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Abstract

The present study determined nuclear and mitochondrial (mtDNA) levels of genetic variability and phylogeographic 
patterns in breeding populations of Roseate Spoonbill (N = 57), Wood Stork (N = 89), and Jabiru Stork (N = 30), 
sampled in the Brazilian Pantanal. These species were selected since they are bioindicators of wetlands’ health and are 
threatened in other parts of their distribution. As they are in close association with this ecosystem, they are appropriate 
for studying the effects of Pleistocene climatic changes on their demographic patterns. Levels of nuclear genetic diver-
sity in Pantanal populations were not significantly different from those of other populations throughout the American 
continent, where they are considered threatened or of special concern. Reduced levels of mtDNA genetic diversity 
were observed in the Central American population of Jabiru Stork in comparison to the Pantanal population. Recent 
demographic expansion in the Pantanal was markedly evidenced by unimodal patterns of mismatch distribution and 
Fu’s Fs neutrality test in these three species. We hypothesize that the average time of population expansion (between 
30,843 and 14,233 years before present) is associated to responses of these birds’ populations to paleoclimatic changes 
in these wetlands during the last glaciation period. We recommend special conservation efforts with the Jabiru Stork 
populations, a genetic monitoring program based on mtDNA, and an ecological characterization of these waterbirds 
species throughout their distribution range. 
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Diversidade genética e evidências de expansão demográfica  
recente nas populações de aves aquáticas do Pantanal brasileiro

Resumo

O presente estudo determinou níveis de variabilidade nuclear e mitocondrial (DNAmit) e padrões filogeográficos de 
populações reprodutivas de colhereiro (N = 57), cabeça-seca (N = 89) e tuiuiú (N = 30) do Pantanal brasileiro. Estas 
espécies foram selecionadas porque são bioindicadoras da integridade das áreas alagáveis e se encontram ameaça-
das em outras partes da sua área de distribuição. Devido à sua estreita associação com esse tipo de ecossistema, seu 
estudo permite verificar os efeitos das mudanças climáticas do Pleistoceno nos seus padrões demográficos. Níveis 
de diversidade genética nuclear nas populações pantaneiras não diferiram significativamente dos encontrados em ou-
tras populações ao longo do continente americano onde são consideradas ameaçadas ou como de especial interesse 
para conservação. Níveis reduzidos de variabilidade genética DNAmit foram observados nas populações de tuiuiú da 
América Central, quando comparadas às populações do Pantanal. A expansão demográfica recente das três espécies no 
Pantanal ficou marcadamente evidenciada pelos padrões unimodais da distribuição das diferenças pareadas e pelo teste 
de neutralidade de Fs de Fu. Hipotetizamos que o tempo médio de expansão populacional (entre 30.843 e 14.233 anos 
antes do presente) está associado as respostas destas populações de aves às mudanças climáticas ocorridas nas áreas 
alagáveis durante o último período de glaciação. Recomendamos, esforços especiais na conservação das populações 
do tuiuiú, um programa de monitoramento genético baseado no DNAmit e a caracterização ecológica dessas espécies 
de aves aquáticas ao longo de suas áreas de distribuição.

Palavras-chave: aves aquáticas, Pantanal, populações, variabilidade genética.
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of populations to past climatic shifts and other historical 
processes (Templeton et al., 1995; Lessa et al., 2003), 
and to analyze the current intraspecific genetic variation 
in order to predict the impact of future climate changes 
on populations (Davis and Shaw, 2001). This approach is 
important for populations that are distributed over large 
areas and occur in both preserved and degraded regions. 
Nuclear microsatellite loci and mitochondrial DNA se-
quence data complement each other in revealing differ-
ent aspects of genetic diversity within populations and 
can be useful in monitoring and management of conser-
vation units (Brown et al., 2005). 

Data from previous studies in Roseate Spoonbill 
(Santos, 2004; Miño and Del Lama, 2007), Wood Stork 
(Tomasulo-Seccomandi, 2004; Lopes et al., 2006), and 
Jabiru Stork (Lopes, unpublished data) were re-analyzed 
together in this study to compare levels of genetic vari-
ability and to infer demographic historic parameters 
among these waterbird populations that breed at the 
Brazilian Pantanal. We particularly addressed the fol-
lowing questions: i) Are the current levels of genetic di-
versity of Pantanal populations different from those of 
declining American populations of the same species?; ii) 
Are genetic data revealing demographic processes that 
populations have undergone in response to Pleistocene 
climatic events?; and iii) Which recommendations ge-
netic information will support for conservation of water-
birds populations and wetlands?

2. Material and Methods

2.1. Sample and DNA extractions

Blood samples or growing feathers from nestlings 
and shed adult feathers were collected from Roseate 
Spoonbills, Wood Storks, and Jabiru Storks during 
five breeding seasons in the Pantanal region (1997, 
1999, 2000, 2002, and 2003) (Figure 1). A total of 
57  Roseate Spoonbill blood and feather samples were 
collected in four Pantanal colonies (Santos, 2004; Miño 
and Del Lama, 2007); Wood Stork blood samples from 
89  nestlings were collected in eight Pantanal colonies 
(Tomasulo-Seccomandi, 2004; Lopes et al., 2006); and 
30 Jabiru Stork samples were collected at three Pantanal 
regions, including 21 blood samples of unrelated chicks 
and nine feathers from dead nestlings (N = 4) and from 
adults (N = 5) found inside or below the nests (Lopes, 
unpublished data). 

Total genomic DNA was extracted using Proteinase K 
digestion, followed by phenol/chloroform/isoamyl alco-
hol (PCI) isolation and ethanol precipitation (Sambrook 
and Russell, 2001). Total genomic DNA from molted 
adult feathers was extracted using the modified PCI pro-
tocol described in Miño (2006).

2.2. Genotyping and sequencing

Microsatellite loci. Fifty-seven Roseate Spoonbill 
samples were genotyped at four species-specific micros-
atellite loci (Aaju1, Aaju2, Aaju3, and Aaju5) described 

1. Introduction

Wetlands are among the most threatened and highly 
biodiverse ecosystems in the world. The worldwide im-
portance of these habitats is reflected in many inter-gov-
ernmental treatises signed to ensure their protection and 
management, such as the Convention on Wetlands and the 
Ramsar Convention on Wetlands. The South American 
continent has the largest continuous inland wetland ar-
eas in the world, totalizing approximately 1,000,000 km2 
(Neiff, 2001). Brazil alone possesses half of this area in 
its territory (Naranjo, 1995). The Pantanal region is one 
of the largest intra-continental wetlands, where many 
bird species have a major part of their total populations, 
while others are found in this region only during their 
reproductive period (Junk et al., 2006). From approxi-
mately 390 bird species recorded in Pantanal, 36% are 
colonial breeders that depend on the gallery forest for 
breeding sites. This wetland harbors the greatest water-
bird diversity of the South American continent (Scott and 
Carbonell, 1986; Junk et al., 2006). Waterbird popula-
tions have been used to monitor environmental changes 
in wetlands since their timing of reproductive activities 
and other population parameters respond directly to 
hydrologic fluctuations (Kushlan, 1993; Frederick and 
Ogden, 2003; Figueira et al., 2006).

Roseate Spoonbill (Platalea ajaja Linnaeus 1758), 
Wood Stork (Mycteria americana Linnaeus 1758), 
and Jabiru Stork (Jabiru mycteria Lichtenstein 1819) 
(Aves: Ciconiiformes) are waterbirds that are spatially 
co-distributed throughout Neotropical wetland areas 
from Southeastern Mexico to Central Argentina. These 
species are considered common and abundant in the 
Brazilian Pantanal, but are regionally threatened in other 
parts of their geographic range. For example, the Roseate 
Spoonbill population of the state of Florida (US) is con-
sidered of special concern for protection, as it underwent 
a profound bottleneck from 1890 to 1920 (Bjork and 
Powell, 1996; Florida Fish and Wildlife Conservation 
Commission, 2006). The Wood Stork has been listed 
as an endangered species in the US, after a popula-
tion decline from 60,000 in the 1930s to about 5,000 
in 1978 (Ogden et al., 1987). The Jabiru Stork is clas-
sified as an “Appendix I” species under the Convention 
on International Trade in Endangered Species of Wild 
Fauna and Flora (CITES), and is considered threatened 
in Central America (Luthin, 1987; Stotz et al., 1996). 
Anthropogenic disturbances, such as habitat degradation 
and hunting, are among the main causes of past popula-
tion declines of these species. Currently, climatic chang-
es, e.g. global warming, have also been cited as important 
factors that affect several aspects of bird biology and can 
cause shifts in range (Crick, 2004; Parmesan, 2006).

In order to devise adequate conservation and man-
agement strategies for species that live in threatened hab-
itats, it is important to incorporate a reliable understand-
ing of their genetic diversity and demographic history 
(Frankham et al., 2002; Schwartz et al., 2007). Molecular 
markers can be used to track the demographic responses 
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control region Domain I was amplified for 39 Roseate 
Spoonbill samples using the primers LPA-01 (5’-TAT-
GTCAGGCGAGCATTCAA-3’) and HCBS-1 (5’-TC-
CGACAAGCATTCACTAAAT-3’) following PCR condi-
tions described by Santos (2004). Fragments of 390/460 bp 
of the mtDNA control region Domain III were amplified 
and sequenced for 55 Wood Stork samples using the prim-
ers LCBS-1 (5’-TTTAGTGAATGCTTGTCGGA-3’) and 
HCBS-1 according to conditions described by Lopes et al. 
(2006). PCR amplifications and sequencing of 549 bp of 
the mtDNA control region Domain I were performed on 24 
Pantanal Jabiru Stork samples using the primers WS-L36 
(5’-TTCCTCCCAAATAACCATA-3’) and WS-H601(5’-
CCTTGGCTGTGTGTACG-3’) in a final volume of 
50 µl containing approximately 100 ng of genomic DNA, 
10 mM Tris-HCl pH 8.3, 50 mM KCl, 0.25 mM dNTPs, 
0.5 mM of each primer, 2.5 mg/ml bovine serum albumin 
(BSA), 2.5 mM MgCl

2
, and 1U of Taq DNA polymerase 

(Promega). The PCR cycling program was: 5 minutes at 
94 °C; five cycles of 20 s at 94 °C, 20 s at 57 °C, and 20 s 
at 72 °C; 21 cycles of 20 s at 94 °C, 20 s at 57 °C minus 
0.5 °C per cycle, and 30 s at 72 °C; 10 cycles of 20 s at 
94 °C, 20 s at 46.5 °C, and 30 s at 72 °C; and 10 minutes 
at 72 °C.

2.3. Data analyses

Microsatellite loci. Standard population genetic 
analyses were conducted to quantify nuclear genetic di-
versity within the three analyzed species. Gene frequen-

by Sawyer and Benjamin (2006), and at WS03 locus 
described for Wood Stork (Tomasulo-Seccomandi et al., 
2003), following conditions described in Miño and Del 
Lama (2007). Polymerase chain reaction (PCR) products 
were sized in a MegaBACETM1000 automatic sequencer, 
using the Gensize Rox 500 ladder as the internal stand-
ard (GE Healthcare). Results were analyzed using the 
GeneticProfiler® software (GE Healthcare). Eighty-nine 
Pantanal Wood Stork samples were genotyped at ten spe-
cific microsatellite loci (WS03, WS08, WS09, WS13, 
WS14, WS18, WS19, WS20, WS23, WS24) following 
PCR conditions described in Tomasulo-Seccomandi 
et al. (2003). Thirty Jabiru Stork samples were genotyped 
at five heterologous microsatellite loci described for 
the Wood Stork (WS04, Van Den Bussche et al., 1999; 
WS13, WS16, WS18, and WS20, Tomasulo-Seccomandi 
et al., 2003). Alleles detected in heterologous loci in the 
Jabiru Storks sample showed similar sizes to those de-
tected in the Wood Stork sample, and the differences 
in size between alleles were in the expected range, ac-
cording to the number of repetitive units of each locus. 
PCR products from both stork species were automati-
cally analyzed using an ABI 377-96 sequencer and the 
Genotyper program (PE Applied Biosystems).

Mitochondrial DNA. Partial mitochondrial DNA 
(mtDNA) control region fragments (Domain I or 
Domain III) were amplified and sequenced for the three 
species. A fragment of 483 base pairs (bp) of the mtDNA 
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Figure 1. Roseate Spoonbill (circles) and Wood Stork (triangles) colonies, and Jabiru Stork (squares) locations sampled in the 
Pantanal area. Breeding colonies of Roseate Spoonbill and Wood Stork sampled: Baía de Gaíva (BG), Porto da Fazenda (PF), 
Tucum (TU), Fazenda Ipiranga (FI), Baía Bonita (BB), Fazenda Retirinho (FR), Rio Vermelho (RV); and regions of Jabiru 
Stork nests sampled: Transpantaneira (TP), Nhecolândia (NH), and Miranda (MR).
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model, we computed the sum of square deviations (SSD) 
using the Arlequin program. The Rogers and Harpending 
(1992) model was used to calculate the time since popu-
lation expansion by estimating Tau (τ), θ

0
, and θ

1
 based 

on the mismatch distribution outputs from Arlequin. We 
converted the parameter τ, calculated from the mismatch 
distribution, to estimate the time since the expansion (t) 
using the equation t = τ /2u, where u is the mutation rate 
per sequence per generation (Rogers, 1995; Schneider 
and Excoffier, 1999). Time since expansion was esti-
mated for each species using a range of mutation rates 
(2, 6 and 10%), to account for uncertainties in the rate 
of evolution of the avian mitochondrial control region 
(Pérez-Tris et al., 2004; Brito, 2005), and supposing a 
generation time of three years for the Roseate Spoonbill 
and four years for the Wood Stork and Jabiru Stork.

3. Results

3.1. Nuclear and mtDNA diversity

Table 1 summarizes microsatellite and mtDNA di-
versity in breeding populations of the three waterbird 
species sampled in the Brazilian Pantanal region. The 
Student’s t- test showed non-significant (p > 0.05) dif-
ferences in levels of genetic variability among colonies/
locations in these samples. The highest value of nu-
clear expected heterozygosity was detected in Porto da 

cies were calculated using Genepop v. 3.2 (Raymond 
and Rousset, 1995) and used to estimate other genetic 
variability parameters. Allelic richness was calculated 
using Fstat v. 2.9.3.2 (Goudet, 1995). Levels of genotyp-
ic diversity for each Roseate Spoonbill and Wood Stork 
breeding colony as well as each Jabiru Stork location 
were assessed by calculating observed (H

O
) and expected 

(H
E
) heterozygosity, using Genepop and Cervus v. 2.0 

(Marshall et al., 1998). Diversity levels were compared 
among all colonies using the Student’s t-test.

Mitochondrial DNA. Sequences were aligned us-
ing Bioedit (Hall, 1999) and visually verified. Haplotype 
diversity (h) and nucleotide diversity (π) were computed 
using Arlequin (Schneider et al., 2000). Deviations from 
selective neutrality were tested by Fu’s Fs (Fu, 1997) 
and Tajima’s D (Tajima, 1989) approaches in Arlequin. 
Neutrality tests were used as an indication of recent pop-
ulation expansion when the null hypothesis of neutrality 
was rejected due to significant negative values (p < 0.02 
for Fs and p < 0.05 for D). The DnaSP program (Rozas 
et al., 2003) was used to estimate Fu and Li’s (1993) F* 
and D* statistics, which are neutrality tests more sensi-
tive to background selection. The distribution of pairwise 
nucleotide differences (mismatch distribution) was cal-
culated as an additional test for demographic expansion 
(Rogers and Harpending, 1992), also using DnaSP. To test 
whether the observed distributions deviated significantly 
from those expected under the population expansion 

Table 1. Genetic diversity based on microsatellite loci and mtDNA control region sequences for Roseate Spoonbill, Wood 
Stork, and Jabiru Stork populations in the Pantanal. Number of analyzed individuals (N), observed (Ho) and expected (He) 
heterozygosities, average number of alleles (A), average allelic richness (Rs), number of haplotypes (Hap), haplotype diver-
sity (h), and nucleotide diversity (π).

Colony/Location Microsatellite loci MtDNA
Roseate Spoonbill N He Ho A Rs N Hap h  π 
Baia de Gaíva 20 0.649 0.624 5.2 3.044 14 8 0.824 ± 0.098 0.0050 ± 0.003

Fazenda Ipiranga 11 0.624 0.499 3.4 2.695 4 3 0.500 ± 0.265 0.0010 ± 0.001

Porto da Fazenda 8 0.711 0.712 3.4 3.010 6 4 0.800 ± 0.004 0.0050 ± 0.004

Fazenda Retirinho 18 0.603 0.541 4.8 2.800 15 8 0.791 ± 0.105 0.0040 ± 0.003

Total 57 0.646 0.594 4.2 2.89 39 15 0.753 ± 0.071 0.0040 ± 0.002

Wood Stork
Baia de Gaíva 13 0.368 0.271 2.2 1.714 8 3 0.464 ± 0.200 0.0019 ± 0.0018

Fazenda Ipiranga 10 0.337 0.280 2.1 1.684 7 2 0.476 ± 0.171 0.0050 ± 0.0037

Porto da Fazenda 11 0.361 0.236 2.1 1.688 8 3 0.607 ± 0.164 0.0024 ± 0.0021

Tucum 15 0.325 0.284 2.2 1.625 8 3 0.464 ± 0.200 0.0020 ± 0.0018

Baía Bonita 12 0.315 0.187 2.2 1.621 8 4 0.643 ± 0.184 0.0026 ± 0.0022

Fazenda Retirinho 13 0.386 0.237 2.5 1.755 8 3 0.464 ± 0.200 0.0019 ± 0.0018

Rio Vermelho 15 0.378 0.302 2.5 1.749 8 8 1.000 ± 0.062 0.0074 ± 0.0049

Total 89 0.358 0.259 2.9 2.234 55 17 0.619 ± 0.077 0.0039 ± 0.0026

Jabiru Stork
Transpantaneira 13 0.482 0.440 3.2 2.649 11 6 0.855 ± 0.085 0.0036 ± 0.0007

Miranda 8 0.570 0.415 3.2 3.019 5 4 0.900 ± 0.161 0.0050 ± 0.0012

Nhecolândia 9 0.497 0.555 2.8 2.612 8 7 0.964 ± 0.077 0.0056 ± 0.0011

Total 30 0.549 0.476 3.4 2.772 24 12 0.906 ± 0.038 0.0043 ± 0.0005
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characterized in terms of genetic diversity and were 
compared to other threatened breeding populations 
throughout their distribution in the Americas. This study 
also expands the scarce data on historical demographic 
patterns exhibited by natural populations inhabiting 
Neotropical areas. 

4.1. Genetic variability

The highest levels of diversity evaluated through 
nuclear and mitochondrial data were found in the same 
Pantanal colonies for the Roseate Spoonbill (Porto da 
Fazenda) and Wood Stork (Fazenda Retirinho and Rio 
Vermelho). It is worth noting that Porto da Fazenda is a 
stable colony and has been recorded over the last 80 years 
(Bouton et al., 2005) and Rio Vermelho is considered the 
largest colony in the southern Pantanal (2,500 breeding 

Fazenda (0.711) for the Roseate Spoonbill; in Fazenda 
Retirinho (0.386) and Rio Vermelho (0.378) for the 
Wood Stork; and in Miranda (0.570) for the Jabiru Stork. 
Analyses of mtDNA control region sequences revealed 
the highest nucleotide diversity values in Baia de Gaíva 
and Porto da Fazenda colonies (0.005) for the Roseate 
Spoonbill; in Rio Vermelho (0.007) for the Wood Stork; 
and in Nhecolândia (0.006) for the Jabiru Stork. 

3.2. Demographic history

The analysis of mtDNA haplotype distribution al-
lowed us to identify the presence of single haplotypes 
that are common to all colonies/locations in these three 
studied species (data not shown). An association of one 
common haplotype with others in lower frequencies or 
private haplotypes is a pattern frequently attributed to 
populations that have undergone recent range expansion 
(Slatkin and Hudson, 1991; Rogers and Harpending, 
1992). All studied populations showed unimodal patterns 
of mismatch distribution curves, as expected in cases of 
population expansion (Figure 2). None of the sums of 
squared deviations (SSD) of mismatch distribution was 
significant, indicating that the curves fit the sudden ex-
pansion model tested (Figure 2).

Neutrality tests applied to search for additional demo-
graphic signs of population expansion are also in concord-
ance with the above pattern. The measure of Fu’s Fs statis-
tic based on the control region sequences revealed values 
significantly different from zero in all analyzed species, 
suggesting a recent expansion in the Pantanal. Similarly, 
Tajima’s D test was significantly negative for the Roseate 
Spoonbill and Wood Stork, but positive and non-signifi-
cant for Jabiru Stork populations. Non-significant values 
in D* and F* tests combined with a significant Fs have 
been interpreted by Fu (1997) as evidence of the absence 
of background selection, therefore supporting indications 
of demographic expansions. Fu and Li’s D* and F* tests 
presented significant departure from neutrality for both 
the Roseate Spoonbill and Wood Stork, thus indicating 
the possible occurrence of background selection. In Jabiru 
Stork samples, the deviation from neutrality was not ex-
plained by background selection, as evidenced by the non-
significant values of Fu and Li’s D* and F* tests.

Based on our estimated values of τ, the average time 
since the demographic expansion for these waterbird 
species in the Pantanal region ranged from approximate-
ly 30,843 years before the present (ybp) (Wood Stork) to 
14,233 ybp (Jabiru Stork) (Table 2). Although these dates 
were estimated based on different portions of the mtDNA 
control region (Domain I for the Roseate Spoonbill and 
Jabiru Stork; Domain III for the Wood Stork), the τ val-
ues were not significantly different from each other due 
to the large 95% confidence intervals around the point 
estimates (Table 2).

4. Discussion

This is the first genetic evaluation of co-distributed 
Pantanal waterbird populations combining mtDNA se-
quences and microsatellite loci data. Populations were 
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Figure 2. Observed and expected mismatch distribution 
under population expansion model, Fu and Li’s D* and 
F*, Fu’s Fs, and Tajima’s D neutrality tests, and the sums 
of squared deviations (SSD) for Roseate Spoonbill, Wood 
Stork, and Jabiru Stork mtDNA control region sequences. 
(* 0.01 < p < 0.05; ** p  ≤ 8804; 0.01)
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higher but non significant level of diversity was observed 
in the Pantanal samples (h

mean
 = 0.906, π

mean
 = 0.004) 

(Lopes et al., unpublished data). This lack of mtDNA 
diversity likely results from the small population size 
combined with the recent decrease and extirpation of the 
Jabiru Stork from several Central American areas (Lopes 
et al., unpublished data). As microsatellite markers show 
bi-parental inheritance and higher effective population 
sizes in comparison to mtDNA, they are less sensitive 
than mtDNA data in revealing declines in the levels of 
variability (Frankham et al., 2002; Avise, 2004; Friesen 
et al., 2007). Analyses of genetic diversity using mtDNA 
were restricted to the Pantanal for the Roseate Spoonbill 
and Wood Stork populations (Santos, 2004; Lopes et al., 
2006). Thus, in order to evaluate the genetic status of 
other breeding populations, especially endangered ones, 
the expansion of these analyses must be considered us-
ing mtDNA genetic diversity in populations of both spe-
cies throughout their American distribution. These future 
studies will either accept or refuse the hypothesis that a 
decrease in diversity is really occurring or it is not be 
detected by nuclear markers.

4.2. Demographic history

MtDNA partial control region sequences 
(Domain  I  or  III) revealed a similar pattern of demo-
graphic expansion in the studied species: Roseate 
Spoonbill (Santos, 2004), Wood Stork (Lopes et al., 
2006), and Jabiru Stork (Lopes et al., unpublished data). 
The recent demographic expansion of these populations 
in the Pantanal was indicated by the significant nega-
tive Fu’s Fs values, the unimodal mismatch distribution 
curves (Figure 2), values of population size before (θ

0
) 

and after (θ
1
) demographic expansion (Table 2), and the 

star shape of the haplotype networks (data not shown).
According to our results, the Wood Stork expanded 

first in the Pantanal area (30,843 ybp), followed by the 
Roseate Spoonbill (25,733 ybp), and more recently by 
the Jabiru Stork (14,233 ybp), although the differences 
among the average times since demographic expan-
sion were non-significant. The earlier expansion of the 
Wood Stork and Roseate Spoonbill in the Pantanal is 
an expected fact, considering their migrating behavior. 
Migratory species such as Roseate Spoonbill and Wood 
Stork exhibit patterns of movements that can facilitate 
exploration of new areas suitable for breeding. Resident 

pairs; EJ Marques, personal communication). Diversity 
levels revealed contrasting patterns for microsatellite 
loci and mtDNA in Jabiru Stork samples collected at 
the three locations, but increasing the sample size and/
or adding locations may change this picture. Innovative 
non-invasive sampling strategies, e. g. collection of mol-
ted feathers, will also help genetically monitor popula-
tions as they involve a lower sampling effort and can 
be performed by a licensed non-scientist with access to 
breeding colonies and nests.

Microsatellite data revealed that Pantanal samples 
presented levels of genetic variability similar to those of 
threatened or of concern populations of the three spe-
cies. Nuclear variability of the Roseate Spoonbill popu-
lation in the Pantanal was not significantly different from 
that of a sample of 51 wild individuals caught in Florida 
(US) (Ho = 0.667; He = 0.649), where these species had 
undergone a well-documented demographic reduction 
(Sawyer, 2002; Miño and Del Lama, 2007). Similarly, 
Wood Stork population analyses revealed no statistical 
differences in genetic diversity between the threatened 
southeastern US breeding populations and those of the 
Pantanal (Tomasulo-Seccomandi, 2004). The lack of dif-
ference in genetic variability levels between Wood Stork 
samples collected in these two areas was also reported in 
previous studies based on allozymes and four different 
microsatellite loci (Del Lama et al., 2002; Rocha et al., 
2004). Expansions of Jabiru Stork variability analyses 
indicated that the Pantanal samples exhibited no sig-
nificant differences when compared to both northern 
South American population (Venezuela and Guyana) or 
to the endangered Central American (Belize) popula-
tion (Lopes et al., unpublished data). These similarities 
in levels of genetic diversity between the Pantanal and 
the threatened populations seem to indicate that the de-
mographic declines reported for populations outside the 
Pantanal were not strong enough to affect nuclear genetic 
diversity (Lopes et al., unpublished data). Alternatively, 
these results can also be explained by the existence of an 
ongoing gene flow among the analyzed areas or as a re-
sult of a recent demographic expansion of these species 
in the studied areas from a single ancestral population. 

A mtDNA analysis of Jabiru Stork populations, in-
cluding sequences from Domain I of the control region 
and the ND2 gene, revealed that variability indices in 
Jabiru Storks samples from Belize were zero, while a 

Table 2. Parameters for Roseate Spoonbill, Wood Stork and Jabiru Stork Pantanal populations obtained from mismatch dis-
tribution analyses: age of expansion in units of mutational time (τ) (95% confidence interval), population size before (θ

0
) and 

after (θ
1
) the expansion in units of mutational time, and age of expansion (t) in years B. P. calculated using 2%, 6%, and 10% 

mutation rate and the average (Ave).

Parameters Roseate Spoonbill Wood Stork Jabiru Stork
τ 2.924 (0.689 - 6.293) 3.756 (0.516 - 9.818) 2.317 (0.712 - 3.211)

θ
0

0.003 0.005 0.000

θ
1

3.619 1.820 2760.000

t 2%: 50,448; 6%: 16,816; 
10%: 10,089; Ave: 25,733

2%: 60,347; 6%: 20,115; 
10%: 12,069; Ave: 30,843

2%: 27,848; 6%: 9,283;  
10%: 5,570; Ave: 14,233
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4.3. Conservation implications

Conservation strategies in wetlands are more easily 
defined when current levels and distribution of genetic 
diversity in waterbird populations as well as their histori-
cal phylogeographic patterns are established.

Similar levels of nuclear diversity were found when 
Roseate Spoonbill and Wood Stork populations in the 
Pantanal were compared to populations established 
throughout the Americas. Diversity levels evaluated in 
Pantanal populations using nuclear markers were un-
able to identify a specific region within the Pantanal 
with significantly more diversity than others. Lack of 
genetic variability in Central American Jabiru Stork 
populations was evidenced in relation to the Pantanal 
using mtDNA markers. Jabiru Stork data revealed that 
Pantanal populations may be a source of genetic diver-
sity and could be used in a future re-colonization of 
other areas of the continent. Based on the Jabiru Stork 
data, we recommend an expansion of this comparative 
analysis, using mtDNA markers in Wood Stork and 
Roseate Spoonbill populations from other Brazilian re-
gions and throughout the Americas. This approach can 
direct the application of Brazilian Environmental Law 
Nº 5,197 (January 3rd, 1967) to regions that were iden-
tified as conservation priorities among all bird breeding 
sites within the country. 

Responses to climate pressures in the past can be 
used to predict which species are more susceptible to 
ongoing climate changes. The migratory behavior and 
the wider distribution range of the Wood Stork and 
Roseate Spoonbill may have helped them to find new 
places that were suitable for reproducing after the last 
glaciation. On the other hand, the Jabiru Stork, which 
is considered a resident species and shows site fidelity, 
may have delayed its expansion. Signs of demographic 
expansion and average timing since expansion for these 
species suggest a higher susceptibility of the Jabiru Stork 
to climatic changes.

Based on this research, we recommend that Brazilian 
government agencies start a monitoring program of 
waterbird populations in order to gather information on 
ecological and genetic parameters before making deci-
sions regarding wetland conservation. This approach 
will be essential to preserve the evolutionary potential of 
waterbird populations inhabiting wetlands as well as to 
conserve the ecosystems.
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and phylopatric species such as the Jabiru Stork may 
have delayed migration to other habitats, thus reaching 
the Pantanal area more recently. We can also suppose 
that when environmental changes were a concern, spe-
cies that have a broader distribution range, such as the 
Roseate Spoonbill and Wood Stork, may have moved to 
suitable areas for breeding and foraging more easily than 
species that occur in more restricted geographic ranges, 
such as the Jabiru Stork. Alternatively, this difference 
may be due to differential reproductive rates (or popula-
tion growth rates) of the three species, but there are no 
ecological studies addressing these aspects for these spe-
cies, impairing conclusive inferences. 

These movement patterns hypothesized during the 
glacial period can help us to understand and predict the 
responses of bird populations to current climate changes. 
Crick (2004) discussed how recent climate changes may 
affect the viability of the habitats that birds use, chang-
ing the timing and abundance of their food supplies and 
other resources. The author stated that a loss of habitat 
or decline in habitat quality can produce changes in the 
range of the species, with expansion or contraction in re-
sponse to climate changes. As the species analyzed in our 
study require the same habitats for foraging and breed-
ing, their past movement patterns may have been similar, 
as a consequence of their ecological requirements. 

Junk (2003) stated that paleoclimatic events caused dra-
matic changes in wetland areas and in the biodiversity that 
these ecosystems support, particularly in the Alto Araguaia 
and the Pantanal regions, which depend on rainwater for 
the seasonal flooding to occur. The determination of phylo-
geographic patterns of co-distributed taxa through mtDNA 
studies allows us to infer past population demographic 
alterations (Avise, 2000). As the species studied in the 
present work are wetland dependent, information on lev-
els of humidity in the Pantanal region during and after the 
last Pleistocene glaciation is essential to interpret their his-
torical demographic expansions. Although paleontologists 
generally agree that the South America was characterized 
by cooler temperatures during the glacial periods (on aver-
age 4 to 12 °C lower than the current temperature), ques-
tions remain unanswered regarding humidity (Clapperton, 
1993; Colinvaux et al., 2000). Clapperton (1993) proposed 
that the Pantanal region exhibited an arid climate during 
the last glacial period (25,000-15,000 ybp). More recent 
studies performed in areas near the Pantanal have identi-
fied a much humid weather than the previously suggested 
(de Oliveira, 1992; Ledru, 1993; Ferraz-Vicentini and 
Salgado-Laboriau, 1996; Assine and Soares, 2004). Our 
expansion time estimates suggest that the studied species 
may have been exploring the area before the Holocene pe-
riod, following an increase in moisture between 32,000 and 
20,000 years ago in central Brazil (Ledru, 1993; Salgado-
Laboriau et al., 1997). Our data are also in concordance 
with the pattern of demographic expansion reported for a 
species with similar habitat requirements, the marsh deer 
(Blastocerus dichotomus Illiger, 1815), in the same period 
and region (Marquez et al., 2006).
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