
AC-00032-2015-03

Authors:
RICARDO LOPEZ-WILCHIS, MAYELA FLORES-ROMERO, LUIS GUEVARA-
CHUMACERO, ALEJANDRA SERRATO-DÍAZ, JHOANA DÍAZ-LARREA,
FERNANDO SALGADO-MEJIA, CARLOS IBAÑEZ, LEANDRO SALLES5 SALLES,
JAVIER JUSTE

Decision letter:
February 24, 2016
AC-00032-2015-03
Evolutionary scenarios associated with the Pteronotus parnellii cryptic species-complex
(Chiroptera: Mormoopidae)

Dear Dr RICARDO LOPEZ-WILCHIS,

I am pleased to inform you that your manuscript, entitled: Evolutionary scenarios associated
with the Pteronotus parnellii cryptic species-complex (Chiroptera: Mormoopidae), has been
finally accepted for publication in our journal. It is planned to be printed in the coming issue
(April 2016).

Thank you for submitting your work to us.

Yours sincerely,
Wiesław Bogdanowicz
Editor-in-Chief
Acta Chiropterologica

Powered by TCPDF (www.tcpdf.org)

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Digital.CSIC

https://core.ac.uk/display/80867568?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://system.miiz.waw.pl/ac
http://www.tcpdf.org
http://system.miiz.waw.pl/


Evolutionary scenarios associated with the Pteronotus parnellii
cryptic species-complex (Chiroptera: Mormoopidae)

Type:

Original paper

Abstract:

One of the major challenges to understanding the evolution of Neotropical bats concerns our capacity to
successfully scrutinize phylogenetic patterns associated with cases of cryptic species complexes. In this study
Pteronotus parnellii is examined as a selected example of a known lineage of mormoopid bat that potentially
contains several cryptic species. A samples of 452 individuals from 83 different localities, essentially covering
its entire mainland distribution, was evaluated using two genetic markers: COI (mitochondrial) and DBY
(nuclear) genes. The findings of this study strongly support the hypothesis of high genetic variability and
identify at least six lineages within P. parnellii, some of which appear to be cryptic species.

Keywords:

Bats, COI, DBY, Neotropical America, Genetic diversity, Biogeography, Phylogeny, taxonomy

Powered by TCPDF (www.tcpdf.org)

http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

Evolutionary scenarios associated with the Pteronotus parnellii cryptic species-complex 

(Chiroptera: Mormoopidae)

INTRODUCTION

The Neotropical region is home to the greatest diversity of bats in the world, and it is well 

known that this fauna awaits a number of basic lines of research, among which cryptic 

diversity stands as one of the most relevant. Thus, despite recent efforts to address the 

issue, not only in the Neotropics (Clare, 2011; Clare et al., 2011; Pavan et al., 2011; Larsen 

et al., 2012; Hernández-Dávila et al., 2012; Pavan et al., 2013; Velazco and Patterson, 

2013; Parlos et al., 2014) but also in several other regions of the world (Mayer and von 

Helversen, 2001; Ibáñez et al., 2006; Furman et al., 2010; Raghuram et al., 2014; 

Bogdanowicz et al., 2015; Dammhahn et al., 2015; and Hassanin et al., 2015), cryptic 

species complexes have become a top priority for a number of international agendas. 

Pteronotus parnellii is investigated here as a special case in which to study cryptic species 

among Neotropical bats, considering that due to its wide distribution and low 

morphological differentiation, the family Mormoopidae is an excellent subject for this kind 

of analysis.

The family has only two genera, Mormoops Leach, 1821 and Pteronotus Gray, 1838; both 

comprising insectivorous, gregarious, and strict cave-dwelling bats, which are found in a 

wide variety of habitats, ranging from tropical rainforests to arid regions, being particularly 

abundant in low dry forests throughout the Neotropics.

The genus Mormoops has two species, Mormoops blainvillei Leach, 1821 which is 

distributed across the Greater Antilles and small adjacent islands, and M. megalophylla 

(Peters, 1864), with an extant distribution extending from Mexico to northwestern South 

America, and the West Indies. Pteronotus consists of a diverse group of six currently 

recognized species: P. davyi Gray, 1838; P. gymnonotus Naterer, 1843; P. parnellii (Gray, 

1843) and P. personatus (Wagner, 1843), which are all distributed from Mexico to Brazil, 

and P. macleayi (Gray, 1843) and P. quadridens (Gundlach, 1840), which are known from 

the Antilles and the Bahamas (Simmons, 2005).
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Pteronotus parnellii, as the most widely distributed species, is considered to be the basal 

branch associated with the origin of the genus (Smith, 1972; Lewis-Oritt et al., 2001; Van 

Den Bussche and Weyandt, 2003). On the mainland the species ranges from northern 

Mexico (Sonora and Tamaulipas), throughout Central America, to Peru, Ecuador, Bolivia, 

Colombia, Brazil, Guyana, Suriname and Venezuela; and it is also found in the West Indies,

i.e. Cuba, Jamaica, Puerto Rico, Hispaniola, Saint Vincent, Trinidad and Tobago, Margarita 

Island, and La Gonave Island (Simmons, 2005). 

In a taxonomic revision of the family Mormoopidae, Smith (1972) recognized eight 

subspecies within P. parnellii, namely: P. p. fuscus, P. p. gonavensis, P. p. mesoamericanus,

P. p. mexicanus, P. p. parnellii, P. p. portoricensis, P. p. pusillus and P. p. rubiginosus. 

Later, a new subspecies, P. p. paraguanensis, was described (Linares and Ojasti, 1974); and

this taxonomic arrangement persisted until the year 2000. Since then, molecular studies 

have questioned these P. parnellii subspecies arrangements. First, Lewis-Oritt et al. (2001) 

relying on two genetic markers, Cyt b and RAG2, documented that P. parnellii is the most 

divergent species within the genus, wich presents higher genetic distances among island 

forms than between these groups and mainland populations. On the basis of morphological 

and molecular data Van Den Bussche et al. (2002) suggested that P. parnellii may represent

a complex of cryptic species. Clare et al. (2011) using COI as a genetic marker, not only 

suggested the presence of four different genetic groups within P. parnellii, with one 

restricted to Central America and three others from South America, but also proposed that 

P. p. mesoamericanus should be considered a valid species. More recently, on the basis of 

molecular (COI and Cyt b) and bioacoustical data, the groups proposed by Clare et al. 

(2013) were confirmed by De Thoisy et al. (2014) who also indicated the existence of four 

cryptic species within P. parnellii: P. sp1 (Honduras and Mexico), P. sp2 (Guyana), and P. 

sp3 and P sp4 (Guyana, Suriname, French Guiana and Brazil).

Although these publications contributed substantially to our understanding of the 

systematics of this group, they were limited by the number of samples and the lack of 

mainland representatives from Mexico and central Brazil. These are very important regions 

in which P. parnellii populations are abundant and they represent the northern and southern 

extremes of this species complex. 
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Here, we evaluate patterns of genetic variation based on the mitochondrial gene COI and 

the nuclear gene DBY, using a total number of 452 individuals from 84 different localities, 

distributed over 10 different countries and covering the majority of the known mainland 

distribution of P. parnellii. The main goal is to evaluate phylogenetic relationships within P.

parnellii. 

MATERIALS AND METHODS

Sampling

Twelve populations of P. parnellii distributed throughout Mexico were sampled (Fig. 1). 

Specimens were captured using harp traps, measured, and then biopsied from wing 

membranes using a 3mm biopsy puncher (Fray Products Corp., Buffalo, NY). Tissue 

samples were stored in 70% ethanol. The captured bats were then immediately released, 

except for a few specimens that were preserved as vouchers and deposited in the 

Universidad Autónoma Metropolitana - Iztapalapa Mammal Collection (UAM-I). Tissue 

samples from Goiás (Brazil) and Coiba Island (Panama) were made available by the 

Brazilian National Museum of Natural History (Museu Nacional / UFRJ) and the Estación 

Biológica de Doñana, respectively. In addition, COI and DBY sequences were obtained 

from the GenBank database for populations from Belize, Mexico, Guatemala, El Salvador, 

Panama, Jamaica, Guyana, Suriname, and Venezuela. Names and geographical coordinates 

for the 84 studied localities are provided in Appendix 1. The sequences obtained in this 

study were deposited in GenBank (Appendix 2). 

All appropriate ethics and other approvals were obtained for the research (Anonymous, 

2010; Sikes et al., 2011). Specimens were collected under Mexican Government permits 

SGPA/DGVS Nos. 09131/14; 05853/13; CC 08450/92.

DNA Extraction, Amplification, Sequencing and Alignment
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All DNA was extracted using standard salt extraction protocol, modified from Lopera-

Barrero et al. (2008). Primers, amplification conditions and sequencing for the 

mitochondrial gene COI were performed on the basis of the methods described by Ivanova 

et al. (2006); and for the nuclear gene intron7 DBY region those indicated by Lim et al. 

(2008). The sequencing reaction was performed with BigDye Terminator (Applied 

Biosystems) in Applied Biosystems 3130 Genetic Analyzer. All sequences were aligned and

edited using Geneious® Pro software v.5.6.4 (Biomatters Ltd., Auckland, New Zealand).

Phylogenetic Analysis and Genetic Structure

The software DNA SP v.5.10 (Librado and Rozas, 2009) was used to analyse the sequences 

in order to obtain their corresponding haplotypes and building networks haplotype 

networks were built using the Median-Joining algorithm (Bandelt et al., 1999) in PopART 

v.1.7 (http://popart.otago.ac.nz.).

The phylogenetic relationship between haplotypes from COI and DBY genes was evaluated

using a Maximum Parsimony (MP) and Maximum likelihood (ML) criteria in PAUP* 

v.4.0b10 (Swofford, 2002) with the heuristic search option and the Branch Exchange 

algorithm Tree Bisection Reconnection (TBR). Branch support was calculated using 

Bootstrap analysis (Felsenstein, 1985) with 1000 iterations. In addition we constructed a 

Bayesian phylogeny (BP) in Mr. Bayes v.3.2 (Ronquist et al., 2012) with four Markov 

chains and 10 000 000 generations. For the ML and BP analyses we used the best fit model 

of sequence evolution selected in Modeltest v.3.7 (Posada and Crandall, 1998) with the 

Akaike information criteria (AIC). The HKY85 model (Hasegawa et al., 1985) was 

identified as the best nucleotide substitution model for COI, and GTR (Lanave et al., 1984; 

Rodriguez et al., 1990) was selected for DBY. Additionally we conducted a combined 

analysis with sequences from the studied regions, using the same parameters and software, 

and using the GTR+I+G (Lanave et al., 1984; Rodriguez et al., 1990) model. The 

Incongruence Length Difference (Farris et al., 1994) score for the COI and DBY partitions 

was 150 (p = 0.089000).

To perform all phylogenetic reconstructions we used Saccopteryx bilineata and Uroderma 

bilobatum sequences as outgroups (Appendix 3). The choice of outgroup taxa was made 
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considering phylogenetic relationships (Agnarsson et al., 2011; Clare et al., 2013; Shi and 

Radobsky, 2015) and the availability of sequences in the GenBank.

The genetic differentiations within and between groups were estimated with mean distance 

analysis in MEGA v.6.0 (Tamura et al., 2013) using the Kimura-2 parameter model 

(Kimura, 1980) for COI data and the Tamura-Nei (Tamura and Nei, 1993) model for DBY. 

The existence of genetic structure was assessed by an analysis of molecular variance 

(AMOVA, Excoffier et al., 1992) with genetic divergence values (FST) using Arlequin 

v.3.5 (Excoffier and Lischer, 2009).

RESULTS

Nucleotide Sequences

For the 610 COI nucleotides, 394 (64.6%) were constant, 72 (11.8%) were variable non- 

informative and 144 (23.6%) informative. The average base composition was A=25.2%, 

C=28.3%, G=17.4%, and T=29.1%. For the 403 DBY nucleotides, 193 (47.9%) were 

constant, 5 (1.2%) were variable non-informative and 205 (50.9%) informative. The 

average base composition was A=29.1%, C=15.7%, G=15.7%, and T=39.5%. For 

combined analysis 1013 nucleotides were recuperated, using only individuals with both 

markers. 

For the COI gene we recovered 52 different haplotypes (Hts) (Appendix 4). The haplotype 

network contains six haplogroups (Hg) separated by 8 to 50 mutational steps. The first 

group (Hg 1) is composed of Hts of populations located in the Mexican Pacific coastal 

plains (PMex). The second (Hg 2) includes Hts of the Gulf of Mexico coastal plains 

(GMex), southern Mexico and Central America, and also two Hts from the Mexican Pacific

Coast (gathered as a whole under Hg 1). The third group (Hg 3) has Hts from Venezuela 

and northwestern Guyana. The fourth (Hg 4) has Hts from Brazil, Guyana and Suriname, 

whereas Hg 5 has Hts only from Guyana and Suriname; these two groups shared seven Hts.

The final group (Hg 6) contains the sole island haplotype in this study (Jamaica). All 

haplogroups present a marked pattern of genetic and geographic structure (Fig. 2)
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For the DBY gene only five different Hts were recovered (Appendix 4). The haplotype 

network contains two Hg separated by 10 mutational steps. The first group (Hg 1) includes 

all Hts from Mexico, Guatemala, El Salvador, Panama, Venezuela, Brazil and northwestern 

Guyana, whereas the second (Hg 2) included Hts from Guyana and Suriname (Fig. 3).

Phylogenetic reconstruction

For the mitochondrial COI gene, MP, ML and Bayesian topologies displayed a similar 

hierarchical pattern, with quite high bootstrap and Bayesian values. The Bayesian tree 

shows the Jamaican haplogroup placed basally with respect to two large sister lineages: one

encompasses terminals from PMex, GMex/Yucatan/Central America, and 

Venezuela/Guyana; and the other branch embraces the terminals Guyana/Suriname and 

Guyana/Suriname/Brazil (Fig. 4).

For the nuclear DBY gene, phylogenetic trees are also supported by high bootstrap values, 

with the Bayesian tree displaying two monophyletic lineages, one encompassing haplotypes

from Mexico, Guatemala, El Salvador, Panama, Venezuela, Brazil and northwestern 

Guyana; and the other containing haplotypes from Guyana and Suriname (Fig. 5). The 

Jamaican haplogroup is not represented due to the absence of samples for the DBY gene.

The concatenated dataset provided low resolution for the detection of the lineages obtained 

in the analyses of independent genes. However, the MP analysis supports the 5 lineages 

obtained for with the COI gene (Fig. 6).

Genetic distance and structure

The average genetic distances between the six haplogroups fluctuated between 2.9 and 12%

(Table 1A) for the COI gene and was 2.6% for the DBY gene (Table 1B). The AMOVA 

results reveal a high genetic variation among the groups for both the COI gene (FST = 0.95; 

P < 0.05; Table 2A) and the DBY gene (FST = 0.98; P < 0.05; Table 2B), thereby supporting

the haplogroup schemes and their respective phylogenetic patterns and haplotype networks.

The COI results demostrated that the Jamaican lineage exhibits the highest genetic 

distances with respect to mainland populations (10.9 to 12.0%, Table 1A). This finding is in
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agreement with genetic distances reported for Cyt b and RAG 2 genes (Lewis-Oritt et al., 

2001).

DISCUSSION 

The results demonstrate high genetic variability within the P. parnellii species complex, 

throughout its broad distribution across the continental Neotropics. The inclusion of 

material deriving from both the northern and southern limits of its distribution in the 

genetic analyses incorporating both mitochondrial and nuclear markers, as well as the 

results previously obtained by other authors, allowed us to perform a more complete test 

regarding the variation present in this species complex, thus producing a more 

comprehensive phylogenetic arrangement for this mormoopid bat.

The four methods applied in the development of the phylogenetic reconstructions based on 

the COI gene have resulted in the recognition of five mainland haplogroups plus an island 

group from Jamaica. On the basis of these phylogenetic results we propose that five 

independent monophyletic lineages should be considered under the taxonomic entity 

Pteronotus parnellii encompasses five independent monophyletic lineages.

We identified a cryptic lineage that had not been previously detected corresponding to 

populations from western Mexico, as well as the presence of four lineages 

(GMex/Yucatan/Central America, Venezuela/Guyana, Guyana/Suriname, 

Guyana/Suriname/Brazil), which had been previously recognized by other authors (Dávalos

2006; Clare et al., 2013; De Thoisy et al., 2014), although not with the exact same 

geographic patterns.

The lineage from western Mexico (PMex) is distributed over the lowlands of the Mexican 

Pacific coastal plains, from "Cueva del Tigre" in Carbo, Sonora, south to "Grutas de 

Juxtlahuaca" in Colotlipa, Guerrero (Fig.1).

According to our results the Central America lineage, which was previously proposed by 

Clare et al. (2013), also includes all the populations across the Gulf of Mexico coastal plain

and the southern Yucatan Peninsula. This lineage, which has been designated 
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“GMex/Yucatan/Central America”, therefore has a broad geographic distribution that 

extends from the north of Mexico (Tamaulipas) to Panama (Darien) (Fig. 1). 

The results of this study reveal not only a confined lineage between the northwestern Andes

Mountains and the Guyana shield (Venezuela/Guyana), but also that the Guyana/Suriname 

and the Guyana/Suriname/Brazil lineages are sympatric in an area between the Guyana 

shield and the Amazonian Craton. This sympatric pattern was also documented in other 

studies (Clare et al., 2013; De Thoysi et al., 2014). However, our results extend the 

distribution of the “Guyana/Suriname/Brazil” lineage further south, reaching the central 

portion of Brazil (State of Goiás), possibly via an arch-like biogeographical shape (Fig. 1), 

as documented for other species of the genus (Pteronotus personatus, P. gymnonotus - 

Patton and Gardner, 2008) as well as other Neotropical bats (Nunes et al., 2005).

The Caribbean Sea and the large mountain chains located in the Neotropics seem to play an

important role in the process of allopatric speciation of these lineages by limiting the flow 

of genes between them; the evidence provided by the COI gene also meets the criteria for 

the genetic species concept (De Queiroz, 2005; Bradley and Baker, 2006) and allows us to 

propose that five of these lineages must be considered cryptic species: P. sp1 (Jamaica), P. 

sp2 (PMex/GMex /Yucatan/Central America), P. sp3 (Venezuela/Guyana), P. sp4 

(Guyana/Suriname), and P. sp5 (Guyana/Suriname/Brazil).

Given the results reported in the present study, we were able to infer different scenarios for 

the origin and diversification of the six lineages.

Based on the topology obtained for the COI gene the Jamaican lineage most likely was the 

starting point for two different processes of invasion and diversification that gave rise to the

five continental lineages (Fig. 4). This include one in South America, in which the 

Venezuela/Guyana lineage may have been the center of diversification. and another in the 

South of Mexico, where populations expanded northward through both coastal plains of 

Mexico as well as southward through Central America (Fig. 1). These results are in 

agreement with the hypothesis of Morgan and Czaplewski (2012) wich states that the 

ancestral area of mormoopids includes the Greater Antilles, and the divergences between 

Antillean and continental lineages will be older than that between Central American and 
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northern South American mormoopid populations. Nuclear genes evolve too slowly for 

intraespecific level analysis, but in this case the DBY intron appears to offer reliable 

support for a split between Mexico-Central America and South American groups (Figure 3).

Both processes of diversification could be the result of geological, climatic and ecological 

changes in the Pleistocene and thus strongly associated with the establishment of the 

continental tropical dry forest (TDF), which is the shared habitat of these bats and where 

they are currently most abundant.

Our results also allow us to suggest that formerly there was a continuous distribution 

accross South America and that lineages from Guyana/Suriname and 

Guyana/Suriname/Brazil originated almost simultaneously following vicariant events in the

Guiana shield during the Pleistocene which allowed the establishment of refuge areas 

associated with the TDF (Pennington et al., 2000, 2004; Werneck et al., 2011, 2012; 

Collevatti et al., 2013). These lineages have a common ancestor of both (Fig. 4) and share 

seven haplotypes, and it is very likely that the same historical process is responsible for the 

similar pattern described for them. Comparable processes have been described for other 

vertebrates (Noonan and Gaucher 2005, 2006; Wuester et al., 2005; Quijada-Mascareñas, 

2007; Naka et al., 2012; Capurucho et al., 2013), including bats (Ditchfield, 2000; 

Hoffmann and Baker, 2003; Pavan et al., 2011).

Our results indicate that there are two cryptic lineages in Mexico which exhibit low genetic 

variation between them (2.9%) and that the presence of shared haplotypes (H48, H49) in 

southwest Mexico (Colotlipa, Guerrero) does not provide grounds for considering them two

separate cryptic species. If we consider the intraspecific phylogenies, the distribution of 

lineages, and climatic and geomorphological events, it is possible to understand the 

diversification process in Mexico. The Mexican Pacific lowland populations may have 

diverged recently from those of the Gulf of Mexico coastal plain in association with the 

latest geological and ecological events that occurred in the Pleistocene which shaped the 

distribution of the TDF as they stand today (Barrera, 2005). Therefore, these events may be 

related to an incipient speciation process such as the one indicated for the cryptic lineages 

from Mexico. Similar biogeographical patterns seem to be shared by several other animal 

species (ants, freshwater fishes, amphibians, reptiles, birds) and also by some native trees 

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

(Bursera and Spondias) native to the TDFs of Mexico and Central America (Arbeláes-

Cortés et al., 2014). 

Given the type locality of P. parnellii, as well the result of this study the specific name P. 

parnellii should be applied to Pteronotus populations living on the island of Jamaica and at 

least until the taxonomic status of the West Indian population is established.

Clare et al. (2013) proposed that the Central America lineage should be recognized as P. 

mesoamericanus, but in our analysis, all populations present in Mexico and Central 

America belong to the same species, including the samples from the type locality of P. 

parnellii mexicanus, as well as the western Mexico specimens contained within the PMex 

lineage. Therefore, according to the "Principle of Priority", Article 23.1 in the International 

Code of Zoological Nomenclature, the correct species name must be Pteronotus mexicanus 

(Miller, 1902). In accordance with the Templeton criteria (1998), the two lineages can be 

considered subspecies with the following taxonomic names: P. mexicanus mexicanus 

(Miller, 1902) for samples in western Mexico, and P. mexicanus mesoamericanus Smith, 

1972 for specimens from eastern Mexico to Central America.

Regarding the mainland cryptic species from South America, De Thoisy et al. (2014) 

pointed out the problem of assigning species names to them.

CONCLUSIONS 

The results of the present study, obtained with a large sample, allow us to recognize the 

presence of different lineages within P. parnellii and its area of origin and diversification. 

According to our phylogenetic data the continental lineages of P. parnellii could have been 

diversified simultaneously from a Jamaican lineage, as a result of the same historical event 

concurrent with climatic changes during Pleistocene that favored the establishment of 

tropical dry forests in the Neotropics. 

We postulate that the P. parnellii cryptic species-complex derived from a single speciation 

event in Mexico, Central America and South America, and their common ancestor likely 

originated from the island of Jamaica. If we consider the intraspecific phylogenies with 
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their history of origin and diversification, the distribution of lineages, as well as their close 

relationship with the tropical dry forest, everything points to a recent settlement process.

We propose that five of the lineages within Pteronotus parnellii should be recognized at 

species level: P. parnellii (for the populations in Jamaica Island), P. mexicanus (populations

in Mexico and Central America), P. sp3 (Venezuela/Guyana), P. sp4 (Guyana/Suriname), 

and P. sp5 (Guyana/Suriname/Brazil). 

The phylogenetic histories of these cryptic species of Pteronotus parnellii represent a 

further contribution to the understanding of the diversity of bats in the Neotropics and 

demostrate the importance of vicariant events during the Pleistocene, such as cycles of 

contraction and expansion of tropical dry forest areas in Mexico, Central America and 

South America for the diversification and speciation of mormoopid bats in the continental 

Neotropics. 

In addition to the results presented here a more complete evaluation of the phylogenetic 

history of lineages within P. parnellii would benefit from the inclusion of additional 

sequences and more variable markers. This next step will be necessary to obtain a better 

understanding of the relationships among these cryptic species. Moreover, further studies 

are needed to assess the variability and genetic divergence within the populations located in

the Brazilian Amazon arc and populations from Peru and Colombia, which due to their 

geographical position could provide a great contribution to the knowledge of the patterns of

diversification in the mainland Neotropics.

LITERATURE CITED 

AGNARSSON, I., C. M. ZAMBRANA-TORRELIO, N. P. FLORES-SALDANA, and L. J. MAY-

COLLADO. 2011. A time-calibrated species-level phylogeny of bats (Chiroptera, 

Mammalia). PLoS Currents, 2011; 3: RRN1212. DOI: 10.1371/ currents.RRN1212 

PMID: 21327164

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

ANONYMOUS. 2010. Lineamientos para la conducción ética de la investigación, la docencia 

y la difusión de la División de Ciencias Biológicas y de la Salud. Universidad 

Autónoma Metropolitana, Iztapalapa, México, D.F., 39 Pp.

BANDELT, H. J., P. FORSTER, and A. RÖHL. 1999. Median-Joining Networks for inferring 

intraspecific phylogenies. Molecular Biology and Evolution, 16: 37-48.

BAKER, R. J., and R. D. BRADLEY, 2006. Speciation in mammals and the genetic species 

concept. Journal of Mammalogy, 87: 643–662

BECERRA, J. X. 2005. Timing the origin and expansion of the Mexican tropical dry 

forest. Proceedings of the National Academy of Sciences of the United States of 

America, 102: 10919-10923.

BOGDANOWICZ, W., P. HULVA, B. ČERNÁ BOLFÍKOVÁ, M. M. BUŚ, E. RYCHLICKA, A. 

SZTENCEL-JABLONKA, L. CISTRONE, and D. RUSSO. 2015. Cryptic diversity of Italian 

bats and the role of the Apennine refugium in the phylogeography of the western 

palaearctic. Zoological Journal of The Linnean Society, 174: 635–648.

CAPURUCHO, J. M. G., C. CORNELIUS, S. H. BORGES, M. COHN‐HAFT, A. ALEIXO, J. P. 

METZGER, and C. C. RIBAS. 2013. Combining phylogeography and landscape 

genetics of Xenopipo atronitens (Aves: Pipridae), a white sand campina specialist, to 

understand Pleistocene landscape evolution in Amazonia. Biological Journal of the 

Linnean Society, 110: 60-76.

CLARE, E. L. 2011. Cryptic species? Patterns of maternal and paternal gene flow in eight 

neotropical bats. PLoS ONE, 6: E21460. doi: 10.1371/journal.pone.0021460.

CLARE, E.  L., A. M. ADAMS, A. Z. MAYA-SIMÕES, J.  L. EGER, P. D. N. HEBERT, and B. M.

FENTON. 2013. Diversification and reproductive isolation: cryptic species in the only 

new world high-duty cycle bat, Pteronotus parnellii. BMC Evolutionary Biology, 13: 

26.

CLARE, E. L., B. K. LIM, M. B. FENTON, and P. D. N. HEBERT. 2011. Neotropical bats: 

estimating species diversity with DNA  barcodes. PLoS ONE, 6: E22648. doi: 

10.1371/journal.pone.0022648.

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

COLLEVATTI, R. G., L.C. TERRIBILE, G. OLIVEIRA,  M. S. LIMA‐RIBEIRO, J. C. NABOUT, T. 

F. RANGEL, and J. A. F. DINIZ‐FILHO. 2013. Drawbacks to palaeodistribution 

modelling: the case of South American seasonally dry forests. Journal of 

Biogeography, 40: 345-358.

DAMMHAHN, M., C. F. RAKOTONDRAMANANA,  and  S. M. GOODMAN. 2015. Coexistence 

of morphologically similar bats (Vespertilionidae) on Madagascar: stable isotopes 

reveal fine-grained niche differentiation among cryptic species. Journal of Tropical 

Ecology, 31: 153-164.
 
DÁVALOS, L. M. 2006. The geography of diversification in the mormoopids (Chiroptera: 

Mormoopidae). Biological Journal of the Linnean Society, 88: 101-118.

DE QUEIROZ, K. 2005. Ernst Mayr and the modern concept of species. Proceedings of the 

National Academy of Sciences of the United States of America, 102: 6600–6607
 
DE THOISY, B., A. C. PAVAN, M. DELAVAL, A. LAVERGNE, T. LUGLIA, K. PINEAU, M. 

RUEDI, V. RUFRAY, and F. CATZEFLIS. 2014. Cryptic diversity in common mustached 

bats Pteronotus cf. parnellii (Mormoopidae) in French Guiana and Brazilian Amapa. 

Acta Chiropterologica, 16: 1-13.

DITCHFIELD, A. D. 2000. The comparative phylogeography of Neotropical mammals: 

patterns of intraspecific mitochondrial DNA variation among bats contrasted to 

nonvolant small mammals. Molecular Ecology, 9: 1307-1318.

EVIN, A., M. BAYLAC, M. RUEDI, M. MUCEDDA, and J. PONS. 2008. Taxonomy, skull 

diversity and evolution in a species complex of Myotis (Chiroptera: Vespertilionidae):

a geometric morphometric appraisal. Biological Journal of The Linnean Society, 95: 

529-538.

EXCOFFIER L., and H. LISCHER. 2009. Arlequin v. 3.5. An Integrated Software Package for 

Population Genetics Data Analysis. Computational and Molecular Population 

Genetics Lab (CMPG). Institute of Ecology and Evolution. University of Berne, 

Switzerland.

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

EXCOFFIER, L., P. SMOUSE, and J. QUATTRO. 1992. Analysis of molecular variance inferred 

from metric distances among DNA haplotypes: Application to human mitochondrial 

DNA restriction data. Genetics, 131: 479-491.

FARRIS, J. S., M. KALLERSJO, A.G. KLUGE and C. BULT. 1994. Testing significance of 

incongruence. Cladistics 10: 315-319.

FELSENSTEIN, J. 1985. Confidence limits on phylogenies: An approach using the bootstrap. 

Evolution, 39: 783-91.

FURMAN, A., T. POSTAWA,  T. ÖZTUNÇ, and E. ÇORAMAN. 2010. Cryptic diversity of the 

bent-wing bat, Miniopterus schreibersii (Chiroptera: Vespertilionidae), in Asia Minor.

BMC Evolutionary Biology, 10:121.

HASEGAWA, M., KISHINO H., and T. YANO. 1985. Dating the human-ape split by a 

molecular clock of mitochondrial DNA. Journal of Molecular Evolution, 22: 160-

174.

HASSANIN, A., S. KHOUIDER, G. C. GEMBU, S. M. GOODMAN, B. KADJO, N. NESI, X. 

POURRUT, E. NAKOUNE,  and C. BONILLO. 2015. The comparative phylogeography of

fruit bats of the tribe Scotonycterini (Chiroptera, Pteropodidae) reveals cryptic 

species diversity related to African Pleistocene forest refugia. Comptes Rendus 

Biologies, 338: 197-211.

HERNÁNDEZ-DÁVILA, A., J. A. VARGAS, N. MARTÍNEZ-MÉNDEZ, B. K. LIM, M. D. 

ENGSTROM, and J. ORTEGA. 2012. DNA barcoding and genetic diversity of 

phyllostomid bats from the Yucatán Peninsula with comparisons to Central America. 

Molecular Ecology Resources, 12: 590-597.

HOFFMANN, F. G. and R. J. BAKER. 2003. Comparative phylogeography of short‐tailed bats

(Carollia: Phyllostomidae). Molecular Ecology, 12: 3403-3414.

IBÁÑEZ, C., J. L. GARCÍA-MUDARRA, M. RUEDI, B. STADELMANN, and J. JUSTE. 2006. The 

Iberian contribution to cryptic diversity in European bats. Acta Chiropterologica, 8: 

277-297.

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

INTERNATIONAL COMMISSION ON ZOOLOGICAL NOMENCLATURE. 1999. International Code 

of Zoological Nomenclature, 4th. edit. International Commission on Zoological 

Nomenclature). The Natural History Museum. Cromwell Road, London SW7 5BD-

United Kingdom. 156 pags.

IVANOVA, N. V., J. R. DEWAARD, and P. D. HEBERT. 2006. An inexpensive, automation 

friendly protocol for recovering high‐quality DNA . Molecular Ecology Notes, 6: 

998-1002.

KIMURA, M. 1980. A simple method for estimating evolutionary rates of base substitutions 

through comparative studies of nucleotide sequences. Journal of Molecular Evolution,

16: 111–120.

LANAVE, C., G. PREPARATA, C. SACCONE, and G. SERIO. 1984. A new method for 

calculating evolutionary substitution rates. Journal of Molecular Evolution, 20: 86-93.

LARSEN, R. J., M. C. KNAPP,  H. H. GENOWAYS,  F. A. A. KHAN, P. A. LARSEN, D. E. 

WILSON, and R. J. BAKER. 2012. Genetic diversity of neotropical Myotis (Chiroptera: 

Vespertilionidae) with an emphasis on South American species. PLoS ONE, 7: 

E46578.

LEWIS-ORITT, N., C. A. PORTER, and R. J. BAKER. 2001. Molecular systematics of the 

Family Mormoopidae (Chiroptera) based on Cytochrome b and Recombination 

Activating Gene 2 sequences. Molecular Phylogenetics and Evolution, 20: 426–436.

LIBRADO, P., and J. ROZAS. 2009. DNA Sp v5: A software for comprehensive analysis of 

DNA  polymorphism data. Bioinformatics, 25: 1451-1452.

LIM, B. K., M. D. ENGSTROM, J. W. BICKHAM, and J. C. PATTON. 2008. Molecular 

phylogeny of New World sheath-tailed bats (Emballonuridae: Diclidurini) based on 

loci from the four genetic transmission systems of mammals. Biological Journal of 

the Linnean Society, 93: 89-209.

LINARES, O. J., and J. OJASTI. 1974. Una nueva subespecie del murciélago Pteronotus 

parnellii, en las cuevas de la Península de Paraguaná, Venezuela (Chiroptera: 

Mormoopidae). Boletín de la Sociedad Venezolana de Espeleología, 5: 73-78.

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

LOPERA-BARRERO, N. M., J. A. POVH, R. P. RIBEIRO, P. C. GOMES, C. B. JACOMETO, and 

T. D. SILVA-LOPES. 2008. Comparación de protocolos de extracción de ADN con 

muestras de aleta y larva de peces: extracción modificada con cloruro de sodio. 

Ciencia e Investigación Agraria, 35: 77-86.

MASTRETTA-YANES A., A. MORENO-LETELIER, D. PIÑERO, T. H. JORGENSEN, and B. C. 

EMERSON. 2015. Biodiversity in the Mexican highlands and the interaction of 

geology, geography and climate within the Trans‐Mexican Volcanic Belt. Journal of 

Biogeography, doi:10.1111/jbi. 12546.

MAYER, F., and O. VON HELVERSEN. 2001. Cryptic diversity in European bats. Proceedings 

of the Royal Society of London, 268: 1825-1832.

MORGAN, G. S., and N. CZAPLEWSKI. 2012. The evolutionary history of the Neotropical 

Chiroptera: the fossil record. Pp. 105–161, in Evolutionary history of bats: fossils, 

molecules, and morphology (G. F. Gunnell and N. Simmons, eds.). Cambridge 

University Press,Cambridge, 560 pp.

NAKA, L. N., C. L. BECHTOLDT, L. M. P. HENRIQUES, and R. T. BRUMFIELD. 2012. The role

of physical barriers in the location of avian suture zones in the Guiana Shield, 

northern Amazonia. The American Naturalist, 179(4), E115-E132.

NOONAN, B. P. and P. GAUCHER. 2005. Phylogeography and demography of Guianan 

harlequin toads (Atelopus): diversification within a refuge. Molecular Ecology, 14: 

3017-3031.

NOONAN, B. P. and P. GAUCHER. 2006. Refugial isolation and secondary contact in the 

dyeing poison frog Dendrobates tinctorius. Molecular Ecology, 15(14), 4425-4435.

NUNES A., S. MARQUES-AGUIAR, L. N. SALDANHA, E. SILVA, R. SILVA R. and A. BEZERRA.

2005. New records on the geographic distribution of bat species in the Brazilian 

Amazonia. Mammalia, 69: 109-115.

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

PARLOS, J. A., R. M. TIMM, V. J. SWIER, H. ZEBALLOS, and R. J. BAKER. 2014. Evaluation 

of paraphyletic assemblages within Lonchophyllinae, with description of a new tribe 

and genus. Occasional Papers, Museum of Texas Tech University, 320: 1-23.

PATTON, J. L., and A. L. GARDNER. 2008. Family Mormoopidae Saussure, 1860. Pp: 376 – 

383 in Mammals of South America, volume 1: Marsupials, xenarthrans, shrews, and 

bats (A. L. Gardner, edit.). University of Chicago Press. 669 pages.

 

PAVAN, A. C., F. M. MARTINS, and J. S. MORGANTE. 2013. Evolutionary history of bulldog 

bats (genus Noctilio): recent diversification and the role of the Caribbean in 

Neotropical biogeography. Biological Journal of The Linnean Society, 108: 210-224.

PAVAN, A. C., F. MARTINS, F. R. SANTOS, A. D. DITCHFIELD, and R. A. REDONDO. 2011. 

Patterns of diversification in two species of short-tailed bats (Carollia Gray, 1838): 

the effects of historical fragmentation of Brazilian rainforests. Biological Journal of 

the Linnean Society, 102: 527-539.

PENNINGTON, R.T., D.E. PRADO, and C. A. PENDRY. 2000. Neotropical seasonally dry 

forests and Quaternary vegetation changes. Journal of Biogeography, 27: 261–273.

PENNINGTON, R.T., M. LAVIN, M., D.E. PRADO, C. A. PENDRY, S. K. PELL,S.K. and C. A. 

BUTTERWORTH. 2004. Historical climate change and speciation: neotropical 

seasonally dry forest plants show patterns of both Tertiary and Quaternary 

diversification. Philosophical Transactions of the Royal Society of London Series B, 

Biological Sciences, 359: 515–538.

POSADA, D., and K. A. CRANDALL. 1998. Modeltest: testing the model of DNA 

susbstitution. Bioinformatics, 14: 817-818.

QUIJADA‐MASCAREÑAS, J. A., J. E. FERGUSON, C. E. POOK,  M. D. G. SALOMAO, R. S. 

THORPE and W. WÜSTER. 2007. Phylogeographic patterns of trans‐Amazonian 

vicariants and Amazonian biogeography: the Neotropical rattlesnake (Crotalus 

durissus complex) as an example. Journal of Biogeography, 34: 1296-1312.
 

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

RAGHURAM, H., M.  JAIN, and  R. BALAKRISHNAN. 2014. Species and acoustic diversity of 

bats in a paleotropical wet evergreen forest in southern India. Current Science, 107: 

631-641.
 
RODRIGUEZ, R., J. L. OLIVER, A. MARIN, and J. R. MEDINA. 1990. The general stochastic 

model of nucleotide substitution. Journal of Theoretical Biology, 142: 485-501.

ROHLF, F. J. 2006. TPSDIG, VERSION 2.10. Department of Ecology and Evolution, State 

University of New York, Stony Brook.

RONQUIST, F., M. TESLENKO, P. VAN DER MARK,  D. L. AYRES, A. DARLING, S. HÖHNA, 

B. LARGET, L. LIU, M. A. SUCHARD, and J. P. HUELSENBECK. 2012. MrBayes 3.2: 

efficient Bayesian phylogenetic inference and model choice across a large model 

space. Systematic Biology, 61: 539-542.

SHEETS, H. D. 2003. IMP-Integrated morphometrics package. Department of Physics, 

Canisius College, Buffalo, New York.

SHI, J. J. and D. L. RABOSKY. 2015. Speciation dynamics during the global radiation of 

extant bats. Evolution, 69: 1528–1545. 

SIKES, R. S., and W. L. GANNON. 2011. Guidelines of the American Society of 

Mammalogists for the use of wild mammals in research. Journal of Mammalogy, 92: 

235-253.

SIMMONS, N. B. 2005. Order Chiroptera. Pp. 312–529, In Mammal Species of The World A 

Taxonomic And Geographic Reference, 3rd Edition (D. E. Wilson and D. M. Reeder, 

Eds.). The Johns Hopkins University Press, Baltimore, 2142 Pp.

SMITH, J. D. 1972. Systematics of the chiropteran. Family Mormoopidae. University of 

Kansas. Museum of Natural History, 56: 1-132.  

SOLARI, S., and V. MARTÍNEZ-ARIAS. 2014. Cambios recientes en la sistemática y 

taxonomía de murciélagos neotropicales (Mammalia: Chiroptera). Therya, 5: 167-

196.

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

SWOFFORD, D. L. 2002. PAUP. Phylogenetic Analysis Using Parsimony (and other 

Methods). Version 4. Sinauer Associates, Sunderland, Massachusetts.

TAMURA, K., and M. NEI. 1993. Estimation of the number of nucleotide substitutions in the

control region of mitochondrial DNA in humans and chimpanzees. Molecular 

Biology and Evolution, 10: 512-526.

TAMURA, K., G. STECHER, D. PETERSON, A. FILIPSKI, and S. KUMAR. 2013. MEGA6: 

Molecular Evolutionary Genetics Analysis version 6.0. Molecular Biology and 

Evolution, 30: 2725-2729.

TEMPLETON, A. R. 1998. Nested clade analyses of phylogeographic data: testing 

hypotheses about gene flow and population history. Molecular Ecology,7: 381-397.

TORRES-FLORES, J. W., R. LÓPEZ-WILCHIS, and A. SOTO-CASTRUITA. 2012. Dinámica 

poblacional, selección de sitios de percha y patrones reproductivos de algunos 

murciélagos cavernícolas en el oeste de México. International Journal of Tropical 

Biology and Conservation, 60: 1369-1389.

VAN DEN BUSSCHE, R. A., and S. E. WEYANDT. 2003. Mitochondrial and nuclear DNA 

sequence data provide resolution to sister-group relationships within Pteronotus 

(Chiroptera: Mormoopidae). Acta Chiropterologica, 5: 1-13.

VAN DEN BUSSCHE, R. A., S. R. HOOFER, and N. B. SIMMONS. 2002. Phylogenetic 

relationships of mormoopid bats using mitochondrial gene sequences and 

morphology. Journal of Mammalogy, 83: 40-48.

VELAZCO, P. M., and B. D. PATTERSON. 2013. Diversification of the yellow-shouldered 

bats, genus Sturnira (Chiroptera, Phyllostomidae), in the New World Tropics. 

Molecular Phylogenetics and Evolution, 68: 683-698.

WERNECK, F. P., G. C. COSTA, G. R. COLLI, D. E. PRADO, and J. W. SITES JR. 2011. 

Revisiting the historical distribution of Seasonally Dry Tropical Forests: new insights 

based on palaeodistribution modelling and palynological evidencegeb. Global 

Ecology and Biogeography, 20: 272-288.
 

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Manuscript body
Download source file (73.76 kB)

WERNECK, F. P., C. NOGUEIRA, G. R. COLLI, G. R., J. W. SITES, AND G. C. COSTA. 2012. 

Climatic stability in the Brazilian Cerrado: implications for biogeographical 

connections of South American savannas, species richness and conservation in a 

biodiversity hotspot. Journal of Biogeography, 39: 1695-1706.

WUESTER, W., J. E. FERGUSON, J. A. QUIJADA‐MASCAREÑAS, C. E. POOK, M. D. G. 

SALOMAO, and R. S. THORPE. 2005. Tracing an invasion: landbridges, refugia, and 

the phylogeography of the Neotropical rattlesnake (Serpentes: Viperidae: Crotalus 

durissus). Molecular Ecology, 14: 1095-1108.

518

519

520

521

522

523

524

525

http://system.miiz.waw.pl/pdf/download/2234/ab0cad75b04d16af3b1b143282e1145c/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Table 1
Download source file (62.37 kB)

Table 1. Mean pairwise genetic distances for COI and DBY sequence divergences within 
and among the recognized haplogroups. For haplogroup names and respective geographic 
distributions see text and Fig. 4.

A. Percentage of divergence between COI gene sequences  in the 6 haplogroups obtained 
in this study using the Kimura-2 parameter model.

Hg 1 Hg 2 Hg 3 Hg 4 Hg 5 Hg 6

Hg 1

Hg 2 2.9

Hg 3 5.1 4.9

Hg 4 11.1 9.9 11.2

Hg 5 11.5 10.9 11.5 5.3

Hg 6 11.7 10.9 10.8 11.3 12.0

B. Percentage of divergence between DBY gene sequences  in the 2 haplogroups obtained
in this study using the Tamura-Nei model. 

Hg 1 Hg 2

Hg 1

Hg 2 2.6
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Table 2. Results of the analyses of molecular variance for COI and DBY genes with 
significance estimated from 1000 iterations

A. COI haplogroups.

Source of Sum of Variance Percentage 
FST

variation squares components of variation 

Among Hg 6731.63 21.72 95.11 0.95*

Within Hg 494.69 1.11 4.88  

* P < 0.05

B. DBY haplogroups.

Source of Sum of Variance Percentage 
FST

variation squares components of variation

Among Hg 703.47 12.07 98.93 0.98*

Within Hg 14.94 0.12 1.06  

* P < 0.05
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Figure 1
Download source file (6.52 MB)

Fig. 1. Map depicting the original geographic distribution of P. parnellii (shaded area), over which
the source locations of haplotypes (white dots), identified linages (dashed squares), and proposed
origin and diversification processes (black arrows) are displayed. All localities within Mexico were
sampled for this study.
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Figure 2
Download source file (3.04 MB)

Fig. 2. Haplotype network for the COI gene of Pteronotus parnellii. The H-number indicates the
haplotype identifier for the samples presented in Appendix 4. The size of circles denotes the relative
number of samples represented in each haplotype. Lines between haplotypes indicate mutational
steps between sequences, and the small black diamonds represent hypothetical haplotypes. Colours
indicate the geographic correspondence of haplogroups.
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Figure 3
Download source file (128.13 kB)

Fig. 3. Haplotype network for the DBY gene of Pteronotus parnellii. The H-number indicates the
haplotype identifier for the samples presented in Appendix 4. The size of circles denotes the relative
number of samples represented in each haplotype. Lines between haplotypes indicate mutational
steps between sequences, and the small black diamonds represent hypothetical haplotypes. Colours
indicate the geographic correspondence of haplogroups.
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Figure 4
Download source file (1.44 MB)

Fig. 4. Phylogenetic relationships of the studied groups within Pteronotus parnellii based on a
fragment of the mitochondrial COI gene. The reconstruction presented is a Bayesian consensus tree
with proportionally transformed branches. Branch support values indicate from left to right: Bayesian
Posterior Probability, Bootstrap ML, and Bootstrap MP. Colours indicate the haplogroup and its
respective geographic correspondence.
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Figure 5
Download source file (417.27 kB)

Fig. 5. Phylogenetic relationships of the studied groups within Pteronotus parnellii based on a
fragment of the nuclear DBY gene. The reconstruction presented is a Bayesian consensus tree with
proportionally transformed branches. Branch support values indicate from left to right: Bayesian
Posterior Probability, Bootstrap ML, and Bootstrap MP. Colours indicate the haplogroup and its
respective geographic correspondence.

Powered by TCPDF (www.tcpdf.org)

http://system.miiz.waw.pl/pdf/download/2241/be3d41d77ffdb15d3d12ddedc6f28073/
http://system.miiz.waw.pl/ac
http://system.miiz.waw.pl/


Figure 6
Download source file (3.14 MB)

Fig. 6. Phylogenetic relationships of the studied groups within Pteronotus parnellii based on a
concatenated analysis of mitochondrial COI and nuclear DBY genes. The reconstruction presented is
a Bayesian consensus tree with proportionally transformed branches. Branch support values indicate
from left to right: Bayesian Posterior Probability, Bootstrap ML, and Bootstrap MP. Colours indicate
the haplogroup and its geographic correspondence.
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which the source locations of haplotypes (white dots), identified linages (dashed squares), and
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Fig. 2. Haplotype network for the COI gene of Pteronotus parnellii. The H-number indicates the
haplotype identifier for the samples presented in Appendix 4. The size of circles denotes the
relative number of samples represented in each haplotype. Lines between haplotypes indicate
mutational steps between sequences, and the small black diamonds represent hypothetical
haplotypes. Colours indicate the geographic correspondence of haplogroups.
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Fig. 3. Haplotype network for the DBY gene of Pteronotus parnellii. The H-number indicates the
haplotype identifier for the samples presented in Appendix 4. The size of circles denotes the
relative number of samples represented in each haplotype. Lines between haplotypes indicate
mutational steps between sequences, and the small black diamonds represent hypothetical
haplotypes. Colours indicate the geographic correspondence of haplogroups.

Figure 4 - Download source file (1.44 MB)
Fig. 4. Phylogenetic relationships of the studied groups within Pteronotus parnellii based on a
fragment of the mitochondrial COI gene. The reconstruction presented is a Bayesian consensus
tree with proportionally transformed branches. Branch support values indicate from left to right:
Bayesian Posterior Probability, Bootstrap ML, and Bootstrap MP. Colours indicate the
haplogroup and its respective geographic correspondence.

Figure 5 - Download source file (417.27 kB)
Fig. 5. Phylogenetic relationships of the studied groups within Pteronotus parnellii based on a
fragment of the nuclear DBY gene. The reconstruction presented is a Bayesian consensus tree
with proportionally transformed branches. Branch support values indicate from left to right:
Bayesian Posterior Probability, Bootstrap ML, and Bootstrap MP. Colours indicate the
haplogroup and its respective geographic correspondence.

Figure 6 - Download source file (3.14 MB)
Fig. 6. Phylogenetic relationships of the studied groups within Pteronotus parnellii based on a
concatenated analysis of mitochondrial COI and nuclear DBY genes. The reconstruction
presented is a Bayesian consensus tree with proportionally transformed branches. Branch support
values indicate from left to right: Bayesian Posterior Probability, Bootstrap ML, and Bootstrap
MP. Colours indicate the haplogroup and its geographic correspondence.
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