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Abstract

We tested the use of amplified fragment length polymorphism (AFLP) to assess the fre-
quency of extra-pair parentage in a bluethroat (

 

Luscinia svecica namnetum

 

) population.
Thirty-six families totalling 162 nestlings were analysed. Using a combination of three
primer pairs, we reached an exclusion probability of 93% for the population. This pro-
bability can reach 99% considering families independently. We revealed that extra-pair
fertilizations are very common: 63.8% of all broods contain at least one extra-pair young,
totalling 41.9% of all young analysed. However, with the technique and the three primer
pairs used it was not possible to attribute the parentage exclusions to extra-pair paternity,
maternity or both. As brood parasitism has never been reported in this species, it seems
likely that the exclusions are due to extra-pair males. This study shows that dominant
AFLP markers can be useful for studying the mating system of taxa for which no micro-
satellite primers are available. This technique allows the approximate estimation of
parentage exclusions despite the fact that it is not possible to know which parent has to
be excluded.
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Introduction

 

There has been a growing interest in studying mating sys-
tems in animals thanks to the development of molecular
techniques that allow a more accurate measurement of
individual fitness. Especially in birds, in which most of the
species were considered monogamous, DNA markers
have revealed the occurrence of extra-pair parentage in
broods of socially monogamous species. Therefore, by
giving the true measure of breeding success, they allow
some of the hypotheses of sexual selection, especially
female choice, to be tested. Indeed, males have the oppor-
tunity to maximize their fitness through extra-pair fert-
ilizations, but females may to some extent play an
important role in the outcome of the fertilizations by

controlling the sperm that will fertilize their eggs. Females
may solicit and engage in extra-pair copulations to gain
fitness: by obtaining ‘good genes’ for their descendants,
such as resistance against parasites, or increasing the
genetic variability of their offspring, or compensating for
the possible low fertility of their social partner, or also
obtaining some help through parental care or other direct
benefits, such as access to resources in good territories
(Birkhead & Møller 1992; Kempenaers & Dhondt 1993).
Thus, extra-pair fertilizations occur in many species,
including social monogamous ones. Their frequency among
bird species can range from nonexistent to substantial
even at the intraspecific level (Lifjeld 

 

et al

 

. 1991, 1993;
Yamagishi 

 

et al

 

. 1992; Fleischer 

 

et al

 

. 1994; Hasselquist

 

et al

 

. 1995; Brün 

 

et al

 

. 1996; Dunn & Cockburn 1996).
Most of the studies dealing with paternity assessment

in birds use multilocus DNA fingerprinting with mini-
satellite probes (e.g. Gibbs 

 

et al

 

. 1990; Hartley 

 

et al

 

. 1995;
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Hasselquist 

 

et al

 

. 1995; Westneat 1995; Krokene 

 

et al

 

. 1996)
or more rarely single-locus minisatellite fingerprints
(Gyllensten 

 

et al

 

. 1990; Burke 

 

et al

 

. 1991; Hanotte 

 

et al

 

. 1991;
Dixon 

 

et al

 

. 1994) or microsatellite profiles (A. Johnsen

 

et al

 

. unpublished). The use of minisatellite probes is rela-
tively easy but it requires large amounts of genomic
DNA. Conversely, microsatellite loci are revealed via a
polymerase chain reaction (PCR) that allows the use of
very small amounts of DNA. However, specific primers
have to be defined by cloning microsatellite loci, which
is time-consuming and is constrained by the fact that
primers cannot always cross-amplify in related taxa.

The amplified fragment length polymorphism (AFLP)
technique is based on the double amplification via PCR
of a subset of restriction fragments from a total digest of
genomic DNA (Vos 

 

et al

 

. 1995). DNA is cut with two
enzymes (a rare and a frequent cutter according to the
length of their restriction site). Each fragment is ligated to
adaptors (not recreating the restriction site) that serve as a
binding site for primers with one additional selective
nucleotide included at the 3

 

′

 

 end, which probes the inter-
nal sequence of the fragment. The selected fragments are
amplified in a first PCR reaction (preselective). The PCR
product is then used as the template for a second ampli-
fication (selective) using primers with three additional
selective nucleotides included at the 3

 

′

 

 end. Subsets of
fragments possessing the complementary sequence to the
primer elongation are amplified. This limits the number
of scorable markers on the gel. The result is a multilocus
fingerprint-like pattern, which can be scored on an auto-
mated sequencer by the use of fluorescent primers. This
technique is mainly used in plant mapping and studies
of diversity in crops or wild plants (Majer 

 

et al

 

. 1996;
Schondelmaier 

 

et al

 

. 1996; Travis 

 

et al

 

. 1996; Escaravage

 

et al

 

. 1998). AFLP data on animals are still scarce (Otsen

 

et al

 

. 1996; Vos & Kuiper 1996; Ajmone-Marsan 

 

et al

 

. 1997;
Questiau 

 

et al

 

. 2000).
The bluethroat (

 

Luscinia svecica namnetum

 

) is a territor-
ial passerine bird defined as socially monogamous, with
paternal care (food provisioning) (Glutz von Blotzheim &
Bauer 1994). The males have a conspicuous courtship dis-
play and a colourful throat ornament. They guard their
mates intensively during the fertile period (Johnsen &
Lifjeld 1995). Sexual selection is believed to be strong con-
sidering the conspicuous male courtship display, the vari-
ance in male sexual traits, and the strong mate-guarding
behaviour by males. The opportunities for extra-pair cop-
ulations are abundant and have actually been reported in
another bluethroat subspecies (Krokene 

 

et al

 

. 1996). At the
start of this study, six microsatellites from other species
that were reported to cross-amplify with the bluethroat
and the pied flycatcher (Hanotte 

 

et al

 

. 1994; Primmer 

 

et al

 

.
1996) were tested. These few did not detect sufficient poly-
morphism (a maximum of three alleles for 10 unrelated

individuals). It was decided to test whether the AFLP
markers could be used to study parentage exclusion in
that bird species.

 

Materials and methods

 

Samples

 

This study was conducted during two breeding seasons
(1995, 1996) in a population of bluethroats breeding in the
Guérande saltmarsh (47

 

°

 

20

 

′

 

N, 2

 

°

 

25

 

′

 

W), France. We
focused on 36 pairs (16 in 1995 and 20 in 1996) in which
samples were collected from both parents and offspring.
Each bird was banded with coloured rings for individual
recognition in addition to a numbered metal ring. Of these
36 families, only three were second broods of pairs for
which we also had the first brood. We considered them as
independent families for the paternity analysis. For the
parents, blood samples were taken from the brachial vein
and stored in Queen’s lysis buffer (Seutin 

 

et al

 

. 1991)
until DNA extraction. Growing feathers containing large
amounts of pulp were plucked from nestlings when 7–
8 days old and were stored in 80% ethanol. This method
took less time and was less invasive than blood sampling.

 

DNA isolation

 

A 3 mm piece of the base of a growing feather or 400 

 

µ

 

L
of the mix of blood plus lysis buffer were digested in
400 

 

µ

 

L of a proteinase K solution (10 m

 

m

 

 Tris–HCl,
pH 8.0, 2 m

 

m

 

 ethylene diamine tetra acetic acid (EDTA),
10 m

 

m

 

 NaCl, 1% sodium dodecyl sulphate (SDS), 10 mg/
mL dithiothreitol (DTT), 0.5 mg/mL proteinase K). DNA
extraction was carried out twice with an equal volume
of phenol–chloroform and once with chloroform as
described in Taberlet & Bouvet (1991). DNA was pre-
cipitated in ethanol and diluted in TE buffer (10 m

 

m

 

 Tris–
HCl, pH 8.0, 1 m

 

m

 

 EDTA) following a standard procedure
(Sambrook 

 

et al

 

. 1989).

 

AFLP procedure

 

AFLPs were resolved according to the AFLP

 

™

 

 Plant Map-
ping Kit protocol (Perkin Elmer). No more than 55 ng of
DNA from blood samples was used to eliminate potential
enzymatic reaction inhibitors in the restriction–ligation
reaction. Between 60 and 200 ng of DNA from the grow-
ing feathers was used. Enzymatic digestion with 

 

Mse

 

I
and 

 

Eco

 

RI, frequent and rare cutter, respectively, and
ligation of the adaptors at 37 

 

°

 

C for 2 h in a final volume
of 11 

 

µ

 

L were performed at the same time. The reaction
was then diluted to 200 

 

µ

 

L in TE

 

0.1

 

 (20 m

 

m

 

 Tris–HCl,
0.1 m

 

m

 

 EDTA, pH 8.0). Four microlitres of the diluted
restriction–ligation DNA were added to 1 

 

µ

 

L of preselective
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primers with one nucleotide extension at the 3

 

′

 

 end
and 15 

 

µ

 

L of AFLP Core Mix supplied in the kit. The
preselective PCR was run as follows: 2 min at 72 

 

°

 

C fol-
lowed by 35 cycles with the following cycle profile: 30 s at
94 

 

°

 

C, 30 s at 60 

 

°

 

C and 2 min at 72 

 

°

 

C. The amplification
reaction was diluted 20 times with TE

 

0.1

 

. Three micro-
litres of the preamplified diluted DNA were mixed to
15 

 

µ

 

L of AFLP Core Mix, 5 pmol of selective 

 

Mse

 

I primer
and 1 pmol of fluorescent 

 

Eco

 

RI selective primer. Among
the 64 possible primer combinations provided in the kit,
46 were tested and three primer pairs were chosen
because of their clean and reproducible patterns and their
acceptable polymorphism (see Results): B = 

 

Mse

 

I-CTA
and 

 

Eco

 

RI-ACT (FAM-blue), G = 

 

Mse

 

I-CAC and 

 

Eco

 

RI-
AAG (JOE-green) and Y = 

 

Mse

 

I-CAG and 

 

Eco

 

RI-ACC
(NED-yellow). The selective amplification began with one
cycle with a 2 min denaturation step at 94 

 

°

 

C, 30 s anneal-
ing at 65 

 

°

 

C and 2 min elongation at 72 

 

°

 

C. Eight cycles
followed with 10 s denaturation at 94 

 

°

 

C, 30 s annealing
with the temperature reduced each cycle by 1 

 

°

 

C from
64 

 

°

 

C to 57 

 

°

 

C, and elongation 2 min at 72 

 

°

 

C. The PCR
was continued for 30 cycles (10 s at 94 

 

°

 

C, 30 s at 56 

 

°

 

C,
2 min at 72 

 

°

 

C).
Two microlitres for B, 3 

 

µ

 

L for G, 6 

 

µ

 

L for Y selective
amplification were added to 3 

 

µ

 

L of loading buffer con-
taining 2.4 

 

µ

 

L of deionized formamide, 0.44 

 

µ

 

L of blue
dye and 0.16 

 

µ

 

L of Genescan-500 ROX-labelled size
standard and concentrated under vacuum until the final
volume was 2.5 

 

µ

 

L. The loading mixture was denatured
and run on an ABI PRISM™ 377 DNA sequencer (Perkin
Elmer) in a 5% Long Ranger™ gel (FMC) for 5 h.

 

Data analysis

 

Scorable fragments.

 

 Each amplified fragment was analysed
on electrophoregrams showing the fluorescence detected
as a function of time. All peaks were scored for presence/
absence in each individual using the 

 

genescan

 

™ 2.0.2
analysis software in the 50–500 bp range. In each pattern
the fluorescence was not distributed homogeneously, the
height of peaks being larger for the small fragments and
going down according to the increasing fragment size.
We thus considered all peaks with a height above at least
150 fluorescent units for small fragments and above 50 for
the second part of the profiles. The size in base pairs was
given by the comigration of a size standard. Two peaks
were considered of the same size if they differed by less
than 0.6 bp. We considered each fragment position as a
dominant locus with two states: presence, absence.

To test the validity of the technique, 154 replicates were
conducted for the B primer pair (130 from the same
digest, 16 from the same extract and eight from two dif-
ferent extracts) totalling 148 individuals (+ six repeated a
third time). The rate of reproducibility can be expressed

as the number of repeatable peaks out of the total number
of peaks: this reached 98.8%. This value was achieved for
the three kinds of replicates (same digests, same extracts,
and different extracts). This margin of error was not detri-
mental to the overall exclusion estimations. The replicates
were conducted extensively for only one primer pair.

The nonrepeatable fragments occurred primarily in
nondiagnostic sites (31 of 38 (81.5%), G

 

1

 

, William’s cor-
rection = 14.88, 

 

P

 

 < 0.01). The nonrepeatable fragments
occurring in diagnostic sites (seven of 38 peaks, in seven
nestlings) were not detrimental for the detection of extra-
pair fertilizations. All the seven nestlings, except one,
were considered unambiguously either as legitimate off-
spring (no other diagnostic peak found) or conversely, as
extra-pair young (more than two diagnostic peaks found
in the profiles of the two other primer pairs).

The nonrepeatable fragments were not distributed
equally among loci (G

 

22

 

, William’s correction = 43.33,

 

P

 

 < 0.01). Sixty-eight per cent of all nonrepeatable peaks
were found in six loci out of the 23 polymorphic ones.
Thus, these loci were considered with caution when dia-
gnostic peaks occurred. Moreover, the 38 nonrepeatable
peaks were distributed among 26 individuals. This means
that some individuals could have several nonrepeatable
peaks in their B profile (on average 1.4 

 

±

 

 1.0 (mean 

 

±

 

standard deviation (SD))), but these mismatches were not
detrimental for the detection of extra-pair fertilizations.
Only one nestling had up to five nonrepeatable peaks and
its profiles in all repetitions differed largely from each
other. This could be due to degraded DNA or to the pres-
ence of enzyme inhibitors limiting the power of enzy-
matic digestion–ligation. This bird was not considered
subsequently in the analysis.

We checked for a possible correlation between peaks
(or between loci) between all pairwise comparisons of loci
for all individuals, where the state at each locus is
encoded by ‘1’ for the presence of a peak and by ‘0’ for the
absence. For that purpose, we calculated an index of correla-
tion in migration (I.C.) for all loci 

 

i

 

 and 

 

j

 

 with 

 

i

 

 

 

≠

 

 

 

j

 

 as:

I.C. =

 

| 

 

state at the 

 

i

 

th locus (

 

n

 

)

 

—

 

state at the 

 

j

 

th locus (

 

n

 

)

 

 | 

 

/

 

N

 

with 

 

N

 

 being the total number of individuals.
This index value can rise from zero to one. A value of

one between two fragment positions would mean that
when a peak appears at the first position, another peak is
not seen at the second position and vice versa. A value of
zero would suggest a consistent comigration of two frag-
ments. No correlation in the migration of bands was
detected in the three primer pair profiles (no detected 0
or 1; average index for B = 0.49 

 

±

 

 0.11 (mean 

 

±

 

 SD), for
G = 0.48 

 

±

 

 0.17, for Y = 0.49 

 

±

 

 0.11). We thus considered

n=1

N

∑
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each locus as ‘independent’. We considered also the AFLP
loci as markers with Mendelian inheritance. However, we
outline that we did not make a true segregation analysis
because it is difficult to check for Mendelian inheritance
for such a small number of offspring per pair in this
wild passerine bird and also because heterozygotes can-
not be identified.

One fragment specific to females in the B primer pair
was excluded from the paternity analysis but was useful
in the sex determination of young (Questiau 

 

et al

 

. 2000).

 

Extra-pair paternity (EPP).

 

 We looked for all diagnostic
sites where a peak was absent in both parents (= recess-
ive homozygotes) and present in one nestling or more
(Fig. 1). We have assumed that there is no brood parasit-
ism in this species (see Discussion). The presence of an
extra peak is thus assumed to result from an extra-pair

fertilization with the sperm of another male (or several)
possessing the fragment at this locus. We considered a
nestling as an extra-pair young when at least two diag-
nostic peaks were found among all of its three profiles.
This threshold reduces scoring errors that may result
when using a single diagnostic marker. In studies using
minisatellite patterns, an extra-pair young is usually
defined by the presence of at least three novel bands tak-
ing into account the high mutation rate of minisatellites.
In AFLP, mutations occur in restriction sites, primer elon-
gation binding sites or possibly in the amplified region
(detectable if they are insertions/deletions). The muta-
tion rate is lower compared with minisatellites and two
diagnostic peaks seem to be sufficient for detecting an
extra-pair young. Moreover, in order to estimate the
expected number of mismatches in case of EPP, we took
one legitimate nestling per family (

 

n 

 

= 30), except in the

Fig. 1 Portion of an amplified fragment
length polymorphism (AFLP) profile
obtained with the MseI-CTA/EcoRI-ACT
primer pair (B in the text) for a bluethroat
family. A 407 bp fragment is considered
diagnostic for nestlings 3 and 4 because it
is absent in both parents. This could be
the result of an extra-pair fertilization;
however, at least one other diagnostic
peak has to be found to confirm these two
cases of extra-pair paternity. Note that the
small peak in the father’s profile, near in
size to the diagnostic fragment, is another
peak with a 2 bp difference in size.

 

MEC703.fm  Page 1334  Thursday, July 8, 1999  9:47 AM



 

A F L P  A N D  P A T E R N I T Y  A S S E S S M E N T

 

1335

 

© 1999 Blackwell Science Ltd, 

 

Molecular Ecology

 

, 8, 1331–1339

 

families with complete extra-pair parentage. We allocated
each nestling ‘false’ fathers by taking the AFLP profiles
of each male of 1995 and 1996, except its own social father.
Overall, 811 ‘false’ father–nestling relationships have been
simulated. The social mother has been considered as the
true mother. We then counted the number of diagnostic
peaks. The number of peaks ranged from 0 to 14 with a
mean of 4.1 

 

±

 

 2.4 (Fig. 2). We decided to use two diagnostic
peaks as discriminant for paternity exclusion. For this
threshold the estimated error to consider a case of EPP as
a true paternity is 11.2%. A level of three mismatches
would increase this error too much (28.5%). However, under
these conditions, the level of EPP will be underestimated
anyway. A test with false pairs has also been carried out
to estimate the number of diagnostic peaks in case of false
paternity and maternity (see Discussion).

Considering the acceptable rate of reproducibility
(98.8%), the presence of diagnostic peaks is probably not
due to incomplete digestion and/or ineffective amplifica-
tion. When incomplete digestion or ineffective amplifica-
tion occurred this was obvious, because the number of
peaks in the profile was divided by two or by three. In
only four cases was the sample extracted again and the
overall procedure repeated.

We did not use the similarity index (

 

D

 

 = 2

 

n

 

ab

 

/

 

n

 

a

 

 + 

 

n

 

b

 

where 

 

n

 

ab

 

 is the number of fragments shared between

individuals a and b, and 

 

n

 

a

 

 and 

 

n

 

b

 

 represent the total
number of peaks in the profiles of individuals a and b,
respectively) to corroborate our results on extra peaks.
Indeed, the distribution of the similarity index calculated
for all pairwise comparisons of adults considered as
nonrelatives (0.55 

 

±

 

 0.09, mean 

 

±

 

 SD), greatly overlapped
that for first-order relatives (mother/offspring, father/
offspring and offspring/offspring when extra-pair young
were discarded) (0.51 

 

±

 

 0.08). Even by considering only
loci (

 

n

 

 = 20) with markers at intermediate frequency (

 

≈

 

 0.5),
the overlap between the two distributions remained too
large (background band sharing = 0.48 

 

± 0.15 and 0.66 ±
0.14 for nonrelatives and first-order relatives, respect-
ively), that greatly limited the utility of such a calculation
for studying relatedness (see Lynch & Milligan (1994)).

Exclusion probability. Because the markers are considered
dominant, we had to assume that the population is in
Hardy–Weinberg equilibrium to calculate the ‘allele fre-
quencies’. We considered only the adult population for
the allele frequency calculations. As the allele frequency
estimator (eqn 2a) of Lynch & Milligan (1994) gave the
same results as the classical Hardy–Weinberg proportions,
we decided to use the proportion of individuals with no
peak for a given locus as the genotypic frequency of the
recessive homozygotes (q2), with q being the estimation of
the frequency of the allele ‘absence’ in the population for
that locus. We defined p as the frequency of the allele
‘presence’ with p = 1 – q. We focused only on polymorphic
loci with q2 > 3/N, with N being the number of adult
individuals, as recommended by Lynch & Milligan (1994).

Exclusion probabilities were calculated: (i) at the popu-
lation level; and (ii) for each family taken independently
by using the allele frequencies calculated earlier for the
adult population. At the population level, we used all loci
and the equation of Chakraborty et al. (1974) with at least
two diagnostic markers relevant for the detection of an
extra-pair young. First, we calculated Q, the cumulative
probability of exclusion for at least one diagnostic marker,
for k markers:

The exclusion probability P on at least two diagnostic
peaks is:

with πi being the probability of exclusion based upon the
ith marker, that is the probability of having no peak in
both parents (q2

i × q2
i) and one allele ‘present’ pi in a nes-

tling (obligatory heterozygote as the putative mother is
supposed to have sired all the young in her nest):

Fig. 2 Distribution of the number of mismatching peaks in
young in our data and for young for which fathers or pairs other
than the social one has been attributed. Note that for our data,
the high number of ‘one mismatch’ is due both to true diagnostic
peaks (i.e. undetected extra-pair fertilization according to the
minimum level of acceptance) and to artefactual peaks.

Q 1 1 πi–( )
i=1

k

∏–=

P Q πi 1 πj–( )
j=1
j 1≠

k

∏
i=1

k

∑–=
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πi = q2
i × q2

i × pi

For each family, this probability can be calculated using a
πi value of pi just for the ith favourable locus (that is no
peak in both parents).

Results

In total, 162 nestlings were analysed in 36 families.
We used a total of 81 polymorphic loci (23 for B out of a

total of 56 positions, 24 for G out of 87 positions and 34
for Y out of 89 peaks) with a frequency of peaks for each
locus ranging from 0.16 to 0.92 (mean ± SD = 0.53 ± 0.25)
for the population (all the adults). The mean number of
peaks scored in each individual was 41 ± 5 (mean ± SD)
for the combination of the three primer pairs. The allele
frequency (pi) ranged from 0.06 to 0.71.

In 23 broods (63.8%), we revealed at least one nestling
issued from an extra-pair mating, totalling 41.9% of all
young. A male (or several) other than the attendant one
sired all the young in six broods (16.6%). The number of
diagnostic peaks for the extra-pair young ranged from
two to eight with a mean of 3.2 ± 1.4. In 31 nestlings out
of 162 (19.1%) there was a single mismatched peak that
was not considered as diagnostic according to the level of
acceptance defined in Materials and methods. Those nest-
lings were considered legitimate. Figure 3 shows the pro-
portional distribution of extra-pair young in each brood.

For the combination of the three primer pairs, the
global exclusion probability for the population considering
all loci was 0.93. For each primer pair taken separately the
exclusion probability was 0.33, 0.29 and 0.61 for B, G and
Y, respectively. Figure 4 shows the exclusion probability
for each primer pair and different combinations of two to
three primer pairs. For each family, the exclusion prob-
ability, calculated only for the loci where ‘absence’ is

recorded for both parents, ranged from 0.79 to 0.99 with a
mean of 0.93 ± 0.05. Seventy-five per cent of all families
had an exclusion probability above 0.90 (Fig. 5).

Discussion

The aim of this study was to assess the potential utility of
AFLP markers for studying extra-pair parentage in a bird
species. To our knowledge, this is the first time these
markers have been used for this purpose. In this study,
we assessed the number of extra-pair young in broods.
Nevertheless, compared with single-locus methods with
codominant alleles, we were confronted with some lim-
itations to the analysis of extra-pair fertilizations. A dia-
gnostic peak reveals an extra-pair young, but in practice it
is not possible with this technique and the three primer
pairs used to exclude maternity, paternity or both. For
that aim, the similarity index was of little use as the over-
lap between the similarity distributions between relatives
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and nonrelatives was too great (see Lynch & Milligan
(1994)). In order to calculate the exclusion probabilities,
we have assumed that one parent (male or female) is
excluded. This assumption allows us to consider an extra-
pair young as a heterozygote for the diagnostic locus and
to calculate relatively easily the probability of a single
allele ‘presence’ at this locus. We preferred to cast doubt
on paternity because it is more likely than brood parasit-
ism. One can argue that we cannot be sure that there is no
brood parasitism in this population. However, it has
never been reported in the bluethroat. The absence of
brood parasitism has been confirmed by Krokene et al.
(1996) in a genetic study of the mating system with mini-
satellites in another subspecies. Our own observations of
nests from the beginning of the laying period confirmed
that females lay one egg per day. We never observed the
appearance of more than one egg in a day that would
indicate brood parasitism. Moreover, the number of dia-
gnostic peaks can theoretically reach 14 for the three
profiles (B + G + Y) in the case of a single illegitimate
parent (see the test with the ‘false’ fathers in Materials and
methods). The presence of eight diagnostic peaks (the
maximum detected) is compatible with a case of extra-
pair fertilization due to a single unfaithful parent. We think
that if brood parasitism had indeed occurred we would
have revealed a larger number of diagnostic peaks unless
the resident male had fertilized the parasite female. To
verify this assumption, we have simulated false pairs by
taking one legitimate nestling per nest (n = 30) to whom
all possible adult pairs were allocated. A total of 24 533
parentage tests were performed. The mean number of dia-
gnostic peaks revealed for both illegitimate parents was
6.3 ± 2.9 and was significantly larger than the number
of diagnostic peaks in the case of false paternity despite
a large overlap of the two distributions (T = 4.35; df = 58;
P = 0.0001) (Fig. 2).

Assuming that extra-pair young are due to EPP,
the exclusion probabilities can be calculated: with a

combination of three primer pairs, this probability can be
increased from 1.5 to 3 times compared with the use of
a single primer pair. Given the exclusion probability for
each family and at the population level (93%), AFLP
markers were efficient in giving an approximate estim-
ate of the importance of EPP within this population.
However, the exclusion probabilities are relatively low
compared with other markers such as microsatellites. We
could increase this level by adding other primer pairs
which would detect suitable polymorphisms.

Due to the dominant nature of the AFLP markers and
the number of primer pairs used in this study, it seems
difficult to assign paternity from amongst a number of
potential males (Wetton et al. 1995; Double et al. 1997).
First, we did not analyse all the potential sires (other ter-
ritorial males or floaters); second, the dominant nature of
the marker prevents the identification of heterozygotes. If
several males are potential sires it may not be possible
to discriminate among them. The number of diagnostic
peaks may have to be increased, as well as the sampling
effort. This requires the use of additional primer pairs,
which is time-consuming and expensive. However, this
method can give an initial estimate of the importance of
extra-pair fertilizations in taxa where no codominant
markers, such as microsatellites, are available. If the ques-
tion is whether extra-pair parentage occurs or not in a
population, or a species that has never been investigated,
AFLP are sufficient. If more detail is required concerning
the true sire, more discriminating codominant markers
are needed.

In contrast to minisatellite fingerprints, the double
amplification permits the use of small DNA starting
quantities (at least 50 ng of good-quality DNA is suffi-
cient for AFLP but is probably unsuitable for minisatel-
lite profiling). However, we used growing feathers and
are not sure that mature feathers would yield enough
DNA to be used in AFLP. Moreover, given the large
number of polymorphic fragments that can be obtained
with several primer combinations, this method can be
used simultaneously for other purposes such as invest-
igating population genetic structure (Travis et al. 1996;
Escaravage et al. 1998) or sex determination (Questiau
et al. 2000).

By using two diagnostic peaks as the criteria to detect
a case of EPP, we revealed a high number of extra-pair
fertilizations at the population level. This result can be
compared to the high rate of EPP reported in several
species such as the willow warbler Phylloscopus trochilus
(Fridolfsson et al. 1997) and the tree swallow Tachycineta
bicolor (Lifjeld et al. 1993). Krokene et al. (1996) studied
another bluethroat population in Norway with minisatel-
lite probes and found 35% of all nests with at least one
extra-pair young, and 20% of all young not being sired by
their putative father. The large difference between the two

fr
eq

u
en

cy
 (%

)
50

40

30

20

10

0
0 0.65 1

exclusion probability
0.70 0.75 0.80 0.85 0.90 0.95

Fig. 5 Distribution of the exclusion probabilities for each blue-
throat family for the combination of the three primer pairs.
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populations is not necessarily surprising. Large variation
within the same species has already been reported for the
willow warbler for which Gyllensten et al. (1990) found
no case of EPP in one population whilst 50% of the
broods contained at least one extra-pair offspring in
another population (G. Bjørnstad and J. T. Lifjeld, per-
sonal communication). In the Guérande saltmarsh, the
density of birds is high (mean: 7 pairs/10 ha for the two
breeding seasons) compared with the Norwegian popu-
lation (3.8 pairs/10 ha; Anthonisen et al. 1997). Despite
Westneat & Sherman’s (1997) general finding that there
seems to be no evidence of a correlation between density
and extra-pair fertilization frequencies in birds, density
may be important in individual cases and particularly in
bluethroat. Males probably spend more time in defend-
ing their territory against a potentially large number of
intruders than in guarding their female. Additional
behavioural studies are needed to test this hypothesis.
Moreover, the spatial structure of the marsh with a tight
network of high embankments reducing mate-guarding
efficiency, can provide females the opportunity to seek
extra-pair copulations more or less discreetly. Smiseth &
Amundsen (1995) have shown that radio-tracked blue-
throat females regularly entered territories of neighbour-
ing males. Mate guarding can thus be considered as less
efficient in this landscape structure. The Guérande popu-
lation is actually isolated from the other subspecies and is
believed to have undergone a recent bottleneck (Ques-
tiau et al. 1998) which could explain the high similarity
index found in this population. Contrary to the expecta-
tion of Petrie & Kempenaers (1998) that low frequencies
of EPP would be expected in such populations, we found
a higher rate of extra-pair fertilization than in the Norwe-
gian population. Thus, the variation in the frequency of
extra-pair offspring may be more related to ecological fac-
tors rather than to differences in genetic diversity. How-
ever, the comparison is difficult as the techniques used
are not the same. It would be interesting to compare the
different techniques in the same population to test their
congruence.
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