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PREFACE
Over many years the New Zealand Equine Research Foundation has been publishing
books on important topics to the New Zealand horse industry. This book was
produced on request from horse breeders who desired to more fully understand the
technology and management techniques required for the successful use of artiﬁcial
breeding of their horses.
Over the last few decades this form of breeding has become widespread in almost
all horse breeds in New Zealand with the notable exception of the Thoroughbred. It
is being used to more rapidly develop the most desirable traits of the breeds.
This book sets out to explain, in simple terms, the equipment and management
techniques required to produce the highest percentage of births to inseminations.
It was written for the New Zealand Equine Research Foundation by experienced,
equine reproduction specialist, Dr. Bruce Taylor of The Rangiora Veterinary Centre,
Canterbury. We are indebted to Dr. Taylor for writing this book for us. A number
of other people assisted with the publication of this book. They include Drs.
Margaret Evans, Neil Bruere, and Brian Goulden who made constructive editorial
comments.
We are also indebted to the New Zealand Equine Veterinary Association for their
generous and enthusiastic support in helping to increase the knowledge of those
involved in the New Zealand horse industry.
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INTRODUCTION
This booklet has been written to provide a summary of the techniques of artiﬁcial
insemination and semen transport in the horse, its application, and management.
The knowledge and technology involved is constantly evolving, and while as up-todate as possible at the time of writing, some improvements in technique are likely
when more knowledge becomes available.
Artiﬁcial insemination (AI) is the term used to describe the collection of semen from
a stallion into a container via an artiﬁcial vagina, and its subsequent transfer into
the reproductive tract of a mare.

HISTORY
There is evidence that the Italians, French, Danes and Russians used artiﬁcial
insemination of horses in Europe as early as the 1800s. By 1940, Russia had bred
over 100,000 mares by this means. The United States began using AI in horses
around 1900 in Pennsylvania and now over 25,000 mares are bred this way each
year.
In New Zealand, artiﬁcial insemination is used in most non thoroughbred breeds of
horses. In Standardbreds, it was ﬁrst approved for use in the 1966/67 season and
the percentage of mares served by this method has increased each year since, so
that at present, over 90% of all Standardbreds in New Zealand are served in this
way. The picture is, however, very different for Thoroughbreds as the International
Federation of Horseracing Authorities forbids the use of artiﬁcial insemination in
this breed in all countries of the world and no foal bred in this way can be recorded
in a stud-book. This directive from the International Federation of Horseracing
Authorities was originally put into their rules because of their concerns about the
ease by which doubtful parentage problems could arise. These anxieties are no
longer relevant as parentage can now be accurately identiﬁed by DNA testing. The
rules seemingly remain, however, for 3 major reasons which are:
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1. With the use of artiﬁcial insemination there might be an increased rate of
narrowing of the genetic base of the breed.
2. Attempts to limit the number of mares served by one stallion are legally
prevented as a “restriction of trade” in certain countries
(e.g. New Zealand).
3. Adoption of artiﬁcial insemination could result in a reduction of the
number of studs and stallions and this could have an adverse effect on the
economy of the thoroughbred industry.

ADVANTAGES AND DISADVANTAGES OF USING
ARTIFICIAL INSEMINATION
There are a number of advantages and a few disadvantages for using artiﬁcial
insemination in horses.
The advantages are:
• It provides more efﬁcient use of a stallion’s ejaculate.
• An increased number of mares can be booked to a stallion.
• The use of extenders increases fertility in sub-fertile stallions
• By allowing the addition of antibiotics to the extender it reduces the
chances of sexually transmitted infections.
• It reduces the chance of injuries during mating as a “phantom” can be
used to collect semen.
• It provides the capacity to check semen quality in every ejaculate.
• It allows transportation of semen to other locations thus allowing use of the
world’s best stallions.
• The ability to chill and freeze the ejaculate provides a method of storing
and using semen at some time in the future.
• Since signiﬁcantly fewer mares are transported to visit a stallion, the risk of
injury to mares and foals is less, and costs to owners are reduced.
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The disadvantages are:
• A high level of skill and knowledge is required from the operators.
• There is an increase in costs because of the technology involved.
• There is a risk of injury to handlers during the collection procedure.
Only with strict attention to all parts of the artiﬁcial breeding procedure, including:
the correct handling of the donor stallion, the collected semen, its mode of transport,
and management of the mare to be inseminated, can optimum results be obtained.
Each of the procedures involved and how they should be managed are explained in
the following pages.

STALLION MANAGEMENT AND SEMEN COLLECTION
FOR ARTIFICIAL INSEMINATION
The aim of good stallion management is to be able to produce high quality
semen on a regular basis while maintaining his libido and health.
Semen collection for artiﬁcial insemination requires the use of artiﬁcial vaginas, an
adequate breeding shed, and satisfactory preparation of the stallion.

1.

Artiﬁcial Vaginas

There are several types of artiﬁcial vaginas (AV) available which make it possible to
choose the most appropriate one for an individual stallion. Factors to consider when
choosing an AV are:
•
•
•
•
•

Cost.
Weight and manoeuvrability.
Maintenance and availability of the perishable components.
Efﬁciency.
Comfort for the stallion.

Cleaning of the AV is extremely important and each stallion should have his own
personal artiﬁcial vagina liner. All components of the AV system, e.g. the liner, ﬁlter,
and collection vessel, must be made of substances that do not cause damage to the
sperm. When washing the artiﬁcial vagina, the use of hot water without disinfectant
and thorough rinsing is critical. Some operators use isopropanol alcohol as a ﬁnal
rinse and then air-dry the components in a dust free cabinet.
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Some stallions will serve into non-toxic disposable liners which are now available.
Alternatives to artiﬁcial vaginas are condoms but these are more risky to apply to
the stallion’s penis and more likely to come off during the collection.

Figure 1 Artiﬁcial vagina and its components.

2.

The Breeding Shed

There are many advantages to having an enclosed breeding area.
• The stallion develops a regular and almost identical pattern of behaviour at
each collection.
• There are minimal distractions for the stallion.
• It is ideal in inclement weather.
• It can provide a darkened area out of the sunlight in which to handle the
semen.
The requirements of a breeding shed for artiﬁcial insemination are:
• A ceiling at least 3-4 metres high.
• Sufﬁcient area to allow the horses and handlers to move around with
safety.
• Good dust free footing, e.g. shredded rubber or bark chips.
• An adjacent laboratory area for assessing the semen.
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3.

Preparation of the Stallion

a) Teasing
When stallions are handled on a regular basis, often the handling pattern alone is
sufﬁcient to stimulate some horses. For those that are more difﬁcult to prepare, a
good oestrous (on heat) mare is necessary. If possible, a choice of several oestrous
mares should be made available, as some stallions show a deﬁnite preference for
certain mares. Some stallions will respond to oestrous mare urine on a cloth.
The stallion needs to be teased before washing (see Figure 2 below) and often
again after washing before he either mounts the mare or phantom (see Figure
3). An ovariectomized mare treated with 1-2 mg of oestradiol benzoate can be
helpful at the end of the season when most mares are already in foal or no longer
showing oestrus. Prolonged teasing may increase the volume of ejaculate but does
not necessarily increase the total number of spermatozoa.

Figure 2 Stallion teases a mare prior to and after washing the genitalia.

b) Washing
Clean warm water and a soft cloth or disposable wipe is used for washing the
stallion’s external genitalia. If paper cloths are to be used they should be strong
enough to remain intact when wet. Disinfectants are not recommended apart from
the ﬁrst one or two collections of the season and then only if there has been a build
up of smegma on the penis. If a disinfectant is used in these early season collections
it must be washed off with water as it may damage the semen collected. Particular
attention should be paid to thoroughly cleaning and washing the penile diverticulum
early in the season and the penis should always be dried before collection.
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c) Mounting
i. Mare in Oestrus
Hobbles should be used on the mare to protect both the handler and the
stallion. Hock hobbles are easier to use than other types. Some mares require
twitching to keep them still during the collection. Experienced staff who know
the mares and their behavioural pattern should be available to minimise
potential problems. The mare handler must control the mare to minimise the
risk to himself and the stallion. He may hold the front leg of the stallion when
it is mounted to help it maintain contact with the mare.
The person handling the AV may have to deﬂect the mare’s tail (which should
be bandaged or wrapped) to prevent hair being pushed into the AV. The use
of a leather pad on the mare’s neck is also helpful as it gives the stallion
something to grasp with his teeth and prevents him hurting the mare
ii. Phantom
The use of a phantom to collect semen reduces the risk to the handlers and
to the stallion. The phantom is a padded bench-like structure about the shape
and height of a mare’s body which the stallion mounts for collection of semen
(see Figure 3). The setting of the height, angle, and the form of the phantom
is important, and it must be ﬁrmly attached to the ground. The material
used to construct the phantom must be able to be washed down after use,
and between stallions. It is important to allow the stallion to remain on the
phantom (as it is for him to remain on the mare) until he is ready to dismount
in his own time. The construction of a “cage” to hold an on-heat mare in front
of the phantom may be useful.

Figure 3 A phantom used for collection of semen for artiﬁcial insemination.
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FRESH AND CHILLED SEMEN PREPARATION
The aim of the procedures involved in the preparation of semen for its use in
fresh, chilled or frozen form, is to obtain the best possible quality semen that can
be produced by the stallion.

1.

Prevention of Damage to Semen

Minimising sudden changes in temperature and avoiding exposure to direct sunlight
is extremely important in preventing damage to the semen. If semen is to be used
fresh it should be inseminated into the mares as soon as possible after collection.
If, on the other hand, it is to be chilled or frozen, then a great deal of care is required
as damage to the semen can occur as a result of poor handling after collection.
Damage can include:
• Loss of motility of the spermatozoa (sperm).
• Abnormal swimming patterns of the sperm.
• Damage to the covering (plasma membrane) overlying the head
(acrosome) of the sperm.
Semen to be transported should be cooled as soon as possible after collection
from its original 37°c to 20°c. However, it is most important not to rapidly cool it
below this temperature as severe damage to the sperm is likely to occur. Cooling
the sperm slows their metabolism, and this in turn maintains the energy reserves
so that when inseminated and warmed again, the sperm are able to move through
the uterus towards the Fallopian tube ready for fertilization.

2.

Semen Extenders

The development of techniques to transport chilled and frozen semen has led to
an increase in the range of semen extenders now available. This, together with
an increase in their ease of use, has allowed different extenders to be used for
individual stallions, especially those with a speciﬁc problem such as marginal
fertility or poor transportability.
The reasons semen extenders are used include:
• To allow accurate semen evaluation.
• To prolong sperm viability during transport. This occurs because energy is
provided in the extender.
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• To prolong sperm viability in low fertility stallions with lower progressive
motility. The glucose and the protein in the extender help maintain sperm
motility.
• To increase the volume of a small ejaculate and to minimise sudden
temperature changes, and make for easier handling.
• To provide antibiotics to decrease the likelihood of infection.
• To protect the semen, e.g. by the addition of glycerol during freezing.
Glycerol reduces the rapid expansion and contraction that the sperm
undergo when frozen and thawed.
When evaluating extenders the prime criterion used to indicate their suitability is
their effect on semen motility. While there are instances where motility and fertility
are not highly correlated, the estimation of semen motility is still the most practical
way to evaluate extenders on a stud farm. Most extenders contain milk, milk
substitutes, or egg yolk, along with glucose and antibiotics. Skim milk extenders are
most commonly used for semen transport, e.g. E Z Mixin. Many different antibiotics
are available for use in extenders and these include polymixin B sulphate, amikacin,
gentamycin, and ticarcillin. Their efﬁcacy can vary between stallions, depending on
the type of bacteria present in the semen. Although the antibiotics can help prevent
infection from the insemination procedure, the operator must still maintain strict
hygiene of the equipment and the mares at all times.
The dilution factor of semen with the extender needs to be considered and may
depend on whether the semen is to be prepared for fresh, chilled or frozen use.
Some stallion semen can be diluted up to 15:1 if the undiluted sperm concentration
is very high.
It is even more critical to use the correct extender when freezing the semen, and
extenders are the most commonly altered factor when attempts are made to improve
a stallion’s sperm freezability.

3.

Insemination Dose and Volume of Semen Required

From a wide variety of research work it has been shown that motility of sperm is
maximal when the sample contains 25 to 50 million sperm per milliliter of semen
(this is often written as 25-50×106/mL by scientists). When adding extender to
semen, it is desirable to achieve this ﬁnal concentration in the insemination dose.
When artiﬁcial insemination was established as a routine procedure in New Zealand
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in the mid 1970s it was recommended that an insemination “dose” of approximately
500 million motile sperm be used. If the semen has been extended to contain 25-50
million sperm/mL, then an insemination dose of 10-20ml is required to obtain this
number of sperm, assuming 100% of the sperm are motile. However, it is essential
to establish the % of progressively motile sperm at the time of collection, if used
fresh, and also after transportation (which may be many hours later). For example,
semen may have 90% motile sperm at collection but there may be a decrease in
motility to 80% progressively motile sperm at 12 hours and to 60% progressively
motile sperm at 24 hours after collection, and this needs to be added into the
calculation. For example, assuming a motility of 70% at the time of insemination
after transport, then the insemination dose to provide 500 million progressively
motile sperm would require the volume of the extended semen to be 15-30 mL, if
the original dilution made in extender was to 25-50 million sperm/mL.
While excessively large volumes are not encouraged, it seems that volumes up to
120 mL of semen and extender can be used without being detrimental to fertility.
The most important determinant of success, however, is sufﬁcient numbers of
progressively motile sperm in the dose that the mare receives.

4.

Preparation of Fresh Semen

When a stallion is being bred to several mares, the initial concentration of
spermatozoa should always be measured. Fresh semen should be used within
1-2 hours of collection and temperature changes should be minimized (kept at
approximately 20°C; i.e. warm room temperature and out of direct sunlight). An
extender should be added to provide 25-50 million progressively motile sperm per
mL as above, and 500 million motile sperm per dose used for insemination.

5.

Preparation of Chilled Semen

If semen is to be transported some distance, i.e. in New Zealand between the North
and South Island, then chilling the semen is essential. Only semen that has normal
morphology or appearance, and motility above 70%, should be considered for this
purpose. The extender requirements are more speciﬁc for successful transportation
of chilled semen, and include either milk or egg yolk for protection of the sperm, a
source of metabolizable energy (e.g. glucose), and antibiotics. Most farms
transporting semen use a minimum of three parts of extender to one part of
semen.
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The semen can be cooled rapidly
from a collection temperature of
37°C to 20°C (air temperature).
At this point the semen is normally
placed in the shipping container
to cool it down to 5°C. A cooling
rate of 0.05°C/min (approximately
3°C/hour) is ideal and this rate is
totally dependent on the type and
efﬁcacy of the transport containers.
Figure 4 Machine for determining total
When cooled at the optimum rate
number of sperm and % motility.
the “cold stress” is minimised, and
the metabolic rate is reduced. The motility of the spermatozoa can be similar to
that in fresh semen, although the progressive motility of individual sperm may be
reduced. Semen stored at 5°C undergoes changes observed in fresh semen, such
as metabolic exhaustion, but at a slower rate.
If semen is to be transported frequently, then accurate evaluation and a “sham
shipping” test is desirable. This “sham shipping” evaluation test should be carried
out by the stallion owner prior to the start of the breeding season. To do this test, the
semen should be evaluated when fresh and then stored in the extender and transport
container to be used during the breeding season.
The amount of extender should be sufﬁcient
to provide doses of 500 million progressively
motile sperm in a total volume of 30-120 ml.
The semen should be stored in the cooled
shipping container for 24 hours. At this time,
the semen should be removed and warmed to
37°C in a water bath prior to examination under
a microscope. As an example, if the proportion
of progressively motile sperm after 24 hours is
50%, then 1 billion total sperm are required to
obtain 500 million progressively motile sperm
per insemination dose. This test should be
done for each stallion, as semen characteristics
with respect to cooling and storage and extender type may vary greatly between
stallions.
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FROZEN SEMEN PREPARATION
In the early 1950s it was shown that adding the chemical, glycerol, to semen allowed
some of the sperm it contained to survive the process of freezing and thawing. This
led to the use of frozen semen to produce pregnancies in horses and the ﬁrst
successful use of this technique was recorded nearly 50 years ago. Since that
time, frozen semen has been used widely throughout the world in horses and the
experience gained has shown that there are both advantages and disadvantages
with its use.

1.

Advantages:
• It allows semen from a single ejaculate to be exported to several
destinations. The mares to be inseminated thus do not have to be
transported to an insemination facility.
• Stallions can be racing or competing while mares are being bred to them.
• If the stallion dies the genes are not lost immediately. It is important to
check the breed society rules in this circumstance as some breed societies
do not allow semen to be used after the stallion’s death.
• It provides the ability to transport semen internationally with ease, provided
health regulations of the importing country have been followed at the time
the semen was frozen.
• The centralized semen processing involved produces a more uniform
outcome of sperm survival and this has produced excellent results in some
breeds.
• There is less semen wastage as the ejaculate can be split up into precise
proportions.
• Valuable semen can be stored for an extended time reducing the need for
high insurance premiums on valuable stallions.
• It provides an increase in availability of superior genes to a wider range of
broodmares.
• Semen can be collected and frozen before castration and, if the stallion
later becomes fashionable or successful, his semen can still be available
for use.
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2.

Disadvantages:

Many of the factors that are thought to be advantages by some are considered to
be disadvantages by others.
• Using onlyy the top performing stallions in any one breed potentially limits
the gene pool as average or below-average stallions would not be used.
• A considerable degree of technical expertise in freezing semen is required
to produce good, viable, thawed semen.
• Poor outcomes after freezing semen of some stallions occur regardless of
the technique or procedure used.
• There are increased costs to mare owners because of greater veterinary
input.
• Errors can occur in the identiﬁcation of semen straws although this
problem can now be resolved by DNA parentage testing.
• Lower fertility rates are achieved.
• Mare selection with respect to potential fertility is more critical.

3.

Prevention of Damage to Frozen Semen (Cryopreservation)

For sperm to be able to fertilize an egg after the semen has been frozen and
thawed, it must:
•
•
•
•

Be able to metabolize energy.
Have progressive motility.
Have the ability to penetrate the oocyte (egg).
Retain proteins on the sperm surface to allow survival in the female
reproductive tract and attach to the oocyte.

Although sperm motility is the easiest of the above functions to assess on the stud
farm, absence of any of the other 3 functions can prevent thawed semen from
producing a pregnancy.

4.

Cooling and Cold Shock

Cold shock occurs when sperm undergo increased membrane permeability, lose
their intra-cellular structure, suffer a decrease in their energy production, and
develop a swollen acrosome. It is minimised by slowly cooling the semen from
20°C to 4°C, at a rate of 0.05°C per minute. As with chilled semen, cooling from
37°C to 20°C can be more rapid and have no detrimental effect but cooling below
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20°C is critical and must be achieved at a steady rate. Such a rate can be obtained
by using a computer-controlled, gradient freezing unit (used extensively in the USA).
The cooling rate in many computer-controlled units is either -10°C /minute, or
cooling from 20°C to -12°C in 3 minutes. If using the method of holding the straws
over liquid nitrogen (called a vapour freeze), the cooling rate is much more rapid,
and after 1 minute, the temperature can be as low as -40°C. This results in a rapid
cooling rate of -60°C / minute, which may be unsuitable for some stallions. Some
degree of adjustment can be made by changing the height at which the semen
is held over the liquid nitrogen, but less consistent results are achieved with this
method, so it is not usually the preferred system. However, it is quite a simple
procedure and it may be acceptable in some situations.

5.

Protectants

Protectants are so named as they provide protection to the sperm from damage
during freezing. The most common protectant is glycerol. When added to semen,
the glycerol rapidly enters the sperm but its greatest protective effect is outside the
cell or sperm. Usually 5% glycerol in the extender is optimal for most stallions. For
a “poor freezing” stallion, some variation from 3% to 6% may result in better sperm
motility after thawing, but higher or lower concentrations than this are detrimental.
It must be remembered that glycerol is toxic to semen and so it becomes a balance
between the damage it may cause and the protection it provides.

6.

Centrifugation

Centrifugation of semen is a technique commonly used to produce a concentrated
suspension of sperm. In this technique the seminal ﬂuid (seminal plasma) is
separated off from the sperm which are spun to the bottom of the tube. However,
care needs to be taken when semen is centrifuged as excessive centrifugation will
damage the sperm and insufﬁcient centrifugation will not concentrate the semen
adequately. Some protection for the sperm during centrifugation can be provided by
either mixing certain chemicals (citrate EDTA and glucose EDTA) with the semen to
be centrifuged to form a “glucose pellet”, or by adding egg yolk extender (without
glycerol), which provides a protective cushion for the sperm during the process.
Most centrifugation procedures use approximately 15 minutes spinning at 400-650
g. It is important to appreciate that sperm motility will improve again by 10-15% after
centrifugation if left for approximately 60 minutes. For example, if the motility prior
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to centrifugation is 80%
and immediately after
centrifugation is 55%,
then leaving the semen
for an hour at room
temperature will result in
an increase in motility to
65-70%. Unfortunately,
centrifugation
cannot
be used on the semen
of some stallions as
regardless of its speed, or
time, it severely damages
their sperm.

7.

Figure 6 Liquid nitrogen container for frozen storage and
transport of frozen semen. Straws of frozen semen are held
in “cups” and identiﬁed by location and individual labelling
on the straws.

Warming Rates

As a result of recent research, most commercial operators now use 0.5 mL sperm
containers (commonly referred to as “straws”) and the normal technique for thawing
these is to place them at either 38°C for 30 seconds, or 75°C for 7 seconds
then 37°C for 7 seconds or more. When using 75°C for 7 seconds, the timing is
absolutely critical because if thawed for 1 second too long a sharp temperature
increase to 40°C can occur and be detrimental to the sperm.
Some straws are made of polyvinyl and have very thin walls. As a consequence they
require very exact temperature applications when being thawed to prevent damage
to the sperm inside.
We have found that warming sperm at 38°C for 30 seconds to be a very robust
method of thawing. However when thawing semen, the recommendations provided
by the operators (usually veterinarians and technicians) who have prepared the
frozen semen, should be strictly adhered to.

8.

The Effect of Season and Stallion Age

It is often more convenient to process semen for freezing at the start or end of
the breeding season. Freezing semen in mid winter is possible where the average
temperatures do not drop as low as in the South Island of New Zealand and many
Standardbred stallions have semen frozen very successfully during mid-winter in
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Australia. The pre-freezing and post-thaw motility rates may appear to be slightly
lower in winter but the overall conception rate for semen is similar to that obtained
in spring and summer processing.
The age of the stallion does not affect the conception rates of frozen semen providing
all other parameters are normal.

9.

Embryonic Death

Insemination with frozen semen does not produce a pregnancy rate equal to that
obtained with fresh semen from the same stallion and there is a tendency towards
a slightly higher embryonic loss.

10. Marketing Frozen Semen
The marketing of frozen semen varies greatly between breed groups. The sport
horse and warm blood breeds, especially those from Europe, market the semen “by
the dose” whereas the Standardbred industry usually sells “the service”. Marketing
semen by the dose means the end user may buy 50 straws and at 8 straws per
dose this will give 6 doses (e.g. will serve 6 mares). Due to the variation in semen
quality or operator error, poor conception rates may occur. However, the cost of
the semen is the same whether none or all 6 mares get in foal. If the semen is
sold by the service, then the user is only charged when a positive pregnancy test is
given – i.e. the same as with fresh semen. This latter system is a far more efﬁcient
way to use frozen semen and should be encouraged – especially by the end users.
However, selling by “the dose” is perhaps more convenient for the stallion owner.

TRANSPORT OF SEMEN
Apart from the thoroughbred, most breed registers allow the use of transported
chilled semen. However, when using a breed’s semen for the ﬁrst time it is
necessary to check that the stud-book rules for that breed allow for the use of
transported semen.
The advantages of semen transport are:
•

The mare can be monitored in her own environment.

•

There are no transport costs of the mare (and foal?) to the stallion.

•

There is less chance of injury to the mare and foal.
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• It provides greater access to superior genes.
• It allows a continual check to be made on semen quality.
The disadvantages of semen transport are:
• It may require a larger amount of semen thus decreasing stallion
efﬁciency.
• There are increased costs to the broodmare owner because of the
increased veterinary input, especially if repeat inseminations are required.
• It requires an increase in technical expertise and more client-liaison by the
stallion owner and veterinarian working with the broodmare.

1.

Health Regulations

Within New Zealand there are no health regulations in addition to those in place
for normal breeding or breeding with fresh or chilled semen. However, if exporting
frozen semen to Australia, similar health requirements to those applying when the
stallion is being exported, are mandatory. For example, tests for equine viral arteritis
(EVA) must be negative. These requirements may change and it is advisable to
contact both the New Zealand Ministry of Agriculture and Forestry (MAF) and their
Australian counterpart, the Australian Quarantine and Inspection Service (AQIS),
well in advance of the intended export date of frozen semen to prevent quarantine
problems in both countries.
Semen lost in Australian airports is not easy to track down and mare owners are not
very tolerant when things go wrong. However, good preparation and communication
will prevent most problems in this area.

2.

Types of Transport Containers

The “Hamilton Thorn Semen Equitainer” is the standard on which most shippers
base their containers. The Equitainer has proved to be extremely reliable and
continues to be so – its major disadvantage is its large size and weight. This causes
an economic burden because of the cost of returning the rather heavy, empty
container to the stud.
Other containers, mostly polystyrene with cardboard outers and small chilly pads
inside, are now available and are proving suitable for semen transport, especially
within New Zealand and to Australia. Regardless of the type of container used, the
quality of the semen should be re-evaluated after being in the container for 24-36
hours.
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Figure 7 Equitainer (left) and polystyrene containers
(middle and right) used for chilled semen transport.

3.

Communication

Communication amongst those caring for the mare, the veterinarian, and those
supplying the semen should be close and frequent. The stallion’s stud master
needs to know that the veterinarian managing the broodmare is experienced in
equine reproduction. They also need to know that when the semen is ordered, it
really is needed and that the mare should deﬁnitely ovulate within the next 2 days.
Similarly, the broodmare veterinarian needs to know which days of the week the
stallion is collected or, in the case of a lightly used stallion, whether the stallion will
be collected for just one mare on request.
Also, it is important that the person caring for the broodmare knows when the
semen is arriving. He must also know what extra costs may be involved and how
the transport container is to be returned.
In general, chilled semen transport has been a huge success both in New Zealand
and around the world. Its use has allowed the world’s top stallions to become
available to broodmare populations in other countries.

MARE MANAGEMENT FOR ARTIFICIAL INSEMINATION
1.

Preparation for Artiﬁcial Insemination

The mare should be restrained so the veterinarian can operate with complete safety
and concentrate on the procedure. The use of stocks or a crush is preferable but,
if that is not possible, then breeding hobbles or a side-line is necessary. In some
mares tranquilization may be required.
The tail should be wrapped so that the hairs do not touch the vulval lips, the pipettes,
or gloves, during the insemination procedure. A clean tail wrap, with Velcro applied
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to keep it tight, a disposable bandage, or a
plastic shoulder length glove taped to the tail, are
commonly used for this purpose. It is helpful if
the tail is tied up or held by an assistant or tied
out of the way of the operator.
The vulva area should be washed thoroughly
with water and a non-spermicidal soap to remove
any dried-on faeces. After the whole area, out
to about 200mm on either side of the vulva, is
thoroughly clean, it should be rinsed with clean
water and then dried with disposable paper
towels. It is important that the vulval lips are dry
as bacteria can more readily pass into the vagina
when they are left wet.

Figure 8 Mare preparation for
insemination includes wrapping
the tail and washing and drying
the area around the vulva.

Once the area is clean and dry insemination
itself can proceed. This requires the use of a
standard, disposable mare insemination pipette, and a suitable-sized syringe. The
pipette should be either 57cm or 65cm in length. The Universal pipette made by
Minitube is excellent for this purpose. The syringes should have minimal rubber on
the stopper, as some rubber can be toxic to sperm. Their size should be governed by
the volume of semen to be inseminated. A 5-ml syringe is used for small volumes,
and up to a 60-ml syringe for larger volumes. It is essential to use a new pipette
and glove for each mare but, if the semen from one stallion is being inseminated
into several mares, one syringe may be used for all the inseminations from that
stallion.

2.

Insemination Procedures

The semen should be drawn up the pipette into the syringe from the transport
container. If possible the syringe and pipette should be close to body temperature.
On a frosty spring morning that is more difﬁcult to achieve than on a hot summer’s
day and so, under these circumstances, an incubator can be used to provide the
necessary heat. The arm to be inserted into the vulva should then be gloved with
a new, clean, at least elbow length, glove. A non-spermicidal lubricant should be
applied to the back of the ﬁngers and hand as, by so doing, it is easier to rub some
lubricant onto the vulval lips before introducing the pipette. The pipette and syringe

22

I ARTIFICIAL BREEDING OF HORSES

with semen is then picked up in the non-gloved hand and the tip of the pipette is
enclosed in the ﬁngers of the lubricated gloved hand formed into a cone to facilitate
ease of entry. This prevents any foreign material contaminating the pipette. A
circular motion of the gloved hand, made as it is passes through the vulval lips,
helps to spread the lubricant placed on the back of the ﬁngers over the area.
When the pipette is positioned in the vestibule of the vagina it is helpful to keep
the hand angled up so that it does not pick up any contaminants from the ﬂoor
of the vagina or enter the urethra (bladder outlet). When the mouth of the cervix
is reached the index or third ﬁnger is introduced and the pipette passed forward
under it.
The pipette can sometimes become trapped in the longitudinal folds of the cervix, so
a slight re-adjustment of the pipette (i.e. drawing back and then moving the pipette
forward at a slightly different angle) is helpful. The mare’s cervix is approximately
7-10 cm in length and the tip of the pipette should be placed about 4-8 cm past
this into the uterine body. A disposable speculum with an external light source can
be used in mares that have had a “Caslick” operation (where the vulva lips are
sutured).
Once the pipette is in position the plunger on the attached syringe is depressed
slowly and steadily to push the semen through the pipette into the uterine body.
The pipette it is disconnected from the syringe. Then 3-4 cm of air is sucked into
the syringe and injected into the pipette thereby pushing the remaining semen from
the pipette into the uterus. When this is completed, the gloved hand should be
withdrawn from the vagina slowly to prevent air being sucked in.

Figure 9 Reproductive tract
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3.

Timing of Insemination with Fresh and Chilled Semen

Most commercial stud masters provide their stallion’s semen on alternate days so
it has become routine to inseminate mares every second day from day 3 of oestrus
until the mare ovulates or shows no further signs of heat. With fertile stallions
up to 72 hours and even 96 hours between inseminations is possible. But with
stallions of known lower fertility, daily inseminations may be necessary. Table 1
shows the reported relationship between the time of insemination before ovulation
and pregnancy rate.
Table 1 Pregnancy rate when time of ovulation known – AI Before Ovulation
TIME OF INSEMINATION BEFORE OVULATION

PREGNANCY RATE (%)

> 48 hours

33 % *

48 to 36 hours
36 to 24 hours
24 to 12 hours
12 to 6 hours

58 %
66 %
78 %
100%

It has also been shown that insemination 6 hours after ovulation produces the same
pregnancy rate as insemination 1-3 days before ovulation. However, inseminating
at greater intervals after ovulation markedly decreases the chance of conception as
shown in Table 2 below.
Table 2 Pregnancy rate when time of ovulation known - AI After Ovulation
TIME OF INSEMINATION AFTER OVULATION

PREGNANCY RATE (%)

0 to 6 hours
6 to 12 hours
12 to 18 hours
18 to 24 hours
24 to 30 hours

79 %
50 %
33 %
25 %
0%

There is also a signiﬁcantly higher embryo loss of the fertilised embryo (up to 34%)
when the insemination are given after ovulation.
In summarising the studies on the timing of insemination, it appears that it is
necessary to have semen in the uterus in a “30 hour window” which extends from
24 hours before to 6 hours after ovulation. How that is achieved depends on the
management on the stud farms. Most broodmare veterinarians use ultrasonography
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(scanning) of the ovaries at least every other day, and give hCG (human chorionic
gonadotrophin) or “Ovuplant” when the largest follicle in the mare’s ovaries has
reached 35 mm in size. The hCG stimulates ovulation within 36-48 hours of
administration and so inseminations 24 hours after hCG administration produces
good results in most cases.
Some stud masters, when transporting their stallion’s semen send two doses for a
mare at one time. The veterinarian inseminating the mare must make a decision
as to whether he places both doses in the mare at the same time or holds the
second dose for 12 hours after scanning the mare. There is some debate as to the
best course of action in these instances. If the semen is of poor quality on arrival,
or is known to decrease in quality quickly, then both doses should be put into
the mare on arrival. The inﬂammatory response which occurs after insemination
peaks at 6-12 hours and lasts up to 24 hours. Withholding the second dose and
inseminating it into an inﬂamed uterus during this period decreases the survivability
of the sperm.

4.

Timing of Insemination with Frozen Semen

When using frozen semen, it is known that insemination close to the time of ovulation
is essential for good conception rates. In recent years studies using ultrasound
examination of the ovaries have shown that the optimum time for insemination is
between 12 hours before to 6 hours after ovulation.
Most veterinarians aim to have the semen in the mare in this “18 hour window”
around ovulation. How this is achieved depends on the individual stud management
but a technique which has worked well for us is as follows:
• In a mare scheduled for frozen semen, routine examination of the ovaries
is performed to determine when the largest follicle reaches 35 mm in
diameter.
• The mare is treated with 1500 to 3000 units of hCG (commercially
available as Chorulon).
• The hCG is given between 7 a.m. and 11 a.m. (considered to be Day 1 for
this procedure), as shown in Table 3.
• The mare is next examined in the evening (6 to 10 p.m.) of Day 2, which is
32 to 36 hours after hCG administration.
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• At this time, if the follicle has developed appropriately, the mare is
inseminated with a full dose of semen.
• If the follicle does not appear to be developing as expected, then a half
dose of the semen is inseminated.
• On Day 3, the mare is examined between 7 a.m. and 11 a.m. as part of
the normal stud routine. This is 44 to 48 hours after hCG administration.
• Most mares will have ovulated at this time. If the full dose was given at 6 to
10 p.m. on Day 2, then no further insemination is required.
• If a half dose was given on Day 2, then the other half is given on Day 3
between 7 and 11 a.m. (44 to 48 hours after hCG).
This procedure allows the recently inseminated semen to be present in the uterus
from approximately 6 hours before to 6 hours after ovulation.
The procedure relies on the information that when hCG is given oestrous mares
with a 35-mm follicle, 96% will ovulate within the next 32 to 42 hours.
Table 3 Timing of Examination of Mares when using frozen Semen
DAY

TIME OF DAY

HOURS AFTER hCG

1
2
3

7 to 11 a.m.

0 hours (hCG given at this time)
32 to 36 hours
44 to 48 hours

6 to 10 p.m.
7 to 11 a.m.

The disadvantage of this schedule is that it requires examination at 6 to 10 p.m. on
Day 2 (32 to 36 hours after hCG). However, in the middle of the stud season with
long hours of daylight this is not normally a problem.
The timing of the administration of the hCG can be altered (to suit the stud
management). For example, the hCG might be given at 6 a.m. so that the ﬁrst recheck of the mare being at 12 midday the next day (30 hours after hCG).
A difﬁculty that may arise with this procedure occurs when the follicle is greater
than 35 mm when ﬁrst examined. This usually means that the time to ovulation
might be sooner than, or in the early part of the range of 32 to 40 hours after hCG
is given.
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EMBRYO TRANSFER
1.

Introduction

The advantages of embryo transfer are:
• Ability to obtain foals from older mares.
• Ability to take an embryo from a mare late in the season allowing her to be
“early” the next year.
• Mares competing in races or events are available to produce offspring.
• Mares, which have a physical problem which prevents them from carrying
or delivering a foal themselves, can produce offspring.
The disadvantages of embryo transfer are:
• The inability at present to economically produce multiple ovulations and
therefore more than one embryo per cycle.
• The costs associated with running recipient mares.
• The costs of the procedure itself.

Figure 10 Catheters used in embryo transfer.

2.

Embryo Flush

The donor mare is bred normally with the embryo being recovered on day 7 after
ovulation, with day 0 being the day of ovulation. For the ﬂush, a modiﬁed Foley
catheter (see Figure 10) is inserted into the uterus of the donor mare. The cuff of
the catheter is inﬂated with 20-35 ml of saline and the catheter drawn back to the
external os (opening) of the cervix to produce a tight seal. One litre of warmed (to
37°C) ﬂushing medium is run under gravity into the uterus using sterilized tubing
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connected via a 2 way valve. This allows the ﬂow of ﬂuids into or out of the uterus
depending on the position of the valve. When the ﬂuid is in place, massage of the
uterus per rectum prevents accumulation of ﬂuid in one uterine horn and ensures
the saline is well distributed throughout the uterus. After 40-90 seconds of massage
the 2-way valve is opened and the ﬂuid is allowed to drain by gravity into a sterile
bag, held in an insulated container and kept warm. Some further massage of the
uterus and rotation of the catheter tip may be necessary to remove all the ﬂuid to
obtain the maximum amount of ﬂuid. Following the recovery of the ﬁrst litre of
medium, a second litre is run in and the procedure repeated. While this is taking
place, a search for the embryo in the ﬁrst litre is started.
When the second litre is recovered, the ﬂuid is removed from the cuff, the contents
of the catheter and tubes are drained into the container, and the catheter removed.
Prostaglandin is then administered to the mare to start the next cycle.
In an older, donor mare which has a pendulous uterus, 20 IU oxytocin may be
injected intravenously to improve the recovery of ﬂuid. Whether this is successful or
not is difﬁcult to determine.

3.

Embryo Recovery

It is important to maintain the temperature of the ﬂuids close to 37°C throughout
the recovery process. A warm laboratory area close to the broodmare crush is
useful for this purpose. Recovering the embryo from the ﬂushing ﬂuid is usually
achieved by using one of the 2 methods:
a) The recovered ﬂuid is passed through an “in-line” ﬁlter of 75microns. This
ﬁlter traps the embryo in about 20-25 mL of ﬂuid, which is transferred
to a sterile petri dish. Saline is used to rinse the ﬁlter and associated
equipment. The ﬂuid in the petri dish is then examined under a dissecting
microscope at 15 times magniﬁcation. Day 7 embryos are about 500μm
(about 0.5mm) in diameter and barely able to be seen with the naked eye.
However, day 8 embryos are 1mm and can easily be seen using only a 2
times magniﬁcation.
b) After collecting the total ﬂush of one litre, the ﬂuid is allowed to settle for
8-10 minutes and then a siphon with a 75-micron ﬁlter placed over the
end is positioned with its tip just below the surface of the ﬂuid. The tip
is progressively lowered until only about 30-40 ml of ﬂuid containing the
embryo remains in the bottom of the collection vessel.
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This embryo-containing ﬂuid is then poured into a petri dish and the container
and the base of the siphon rinsed with saline and placed in a second dish. Once
the ﬂuid and the embryo are in the petri dish, sterility and care in handling the
embryo is crucial. Once identiﬁed, the embryo is pipetted into a smaller petri dish
containing Dulbecco’s phosphate buffered saline and foetal calf serum. Before
placing the embryo in an insemination straw, the embryo should be washed by
passaging through 3 - 4 small petri dishes containing the Dulbecco’s phosphate
buffered saline and foetal calf serum. The embryo is then drawn up into a 0.5 mL
insemination straw leaving a bubble of air on each side above and below it.
The straw holding the embryo is then placed into the pistolette of a Cassou gun
ready for transfer. The Cassau gun is an insemination device used in cattle embryo
transfer. It has a narrow diameter a protective cover over the straw holding the
embryo, and a plunger, which allows the transfer of the embryo in the uterus. The
time elapsed between the recovery of the embryo and transfer should not be longer
than 20-30 minutes.

4.

Transfer of the Embryo

There are only 2 methods of embryo transfer, Transcervical and Surgical. The latter
procedure is now no longer practised in most commercial situations.
Transcervical method
Once the embryo is in the straw, a disposable covering pipette is placed over the
pistolette. Before the transfer pipette is placed in the vagina, a plastic sheath is
slipped over the whole apparatus to prevent any contamination of the pipette by
contact with the lips of the vulva. It is helpful to spread the lips of the vulva after
careful cleaning so that the tips of the gloved ﬁngers do not touch any external skin.
The gloved ﬁnger then identiﬁes the external os of the cervix and, when the tip of
the pipette is positioned at this point, the plastic sheath is pulled back to expose the
non-contaminated end. The tip of the pipette is then gently inserted into the cervix.
If there is resistance, a “threading motion” may allow the pipette to pass through
with minimal trauma. This threading motion is a slight adjustment in the direction
of the tip of the pipette to prevent it being caught in the longitudinal folds of the
cervix. Once in the body of the uterus, the plunger of the Cassou gun is depressed
to insert the embryo into the uterus. The pipette is then withdrawn. The straw
should be examined under the microscope to ensure that the embryo has indeed
been transferred.
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Anti-inﬂammatory drugs are usually administered, however the justiﬁcation for the
use of these drugs remains unproven. The recipient mare is scanned to test for
pregnancy 7-10 days later.

5.

Factors Affecting Embryo Transfer

There are a number of factors that inﬂuence the success of embryo transfer. These
are:

a) Day of recovery
Day 7 after ovulation (and therefore 7 days after fertilization) seems to be the
optimum day for successful embryo recovery and conception rates. Day 8 or 9 may
give slightly better recovery rates but the embryo viability is lower. At day 6, some
embryos have not reached the uterus and are still in the Fallopian tubes so recovery
rates are lower. Work has shown that some mares ﬂushed again on Day 7 after a
failed recovery on Day 6, will produce an embryo, indicating that the embryo was
still in the fallopian tube on Day 6.
At Day 7 the average size of the embryo is 0.5 mm diameter but the range can be
from 0.2 mm to 1.2 mm. Differing speed of embryo development in the fallopian
tube will cause this size variation as will inaccurate detection of the time of ovulation.
Only about 5% of ova found are non-fertilized as unfertilized ova normally stay within
the fallopian tube during this period.

b) Quality of semen
The use of known fertile stallions is essential to obtain good embryo recovery rates
and successful embryo transfer. It is thought that the variation in recovery rates
from 30% to 70% reported by experienced operators is most likely attributable to the
semen quality of the stallion used.
c) History of the Donor Mare
Different studies have consistently shown that sub-fertile and older mares will have
embryo recovery rates around 30%, whereas younger fertile mares may have much
higher rates.
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Table 4 Embryo recovery rates
STUDY 1
Infertile and sub-fertile mares – 28%
Barren mares – 34%
Maiden mares – 67%
Normal mares – 80%

STUDY 2
Sub-fertile mares (no foal for≥2 years – 29%
Mare > 18 years – 23%
Had a foal ≤ 2 years – 53%
Maiden mares – 61%

Table 5 The age of the donor mare is inversely correlated with pregnancy rates
AGE OF DONOR MARE
2-8 years
9-17 years
18-28 years

PREGNANCY RATE
70%
52%
<50%

d) Synchrony of Donor and Recipient
The inability to tightly synchronise mares is a major problem in many areas of
reproduction. However, the careful use of prostaglandin and human chorionic
gonadotrophin (hCG) will often allow adequate synchronisation and successful
embryo transfer.
To obtain a successful embryo transfer, the recipient mare must be synchronised
with the donor. It is acceptable for the recipient mare to ovulate at some time
between 1 day ahead of the donor to 2 days after the donor. Pregnancy rates are
better if the recipient ovulates after the donor i.e. ovulating 3 days after the donor
is better than 2 days ahead. In order to have sufﬁcient mares synchronised it is
necessary to have at least 2 recipient mares per donor. If the total number of donors
is high i.e. above 20, then a herd of 40 mares will be sufﬁcient (i.e. approximately 2
mares per donor). However, if only 4 or 5 donor mares are being transferred, then
3 to 4 mares per donor will be required to give sufﬁcient mares at the correct stage
of the oestrous cycle at any one time.

e) Method of Embryo Transfer
Initially surgical transfer gave higher pregnancy rates, but as the techniques for
cervical transfer improved, the pregnancy rates improved correspondingly and
since there is less cost and time involved, this is the method of choice. Surgical
transfers result in 60-70% pregnancy rates and with cervical transfer the pregnancy
rate is slightly less than that but there is a wider range of success depending on the
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operator and equipment. The chance of creating a uterine infection in a dioestrous
mare (i.e. Day 7 mare) is signiﬁcant when performing cervical transfer, so hygiene
is very important.
With all transfers the size of the embryo is also important. Any embryo >0.5 mm will
result in a lower pregnancy rate compared to embryos of <0.05 mm.

6.

Freezing of Embryos

Storage and freezing embryos in the horse has not reached the levels of embryology
that it has in cattle. However, the technology is improving rapidly. The early
blastocyst of Day 6 embryos give better results in freezing and transport but as
already discussed, the recovery rates are lower at this stage. The removal of glycerol
from the freezing media after thawing requires a series of step-wise dilutions of
glycerol to minimise the damage to the embryo. At present this technique is only
available in a few research programs and is not commercially used. This is likely to
change in the next few years.
Oocyte recovery. Research is proceeding rapidly and this technique will allow older
valuable mares to have ova removed from the ovary, fertilised in vitro with the
subsequent development of the embryo in a recipient mare.

7.

Conclusions

The overall pregnancy rate of approximately 65% is unlikely to improve as that is the
typical ﬁrst cycle pregnancy rate for fresh semen. However, continued research into
areas such as superovulation and synchronisation, may allow embryo transfer to
become more easily obtainable to the breeder.
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CONCLUSION
Throughout this booklet all the procedures described are aimed at ensuring
maximum efﬁciency in the breeding process. Unlike other species, horses have not
been selected for fertility, but for performance, conformation, temperament and
other characteristics. Therefore, the reproductive advances made in other species
are sometimes more difﬁcult to implement in the horse, although signiﬁcant
improvements in fertility may be made in an individual mare or stallion. Hopefully,
some of the procedures described in this booklet will allow owners to understand
some of the challenges and rewards involved in breeding horses.
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