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Monitoring the rate of change in inbreeding and genetic diversity within a population is important to
guide breeding programmes. Such interest stems from the impact of loss in genetic diversity on sus-
tainable genetic gain but also the impact on performance (i.e. inbreeding depression). The objective of
the present study was to evaluate trends in inbreeding and genetic diversity in 43 066 Belclare,
120 753 Charollais, 22 652 Galway, 78 925 Suffolk, 187 395 Texel, and 19 821 Vendeen purebred
sheep. The effective population size for each of the six breeds was between 116.0 (Belclare popula-
tion) and 314.8 (Charollais population). The Charollais population was the most genetically diverse
with the greatest number of effective founders, effective ancestors, and effective founder genomes;
conversely, the Belclare was the least genetically diverse population with the fewest number of effec-
tive founders, effective ancestors, and effective founder genomes for each of the six breeds investi-
gated. Overall, the effective population sizes and the total genetic diversity within each of the six
breeds were above the minimum thresholds generally considered to be required for the long-term
viability of a population.
� 2022 The Authors. Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications

Inbreeding, on average, has unfavourable repercussions on per-
formance through inbreeding depression. Accumulation of
inbreeding also erodes genetic diversity thus limiting future
genetic gain. In the present study, genetic diversity and the rate
of accumulation of inbreeding were estimated from ancestral data
for purebred Belclare, Charollais, Galway, Suffolk, Texel, and Ven-
deen sheep populations. An understanding of the rate of the accu-
mulation of inbreeding and genetic diversity within these breeds is
important for the design of appropriate management and breeding
strategies that promote flock performance and maximise genetic
gain for future generations.
Introduction

Inbreeding is expected to occur in the progeny of related par-
ents. The coefficient of inbreeding for an individual can be defined
as the proportion of the genome that is identical by descent from a
common ancestor (Wright, 1922). In domestic breeding, closely
related animals may be mated in the pursuit of increasing the
frequency of favourable genotypes in the population. Nonetheless,
performance in inbred animals (and plants) can be compromised
(Charlesworth andWillis, 2009), a phenomenon known as inbreed-
ing depression. In sheep, inbreeding has been associated with
lighter animals (Cerna et al., 2021), that grow slower (Pedrosa
et al., 2010) as well as being associated with reduced ewe and lamb
survival (Pemberton et al., 2017). In addition to possible losses in
production, an inbred population may have less capacity to
respond to selection due to an erosion of genetic diversity
(Charlesworth and Willis, 2009). Inbreeding metrics in purebred
Irish sheep have not previously been quantified, although in other
jurisdictions, the mean inbreeding in purebred sheep populations
has been estimated to generally range from 2 to 5 % (Pedrosa
et al., 2010; Rochus and Johansson, 2017; Stachowicz et al.,
2018). The objective of the present study was to use available
ancestral records to estimate both the level and rate of change in
inbreeding in six purebred sheep populations. Furthermore, statis-
tics related to genetic diversity per breed including the effective
number of founders, the effective number of ancestors, and the
effective number of founder genomes were quantified. Results
from this study may be useful for breeders interested in the mean
trajectory of inbreeding in Irish sheep populations. This informa-
tion could be useful in assessing how much consideration should
be given to inbreeding in sheep breeding programmes.
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Material and methods

Pedigree dataset

Records for 44 878 Belclare, 128 312 Charollais, 23 344 Galway,
87 778 Suffolk, 195 787 Texel, and 20 716 Vendeen purebred sheep
born between the years 1986 and 2021 were obtained from Sheep

Ireland (http://www.sheep.ie); the number of founder and non-
founder animals for each breed is given in Table 1. All animals were
recorded as purebred. The distribution of the proportion of sires
bred to ewes frommore than one flock over the course of their life-
time was calculated separately for each breed and is presented in
Supplementary Fig. S1. All inbreeding and diversity metrics calcu-
lated in the present study were performed using the Pedig soft-
ware suite (Boichard, 2002).

Complete generation equivalents (CGEs) were used to evaluate
pedigree depth per animal which was summarised by breed for
each year of birth. The CGE was defined as (Sorensen et al., 2005):

CGEj ¼
Xn

i

1
2gij

where n was the number of ancestors for the jth animal and gij was
the number of generations between the jth animal and the ith

ancestor.
The average generation interval was calculated separately

within breed for each of the four selection pathways (i.e. sire to
male offspring, sire to female offspring, dam to male offspring,
and dam to female offspring).

Inbreeding metrics

Inbreeding coefficients were calculated for each animal, within
breed, using the Meuwissen and Lou (1992) algorithm. Animals
with no recorded sire or dam were considered founder animals,
and it was assumed that all founder animals were unrelated.

The effective population size is the number of breeding animals
required in a panmictic population to produce the same rate of
change in inbreeding as observed in the reference population
(Kimura and Crow, 1963). The effective population size in the pre-
sent study was calculated separately for each breed using the fol-
lowing formula (Hill, 1972):

Ne ¼ 1
2DFyL

where Ne was the effective population size, DFy was the year-on-
year change in mean inbreeding within the population and L was
the generation interval in years.

An independent t-test was used to compare the observed mean
inbreeding coefficient of lambs born in 2021, with the expected
mean inbreeding coefficient of a hypothetical set of lambs born
from the same parental generation, under the assumption of ran-
dom mating. The expected mean inbreeding coefficient was calcu-
lated, within breed, as the co-ancestry between all pairs of sires
Table 1
The number of founder animals and non-founder animals available for the Belclare,
Charollais, Galway, Suffolk, Texel, and Vendeen sheep populations.

Breed Founder population Non-founder population

Belclare 1 812 43 066
Charollais 7 559 120 753
Galway 692 22 652
Suffolk 8 853 78 925
Texel 8 392 187 395
Vendeen 895 19 821

2

and dams selected from the parental generation (VanRaden and
Smith, 1999).
Genetic diversity analysis

The effective number of founders in a population is the number
of founders required to produce the observed genetic diversity
under the condition that all founders contributed equally to the
genetic diversity of the population (Lacy, 1989; Boichard et al.,
1997). The effective number of founders was calculated, within
breed, as:

Fe ¼ 1
PN

1q
2
k

where Fe was the effective number of founders, qk was the genetic
contribution of the kth founder to the reference population and N
was the number of founders. The reference population for each
breed was the set of lambs which were born in the years 2019–
2021 and had no recorded progeny. Only animals with no recorded
progeny were selected for the reference population to ensure that
there was no overlap between the progeny generation and ancestral
generations.

The effective number of ancestors is the minimum numbers of
ancestors, not necessarily founders, required to account for the
genetic diversity observed in a reference population (Boichard
et al., 1997). Since the ancestors are not necessarily all founders,
they are not assumed to be unrelated; hence, the genetic contribu-
tion of related ancestors must be accounted for so that only the
marginal genetic contribution of each ancestor to the reference
population is considered (Boichard et al., 1997). The effective num-
ber of ancestors was calculated, within breed, as:

Na ¼ 1
PN

1 ðqkð1�Pðn�1Þ
1 aiÞÞ2

where Na was the effective number of ancestors, qk was the total
genetic contribution of the kth ancestor to the reference population,
ai was the component of the genetic contribution of the kth ancestor
that has already been accounted for by the contribution of the ith

ancestor. The number of ancestors was denoted by N, and the num-
ber of ancestors related to another ancestor was denoted by n. The
marginal genetic contributions of the top 500 contributing ances-
tors were calculated per breed, and this was then used to compute
an upper and lower bound estimate for the effective number of
ancestors. For the upper bound estimate, it was assumed that the
remaining genetic contribution not accounted for by the top 500
contributing ancestors was distributed equally over all remaining
founders (Boichard et al., 1997). For the lower bound estimate, it
was assumed that the remaining genetic contributions were dis-
tributed equally across an additional fixed number of ancestors
(Boichard et al., 1997). The effective number of ancestors in the pre-
sent study was assumed to be the mean of the upper bound and
lower bound estimates.

The effective number of founder genomes is the number of
founder genomes required to account for the total genetic diversity
of the reference population without loss of founder alleles due to
genetic drift (MacCluer et al., 1986; Lacy, 1989). The effective num-
ber of founder genomes was calculated separately per breed as:

Fg ¼ 1

2
P2f

k f 2k

where Fg was the effective number of founder genomes, f was the
number of founder genes and fk was the gene frequency of the kth

gene.

http://www.sheep.ie/
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Results

The average annual number of CGEs per breed and per year is
given in Fig. 1. Despite having the second largest population, the
Charollais population had the shallowest pedigree with a mean
of 6.7 CGEs for lambs born in 2021. The mean CGEs of the other five
breeds for lambs born in 2021 varied from 7.9 (Vendeen) to 9.4
(Texel). All breeds, with the exception of the Charollais, had an
almost year-on-year improvement in the mean number of CGEs
(Fig. 1); for the Charollais, the mean number of CGEs started to
decline in 1994 and failed to recover to 1994 levels until the year
2009.

The mean generation interval of sheep per birth year and within
breed is given in Supplementary Fig. S2, and the number of lamb
records by birth year is given in Supplementary Fig. S3. The average
generation interval across years tended to fluctuate between
approximately 2.0 years and 3.5 years for each of the six breeds
analysed (Supplementary Fig. S2). The mean generation interval
for the sire to offspring and dam to offspring pathways for lambs
born in 2021 is in Table 2. Irrespective of breed, the sire to offspring
generation interval was always shortest for lambs born in 2021
(Table 2). The sire to offspring generation interval per breed for
lambs born in 2021 ranged from 2.0 years (Texel) to 2.9 years
(Charollais), whereas the dam to offspring generation interval
was between 3.2 years (Belclare) and 3.8 years (Galway).
Inbreeding analysis

The majority of animals born in recent years were inbred to
some degree (Fig. 2). Between 94 % (Charollais) and 100 % (Galway)
of lambs born in 2021 were expected to be inbred (Table 3). In
Fig. 1. Complete generation equivalents by year of birth from 1986 to 2021 for each
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spite of the near ubiquity of inbreeding by 2021, the overall level
of inbreeding was still low for the six breeds examined, even with
a relatively deep pedigree. The average level of inbreeding per
breed for lambs born in 2021 was between 0.9 % (Charollais) and
4.4 % (Belclare). The mean inbreeding coefficient per birth year
and within breed is presented in Fig. 3. With the exception of the
Charollais, each of the other five breeds experienced a sharp
increase in the mean inbreeding coefficient for lambs born over
the past 10–15 years (Fig. 3). In addition to increasing by year of
birth, the mean inbreeding coefficient increased with increased
CGEs (Fig. 4). Between the years 2012 and 2021, the rate of change
in the mean inbreeding coefficient for lambs was approximately
linear in each of the six breeds analysed (Fig. 3). Simple linear
regression was used to calculate the annual rate of change in
inbreeding by regressing the mean inbreeding coefficient on year
of birth for lambs born in the years 2012–2021; this analysis was
carried out separately within breed. For this 10-year period,
records were available for 25 878 Belclare, 69 164 Charollais,
14 031 Galway, 39 061 Suffolk, 88 447 Texel, and 8 479 Vendeen
sheep. As per the linear model, the mean inbreeding coefficient
increased by 0.17 % (0.002 %) in the Belclare, 0.16 % (0.007 %) in
the Texel, 0.13 % (0.009 %) in the Galway, 0.11 % (0.005 %) in the
Suffolk, 0.08 % (0.01 %) in the Vendeen, and 0.05 % (0.003 %) in
the Charollais populations. These rates of increase in the mean
inbreeding coefficient for each of the six breeds analysed corre-
sponded to effective population sizes of between 116.0 (Belclare)
and 314.8 (Charollais), and the effective population size for each
breed is given in Table 4.

The observed mean inbreeding coefficient was higher (P < 0.01)
than the expected mean inbreeding coefficient for lambs born in
2021 in the Charollais, Suffolk, and Texel populations, albeit only
slightly higher. Conversely, the observed mean inbreeding coeffi-
breed of sheep. Only years with � 500 births for a given breed were included.



Table 2
The generation interval (in years) from sire to sons, sire to daughters, dam to sons, and dam to daughters per breed for lambs born in 2021.

Item Belclare Charollais Galway Suffolk Texel Vendeen

Sire to sons 2.2 2.9 2.8 2.4 2.0 2.7
Sire to daughters 2.2 2.9 2.9 2.4 2.0 2.7
Dam to sons 3.3 3.7 3.8 3.6 3.4 3.5
Dam to daughters 3.2 3.7 3.7 3.7 3.4 3.6

Fig. 2. The proportion of sheep which were inbred by year of birth from 1986 to 2021. For each breed, years in which < 500 animals were born were not included.

Table 3
The number of lambs born in 2021 with an inbreeding coefficient (F) within defined ranges for each of the six breeds analysed.

Inbreeding coefficient Belclare Charollais Galway Suffolk Texel Vendeen

F = 0.00 18 413 0 167 126 8
F � 6.25 % 2 611 7 213 1 201 2 695 9 255 554
6.25 % < F � 12.5 % 327 84 31 95 287 11
12.5 % < F � 25 % 13 46 3 15 40 7
F > 25 % 21 18 7 5 27 3
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cient was lower (P < 0.01) than the expected mean inbreeding coef-
ficient in Galway lambs born in 2021.

Genetic diversity

The effective number of founders, ancestors, and founder gen-
omes per breed is presented in Table 4. The Belclare population
had the lowest value for each of these three statistics, whereas,
the Charollais had the highest values for all three statistics. This
indicated that the Belclare population was the least genetically
diverse, whereas the Charollais population was the most geneti-
cally diverse of the six breeds analysed.

The cumulative genetic contribution of the 100 most influential
ancestors for each of the six breeds is presented in Supplementary
4

Fig. S4. The Belclare population had the most individually influen-
tial ancestors of any of the six breeds. The most influential ancestor
in the Belclare population sired 325 recorded offspring and
accounted for 13.4 % of the total genetic diversity in the reference
Belclare population. Collectively, the top 10 most influential ances-
tors in the Belclare population contributed 49.3 % of the total
genetic diversity to the reference population. The Galway popula-
tion was also dominated by a small subset of influential sires.
The 10 most influential ancestors in the Galway population
accounted for 47.1 % of the total genetic diversity within the refer-
ence population. Of the six populations analysed, the Charollais
population (Table 4; Supplementary Fig. S4) was the least domi-
nated by influential ancestors. The 10 most influential ancestors
in the Charollais only accounted for 21.8 % of the total genetic



Fig. 3. The mean inbreeding coefficient for sheep by year of birth from 1986 to
2021. For each breed, only years with � 500 records were retained. Black error bars
represent one SE above and below the mean inbreeding coefficient.
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diversity of the reference population; furthermore, no individual
ancestor had a marginal genetic contribution of more than 3.1 %
to the total genetic diversity of the Charollais reference population.
For the Suffolk, Vendeen, and Texel populations, the 10 most
Fig. 4. The mean inbreeding coefficient of sheep against the number of complete gener
were calculated per calendar year, and years with < 500 records were not included. The
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influential ancestors each had similar contributions to the total
genetic diversity of their respective reference populations totalling
38.0 %, 36.7 %, and 33.8 %, respectively.
Discussion

Routine monitoring of changes in inbreeding as well as other
genetic diversity metrics is an important exercise for breeding pro-
grammes. Inbreeding increases the level of homozygosity in a pop-
ulation and can therefore erode genetic diversity. However,
inbreeding occurring within breeds or within different selection
lines can, in fact, actually increase population-wide genetic varia-
tion (Lopez-Fanjul and Villaverd, 1989). Rapid accumulation of
inbreeding (e.g. mating of close relatives), especially when not in
tandem with selection, generally reduces performance
(Charlesworth and Willis, 2009). Inbreeding, nonetheless, is gener-
ally unavoidable and McParland et al. (2009) demonstrated using a
cattle population that slow accumulation of inbreeding (concur-
rent with selection) can actually have favourable outcomes for per-
formance, a process called purging. Woolliams et al. (2015)
cleverly likened the rate of inbreeding in a population to the infla-
tion rate in an economy. A low rate of economic inflation is indica-
tive of a lack of economic activity and underutilised resources;
Woolliams et al. (2015) suggest that low rates of accumulation of
inbreeding may be a sign of very little selection, slow genetic gain,
and underused genetic resources. Conversely, analogous to high
rates of inflation, high rates of accumulation in inbreeding can
increase the risk of losses in performance (inbreeding depression)
and erosion of genetic diversity, which can result in inefficiency
in translating genetic variability into genetic gain. Woolliams
et al. (2015) proposed that, like an economy that has a target infla-
ation equivalents (CGEs) for each breed. The mean inbreeding coefficient and CGEs
black error bars represent one SE in the mean inbreeding coefficient.



Table 4
Estimates of genetic diversity calculated within breed for the available populations of purebred sheep.

Item Belclare Charollais Galway Suffolk Texel Vendeen

Total population size 44 878 128 312 23 344 87 778 195 787 20 716
Effective population size 116.0 314.8 125.0 155.3 117.6 188.6
Effective number of founders 51.3 302.6 52.5 147.1 160.5 102.7
Effective number of ancestors 26.0 124.8 33.6 42.8 60.9 44.8
Effective number of founder genomes 11.7 61.9 13.3 19.6 22.8 19.5
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tion rate, a breeding scheme should have a target rate of accumu-
lation in inbreeding which it should adhere to, but in doing so,
maximise genetic gain – such a concept is the basis behind optimal
contribution theory.

Inbreeding analysis

The mean inbreeding coefficients of each breed observed in the
present study (0.9 % Charollais – 4.4 % Belclare) were consistent
with mean inbreeding coefficient estimates from the analyses of
other purebred sheep populations which had CGEs comparable to
the populations used in the present study (Rochus and
Johansson, 2017; Stachowicz et al., 2018). Similarly, the effective
population sizes, which reflect the rate of increase in the mean
inbreeding coefficient, were also consistent with the effective pop-
ulation sizes reported in the literature for purebred sheep popula-
tions (Garcia-Gamez et al., 2012; Purfield et al., 2017). Meuwissen
(2009) suggested that the minimum effective population size
required to maintain a viable population is between 50 and 100.
If the effective population size falls below this threshold, deleteri-
ous recessive alleles may accumulate in the population because the
alleles cannot be purged at a sustainable rate. All populations anal-
ysed in the present study had effective population sizes above the
critical effective population size outlined by Meuwissen (2009).
This suggests that current breeding practices in the analysed pure-
bred sheep populations are not detrimental to their long-term via-
bility as a population. Furthermore, the rate of accumulation in
inbreeding could increase from between 1.16-fold (Belclare) to
3.14-fold (Charollais), before the upper estimate of the critical
effective population size, as outlined by Meuwissen (2009), would
be arrived at.

It was assumed in the present study that all founder animals
were unrelated; this is consistent with other studies in sheep
(Rochus and Johansson, 2017; Stachowicz et al., 2018) and cattle
(Sorensen et al., 2005; McParland et al., 2007). If the assumption
that all founder animals are unrelated is incorrect, then the esti-
mates of inbreeding coefficients in the present study are likely to
have been underestimated, implying also an over estimation of
genetic diversity (Cassell et al., 2003). Nonetheless, the bias in
the estimated inbreeding coefficient that results from an incorrect
assumption of unrelated founder animals diminishes with each
successive generation (Wright, 1922; Cassell et al., 2003). The bias
in the estimate reduces because the coefficient of relatedness
between the current generation and the founder generation halves
with each additional generation in a panmictic population; addi-
tionally, in most inbred populations, the coefficient of relatedness
between the current generation and the founder generation also
diminishes with each successive generation, albeit at a slower rate
(Lachance, 2009). The Charollais population in the present study
had the lowest mean inbreeding coefficient of any of the six breeds
analysed along with the fewest number of CGEs; hence, it could be
that the inbreeding coefficients were biased downwards in the
Charollais relative to the other breeds due to the comparatively
shallower pedigree depth of the Charollais population. Therefore,
to determine if the mean inbreeding coefficient was biased by
pedigree depth to a greater degree in the Charollais than in the
other five breeds, the CGEs were plotted against the mean inbreed-
6

ing coefficient within breed (Fig. 4). For a given CGE, the Charollais
population tended to have among the lowest mean inbreeding
coefficient, along with the Texel population (Fig. 4). Moreover, in
2021, the Charollais population reached its highest CGE of 6.7
which also corresponded to the lowest mean inbreeding coefficient
of any of the six breeds analysed (Fig. 4). This, therefore, suggests
that the lowmean inbreeding coefficient observed in the Charollais
was not due to pedigree depth but that the true level of inbreeding
in the Charollais was actually lower than in the other five breeds
analysed. Certain management practices in the Irish population
may have contributed to the lower mean inbreeding coefficient
observed in the Charollais population; in particular, across-flock
use of rams was lowest in the Charollais population (Supplemen-
tary Fig. S1). In the Charollais population, 61.2 % of sires were only
bred to ewes residing in a single flock; for the remaining five
breeds analysed, a smaller proportion of sires were used in only
a single flock (Supplementary Fig. S1). Greater across-flock use of
sires may lead to greater relatedness among flocks, which in turn
could contribute to less genetic diversity and higher rates of accu-
mulation in inbreeding. Hence, the lower incidence of across-flock
use of Charollais sires may account for the greater genetic diversity
and lower inbreeding observed in the Charollais population.

Even though the current rate of accumulation in inbreeding is
sustainable, it may not be economically optimal; inbreeding
depression is negatively associated with survival in Soay ewes
and lambs (Pemberton et al., 2017) and has also been associated
with lower live-weight and growth rate in lambs of various popu-
lations (Pedrosa et al., 2010; Cerna et al., 2021). Breeding strategies
such as optimal contribution theory which minimise the rate of
increase in inbreeding are expected to be effective long-term
breeding strategies (Meuwissen, 2009). Therefore, even though
the overall level of inbreeding in the breeds examined in the pre-
sent study was low and the rate of increase was sustainable, it
may still benefit producers to employ breeding strategies that fac-
tor in the possible economic costs of inbreeding.

Genetic diversity

The effective number of founders, ancestors, and founder gen-
omes observed in the present study (Table 3) was comparable to
other studies of purebred Gute sheep (Rochus and Johansson,
2017), purebred French sheep breeds (Danchin-Burge et al.,
2009), and purebred Canadian sheep populations (Stachowicz
et al., 2018). In general, the observed genetic diversity in purebred
sheep populations was also comparable to other species of domes-
tic livestock including purebred cattle (Sorensen et al., 2005;
McParland et al., 2007), purebred pig (Krupa et al., 2015), and pure-
bred goat (Wang et al., 2021) populations.

While the effective number of founders is calculated by tracing
the ancestry of the current population back to the founding gener-
ation (Lacy, 1989), it does not account for genetic bottlenecks. A
genetic bottleneck might be considered a re-founding of the popu-
lation from a reduced set of animals and hence will typically have
less genetic diversity when compared to the founder population
(Nei et al., 1975). The effective number of ancestors can account
for genetic bottlenecks because this statistic calculates the mar-
ginal genetic contribution of the most influential ancestors, not
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necessarily the founders, so animals which account for a large pro-
portion of genetic diversity as a result of a genetic bottleneck can
be identified based on their marginal genetic contribution to the
current population (Boichard et al., 1997). If no genetic bottlenecks
have occurred, then the effective number of ancestors is expected
to be approximately equal to the effective number of founders. The
ratio of effective number of founders to the effective number of
ancestors was between 1.6 (Galway) and 3.4 (Suffolk) in the pre-
sent study, indicating that some genetic bottlenecks may have
occurred in each of the six breeds analysed. This range of values
for the ratio of the effective number of founders to the effective
number of ancestors was consistent with other pedigree analyses
of purebred sheep populations (Pedrosa et al., 2010; Stachowicz
et al., 2018), but was slightly lower than the ratio observed in cattle
populations which has been reported to be in the range of approx-
imately three to six (Sorensen et al., 2005; McParland et al., 2007;
Uemoto et al., 2021). This difference may be an artefact arising
from differences in pedigree completeness between the analysed
sheep populations and the analysed cattle populations; alterna-
tively, this could reflect an actual difference between the two live-
stock populations, possibly arising from stronger selection
pressures in the cattle populations compared to the sheep popula-
tions. In either case, maintaining genetic diversity within a popula-
tion can be beneficial because reduced genetic diversity can lead to
an increased rate of accumulation in inbreeding (Wellmann and
Bennewitz, 2019) and a reduced capacity for a population to
respond to selection pressure (Wellmann and Bennewitz, 2019).

Conclusion

Even though nearly all animals born in 2021 in the present
study were inbred to some degree, the mean level of inbreeding
was still quite low across all breeds. Inbreeding is, nonetheless,
increasing year-on-year albeit the rate of increase is within a range
which is generally considered to be acceptable for domestic live-
stock. While the extent of genetic diversity per breed was compa-
rable with other purebred populations of sheep and other
domesticated species, there was some evidence for loss of genetic
diversity through recent genetic bottlenecks in all six breeds anal-
ysed in the present study. Therefore, current breeding strategies
should aim to maintain the current rate of accumulation in
inbreeding and avoid genetic bottlenecks in order to preserve as
much of the current genetic diversity as possible.
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https://doi.org/10.1016/j.animal.2022.100604.
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