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Introduction

Summary

The Catalonian donkey is one of the most endangered donkey breeds in
the world. At present, five main subpopulations exist: AFRAC, which
consists of many genetically connected Catalonian localities; Berga,
which consists of a single herd located also in Catalunya but under pri-
vate management; and three minor non-Catalonian subpopulations
(Huesca, Sevilla and Toledo). In this study, we analysed the pedigree
information of the Catalonian donkey herdbook to assess the genetic
diversity and population structure of the breed. We found that the Cata-
lonian donkey has suffered an important loss of genetic diversity and
moderate to high increases of inbreeding because of the abuse of a few
individuals in matings. This scenario is mainly characterized by the fact
that both the effective number of founders and ancestors for the whole
population was 70.6 and 27, respectively, while the equivalent number
of founders was 146.5 and the number of ancestors explaining overall
genetic variability was 93. In addition, only 14% of animals born
between the 1960s and 1970s were significantly represented in the pedi-
gree. Our results also show that subpopulations where breeders
exchanged reproductive individuals had low levels of inbreeding and
average relatedness. One subpopulation, Berga, was reproductively iso-
lated and showed high levels of inbreeding (F = 7.22%), with average
relatedness (AR = 6.61%) playing an important role in increasing the
values of these coefficients in the whole pedigree. Using genealogical
F-statistics we have found little evidence of population structuring
(Fst = 0.0083) with major genetic differences among non-Catalonian
subpopulations.

2004; Beja-Pereira et al. 2004). The Catalonian don-
key breed was close to extinction at the end of the

The Catalonian donkey is an extremely endangered
breed present mainly in the Pyrenean and pre-
Pyrenean areas of Catalonia (north-eastern Spain)
that probably descended from the ancestral lineage
belonging to the Somalian donkey (Equus asinus som-
aliensis) (Epstein 1984; Aranguren-Méndez et al.
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Spanish Civil War (1936-1939). Although the popu-
lation recovered between the 1940s and 1950s, it
decreased alarmingly again, because of an economic
crisis that affected the equine sector, and rural
mechanization and depopulation. In 1978, the ‘Asso-
ciaci6 del Foment de la Raca Asinina Catalana
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(AFRAC)" was founded and the Catalonian donkey
herdbook was reopened.

Assessment and conservation of genetic variability
in minor livestock breeds, such as the donkey, is a
growing worldwide concern because of the high risk
of breed loss (Aranguren-Méndez et al. 2001). At the
end of 1994, the Catalonian donkey breed Conserva-
tion Program was started with two priorities: (1)
maintaining maximum genetic diversity, with (2)
the minimum possible consanguinity increase per
generation (Jordana & Folch 1998). However, in
such a small population, matings cannot be planned
using only unrelated animals, leading to an increase
of overall inbreeding, the reduction of the effective
population size and, consequently, the loss of genetic
variability (Falconer & MacKay 1996). Hence at a
demographic level, the implementation of a mating
policy ensuring the equal contribution of the maxi-
mum number of animals from both sexes to the next
generation, the minimization of inbred matings, and
the maximization of the genetic representation of
the founder individuals in the next generation was
proposed (Folch & Jordana 1998).

Molecular studies allow us to conclude that the
inbreeding of the Catalonian donkey breed is not neg-
ligible and is probably increasing. At the beginning of
the Conservation Program, Jordana efal. (1999),
using microsatellites and protein markers, obtained
non-significantly different from zero-average Fig val-
ues, but Jordana et al. (2001), with a higher sample of
individuals genotyped for 10 microsatellites, found an
average Fis value of 0.154. More recently, Arangu-
ren-Méndez et al. (2002) with 15 microsatellites
obtained an average Fir value (as an estimation of the
total inbreeding of the breed) of 0.232.

Recent studies (Caballero & Toro 2000, 2002),
have formalized useful tools to assess, using genealo-
gical information, the genetic structure of a popula-
tion arising from local bottlenecks or a deficient
mating policy. The aim of this study was to analyse
the genetic variability of the Catalonian donkey
breed in terms of inbreeding and genetic representa-
tion and to ascertain the possible presence of genetic
structuring in the breed. A number of genealogical
parameters that were not computed before in the
breed have been obtained. This analysis will test the
reliability of current mating strategies to conserve
the genetic variability of the breed.

Material and methods
We analysed the pedigree information registered in

the Catalonian donkey herdbook from its foundation
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in the late 1970s to 31 December 2002. A total of
510 (300 females) animals were registered, of which
336 individuals (250 females) were alive. According
to the geographical location, up to five subpopula-
tions can be distinguished in the Catalonian donkey
breed: AFRAC, Berga, Huesca, Sevilla and Toledo,
including 229, 193, 26, 46 and 16 registered individ-
uals respectively. The subpopulations are basically
formed by small herds grouped according to their
geographical proximity. The latter three subpopula-
tions are located outside Catalonia. The AFRAC sub-
population forms most of the herds in Catalonia.
Despite its location in Catalonia, the Berga subpopu-
lation consists of a single herd under private man-
agement, thus leading it to be characterized as a
different subpopulation.

The pedigree completeness level was characterized
by computing:
1 Generation lengths. This is the average age of par-
ents at the birth of the offspring used to replace
them. We computed this for the four pathways
(father-son, father—-daughter, mother-son and
mother—-daughter) using birth dates of registered
animals together with those of their fathers and
mothers.
2 Number of fully traced generations (g). This is compu-
ted as the value separating the offspring of the far-
thest generation where the 27 ancestors of the
individual are known. Ancestors with no known
parent were considered as founders (generation 0).
3 Number of equivalent generations (g.). This is compu-
ted as the sum of (1/2)" where n is the number of
generations separating the individual from each
known ancestor.

To characterize the genetic variability of the popu-
lation, we analysed the following parameters:
1 Effective number of founders (f.) (James 1972; Lacy
1989). This is defined as the number of equally con-
tributing founders that would be expected to pro-
duce the same genetic diversity as in the population
under study. It is computed as:

1

=

J Z{:l ’Ji
where f is the number of founders and g, is the
probability of gene origin of the k ancestor, that is
the fraction of population originated from the k
ancestor.
2 Effective number of ancestors (f;). This is the mini-
mum number of ancestors, not necessarily founders,
explaining the complete genetic diversity of a popu-
lation (Boichard ef al. 1997). Parameter f, does not
fully account for gene loss by drift from the
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ancestors to a reference population but complements
the information offered by the effective number of
founders accounting for the losses of genetic variab-
ility produced by the unbalanced use of reproductive
individuals producing bottlenecks. To compute f,,
one must consider only the marginal contribution of
an ancestor, which is the contribution made by an
ancestor that is not explained by other ancestors
chosen before. We computed this by following the
algorithm described by Boichard et al. (1997).

3 Individual inbreeding coefficient (F). It is defined as
the probability that an individual has two identical
genes, by descent (Wright 1931).

4 Effective population size (N.). It is defined as the
number of breeding animals that would lead to the
actual increase in inbreeding if they contributed
equally to the next generation. N, was computed as
N. = 1/2AF (Wright 1931) for the pedigree com-
pleteness level and for each fully traced generation
level. The increase of inbreeding (AF) was calculated
by means of the classical formula (Wright 1931):

F —F,

AF = ——
1—-F

where F, and F,_; are the average inbreeding and
heterozygosity at the ith generation. However, this
usually fits poorly to real populations giving an over-
estimate of the actual effective population size (Goy-
ache et al. 2003). In consequence, the increase in
inbreeding between two generations (F,, — F,_;) was
assumed to be the regression coefficient (b) of the
individual inbreeding coefficient over the number of
fully traced generations and the number of equival-
ent generations.

5 Average relatedness coefficient (AR) of each individual
(Goyache et al. 2003; Gutiérrez et al. 2003). This is
computed as the average of the coefficients in the
row corresponding to the individual in the numer-
ator relationship matrix A. Thus, the AR coefficient
accounts simultaneously for the co-ancestry and
inbreeding coefficients. The AR coefficients can then
be interpreted as the representation of the animal in
the whole pedigree. Obviously, the addition of the
AR scores across founder animals is equal to 1
(100% of the population).

The reference population used to compute the
parameters above is the whole known pedigree
(given its small size) including founders. However,
to compute parameter f,, we used, as a reference
population, only the non-founder animals.

Population structure was assessed from genealogi-
cal information by means of F-statistics (Wright
1978) for each fully traced generation and each

380

J. P. Gutiérrez et al.

defined subpopulation. Wright's F-statistics have
been computed following Caballero & Toro (2000,
2002). These authors have formalized the pedigree
tools necessary for the analysis of genetic differentia-
tion in subdivided populations starting with the
average pairwise co-ancestry coefficient (f;) between
individuals of two subpopulations, 7 and j, of a given
metapopulation including all N; X N; pairs. For a
given subpopulation 7, the average co-ancestry, the
average self-co-ancestry of the N; individuals and the
average coefficient of inbreeding would be f;, s; and
F; = 2s; — 1 respectively. From these parameters and
the corresponding mean values for the entire meta-
population Caballero & Toro (2000, 2002) obtained
the Wright’s (1978) F-statistics as

Fs=—=, Fgor=—== =,

—-f 1-f 1-f

osh)
~
oshl
|
|

and Fir =

—
—
[
~

where f and F are the mean co-ancestry and the
inbreeding coefficient for the entire metapopulation,
respectively, and, f the average co-ancestry for the
subpopulation so that (1 — Fip) = (1 — Fis)(1 — Fsr).
Moreover, a generic distance between individuals 7
and j, here called kinship distance (D), correspond-
ing to the same subpopulation would be D; =
L(s; + sj)/ZJ — f;j- Within breeds, Dy were simply com-
puted averaging the corresponding values for all
the within- or between-subpopulation pairs of
individuals.

Most parameters have been computed using the
program ENDOG 3.0 (Gutiérrez & Goyache 2005). A
phylogenetic tree using Fsr distances was drawn
using MEGA 2.1 program (Kumar ef al. 2001). When
needed, statistical analysis was carried out using the
SAS program (SAS/STAT 1999).

Results

At population level, the number of registered indi-
viduals with unknown parents was 128 (41 males
and 87 females). Up to 37 additional registered indi-
viduals had one parent unknown and were included
in the baseline population. Thus, weighting the
unknown parent as half a founder, the equivalent
number of founders (fi) would increase to 146.5.
The number of ancestors (founders or not) necessary
to explain the genetic variability of the breed was
93. In fact, only 11 and 24 ancestors were necessary
to explain 50 and 70% of the present genetic variab-
ility in the Catalonian donkey respectively. The
effective number of founders (f. = 70.6) was half of
the equivalent number of founders whereas the
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effective number of ancestors (f, = 27) was between
a third and a quarter of the number of ancestors
explaining overall genetic variability. Average F and
AR for the whole population were 3.36 and 3.76%
respectively. Average number of fully traced genera-
tions and average generation equivalents were 1.23
and 1.96 respectively.

Most of the parameters above referred to the
different subpopulations defined in the Catalonian
donkey breed are given in Table 1. Within subpopu-
lation, mean inbreeding coefficients for living ani-
mals were 11.04% for Berga, 3.1% for Sevilla, 2.1%
for Toledo, 1.1% for AFRAC and 0.5% for Huesca.
The AFRAC and Berga subpopulations are the most
important. They summed up more than 80% of the
individuals, equivalent number of founders and
ancestors of the herdbook. The founders from the
AFRAC subpopulation contributed to the genetic
pool of the Catalonian donkey in 53.43%. However,
when all the individuals were considered (regardless
whether they were founders or not), the Berga sub-
population made the major genetic contribution to
the gene stock (51.44%). The influence of the
Toledo subpopulation on the breed was negligible
both in absolute and relative terms. The Berga sub-
population had the highest inbreeding and AR val-
ues (7.22 and 6.61% respectively). This is consistent
with the deeper pedigree knowledge found for this
subpopulation (2.78 equivalent generations). Aver-
age inbreeding was below 1% for the AFRAC and

Inbreeding and population structure in the Catalonian donkey

Huesca subpopulations and between 2 and 3% for
the Sevilla and Toledo subpopulations. Sevilla
showed moderate levels of genetic representation
whereas AR values were lower in AFRAC, Huesca
and Toledo subpopulations. The Berga and (to a les-
ser extent) Sevilla and AFRAC subpopulations had
positive Frg values showing that within these
subpopulations the average F exceeded the between-
individual co-ancestry. However, the same param-
eter for the Huesca subpopulation showed the
opposite pattern (Fig = —4.46 x 107%). This situation
is also reflected by the within-subpopulation Dy. This
parameter was the highest and of similar magnitude
for the AFRAC and Berga subpopulations showing
that the within-subpopulation self-co-ancestry
exceeded the genetic similarity between individuals.
The pedigree completeness level is described in
Table 2. Inbreeding and AR values were higher in
males than in females and in alive than in dead ani-
mals (Table 2). Figure 1(a) shows that total F
increased quickly from the second half of the 1980s
to be between 4 and 7% in individuals born since
1995. Average of AR values were more stable, reach-
ing values between 4 and 5% from 1985. In any
case, average F has tended to be higher than the cor-
responding AR values since the second half of the
1990s. The Berga subpopulation showed the highest
increases and values of F and AR whereas the same
coefficients remained at very low values or constant
in AFRAC (Figure 1b,c). Toledo and Sevilla showed

Table 1 Main genealogical parameters

computed for the whole population and for Population

Whole  AFRAC Berga  Huesca Sevilla Toledo

each of the subpopulations included in the
Catalonian donkey breed herdbook

Total number of animals
Animals with unknown parents 128 75 33 8 7 5

510 229 193 26 46 16

Equivalent number of founder animals 146.5 85.5 39.5 8 8 55
Genetic contribution of the founders (%) 100 53.43 34.45 4.45 6.01 1.66
Number of ancestors 93 48 28 7 6 4
Variability explained by the ancestors (%) 100 36.52 51.44 6.91 4.26 0.87
F (%) 3.36 0.73 7.22 0.48 2.17 2.81
AR (%) 3.76 1.98 6.61 1.39 2.78 1.66
Fully traced generations 1.23 0.83 1.83 0.81 1.15 0.81
Equivalent generations 1.96 1.39 2.78 1.20 2.02 1.39
Fis (x100) 2.89 0.37 359 -4.46 132  -0.67
Within Dy 0.514 0.513 0.510 0.457 0492 0470
Table 2 Average values of inbreeding (F),
average relatedness (AR), number of fully Whole pedigree  Inbred Males Females  Alive Dead
traced generations, number of equivalent n 510 137 210 300 336 174
generations (Eq) and equivalent to discrete F %) 336 1254 4.05 288 471 0.59
generations (T) for the Catalonian donkey AR (%) 376 839 4.45 397 4.61 214
pedigree completeness level and for the Fully traced generations 1.23 2.61 1.39 1.12 1.58 0.58
inbred animals Generations equivalent 1.96 393 222 177 250 093
J. Anim. Breed. Genet. 122 (2005) 378-386 © 2005 Blackwell Verlag, Berlin 381
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moderate increases of F — reaching 8% at the begin-
ning of the 1990s and 6% at 2002 — in non-Catalo-
nian subpopulations (Figure 1b). AR coefficients of
non-Catalonian subpopulations did not reach 4%
and showed little increases or decreased since the
mid-1980s (Figure 1c¢). Effective population size
computed from the average F-value for the whole
population was 14.9. The N, obtained from the
regression coefficient of the individual inbreeding
coefficient over the number of fully traced genera-
tions and the number of equivalent generations
were 12.5 and 17.7 respectively.

Realized F-value increased quickly with pedigree
knowledge (Table 3). Average F-value for individuals

382

and average relatedness (AR) coefficients by
year of birth of animals for total population
(a) and for each subpopulation alone (b, c).

with more than three generations in their geneal-
ogies reached 20.7%. A similar pattern was observed
for AR, but it was opposite for N.. Genealogical Fig
values computed by generation are basically 0 till
generation 2. After this generation, Fis values tended
to show a clear co-ancestry excess with values of
-5.35x 107 and -12.26 x 1072 for animals with
three and more than three fully traced generations
respectively. Table 3 shows differentiation between
generations assessed between pairwise Fsr values
ranging from 0.05% (between the founder genera-
tion and the first generation) to 3.05% (between the
founder generation and the last generation). Genera-
tion 1 is highly differentiated from the subsequent

J. Anim. Breed. Genet. 122 (2005) 378-386 © 2005 Blackwell Verlag, Berlin
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Table 3 Variables characterizing genetic variability in the Catalonian donkey by number of fully traced generations

Paired Fst (x100) distances by

Individuals generation
N Inbred percentage F (%) AR (%) Ne Fis (x100) 0 1 2 3
0 165 0 0.00 0.97 -0.09
1 160 9 0.90 2.47 55.7 -0.31 0.05
2 105 52 4.80 5.30 12.8 1.00 0.65 1.33
3 66 61 11.51 9.63 7.4 -5.35 0.2 1.94 0.64
>3 15 100 20.70 11.71 5.4 -12.26 3.05 1.94 0 0

Parameters showed are: number of individuals, percent of inbred individuals, average inbreeding, average relatedness (AR), effective size and Fs.
Additionally, paired Fsy distances between generations computed from genealogical data are shown.

Table 4 Between subpopulations paired Fst values (x 100) computed
from the genealogical information contained in the Catalonian donkey
herdbook

Subpopulation Berga Huesca Sevilla Toledo
AFRAC 0.30 0.44 0.36 0.30
Berga 0.53 0.52 0.41
Huesca 1.46 2.23
Sevilla 1.46
Toledo
AFRAC Toledo
Berga
Sevilla
0.1
Huesca

Figure 2 UPGMA tree of Catalonian donkey subpopulations based on
Fsr distances.

generations (values from 1.33 to 1.94%) while gen-
erations 2 and 3 are virtually undifferentiated.
F-statistics, Fis, Fir and Fsr, computed from pedi-
gree information had the following values: 2.89,
3.70 and 0.83% respectively. The between-subpopu-
lation values of Fgt are given in Table 4. The AFRAC
and the Berga subpopulations had the lowest differ-
entiation (0.30%) and showed Fg values with other
subpopulations below the Fsr computed for the
whole breed. The higher values of differentiation
were found between the subpopulations outside

J. Anim. Breed. Genet. 122 (2005) 378-386 © 2005 Blackwell Verlag, Berlin

Catalonia, showing a limited gene flow between
them. Figure 2 shows the phylogenetic relationships
of Catalonian donkey subpopulations based on Fgr
distances and the UPGMA method.

Discussion

The Catalonian donkey may have suffered an
important loss of founder genetic diversity, as sug-
gested by the low value of the effective number of
founders obtained (f. = 70.6) compared with the
number of founder animals registered in the herd-
book (fi = 128 and f,. = 146.5). From the informa-
tion available in 1996, Folch & Jordana (1998)
reported an f./f; ratio equal to 0.60 that means that
for every founder contributing effectively to the
population genetic pool there was another for which
the information was lost. In the present study, we
obtained slightly lower wvalues (f./fi =0.55 and
felfie = 0.48). This result was probably influenced by
the registration of 43 additional founders in the
herdbook since 1996. Animals with more than three
fully traced generations show remarkable genetic dif-
ferences regarding founders (Table 3). These results
make it clear that many founder genotypes would
be barely represented or erased from the population.
However, when we compare the two greater sub-
populations (Berga and AFRAC) we found that this
picture is more complex. The AFRAC subpopulation
contains the greatest number of founders and their
genotypes represent a half of the Catalonian donkey
founder genetic diversity (Table 1). On the contrary,
founders from the Berga subpopulation represent
only 30% of the founder genetic diversity of the
breed. Nevertheless, in the case of the Catalonian
donkey, some founders probably did not retain
ancestral genotypes because, although they had no
known parents, they were born after the 1980s. So,
it is possible that the genetic diversity of founders
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would be not exactly equivalent to the ancestral
genetic diversity of the breed.

A better estimate of the losses of Catalonian don-
key ancestral genetic diversity could be obtained
from the genetic representation of ancestors born
between the 1960s and 1970s. Eighty-eight regis-
tered animals were born between these two decades
(most of them are dead) and only 12 of them
appeared within the 24 ancestors that explained
70% of total genetic diversity of Catalonian donkey.
Thus, only genotypes from 14% of animals born
between the 1960s and 1970s were significantly rep-
resented in the pedigree explaining 38% of total
genetic diversity of the breed. Nineteen animals from
AFRAC were born between the 1960s and 1970s
explaining 32% genetic diversity of their correspond-
ing subpopulation. In the case of Berga, only eight
individuals explained 63% of the subpopulation’s
genetic diversity. However, this high percentage is
due to the genetic contribution of basically three
animals. All these results agree with the hypothesis
that ancestral genetic diversity is scarcely represen-
ted (less than a quarter of total genetic diversity) in
the Catalonian donkey pedigree. On the contrary,
the over-representation of only three old animals in
Berga subpopulation has probably had a great effect
in the loss of most of this ancestral genetic diversity
of the breed.

Average inbreeding reported in the present study
(F = 3.36% for total pedigree and F = 4.71% for liv-
ing population) is lower than that previously repor-
ted (F = 6%) by Folch & Jordana (1998). However,
this result may be doubtful. Figure 1(a) shows that
total inbreeding accumulated quickly since 1986,
although its value has experienced some fluctuations
over time with moderate falls in 1987 and 1990 and
peaks in 1991, 1997 and 1999. The negative value of
Fis suggests that mean co-ancestry exceeds mean F
in the youngest generations (Table 3) and this allows
us to predict a future increase of inbreeding when
these individuals mate. The AR has exceeded 1%
since the 1970s. These results prove the abusive rep-
resentation of some individuals in the whole pedi-
gree that can be highly detrimental to maintaining
the genetic diversity of the breed. This is also sup-
ported by the low value of the effective number of
ancestors (f, = 27) and that only 11 ancestors
explained 50% of total genetic variability of the
breed. The moderate genetic representation of inbred
animals (Table 2) may also be a sign of the genetic
diversity loss of the Catalonian donkey breed. Never-
theless, the picture obtained is different depending
on the management strategies in Catalonian donkey
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major subpopulations, AFRAC and Berga. Our
results fit the management policies of these two
major subpopulations. The objective of AFRAC is to
preserve the genetic diversity of the breed, whereas
the priority at Berga is to obtain a highly selected
and morphologically homogeneous herd including
closely related animals. The AFRAC subpopulation
exchanges breeding animals among the different
localities included in the association giving, in this
case, the lowest values of F and AR of the breed
(Table 1). On the contrary, the Berga subpopulation
is a genetically closed herd that has only been a
donor of studs, but it has not incorporated any from
other subpopulations. As a result, this subpopulation
reports the highest values of these coefficients.
Twenty-three ancestors explained 50% of genetic
diversity from AFRAC and only four in Berga. In
addition, inbreeding values have been low over time
in AFRAC whereas they have increased sharply in
Berga since the early 1990s (Figure 1b). AR coeffi-
cient acts as a good indicator of the evolution of the
future inbreeding in a population (Goyache et al.
2003). AR has remained quite constant over time in
the AFRAC subpopulation whereas it has increased
sharply in Berga since the 1970s (Figure 1c). This
suggests that inbreeding may continue to increase
dangerously if the breeding strategy of Berga does
not change in the future. Some problems linked to
inbreeding may also appear. For instance, animals
from this subpopulation begin to show lower repro-
ductive efficiency (J. Mird, personal communica-
tion).

This study proves the important role that the
closed management of the Berga subpopulation has
in the increase of inbreeding and the drop of genetic
diversity in the Catalonian donkey breed; whereas,
nowadays, most matings within AFRAC are among
unrelated animals as suggested by the fact that aver-
age AR was between two and three times the aver-
age F-value (Table 1). Each non-Catalonian
subpopulation represents a minor fraction of the
total number of individuals of the breed. Sevilla
showed a moderate increase of inbreeding in animals
born at 2002 (Figure 1b). Moreover, the similar
values of F and AR obtained for Sevilla, as is the
case of Berga, suggest that there are matings among
related animals within this subpopulation. On the
contrary, in the Huesca subpopulation, unrelated
matings would be more frequent. However, these
minor subpopulations are vulnerable to high incre-
ments of inbreeding because of their extremely low
population sizes (Table 1) if breeders do not period-
ically introduce individuals from other subpopula-
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tions. Following matings of most genetically repre-
sented individuals in the herdbook and their
descendants, we have identified four major inde-
pendent lines highly represented in the current liv-
ing population which may be described by the
following males: Campanero, Travé, Hormigon, and
Halley.

Inbreeding and AR coefficients increased with
pedigree knowledge whereas effective population
size (N.) decreased over time (Table 3). Te Braake
et al. (1994) warned that accurate estimates of N.
cannot be obtained from short-length pedigrees, as
in the Catalonian donkey in which no individual
has more than five fully traced generations. How-
ever, we have obtained similar estimates of N, from
average inbreeding and from regression coefficients
of individual indreeding coefficients over the num-
ber of generations.

Weak population structuring in the Catalonian
donkey and other Spanish donkey breeds was previ-
ously reported using microsatellite genetic markers
(Aranguren-Méndez et al. 2002). We have also found
weak evidence of population structuring (Fsr =
0.0083) which suggests that there is a little genetic
isolation among subpopulations. However, most of
the paired Fgr values showed in the Table 4 point out
the existence of non-negligible between-subpopula-
tion differentiation (see Table 4). In consequence,
population structuring can be higher than that
assessed here and the Fsr value for the whole popu-
lation can be affected by the shallowness of the Cata-
lonian donkey pedigree. Available information on
population differentiation using genealogical infor-
mation is scarce. Recently, Valera ef al. (2005) have
reported a lack of differentiation between Cathusian
and non-Carthusian Andalusian horses (Fsy =
0.000026) using a pedigree with 14 generations
traced per individiual, as average. Possible explana-
tions for the low value of whole-population Fgsr
obtained in our work may be, besides the shallow-
ness of the available pedigree, the small sample size
of the non-Catalonian subpopulations and that most
individuals included within them were founders or
were closely related to Catalonian animals. According
to between-subpopulation Fsr genetic distances,
AFRAC and Berga were the most closely related sub-
populations (Table 4 and Figure 2). This may be due
to the geographic proximity of these two subpopula-
tions and the use of studs from Berga to mate AFRAC
jennies. Slightly greater genetic distances were
obtained among non-Catalonian subpopulations poss-
ibly because of geographic distance and that there is
no genetic exchange among these subpopulations.
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Figure 2 shows that genetic differentiation among
Catalonian and non-Catalonian subpopulations was
less or more important depending on the case. For
instance, Toledo was closely related to the Catalonian
subpopulations probably because of the fact that
most of the parents of animals from Toledo are from
Catalonian subpopulations. On the contrary, Huesca
was the most genetically differentiated non-
Catalonian subpopulation. Within Huesca, most indi-
viduals have parents from their own subpopulation.
Thus, the Huesca subpopulation would be the most
genetically isolated subpopulation of the breed.

In this study, we show that the use of pedigree
information is relevant for the management of Cata-
lonian donkey subpopulations. This is of major
importance because, as reported by Dunner et al.
(1998), values obtained from pedigree data may be
consistent with estimates obtained from molecular
data indicating the robustness of pedigree analyses
and the compatibility between these two sources of
information. The shallowness of our pedigree directs
us to consider the present results carefully. However,
we are confident on that the analysis of pedigree
information can highlight possible losses of genetic
diversity (mainly because of genetic drift) in early
stages of a conservation programme with limited
costs. According to our results, we suggest that a
breeding strategy to minimize the loss of genetic
variability in the Catalonian donkey breed in the
future should be based on the following points:

e Ensure the equal contribution of the maximum
number of animals possible, mainly those that are
less represented in the pedigree — showing the low-
est values of AR - leaving offspring to the next gen-
eration. The use of some programs, such as the
GENCONT software (Meuwissen 2002), that have
implemented the optimum genetic contribution the-
ory (Woolliams & Thompson 1994) may be a way to
achieving the operational objectives defined here.

® Minimize the co-ancestry among mated animals.

e The maximum number of living founders — or bet-
ter, living animals born between the 1960s and
1970s or their direct offspring — should be represen-
ted in the next generation.

® Berga should import studs from remaining subpop-
ulations, which should be as unrelated as possible to
its jennies.
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