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ABSTRACT
The value of molecular markers and pedigree records, separately or in combination, to assist in the

management of conserved populations has been tested. The general strategy for managing the population
was to optimize contributions of parents to the next generation for minimizing the global weighted
coancestry. Strategies differed in the type of information used to compute global coancestries, the number
and type of evaluated individuals, and the system of mating. Genealogical information proved to be very
useful (at least for 10 generations of management) to arrange individuals’ contributions via the minimiza-
tion of global coancestry. In fact, the level of expected heterozygosity after 10 generations yielded by this
strategy was 88–100% of the maximum possible improvement obtained if the genotype for all loci was
known. Marker information was of very limited value if used alone. The amount and degree of polymor-
phism of markers to be used to compute molecular coancestry had to be high to mimic the performance
of the strategy relying on pedigree, especially in the short term (for example, �10 markers per chromosome
with 10 alleles each were needed if only the parents’ genotype was available). When both sources of
information are combined to calculate the coancestry conditional on markers, clear increases in effective
population size (Ne) were found, but observed diversity levels (either gene or allelic diversity) in the early
generations were quite similar to the ones obtained with pedigree alone. The advantage of including
molecular information is greater when information is available on a greater number of individuals (offspring
and parents vs. parents only). However, for realistic situations (i.e., large genomes) the benefits of using
information on offspring are small. The same conclusions were reached when comparing the use of the
different types of information (genealogical or/and molecular) to perform minimum coancestry matings.

THE maintenance of high levels of genetic variability sure of variability is allelic diversity (AD), or allelic rich-
ness (i.e., the number of different alleles at a particularand low levels of inbreeding is a major objective in
locus, or the average over loci, present in the popula-conservation programs. Genetic variation is a prerequi-
tion). High levels of AD are essential for the long-termsite for populations to be able to face future environ-
evolutionary potential of populations because the limitmental changes and to ensure long-term response to
of selection response is determined by the initial num-selection, either natural or artificial, for traits of eco-
ber of alleles (assuming that mutation is negligible),nomic or cultural interest (Frankham et al. 2003). Also,
regardless of the allelic frequencies (James 1971; Hillinbreeding levels should be kept as low as possible to
and Rasbash 1986).avoid deleterious effects on fitness-related traits, which

Loss of alleles in small populations, as in those undercould compromise the viability of the populations.
conservation programs, is mainly driven by genetic drift.The classical criterion used to quantify genetic vari-
Moreover, the increase of inbreeding under randomability has been the expected heterozygosity (Nei 1973),
mating is also a function of population size. Inbreedingusually called gene diversity (GD). GD represents the
refers to the probability of identity by descent (IBD) inexpected proportion of heterozygotes if the population
a locus. In simulation studies, like the present one, thiswere in Hardy-Weinberg equilibrium and is directly re-
probability can be calculated by counting if we assignlated to the amount of additive genetic variance for
different alleles to all individuals in the base population.quantitative traits (Falconer and Mackay 1996). From

The magnitude of the effect of genetic drift underan evolutionary perspective, another important mea-
different management strategies is really dependent on
the effective population size (Ne ; Falconer and Mac-
kay 1996), instead of on the census size. Usually, Ne is

1Corresponding author: Departamento de Mejora Genética Animal, calculated through the increase of inbreeding in the
Instituto Nacional de Investigación y Tecnologı́a Agraria y Ali-

population as Ne � 1/2�F, where �F is the rate of in-mentaria, Crta. A Coruña Km. 7,5, 28040 Madrid, Spain.
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information, �F soon reaches an asymptotic value (Fal- ignored the consequences of each strategy on the levels
coner and Mackay 1996; Wang 1997). Therefore, the of GD and inbreeding at shorter time horizons, which
effective population size (Ne) has been often used as a are determinants of the adaptation ability of the popula-
measure of the long-term performance of the popula- tion and of the inbreeding depression in fitness-related
tion regarding both diversity and inbreeding. However, traits.
when decisions are made only on the basis of marker Nonrandom mating systems have proven to be effi-
information, Ne loses usefulness as it does not reach a cient for increasing Ne (Caballero et al. 1996) and
constant value, but increases as generations go by (Toro therefore for maintaining genetic variability and con-
et al. 1999). This effect is not observed when both trolling inbreeding levels. In particular, minimum
sources of information (pedigree and molecular mark- coancestry matings, which minimize the average pair-
ers) are used. wise coancestry between couples (Toro et al. 1988),

There is a consensus on the optimal way to manage have proven to be, in some cases, effective in reducing
GD when the pedigree of the population is available F-levels when only pedigree information is used in arti-
(Ballou and Lacy 1995; Caballero and Toro 2000; ficial selection (Sonesson and Meuwissen 2000, 2002)
Fernández et al. 2003). In this scenario, the best strategy and conservation programs (Fernández and Cabal-
is to optimize contributions of parents (i.e., number of lero 2001; Sonesson and Meuwissen 2001). However,
offspring that each individual leaves to the next genera- nonrandom mating systems have not been evaluated
tion) by minimizing the global coancestry weighted by when molecular information is used to compute coan-
those contributions. Furthermore, under random mat- cestries.
ing, this strategy also implies the maximization of effec- The objective of this study was to evaluate the effi-
tive population size (Ne) (Caballero and Toro 2000, ciency of the use of molecular markers and pedigree
2002). In a parallel way, when only molecular marker information (separately or in combination) on the
(rather than genealogical) information is available, the maintenance of genetic diversity and the control of in-
optimal strategy for maintaining GD is to minimize the breeding in conserved populations. Both sources of in-
global molecular coancestry, as defined below (Toro formation were considered for optimizing contributions
et al. 1999). When both genealogical and molecular of parents and for optimizing matings between selected
information is available, it can be combined to calculate parents.
the coancestry conditional on markers (Toro et al. 1999;
Wang 2001). In this way, markers can help to ascertain
the global “realized” coancestry from the “expected”

METHODScoancestry provided by the pedigree.
In ex situ conservation programs, space resources are Population and genetic models

limited. One possible procedure is to generate only the
Populations of constant census size N � 18 (Nm � 9individuals that are going to be kept. Consequently,

males and Nf � 9 females) or N � 27 (Nm � 9 anddecisions on contributions have to be made on the basis
Nf � 18) were modeled through stochastic computerof parents’ information. Another possibility is to gener-
simulations.ate a large number of offspring that will exceed the

The genome of individuals consisted of 1 or 20 chro-maximum number that can be kept, and some of them
mosomes. Chromosome length was 1 M. Each chromo-have to be discarded. Notwithstanding, molecular infor-
some carried 100 evenly spaced loci that were used tomation on the surplus offspring could be used together
evaluate genetic diversity parameters. A random num-with parental information to help in breeding decisions.
ber of crossovers (Poisson distributed with mean one)This is more likely to be done with highly prolific spe-
were assumed in randomly chosen places without inter-cies. Under the last scenario, Toro et al. (1999) and
ference when obtaining gametes.Wang (2001) shown that the use of coancestry condi-

All individuals in the base population were assumed totional on markers to decide the selected offspring to
be unrelated and not inbred. Therefore, all base popula-be kept as breeders could yield effective population sizes
tion individuals carried two different alleles at each locus�40% larger than those obtained using only pedigree
and GD and AD were at their maximum values (1 � 1/coancestry (Wang 2001). Both studies consider that all
2N and 2N, respectively). In most scenarios manage-parents contributing to the next generation had the
ment strategies started in the base population. However,same number of offspring. However, differential contri-
in some simulations, five unmanaged generations (withbutions of parents have proven to be very efficient for
random contributions and matings) were performedmanaging the rate of inbreeding (Fernández and Toro
prior to the application of any management strategy.1999; Villanueva et al. 2004). Also, the studies of Toro
These simulations aimed to evaluate the effect of differ-et al. (1999) and Wang (2001) focused on the compari-
ent amounts of diversity present in the population whenson between different management strategies for Ne

the conservation program starts on the relative perfor-and, therefore, they referred to a time horizon where
those parameters had reached asymptotic values. They mance of the strategies investigated. They also represent
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more realistic scenarios as, in practice, relationships
differ between individuals.

In addition to the 100 multiallelic loci, 1–100 evenly
distributed markers were simulated per chromosome.
Each marker position coincided with the position of
one of the multiallelic loci. The number of alleles per
marker ranged from 2 (modeling the typing of low
polymorphic markers such as SNPs) to 10 (e.g., micro-
satellites). In generation zero (where the population
starts to be managed), marker alleles were assigned at
random with the same probability.

Management strategies

As a reference for comparison, unmanaged popula-
tions (random contributions and random mating; R)
were simulated for each value of N.

For the rest of the cases, the general strategy for
managing the population was to maximize the expected
heterozygosity (GD). This was achieved by minimizing
the global weighted coancestry, calculated as Figure 1.—Scheme of the two simulated scenarios de-

pending on the number and type of the individuals evaluated
(genotyped).
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where xi is the contribution from individual i, fij is the
The total number of evaluated individuals was 72 (36coancestry between individuals i and j (computed in
of each sex) and therefore Tm � Tf � 36. This casedifferent ways as described below) and Tm and Tf are,
corresponds to the situation where more individualsrespectively, the numbers of males and females evalu-
than needed are born. To make the results comparable,ated. Several restrictions were imposed in the optimiza-
it should be noted that the number of individuals kepttion: (i) only integer nonnegative solutions were al-
in the population (N, i.e., the number of selected/con-lowed; (ii) the sum of all contributions equaled twice
tributing individuals) was forced to be the same as inthe total number of individuals evaluated (Tm � Tf);
the first scenario. To achieve this, an additional restric-and (iii) half of the contributions arose from males and
tion was imposed in the optimization, allowing a maxi-half from females. Optimal solutions for contributions
mum number of 9 males and 9 or 18 females to contrib-were obtained via a simulated annealing algorithm (Kirk-
ute to the next generation (the rest of the evaluatedpatrick et al. 1983).
individuals had zero contributions). The number of off-Management strategies were applied for 10 discrete
spring per parent was not fixed, but was also optimizedgenerations (in addition to the 5 unmanaged genera-
at the same time. Figure 1 shows a scheme of bothtions in some cases). These strategies differed in the
scenarios for the case of Nm � Nf � 9).number and type of evaluated individuals, in the type

The efficiency of the second scenario was expectedof information used to compute global coancestries,
to be higher than that of the first scenario, as a largerand in the system of mating.
number of evaluated individuals were available, andEvaluated individuals: Two different scenarios were
higher than that in the work by Toro et al. (1999) andconsidered.
Wang (2001) as selected individuals with lower meanParents genotyped: In the first scenario, the decisions
coancestry produced more offspring to be evaluatedabout the optimal individual contributions to the next
than did those highly related with the rest of the popula-generation were based on information on potential par-
tion (it would be not very likely to select many offspringents. Thus, the number of evaluated individuals (i.e.,
from that individual).the number of individuals included in the optimization)

Information used for computing coancestry: Differ-was equal to the number of individuals kept in the
ent strategies were evaluated and named according topopulation as breeders (Nm � Tm � 9 males and Nf �
the type of coancestry used in the optimization.Tf � 9 or 18 females).

Pedigree (fP): Coancestries were calculated from theOffspring genotyped: In the second scenario, available
genealogy only, including unmanaged generations inparents produced several offspring that were genotyped.
the scenarios where they were simulated. This repre-Then, the individuals to keep as breeders for the next
sented the expected IBD for the whole genome.generation were decided on the basis of offspring infor-

mation (and the rest of the offspring were discarded). Molecular (fM): Coancestries were calculated from
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marker information only. Molecular coancestry between constant, asymptotic value, as was stated in the Introduc-
tion.two individuals is defined in a similar way to Malecot’s

definition but referring to identity by state (IBS), which
is the probability that two alleles, taken at random from

RESULTS
the same locus in two individuals, are equal. Values were

Random mating: Table 1 shows the expected hetero-averaged across marker loci.
zygosity (GD, averaged over all nonmarker loci acrossConditional on markers (fPM): Coancestries were calcu-
the genome) at generation 10 and the effective popula-lated by combining molecular and genealogical infor-
tion size (Ne) yielded by each management strategy formation using the method proposed by Pong-Wong et
Nm � Nf � 9 and different combinations of number ofal. (2001). The IBD was estimated every 5 cM (i.e., at
chromosomes (c), number of markers typed per chro-20 positions in each chromosome), and it was averaged
mosome (m), and number of alleles per marker (a).across positions. Preliminary simulations computing
Results presented correspond to the case where thecoancestry at 100 positions per chromosome produced
starting population was constituted by unrelated andthe same results in the levels of genetic diversity (data
noninbred individuals. Scenarios with differential rela-not shown). Using coancestry computed only at 20 posi-
tionships between individuals at the beginning of thetions, however, reduced the computation time consider-
conservation program and those with larger census sizesably.
(Nm � 9 and Nf � 18) produced very similar trendsGenomic (fG): Coancestries were calculated from infor-
to those presented in Table 1 and are, therefore, notmation on all positions in the genome. This situation
shown.corresponds to scenarios where the genotype for all loci

The upper limit of efficiency (measured as the levelof the genome is known and, therefore, it establishes
of GD maintained), provided by minimizing fG, wasthe upper theoretical limit of efficiency for any strategy.
lower for large than for small genomes. Similarly, whenAs all individuals carried two different alleles in each locus
coancestry was computed using both pedigree and mo-in the base population, fG represented the real IBD.
lecular markers (i.e., fPM), lower levels of GD were ob-Mating systems: The performance of the different
served for genomes of 20 chromosomes. However,strategies was evaluated by (i) optimizing the contribu-
rather paradoxically, the opposite trend was observed intions of parents to the next generation and mating the
some situations for strategies relying only on molecularparents at random and (ii) combining the optimization
information (i.e., fM; for example, a � 10, m � 1).of contributions with minimum coancestry matings. In

The efficiency in the short and medium term of usingthe latter situation, the type of information (i.e., the
only pedigree information when optimizing contribu-type of coancestry) used in both optimizations (“selec-
tions is clear from the values of GD maintained in thetion” and mating) was the same. A particular case was
population after 10 generations (Table 1). In fact, thesimulated where selection decisions were based only on
values of GD obtained with this strategy were 88–100%pedigree information but mating decisions were based
of the maximum attainable increase (i.e., obtained by

on both pedigree and molecular information. The a
minimizing fG). For large genomes (i.e., c � 20), the

priori advantage of this strategy (relative to the strategy pedigree-based strategy achieved nearly the highest pos-
using pedigree and marker information jointly in both sible diversity (i.e., the same as fG), and consequently
selection and mating decisions) is the lower number of adding molecular information provided little or no ex-
individuals to be genotyped for the markers. A simulated tra benefit. Note that, when dealing with genealogies
annealing algorithm (Kirkpatrick et al. 1983) was also alone, no improvement is expected from using offspring
used to optimize matings. information as pedigree relationships are equal for all

individuals within the same family.
When only molecular information (fM) from parentsParameters evaluated

was assumed to be available, the number of markers
The expected heterozygosity (GD), AD, and inbreed- needed to reach the same levels of GD as with genealogi-

ing level (F, the proportion of homozygous loci observed cal information only (i.e., fP) was very high. Differences
in the population) were calculated each generation for between fM and fP were more evident with biallelic mark-
the breeding individuals using all loci, and they were aver- ers, but even with a � 10, 5–10 markers per Morgan
aged over 100 (for genomes of 1 chromosome) or 50 (for were required for fM to give levels of GD similar to those
genomes of 20 chromosomes) replicates. The effective obtained with fP (Table 1). The levels of GD obtained
population size (Ne) was calculated as Ne � 1/2�F, where when using fM improved when the offspring was geno-
�F was the average rate of inbreeding, �F � (Ft�1 � Ft)/ typed (i.e., when 72 individuals were evaluated), but still
(1 � Ft), from generations t � 5 to t � 10. The latter a considerable number of markers per morgan (�5)
was not calculated when the decision criteria were the were required for some schemes to outperform the pedi-
molecular coancestry (fM) or the genomic coancestry gree-based method.

Unexpectedly, in some cases when only parents were(fG), because in these situations Ne does not reach a
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Figure 2.—Genome-wide expected heterozygosity (GD %)
maintained by minimizing molecular coancestry for different
numbers of markers and alleles per marker. Only parents were
genotyped. The genome length was 1 M, Nm � Nf � 9, and
matings were at random. (a) After one generation of manage-
ment. (b) after five generations of management.

genotyped, the levels of GD obtained through the exclu-
sive use of markers were even lower than the levels
achieved in unmanaged populations. Moreover, we
found another counterintuitive behavior of markers
when the number of these was scarce and/or their de-
gree of polymorphism was low. In such situations, in-
creases in the number of markers (or alleles per marker)
led to lower levels of maintained genetic diversity (e.g.,
c � 1 and a � 2 with only parents genotyped). Figure
2 shows the levels of GD kept in a population with Nm �
Nf � 9, after one or five generations of management,
when different numbers of markers and alleles per
marker are used to calculate molecular coancestry. It is
clear that, for some combinations of m and a, increasing
the number of markers or their degree of polymorphism
was counterproductive, as the larger the number of
markers (or the number of alleles per marker) used,
the lower the expected heterozygosity maintained (even
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up to 10 markers in the case of biallelic ones). This
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performance was more evident for small genomes (Ta-
ble 1) and in the short term (Figure 2), but the effect
could last as long as 10 generations in extreme cases
(Table 1).

When information on offspring’s markers is available,
the performance of the strategy using fM improved and
GD levels after 10 generations were higher than those
for unmanaged populations even with only one biallelic
marker per chromosome.

As mentioned above, the levels of GD obtained by
minimizing fP were close to the maximum expectations
(i.e., by minimizing fG), leaving, thus, a narrow margin
of improvement for molecular information. The inclu-
sion of marker information into the management strat-
egy, via the coancestry conditional on markers (i.e., fPM),
hardly gave extra gains, if any, relative to using pedigree
alone when the only available information is that from
parents (Table 1). However, for small genomes and
using offspring information, important increases in Ne

were observed when molecular information was com-
bined with pedigree information (relative to the Ne ob-
tained by using fP). For large genomes (c � 20) the
values obtained for Ne with fPM were not significantly
different from those obtained with fP when decisions
were made on parents’ genotype or on offspring’s geno-
type with little marker information (i.e., a � 2 and m �
1 or 5).

AD and inbreeding (F) showed a parallel behavior
to that of GD (Table 2). Most of the increase in AD
and most of the decrease in F relative to unmanaged
populations were due to the use of genealogical infor-
mation, and little improvement was observed when in-
cluding molecular information, especially for large ge-
nomes. If the genome was small (c � 1) and offspring
information was used, greater advantages were obtained
via the minimization of fPM.

Optimized mating: Table 3 shows the inbreeding coef-
ficient at generation 10 when contributions and matings
were both optimized. Two situations are presented: one
(more theoretical, to illustrate upper limits of perfor-
mance) with 100 markers in just 1 chromosome and
another one (more practical) with 20 chromosomes
and 5 markers on each. The inbreeding obtained in
unmanaged populations (R) is also shown for compari-
son. The levels of GD obtained when the mating scheme
was also managed are not shown because, as expected,
they were the same as those found with random mating.
It can be proven that, once contributions have been
decided, the global coancestry in the next generation
is independent of the mating design.

The good performance of the pedigree-based strategy
and the limited ability of marker-based strategies to im-
prove the former were again clear in the more realistic
situation (large genomes and few markers genotyped).
In general, the lowest inbreeding was achieved when
both pedigree and molecular information were used to
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TABLE 3

Inbreeding coefficient (F, in percentage) at generation 10 under minimum coancestry mating

Parents genotyped Offspring genotyped

c m a R f P , f P
a f M , f M f PM , f PM f P , f PM f M , f M f PM , f PM f P , f PM

1 100 2 26.05 9.83 5.49 2.84 5.81 3.06 0.70 6.55
10 3.08 2.85 6.33 0.48 0.63 6.54

20 5 2 14.96 10.33 9.82 11.64 8.98 10.06
10 10.07 9.45 9.52 7.67 7.43 9.55

Population with Nm � N f � 9 under random mating is shown. Management criteria: R, random; f P , pedigree
coancestry; f M , molecular coancestry; and f PM , coancestry conditional on markers. c , number of chromosomes;
m, number of markers per chromosome; a , number of alleles per marker. Standard errors range from 0.06
to 0.30.

a The first element in column headings is the criterion used to determine contributions and the second
element is the one used to arranged matings.

genotype was available. The main finding when compar- assigned at random and, thus, there was no direct rela-
tionship between the real (i.e., genomic) coancestry anding random vs. nonrandom mating (Table 2 vs. Table

3) is that the effect of avoiding mating between relatives the molecular coancestry. However, just by chance,
some individuals could be less/more marker relatedis small in practical scenarios. In fact, the reduction in

levels of F at generation 10 is only �2–3%. with the rest of the population (i.e., lower/higher aver-
age fM) and they would be erroneously favored/penal-
ized. This was more likely with an intermediate number

DISCUSSION of alleles than with low (high) polymorphic markers.
Therefore, going from very low to intermediate poly-This article has investigated the efficiency of molecu-
morphic markers led to more wrong decisions and, thus,lar markers and pedigree records, separately or in com-
to lower levels of genetic diversity maintained. As thebination, to assist in the management of conserved pop-
number of generations increased, real relationships be-ulations. The results have shown that genealogical
tween molecular coancestry and coancestry at positionsinformation proves to be a very powerful tool for main-
near the markers were established and, therefore, deci-taining genetic diversity and low levels of inbreeding
sions based on markers became more effective. Thevia the minimization of global pedigree coancestry, at
greater the number of alleles, the sooner these relation-least for the period of time considered (10 generations).
ships were generated. In nonequilibrium situations, theIn fact, levels of expected heterozygosity yields by such
performance of molecular-based methods would de-a strategy were 88–100% of the maximum possible levels
pend on the particular degree of disequilibrium and theobtained if all loci in the genome were genotyped (i.e.,
way it is generated. A similar argument can be invoked tothe levels obtained by minimizing fG). The minimization
explain the observation of decreased genetic diversityof fP was equally efficient for maintaining allelic diversity
maintained, in some situations, when increasing theand this agrees with previous results of Fernández et
number of markers for a given number of alleles peral. (2004) showing that strategies directed to main-
marker. In this case, the number of different haplotypestaining GD are also efficient in maintaining AD.
is the key parameter, playing the role of the number ofOn the other hand, the exclusive use of marker infor-
alleles in the previous explanation.mation was of limited value for the maintenance of

The other paradoxical result related to the minimiza-genetic diversity. The amount and degree of polymor-
tion of fM (i.e., better performance for large genomesphism of markers to be used to compute molecular
in some situations) is also a consequence of markerscoancestry had to be very high to mimic the perfor-
being in linkage equilibrium with other loci in the basemance of the strategy relying on pedigree coancestry
population. Although diversity in the markers followsin the short-term and still moderate in the long-term
the logical trend, behavior in the rest of the genomehorizon, especially for large genomes. Moreover, we
depends on how fast disequilibrium is generated, whichfound an unexpected behavior of markers. When the
is a function of the number of markers and their degree“quality” of molecular information was low (i.e., the
of polymorphism.number of markers and/or the number of alleles per

Finally, another fact should be pointed out relativemarker was low), increasing the amount of information
to the use of molecular information alone. When mini-could lead to decreased levels of genetic diversity in the
mization of fM (or fG) is the chosen strategy, Ne is notpopulation. The reason for this performance could be

the following. In generation zero, marker alleles were useful as a measure of efficiency, because it does not
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reach an asymptotic value but increases with time. For tion with pedigree information, little improvements in
example, with Ns � Nd � 9, 72 genotyped offspring, c � F levels were obtained by managing the matings, which
1, m � 5, and a � 10, estimates are equal to 58.36, was not surprising since levels of inbreeding at genera-
78.31, and 92.67 if we averaged �F to calculate Ne for tion 10 were very similar when optimizing contributions
generations 5–10, 10–15, or 15–20, respectively. This using fP or fPM and matings were at random. From a
happens as alleles become fixed in some positions and practical point of view, a comparison of interest is that
the number of markers to be jointly optimized de- between strategies that use fPM to optimize both contribu-
creases. Therefore, we cannot make predictions on the tions and matings or to optimize only matings. With the
future performance of the population base on a particu- former, slightly lower levels of inbreeding were generally
lar value of Ne. obtained, but the costs involved in the program were

When only parents are genotyped, the inclusion of higher since a larger number of individuals needed to
molecular information together with genealogical data be genotyped.
(fPM) in the management of contributions showed lim- As a general conclusion, managers of a conservation
ited value for improving the levels of diversity (either program should be advised to critically evaluate the
GD or AD) and the levels of inbreeding in the first 10 convenience of including molecular information into
generations (Tables 1 and 2). With small genomes (c � the management design, because the cost of molecular
1) we obtained greater Ne when minimizing fPM was the techniques is still high and markers will not be very
chosen strategy, implying some benefits could be found abundant except for domestic species. The results from
in the long-term horizon (Table 1). However, this advan- this study suggest that, for lowly prolific species and thus
tage disappears for larger, and more realistic, genomes basing decisions only on breeders’ data, it would be
(c � 20). more efficient to use genealogical information in the

If the genotype for a number of offspring was avail- management, if such information is available. Obvi-
able, there was a greater improvement in Ne by minimiz- ously, if we lack pedigree, it is better to use molecular
ing fPM relative to the values reached with fP, especially information to manage the population than leave it
for small genomes (Table 1). These values, for combina- unmanaged, except for very unrealistic scenarios. When
tions with a similar number of chromosomes and num- more offspring than needed can be generated and geno-
ber of markers per chromosome, were in the range of typed, the advantage of using molecular information
those found by Toro et al. (1999) and Wang (2001). can be larger, especially when combined with genealogi-
Therefore, results presented in this article are in agree- cal data on a species with small genomes. However, in
ment with those from previous studies, regarding long- realistic situations (i.e., species with large genomes and
term performance of strategies, although no test of sig- a limited number of available markers), probably it
nificance can be made due to the lack of standard errors would be more efficient to allocate the available re-
for Ne of the Toro et al. (1999) and Wang (2001) data. sources to the enlargement of the population or to a

When comparisons between management methods better control of pedigree and restrict the use of mark-
are made on the basis of levels of AD maintained in the ers to more specific tasks such as solving pedigree uncer-
population, conclusions are similar to those observed tainties. Notwithstanding, these considerations should
for GD (i.e., very good performance of pedigree-based be studied for each particular case.
strategies and little improvement from the inclusion of
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