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Abstract - Geneticists are faced with various problems when managing small natural
populations (e.g. high inbreeding, loss of economic value). We propose here the man-
agement of a small population through the example of the Asturcon (a Celtic pony
population) by examining two sources of information: a studbook created in 1981 and
the polymorphism of ten microsatellite markers chosen according to the recommenda-
tions of ISAG (International Society of Animal Genetics). This information allows us
to estimate several genetic parameters useful in assessing the genetic situation of the
population in order to propose conservation strategies. Results show the reliability of
molecular information in populations where no studbook exists. Overall inbreeding
value (F) and fixation index (FIT) are moderate (F = 0.027; FIT = 0.056), effective
number of founders is small (n = 22), and the population is divided into three dis-
tinct groups (FST = 0.078; P < 0.001). The molecular heterozygosity (HM = 71.2 %)
computed in a random sample gives an accurate vision of the real inbreeding. These
parameters and the application of the concept of average relatedness allow us to rec-
ommend to the breeders the choice of the best matings to control the inbreeding level
while maintaining a low paternity error rate. &copy; Inra/Elsevier, Paris
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Résumé - Analyse génétique et gestion des petites populations : l’exemple du
poney Asturcon. Les généticiens sont confrontés à plusieurs problèmes quand ils
ont à gérer des petites populations animales, comme une consanguinité élevée et une
perte d’intérêt économique. Ici on traite l’exemple du poney Asturcon à partir de deux
sources d’information : le livre généalogique créé en 1981 et le polymorphisme de dix



marqueurs de type microsatellite. Elles fournissent plusieurs paramètres génétiques
utiles aux stratégies de conservation. Les résultats montrent l’intérêt de l’information
moléculaire. Le coefficient de consanguinité global (F) et l’index de fixation (FIT)
sont modérés (F = 0, 027 ; FIT = 0, 056). L’effectif efficace de fondateurs est petit
(n = 22) et la population est divisée en trois groupes distincts (FIT = 0, 078). Le
taux d’hétérozygotie moléculaire (Hm = 71, 2 %) donne une image plus précise du
taux réel de consanguinité. Ces paramètres associés à l’utilisation du concept de
parenté moyenne permettent de définir les accouplements pour contrôler le taux de
consanguinité et limiter les erreurs de paternité. &copy; Inra/Elsevier, Paris
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1. INTRODUCTION

Small natural populations raise several problems when faced with their con-
servation: they have lost most of their economic value, they usually show a high
inbreeding level which threatens their long term maintenance, and.the conser-
vation of the biodiversity they represent makes unsuitable the introduction of
individuals of other populations. On these grounds, genetic variation with the
goal of its maintenance is the first point to examine for conservation of a small
population.

The use of genetic information based on microsatellite variation is based
on the assumption that the level of variation detected at marker loci directly
reflects the level of variation that influences future adaptation. The addition of
the demographic history information (e.g. inbreeding, effective population size
and population subdivision) contributes to the knowledge of a population for
conservation purposes !16!.

The Asturcon is a pony breed of the Asturias region in the north of Spain.
Animals of this breed are elipometric with a black coat in different tones,
long hair and an average height of 1.22 m. This breed was brought by the
Celtic populations who colonised Asturias in the VIII century BC, and has
been used in the last centuries mainly as a military horse, and as a work
animal. Both activities have been abandoned because of their evident lack of
interest nowadays. The Asturcon pony is used today as a riding horse due to its
gentleness and to its particular amblegait (‘ambladura’, that is, both legs of the
same side are extended together at the same time) making it a very comfortable
animal to ride. After going through a major bottleneck at the beginning of this
century, the population has stabilised, although the breed is still threatened.
There are now 451 individuals, with a studbook started in 1981, and there is a
need for a breeding program to provide a better management of the population
dynamics.

In this paper, we make inferences about genetic diversity parameters using
two sources of information on the Asturcon pony breed: pedigree studbook
information and allele frequency distributions at ten microsatellite loci, and
we propose mating strategies based on a parameter called average relatedness
in an attempt to reduce the increase in inbreeding over time, with a goal of
managing the future genetic diversity of a small population.



2. MATERIALS AND METHODS

2.1. Analysis of the studbook information

The pedigree completeness level was computed taking all the ancestors
known per generation. Ancestors with no known parent were considered as
founders (generation 0) and the number of known generations was computed
as those separating the offspring of its furthest known ancestor in either path.
Malécot [14] defined the coefficient of coancestry between two animals as the
probability that a randomly chosen allele in one individual is identical by
descent to a randomly chosen allele at the same locus in the other. Average
r6latedness (AR) could be defined as twice the probability that two random
alleles, one from the animal and the other from the population in the pedigree
(including the animal), are identical by descent and can then be interpreted
as the representation of the animal in the whole pedigree regardless of the
knowledge of its own pedigree. A vector containing the AR coefficients for all
animals in a pedigree can be obtained by c’ = (1/n)1’A, where c’ is a row
vector where ci is the average of the coefficients in the row of individual i in
the numerator relationship matrix, A, of dimension n. In founder individuals,
AR can be obtained assigning to each individual a value of 1 for its belonging
to the population, 1/2 for each offspring the animal has in this population, 1/4
for each grandson and so on, and weighting by the size of the population, in
such a way that AR will indicate its genetic contribution to the population.

The effective number of founders in a pedigree is defined as the number of in-
dividuals contributing equally to generate the population, given the unbalanced
representation of the present number of founders. It was calculated as:

where nb is the number of individuals in the founder population, given that
AR in a founder individual explains the rate of population it contributes to.
When a population is made up of an unequal contribution of founder animals,
this parameter is very interesting since it could be increased if the chosen

breeding animals are those with minimum AR values, regardless of any other
parameter. Inbreeding coefficients (F) were computed for all animals [27].
As the population is divided into three subpopulations, inbreeding and AR
were also computed for each group. The effective size per generation (Ne) is
computed following Falconer and McKay [4] and is the inverse of twice the
increase in inbreeding.

All inbreeding values [27] were computed (starting from zero in generation 0),
assuming an ideal state of the population at generation 0. As this assumption
is not met, molecular heterozygosity values (H,!) obtained with microsatellite
loci at generation 0 were used, computing the heterozygosities in the later
generations based on this initial value (HP).



2.2. Animals

A total of 451 individuals (218 males and 233 females) were included in the
studbook. Blood samples were collected from individuals belonging to differ-
ent groups which compose the population: a sample of 25 individuals from
the founder population (n = 60), 50 random sampled individuals (25 males and
25 females), and, according to geographic criteria, a sample of 40 individu-
als from the Borines subpopulation (n = 82), 18 individuals from the LaVita
subpopulation (n = 60) and a sample of 60 individuals from the Icona subpop-
ulation (n = 114) were taken to complete the sampling of the entire population
which had 451 individuals included in the studbook at the time of the study in
1996.

2.3. Microsatellite amplification

DNA was extracted according to standard procedures. Ten equine mi-
crosatellites were chosen according to the ISAG (Comparison Tests, 1996):
HTG4 and HTG6 !3!, HTG8 and HTG10 !15!, VHL20 [24] and HMS2, HMS3,
HMS6, HMS7 !8!, ASB2 (GenBank Accession no. X93516) were amplified us-
ing the polymerase chain reaction !19!. PCR products were separated by elec-
trophoresis in 8 % polyacrylamide gels under denaturing conditions, followed
by silver staining according to the procedure of Bassam et al. !1!.

2.4. Analysis of microsatellite polymorphism

Microsatellite data were analysed using the BIOSYS-1 computer package [21]
and F-Statistics (Fls, FIT, FsT; Wright !28!) were computed using the FSTAT
version 1.2 computer program [7] which computes Weir and Cockerham [26]
estimators. Permutations were used to test the significance of fixation indices
over all loci and their confidence intervals were computed by bootstrapping
[25]. Heterogeneity of allelic frequencies among subpopulations was tested
using a chi-square test for each locus independently. To test the deviation of
frequencies from Hardy-Weinberg equilibrium, the usual Chi-square test was
performed using observed genotype frequencies and those expected under H-W
equilibrium. The molecular heterozygosity (H,!,l) was computed per generation
using all individuals (with blood samples available) identified in the studbook.

3. RESULTS AND DISCUSSION

The information generated from the Asturcon pony population originates
from two sources: genetic parameters from the studbook which has incomplete
pedigrees, and those derived from the use of molecular markers.

The first block of information has been analysed to compute inbreeding
values (overall and by subpopulations), number of known generations and
effective number of founders and of parents per generation (tables I and 77). The
second block of information is used to compute the proportion of heterozygotes
present in the population as well as the existence of population structuring.

Although the overall inbreeding mean value is low (F = 2.7 %; table 1) when
only animals leaving offspring and with more than one known generation



N refers to studbook sample size and n to blood sample size. Molecular heterozygosity
(HM) with standard error is computed for the n individuals in each generation. Hp is
the expected heterozygosity when values in generations 1 and 2 (these coefficients of
inbreeding were assumed to be zero) start with the molecular heterozygosity computed
with microsatellites. In parenthesis are the values resulting after parentage correcting.

are considered, this value increases (circa 10 %), and is critically high when
compared with other populations, e.g. 3 % in the Arab [18], 6 % in the
Italian Haflinger [5] or the Norwegian Standardbreed [10], 8 % in the Spanish
breed [9]. The value of inbreeding by subpopulations (F*, table ! is very
high for Icona. FIS (table III) is the average within-population inbreeding
coefficient (measuring the extent of non-random mating) and gives values not
different from 0, which means that no appreciable inbreeding is present in the
subpopulations. This result is contradictory to that found when using studbook
information: this means that molecular markers fail to detect the inbreeding
level of the subpopulations in this case. Although we corrected the parentages
computed in the studbook using molecular typing (finding nearly 10 % incorrect
paternities which result in a lowering of the inbreeding level - FICONA = 5.3 % -
table !, the rate of inbreeding still remains relatively high.

Inbreeding increases the number of homozygotes and whenever no other
factor modifies their expected frequency (all loci but HTG10 for Icona sub-
population were consistent with Hardy-Weinberg proportions), FIT is a good
indicator of the inbreeding coefficient of the global population [28]. An excess of
homozygotes of 5.6 % seems to be in agreement with the inbreeding estimation
of F.



It would be wise to point out that founders are assumed genetically un-
related, so inbreeding during the first generations is underestimated, leading
to smaller values than in a representative sample of the population. To over-
come this gap, we replaced the population heterozygosity (HP) (table IB at
generation 0 with the molecular heterozygosity (HM) obtained with molecular
marker information, expecting to take into consideration the relationship of the
founders. However, HP decreases over generations slower than H,N (table II)
which was expected as this approach does not completely avoid the problem.
In most population studies (e.g. [12, 17, 29]) sampling is based on unrelated
individuals (or is not even mentioned) but when the goal of a study is the esti-
mation of genetic parameters, random sampling should give unbiased estimates
of these parameters in a population under study. We sampled 50 individuals
on a random basis (25 from each sex) and the results (H,l,r = 71.1 :L 4.2) allow
us to infer that, in the case of the Asturcon pony population, the molecular
heterozygosity of a random sample should give an accurate vision of the real
inbreeding of a population for genetic management purposes.

Molecular marker information can also be used to analyse the distribution
of genetic variability within and between subpopulations, allowing us to check
the existence of geographical structures. The calculation of FST detects that

nearly 8 % of the total genetic variability in the Asturcon is due to population
differences (table III) possibly caused by different mating or selection strategies
within the three subpopulations. Such an inference is reasonable since rates of
gene flow (Nem: effective number of individual exchange between populations
per generation [22]) found between those populations are great enough (> 1)
to attenuate the genetic differentiation between subpopulations by genetic
drift. Pairwise FST values as well as heterogeneity of allele frequencies (data
not shown) indicate a significant level of genetic differentiation between all
subpopulations, but mostly between Icona and Borines whose members show
a strong and significant divergence of circa 10 % (table III). This suggests that
geographically separate populations are both demographically and genetically
distinct.

Whatever the source of information used, genetic variability depends on the
founder population size and a natural wastage of genetic material occurs as a



result of unequal founder contributions. Effective number of founders is small
(22) relative to the actual number of founders present in the studbook (60)
indicating the excessive use of some individuals as parents. It should be noted
that after parentage verification this number increases to 24. Subdivision exists
in this population (as FST values show above), and is a result of the mating
of animals within subpopulations producing an increase in the inbreeding
coefficients which can be lowered using a particular mating policy. For example,
restricted matings obtained by linear programing [23] minimise the average
coancestry coefficients but only in the first generation, having a negative effect
in those following. The probability of gene origin [11] or founder equivalent
[13, 20] is useful to describe a population structure after a small number of
generations in order to characterise a breeding policy or to detect recent changes
in the breeding strategy. Boichard et al. [2] have recently defined an effective
number of ancestors accounting for the potential bottlenecks that could have
occurred in the pedigree. All these concepts are based on a population under
study, which are useful basically for description purposes. The effective number
of founders in a pedigree defined in the present paper is equivalent to that of
Rochambeau et al. [20] and Lacy [13] if all the animals in a pedigree were
included in the present population. We proposed to the Breeder Association
(ACPRA) the use of AR (see tables I and 11) as a good criterion to maintain
the genetic variability by maintaining the balance of the representation of the
founder ancestors using the whole pedigree and not only the present population,
permitting us to identify and use animals with the lowest AR coefficient, while
describing the situation of the population and making use of all the potential
genetic stock. Following this concept, a less represented animal (smaller AR
value) will be preferred as parent for the next generation, resulting in a better
maintenance of genetic variability and thus lower inbreeding coefficients in the
long term. That means that all individual contributions in the population can
be balanced using this coefficient and this allows the animal breeders to make
matings in such a way as to preserve the genetic variability of the population. In
practice, after the expected progeny size of the next generation is established,
the average relatedness coefficients of all individuals are recomputed assuming
an offspring resulting from the mating of the two lower AR (stallion and mare).
This step is repeated until the progeny number is reached. The parents chosen
during this process are then mated following the minimum coancestry strategy.
Thus, the effective number of founders will grow, this increase in inbreeding will
be minimised in the short and in the long term and as a result the initial genic
diversity is conserved. Nevertheless, other reasons justify the use of average
relatedness: this coefficient can also be used to define the influence of each
founder animal in the whole population; mean subpopulation AR values show
the degree of inbreeding and coancestry in each subpopulation when considered
as a component of the whole population and if relatively high AR values are
found, the introduction of new individuals is then indicated, although most
matings occur within the subpopulation. ACPRA is at the moment using a
program where every individual contribution can be controlled (Gutiérrez, pers.
comm.) and mating recommendations are made to the breeders.

This study contributes as a first approach to the practical understanding
of the genetic management of a small semi-feral population. The use of the
incomplete herdbook data is optimised with the calculation of the AR value of



each individual for mating purposes. The information provided by the molecular
markers also has other advantages. DNA microsatellites are efficiently used to
determine incorrect paternity attribution which can be very high (e.g. 4-23 %
of misidentification in German milk cattle, Gelderman et al. (6!; 9.6 % in this
study).

In the special case of the Asturcon pony, all individuals born in the last 3
years are checked by genotyping giving the possibility of obtaining population
information but also to contrast the parentages involved, changing the com-
puted values (see tables I and II, values in parenthesis). Moreover, molecular
marker information gives us a good idea of a population structure enabling
the breeders association to better understand and manage the relationships
between subpopulations. As a third advantage, we have seen above that the
level of heterozygotes measured in the population as a whole (FIT) can eventu-
ally allow us to compute the population inbreeding, which means that in those
populations where pedigree information is not available, the use of molecular
information based on an adequate sampling procedure should lead to the same
conclusions.
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