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Abstract Primer pairs were designed for 41 di-nucleotide

microsatellite loci identified from across the full genome of

the Scarlet Macaw (Ara macao). We present the best 30

polymorphic loci with 5–22 alleles, 3–14 effective alleles

and expected heterozygosities of 0.669–0.930. These

markers will facilitate population genetic and conservation

genetic studies on macaws.

Keywords Parrot � Macaw � Population genetics �
Conservation genetics � Microsatellite

Nearly 30 % of the 398 parrot species (Psittaciformes) are

classified as threatened (critically endangered, endangered,

or vulnerable) according to IUCN RedList 2014. The

majority of the parrots are secondary cavity nesters hence

mostly affected by habitat loss and other human

disturbances. They are very popular birds in aviculture and

also threatened by the illegal pet-trade.

Macaws are large and colorful neotropic parrots that

remain poorly understood in the wild. At least three species of

macaws have already gone extinct in the wild with 16 species

remaining (1 Critically Endangered, 3 Endangered, 3 Vul-

nerable, 1 Near Threatened, and 8 Least Concern). In this

study we used the Scarlet Macaw (Ara macao), which is

considered of Least Concern, as a model for its close

endangered relatives. We report here the development of 30

microsatellite markers for genetic tagging and population

genetics studies. We tested the markers on a wild population

from the southeastern Peruvian Amazon. Blood samples were

collected from macaw nestlings and captured and released

adults from natural and artificial nests (Olah et al. 2014), with

the blood stored in 70 % Ethanol and on FTA cards and

extracted using general salting out protocol and DNAzol.

Potential target loci were identified from the first de

novo genome assembly for the Scarlet Macaw (Seabury

et al. 2013—version SMACv1.1) using PHOBOS (v3.3.12)

(http://www.rub.de/spezzoo/cm/cm_phobos.htm) to detect

genome-wide microsatellite loci (STR). Initially, 41 auto-

somal di-nucleotide candidates with at least 20 repeat units

were selected. We used the program iQDD (v3.1) (Meglécz

et al. 2014) to design primers for these loci with PCR

product lengths of 90–300 base pairs.

M13 PCR tags were attached to the forward primers (50–
30: TGT AAA ACG ACG GCC AGT) and we amplified all

loci individually. PCR products were multiplexed using

different fluorescent tags (Electronic Supplementary

Material) and genotyped on an ABI 3130XL sequencer

(Applied Biosystem) with the size standard GS500 (-250)

LIZ. We used a negative and a positive control for each

genotyping run. We dropped three loci that failed to

amplify as a single locus.
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material, which is available to authorized users.
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To test the suitability of the remaining markers we gen-

otyped a total of 86 samples that included 7 family groups.

For population genetic analysis we analyzed a subset of 40

unrelated individuals. We only included one sample per nest

(excluding siblings) and if a sample was available from

parents we excluded offspring of that pair. Consideration of

the family groups confirmed mendelian inheritance, but

indicated null alleles at eight loci. A MicroChecker (v2.2.3)

(Van Oosterhout et al. 2004) analysis on the 40 sample set

indicated departures from the Hardy–Weinberg equilibrium

(HWE) and null alleles at those same eight loci. However, all

of the other 30 loci fit expectation under HWE assumptions

(Table 1). These 30 loci exhibited 5–22 alleles, 3–14 effective

alleles and expected heterozygosities of 0.669–0.930

(Table 1). Checks for linkage disequilibrium in GenePop

(v4.2) (http://genepop.curtin.edu.au) revealed that\5 % of all

combinations showed potential departures from equilibrium.

We tested the cross species transferability of our new

primers on a closely related species, the Red-and-green

Macaw (Ara chloropterus), where all but one marker

resulted to be polymorphic (Table 1). We also tested the

primers on a distant relative, the Swift Parrot (Lathamus

discolor, N = 12), but only seven loci were found poly-

morphic (2–11 alleles, 2–6 effective alleles and expected

heterozygosities of 0.278–0.840).

Our panel of 30 microsatellite markers will be highly suit-

able for conservation genetics studies of Scarlet Macaw, other

macaws, and probably other neotropic parrot species. Fur-

thermore, ready expansion to 38 loci is possible by re-designing

primers for the additional eight loci that exhibited null alleles.
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