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ARE WE INCREASING THE RISK OF
INBREEDING IN HORSES WITH
ARTIFICIAL INSEMINATION AND EMBRYO
TRANSFER?

Dr Nigel Perkins

This paper describes an issue of importance for the broader horse industry though the
discussion is based on information from Thoroughbreds. It may seem a little odd to be
discussing this issue in the Thoroughbred, since this breed is about the only horse breed
worldwide that does not permit any form of assisted reproductive technology. The reason
for using the Thoroughbred is that we have a lot of information about historical genetics in
this breed and also available information on the use of shuttle stallions. In addition, as we
shall see one of the principle arguments proposed by the International Stud Book
Committee for opposing introduction of artificial insemination is a perceived risk of
genetic narrowing or inbreeding.

The current position of the International Federation of Horseracing Authorities is very
clear, as expressed in the following Article:

Article 12: Entry in a Thoroughbred Stud Book.
2. Service to produce an eligible foal.
2.1. A foal is not eligible to be recorded in a Stud-Book unless:
a) it is the product of natural service or covering which is the physical
mounting of a mare by a stallion. This natural service can, if the practice is
authorised by the Stud-Book Authority of a country, include the immediate
reinforcement of the stallion's service or cover by a portion of the ejaculate
produced by that stallion during that service or covér of that same mare.
b) a natural gestation took place in and delivery was from the body of the
mare in which the foal was conceived.
2.2, the use of artificial insemination is absolutely forbidden and no foal conceived
by artificial insemination can be recorded in a Stud-book.

It is entirely appropriate in the author’s opinion to discuss the possible impact of
reproductive management on the risk of inbreeding in horses, for the following reasons:
* Almost all other horse breed associations allow some degree of assisted
reproductive technologies in their breed rules.
* Our knowledge of inbreeding is increasing including methods of managing
breeding to avoid excessive inbreeding.
*  (Growing use of shuttle stallions and their possible impact on inbreeding.

Although the thrust of this document is artificial insemination the issues relating to all
assisted reproductive technologies are very similar. A brief mention of other techniques is
presented here:

* Artificial insemination (AI): semen from one ejaculation divided into multiple
breeding doses and a number of mares inseminated. Fresh semen should be used
within an hour or so of collection, chilled semen may last for 36 to 72 hours and
frozen semen can be stored indefinitely.
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Lhe nirst successtul use Of Al In Tarm ammals was 1n horses 1n Kussia 1o the 1589YUs. Much
of the early development of AI occurred in Russia in the first 20 years or so of the 20™
Century. The first commercial use of Al was in the dairy industry in Denmark in 1936 and
an Al Association was set up in New Jersey, USA in 1938. Application of Al in livestock
remained reasonably limited (at least outside the USSR) until just after WWII when it
gained widespread popularity. By 1949 about 12.5 million ewes were bred by Al in the
USSE. By 1952 about 60% of dairy cows in Denmark were being bred by Al 33% in
England and Wales, 24% in Holland and 16% in the USA.

REASONS FOR THE BAN OF ARTIFICIAL INSEMINATION IN
THOROUGHBREDS

There does not appear to be any document in the public domain that describes in detail the
reasons for banning all forms of artificial breeding. Contributing factors are thought to
have included:

» the risk of accidental or deliberate false paternity. This is no longer perceived to be
a risk due to the introduction of blood typing and more recently DNA typing to
verify parentage of every single foal born.

* that if Al were allowed, a small number of individual stallions could conceivably
breed so many mares that it might increase the rate of narrowing of the genetic base
of the breed itself. The thought here, was that retaining natural breeding only would
ensure that any one stallion could only breed a restricted number of mares by virtue
of the physical limitations of having to breed them all naturally. Any attempt to
limit the number of mares bred to any one stallion with Al may not be allowed
under legal advice regarding restraint of free trade.

* if one assisted reproductive technique such as ET or Al is allowed, then this may be
followed rapidly by the entire gamut of techniques with subsequent loss of the
breed guidelines as they exist now.

* adoption of Al would result in quite widespread changes in the way breeding is
conducted and perhaps a reduction in the number of studs and stallions required to
service the broodmare population. The extent of any commercial impact does not
appear to have been assessed.

GENETIC NARROWING OF THE THOROUGHBRED BREED

Inbreeding in dairy cattle

Much of our knowledge of inbreeding comes from livestock such as cattle or from plants,
rodents and flies. Inbreeding refers to mating of two animals that are more closely related
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than the average relationship within the entire breed or population concerned. The level of
inbreeding is often expressed as a number, termed the “inbreeding™ coefficient which can
range from 0 to 100%. There are several methods of estimating inbreeding coefficients and
they do not all give the same answer. The inbreeding coefficient can be influenced by how
far back in the two animals’ pedigrees the common ancestor appears, how many common
ancestors they have and how frequently the common ancestors appear.

Although geneticists appear to debate about how much inbreeding might be present and the
exact effect of any given level of inbreeding, in general they all seem to agree that a lot of
inbreeding is bad. Continually increasing the level of inbreeding will result in a narrowed
genetic base and will result in a loss in productivity or performance, measured as poorer
reproductive efficiency, lower growth rates, or increased risk of hereditary abnormalities.
These effects have been observed in trials in cattle, sheep, pigs, lab animals and horses.
The greater the degree of inbreeding, the greater the reduction in performance.

Although a lot of inbreeding is bad, it remains an essential tool in animal breeding.
Inbreeding is essential if highly desired animals are to be able to stamp their characteristics
on their progeny. However, any form of continued selection pressure on, for example
production traits, will eventually result in inbreeding. This makes it more difficult to avoid
inbreeding in populations where modern technologies such as frozen semen, Al and ET are
common. These techniques encourage international movement of genetics and allow great
selection pressure to be exerted i.e. one elite animal can rapidly be used as a sire (or a
female embryo donor) and produce lots of offspring. The introduction of Al in dairy cattle
initially reduced inbreeding but the widespread use of a small number of superior sires to
breed both females and the next generation of sires, has inevitably resulted in inbreeding.

This produces a conflict between market forces that are aimed at short term commercial
gain by the use of the most superior genetics at every mating, and the long term risk of
slowly accumulating enough inbreeding within the population to have an adverse effect.

Because the effect of inbreeding in animals is so much more negative than positive that the
term “inbreeding depression™ was invented to estimate the level of effect of inbreeding on
a variety of measurable parameters. In dairy cattle a lot of work has gone into measuring
the level of inbreeding depression and the following impact estimates are typical:

Trait Inbreeding depression per
1% increase in inbreeding

lifetime net income (F) -24

Age at first calving (days) 0.36

Days of productive life -13

Lifetime milk production (kg) -360

First lactation milk prod (kg) -37

first calving interval (days) 0.26

First | ign i -0.004

Figure 1. Effect of each 1% increase in inbreeding on dairy productivity measures

The issue of inbreeding depression is receiving increasing attention in the dairy industry. In
some dairy breeds inbreeding is already at levels that may reduce future productivity.
Similar concerns can be seen in the pig and poultry industries and to a lesser extent in beef
and sheep industries. Although maintenance of genetic diversity and preservation of
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interval increased by 0.3 d and length of productive life reduced by 13 d.

¢ Putting Danish Jersey sires over USA dams resulted in a 12.4% higher survival rate
to first calving compared to USA sires over USA dams. This was attributed mainly
to an alleviation of inbreeding depression.

® The economic impact of inbreeding on commercial farms can be substantial.

Most inbreeding coefficients in cattle and other livestock are calculated relative to some
base year and this is often in the 1960s since pedigree data from before that time were not
stored in electronic format. This generally means the inbreeding coefficient is under
estimated but the rate of change should be accurate. Inbreeding coefficients in USA
Holstein cattle are now exceeding 6% and increasing at about 0.2% per }fear,z

Figure 2 shows the current rates of inbreeding in two USA dairy breeds. Selection intensity
is the most important predictor of inbreeding rate while total population size is relatively
less important. Popular individual Holstein sires have produced as many as 250,000
milking daughters and 3000 progeny tested sons worldwide. Of the more than 5,000 young
Holstein bulls that are progeny tested each year around the world about 50% are sons of
the 10 most popular sires. Some degree of inbreeding is considered necessary in order to
produce breed wide advances or response to selection.

i 2 i_-lnlstein
—a— Ayrshire

IC (%)

1950 1960 1970 1980 1920 2000

Birth year of cow

Figure 2. Inbreeding coefficients in USA dairy cattle. Adapted from Weigel, 2001.°

Muost people seem to think the problem can be managed. This is an active area of research
now in the dairy industry. Given current recording systems, computing power and genetic
analysis programs, it is not difficult to estimate inbreeding coefficients for every planned
mating and to use this information to choose a mating that maximises productivity gains
while minimising inbreeding. This may mean breeding and semen companies taking more
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responsibility also in selecting future sires. It also requires industry wide acceptance of the
problem as being real and the need in some cases to sacrifice short term gains in favour of
maintaining the relatively more vague concept of long term genetic diversity.

The diversion from thoroughbred breeding presented above is to illustrate two points. The
first is that inbreeding is a concern in all livestock industries where selection pressure is
applied on a small number of traits over many years and particularly where Al is used
without any restriction. The second is that strategies are being developed to allow farmers
to continue to obtain productivity gains from selection of sires but also to minimise the rate
of increase in inbreeding. Ironically Al also offers a valuable approach for combating
inbreeding by allowing individual mating to occur where one of the selection criteria for
choosing a sire might be specifically to reduce the inbreeding coefficient for that mating.
Many dairy breed associations and semen providers now offer inbreeding calculators that
can be used to estimate the inbreeding coefficient for any mating and that can adjust
various predicted genetic gains for the effect of inbreeding. In the future we will see these
strategies being developed further and applied more widely.

Inbreeding in Thoroughbreds

Modemn TBs are descended mainly from a few stallions imported from North Africa and
the Middle East into Europe in the 1600's. Origins of foundation mares are less clear.
Racing was initially limited to nobility and did not begin to increase in scope and
popularity until the mid to late 1700°s. Weatherby established the Stud Book in 1791 with
a foundation list of some 80 animals. Our current worldwide population can be traced
directly back to this base. In fact Cunningham has estimated that 10 stallions have
contributed more than 509 of the genetic make up of all modern TBs with four individuals
being responsible for about a third of these genes:

l. the Godolphin Arabian (born —1725)

2. the Darley Arabian (born ~1688)

3. the Byerley Turk (born ~1690)

4. the Curwen Bay Barb

The first three are known as “the pillars of the Stud Book™.

In the 1980's UK researchers investigated the level of inbreeding in the Thoroughbred
industry using all 10,569 mares listed in the 1961-1964 volume of the Stud Book. In the
process they created a computer file of over 80,000 ancestors. Tracing this entire
population backwards for 5 generations produced an average inbreeding of less than 1%. A
sample of animals was then traced backwards to original foundation animals producing a
more realistic average estimate of an inbreeding coefficient at 13%. This work simply
confirms the long held understanding that the TB population has a very narrow genetic
base i.e. animals are generally closely related.’

Other workers have more recently investigated the level of inbreeding in the Australian TB
population and estimated an average inbreeding coefficient across the entire population
born in 1994, of 9.3% (range 2.2% to 369%). In the 20 years from 1975 to 1994, the
inbreeding coefficient has been increasing at about 0.024% per year.

Assisted reproductive techniques such as Al or ET have never been used in the registered
TB population so these technologies have played no role in the development of the current
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level of inbreeding. However, the next section attempts to show that shuttle stallions may
be producing a similar impact on the breed.

BREEDING MANAGEMENT, SHUTTLE STALLIONS AND INBREEDING

The combination of better general management (nutrition, health, etc) and better
reproductive management (veterinary and non-veterinary) have meant that the number of
mares bred by an individual stallion within one confined breeding season (September to
December) has been steadily increasing over the past 50 years or more.

In the mid 1990°s less than 5% of stallions were serving books of mares greater than 100
and the total number of mares covered by these horses ranged between 2 and 15% of all
mares bred (upper end here was occupied by Ireland and Japan). The odd highly fertile
stallion with excellent libido is now capable of breeding between 150 and 200 mares in a
single season. In recent years breeding records in New Zealand show a dramatic increase
in the influence of individual stallions. Figure 3 shows the total number of Thoroughbred
stallions active in NZ during the last several seasons, the total number of mares bred in NZ
and the stallions breeding more than 100 mares. The trend is readily apparent — each year
fewer stallions are breeding and stallions are breeding larger books. The same trend is
apparent in other countries.

Season  Stallions  Mares bred Stall=100  %Stallions Mares Yemares
1999 137 6,783 14 10.2 1,670 24.6
1993 146 6,767 11 7.5 1,315 19.4
1997 160 7,150 s 4.4 755 10.6
199% 184 7,443 3 1.6 344 4.6
1995 176 T.757 7 4.0 791 10.2

Figure 3. Summary statistics from New Zealand Thoroughbred Racing statistics

Air transport of stallions is a more routine event and all of the factors mentioned above, in
combination with a global industry and increasing commercial pressures, have seen the rise
and rise of shuttle stallions over the past 20 years. In Australia and New Zealand, shuttle
stallions now appear to outnumber the number of permanent imports each year. In fact the
number of permanent imports arriving in Australia each year is now less than the average
yearly attrition rate of about 10%. (See Figure 4.)

Total mares Number of shuttle stallions in Australia per year
bred* 2001 2000 1999 1998 1997 1996
0 ro 90 0 4 7 3 3 5
91 to 130 10 11 11 18 12 12
131 to 170 18 11 18 16 16 19
171 o 210 15 15 10 10 11 7
211 to 250 7 13 13 12 ¥ 2
251 to 290 8 5 g 2 | 1
291 1o 330 2 2 3 1 2 0
331 to 380 2 1 1 1 0 0

62 62 66 65 52 46
* count of mares bred in two hemispheres, over one year (Jan to Dec)

Figure 4. Shuttle stallions in Australia between 1996 and 2001
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It also gives an idea of the total number of mares bred by these stallions in one calendar
year (sum of the mares bred in each hemisphere). Figure 5 lists the shuttle stallions
operating in Australia in 2001 that bred more than 250 mares in total.

2001 Overseas Aus Total
Thunder Gulch (USA) 1992 LUsa 216 153 £
Spectrum (IRE) 1992 IRE 218 121 339
Fuji Kiseki (JPN) 1992 PN 225 83 308
Honour And Glory (LUUSA) 1993 Usa 192 100 292
Grand Lodge (USA) 1991 IRE 153 134 287
Orpen (USA) 1996 IRE 142 144 286
Fasliyev (LISA) 1997 IRE 134 149 283
Danehill Dancer {IRE) 1993 IRE 122 152 274
Fusaichi Pegasus (USA) 1997 Usa 151 122 273
High Yield (USA) 1997 USA 170 101 271
Danehill (USA) 1986 IRE 118 145 263
Octagonal (NZ) 1992 FR 80 173 253

Figure 5. Shurtle stallions in Australia in 2001 that bred more than 250 mares total

The combination of better management practices, increased veterinary expertise and the
drive to enhance profits from the venture are likely to ensure that the direction of the shift
continues i.e. where ever possible shuttle stallions are likely to breed more mares in a year.

This means that the large scale breeding of dual hemisphere stallions is likely to produce
exactly the end result that the ban has tried to avoid i.e. increased risk of genetic namowing
by over use of individual stallions.

In some of the world wide Standardbred breeding associations limits have been placed on
the number of mares a stallion may breed. For example in Australia the maximum number
of mares that can be bred to a Standardbred stallion is 125, in Europe it is 150. Similar
limits were suggested in North America and New Zealand but were overturned on legal
challenge because they were deemed to represent constraints to free trade.

Figure 6 shows the numbers of mares covered by the most active TB and STB stallions
over a 4 year period.

Year Number mares bred to one stallion
TB 5TB S5TB
| Ireland New Zealand  North America |
1952 247 274 305
1993 226 397 256
1994 358 286 236
1995 289 281 247

Figure 6. Maximal mare numbers bred by individual stallions in one season

In the immediate past season (2001) in New Zealand, the most active Standardbred stallion
covered more than 400 mares (including chilled semen shipments sent within NZ and to
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Australia) in one ~5 month season. This is not markedly different to the 370 odd mares
covered by the most active TB stallions in one calendar year though the TB numbers are
based on two hemispheres and 10 months of breeding. The underlying theme is that the use
of shuttle stallions has either narrowed or largely eliminated the gap between the two
breeds for the total number of mares bred to any one stallion in any one year.

Effect of stallion book size on inbreeding

The TB breed has arguably the narrowest genetic base of any major domestic animal breed
and has been bred as a closed book breed for some 250 years and 20+ generations.
Continuing to increase the number of mares bred to a select few stallions that also act as
the major sires of future stallions, does seem to carry with it increased risk of further
acceleration of inbreeding.

However the risk presented by a shrinking sire population breeding large numbers of mares
is already upon us as a result of the extensive and growing use of shuttle stallions. It seems
possible that introduction of Al would have little additional impact on inbreeding. We are
mistaken if we think we can avoid the risk of inbreeding by simply avoiding Al itself.

DO Al AND ET POSE AN INBREEDING RISK TO HORSES?

Many horse breeds have a relatively narrow genetic base. In Thoroughbreds this has
resulted in a relatively high level of inbreeding even without any form of assisted
reproduction.

It is not clear that Al would exacerbate that risk since it is unlikely that Al in horses will
result in the sort of selection pressure that has occurred in dairy breeds where a very small
number of sires are responsible for a very large percentage of worldwide breedings. In
smaller breeds the widespread use of a small number of sires has the potential to increase
selection pressure enormously as in dairy cattle.

Any textbook can list advantages and disadvantages of AlL When performed correctly by
people skilled in such procedures AI has several real benefits — it is less stressful, has
reduced risk of injury, complements intensive reproductive management of less fertile
animals and eliminates the need to transport the stallion to the mare or potentially the mare
to the stallion. It gives breeders even wider options with respect to choice of breeding
matches. Small breeders (people owning 6 or fewer mares) are likely to be the major
beneficiaries if developments such as Al were introduced into the breeding industry. It is
interesting to consider the make up of the Australian TB breeding industry for example.
75% of the 23,000 TB broodmares in Australia are controlled by people who own 6 or
fewer mares. These owners make up about 90% of all people that own broodmares. They
would also in all likelihood be the group that would incur the least commercial
disadvantage. Less than 10% of breeding people control the remaining 25% of the
broodmare population. These are generally the higher value animals and this group of
people wields the most influence on the industry as a whole. If AT were to be adopted by
the industry this is the group that would bear most of the short term commercial impact of
that decision in having to develop the infrastructure and management systems.

Al also has disadvantages. It requires additional skills and training, facilities and if
performed at a suboptimal level, results can be considerably worse than if breeding were

68






