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Abstract Twenty-three polymorphic microsatellite loci,

six dinucleotidic loci and 17 tetranucleotidic loci, were

developed for the Zenaida dove (Zenaida aurita), a bird

species endemic to the Caribbean Islands. From a set of 30

individuals captured at one single location in Barbados, we

obtained 20 loci that did not deviate from Hardy–Weinberg

Equilibrium. Number of alleles per locus ranged between 2

and 11 (average 7.05) and the expected heterozygosity per

locus, He ranged between 0.321 and 0.881 (average 0.712).

This gives an exclusionary power for parental analysis of

0.9999 and 1.0000, knowing the genotype of one social

parent, or both, respectively. Such results indicate that

these 20 loci will be useful for both studying population

genetics and mate choice patterns in Z. aurita. All 20 loci

amplified in four other Zenaida species, the Galápagos

dove, Z. galapagoensis, the eared dove, Z. auriculata, the

mourning dove, Z. macroura, the Pacific dove, Z. meloda,

with 30–96% being polymorphic.

Keywords Endemic species � Extra-pair paternity �
Gene flow � Mate choice � Microsatellite � Zenaida dove

The Zenaida dove (Zenaida aurita) is a columbid species

endemic to the Caribbean Islands (Wiley 1991). This

species is of patrimonial interest, and is legally hunted in

Puerto Rico, Guadeloupe and Martinique. It suffers in some

islands from competition with the invasive Eurasian col-

lared dove (Streptopelia decaocto), habitat destruction, and

illegal hunting (Barré et al. 1997; Rivera-Milan 1997), very

little is known, of movements of individuals between

islands. In addition, knowledge of the mating system of the

Zenaida dove remains limited. Although the species is

territorial and socially monogamous (Wiley 1991), the

occurrence of extra-pair paternity has not been investigated

so far. However, data on mate fidelity and extra-pair

paternity in tropical species that maintain year-round pair

bonds is particularly valuable, yet rare (Stutchbury and

Morton 2001).

Molecular markers are needed to both assess the con-

servation genetics of this species (i.e. allelic diversity

related to island size, level of gene flow, and differentia-

tion) and study mate choice and mating patterns (i.e.

female choice related to male heterozygosity and genetic

similarity, and rates of extra-pair paternity).

Four Zenaida aurita partial genomic DNA libraries

enriched for microsatellite sequences containing CA, GA,

CATC and TAGA repeat motifs were constructed following

the methods described in Jones et al. (2002). High molecular

weight DNA was extracted from blood using chloroform/

phenol/isopropanol extraction (Sambrook et al. 1989) from

10 individuals from one location in Barbados. DNA was

partially digested with a cocktail of seven blunt-end

restriction enzymes (RsaI, HaeIII, Bsr BI, PvuII, StuI, ScaI

and Eco RV). Fragments 350–700 bp long were adapted

with 20 bp oligonucleotides which contained a HindIII site

at the 50 end, and subjected to magnetic bead capture using

50-biotinylated microsatellite oligonucleotides as capture
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molecules. Fragments enriched for microsatellites were

subsequently PCR amplified using primer complementary

to the adaptator, digested with HindIII to remove the adaptor

sequences, and ligated into the HindIII site of pUC19. The

plasmids were then electroporated into Escherichia coli

DH5a. Recombinant clones, identified by white–blue

screening, were chosen at random for sequencing on an

ABI373 automated sequencer, using ABI Prism Taq dye

terminator cycle sequencing methodology. A total of 81 out

of 94 positive clones sequenced contained microsatellites

(86.17%). Primers were designed for 50 microsatellite-

bearing clones using Designer PCR, versus 1.03 (Research

Genetics, Inc.). Enriched library construction, sequencing of

positive clones and primer design were performed by

Genetic Identification Services (www.genetic-id-services.

com). Primers pairs were synthesized (GENCUST, France)

for 33 potential loci, each forward primer being 50 tailed

with a M13 sequence (50-CACGACGTTGTAAAACGAC-

30). PCRs were carried out in 10 ll volume including 5 ng

DNA template, 200 lM each dNTP, 200 nM each primer

(Table 1), 0.025 lM of 50 labelled M13 primer with 700 and

800 fluorochromes (LICOR), 19 reaction buffer and 0.15 U

HotMaster DNA polymerase (5-PRIME). A T3 thermocy-

cler (Biometra) was used beginning with an initial

denaturation at 94�C for 1.5 min, followed by 35 cycles

consisting of 20 s at 94�C, 30 s at 46�C and 30 s at 65�C,

and a final extension step at 65�C for 3 min. All 33 loci

successfully amplified as tested on 6 cm long 2% agarose

gels (TBE 19) for 30 min at 100 V in a RunOne electro-

phoresis chambers (EmbiTec). Product size variations were

visualized using a LICOR 4000L automated sequencer,

6.5% acrylamide, 41 cm long gels. Image analysis and allele

scoring were carried out by eye by two independent inves-

tigators and then compared. Ten primer pairs either failed to

reveal any polymorphism or produced unreadable patterns

on a set of eight individuals from one location in Barbados.

Polymorphism of the 23 remaining loci was assessed on an

extra set of up to 22 Zenaida doves from the same location.

Estimates of observed (Ho) and expected (He) heterozy-

gosities, deviations from Hardy–Weinberg equilibrium

(HWE), and genotypic linkage disequilibrium (LD) were

estimated using the software FSTAT version 2.9.3.2

(Goudet 1995). Exclusion probabilities knowing the geno-

type of one or both social parents, PE-1 and PE-2,

respectively, were estimated for loci not deviating signifi-

cantly from HWE using the software CERVUS 2.0

(Marshall et al. 1998).

No linkage disequilibrium was detected after Bonferroni

correction for multiple tests. Three loci ZaD5, ZaD10 and

ZaD116 showed a heterozygote deficiency, significantly

deviating (after Bonferroni correction) from Hardy–

Weinberg Equilibrium (Table 1) probably due to null

alleles associated with absence of conservation of flankingT
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sequences (Wattier et al. 1998). Therefore, we recommend

not using these loci. The remaining 20 loci consist of 2–11

alleles (average 7.05), an expected heterozygosity (He)

ranging from 0.427 to 0.909 (average 0.712) and an

exclusionary power of 0.9999 and 1.0000, knowing the

genotype of one social parent, or both, respectively

(Table 1). This exclusionary power remains extremely high

if only the eight loci with the highest individual PE-1 are

taken into account, combined PE-1 = 0.9972 and PE-

2 = 0.9999. These results indicate that the 20 polymorphic

loci not deviating from HWE will be useful for both

studying population genetics and mate choice patterns in

Z. aurita.

Amplification success and polymorphism were assessed

for four other Zenaida species (Table 2): the Galápagos

dove, Z. galapagoensis (three from Galápagos), the eared

dove, Z. auriculata (two from Uruguay and one from

Venezuela), the mourning dove, Z. macroura (one indi-

vidual from the USA), the Pacific dove, Z. meloda (three

from Peru) and one Colombina species, the common

ground-dove, Columbina passerina. (one from Mexico and

one from Venezuela). PCRs and genotyping conditions

were identical to those used for Z. aurita. The overall

success of amplification (Table 2) for the four Zenaida

species is extremely high (87–100%), being 100% for the

three most related to Z. aurita, that is Z. galapagoensis,

Z. auriculata and Z. macroura (Johnson and Clayton

2000). Many loci are polymorphic (30–96%) with 2.00–

3.18 alleles per loci on average (Table 2). These results are

very encouraging about the usefulness of the loci devel-

oped in Z. aurita in other Zenaida species, especially

taking into account the limited sampling size used (n = 3

for three species and only one for Z. macroura). Until now,

only five loci were available for one species, the Galápagos

dove (Santiago-Alarcon et al. 2006). From the 65% of the

loci amplified in C. passerina, 13% were polymorphic with

2.5 alleles on average. These results also show that the loci

developed for Z. aurita are likely to be useful for other

Columbidae.
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of amplification and
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amplification.

AS = Amplification success,

percentage of amplifying loci.

P = Percentage of polymorphic

loci. Na = Mean number of

alleles for polymorphic loci

Locus Z. galapagoensis
(n = 3)

Z. auriculata
(n = 3)

Z. macroura
(n = 1)

Z. meloda
(n = 3)

Colombina
passerina (n = 2)

ZaA4 1 3 1 2 1

ZaA5 2 2 1 1 –

ZaA7 1 2 2 1 –

ZaA112 1 2 1 1 1

ZaA113 4 3 1 1 –
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