Genetic variability in three Amazon parrot species
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Abstract

Parrots of the genus Amazona are among the most threatened species of the Order Pscittaciformes. This work describes
allozyme polymorphisms in three Amazon parrot species - the Blue-fronted Amazon (Amazona aestiva), the Orange-
winged Amazon (Amazona amazonica), and the Festive Amazon (Amazona festiva) -, and provides useful data for the
evaluation of their genetic variability. We electrophoretically analyzed blood samples from 68 wild-caught individu-
als, maintained in captivity in three Brazilian zoos. Eight of the ten studied enzyme loci exhibited polymorphism.
Glucosephosphate isomerase (Gpi) proved to be a diagnostic locus for the identification of these Amazon species.
The expected average heterozygosity of the Blue-fronted Amazon (0.060) differed significantly from the expected
heterozygosities of the Orange-winged Amazon and the Festive Amazon (0.040 and 0.039, respectively). This result
was discussed as a consequence of hybridization between two geographic A. aestiva subspecies, and alternatively as a
particular trait of this species. Genetic variability of the Blue-fronted Amazon compared to birds in general is not low
on a species-wide level, despite the fact that this parrot is one of the most illegally traded species. Allozyme analysis
proved to be an useful tool in monitoring the genetic variation within the genus Amazona and can be applied in the
management program of other threatened species of this genus.
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Variabilidade genética em trés espécies de papagaios do género Amazona

Resumo

Papagaios do género Amazona estio entre as espécies mais ameagadas da Ordem Psittaciformes. O presente traba-
lho descreve polimorfismos enzimaticos em trés espécies de papagaios do género Amazona: o papagaio verdadeiro
(Amazona aestiva), o papagaio do mangue (Amazona amazonica) e o papa-cacau (Amazona festiva). Estes dados
foram utilizados para avaliacdo da variabilidade genética dessas espécies. Foram analisadas, através de eletroforese,
amostras de sangue de 68 individuos capturados na natureza e mantidos em cativeiro em trés zooldgicos brasileiros.
Oito dentre dez locos enzimaticos analisados exibiram polimorfismo. O loco da Glicose Fosfato Isomerase (Gpi) de-
monstrou ser um loco diagndstico para a identificagio dessas espécies de papagaios. A heterozigosidade média espe-
rada para A. aestiva (0,060) diferiu significativamente das heterozigosidades esperadas para A. amazonica e A. festiva
(0,042 e 0,039, respectivamente). Este resultado foi discutido como uma conseqiiéncia de hibridizacio entre duas
subespécies geogrificas de A. aestiva e, alternativamente, como uma caracteristica particular da espécie. Comparada
a aves em geral, a variabilidade genética de A. aestiva nao € baixa, apesar deste papagaio ser uma das espécies mais
comercializadas ilegalmente. A andlise alozimica demonstrou ser uma ferramenta ttil para o monitoramento da va-
riabilidade genética do género Amazona, podendo ser aplicada em programas de manejo destas e de outras espécies
ameagadas pertencentes a0 mesmo género.

Palavras-chave: variagdo genética, papagaios, alozimas, comércio ilegal.

1. Introduction

The risk of extinction is not randomly distributed
across bird families. The Order Psittaciformes, for ex-
ample, contains significantly more threatened species
than would be expected by chance (Bennett and Owens,
1997). In the Neotropical parrots group, 31 percent of the
145 species are at global risk of extinction (Collar et al.,
1994). According to the IUCN Red List of Threatened
Fauna, among the 33 species of the genus Amazona dis-
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tributed worldwide, three are extinct, three are endan-
gered, 11 are listed as vulnerable, and one is critically
endangered (IUCN, 2006). In Brazil, three species of the
genus Amazona are classified as vulnerable (Amazona
brasiliensis Mercet, 1926, Amazona pretei Temminck,
1830 and Amazona vinacea Kuhl, 1820), and one is clas-
sified as endangered (Amazona rhodocorytha Salvadori,
1890). The species chosen for this study, Blue-fronted
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Amazon (Amazona aestiva Linnaeus, 1758), Orange-
winged Amazon (Amazona amazonica Linnaeus,
1766, and Festive Amazon (Amazona festiva Linnaeus,
1758), were evaluated as “Least Concern” by Birdlife
International IUCN (2006), and they are classified as
“Appendix II"” species on the Convention on International
Trade in Endangered Species of Wild Fauna and Flora,
which denotes their vulnerability due to illegal traffic
(CITES Trade Database, 2005).

Although habitat destruction and small clutch sizes
may contribute to the reduction of Neotropical parrot
populations, the poaching of nestlings is the major cause
of their decline (Wright et al., 2001). Poaching parrots is
an economic activity driven by the demand of illegal pet
trade. Wright et al. (2001) reported average US prices
of US$ 575.00 for Orange-winged Amazon, US$ 711.00
for Blue-Fronted Amazon, and US$ 2,150.00 for Festive
Amazon. The Blue-fronted Amazon has been the more
frequently negotiated species; it is estimated that be-
tween 1982 and 1986, approximately 51,000 specimens
were exported to Argentina (Beissinger and Bucher,
1992). This exceeds the total number of individuals of
all Amazon species exported to all other countries and,
due to the relatively small population of the Blue-fronted
Amazon in Argentina, Sick (1997) supposed that most of
these parrots were captured in Brazil.

Brazilian zoos have maintained collections of
many wild-caught Amazon parrots and most of these
birds were sent to the zoos after the dealers were inter-
cepted by the environmental police or by the Brazilian
Environment Institute - IBAMA (Instituto Brasileiro do
Meio Ambiente). Usually, birds are sent to zoos located
near the area where the trade interception occurred.

Most studies on Amazon parrots are restricted to
morphological, ecological, reproductive, or ethological
aspects (Valentine, 1990; Marsden et al., 2000; Wright
and Wilkinson, 2001; Ragusa-Neto, 2005; Raso et al.,
2006; Sanz and Rodriguez-Ferraro, 2006; Fox and
Millam, 2007). Genetic studies have focused on phylog-
enies (Eberhardt et al., 2001), and a broader phylogenet-
ic study demonstrated that the group is not monophyletic
(Russello and Amato, 2004).

However, studies on the genetic variability of
Brazilian parrots of the genus Amazona are scarce.
Wanjtal et al. (1995) evaluated the genetic variation of
Brazilian zoo samples of four Amazona species using
DNA fingerprint. They demonstrated that the two sub-
species of the Blue-fronted Amazon differed in levels
of variability - A. a. aestiva (Linnaeus, 1758) was more
variable than A. a. xanthopteryx (Berlepsch, 1896) - and
these two races were more variable than the Orange-
winged Amazon. Recently, Faria and Miyaki (2006)
found no genetic variation in zoo and wild samples of
two species of the Amazona genus (A. pretrei and A.
brasiliensis) using heterologous probes of single locus
minisatellites, ten pairs of heterologous microsatellite
primers (8 from domestic chicken, Gallus gallus, and
2 from hyacinth macaw, Anodorhynchus hyacinthinus

Latham, 1720 and seven tetranucleotide repeat primers
to amplify inter-simple sequence repeats (ISSRs).

Genetic variation of wild-caught captive individuals
of three Amazon parrots species was assessed in this pa-
per using protein electrophoresis. We assumed that since
the analyzed individuals were wild-caught, their genetic
variability reflects the gene variation level of the wild
populations. Additionally, we discussed allozyme analy-
sis as a useful tool for investigating the genetic variation
of other Amazon parrot populations that require more ef-
forts for conservation purposes.

2. Material and Methods

2.1. Sample collection

We analyzed 68 wild-caught unrelated individuals be-
longing to three species sampled in three Brazilian zoos:
the Blue-fronted Amazon, A. aestiva (n = 25; 7 from the
Cuiaba zoo, Cuiabd, Mato Grosso State, and 18 from
the Sdo Carlos zoo, Sdo Carlos, Sao Paulo State); the
Orange-winged Amazon, A. amazonica (n = 18; 6 from
the Manaus zoo, Manaus, Amazonas State, and 12 from
the Sdo Carlos zoo, Sdo Carlos, Sdo Paulo State), and
the Festive Amazon, A. festiva (n = 25, from Manaus,
Manaus, Amazonas State). Parrots sampled at the Cuiaba
zo0o belong to the Pantanal region, and parrots from the
Manaus zoo were captured in the Amazonian region.
Parrots from the Sdo Carlos zoo were mostly sent by
IBAMA, and their probable origin is the central-western
region of Brazil, including the Pantanal region.

Two geographic races of the Blue-fronted Amazon
are distributed in South America: A. a. aestiva is ob-
served in the eastern region and A. a. xanthopteryx in
the western region, with an overlap area in the Pantanal
region (Sick, 1997). Morphologically, these subspecies
are differentiated by plumage color on the bend of the
wing that is yellow in A. a. xanthopteryx and red in A.
a. aestiva.

Blood samples (0.2 mL) were collected from each
bird using EDTA as the anticoagulant. Each sample was
centrifuged and separated into plasma and cells. Plasma
was suctioned and cell fractions were frozen separately
at =20 °C for allozyme analysis.

2.2. Protein electrophoresis

Horizontal starch gel electrophoresis was carried
out to study enzymes coded by ten presumptive genetic
loci. Different buffers were used to achieve better reso-
Iution of the electrophoretic patterns of the following
enzymes: acid phosphatase (Acp), EC 3.1.3.2 (tris-ED-
TA-maleate-MgCl,, pH 7.4 buffer, TM); esterase (Est-D
and Est-0-NA), EC 3.1.1.1 (TM); glucosephosphate
isomerase (Gpi), EC 5.3.1.9 (tris-citrate, pH 8.0 buffer,
TC); glyoxalase I (Glo), EC 4.4.1.5 (TC); lactate dehy-
drogenase (Ldh), EC 1.1.1.27 (discontinuous histidine-
citrate, pH 7.0-6.7 buffer, HC); peptidase A (Pep A), EC
3.4.11 (TC); phosphoglucomutase (Pgm), EC 5.4.2.2
(TM); 6-phosphogluconate dehydrogenase (6-Pgd),
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EC 1.1.1.44 (HC), and superoxide dismutase (Sod), EC
1.15.1.1 (TM). Reaction mixtures for the detection of
enzyme activity were prepared following procedures de-
scribed by Harris and Hopkinson (1976).

Electromorphs were assumed to be products of dif-
ferent alleles. Alleles were designated alphabetically in
order of relative mobility from anode to cathode, with
“C” indicating the most common allele, and “B” and
“D” representing more anodal or cathodal forms relative
to “C”, respectively. For Gpi phenotypes in the Festive
Amazon population, “F” was classified as the most com-
mon and “E” was classified as the more anodal form.

2.3. Data analysis

Allele frequencies were obtained through direct
count. The proportion of polymorphic loci (%), number
of alleles per locus, and observed and expected under-
equilibrium heterozygosities were estimated using the

BIOSYS-1 program (Swofford and Selander, 1981),
and were compared by chi-square (y?) values in a table
with the absolute numbers of homozygotes and hetero-
zygotes.

3. Results

Of the 10 analyzed gene loci, eight were polymor-
phic, with a mean number of alleles per locus ranging
from 1.4 to 1.7 (Tables 1 and 2). Six rare alleles (fre-
quencies lower than 5%) were identified in the Blue-
fronted Amazon, three were identified in the Orange-
winged Amazon, and four were identified in the Festive
Amazon. Private alleles characterized these species: Gpi
B, Glo B, Pgm D and Pep-A B alleles were restricted
to the Blue-fronted Amazon, 6-Pgd B and D alleles oc-
curred only in the Orange-winged Amazon, and Acp D
and Est-oNA B alleles were observed only in the Festive

Table 1. Allele frequencies at ten allozyme loci in three species of Amazon parrots and chi-square (%) values under assump-

tion of the Hardy-Weinberg equilibrium (HWE).

Loci Blue-fronted Amazon Orange-winged Amazon Festive Amazon
(n =25) (n=18) (n =25)
Alleles X2 Alleles X2 Alleles X2
Acp C (1.000) C (1.000) C (0.980 +0.022) 0.022
D (0.020 £ 0.022)
Est-o-NA  C (1.000) C (1.000) B (0.080 + 0.040) 0.057
C (0.920 + 0.040)
Est-D B (0.040 + 0.003) 0.420 B (0.050 + 0.006) 0.130 0.167
C (0.940 + 0.003) C (0.950 + 0.006) C (0.958 £ 0.028)
D (0.020 £ 0.003) D (0.042 £0.028)
Gpi B (0.040 + 0.028) 0.040 C (1.000) E (0.020 £0.022) 0.022
C (0.960 + 0.028) F (0.980 + 0.022)
Glo B (0.040 + 0.028) 0.070 C (1.000) C (1.000)
C (0.960 + 0.028)
Ldh C (1.000) C (1.000) C (1.000)
Pep A B (0.020 + 0.030) 0.220 C (1.000) C (1.000)
C (0.980 +0.030)
Pgm B (0.120 £ 0.010) 0.144 B (0.111 £ 0.040) 0.110 B (0.020 £ 0.022) 0.022
C (0.840 £ 0.010) C (0.889 +0.040) C (0.980 +0.022)
D (0.040 £ 0.010)
6-Pgd C (1.000) B (0.028 +0.003) 0.420 C (1.000)
C (0.944 +0.003)
D (0.028 £0.003)
Sod C (1.000) C (1.000) C (1.000)

Table 2. Genetic variability at 10 allozyme loci in three Amazon parrot species.

Amazon parrot Average number of alleles per

locus (standard error)

Percent Average Heterozygosity

polymorphic loci® Observed Expected, .
Blue-fronted 1.7 (0.3) 30 0.064 £0.032 0.060 £ 0.028
Orange-winged 1.4 (0.2) 50 0.044 £0.025 0.042 +£0.023
Festive 1.5 (0.2) 50 0.032£0.013 0.039 £0.017

0.95 criterion.
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Amazon. Additionally, the alleles E and F observed at
Gpi distinguished the Festive Amazon pattern from the
other two species. Among all studied loci, Gpi and 6-Pgd
seemed to be good diagnostic markers. The y? tests car-
ried out for the different loci in the three samples showed
no deviations from equilibrium.

The proportion of polymorphic loci ranged from
30 to 50 percent under a 95 percent criterion (Table 2).
The percentage of polymorphic loci and the mean number
of alleles per locus did not differ significantly between
species. Blue-fronted Amazon average heterozygosity
differed significantly from that of the Orange-winged
Amazon and Festive Amazon (x* = 4.33, p < 0.05).

4. Discussion

The average heterozygosity observed in the Blue-
fronted Amazon species (0.060) is close to the average
value reported by Ward et al. (1992) in a review study
including 172 avian species (0.068). Orange-winged
Amazon and Festive Amazon, on the other hand, ex-
hibited lower values (0.044 and 0.032, respectively).
Although the lowest level of variability found in Festive
Amazon is expected since it has the smallest distribu-
tion area of the three studied species (Infonatura, 2004),
the variability level observed in Orange-winged Amazon
can not be explained based on its geographic distribu-
tion. The number of rare and private alleles was also
significantly higher for the Blue-fronted Amazon when
compared to the other analyzed species.

Our first hypothesis to explain the higher variation
level found in the Blue-fronted Amazon is that part of
our sample could have a hybrid subspecies composition,
although morphological analysis of the sampled parrots
assigned them to the A. a. aestiva subspecies. The two
A. aestiva subspecies showed a significant differentiation
level when evaluated through DNA fingerprinting patterns
(Wanjtal et al., 1995). Bird hybridization is widespread
— near one in ten species is known to hybridize and the
true global incidence is likely to be much higher (Grant
and Grant, 1992) — and allozyme loci are powerful ge-
netic markers for revealing hybridization or introgression
events involving species and subspecies (Frankham et al.,
2002). However, only a further analysis including popula-
tions from areas where each subspecies occurs alone, and
in the potential hybrid zones could test our assumption.

Alternatively, the higher level of variability detected
in Blue-fronted Amazon could be a particular trait of this
species. This proposition is in agreement with DNA fin-
gerprinting data that also pointed Blue-fronted Amazon
as more variable than the Orange-winged Amazon
(Wanjtal et al., 1995), and with the high variability re-
ported for an intraspecific chromosomal polymorphism
associated to a broad interstitial band of heterochromatin
within chromosome VI (Valentine, 1990).

Data revealing the extension of the illegal trade of
the Blue-fronted Amazon parrots in Brazil point that,
during a twelve-year period, the Center of Wild Animal
Rehabilitation (CRAS) received over 2,500 nestlings il-

legally transported across the state of Mato Grosso do
Sul (Seixas and Mourao, 2000, 2002). Accurate statis-
tics on the number of wild birds in illegal trade is not
available and the number of birds removed from wild
environments may be two to four times higher than that
suggested by published data (Pain et al., 2006). Our re-
sults showed that, despite the intense persecution, Blue-
fronted Amazon genetic variability is comparable to that
observed in non-traded species. However, as this species
presents a long generation time, it is possible that the
consequences of its decrease in population size will be
detected only in the future, when species could be ge-
netically impoverished.

Biodiversity is composed of ecological and genetic
variation, and its evaluation is an essential step towards
planning conservation strategies for endangered or vul-
nerable species (Schwartz et al., 2006). Birds are known
to have lower gene variation when compared to other ver-
tebrates (Ward et al., 1992). Considering only Amazon
parrots studies, is noteworthy to observe the lack of
genetic diversity reported by Faria and Miyaki (2006)
on A. pretrei and A. brasiliensis analyses using highly
polymorphic genetic markers. Although the vulnerable
status of both species may explain the results, it shows
how difficult is to find cross-species polymorphic genetic
markers for population studies in this genus. The alloz-
yme markers standardized here can be an alternative, fast,
and easy approach toward evaluating the intraspecific and
interspecific genetic diversity of these three Amazon par-
rot species as well as other vulnerable or endangered spe-
cies that belong to sister groups. The application of these
markers can also be useful to conservation follow-up pro-
grams, such as the successful reintroduction of captive-
raised Yellow-shoulder Amazon parrots (A. barbadensis
Gmelin, 1788) on Margarita Island in Venezuela (Sanz
and Grajal, 1998), which is a model that can be pro-
posed for vulnerable and endangered species in Brazil.
Allozyme analysis has been increasingly replaced by
DNA markers, but its use remains justifiable when it can
contribute on additional information, mainly when rapid
screening is required for a species from one genus and
when hybridization is one of the hypotheses to be tested.
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