrations on Day -9 had no significant effacany of the models used, so it was
not used in the final statistical models for oestrate, pregnancy rate, conception rate,

fertility and litter size.

9.3 Results

Ewe live weights

There were no live weight differences between tneatt groups at the start of the
experiment (Day -39; Control; 62.1 £ 0.9, melatofiprogesterone + eCG; 61.4 £ 0.9,
melatonin + progesterone; 62.1 + 0.9 kg), matingy(D; Control; 65.5 + 1.3, melatonin
+ progesterone + eCG; 65.3 £ 1.3, melatonin + mtEgene; 64.8 = 1.3 Kkg) or at
pregnancy diagnosis (Day 67; Control; 58.9 + 1.4Jatonin + progesterone + eCG;

59.7 = 1.4, melatonin + progesterone; 59.4 + 14 kg

Melatonin concentrations

Melatonin concentrations in the Control ewes (rafgE3-14.56 pg/ml) were
lower than in the melatonin + progesterone + eCéhde 0.60->150 pg/ml) and
melatonin + progesterone treated ewes (range A50-pg/ml;P<0.001; Figure 9.1).
While the melatonin implants increased mean plasmeéatonin concentrations, only
5.6 and 2.2% of ewes in the melatonin + progesteeroneCG and melatonin +
progesterone treatment groups, respectively, hddtomen concentrations >100 pg/mL
(Figure 9.1). Further, over half of the ewes iosi two treatment groups had plasma

melatonin concentrations <20 pg/ml. Live weight@awy O had no effect on melatonin
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concentration, and melatonin concentrations inqaagand non-pregnant ewes did not

differ.

There were no significant differences in melatooamcentrations on Day -9 in

ewes that did, or did not, conceive, across aditinent groups.

Reproductive performance

A higher proportion of Control and melatonin + pestgrone + eCG treated ewes
displayed oestrus compared with melatonin + pr@gese treated ewes (P<0.001,;

Table9.1). No ewes returned to oestrus between Days 22and

Table 9.1 Effect of ewe treatment (melatonin + progesteromglatonin + progesterone + eCG;
progesterone + eCG) on oestrus rate (number of madsed by the ram per ewe exposed to the
ram), proportion of ewes with corpora lutea pregéif) and average number of CLs. Values
are back-transformed percentages and least mearmesqzt standard error. Different

superscripts within rows indicate significant difaces (P<0.05).

Ewe treatment

Progesterone + Melatonin + progesterone Melatonin +

eCG +eCG progesterone
n 107 97 96
Reproductive parameter
85.8%" 81.5%" 13.5%
Oestrus rate
1.80 £ 0.28 1.49 £ 0.26 -1.86 £0.29
92.6%" 90.5%" 43.4%°
CL present
2.77 £0.46 2.26 £0.35 -0.27 £0.21
Average no. CL 1.45 + 0.09 1.61 +0.09 0.70 + 0.1
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Table 9.2 The effect of ewe treatment (melatonin + progesie; melatonin + progesterone + eCG,; progestefom€G) on the proportion of ewes
displaying no oestrus (non-mated ewes without aarpotea), silent oestrus (non-mated ewes with @argutea), pseudo oestrus (mated ewes without

corpora lutea), non-pregnant (mated ewes with carpatea, but diagnosed non-pregnant) and pregimaated ewes with corpora lutea and diagnosed

pregnant). Values are back-transformed percentagdsleast means squares * standard error. Diffeyeperscripts within rows indicate significant

differences (P<0.05).

Classification

Ewe treatment

Progesterone eCG

Melatonin + pogesterong- eCG

Melatonin + qpgesterone

LSM + SE % LSM + SE % LSM = SE %
No oestrus -2.98 £ 0.46 4.8% -3.12 £ 0.51 4.29% 0.37+0.21 59.2%
Silent oestrus -2.28 +0.33 9.4% -1.88 +£0.30 13.5% -0.98 £ 0.23 27.3%
Pseudo oestrus -3.53+£0.59 2.9% -2.94 + 0.47 5.0% -28.40 0.0%
Non pregnant -0.29 +£0.20 42.8% -1.33+0.25 21.0% -2.37 £0.37 8.6%
Pregnant -0.42 £0.20 39.7% 0.18 £0.20 54.5% -2.73+£0.42 6.19%
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More ewes in the melatonin + progesterone + eCGQCuorttrol treatment groups
were identified as having at least one corpus hatati laparoscopy, compared with the
melatonin + progesterone treated ewes (P<0.00lleTali). Fifty-nine percent of
melatonin + progesterone treated ewes did notaspestrus and had no corpora lutea
identified at laparoscopy (‘no oestrus’; Table 9.2)This was different from the
melatonin + progesterone + eCG treated and Coatres P<0.001). Compared with
the melatonin + progesterone + eCG treated andr@oswes, a higher proportion of
melatonin + progesterone treated ewes failed tplarsoestrus despite having at least
one corpus luteum present (‘silent oestr&#0.01). There was no treatment difference

in the proportion of ewes classified as havingeugs oestrus.

Pregnancy rates (humber of ewes pregnant per epesed to the ram) were
higher in the melatonin + progesterone + eCG tceatees (55%; Table 9.2), compared
with the Control group (40%); which was differet the melatonin + progesterone

treated ewes (6%; P<0.001).

Conception rate (number of ewes pregnant per ewedhdor melatonin +
progesterone + eCG treated and Control ewes did difé@r significantly from
melatonin + progesterone treated ewes (Table 9[8k low number of mated ewes in
melatonin + progesterone treatment group (n=6)ltexsun a high standard error and,
when the Control and melatonin + progesterone + @€&ment groups were analysed

separately, there was a significant differeriee0(001) between these two groups.

Litter size (number of foetuses per pregnant ewendt differ between treatment
groups (Table 9.3). When the Control and melatenprogesterone + eCG treatment
groups were analysed separately, litter size wgsfaiantly higher in the melatonin +
progesterone + eCG treated ewes relative to ther@oewes P<0.001). Fertility
(number of foetuses per ewe exposed to the ram)difisent between all treatment

groups (P<0.001) and was highest in the melatorpnogiesterone + eCG treated ewes.
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Values in the Control ewes were also higher tharthen melatonin + progesterone

treated ewes(P<0.001).

Table 9.3 Effect of ewe treatment (melatonin + progesteromelatonin + progesterone + eCG;

progesterone + eCG) on conception rate (ewes pnégea ewe mated), litter size (number of
foetuses per pregnant ewe) and fertility (numbefoetuses per ewe exposed to the ram).
Values are back-transformed percentages and lessmbgrsquares * standard error. Different

superscripts within rows indicate significant difaces (P<0.05).

Ewe treatment
Melatonin + pogesterone  Melatonin +

Progesterone eCG

+eCG progesterone
46.6%% 66.7%" 42.9%°2°P
Conceptionrate 1,421 0.70 +0.24 -0.29 + 0.54
Litter size 1.47 +0.08 1.66 + 0.07 1.63 +0.22
Fertility 0.60 + 0.07° 0.93 + 0.08 0.11 + 0.08

9.4 Discussion

The present experiment was undertaken to determimegher the administration
of melatonin implants in conjunction with standgmigesterone/eCG-based regimens
would improve the efficiency of out-of-season refurctive activity in New Zealand
Romney composite ewes by co-stimulation of photopesensitive pathways. The
main finding of the experiment was that ewes whiteived melatonin in addition to
progesterone + eCG had higher conception and pnegnates, and a larger litter size,
than those treated with progesterone and eCG. &saly, in the absence of eCG,
melatonin was ineffective in inducing out-of-seaseproductive activity, even though
the ewes were co-treated with progesterone. Indesslilts were such (25% of
melatonin + progesterone treated ewes in oestrds6&h pregnant) that the level of
reproductive success induced by this regimen inRbmney Composite ewes in this

experiment is unlikely to be of any commercial \aluIn other words, melatonin
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administration appeared to have augmented the mespm a standard out-of-season
progesterone + eCG regimen (Smith et al., 1988glnet al., 1989; deNicolo et al.,
2006), whilst the better response in ewes treati#ld progesterone + eCG (86% in
oestrus and 40% pregnant) compared to those tr@dathdprogesterone + melatonin

underlines the value for eCG in stimulating outseisson breeding in ewes.

The failure of melatonin to start the processegrefovulatory follicle growth and
ovulation in early spring, on the other hand, watsaurther consideration. Previous
studies have reported pregnancy rates of over 90ftelatonin + progesterone + eCG
treated ewes (Williams et al., 1992; Horoz et2003), although, as the control groups
achieved pregnancy rates of over 80% in thoseesdudome difficulties exist in making
comparisons with the present experiment. Furttier,time at which melatonin was
administered in relation to the start of endogerfeeding season might have affected
the outcomes. For example, Williams et al. (19§#)e melatonin implants to Romney
Marsh ewes in early January (mid summer) so theyt tould be bred in late January
(mid/late summer). However, they also induced Boideicester x Merino ewes into
reproductive activity during the non-breeding seaagsing the same melatonin
treatment regime, which allowed mating to occumid November (i.e at a similar time

to that of the present experiment).

The duration of melatonin treatment is also wordhyonsideration. Williams et
al. (1992) gave melatonin implants to one groufromney Marsh ewes 21 days prior
to mating, while another group received one impldhtdays prior to mating and a
second implant 14 days later (i.e. a total of 6§sdaf artificial melatonin exposure).
There was no difference in the proportion of ewes Wwere pregnant between these two
treatment groups. These animals were, howeved, inrdanuary. A closer analogy to
the present experiment is in the responses of Bdrd&ester x Merino ewes that
received melatonin implants in November (springwes that received an implant for
21 prior to mating had higher pregnancy rates tthage which had melatonin for a total

of 65 days (Williams et al., 1992). Moreover, imetcurrent experiment, the time
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between implantation and breeding (35 days) wassdsicted by the manufacturer of
the implants. In other words, both the time ofairsf melatonin administration and its
duration would have been expected to have stinailatgt-of-season reproductive

activity in the current experiment, with an accépgregnancy rate.

Nonetheless, it is clear that ewes are more likelyespond to out-of-season
breeding that is initiated in the summer (Janutlygh earlier in the year, given that the
transition from non-breeding to breeding seasoadssto take place at around that time
of year (Smith et al. 1988). Consequently, it vdollave been expected that the
magnitude of the effect upon pregnancy rate (Swtithl., 1988; Williams et al., 1992)
would have been greater when ewes were in a shallphase of anoestrus than when
in deeper anoestrus. Moreover, breed may havetaffehe outcome of the earlier
trials, since the depth of anoestrus in Merino ewekess than in breeds such as the
Romney (Smith et al., 1989). Likewise, Knight £t(@992) found that Romney ewes
(and other European sheep breeds with a long needbrg season) exhibited a
relatively poor response to melatonin implants undéew Zealand husbandry
conditions. Durotoye et al. (1991) reported insezhApregnancy and conception rates,
and an increased occurrence of multiple births glatonin treated ewes, and later,
Gomez et al. (2006) found a 48% increase in pradtctin melatonin-treated

Mediterranean ewes compared to untreated contres.ew

However, it may be that the lack of a responseht melatonin, in terms of
inducing out-of-season oestrous cycles should toidatied to a failure of the treatment
regime to effectively deliver enough melatonin osaradequate period. Certainly, the
plasma concentrations recorded in the present iexeet were lower and more variable
than have been reported elsewhere (Rondon et98l6; Bantiago-Moreno et al., 2004).
On the other hand, the concentrations that wersepteon Day -9 need not have been
reflective of those that were present when peakiesmlere attained, given that the
implants had been placed 26 days previously. Maaeoit was clear that the

melatonin-treated ewes exhibited differences ingpaacy rates from the untreated
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ewes, and, whilst most of the literature conceagan the effects of melatonin upon the
central neuroendocrine axis, there is also evidém@eiggest that it has effects that are

not the result of its effects upon that system.

For example, one mechanism which could underl®¢buld be that suggested by
Abecia et al. (2002), who found that melatonin timent can increase fertility and litter
size by improving luteal function and embryonicwsual, probably through inducing a
uterine environment that is more conducive to paegy. Alternatively, some research
has shown that prolactin concentrations are suppdeby treatment with melatonin
(Kennaway et al., 1982; Lincoln and Ebling, 1985ukon et al., 1987) and elevated
prolactin concentrations are thought to have negatdr inhibitory effects on
reproduction (Kann and Martinet, 1975; Fitzgeradd £unningham, 1981). If so, this
may imply that there was a degree of stimulation gohadotrophic activity by
melatonin, but that this was not sufficient to céetge ovulation. However, when
combined with eCG (which did permit ovulations tocor), this stimulation was

sufficient to augment reproductive outcomes.

9.5 Conclusion

In conclusion, the current experiment showed thedtinent with melatonin and
progesterone alone is not a viable means of incrggsegnancy rates in ewes bred
outside of the normal breeding season. Treatmaétht nvelatonin, progesterone and
eCG resulted in higher pregnancy and conceptioesyatnd larger litter sizes and
fertility than ewes treated with progesterone a@ealone (Control ewes). Ewe
productivity was 67% higher in the melatonin + psggrone + eCG treated ewes
compared with the Control ewes. This suggestsrtf@atonin implants, when used in
conjunction with progesterone and eCG may be alfieasption for use in out-of-

season breeding programs in Romney composite eslesfin New Zealand.
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Chapter 10 Effect of weaning pre- or
post-mating on performance of spring-

mated ewes and their lambs in New

Zealand

Abstract

The objective of this experiment was to determhne éffect of lactation over the
breeding period and early gestation on ewe reptoguperformance and live weight.
Romney ewes (n=206) with lambs at foot were alled¢ab either Early or Late weaning
groups, synchronised with CIDRs and joined withf&8iframs 69 days postpartum
(Day 0). Lambs from the Early group were weanebDayt O while lambs from the Late
group were weaned on Day?2l. The ovaries of eacle @&vere observed
laparascopically on Day 9. Late weaned lambs wigmificantly heavier (P<0.001) on
Day 21 and Day 47 than lambs in the Early groupheré was no effect of ewe
treatment on ewe reproductive performance, liveghteiover the breeding period,
number of corpora lutea present, pregnancy ratesndive weight of the ewes at the
subsequent lambing and lactation. Birth and liegghts of subsequent lambs were not
affected by the treatment of the ewe over the bingeperiod. This research suggests
that the breeding of suckling ewes in an acceldréaenb production system has no

effect on ewe reproductive performance or on sulesadgamb production.

167




168




Chapter 10

10.1 Introduction

In accelerated lamb production systems, shorteamntbihg-to-breeding intervals
are desirable to reduce the interval between san@fambings. However, suckling
lambs can increase the length of the postpartunesane interval (Mallampati et al.,
1971; Kann and Martinet, 1975; Pope et al., 198@) r@duce fertility levels (Hulet et
al., 1983). To avoid such effects, lambs are oftelaned at an earlier age than in a
traditional once-yearly lambing. Previously repdrtaccelerated lamb production
systems have weaned lambs as young as 28 days (bpgedy and FitzSimons, 1977),
40-60 days of age (Wheaton et al.,, 1992) and aratfhdlays (Lewis et al., 1996;
Rodriguez et al., 1998; Morris et al., 2004). Wes could be successfully bred while
they are suckling lambs, weaning of lambs in acattel lamb production systems
could be delayed until after the breeding periddhis would result in greater weaning

weights of lambs while still maintaining a shortd@mbing to breeding interval.

Uterine involution takes longer in lactating ewesnpared to non-lactating ewes
and longer in spring than in autumn (Cognie etl&l75). While lactation is reported to
lower fertility when ewes were bred within 30 dggstpartum (Restall et al., 1978) and
increase the postpartum anoestrus interval (Malédingt al., 1971), Hulet and Foote
(1983) found no effect of lactation on the numbéremes lambing when breeding
occurred 30-90 days postpartum. In Australia, Dateal. (1969) achieved 65%
pregnancy rates in Border Leicester x Merino ewet had been lactating for nine
weeks prior to the mating period, during the noeeliing season. That result is similar
to that obtained by other researchers in non-lactawes bred out-of-season (Smith et

al., 1988a; Knight et al., 1989b; Ungerfeld and Robs, 2002; Morris et al., 2004).

To date, the effects on the ewes’ reproductivegoerance and the effects on the
subsequent set of lambs from breeding with lamldeatunder New Zealand pastoral
conditions has not been examined. Therefore, thectives of this study were to

determine the effect of lactation over the breedgiegod and early gestation on ewe
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reproductive performance and live weight, and tegheine if this had any effect on the

live weights of the ewe’s present and subsequegeny.

10.2 Materials and methods

Trial design

Two hundred and six mixed-aged Romney ewes suckéinths (n=302), were
allocated, within rearing rank, to either an “Ear{gay zero of synchronised mating;
Day 0) or a “Late” weaning (P21) group. Lambs lie Early group were weaned at
Day 0 (69 days of age) and lambs in the Late gweire weaned at Day 21 (91 days of
age). At Day -14 all ewes had progesterone pricwdrolled internal drug releasers
(CIDRs; Pharmacia & Upjohn, New Zealand; 0.3 g pgigrone) inserted. Ewes and
lambs were managed as one mob under normal farcigadrom Day -14 to PO. At
PO, CIDRs were removed and 800 I.U. of pregnanemarum gonadotrophin (PMSG;
Folligon, Intervet Ltd) was injected intra-musciyai.m.). At PO ewes and lambs from
the Late group were then randomly split into twobs\@and were grazed in two separate
paddocks, denoted block A or B. Lambs from thdyEgroup were weaned (average
age = 69 days) and randomly split into two mobs as&lgned to either block A or B
while their respective dams were grazed on the sippblock. This design allowed for
both Early and Late weaned animals to be run oh bk so that any difference in
lamb weaning weight was due to milk production.stBge mass of block B had 190 kg
DM/ha greater than that of block A, therefore ewrd lambs on the respective blocks
were set stocked at differing rates from Day 01q23.6 and 22.8 ewes/ha for block A

and B, respectively).

Suffolk rams were introduced to the ewes at a rati@:9 on Day O and crayon
tup marks recorded daily for 6 days post-CIDR wiglvehl. The CIDRs were washed
and re-inserted on Day 9 to induce non-cyclic amalpregnant ewes to recycle (Knight

et al. 1989). These CIDRs were again removed onlida Harness crayon colours
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were changed on Day 9 to record ewes returningestras from Day 9-21. At Day 21,

Late lambs were weaned (average age of 91 days).

Nine days after CIDR removal (Day 9), laparoscapiamination was performed
on all ewes. Ewes were sedated with acetyl promea@i ml, i.m., 10 mg/mL Acezine
10%, Ethical Agents Ltd) and local anaesthetic ifbicaine hydrochloride, 2x2 ml,
20mg/ml, Ethical Agents Ltd) was used at the imissite. The number of corpora

lutea and follicles were counted on each ovaryrandrded.

Lambs present at mating were weighed at Days Caritll 47, and ewes were
condition scored (CS; scale 0-5; Jefferies, 1961 weighed unfasted at Days 0 and
21. Ewe pregnancy status was determined usingsalired at Day 62. Ewes were
managed as one group from the end of the matingpgpdbDay 21) until 6 days
(Day 140) prior to the planned start of lambingwels were weighed and set stocked at
12.2 ewes/ha until the end of the lambing periotl days after the start of lambing;

L21, where “L” refers to the period following thgrnehronised breeding period).

Within 12 hours of birth, lambs born to the synchsed breeding were identified
to their dam, tagged, sexed, recorded for birtlkramd weight, crown-rump length
(CRL) and girth size were measured. Following ¢ne of lambing, ewes and lambs
were managed as one mob under commercial conditiotis the end of the study
(L73). Three ewes from Late group and six ewemfiarly group were not recorded
as having lambed despite being scanned pregnamtes EBnd lambs were weighed

unfasted at L35 and L73.

The present study was undertaken during the pefiét! October 2004 (Day -14)
to 27" May 2005 (L73) and was carried out with approvahf the Massey University
Animal Ethics committee. The location of the studgs at the Massey University

Keeble farm, 5 km south-east of Palmerston Norf ¢4uth, 178east), New Zealand.
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Satistical analysis

Data were analysed using SAS (V8, SAS Institute Gary, NC, 2001). Ewe live
weight, and lamb birth and live weights were anedlysising a general linear model
(PROC GLM). Interactions were fitted in all modelsd removed if not significant
(P>0.05). The statistical model for ewe live wegghp to Day 21 fitted rearing rank
(single versus twin) and weaning treatment growgrl{Eversus Late weaning) as fixed
effects. Models for ewe live weight for the suhsemt set of lambs fitted litter size.
Block had no effect and was dropped from genenaldi models. The statistical model
used for live weights and growth rates of lambs@n¢ at mating included sex of lamb,
litter size, block and ewe treatment group fittediged effects. Age of lamb was used

as a covariate in models for lamb live weights graivth rates.

The presence or absence of corpora lutea at Dagd®pregnancy data (pregnant
versus non-pregnant) were analysed as binomi#s faRROC CATMOD) using rearing
rank (i.e. lambs present or weaned at Day 0) arahing treatment as fixed effects.
The number of corpora lutea present were analysedoaparametric data (PROC
GENMOD) with rearing and treatment group as fixégats. Ewe condition score at
mating was only used in statistical models for mssand pregnant rates, as it was not
significant in other models. Live weight was naed as it did not affect any of the

parameters measured.

10.3 Results

Lambs present at the start of the breeding period

Singleton lambs were heavier than their twin-bavanterparts at Day 0 (P<0.01)
and Day 21 (P<0.01; Table 10.1). Between Daysd® 2h single-born lambs had
greater growth rates than twin-born lambs (245 #védsus 201 + 9 g/day; P<0.01).
However, between Days 21 and 47, twin-born lambd higher growth rates than

singletons (158 £ 5 versus 139 + 7 g/day, respelgti<0.05).
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At both Day 21 (P<0.001) and Day 47 (P<0.001) lve¢@aned lambs were heavier
than Early weaned lambs (Table 10.1). This diffeeewas due to higher growth rates
from Days 0-21 in the Late weaned lambs (186 + &3uws 260 + 10 g/day; P<0.001).
However, there were no lamb growth-rate differenoesveen treatment groups from
Days 21 to 47, but overall growth rates (Days 0-4@&ye higher in the Late weaned
lambs (P<0.001; 165 + 6 and 203 + 6 g/day in thdyEand Late weaned lambs,

respectively).

Table 10.1 The effect of Early (average age = 69 days; Dagr@) Late (average age = 91 days;
Day 21) weaning and rearing rank (single versur)ten the live weights on Day 0 (first day of
synchronised breeding), Day 21 and Day 47 (leasar&3 means + SEM) of lambs present at
the start of the synchronised breeding period. rdeaithin treatment or rearing rank and

columns with different superscripts are signifidpulifferent (P<0.05).

Lamb live weight (kg)

n Day O n Day 21 n Day 47
Treatment
Early 146  16.3+0.3 144 19.71+06.2 141  242+0.38
Late 143 16.9+0.3 140 21.22+02 138 259+0.3
Rearing rank
Single 115 175+04 111 21.8+0.2 109 25.4+0.3
Twin 174 158+0.3 173 20.7+0.2 170 24.8+0.2

Ewe live weight

There was no significant differences in ewe liveighe between weaning
treatments at Day 0 (47.9 £ 0.6 kg and 49.5 + @.6dt the Early and Late groups,
respectively), Day 21 (51.9 £ 0.6 kg and 53.9 tKybrespectively), Day 140 (64.2 £
15kg and 64.2 £ 1.5 kg, respectively), L35 (5%21.55 kg, and 56.3 + 1.7 kg,
respectively) or L73 (53.2 + 1.7 kg and 52.3 + Kg9 respectively). Live weight for
ewes rearing singles did not differ from those irgatwins at Day 0 (48.1 £ 0.6 kg and
49.6 £ 0.7 kg, respectively), Day 21 (52.9 + 0.5d&md 53.9 £ 0.5 kg, respectively),

173




Chapter 10

Day 140 (63.4 + 1.5 kg and 65.0 + 1.5 kg, respetyiy L35 (55.5 £ 1.0 kg and 55.9
2.4 kg, respectively) or L73 (54.4 £ 1.1 kg and064 2.7 kg, respectively).

Ewe reproductive performance and lapar oscopic observations

Ewes that were rearing multiple lambs had highesraye number of corpora
lutea than those rearing singletons (P<0.05; Tabl&). The number of ewes marked
by the ram, number of ewes with corpora lutea preser the average number of
corpora lutea or follicles present did not diffetlween weaning treatments. There was
no effect of ewe treatment at mating on proportbewes marked by the ram (91% and
90% for the Late and Early weaned groups, respag)ivor on pregnancy rates (36%

and 33% for Late and Early weaned groups, respagjiv

Table 10.2 The effect of Early (69 days post partum) and L&tk days post partum) weaning
and rearing rank (single versus multiple) on therage number of follicles and corpora lutea
(CL) present at laparoscopy nine days after thd stasynchronised mating (least squares
means = SEM), and number of ewes with or withoupora lutea present. Means within

treatments and columns with different superscapgssignificantly different®<0.05).

Average number of Number of ewes with
Follicles CL No CL CL present
n present
Treatment
Early 102 0.21 £0.04 1.53 +0.09 7 95
Late 103 0.10£0.04 1.62 £0.09 7 96
Rearing rank
Single 116 0.16 £ 0.04 1.43 +0.08 10 106
Multiple * 89 0.15+0.04 1.72+0.09 4 85

! Ewes rearing twin and triplet lambs were allocatetmultiple” rearing rank.

Lambs born to synchronised breeding

There was no effect of ewe treatment on weighaofd at birth (LO), L35 or L73

(Table 10.3), or on CRL and girth size at birthinge-born lambs were heavier than
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their twin-born counterparts at birth, L35 and L{#<0.001). Crown-rump length
measurements were greater (P<0.05) in single-bamb$ compared to twin-born

lambs, but girth size was not different.

Survival to docking was not affected by ewe weartnegtment but was affected
by birth rank (P<0.05; 88 versus 65% in singletand twins, respectively). Weaning
percentage (lambs weaned over ewes exposed) wasad%2% in the Late and Early

weaning groups, respectively but was not signifilyadifferent.

Table 10.3 Effect of ewe treatment (Early versus Late wean@g litter size (single versus
twin) on the lamb crown-rump length (CRL) and girtteasurements, and live weight at LO,
L35 and L73 (least squares means + SEM). Meankirwireatments and columns with

different superscripts are significantly differ¢R&0.05).

CRL Girth Live weight (kg)

n (cm) (cm) LO n L35 n L73

Treatment

Early 36 491+06 376+0.9 43+0.1 30 124 32 20.2+0.6

Late 36 49506 39510 43+0.1 26 11.9%026 185%0.8

Litter size
Singld 41 503+0.6 389+09 47+0% 42 133+04 44 216+08

Twin' 34 483+06 383+1.0 39+041 14 112+07 14 171+16

! Litter size at LO was based on birth rank, and3& and L73 it was based on rearing rank.

10.4 Discussion

The objectives of the present study were to detegrthie effect of lactation on the
reproductive performance and live weight of ewesdbwutside of the normal breeding

season, and to assess any effect on the ewe’'sn\pegg subsequent progeny.
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While the pregnancy rates obtained in this tridbath treatment groups were low
(33%) compared to in-season pregnancy rates, regésgnised that breeding ewes
during the seasonal anoestrus period, irrespedfitbeir lactational status, results in
low pregnancy rates, both in New Zealand (11-47%tlSet al. 1988; 42-71% Morris
et al. 2004) and worldwide (35-44% Ungerfeld & Rari@s 2002; 47-54% Knights et al.
2003).

While mating lactating ewes has been shown to pgplpostpartum intervals in
some studies (Mallampati et al., 1971; Pope etl@B9), it has also been reported to
increase pregnancy rates, ovulation rates, or l#itee in others (Cognie et al., 1975;
Pope et al., 1989; Fogarty et al.,, 1992b). Theeturexperiment showed breeding
suckling ewes did not enhance or adversely affeatian corpora lutea counts, oestrus
activity, pregnancy rates or litter size in ewesd68-73 days postpartum. Breeding at
this time would have ensured uterine involution wamplete and because the lambs
suck less often and for shorter periods at thajestd lactation (Obregon et al., 1992),
less prolactin is released (Kann and Martinet, J9aich would thereby have less or

no effect on ovarian activity.

In agreement with Goulet and Castonguay (2002),ptlesent study found no
difference in ewe live weight between ewes lactpfor 73 or 94 days, either at 73, 94

or 120 days postpartum, or at their subsequentitagnb

In the current experiment, lambs that were suckbea further three weeks were
heavier at weaning and 120 days of age than thaeieeweaned counterparts. This is
most likely due to the later weaned lambs havirggss to both herbage and milk. Gaili
(1992) weaned feedlot lambs at 75 or 90 days ofamgkereported higher daily weight
gain in later weaned lambs between 90 and 180 d&milarly, Gibb & Treacher
(2979) reported higher growth rates in lambs stiitkling ewes, compared to weaned
lambs. Therefore, if weaning age can be increaed|ikely result will be increased

live weights at weaning and increase growth raftes eaning.
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There were no carry over effects of ewe treatmebtreeding on the subsequent
set of lambs. The lack of an effect suggests eaasbe bred out-of-season while they
are still suckling lambs, thereby increasing laméaning weights without negatively
affecting the ewe. To our knowledge, there ar@ther studies examining birth weight
of lambs born to ewes that were lactating overbiteeding period and early pregnancy.
The lack of an effect is mostly likely due to tloevlenergy demand of the foetus during

early gestation (Robinson et al., 2002).

Lamb losses in the second set of lambs in the wutral were particularly high
in twin lambs (35%). Previous reports suggest thattality rates of 12-20% in twin-
born lambs are more normal (Litherland et al., 298&nyon et al., 2002). Dead lambs
did not undergo post-mortem examination therefangses of death were unknown and

comments can not be made.

In a year-round lamb production study, Morris et(2005) showed that Romney
ewes can maintain live weight and body conditioeroa two-year period in which
weaning occurred at mating (at 73 days postpartuAi)hough the ewes are towards
the end of their lactation, a further 21 days ltetpon a continuous cycle may
challenge the ewes in their ability to maintaineliweight long term, when lactating
over the breeding period and early gestation. Teieds to be assessed before the
practice of delaying weaning and breeding ewes Isuchkambs is promoted in an

accelerated lambing system where ewes lamb fivestiim three years.

10.5 Conclusion

It is possible that a combination of factors (olteenbs requiring less milk, stage
of lactation and postpartum interval) have ledh® tesults obtained. Therefore, it can
be concluded from this experiment that delaying mrgg in an accelerated lambing
system can be used to increase lamb weaning wewith®ut impairing ewe live

weight or reproductive performance.
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General Discussion:

Accelerated and out-of-season lamb
production
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Chapter 11 General discussion

11.1 Introduction

Sheep farming is a significant component of Newl&@®dis agricultural economy
as lamb contributes to nearly half of the annuadoeixearnings from meat and meat
products — 2.11 billion dollars in 2005 (MWNZ, 2@)6 By increasing the frequency
with which ewes lamb, annual lamb production coodincreased without having to
resort to increasing litter size, thereby avoidiogy birth weights and higher lamb
mortality rates (particularly triplet-born lambsJhus, increasing the number of times a
ewes lambs in one year has exciting potential &smérs and for increasing New

Zealand’s lamb trade.

Accelerated lamb production differs from out-of-s@a lamb production in that
ewes lamb more frequently than once a year, wheyatsf-season lamb production
incorporates a proportion of a flock, or the enficek, being bred once a year outside
the traditional autumn breeding period. Acceletdéenb production systems have been
trialled over a number of years with results ragginom 1.81 lambs per year in
Australia (Fogarty et al., 1992a) to 4.03 lambs year in Finland (Goot and Maijala,
1977).

McCutcheon et al. (1993) suggested, in a non-refeiew Zealand publication,
that accelerated lamb production could be used wayaof increasing the number of
lambs born each year within a flock. Until nowijstlihas not been evaluated in a
research environment and/or under pastoral comdiiio New Zealand. The main focus
of this PhD research was to examine and comparacaslerated lamb production
system with the more usual practice of once-yeapsing lamb production, and to
provide proof of concept to the sheep industrydidations early in the experimental

period led to a more thorough investigation of ofiseason pregnancy rates, reasons
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why they were impaired and possible methods ofem&ing pregnancy rates or

circumventing seasonality.

11.2 Summary of experimental chapters and

conclusions drawn

Ewe reproductive performance was monitored in tweets of sheep (East
Friesian Composite (EF) and Romney) over a three-period in two different lamb
production systems; an Accelerated and a Convaaltionce-yearly lamb production
system (Chapter 3). Live weights at birth and vimgnand growth rates of the lambs
resulting from the breeding of the ewes in those systems were also assessed and
compared. Average yearly pregnancy rates in theelecated lamb production system
were markedly lower than in the Conventional systand although lamb live weights
at weaning were lighter in the Accelerated systerore frequent breeding of ewes
resulted in a greater number of lambs born and ecawver the three years, and
therefore a greater lamb output. Ewe efficienaynfber of lambs born per ewe per
year) was higher in the Accelerated system as @treé the increased frequency of
breeding. East Friesian composite ewes had higtegnancy rates in the Accelerated
system than Romney ewes, but in the Conventionatesy there was no breed

difference.

Two factors that were not examined in Chapter 3awiee labour requirements for
the main animal husbandry tasks and energy reqaimerof the ewes in the different
systems. These were calculated in Chapter 4 anelx@ected, both labour input for the
system and energy requirements of a ewe were highttre Accelerated than in the
Conventional system. Labour requirements wereutatled on a per animal basis, with
assistance from the farm manager, and the finautalon indicated that labour input
was 8% higher per lamb weaned, in the Acceleragsteés). The tasks that contributed

to a major portion of this difference were factassociated with the breeding period,

182




Chapter 11

and as there were more breeding periods withirAteelerated system, and exogenous

reproductive hormones were administered, the lalmout was expected to be higher.

In order to provide a direct comparison between twe systems, energy
requirements for a ewe in each system were basedewve of the same weight (60 kg)
grazing the same contour (rolling hill country)ackored into these calculations were
the number of lambs born and weaned per ewe pebitgmperiod, and lamb live
weights at birth and weaning from Chapter 3 (avedafpr both breeds). Due to the
design of the Accelerated system, the requiremiemt¢hree different scenarios were
calculated based on when a ewe was bred (e.g. iJéhugust, March/November or
June). January-bred ewes had two gestations aedastation, but due to a lower
number of lambs born and weaned, and lighter liaghts at birth and weaning
compared to the Conventional system, required 88 knergy than a ewe in the
Conventional system. A ewe bred in March or Juniaé Accelerated system however,
had 1% gestations and two lactations, and requi#édnore energy than a ewe in the
Conventional system. On average a ewe in the Acaield system requires 6% more
energy than a ewe in the Conventional system arleifweaning live weight in the
Accelerated system can be improved by 4.5 kg bpyiel weaning approximately
three weeks (Chapter 10), energy requirements wdd at most, 16% higher.
However, per kilogram of lamb weaned, a ewe inAkeelerated system required 6%

less energy than a ewe in the Conventional system.

Although lamb output and ewe efficiency was higimethe Accelerated system,
the overall pregnancy rates were disappointingap@r 5 focused on the Accelerated
lambing flock, and on the five different breedingdalambing periods each year.
Aseasonal pregnancy rates are pivotal to the ss@femny accelerated or out-of-season
lamb production system, and while it was expectemt aseasonal pregnancy rates
would be suboptimal in comparison to seasonal limggaeriods, values as low as 33%
were recorded. Of the two breeds chosen, the Rysnuinged in this research had lower

pregnancy rates during the aseasonal breeding dser{@ugust, November and
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January). East Friesian Composite ewes also hadgtegnancy rates in August and
November, but had significantly higher pregnanciesathan the Romney ewes in
January, the transition back into the breeding ®gasvhich indicates a shorter

aseasonal breeding period.

If low aseasonal pregnancy rates can be addredised; is potential for this
Accelerated lamb production system to be improvEaderefore, identification of causes
of low reproductive performance and methods of mmpment were investigated in

Chapters 6 to 9.

Data gathered early in the experiments relatedhtap&@rs 3 and 5 indicated that
ewes were being marked by the ram (i.e. they weiagbmated), but at pregnancy
diagnosis were identified as being non-pregnantie Success of events related to
pregnancy, or lack thereof, between mating (Day && pregnancy diagnosis (Day
62) was unknown, and it was hypothesised that tieesdéd include reduced ovarian

activity, conception or implantation failure, or emability to maintain pregnancies.

In Chapter 6, it was postulated that ovarian olet@us would elucidate the
extent to which inactive ovaries were responsibtddw out-of-season pregnancy rates.
Ovaries of the ewes were examined laparoscopiacailyDay 9 of the five breeding
periods in the accelerated lamb production systedfi January, 28 March, ¢ June,
21% August and ¥ November). It was found that a majority of theesvhad corpora
lutea present on their ovaries at all breedingquksii therefore ovarian inactivity was

disregarded as a limiting factor for unsuccess$elbaonal pregnancies.

The findings of Chapter 6 suggested that eventmally resulting in pregnancy
were failing to occur somewhere between Day 9 aag B2. In Chapter 7 it was
hypothesised that serum progesterone concentratiomsDay 8 to 39 would indicate
whether ovulation occurred, if embryonic mortalityst maternal recognition occurred
or whether abnormal corpora lutea were present tt(venethey be low-progesterone
secreting or short-lived corpora lutea). Ewes wsampled in the spring and autumn

breeding periods only and, following pregnancy dizgjs were categorised into groups
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for analysis; non-mated, mated but non-pregnamregnant. A small proportion of
ewes were judged to have had no ovulation, abnoftoal progesterone secreting)
corpora lutea, early luteolysis (short-live corptutea) or early embryonic mortality.
Mean progesterone concentrations indicated thataten was occurring and early
embryonic mortality was not. There are many eveitich may be contributing to low
aseasonal reproductive performance (including materecognition of pregnancy,
unsatisfactory uterine environment and seasonatisffon the ram). The next logical
step for further research would be to focus oncfgcsurrounding maternal recognition

of pregnancy.

In an attempt to improve aseasonal pregnancy ratasney ewes were subjected
to artificially induced long days (Chapter 8). was postulated that exposure to 24
hours of light (artificial + natural) in spring, wh day light hours were increasing,
would break the photorefractoriness associated sédisonality in sheep and induce
reproductive activity. This experiment encompastesl hormonal induction regime
used in Chapters 3 and 5, and compared the repreelperformance with ewes treated
with progesterone and eCG, and exposed to lightthEr, a secondary objective was to
assess if the addition of artificially induced lodgys could eliminate the use of eCG.
Lighting did not improve any of the reproductivergrameters measured and when eCG
was not used (progesterone + light), pregnancy ragze significantly lower than either
of the other two treatments. Results obtainedlighted the necessity of eCG in out-

of-season breeding programs.

Another potential method for inducing ewes to breedt-of-season is
administration of melatonin implants. The hypothef®r this experiment was that
melatonin would increase the reproductive perforreant ewes bred during the spring
anoestrus period (October). This experiment foldwhe same hormonal induction
regime used in Chapters 3 and 5 in addition to toeia (for 2/3 of the ewes), which
were treated with melatonin implants. The resshswed promise, but only when

progesterone and eCG were used in conjunction métatonin implants (Chapter 9).
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Ewes treated with melatonin + progesterone + eC@ higher pregnancy rates,
conception rates and litter size compared with etnested with progesterone + eCG.
Reproductive performance was disappointing wheratorin + progesterone were used
with nearly 60% of treated ewes failing to disptagstrus, and only 6% subsequently
becoming pregnant. The increased reproductiveopeence of ewes treated melatonin
+ progesterone + eCG resulted in 61% (111 vs 69¢dambs produced per 100 treated
ewes compared with the ewes treated with progestero eCG. This suggests
melatonin implants may have a place in accelerated out-of-season breeding

programs in New Zealand when used in conjunctidh miogesterone and eCG.

In the Accelerated lamb production system, lamie Weights at weaning are
lighter than in the Conventional system (Chapter Bjis was primarily due to the age
of the lambs at weaning as they were weaned avenage age of 69 days compared to
96 days in the Conventional system. In the fingdegimental chapter it was postulated
that weaning could be delayed by three weeks asamsnof increasing lamb live weight
at weaning, and that ewes could be bred duringntrebreeding season whilst they
were suckling lambs. In Chapter 10, ewes and thaibs were either weaned at 69 or
90 days post partum. Results were again promiswtg, no difference in reproductive
measurements between the lactating and non lagtewves, indicating that it would not
be deleterious to breed lactating ewes in an a@tek lamb production system. Lamb
live weights at 90 and 120 days of age were sicgnifily heavier in the lambs that were
weaned at 90 days compared to lambs weaned aty89 ddese results suggest that it
is possible to delay weaning (to achieve heavierblaveaning weights) and breed

lactating ewes in an accelerated or out-of-seammib lproduction system.

11.3 Limitations and weaknesses identified

Experimental design limitations
Ideally, at the start of the experimental periodfedent techniques for inducing

aseasonal reproductive activity should have beeesiigated prior to the Accelerated
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system beginning. The techniques chosen were msatluction regimens that were
(a) considered to be practical for industry use @)dhad previously been reported to be
successful. If the experiment were to be donenagais recommended that different
techniques be tested for each of the differentdingeperiods, particularly as two sheep
breeds were used and these two breeds appeareaveodiffering performances at
certain breeding periods. Results from ChapterS &nd 6 provide information that
East Friesian Composite ewes respond differentn tiRomney ewes during the

January breeding period.

Lack of adequate ram and semen testing

In Chapters 3, 5 and 6, rams underwent examinabgre veterinarian to ensure
they were in a condition fit to breed and semeristagere conducted (mobility,
proportion normal and proportion alive). Seasonkmown to affect reproductive
activities and semen characteristics, but a morelusive and in-depth analysis of
seminal properties or characteristics was not uaklen. For future research with
aseasonal breeding programs, it is recommendech#vat a more comprehensive ram

testing regimen be included.

Breed selection

More than half of the New Zealand sheep flock cmstaRomney genetics,
including composites (MWNZ, 2001). For this reasive Romney was selected as one
of the breeds to be trialled. The other breed aha@ivailable was the East Friesian
Composite, chosen for out-of-season reproductiod gcreased milk production,

proved to be more suitable for aseasonal reproatucti

Confounding breeding periods and eCG dose rates

Month of breeding and eCG dose rate were confouird€thapters 3 and 5 as the
aim of the experiment was not to choose which regsnwere optimal for each

breeding period. Therefore, the effect of eCG amahth of breeding could not be
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separated, nor could the effect of eCG, month mblag, or season be assessed for its

effect any of the reproductive variables measured.

Number of ewes available for intervention studies

In Chapter 8 (the lighting experiment) and Chaptéthe melatonin experiment),
additional treatment groups should have been imecluech order to more effectively
compare the effects of melatonin or light. These experiments were conducted in
spring, and the availability of a sufficient numbafr ewes with the minimum post
partum interval (for uterine involution) posed alplem. Group sizes of 100 animals
were required for a power of 80% and for a 12%edéhce in pregnancy rates between
treatments to be significant. It is recommendethenfuture to increase the number of
treatment groups, ideally, to 6 (as representefiaie 11.1). If this design were to be
used, direct comparisons between the use of matdlight, progesterone and eCG
could be made (e.g. Treatment number 1 vs 4, 2 asd53 vs 6 etc). One additional
limitation with the lighting experiment was the eipf the shed in which ewes were
housed. This limited the number of sheep thatccdd exposed to light, although a
control group could have been included (Treatmenber 1 in Table 11.1).
Table 11.1 Proposed experimental groups and treatmentsuftiner experimentation into the

effects of melatonin implants or artificial lighthareproductive performance in sheep bred
during the non-breeding season.

Treatment Melatonin Lighting
number
1 Control Control
(- Mel, - progesterone, -eCG) (- Light, - progesterone, -eCG)
2 + Progesterone + Progesterone
3 + Progesterone, + eCG + Progesterone, + eCG
4 +Mel + Light
5 + Mel, + progesterone + Light, + progesterone
6 + Mel, + progesterone, + eCG  + Light, + progester + eCG
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11.4 Recommendations for further research

The successful establishment and maintenance ghaney following copulation
is very complicated and relies on the successgoéat number of steps: The ram needs
to produce and ejaculate normal, functional spesaws, and the ewe needs to produce
and ovulate normal, fertilisable ovum. Some ofsthetages that could be considered
more pertinent in the context of out-of-season adpction in sheep are discussed
below, and are further broken down into stagestedléo the ewe (Figure 11.1) and

those more relevant to the ram (Figure 11.2).

Reduced sperm

reaching ovum /\
Asynchrony ' Unfriendly ~

between environment
foetus and dam for sperm transport
U Reduced aseasonal
reproductive
Incorrect performance ) Aged ovum
progesterone —_ D and/or
concentrations aged sperm
\ —
Failure of
matefr.nal Inadequate
recognition of corpus luteum

pregnancy

Figure 11.1 Possible explanations for reduced reproductiveoper@nce in ewes bred out of

season.

Breed differences and genetics

The possibility of using other breeds of sheep khbe further investigated and
since the breed of ram has been shown to influéimeeonset of oestrus (Tervit and
Peterson, 1978) or increase reproductive performd@Ncgent et al., 1988), changing
ram breed and using that ram as a terminal sirelglaso be investigated. Differences

in the length of the breeding season, and onseésifus and anoestrus have previously
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been demonstrated in different breeds of ewes (Whaad Land, 1977). For example,
Finn Sheep and Dorset (horned and polled) are lathds that have been shown to be
successful in accelerated lamb production systéitedtén and Robertson, 1974; Goot
and Maijala, 1977; Fahmy, 1990). While selectiasddl on the genetic ability of sheep
to breed during the anoestrus period may be sldvghdrepy and Notter (1997) have
suggested that genetic selection can be used imgeotility in autumn-lambing sheep
flocks. A melatonin receptor gene has also beeatéa in sheep (e.g. (Messer et al.,
1997; Pelletier et al., 2000; Notter et al., 2008)d through genetic testing, can be
located in individual sires, although this may be expensive means to improving

aseasonal reproduction that may also take a longdoef time.

Effects of exogenous progesterone

One possible explanation for poor aseasonal pregnaates is related to the use
of exogenous progesterone and its effects on @rmacous, uterine contractions and
sperm. Several studies conducted in the 1970sateti that exogenous progesterone
affects cervical mucous flow, viscosity (Croker &ldelton, 1974; Rexroad and Barb,
1977) and volume (Smith and Allison, 1971) whiclk anportant in the migration of
sperm through the reproduction tract (Gibbons arattiér, 1966; Moghissi, 1966).
Higher reproductive losses due to increased featibn failure and embryonic mortality
have been reported in progesterone/eCG-treated durasg the breeding and non-
breeding seasons, accompanied by a decrease muthber of accessory sperm per
ovum (Lunstra and Christenson, 1981). An asynchimgtween the embryo and the
uteri/dam was thought to be responsible for theem®ed embryonic mortality (Goff,
2002). This is an area that has received littienéibn in recent years, both during the

breeding and non-breeding seasons, and is antaeadrrants further investigation.

Maternal recognition of pregnancy

Analysis of progesterone concentrations indicatedreg were no seasonal

differences and observations of individual ewe petgrone profiles showed that most
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ewes did not experience embryonic mortality. Tle&trstage is to investigate events

associated with the maternal recognition of preggpan

The major cause of preimplantation embryonic miyta thought to be caused
by a lack of signal between the embryo and theustékLafrance et al., 1989; Goff,
2002). Failure of the embryo to provide an adeguagnal (between Day 10 and
Day 21 of gestation) can lead to an asynchrony &atmthe embryo and the maternal
uterine environment, thus leading to embryonic aliiyt (Roberts et al., 1999). The
identification and measurement of cytokines produag the peri-implantation embryo
(Spencer et al., 2004) can be used to ascertaadefjuate embryonic to maternal
signally is occurring. While speculative, this ateas not been investigated in relation

to aseasonal reproductive failure in sheep, apéiilsaps an area worth investigating.

Ewe — foetal relationship

Examination of the literature would suggest there ao reports specifically
focused on effects of season (i.e. the non-brees@agon) on the synchrony between
the conceptus and the uterus. Nevertheless, kingrthe findings of several areas of
research, an association between season and thioetakrelationship can be found.
For example, progesterone concentrations over #s&rus cycle or early pregnancy,
albeit induced, in the non-breeding season are rldivan that measured during the
breeding season (Rhind et al., 1978; Forcada e2@03; Coelho et al., 2006). Low
progesterone concentrations at or around ovulaneetjng and early gestation have
been directly associated with early embryonic mibyt@Brien et al., 1981; Ashworth et
al., 1989) due to a lack of foetal to ewe signglljhafrance et al., 1989; Goff, 2002).
Therefore, one could speculate that the low pregeste concentrations in ewes bred
out of season may result in embryonic mortalitystitontributing to the low out-of-
season pregnancy rates, despite the display afusdsy the majority of ewes presented
to the ram. It is recommended that progesteroneeardrations before, during and post
oestrus be investigated, and factors associatel thié maternal recognition of

pregnancy be examined.
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Interleukin- 8 (IL-8)

Mitchell et al. (2002) found that the expressiorileB on the cervix of sheep was
reduced during the oestrous cycle after inductiath wntravaginal progesterone or
intramuscular prostaglandin administration, andpopeed the IL-8 was responsible for
the dilation of the cervix required for passagetlod sperm across the cervix. The
expression if IL-8 is under the influence of reprotive hormones (Critchley et al.,
1999; Garcia-Velasco and Arici, 1999; Mitchell dt, 2002), hence, any hormonal
imbalance could be influencing the expression oBIL Further, due to the use of
artificial progesterone in accelerated and outezfsen lamb production systems,
investigation is required to ascertain its effent the expression of IL-8 during the

breeding and non-breeding seasons.

Ram seasonality and seasonal differences

In addition to possible complications or failurdsvarious stages of reproduction
in the ewes, the ram can also contribute to faibinreeproduction in the ewe. This PhD
research has focused on the ewe, although thet effeseasonality on the ram can not
be disregarded as having a direct effect or haatrigast some contribution to low out-
of-season reproductive performance. However, atdios of possible stages of
reproductive failure associated with the ram amghlighted in Figure 11.2 and are
briefly mentioned in the text. Figure 11.2 showseve some of these complications or
failures may arise and all these factors have pusly been shown to be affected by

season and/or linked directly to practices assediatith aseasonal reproduction.

Hormone concentrations in seminal plasma affetiliézation capabilities (Hess et
al., 1997; Luconi et al., 2002) and these concé&atra can vary throughout the year
(Dimov and Georgiev, 1977; Mandiki et al., 1998ndoln, 2002; Shore et al., 2003).
The addition of prostaglandin to semen had preWobeen shown to increase fertility

in artificially inseminated ewes (Dimov and Geokgi@977).
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Interluekin-8 has been shown to play on importatd m transportation of sperm
across the cervix (Mitchell et al., 2002) and thigression of IL-8 is controlled by
hormones, primarily oestrogen (Arici et al., 199®arcia-Velasco and Arici, 1999)
triggering the release of prostaglandin from therine tissue (Claus et al., 1987; 1990;
Willenburg et al., 2004), which in turn, dilatesswftens the cervix (Rigby et al., 1998;
Calder and Embry, 1973). Experiments with IL-8 {@Wiell et al., 2002) have shown
that the expression of IL-8 is triggered by semdie changes in seminal hormonal
concentrations may be contributing to an overafirpeproductive performance during

the non breeding season.

Seasonal changes in
semen

Effects of
artificial Seminal hormone
progesterone on concentrations
spermatozc /—\ '
Reduced aseasonal
reproductive
performance
A
/\ Spermatozoa
IL-8 expression capacitation and
acrosome reaction
Hyaluronidase
activity

Figure 11.2 Possible reasons for reduced seasonal reprodysifermance in ewes as a result

of seasonal affects on the ram.

Further, progesterone and oestrogen play essenti@s in spermatozoa
capacitation and acrosome reactions, both of whach essential for successful
fertilisation (Hunter et al., 1999; Lukoseviciut¢ a&. 2004; 2005). The enzyme
hyauronidase is also important in the maturity géren and this too has been shown to

differ between seasons (Mandal et al., 2004). &ebes these areas have been scant
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and seldom has the experimental animal been the Fumther research in this area is
recommended to elucidate if there is in fact ddferes in seminal hormone

concentrations and with hyauronidase.

Artificial progesterone has been shown to affeersfatozoa and sperm transport.
Several studies have reported decreased numbspeishatozoa in the uterus, oviducts
and/or fallopian tubes of progesterone treated ewedative to untreated ewes
(Quinlivan and Robinson, 1969; Hawk and Conley, 1197972; 1975; Hawk and
Cooper, 1977), lower sperm survival (Quinlivan ddbinson, 1969) and increased
sperm breakage (Hawk and Conley, 1971; 1973). &\thiks research was done some
time ago, little attention has been directed towafds area and this also, is an area
worthy of further investigation, particularly sineecelerated lamb production systems

depend on the usage of out-of-season breedinghanefore artificial progesterone.

11.5 Overall summary and conclusions

One of the main objectives of this PhD researchtwassess an accelerated lamb
production system, and to compare it with a coneeat once-yearly lamb production
system. The accelerated lamb production systersethfor this research was designed
to have five breeding periods within one calendzarythereby giving individual ewes
the opportunity to lamb five times in three yeailte research period ran from March
2003 when the first breeding period began, to Aud@6 when the lambs were
weaned from the last group of ewes that were mated,included 15 breeding and

lambing periods.

This research showed that accelerated lamb prantubts the potential to be used
in the sheep industry New Zealand providing somhefweaknesses identified, can be
addressed. The first and perhaps biggest of twes&nesses is the poor reproductive
performance of ewes during the non-breeding seaddethods of overcoming this
inadequate aseasonal performance were investigaigdvere not entirely successful,

although melatonin implants used in conjunctiorhvitogesterone and eCG during the
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spring-breeding period yielded 61% more lambs [@¥r éwes treated compared with
progesterone and eCG alone. This increase howexknot come without the use of
artificial progesterone and eCG indicating the imgace of these two artificial

reproductive hormones in aseasonal breeding. ididifphotoperiod was also examined
as a means of increasing reproductive performamcgpiong-bred ewes, although it

proved to be unsuccessful and impractical for nd46e New Zealand sheep industry.

Investigations into time input and ewe energy reguents over one year
indicated that time input and ewe energy requirdmerere higher in the Accelerated
system. However, energy requirements per kilogphtamb weaned was lower in the
Accelerated system compared to the Conventionalesysdue to more frequent

breeding and lambing.

Two experiments focused on the identification of thpecific time when
pregnancy was failing. Via ovarian examinationyés found that a majority of ewes
had active ovaries and therefore, ovarian inagtiv@#n be eliminated as a cause of low
out-of-season reproductive performance. The ogx@eriment was successful in the
elimination of embryonic death as a factor respaasifor aseasonal reproductive
failures. Although a small number of ewes did @ppe loose their conceptus during
the early part of gestation, a majority of ewed there mated appeared to be failing to
conceive. Whether the failure of this concepticeswdue to factors attributable to the
ewe or to the ram was not identified in this reskarFertilisation of the ovum, and the
implantation and growth of the conceptus is anidate, complicated process with
intertwining actions of many hormones, proteinglscand signals. This is an area of
research that requires more attention if aseadwealling is to become successful with
seasonal breeds of sheep. The choice of sheep (@ee and/or ram) may be used to
mitigate some of the poor reproductive performaacieieved during the non-breeding

season.
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11.6 Concluding remarks

One of the first objectives of this research waprtavide proof of concept to the
sheep industry that an accelerated lamb produsystem would work in New Zealand.
This research showed that such a system could Wwatkihat there are particular areas
which require more research to further improve #ystem, namely aseasonal
reproductive performance. Assessment of labour em@& energy requirements
indicated that both these factors are increasath iaccelerated lamb production system,
but can be offset with an increased number of lamwksned per ewe per year.
However, farmers wishing to implement an accelergenb production system should
consider the increased requirements of both lalmput and feed (due to increased
energy requirements) despite the increased lampubut The use of exogenous
reproductive hormones increase the cost of opeyatim accelerated or out-of-season
lamb production system and this also needs to bsidered. Finally, to achieve higher
returns per lamb weaned (i.e. increased weaninghi®i, breeding lactating ewes
should be considered as an option in an acceletateldl production system, although
this increases the energy requirements of ewes.vemfeless, accelerated lamb
production can work under pastoral conditions imeaegions in New Zealand and
aseasonal breeding may be an option for other arbase climatic conditions permit or

warrant.

The overriding factor that will decide if farmersiwadopt this system is the
premium they will receive for out-of-season brechls. Incentives to produce lambs
outside of the normal breeding seasons are requiradvance to allow farmers to plan

these systems.
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I count him braver who overcomes his desires than him who conquers his

enemies; for the hardest victory is over self.” Aristotle BC 384-322
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