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Abstract. In response to changes in society and thus the marketplace, we need a vision for the future
of our animal industries, including both on-farm and off-farm activities, that is “clean, green and
ethical”.  Using small ruminants as a case study, we describe three  “clean, green and ethical”
strategies that farmers could use to improve reproductive performance.  The first allows control of the
timing of reproductive events by using socio-sexual signals (the “male effect”) to induce synchronised
ovulation in females.  The second strategy, “focus feeding”, is based on using short periods of
nutritional supplements that are precisely timed and specifically designed for each event in the
reproductive process (eg, gamete production, embryo survival, fetal programming, colostrum
production).  The third strategy aims to maximize offspring survival by a combination of
management, nutrition and genetic selection for behaviour (temperament).  All of these approaches
involve non-pharmacological manipulation of the endogenous control systems of the animals and
complement the detailed information from ultrasound that is now becoming available.  Importantly,
these approaches all have a solid foundation in reproductive biology.  In several cases, they are
currently used in commercial practice, but there is still room for improvement through both basic and
applied research.  Ultimately, these “clean, green and ethical” tools can be cost-effective, increase
productivity and, at the same time, greatly improve the image of meat and milk industries in society
and the marketplace.
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Background

Animal industries around the world are being
challenged by changing attitudes in consumers that
are having an impact in the marketplace: there is an
increasing demand for products that are “clean,
green and ethical”.  For farmers, this need not be
difficult because, as we work towards a better
understanding of the physiology and behaviour of
our farm animals, we can improve productivity
and profitability and, simultaneously, promote

“clean, green and ethical” production.  What do
these three words signify?

Clean
We should look for practices in the industry

where drugs, chemicals and hormones are used,
and try to find ways to reduce the usage and,
perhaps, eliminate it.  There is little doubt that, in
general, this demand is driven by market forces
that are not themselves generated by scientific
argument—hormonal treatments rarely leave
residues, especially after withholding periods, and
it is relatively easy to demonstrate that products
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from animals that have not been treated with
exogenous hormones can contain significant
amounts of the same hormone (eg, steroids in cow’s
milk).  The positive aspect of the demand for
“clean” products is that the demand comes from
modern, high-priced markets where farmers can
make large profits (eg, the market for “organic”
products).

Green
We should consider the impact of the industry on

the environment, with the aim of minimising the
impact and making the industry more sustainable
for the long-term future.  On farms, the most
important issues are the production of greenhouse
gases by ruminants, the production of animal waste
(especially for intensive industries), and the
excessive use of fertilisers to generate animal feeds.
The need to minimise environmental impact also
applies to the allied industries.....those that
participate in the processing of the products from
the farm (eg, transport, abattoirs, milk factories).
Again, if we can say that our industry is “green”, it
will help with the marketing in highly developed
economies and, at the same time, guarantee the
long-term future of the industry.

Ethical
Here, the obvious focus is the attitude of the

industry to the animals themselves.  ‘Animal
welfare’ is a major concern for all industries that are
working in sophisticated markets, where the
consumers expect their products to be derived from
animals that have been managed sympathetically.
This can be a complex issue because, by pursuing a
‘clean’ image and avoiding the use of antibiotics,
for example, we may compromise the welfare of the
animals.  In addition, the application of ethical
judgement needs to be broader than simply animal
management: as well as the practices in animal
management on farms, it should include ‘clean’
and ‘green’ aspects of the transport, manufacturing
and processing sectors—the processing, packaging
and marketing of the products.

Case Study: Reproduction in Small Ruminants

The productivity and profitability of our meat
and milk industries effectively depend on
reproductive performance.  We can greatly

improve reproductive output with exogenous
hormone regimens or high-level reproductive
technology and molecular genetics.   These
technologies are remarkable and effective, but we
need to find alternatives so we can cope with the
changes in consumer sentiment.  In addition, these
technologies have little direct, short-term benefit
for animal industries that are based on extensive
management or in developing economies.  Most
small ruminants around the world are used in
extensive production systems in which high-level
technologies are not likely to make an impact in the
near future [1, 2].

Our Approach:  We have chosen to concentrate on
the natural control systems that the animals
themselves use to cope with environmental
challenges and ensure reproductive success [1].
Most important here are inputs from the external
environment: photoperiod, socio-sexual stimuli
and nutrition.  Most reproductive responses to
environmental factors are coordinated at brain
level where all external and internal inputs
ultimately converge into a common pathway that
controls the secretion of gonadotrophin-releasing
hormone (GnRH; Fig. 1).

This mix of endogenous inputs into the control of
the reproductive system provides us with major
opportunities for management of reproductive
ef f ic iency.   F irs t ,  to  control  the  t iming of
reproductive events, we can use socio-sexual
signals (the male effect) to induce synchronised
ovulation in females that would otherwise be
anovulatory.  Second, in focus feeding, we can use
the responses to nutrition to design nutritional
supplements that  are aimed precisely and
specifically at each individual event in the
reproductive process.  The third and final strategy,
maximising the survival and development of the new-
b o r n ,  i n v o l v e s  a  m i x  o f  e n v i r o n m e n t a l
management, nutrition and genetic selection.

1) Control of the timing of reproductive events
Two aspects of timing cause problems for the

industry by preventing the producers from
deciding when their animals will conceive:
seasonal breeding and postpartum anoestrus.  In
both situations, the lack of ovulation is due to lack
of GnRH output.  This means that exogenous
hormones can be used very effectively to overcome
the problem in most circumstances.
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The hormone option
Inadequate endocrine drive can be circumvented

by a carefully managed series of treatments
including an implant or intravaginal device
containing progesterone (and perhaps oestrogen)
followed by injections of gonadotrophins.  These
treatments are now highly developed for different
species and different situations and the time of
breeding can be controlled very precisely (within
hours).  For seasonally anovulatory animals,
melatonin is also available and it has a major
advantage in that it only requires a single treatment
(a subcutaneous implant), about 6 weeks ahead of
the desired time of mating.

Within the context of this paper, none of the
hormonal treatments are “clean”.  They may also
not be “green”—there is a perceived risk associated
with liberation of sex steroids into the environment
with the disposal of used intravaginal devices.
There are also issues of expense: such treatments
are too costly for small producers in developing
countries and the labour costs incurred are too

great for producers with large extensive flocks.  The
melatonin implant has another disadvantage in
that it provides much less precision over the time of
breeding.  As we shall see below, this is a major
impediment for the implementation of focus feeding
because supplements may need to be fed for very
short periods during very specific parts of the
reproductive process.  To do this, we need an
efficient,  non-pharmacological  method for
accurately controlling the timing of reproductive
events.

Alternatives for overcoming seasonal breeding
a) Changing the nightlength

This option is particularly attractive for small
producers from developing countries because it
requires a very small investment.  However, as
with melatonin, there are limits to the possibilities
for focus feeding because the females would begin to
cycle over a range of days or even weeks.  It is a far
more attractive proposition for treating males so
that their reproductive axis is working at maximum

Fig. 1. Environmental inputs into reproduction operate through a variety of
pathways, many of which ultimately affect the “pulsar” [3] that controls
the pulsatile secretion of gonadotrophin-releasing hormone (GnRH). The
relative strength of the responses to photoperiod, nutritional and socio-
sexual stimuli depends on genotype. The socio-sexual signals seem to
work mainly through the main olfactory system, but little work has been
done on the roles of the visual and auditory stimuli in the induction of
ovulation in sheep and goats [4]. Nutritional signals are also received at
brain level [5,6], but there are also nutritional and metabolic inputs into
uterine and mammary function that affect reproductive success. POMC:
pro-opiomelanocortin. AgRP: Agouti-related peptide. Modified after
Blache et al. 2003 [6].
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efficiency when they are used for the male effect [7].

b)The male effect
In sheep and goats, the sudden introduction of

novel males can induce ovulation in females that
are reproductively quiescent because they are out
of season or lactating (reviews: [8–11]).  Induced
ovulations are sufficiently synchronised among a
group of females to allow the use of strategies such
as focus feeding (see below) to improve litter size,
fetal programming and neonatal survival.  The
male effect has the added advantage that it allows
control over the season of births so that producers
can take advantage of seasonal markets.  In
addition to interrupting seasonal anoestrus, it can
shorten post-partum anoestrus in sheep, goats and
cattle [7, 12, 13].

The male effect is not perfect, even in the most
favourable situations: for example, the Merino is
among the best ovine genotypes for the response
but 5–20% of ewes do not respond, the first
ovulation is not accompanied by oestrus and, in
about half of the ewes, the first cycle will be short
(about 6 days) so there is some loss of synchrony in
the flock [3, 8].  The areas where we need basic
research have recently been reviewed in detail [4]
and include:
• The neural and neuroendocrine mechanisms

involved;
• Variations in the ovulatory responses of the

female;
• The lack of response during the breeding season;
• The poor response in many genotypes (eg,

Suffolk).

c) Ultrasound
Skilled operators with modern instruments can

provide two important types of information.  First,
the identification of single-bearing and multiple-
bearing females so we can use specific strategies to
manage their different requirements during
pregnancy and after parturition.  Second, accurate
estimation of the age of a fetus [eg, 14] so we can
use precisely timed nutritional supplements during
fetal development (see below).  Another very
important contribution will be made in research
into the physiological processes involved in the
male effect.  Ultrasound technology allows us to
study ovarian follicles during their preovulatory
gr o wt h  a n d  d u r in g  t h e i r  p o s t ov u la t o r y
transformation.  This development is set to

continue and perhaps enter a new phase with the
advent of colour imaging of follicles that the
changes in their blood supply (A Miyamoto, these
proceedings).

2) Nutrition—the concept of ‘Focus feeding’
For all animal enterprises, feed is the primary

limiting resource and there is constant economic
pressure to reduce the amount used and then to
ensure that, when used, it provides the greatest
benefit.  Strategic use of nutritional supplements
has long been an important management tool in
production systems but recent research suggests
that we should focus on boosting sperm production
before mating, maximising potential litter size
( o v u l a t i o n  r a t e ) ,  a v o i d in g  e m b r y o  l o s s ,
programming the future productivity of the
offspring, and maximizing postnatal survival and
development (Fig. 2).  For each period of focus
feeding, we need to consider both the composition
and duration of the diet so they are cost-effective
for the management system because the degrees of
focus will vary between enterprises and between
environments.  At any or all of these times, we
could use conserved or stored feed or we could
shift the entire reproductive process so that the
critical periods are aligned with peaks and troughs
in the availability of pasture.

a) Boost sperm production
Feeding males a supplement for 8 weeks before

mating will ensure maximum testicular size and
sperm production ([review: [15]).  An important
issue here is the concept of “fit but not fat”—males
that are overweight and do not get exercise can
perform poorly, even when they have maximum
testicular mass [16].

b) Maximize potential litter size (ovulation rate)
The upper limit of prolificacy is determined by

the number of ova released at ovulation and, in
small ruminants, this is usually within the range 1-
3.  This limit to productivity has long been
recognised and has driven a lot of research for most
of the previous century.

The hormone option
A very large amount of research has been done

on ways to increase ovulation rate with exogenous
gonadotrophins, beginning with the discovery of
the powers of serum from pregnant mares [17].
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The aim of much of this research was to provide
large numbers of ova from each cycle for embryo
transfer programs to increase the rate of genetic
gain.  Some effort was made to achieve the reliable,
modest increases needed to improve ovulation rate
within the constraints of the capacity of the uterus,
but these treatments also require exogenous
progestagen to control the cycle, so they are too
expensive, in terms of the product and the labour,
for more extensive management options.  They are
also not “clean and green”.

A potentially attractive alternative is the use of
immunisation against ovarian hormones, as
initially proposed by Scaramuzzi and colleagues in
1977 [18].  This concept has two advantages: first,
the increase in ovulation rate is modest so does not
cause infertility; second, after the first year, it
requires only a single booster injection to maintain
the response.  There may be some debate about
whether this use of vaccination can be classified as
“clean and green”.  Immunisation against inhibin
has been used for the same purpose [19] but there
has been less development of the product.  At the
time of writing, there is no commercial product for
inhibin and the product based on steroids
(Ovastim®) has not been a major success, perhaps
due to problems with marketing and regulations
for animal treatments.

An alternative
For a given female, the upper limit of ovulation

rate is determined genetically and so can be
improved through selection, but the expression of
that genetic potential is influenced greatly by the
nutritional regime before mating [reviews: 20, 21].
This is evident from the correlations between body
condition and litter size but, more importantly in
the context of focussed feeding, there is also an
acute effect—feeding a supplement for as little as 4
days in the final stages of the oestrous cycle will
increase the frequency of twin ovulations by 20–
30% [22].  This effect will be used widely after it
becomes sufficiently reliable.  We need research
because we still do not fully understand how
nutrition affects the processes in the animal that
control ovulation rate.  Again, the chances of
success have been markedly improved by the
advent of sensitive ultrasound techniques and the
development of colour imaging offers more
opportunities [A Miyamoto these proceedings].

c) Avoid early embryo loss
Undernutrition is one of the many factors

suggested as a cause for embryo loss [eg, 23].
Paradoxically, there is also evidence that over-
feeding can cause early embryo mortality.  This has
been explained by an increase in the clearance of

Fig. 2. A “Clean-Green-Ethical Package” for managing reproduction in goats and sheep: periods of
focus feeding are used to control the reproductive process, mostly to improve the
reproductive success of the flock or herd; the only exception is the possibility that overfeeding
in the first 2 weeks after mating can provoke embryo mortality (this has only been tested in
sheep). Mild undernutrition during the “Bloomfield Period” (15% loss of body mass) can
cause premature births in sheep (not tested in goats). To accurately time the periods of
feeding, mating must be controlled and brief, or ultrasound must be used to classify the
mothers based on the age of their fetuses. Finally, the survival of the new-born must be
maximised by a combination of good genetics and good management. Redrawn after Martin
et al. [2, 4].
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progesterone [24] but other factors, such as
ammonia build up due to excessive intake of
protein need investigation.  This whole area is
obviously fundamental to the implementation of
focus feeding because there may be a conflict
between strategies used to increase ovulation rate
and strategies that promote early embryo survival.
Moreover, over-feeding and under-feeding during
early embryonic development may have long-term
consequences for the embryos that survive because
of the phenomenon of ‘oocyte programming’ (JG
Thompson, these proceedings).  Undoubtedly,
more research is needed to test a wider range of
types, times and durations of supplements and to
develop nutritional strategies that avoid these
problems.

A further complication has been revealed by a
study showing that underfeeding ewes from 60
days before until 30 days after conception (the
“Bloomfield Period” in Fig. 2) can cause very
p r e m a t u r e  b i r t h s  [ 2 5 ] .   R e m a r k a b l y ,  t h e
underfeeding was not severe (the ewes only lost
15% of their body mass) and all ewes had regained
normal body mass at the time of parturition.  We do
not know the mechanisms involved.

d) Fetal programming— the future productivity of the
offspring

It is important not to ignore the nutritional
requirements for the development of the placenta
[review: 26] as well as any critical periods during
the development of the fetal organs between Days
60 and 120 of pregnancy.  The consequences of
maternal malnutrition on the fetus may not become
evident until much later, after birth or even after
sexual maturity, by which time the link between
cause and effect will have been clouded.  At least
three aspects of sheep production are already
known to be af fected by nutr i t ion during
pregnancy [review: 2]:  i)  the initiation and
development of secondary follicles in the skin; ii)
the inhibitory effects of undernutrition during
gestation on muscle fibre formation; iii) the
development of the reproductive axis.  At this
stage, too little research has been done for us to
k n ow  wh et h e r  t he se  t y p es  o f  e f f ec t s  ca n
permanently compromise animal productivity.

3) Maximising the survival and development of 
the offspring

The obvious economic benefit of ensuring the

survival of the offspring is return on investments in
other aspects of the reproductive process.  In
addition, there is little doubt that, in the future, it
will be seen as unethical to promote high birth rates
if our management systems are inadequate to
ensure that most of the new-born survive and
prosper.  There are four avenues of improvement:
a) feed supplements that will improve colostrum
p r o d u c t i o n ;  b )  g en e t i c a l l y  i m p r o v e  t h e
temperament of females so they are better suited to
motherhood; c) manage flocks during birth so that
the formation of the mother-young bond is
promoted, not disrupted [review: 27].

a) Colostrum production and lamb survival
An energy supplement given in the last week of

gestation can more than double the volume of
colostrum available to lambs at the moment of birth
[ 2 8 ] .   I n  a dd i t i o n  t o  t h e  n u t r i t i o n a l  a n d
immunological benefits, a large volume of a full
quota of colostrum in the gut improves the ability
of a lamb to recognise its mother and therefore
contributes to the early establishment of the ewe-
lamb bond [29].  The outcome is better survival of
the new-born [30].

b) Selection of animals for “calm temperament”
It  is  now clear that improvements in the

temperament of mothers may increase offspring
survival.  For example, Murphy et al. [31] measured
temperament of sheep, used it for genetic selection,
and found that the mortality of twin lambs was 16%
in calm ewes and 26% in nervous ewes.  Many
other aspects of animal productivity might also be
i m p r o v e d  b y  g en e t i c  s e l e c t i on  f or  c a l m
temperament [review: 3]: ovulation rate, mating
success, embryo survival, sexual behaviour, growth
rate; meat quality, and immune function.  Milk
quality is also improved (Fig. 3).  Research into
these outcomes, leading to widespread adoption of
selection for temperament, should improve
productivity while giving our industries an ethical
quality.  Effectively, we would be selecting animals
that are more resistant to stress.

c) Better management practices at birth
We can improve several aspects of the behaviour

of producers that will also improve the survival of
the new-born.  For example, it is important to
provide a calm environment, and shelter, feed and
water close to the birth site.  This increases the



151CLEAN, GREEN, ETHICAL CONTROL OF REPRODUCTION

amount of time spent at the birth site and therefore
improves the development of the mother-young
bond [27].

Conclusions

Understanding the reproductive responses of
animals  to  exterocept ive  fac tors ,  such  as
photoperiod, nutrition, socio-sexual signals and
stressors, can help us develop ‘natural systems’ as
replacements for exogenous hormones and drugs

for controlling and improving the productivity of
our sheep and goats [1, 2].  In addition, we can
easily genetically improve our animals (eg,
ovulation rate, calm temperament) to greatly
improve many aspects of their productivity.  The
use of such ‘clean, green and ethical’ tools in the
management of our animals can be cost-effective
and improve profits, at the same time greatly
improving the image of our industries in society
and the marketplace.  All we need is a little more
research and development.
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