Vertebrate Zoology 76, 2026, 401-419 | DOI 10.3897/vz.76.€181277 401

© PENSOFT, SENCKENBERG é;,é

NATURE RESEARCH Leibniz

Association

Population genetics and phylogeography of the Brazilian
free-tailed bat (Tadarida brasiliensis) reveal extensive
gene flow across southern South America (Chiroptera:
Molossidae)

Ingrith Y. Mejia-Fontecha'!, Guadalupe Piccirilli-Martinez?, Diego A. Caraballo'* Viviana A.
Confalonieri'?, Stella Maris Hirmas?, Tatiana Sanchez*, Santiago Gamboa Alurralde®, Romina
Pavé?, Florencia Buteler®, Gustavo Martinez!°, Fernando Beltran'’, Monica Diaz**¢, Daniel M.
Cisterna?, Francisca C. Almeida'?

Instituto de Ecologia, Genética y Evolucion de Buenos Aires, CONICET, Buenos Aires, Argentina

2 Servicio de Neurovirosis, Instituto Nacional de Enfermedades Infecciosas, Administracion Nacional de Laboratorios e Institutos de Salud
(ANLIS), Dr. Carlos G. Malbran, Ciudad Autonoma de Buenos Aires, Argentina

3 Departamento de Ecologia, Genética y Evolucion, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Buenos Aires,
Argentina

4 PIDBA (Instituto de Investigaciones de Biodiversidad Argentina), Facultad de Ciencias Naturales e Instituto Miguel Lillo, Universidad
Nacional de Tucuman, Tucuman, Argentina, PCMA (Programa de Conservacion de los Murciélagos de Argentina)

5 Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), NOA Sur, Tucuman, Argentina

6 Fundacion Miguel Lillo, Tucumdan, Argentina

7 Laboratorio de Biodiversidad y Conservacion de Tetrapodos, Instituto Nacional de Limnologia (INALI, CONICET-UNL), Santa Fe, Argentina
8 Instituto de Zoonosis, Departamento de Zoonosis. Direccion de Jurisdiccion de Epidemiologia, Ministerio de Salud de Cordoba, Argentina

9 Departamento de Zoonosis Urbanas, Avellaneda, Provincia de Buenos Aires, Argentina

10 Instituto de Zoonosis “Luis Pasteur”, Ciudad Autonoma de Buenos Aires, Argentina
https://zoobank.org/B9A36E4E-BC02-4310-B685-E36F4B7DFFDA

Corresponding author: Francisca C. Almeida (falmeida@ege.fcen.uba.ar)

Academic editor Clara Stefen | Received 10 December 2025 | Accepted 2 June 2026 \ Published 14 July 2026

Citation: Mejia-Fontecha 1Y, Piccirilli-Martinez G, Caraballo DA, Confalonieri VA, Hirmas SM, Sanchez T, Gamboa Alurralde S, Pavé R,
Buteler F, Martinez G, Beltran F, Diaz M, Cisterna DM, Almeida FC (2026) Population genetics and phylogeography of the Brazilian free-
tailed bat (Tadarida brasiliensis) reveal extensive gene flow across southern South America (Chiroptera: Molossidae). Vertebrate Zoology 76:
401-419. https://doi.org/10.3897/vz.76.e181277

Abstract

Tadarida brasiliensis is a widespread species ranging from the United States to the southern tip of South America. Population genet-
ics studies have been conducted mainly in the northern populations, with only a few samples from South America being included in
previous studies. The study of 7. brasiliensis populations is relevant due to their ecological importance as an insectivorous species
that consumes agricultural pests and their role as a reservoir of diverse pathogens that may represent a potential risk to humans
and other animals. Our objective was to analyze the population genetic structure of 7. brasiliensis in Argentina in order to better
understand the migration patterns of the species in the southern tip of its distribution, evaluate its genetic variation, and predict the
impact on the spread of associated viruses, which has direct application to guide sanitary control strategies. We analyzed samples of
94 individuals from 14 provinces of Argentina and the Autonomous City of Buenos Aires using double digestion restriction site-as-
sociated DNA sequencing (ddRADseq) technology to obtain variable nuclear genomic markers (SNPs). The average statistics of
29,715 unlinked SNPs revealed high genetic diversity in the samples and an absence of population structure throughout Argentina,
suggesting that the population of 7. brasiliensis in Argentina behaves as a single panmictic unit. Demographic analyses indicate that
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the Argentine population underwent a significant growth, starting at approximately 0.27 million years ago and reaching an estimated

current effective population size of 2.7 million. The results of complementary analyses using sequences of the mitochondrial gene

cytochrome b are consistent with these conclusions and provide further evidence for a deep split between the populations of North

America, South America, and the Caribbean. Our findings are congruent with those of previous studies focusing on North American

populations, which also found evidence of population expansion and lack of genetic structure within regional populations.
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Introduction

Tadarida brasiliensis (I. Geoffroy Saint-Hilaire, 1824)
is an insectivorous bat species of the family Molossidae.
It is distributed from North America to South America
down to Tierra del Fuego, including the Caribbean is-
lands. Throughout its range, the species inhabits a wide
diversity of habitats, although it is curiously absent from
the Amazon (Simmons 2005; Barquez et al. 2025). It is
commonly known as Brazilian free-tailed bat or Mexican
free-tailed bat, depending on the region (Simmons and
Cirranello 2025). Tadarida brasiliensis is characterized
by long and slender wings, high wing loading and me-
dium wingtip index, that are associated with fast flight,
reduced ability to maneuver in clutter, and high disper-
sal ability (Norberg and Rayner 1987; Taylor et al. 2012;
Burns and Broders 2014). Studies conducted in North
America showed that this species undergoes seasonal mi-
grations of up to 1800 km (Cockrum 1969; Glass 1982).
Mexican free-tailed bats may fly over 50 km in a single
night while foraging, and individuals have been docu-
mented flying at altitudes of over 3000 m (Williams et
al. 1973; Best and Geluso 2003; McCracken et al. 2008).

Tadarida brasiliensis is gregarious, forming large col-
onies that roost in a diverse array of natural and anthropo-
genic structures such as caves, holes, crevices, buildings,
bridges, tunnels, etc. (Wilkins 1989). Those provide ideal
spaces for breeding, as they reduce infant mortality, pro-
viding shelter and protection against predators (Herman-
son and Wilkins 1986). Large colonies of this species,
comprising up to tens of millions of individuals, have
been documented in North America, particularly between
the United States and Mexico, where both migratory and
non-migratory colonies have been studied (Russell et
al. 2005). Migration in these colonies appears to be fe-
male-biased, as many males travel shorter distances and
remain in central Mexico, while pregnant females travel
greater distances and congregate in maternity colonies
until their young are weaned (McCracken and Wilkinson
2000; Keeley and Keeley 2004). In contrast, information
on colonies from South America remains scarce, with a
few reports from Argentina, Brazil, Peru, and Uruguay
(Fabian and Marques 1996; Romano et al. 1999; Gam-
boa Alurralde et al. 2017; Botto Nuiiez et al. 2018; Boero
et al. 2020; Diaz et al. 2021a). One study conducted in
Uruguay showed that the sex ratio in colonies is variable

across seasons, with males being significantly more abun-
dant during the winter, which suggests that females mi-
grate somewhere else in this season, coming back to the
colonies to raise their young in the beginning of the sum-
mer (Botto Nuiiez et al. 2018). In Argentina, . brasilien-
sis is very abundant, especially in the north and center
of the country, where large urban maternity colonies are
observed during spring and summer. There is little infor-
mation on the dynamics of those colonies, but some nu-
merous ones have been recorded in the country such as
the one at the Escaba Dam in the northwestern Tucuman
province, two in central Argentina, located in the city of
Rosario (Santa Fe province) and in a limestone quarry at
La Calera (Cordoba province), and one in the Ex-Bode-
ga Chilecito (La Rioja province) (Romano et al. 1999;
Boero et al. 2020; Castilla and Miotti 2022). Although
the species is circumstantially observed and collected in
southern Argentina (Patagonia), no colonies have been
reported in the region to date. All of these colonies are
recognized as SICOM (Sites of Importance for Bat Con-
servation) by RELCOM (Latin American and Caribbean
Network for Bat Conservation) (Barquez et al. 2022).
Taxonomic subdivisions within the species remain a
subject of considerable debate. The taxa comprising 7. bra-
siliensis, as currently understood, were initially classified
into 9 separate species (Shamel 1931). Schwartz (1955)
lowered those taxa to the subspecies level based on over-
lapping craniodental measurements and the absence of
difference in coat coloration: Tadarida brasiliensis brasi-
liensis (1. Geoffroy Saint-Hilaire, 1824) in South Ameri-
ca; I b. cynocephala (LeConte in McMurtrie, 1831) in
the southeastern United States; 7. b. mexicana (de Sauss-
ure, 1860) in the southwestern and western United States
and most of Mexico; T. b. intermedia Shamel, 1931, in
Central America, from southern Mexico to Panama (Rus-
sell and McCracken 2006); and five subspecies occur-
ring on Caribbean islands, namely 7. b. antillularum (G.
S. Miller, 1902) in Dominica, 7. b. bahamensis (Rehn,
1902) in the Bahamas, T. b. constanzae Shamel, 1931 in
Haiti; " b. murina (J. E. Gray, 1827) in Jamaica; and 7. b.
muscula (Gundlach, 1861) in Cuba. Recent molecular
studies have indicated that many previously recognized
subspecies lack genetic support. For example, analysis of
the D-loop region of mtDNA has revealed no clear genet-
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ic differentiation among populations previously assigned
to T b. cynocephala, T. b. mexicana, and T. b. intermedia
(Morales et al. 2016).

Microsatellite data and skull morphology, combined in
a global assessment, indicate minimal genetic differenti-
ation and limited phenotypic divergence, likely insuffi-
cient to drive reproductive isolation (Morales et al. 2018).
However, the Antilles islands’ populations were found to
be significantly different from the mainland populations,
although the island subspecies did not show significant
differences between them, with the exception of some
islands of the Bahamas archipelago (Speer et al. 2017,
Morales et al. 2018). The authors concluded that the An-
tillean subspecies should not be considered independent-
ly evolving lineages. Additionally, 7. b. brasiliensis, dis-
tributed in South America, showed significant genetic
divergence in microsatellite alleles from all other groups
(Morales et al. 2016, 2018). Despite this finding, little is
known about variation within and between South Ameri-
can populations. In the case of Argentina, only five spec-
imens from northern provinces of Jujuy and Tucuman
were included in previous population genetic analyses
(Morales et al. 2018). Similarly, only a few Argentine in-
dividuals were considered in recent studies on potential
distribution at a continental scale (Amaral et al. 2023).

Knowledge about the genetic structure of populations
is relevant for ecological, evolutionary, and conservation
research (Charlesworth and Charlesworth 2017). From
a conservation perspective, genetic variability is crucial
for the adaptability and survival of species in changing
environments, including those influenced by anthropo-
genic activities, enabling them to resist diseases and other
environmental stressors (Mordue et al. 2021). Moreover,
patterns of genetic variation, differentiation and admixture
reflect the history of populations and thus provide infor-
mation that helps understanding the geographic and eco-
logical processes that shape biodiversity over space and
time (Orsini et al. 2013; Vendrami et al. 2017; Dufres-
nes et al. 2022). These patterns can be difficult to detect
for hyper mobile or migratory organisms, as populations
are homogenized by recurrent episodes of gene flow (Bo-
honak 1999; Arguedas and Parker 2000) and may exhibit
different population structures at different times of the year
and in different places (summer range, winter range, tran-
sitional range) (Russell and McCracken 2006). Among
bats, there is no universal demographic pattern, but in-
stead population genetic studies have revealed different
demographic patterns depending on the species (Miflo et
al. 2021). Typically, among populations of migratory spe-
cies, genetic structure conforms to the expected pattern of
little geographic differentiation (McCracken et al. 1994;
Webb and Tidemann 1996; Wilkinson and Fleming 1996).
Nevertheless, in some migratory species, long distances
(e.g., Nyctalus noctula; Petit et al. 1999), geographic bar-
riers (e.g., Myotis myotis; Castella et al. 2000), or Pleisto-
cene glaciation cycles (e.g., Tadarida teniotis; Amorim et
al. 2019) have led to the isolation of gene pools.

Understanding population structure and movements of
T brasiliensis in South America is also relevant from a san-
itary perspective, because it reveals the role of the species

in the dispersal of pathogens. Tadarida brasiliensis hosts a
wide range of pathogens, and understanding its dispersal
patterns is essential for developing sanitary control strat-
egies, given the species’ dispersal capabilities and adapta-
tion to human-altered landscapes, which facilitates close
contact with people (Russell and McCracken 2006). In Ar-
gentina, it is a major reservoir of the lyssavirus responsible
for human rabies, though only about 8% of individuals are
estimated to carry the virus (Pifiero et al. 2012; Caraballo
et al. 2024). Other zoonotic viruses and bacteria—includ-
ing alphacoronavirus (Caraballo et al. 2022; Cerri et al.
2023), Ehrlichia, Rickettsia, and Bartonella (Cicuttin et al.
2013, 2017)—have also been isolated from this species.
Additionally, 7. brasiliensis may play a role in spreading
Pseudogymnoascus destructans, the fungus that causes
white-nose syndrome in hibernating bats; this fungus can
infect 7. brasiliensis individuals (Verant et al. 2018), which
can potentially introduce it to new locations and other bat
species in shared roosts. On the other hand, this species
plays a key ecological role. A colony of 7. brasiliensis can
consume tons of insects in a single night (Lee and Mc-
Cracken 2002). During summer, in some localities in the
USA, maternal colonies are sustained by large populations
of insect species that are major pests of crops, such as the
corn earworm (Helicoverpa zea), the tobacco hornworm
(Heliothis virescens), and the beet armyworm (Spodoptera
exigua), thereby providing important biological control
services (Cleveland et al. 2006; Gandara et al. 2023).

In this study, we analyzed the genetic variation and
population dynamics of 7. brasiliensis in Argentina and
also performed phylogeographic analyses of 7. brasilien-
sis from the South American subcontinent to estimate di-
vergence times, phylogenetic relationships and effective
population sizes. To this end, we employed double-digest
RADseq (ddRADseq; Peterson et al. 2012), a genomic
subsampling method that facilitates high-throughput SNP
genotyping and provides robust insights into population
structure, admixture, and dispersal patterns. This method
is especially valuable for species with weak population
structure or complex gene flow dynamics, including mi-
gratory and flying species such as 7. brasiliensis (Peter-
son et al. 2012; Dufresnes et al. 2022). The obtained data
allowed us to assess gene flow and connectivity among
populations, contributing to a better understanding of the
species’ role in the circulation of zoonotic viruses in the
region. Additionally, we analyzed an mtDNA locus in
order to obtain data on matrilineal genetic variation and
to place the Argentine samples in a larger phylogenetic
context, testing taxonomic hypotheses about subspecies
classification and demography.

Materials and Methods

Data collection

A total of 92 T. brasiliensis individuals and three Molos-
sus molossus individuals (used as outgroup in some of our
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analyses) were obtained from passive rabies surveillance
carried out by the Argentine National Administration of
Laboratories (ANLIS), Servicio Nacional de Sanidad y
Calidad Agroalimentaria (SENASA), Institute of Zoo-
nosis Luis Pasteur (Autonomous City of Buenos Aires),
Zoonosis Urbanas of Buenos Aires, Institute of Zoono-
sis of Cordoba, and from scientific collections, namely:
Coleccion de Mamiferos Lillo, University of Tucuman
(CML), the Mammal Collection of the Argentine Muse-
um of Natural Sciences Bernardino Rivadavia (MACN),
and the Mammal Collection of the Instituto Nacional de
Limnologia (INALI-MA). The sampling included indi-
viduals from 13 provinces of Argentina divided in six
regions (Fig. 1; Table S1): AMBA (Area Metropolitana
de Buenos Aires), Norte (Jujuy, Salta and Tucuman),
Mesopotamia (Entre Rios and Santa Fe), Centro (Buenos
Aires and Cordoba), Cuyo (La Rioja), Patagonia (Chubut,

Neuquén, Rio Negro and Tierra del Fuego). The individu-
als were fortuitously captured in both residential and peri-
urban areas during all seasons of the years 2016, 2017
and 2019-2021. Species-level identification of the indi-
viduals was performed morphologically using taxonomic
keys (Diaz et al. 2021Db).

ddRADseq

DNA was extracted from both the wing membrane (pla-
giopatagium) and muscle tissue samples of bats using the
High Pure PCR Template Preparation Kit (Roche), fol-
lowing the manufacturer’s instructions. DNA purity was
evaluated using a Nanodrop spectrophotometer (Ther-
moFisher) and DNA concentration was assessed with a
Qubit fluorometer (ThermoFisher).
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To obtain nuclear SNP data for population analysis, we
employed double-digest restriction site-associated DNA
sequencing (ddRADseq) technology using Sphl and Eco-
RIendonuclease enzymes. Library preparation, paired-end
sequencing (with a NovaSeq 6000), and basic bioinfor-
matic analysis were performed by IGATech (Italy) fol-
lowing Peterson et al. (2012). The latter included applying
sequence quality filters and demultiplexing reads with the
process radtags tool included in Stacks v2.53 (Catchen et
al. 2013), and assembly by mapping to a reference genome.
The reference used was the Tadarida brasiliensis (Tad-
Bra vl BIUU) genome [GenBank: GCA 004025005.1],
the only 7" brasiliensis whole genome sequence available
at the time, which was very fragmented (with 24.3k scaf-
folds and average mean scaffold length of 25,995 bp).
Reads were mapped with BWA-MEM (Li and Durbin
2009), with a mapping quality threshold of > 4. The
gstacks program included in Stacks v2.53 package (Catch-
en et al. 2013) was used for loci assembly and SNP calling.
We then applied the following filters to the SNPs obtained
with gstacks using the populations command (Catchen et
al. 2013): R = 0.8 (to retain only loci that are represented
in at least 80% of the samples), one SNP per locus, a min-
maf=0.05 (to retain SNPs whose least common allele had
a frequency of at least 5% in the samples), max-obs-het
= 0.80 (to process a nucleotide site at a locus with an ob-
served heterozygosity of at most 80%), and a mind = 0.2
(to filter out individuals with more than 20% missing gen-
otypes). Exact tests for differences between observed (H)
and expected (Hp) heterozygosity, based on Hardy-Wein-
berg Equilibrium (HWE), and likelihood ratio tests for
genotypic linkage disequilibrium (LD) were carried out
using the PLINK v.1.09 (Chang et al. 2015).

Population structure analysis

We assessed the genetic structure of 7. brasiliensis in
Argentina based on the ddRadseq SNP data using two
multivariate clustering methods: Principal Components
Analysis (PCA), an unsupervised method that identi-
fies components of the total variation that maximize the
global variance in the dataset, and Discriminant Analysis
of Principal Components (DAPC), which requires prior
assignment of individuals into groups and maximizes dif-
ferences between them. We also performed an Analysis
of Molecular Variation (AMOVA) to estimate the pro-
portion of the total variation found within and between
predefined groups, which is a measure of population
subdivision. To delimit groups for DAPC and AMOVA,
we used, alternatively, season and geographic regions of
collection. The PCA was carried out with PLINK v1.9
(Chang et al. 2015), while the other analyses were per-
formed using the adegenet (Jombart and Ahmed 2011),
vcfR (Knaus and Griinwald 2017) and vegan v.2.8 (Ok-
sanen et al. 2025) R packages. Results were summarised
in plots obtained with the ggplot2 (Kassambara 2020)
package for R. These analyses, along with the others in
this study that employed R packages, were run using R
v.4.3 in the RStudio environment (R Core Team 2021).

Additionally, we carried out a model-based cluster-
ing analysis with ADMIXTURE v2.3.4 (Alexander et al.
2009), which employs a maximum likelihood approach
to determine individual ancestries without prior group
assignments. This method uses a cross-validation proce-
dure that enables the user to identify the value of K (total
number of ancestral populations) for which the model has
greatest predictive accuracy, as determined by “holding
out” data points (Do et al. 2014). The figures that summa-
rize the results were created using the ggplot2 (Kassam-
bara 2020) package. In a final effort to identify groups
within the 7. brasiliensis sample, we reconstructed a
phylogenetic tree based on the neighbor-joining meth-
od and Kimura 2-parameter (K2P) distances, employing
the three genotyped individuals of Molossus molossus
as outgroups. To obtain the tree and bootstrap support
values for its nodes, we used the adegenet (Jombart and
Ahmed 2011) and ape (Paradis et al. 2002) R packag-
es. The geographic distribution of genetic variation was
evaluated using Mantel’s test (Mantel 1967), which tests
for a correlation between the pairwise K2P distances and
the log-transformed linear geographic distances between
sampling sites (Smouse et al. 1986).

Genetic diversity and contemporary
effective population sizes

Genetic diversity in the SNP data was assessed with the
number of polymorphic loci, number of alleles, expect-
ed and observed heterozygosity, nucleotide diversity ()
and inbreeding coefficients (F,q) calculated with vcftools
(Danecek et al. 2011). A kinship analysis was carried out
with COLONY v.2.0.6 (Jones and Wang 2010). Contem-
porary effective population size (N,) was estimated from
multi-locus diploid genotypes using the excess-heterozy-
gotes method implemented in NeEstimator v.2.1, assum-
ing random mating (Do et al. 2014).

Mitochondrial locus analysis

The mitochondrial gene cytochrome b (eyt b) was am-
plified from six of our samples of 7. brasiliensis (from
Entre Rios, Jujuy, La Rioja, Rio Negro, Santa Fe, and
Tucuman; Fig. 1) using published primers Bat05A, Ba-
t14A, and Bat-Ep (Martins et al. 2007; Caraballo et al.
2020). Cytochrome b sequences were obtained with an
Applied Biosystems 3500 Series Genetic Analyzer ac-
cording to standard protocols and were edited with Un-
ipro UGENE 51.0 (Okonechnikov et al. 2012). Addi-
tionally, we retrieved from GenBank 52 sequences of T.
brasiliensis, 31 of T. teniotis (Rafinesque, 1814), and 18
of T latouchei (Thomas, 1920) (Table S2). Among the
T. brasiliensis sequences, 20 were from South America
(Chile and Brazil), 17 were from the Bahamas, and 32
were from the USA. A multiple sequence alignment was
obtained with MEGA X (Kumar et al. 2018).

Estimates of inter- and intraspecific genetic distances
were obtained using the K2P distance model. We per-
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formed maximum likelihood (ML) tree searches with
IQTREE v.3.2 (Minh et al. 2020). For that, the alignment
was partitioned into codon positions, and the preferred
evolutionary model for each partition (TNe+I, F81+F,
and TIM2+F+G4) was determined prior to tree search-
es using the same program. In addition, we also imple-
mented tree searches and dating under a Bayesian phy-
logenetic approach using BEAST v.2.5 (Bouckaert et al.
2019). A Markov Chain Monte Carlo (MCMC) analysis
was run for 10 million generations sampling every 2000
generations. Tracer v1.6 (Rambaut et al. 2018) was used
to determine that the run had reached stationarity and that
a 10% burn-in was appropriate. All trees were visualized
using FIGTREE v.1.4 (Rambaut 2018). In this analysis,
we applied a strict clock with a substitution rate of 2%
per million years (Nabholz et al. 2009) and a coalescent
exponential population model tree prior. Additionally, we
carried out an Analysis of Molecular Variation (AMO-
VA) to assess the distribution of the variance in the cyt b
gene within and among 7. brasiliensis populations/clades
and calculated pairwise overall fixation indexes (Fgr).
These analyses were done with the R package vegan v.
2.8 (Oksanen et al. 2025), using 10,000 permutations to
evaluate the statistical significance of the results. Final-
ly, to clarify relationships among mitochondrial haplo-
types within 7. brasiliensis, we constructed a haplotype
network applying the TCS method, which is based on
Templeton’s statistical parsimony, as implemented in the
program PopART (Templeton et al. 1992; Clement et al.
2002; Leigh and Bryant 2015).

Demography history

We investigated demographic history using both the nu-
clear genome SNPs and the cyt b gene. To analyze SNP
data, we first inferred the site frequency spectrum using
the vcfR (Knaus and Griinwald 2017) package and then
used fastsimcoal2 (Excoffier et al. 2013) to estimate the
likelihood of the observed site frequency spectrum un-
der two demographic models. The first model, “constant
population size”, included effective population size N, as
the only estimated parameter, while the second model,
“constant-rate population growth or decline”, estimated
the current population size, the population size prior to
growth or decline, and the time at which growth or de-
cline occurred. N, parameters were selected from uniform
distributions of 10-107, whereas the prior for the event
time was set between 1000 and 300,000. For each model,
we performed 100 independent runs of one million simu-
lations each and 30 expectation-maximization (ECM) cy-
cles to estimate the parameters. The substitution rate was
set to 0.02 substitutions per site per million years and point
estimates in generations were converted to absolute time
(years) assuming a generation time of two years, based on
the previous studies (Russell et al. 2011). To compare the
fit of the two models, we chose the run with the highest
likelihood for each model and contrasted their likelihoods
with the Akaike’s information criterion (AIC). Finally,
demographic trajectories were plotted using ggplot2, rep-

resenting the median and the 95% confidence intervals of
the estimated effective population sizes over time.

Second, we examined demographic trends in 7. brasi-
liensis based on the cyt b sequence data using two alter-
native approaches: neutrality tests and Bayesian Skyline
Plots. The neutrality tests Fu and Li’s F, and Tajima’s D
were implemented in the software DnaSP v.5.0 (Librado
and Rozas 2009). Bayesian Skyline Plots (BSP) were ob-
tained with BEAST v.2.5 (Bouckaert et al. 2019), using
parameters established in previous bat studies (Russell et
al. 2015). The cyt b matrix was separated into codon posi-
tions using unlinked substitution models, which were the
same as in the phylogenetic analysis. A strict molecular
clock was applied, using the aforementioned substitution
rate. We repeated the analysis using an alternative rate of
0.046 substitutions per site per million years, which has
also been proposed for the cyt b gene in bats (Ruedi and
Mayer 2001; Baird et al. 2017). We used default values
for the operators and set the group size to 3 and popu-
lation size to 10,000. We ran an MCMC for 20 million
generations, sampling every 1000 generations, and dis-
carding the first 20% as burn-in. The results were checked
for convergence by monitoring ESS values in Tracer v1.6
(Rambaut et al. 2018). Finally, the estimates of N, (the ef-
fective size of the female population) were derived from
the BSP results assuming a generation time of two years
(Russell et al. 2011). The BSP graphics were created with
the R packages devtools (Wickham et al. 2022) and gg-
plot2 (Kassambara 2020).

Results

ddRADseq libraries and SNP data

Approximately 1 billion reads were obtained, with an
average of ~10.8 £ 1.6 million reads per sample. The
mean coverage per sample was 6.7x and the average sat-
uration at 6x was 99.5%. The assembly generated a total
of 41,046 RAD loci, of which 40,976 were polymorphic,
containing 660,413 polymorphic sites. After applying the
filters with gstacks, 30,679 variable sites were retained,
while the three M. molossus samples and one 7. b. bra-
siliensis were removed from the dataset due to excess of
missing genotypes. The mind filter was ignored to obtain
a SNP table including the outgroup specimens for the
Neighbor-Joining analysis. Finally, after applying the LD
filter, our working dataset consisted of 29,715 unlinked
SNPs. The transition-transversion rate (Ts/Tv = 2.4) was
within the expected values given the random nature of
ddRADseq SNPs.

Population structure
Analyses of population structure with ADMIXTURE

showed that the Argentine samples of T. brasiliensis ad-
justed better to a K=1 (with 0.52 of cross validation er-
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ror and Loglikelihood mean = -1952762.7), suggesting
the existence of a single cluster, i.e., a single population
widely distributed in the Argentine territory (Fig. S1).
The first two principal components of the PCA, which to-
gether explained over 10.4% of the total molecular vari-
ance, did not separate samples into distinct groups, con-
firming the absence of genetic clustering by geographic
origin or collection season (Fig. 2). Accordingly, the AM-
OVA failed to identify significant genetic differentiation
between seasons (Ogr = 0.0001, p = 0.439) or between
geographic regions (Og = 0.0001, p = 0.346). In both
treatments, 99.99% of the total variance was found within
populations. This lack of structure suggests the absence
of major barriers to dispersal across the studied localities,
allowing for unrestricted gene flow. These findings are

consistent with the Neighbor-Joining clustering analy-
sis, which did not identify statistically significant clades
within Argentina (bootstrap < 50%; Fig. S2). The Mantel
test revealed lack of spatial genetic structure, as genetic
and geographic distances were uncorrelated (r = —0.045,
p =0.78; Fig. S3)

Genetic diversity and effective
population sizes

The average nucleotide diversity of the SNP dataset was
0.24 (SD # 0.13) and the average expected heterozygosi-
ty (H,) was 0.192 (SD + 0.12). Random mating through-
out the entire Argentine population is evidenced by the
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Table 1. Average genetic distances (K2P model) within (numbers in bold diagonals) and among (standard deviation between brack-
ets) of Tadarida brasiliensis clades based on the cyt b gene. NA: USA and Little Bahama Bank clade, GBB: Great Bahama Bank

clade and SA: South America clade.

NA GBB SA T. teniotis T. latouchei
NA 0.01
o ,
o o | om
T- teniotis [g:(l)?g] [gkl)?g] [8:(1)%] 0.01
T. latouchei [8(1)1;] [8(1;;] [8(1)?% 0.154 0

Table 2. DNA polymorphism in the cyt b gene of Tadarida brasiliensis. N: number of sequences, H: number of haplotypes, Hd:

haplotype diversity, : nucleotide diversity, S: Segregating sites. Tajima’s D, Fu and Li’s F, neutrality tests (and their respective

p values) are shown. NA: USA and Little Bahama Bank, GBB: Great Bahama Bank and SA: South America.

Population N | H Hd (¢?) n S Tajima’s D P value Fu and Li’s F p value
0.95 %
NA 321 20 (0.0016) 0.0120 59 -1.74 >0.05 -3.30 <0.02
GBB 17 | 2 0.12 0.0002 2 -1.5 >0.1 -1.96 >0.1
(0.010) ' ’ ’ ’ '
SA 27 | 13 0.98 0.0100 88 -2.03 <0.05* -3.06 <0.02*
(0.0002) ' ' ' ’ ’
T. teniotis 31 5 0.351 0.0029 4 —1.583 >0.1 1.3461 >0.1
: (0.011) . . . . .

low values of the inbreeding coefficient (Fig=0.17, SD +
0.029). The kinship analysis resulted in 92 clusters, in-
dicating no consanguinity among the whole sample. Es-
timates of N, based on heterozygote excess were very
large: 2 trillion individuals with Colony, “infinite” with
NeEstimator and ~2.7 million individuals with fastsim-
coal2.

Phylogenetic analysis

The phylogenetic trees based on the cyt b gene, obtained
via ML and BI analyses, generally coincided in topology
and recovered three monophyletic clades corresponding
to T brasiliensis, T. teniotis, and T. latouchei (Fig. S4).
The T. brasiliensis samples were clustered into three
main, well-supported clades. The first to split off was a
highly supported North American clade (NA), composed
of individuals from the USA (Florida and Arizona) and
the Little Bahama Bank (Grand Bahama and Abaco is-
lands). The second clade (GBB) included all individuals
from Eleuthera and Long Island, both of which are part
of the Great Bahama Bank, as well as one individual
from the Grand Bahama Island (likely a recent migrant,
see Speer et al. 2017). The third clade (SA) included all
individuals from South America (Fig. 3A, B). The anal-
ysis revealed a sister relationship between the latter two
clades, but with relatively low bootstrap support (74%).
Genetic distance between New and Old World Tadari-
da species ranged between 15% and 17.7% (Table 1). At
the interpopulational level within 7. brasiliensis (i.e., be-

tween the NA, SA, and GBB clades), the distances ranged
between 2.8% and 6.1%, while the intraclade distances
were less than or equal to than 1%.

Mitochondrial genetic variation within
T. brasiliensis

The AMOVA results revealed significant genetic differen-
tiation among the three 7. brasiliensis clades (F = 111.2,
p < 0.0001), with 74.8% of the total genetic variation
attributed to differences among populations, and around
25.2% of the variation occurring within populations. The
nucleotide diversity corresponding to the mitochondrial
gene cyt b for the whole T brasiliensis dataset was 0.036.
Taking each 7. brasiliensis main clade separately, both
the nucleotide and haplotype diversity estimates for the
NA clade, and the SA clade were similar to one another
and higher than the estimates obtained for the GBB clade.
Haplotype diversity and segregating sites were high (>
0.5) while nucleotide diversity was low (< 0.5) in both
continental populations (Table 2).

The network of 7. brasiliensis haplotypes mirrored the
results of the phylogenetic analysis revealing the exis-
tence of three distinct mitochondrial haplogroups within
the species, corresponding to the clades observed in the
phylogenetic tree (Fig. 3C). The haplogroup including all
27 individuals from South America was represented by
a total of 13 different haplotypes. The seven individuals
collected in Argentina (Table S2), shared 2 haplotypes
with individuals from Chile and Brazil, and the remaining
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Figure 3. Clustering patterns in Tadarida brasiliensis populations. A Bayesian Inference phylogenetic tree of 7. brasiliensis based
on the mitochondrial gene cyt b and samples listed in Table S2, with the NA (circles) and GBB (diamond) clades collapsed. Squares
associated with the South American samples are colored according to the country of origin as in the map. Red letters highlight the
terminals whose sequences were obtained in this study (see Materials and Methods). Values represent bootstrap percentages (ML
inference)/Bayesian posterior probabilities. B Sampling localities (approximate for the USA and Brazil samples) of individuals with
cyt b sequences included in the analysis. C Network of cyt b haplotypes of 76 individuals. Circles indicate different haplotypes and
the size of each circle is proportional to the number of individuals sharing that haplotype. Colors represent the country/island of
origin as in the map. Vertical hatch marks represent the number of nucleotide substitutions between haplotypes.
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4 haplotypes differed in at most four substitutions from
other South American haplotypes. A second cluster, dif-
fering in fifteen substitutions from the SA group, includ-
ed the 17 individuals from the GBB clade and exhibited
only two haplotypes distinguished by a single thymine to
cytosine substitution. The third haplogroup encompassed
20 haplotypes found in individuals from the USA and
islands of the Little Bahama Bank. This cluster, corre-
sponding to the NA clade, differed from the SA cluster by
30 substitutions.

The divergence dating analysis using the 2% per million
years substitution rate indicates that the first split in the
species occurred around 2.1 million years ago (mya) (95%
confidence interval: 1.49-2.72), separating the NA pop-
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ulation from the other two analyzed populations, which
diverged from each other around 0.9 mya. Interestingly,
both continental populations coalesced concomitantly at
approximately 0.27 mya, while the GBB population had a
more recent common ancestor (Fig. 4A). The divergence
dates were 0.9 and 0.4 mya when the alternative substitu-
tion rate of 4.6% was applied instead (Fig. S6A).

Demographic History

The model comparison showed a better fit of the observed
SNP data to the decline/growth model (AIC = 59,687),
effectively capturing the observed excess of low-frequen-
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Figure 4. Divergence times and demographic history parameters of Tadarida brasiliensis populations based on the cyt b gene and
assuming a substitution rate of 2% per million years. A Dated tree showing estimated coalescent ages of each major clade. Hori-
zontal bars represent 95% confidence intervals (HPD). B Coalescent Bayesian skyline plot (BSP) for South America (SA), C North
America (NA), and D Great Bahamas Bank (GBB) populations. Lines show the median estimates and the colored shadows show
the 95% posterior density interval of the effective population sizes through time.
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cy variants (Fig. S5). Demographic parameter estimates
under this model indicate a significant populational ex-
pansion in the Southern Cone populations of 7. brasilien-
sis. The median ancestral effective population size was
estimated at approximately 306,000 individuals (95%
CI 295,467-313,600), before a nearly 9-fold increase
to a current N, of ca. 2,700,000 individuals (2,566,452—
2,789,485; Fig. S5). Based on a generation time of one
generation every two years, the estimated onset of the ex-
pansion occurred approximately 270,000 years ago (0.27
mya; 265,678-277,014), a time similar to the estimated
age of the SA population based on the mitochondrial lo-
cus cyt b. Different demographic histories were revealed
by the cyt b variation when neutrality tests were applied
to the NA, SA and GBB populations (Table 2). The conti-
nental populations (NA and SA) showed an excess of rare
haplotypes (negative values in the Tajima’s D and Fu and
Li’s F statistics), although only the SA population had a
significant value of Tajima’s D. In turn, the population of
the GBB had non-significant results for the three neutral-
ity tests, suggesting that the population is evolving in a
manner consistent with neutral expectations.

Demographic history differences between popula-
tions were also revealed by the Bayesian skyline plots
(Fig. 4). According to the BSP, the demography of the
SA population is uncertain due to the large confidence
intervals obtained in the estimates of the effective number
of females (N; Fig. 4B). However, the mean and median
N; estimates suggested a fivefold population expansion
between approximately 160,000 and 100,000 years ago
(kya). This expansion slowed down after that, reaching a
plateau around 75,000 years ago and the population has
remained relatively stable since then. This result con-
trasts with the one obtained for the NA population, for
which the evidence of an expansion is stronger. In this
population, the 6-fold expansion would have been more
recent, during the last 110,000 years with a continuing
growth trend until present (Fig. 4C). Both continental
populations had similar coalescence times (~220,000
years), which was slightly more recent than the estimates
obtained in the divergence dating analysis. Conversely,
the population of the GBB appears to have maintained a
more stable N, of approximately 10,000 individuals since
its coalescence event that was dated to only 15,000 years
ago (0.015 mya), without evidence of population expan-
sion or reduction (Fig. 4D). All those results were based
on the lower mutation rate (2% per million years), while
the same analysis employing a higher rate (4.6% per mil-
lion years) revealed similar patterns but with proportion-
ally (about half) younger ages (Fig. S6).

Discussion

Brazilian free-tailed bats are among the most abundant
and widely distributed bat species across the Americas.
Their well-documented, extremely large colonies along
with their frequent occurrence even in highly anthropo-

genic environments, highlight their ecological, economic,
and zoonotic importance. On one hand, they provide eco-
system services as they prey on agricultural pests and dis-
ease vectors (Cleveland et al. 2006; Carvalho et al. 2024).
On the other hand, they may pose a risk to human and oth-
er animal health because they host various viruses, fungi,
and other types of pathogens. (Fenster et al. 2019; Cara-
ballo et al. 2022). Additionally, it is important to know
their population structure and demographic trends from
a conservation perspective, since the identification of ge-
netic subdivision is fundamental for management and oth-
er conservation efforts and policies. Although the species
is classified as “Least Concern” by the IUCN (Barquez
et al. 2015), if there are isolated genetic stocks, it is im-
portant to consider them as evolutionary significant units
or as conservation units. The aim of this study was to fill
a knowledge gap on the genetic structure and population
dynamics of 7. brasiliensis in southern South America.

Population structure and dispersal

Our analysis of 7. brasiliensis from Argentina based on
ddRAD SNPs did not detect significant population struc-
ture across the studied area. Although the estimated ge-
netic diversity was high across the country, the genetic
distance between samples was not correlated with geo-
graphic distances. These results suggest that the samples
included in our analyses, collected in an area covering
around 4800 km in a north-to-south axis and 1800 km
from east to west, constitute a single panmictic popula-
tion. This implies that there are high levels of gene flow
throughout the Argentine territory. The same conclu-
sions were reached by analyzing the mitochondrial gene
cyt b, which showed the existence of shared haplotypes
between individuals collected thousands of kilometers
apart, expanding the distribution of the panmictic South
American population through Chile and at least part of the
Brazilian territory. A similar pattern had been observed in
North American populations, where analyses of different
molecular markers failed to detect structure, despite ap-
parent differences in migratory behaviour (Russell et al.
2005). These findings indicate a high degree of genetic
connectivity across populations, reinforcing the role of
gene flow in shaping population dynamics as expected
given the high dispersal capability of 7. brasiliensis re-
flecting their impressive flying abilities (McCracken et
al. 2008; McCracken et al. 2016). It has been shown that
T brasiliensis is capable of flying distances exceeding
160 km during nocturnal foraging trips, returning to its
roost within the same night, and maintaining horizontal
flight speeds of up to 44 m/s (McCracken et al. 2016).
Our results are also in agreement with findings of pre-
vious studies based on microsatellites, which revealed
lack of isolation by distance within regional populations
of T. brasiliensis (Speer et al. 2017; Morales et al. 2018).
A significant correlation between geographic and genet-
ic distances, however, was found in a continental scale
analysis that included samples spanning North to South
America (Morales et al. 2018). These results imply that
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the great diversity of ecoregions, thermal floors and to-
pography found in both South and North America do not
represent barriers to dispersal and gene flow in 7. brasi-
liensis, similar to patterns observed in other insectivorous
bat species with migratory behaviour (Baird et al. 2017,
Chipps et al. 2020; Loureiro et al. 2020). Nevertheless,
ocean currents between the Northwest and Northeast
Providence Channels appear to affect dispersal since the
GBB population is markedly different from the NA pop-
ulation despite the short distances that separate the Great
Bahamas Bank from the Little Bahamas Bank, the latter
forming part of the NA’s population range (Speer et al.
2017). Migratory behavior in 7. brasiliensis is probably
triggered by temperature, alongside the seasonal avail-
ability of food resources, such as the North American
moth migration in autumn, a key resource to rebuild
their own pre-migratory fat reserves (Krauel et al. 2018).
However, differences in migratory behavior have been
observed across geographic regions and between sexes.
Banding experiments suggested the presence of sedentary
or non-migratory subpopulations in parts of the United
States (Cockrum 1969), yet no underlying genetic dif-
ferentiation has been identified to account for these mi-
gratory phenotypes (Russell et al. 2005). Furthermore,
it appears that females travel longer distances, whereas
males more often form resident populations during win-
ter or do not migrate as far south into Mexico (Russell et
al. 2005). In South America, similar patterns of disparate
migratory behaviour between sexes have been observed
in Uruguayan populations (Botto Nuifiez et al. 2018).
Studies of large maternal colonies in Argentina, Brazil,
and Uruguay showed that the annual cycle of 7. b. brasi-
liensis female activity is similar to that reported in North
America: Arrival to the shelters in early- to mid-spring,
births in late spring (November — December), and gradual
migration in late summer or early autumn (March - May)
until the shelters are empty or just inhabited by a small
group of individuals that remain during the cold seasons
(Romano et al. 1999; Botto Nuiiez et al. 2018). There is
no information about migratory routes in South America,
although it has been suggested that individuals migrate
towards the tropics when they leave the maternal colonies
(Diaz et al. 2019), the same pattern observed in North
America where 7. b. mexicana migrate as far as 1800
km to lower latitudes (Villa and Cockrum 1962; Cock-
rum 1969; Glass 1982). Our results showed an agreement
between nuclear and mitochondrial markers in indicating
a lack of genetic structure, suggesting similar migratory
behaviour in males and females, and absence of female
philopatry. Long range migrations of 7. brasiliensis col-
onies potentially affect the circulation of pathogens and
play a key role in the epidemiology of zoonotic diseases.
Continuous gene flow between populations can facilitate
the spread of diseases, either by introducing new patho-
gens or by modifying the dynamics of those already pres-
ent in a given environment. In particular, the high connec-
tivity of 7. brasiliensis populations in Argentina points to
its potential to transport and spread zoonotic viruses such
as rabies lyssavirus and alphacoronaviruses across the
South American continent (Caraballo et al. 2022, 2024).

Genetic diversity and population sizes

Our results agree with previous molecular studies where
microsatellite markers showed that in both resident and
migratory 7. brasiliensis populations of North America,
the Caribbean, and South America have substantial ge-
netic variability and heterozygosity (Russell et al. 2005;
Morales et al. 2018). The uncovered genetic variation we
observed in our dataset led to very high estimates of ef-
fective population sizes. We presented the results consid-
ering a generation time of two years, as reported in pre-
vious studies (Russell et al. 2011). However, ecological
data from different colonies indicate that females mature
at 9 months and births occur annually, which suggests
that the generation time could be 1 year, and in this case,
N, estimates would be twice as large than the ones pre-
sented herein (Romano et al. 1999; Diaz et al. 2019).

The elevated N, estimated for the Argentine popula-
tion align with those reported from census monitoring
of colonies within the country and neighboring regions.
For instance, the largest documented colony, located in
the province of Tucuman, Argentina, had been estimated
to consist of tens of millions of individuals (Diaz et al.
2021a). This colony was significantly reduced in size af-
ter the closing of some of the tunnels it used as roosting
sites. Other known large colonies in Argentina include
one at the Facultad de Derecho, Universidad Nacional de
Rosario building (Santa Fe, Argentina), originally com-
prising approximately 64,000 bats roosting in its roof
(Romano et al. 1999), Ex-Bodega Chilecito in La Rioja
with ca. 2000 specimens (Gémez et al. 2024), and the La
Calera colony in Cordoba, with an estimated 900,000 in-
dividuals roosting in abandoned mine tunnels, ranking as
the second largest 7. brasiliensis colony in South Ameri-
ca (Boero et al. 2020). Additionally, in Porto Alegre (Rio
Grande do Sul state, Brazil) and several regions of Uru-
guay, colonies of between 1000 and 10,000 individuals
have been recorded in various buildings (Botto Nufiez et
al. 2018).

Phylogeny and genetic diversity at the
mitochondrial cyt b locus

Our results confirm previous studies showing differenti-
ation at the cyt b mitochondrial gene between continen-
tal populations of 7. brasiliensis, revealing three main
clades among the analyzed sequences: the GBB, SA, and
NA populations (Speer et al. 2017). No haplotypes were
shared among those three populations that were separated
by significant genetic distances. A previous study based
on SNPs found genetic structuring among these popula-
tions, accompanied by cranial morphometric differences
(Morales et al. 2018). We estimated the age of the first
split within what we now accept as 7. brasiliensis in
around 2 million years, when the NA population started
to diverge from the ancestor of the GBB and SA popu-
lations. The sister relationship between the latter popu-
lations is in disagreement with results from a previous
study (Speer et al. 2017). In contrast, we found no phylo-
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genetic resolution within each of those three main groups,
in accordance with previous studies based on both mi-
tochondrial and nuclear markers, which showed that the
different subspecies proposed for North America are not
supported by molecular data (Russell and McCracken
2006; Morales et al. 2018).

The genetic distances in the cyt b locus estimated
between 7. brasiliensis and its congeners from the Old
World (15-1 7.7%), and between the different popula-
tions of 7. brasiliensis were unexpectedly high (2.8—
6.1%). Previous studies have shown that intraspecific dis-
tances in the cyt b gene are generally lower than 2.5% in
bats, while distances between species of the same genus
range from ~3.5 t016% (Bradley and Baker 2001; Cham-
bi Velasquez et al. 2024). The distance estimates obtained
herein, together with the strict monophyly of the involved
species and populations, and the AMOVA results for the
T. brasiliensis populations, indicate the need for a taxo-
nomic revision of the genus. This review should include
more comprehensive sampling of populations and species
as well as complementary sources of data, such as nuclear
locus sequences and morphological data.

Genetic diversity in the cyt b locus was similar in the
SA and the NA populations, while the GBB population
was significantly less diverse, as expected for insular
populations due to the isolation and limited territory of
islands in comparison to continents (Frankham 1998). In-
terestingly, nucleotide diversity in the continental popula-
tions of 7. brasiliensis was higher than that found in 7. fe-
niotis, a species with a similar biology and flying abilities
that inhabits the Old World (Amorim et al. 2019). This
difference was reflected in differences in the demographic
histories recovered for the two species (see below).

Demographic history

The demographic analyses based on SNP data revealed an
expansion of the 7. brasiliensis population in the Southern
Cone. Contrary to the expectation of a late post-Pleisto-
cene expansion, the coalescent-based analysis — support-
ed by low confidence intervals across 100 independent
replicates — places the onset of the demographic expan-
sion at approximately 0.27 mya. This period coincides
with the end of the MIS 8§ glacial cycle, suggesting that
the species underwent massive population growth during
the Middle to Late Pleistocene, reaching a current N, of
approximately 2.7 million individuals (Lisiecki and Ray-
mo 2005; Otvos 2015). This result suggests that posterior
climate oscillations did not have an important impact on
the demography of 7. brasiliensis in South America (al-
though we did not include in the model comparison more
complex models with several demographic events). Such
resilience could be attributed to the species’ high disper-
sal ability and generalist nature that allowed it to buffer
the impacts of glaciations. Nevertheless, we did not test
for more complex models of population growth.

The results of the neutrality tests applied to the cyt b
matrix further support population expansions in both
T brasiliensis continental populations. The Bayesian

Skyline Plots (BSP) are also in accordance with those
results, although for the SA population, the large con-
fidence intervals in the N, estimates makes the case for
expansion less robust than for the NA population. The
BSP provided time frames that placed the onset of the
expansions around 0.12 mya and 0.17 mya for the NA
and SA populations, respectively. Our results support
the conclusions of Russell et al. (2011), suggesting that
population expansions in continental 7. brasiliensis were
most likely driven by environmental causes - in particular
climate changes caused by the cyclic Pleistocene glaci-
ations. As generalist species, the main limitation to the
distribution of 7. brasiliensis during glacial periods were
likely temperature and the associated availability of in-
sect prey. Therefore, populations were probably reduced
and restricted to habitable tropical and subtropical refu-
gia. During interglacial periods, populations previously
confined to refugia were able to colonize higher latitude
areas of North and South America, resulting in a substan-
tial range expansion and concomitant population growth
(Russell et al. 2011). The migratory behavior and the
great dispersal ability of 7. brasiliensis facilitated rapid
colonization of temperate areas when conditions permit-
ted (Russell and McCracken 2006).

The onset of the expansions of 7. brasiliensis popu-
lations, according to the BSP, roughly coincide with the
end of the long and intense MIS6 glaciation which ended
circa 0.130 mya (Lisiecki and Raymo 2005). It was fol-
lowed by the Last Interglacial (LIG) period (MIS5e), a
very warm period, and glaciation cycles that were shorter
and not as severe as in the MIS6 period, with tempera-
tures slowly dropping until the Last Glacial Maximum at
around 0.2 mya (Lisiecki and Raymo 2005; Otvos 2015).
Although fluctuations in environmental conditions during
the Pleistocene glaciations affected the entire world, there
is a notable difference between North America and South
America: South America has a much larger tropical area
as compared to North America, which could sustain larg-
er populations of generalist species such as 7. brasilien-
sis during the glaciation periods. This may explain the
difference in the timing of population expansion in these
two continents, which appears to have occurred later in
North America. Unfortunately, little is known about the
environmental conditions of most of South America
during the Pleistocene (Gowan et al. 2021). Although a
large portion of the South American continent likely did
not experience abrupt fluctuations in temperature, part of
today’s southern range of 7. brasiliensis, the Chilean and
Argentine Patagonia, was covered in snow in glacial pe-
riods (Lisiecki and Raymo 2005). In contrast, the Salto
Ander Egg formation in northeastern Argentina (dated to
~0.12 mya) provides evidence of a warmer LIG climate,
as indicated by a tropical fauna comprising species now
restricted to lower latitudes (Ferrero et al. 2017).

A chronological discrepancy emerges when results
obtained for the SA population with the two types of
markers are compared, with younger expansion dates be-
ing inferred by mitochondrial DNA (~0.170-0.12 mya)
in contrast with older dates obtained with nuclear SNPs
(~0.27 mya). Such discrepancies are technically to be ex-
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pected in phylogeographic studies, because the effective
size of the mitochondrial genome is around a quarter of
that of the nuclear genome, which accelerates coales-
cence and tends to reflect more recent demographic shifts
(Moore 1995; Palumbi et al. 2001). In this sense, cyt b re-
covered population growth following the MIS6 glaciation
and leading into the Last Interglacial, whereas SNPs pre-
served a deeper signal of the basal expansion occurring in
the Middle Pleistocene (MIS 8). Furthermore, the higher
resolution of the genomic data enabled us to reduce the
statistical uncertainty of parameters estimated with the
mitochondrial marker, and suggests that the resilience of
T. brasiliensis has enabled it to endure multiple glacial
cycles as a large, well-connected population in South
America.

Interestingly, the results obtained for 7. brasiliensis
differ from those obtained for the European free-tailed
bat, which appear to have expanded its population much
more recently. Amorim et al. (2019) studied a sample of
120 individuals of T feniotis collected across Europe.
They analyzed microsatellite and mitochondrial loci us-
ing the ABC method and found that a population expan-
sion occurred after the Last Glacial Maximum, which
ended around 20,000 years ago. This expansion occurred
apparently from two separate source populations that sur-
vived in different refugia, a common pattern found among
European species (Amorim et al. 2019).

Finally, the potential role of anthropogenic factors in
the demography of 7. brasiliensis cannot be entirely dis-
missed. Although it did not promote the onset of popula-
tion expansion, it may be contributing to the maintenance
of current populations and facilitating the dispersal and
establishment of new populations in different regions
where resources are not naturally available (e.g., Patago-
nia). This expansion may have been facilitated by mod-
ern anthropogenic changes, including the proliferation of
artificial roosting structures (Russo and Ancillotto 2015;
Stevens et al. 2021) and large-scale agriculture that pro-
vides sufficient insect prey to sustain massive maternal
colonies (Russell et al. 2011). In fact, the southern tip
of Argentina was not included in previous distribution
maps, although we have reports from the National Ra-
bies Surveillance that several individuals (one of those
included in our analysis) have been recently found in
Ushuaia, Tierra del Fuego. Interestingly, this expansion
of the range to higher latitudes has also been observed
in North American populations (McCracken et al. 2018).

Conclusions

This is the first population genetic study of the South
American T brasiliensis population to use a genomic
approach. The results corroborate the distinctiveness of
this population in relation to the North American and
Caribbean populations, and suggest similar population
dynamics to those of the NA population, which includes
widespread panmixia following a relatively recent, inde-

pendent population expansion. Demographic inferences
revealed a history characterised by a massive population
expansion since the mid-Pleistocene (~0.270 mya). These
findings emphasize the resilience of 7. brasiliensis and
suggest that its high dispersal ability has played a pivotal
role in maintaining genetic connectivity across the conti-
nent for hundreds of thousands of years. However, further
studies are needed that include a broader geographical
sampling of South America, particularly from the north-
ern regions of the continent. This would allow us to better
assess the migratory and dispersal patterns of 7. brasi-
liensis, and clarify the processes that lead to the differen-
tiation between the North American, South American and
Caribbean populations. Additionally, genomic studies of
viral diversity are necessary to investigate host-virus co-
evolution and further evaluate the role of 7. brasiliensis
as a virus reservoir and disperser.
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