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A subset of 52 microsatellites, selected because they produced a single strong, clear band
of PCR product in the test for amplification in 4. lituratus, were then genotyped for four A.
lituratus individuals to determine if loci were polymorphic. Twenty of these loci were arbitrarily
selected for screening in three individuals from each of the remaining six related species (Tables
1 & 2). All microsatellite primers selected for genotyping used M13 universal primers (Schuelke
2000) and the same PCR conditions described above, with the addition of M 13 fluorescently
labeled universal primers (when applicable: either FAM, HEX or NED), and the following
modification: Schuelke (2000) suggests that the reverse and universal M 13 primers be used in
equal proportions, while the forward primer with the M13 tail be used at a fourth of the volume
of the other two primers (1:1: 0.25). This suggestion was followed, and 0.25 uL of 20 M
forward and 1 pL each of 20 M reverse primer and 20 M M13 fluorescently labeled universal
primers were used for all reactions. The addition of a M 13 tail to the forward primer in a few
cases resulted in loci no longer amplifying. PCR product was duplexed for genotyping in the
case of A. lituratus (FAM/NED or FAM/HEX labeled primers genotyped together). Each sample
was genotyped using a 3130XL Genetic Analyzer (Applied Biosystems) at the LSU Genomics
Facility, with ROX 400 Ladder (Applied Biosystems). Allele sizes were determined in
GeneMapper version 4.0 (Applied Biosystems).

Results

Primer development

The sequencing of A. lituratus resulted in 115,417,777 bp of raw sequence data, of which 1.01 x
10® bp represented unique sequence: we found 255,065 unique reads out of 295,660 total reads,
and an average read length of 397 bp (maximum: 768 bp, minimum: 40 bp: McCulloch &
Stevens 2011, Appendix S1). Microsatellite loci were found in 30100 (~10%) reads, of which
2,946 were compound and 751 were broken. The numbers of reads containing loci of each repeat
motif size were as follows: 7,500 di-nucleotide, 4,470 tri-nucleotide, 17,751 tetra-nucleotide,
2,569 penta-nucleotide, and 955 hexa-nucleotide; 19,395 reads had suitable flanking regions for
designing primers (McCulloch & Stevens 2011, Appendix S2). Included in the Appendix of
McCulloch & Stevens (2011) is a table with information on every microsatellite locus for which
forward and reverse priming sites could be developed. Also included is a file containing the
entire sequence database obtained from the 454 run; each read is tagged with the same unique
sequence identifier referred to in the table of microsatellite loci for which primers were
developed.

Testing primers across species

The majority of the 96 microsatellite loci for which primers were ordered amplified in all species,
and there were no strong differences in amplification success for different repeat motif types (di-,
tri-, etc.). The percent of the 96 loci for which there was visible product for each species is as
follows: A. lituratus (93.8%), A. planirostris (84.4%), A. fimbriatus (90.6%), A. phaeotis
(68.8%), E. hartii (82.3%), S. lilium (81.3%) and C. perspicillata (78.1%) (Figure 2.1B). There
is a trend towards decreasing PCR product with increasing genetic distance from A. lituratus,
with the exceptions of 4. fimbriatus and A. phaeotis. A. fimbriatus is more distantly related to A.
lituratus than is A. planirostris (Redondo et al. 2008), yet it shows the most similar pattern of
microsatellite amplification (Figure 2.1B & C). Moreover, when common amplification status
(product, no product) is accounted for in a Ward’s hierarchical clustering analysis based on
Euclidean distances, 4. fimbriatus and A. lituratus form a group with statistical significance (p-
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value < 0.05) but the other species clusters are not as well-supported (Figure 2.2). The other and
more unexpected outlier is 4. phaeotis, which despite being in the same genus shows the fewest
amplifying loci.
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Figure 2.1. Panels A and B show results of tests for polymorphism and amplification, while
Panel C shows evolutionary relationships between species; columns for Panels A and B
correspond to species nodes in Panel C. (A) Fifty-two microsatellite loci were screened for
polymorphisms across a panel of four A. lituratus. Twenty of those loci were arbitrarily chosen
to genotype three individuals per species for each of the six con-familial species. A key indicates
the number of loci which were (i) polymorphic, (i7) monomorphic, (iii) polymorphic with either
large amounts of stutter around the peak or which had multiple peaks, and (7v) those which failed
to amplify. (B) Proportion of 96 microsatellite loci with PCR product for each of the seven
species tested. Amplification status was determined based on the presence of a band between
~100-1000 bp, as visualized on a 2% agarose gel. Number of loci with PCR product is as
follows: A. lituratus (90), A. planirostris (81), A. fimbriatus (87), A. phaeotis (66), E. hartii (79),
S. lilium (78) and C. perspicillata (75). (C) Topology of species relationships: numbers at nodes
are estimates of time since divergence in millions of years, based on Bininda-Emonds et al.
(2007). Species abbreviations: A. lituratus "Alit", A. planirostris "Apla", A. fimbriatus "Afim", 4.
phaeotis "Apha", E. hartii "Ehar", S. lilium "Slil", and C. perspicillata "Cper".
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Figure 2.2. Ward’s Hierarchical Clustering Analysis run to determine similarity between seven
species based on tests for amplification. AU (approximately unbiased) p-values (%) are given
above each cluster and were computed by 10,000 bootstrap re-sampling runs. Clustering done in
R with the “pvclust” function (Suzuki & Shimodaira, 2009) using Euclidean distances. 4.
lituratus and A. fimbriatus cluster together with statistical significance.

Selections of microsatellite loci were further screened for polymorphisms in either three
or four individuals each: four A. lituratus individuals were genotyped for 52 microsatellite loci,
and three individuals per species for the other six species were genotyped at 20 loci each (Figure
2.1A). We characterized the number of loci that contained polymorphisms, although not the
number of alleles found for each loci. We found evidence for multiple alleles in 86.5% of the
loci tested for 4. lituratus and 85% of loci tested for A. fimbriatus. A. planirostris and E. hartii
also exhibited polymorphisms at many loci (80%, for both: Figure 2.1A). We found
polymorphisms in only 60% of the loci genotyped for 4. phaeotis and in 50% of those genotyped
for S. lilium. C. perspicillata, the most distantly related species represented here, was
polymorphic at only 25% of the loci tested. C. perspicillata also had many monomorphic loci
(35% of the 20 locti tested), followed by S. lilium (20%) and A. phaeotis (20%). The remaining
species had fewer apparently monomorphic loci (4. planirostris: 15%, A. fimbriatus: 10%, E.
hartii: 10%), particularly A4. lituratus (7.7%). Among the loci that were genotyped, C.
perspicillata also had the most loci which failed to amplify (20%). There were progressively
fewer such failures as we moved from species distantly related to 4. /ituratus to those more
closely related to A4. lituratus: S. lilium (15% failure rate), E. hartii (10%), A. phaeotis (10%), A.
fimbriatus (5%), A. planirostris (5%) and A. lituratus (1.9%). A small number of failures was
expected, even though we were genotyping loci that previously successfully amplified, due to the
addition of an M 13 tail to the forward primer. Only four species had loci that, while clearly
polymorphic, also had either pervasive stutter (PCR induced artifacts, potentially correctable
downstream with programs like Micro-Checker: Van Oosterhout ef al. 2004) around the allele or
had multiple (>2) peaks for a single individual (non-specific amplification): 4. lituratus (3.8% of
52 loci tested), 4. phaeotis (10% of 20 loci), S. lilium (15% of 20 loci) and C. perspicillata (20%
of 20 loci). Microsatellites falling into this category would be unsuitable for use unless the
amplification specificity was improved.
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Discussion

Detection of large numbers of microsatellite loci using second-generation sequencing is now not
only rapid, but also cost and time effective and becoming more so. We were able to develop
primers for 19,395 loci, of which 2,539 met the following criteria, namely that the forward and
reverse primers occur only once (and together) in all reads, and that loci must contain at least six
tandem repeat units. Given our lab facilities, we were able to do so in less than two weeks (not
including wait time for the 454 sequencing). The gDNA used here represented a random
sampling of the A. lituratus genome, and subsequent selection of loci using Primer Designer was
unbiased and included all possible repeat motifs from di-nucleotide (four possible unique
combinations: AT, CG, AC, TC) through hexa-nucleotide (350 unique combinations). While
ascertainment bias is avoided in the initial development of loci, our choice of longer
microsatellites (>50 bp) for downstream testing could result in preferential selection for highly
polymorphic microsatellites, if longer microsatellites have higher mutation rates (Ellegren 2004).
Loci for which we ordered primers amplified very well for all seven species we tested, with no
necessary troubleshooting to determine the optimal thermocycler and PCR conditions for any
particular marker. It is worth noting that although the step-down thermocycler profile (dropping
through a 10 degree range of annealing temperatures) we used is appropriate for simultaneously
testing a selection of primers with different annealing temperatures, it probably influenced
primer site binding specificity and amplification success. Because there was little need to
troubleshoot, testing seven species for amplification (96 loci) and polymorphism (52 or 20 loci)
took less than ten days, including time for DNA extractions. Importantly, this was accomplished
using bats, whose genomes are considered to be relatively deficient in microsatellites (Van den
Bussche et al. 1995).

It was surprising that microsatellite loci developed for A. lituratus amplified so
successfully across species not only within the same genus, but also within the same subfamily
and family. Results of other studies led us to expect >50% amplification success: for example,
Ortega et al. (2002) screened for cross species amplification of A. jamaicensis microsatellite loci
in C. perspicillata, and found that nine of fourteen loci amplified (64%), although only one of
those was polymorphic (7%). We found that C. perspicillata, the most distantly related of the
species we tested, showed an almost 80% amplification success rate. When testing for
polymorphisms the results were less pronounced but still promising, with most species tested
being polymorphic for 80% or more of the loci tested. Even S. /ilium, a distantly related genus
within the same subfamily as A. lituratus, was polymorphic for half of the loci tested. C.
persicillata showed the poorest success in general, yet even it was polymorphic for 25% of
markers tested. Given that 2,539 loci of the >19,000 for which we developed primers met our
conservative criteria—and if we assume rates of amplification and polymorphism seen in tested
loci are representative—then we could expect almost 2,000 microsatellite loci out of the
published dataset to amplify for C. perspicillata and nearly 500 of those to be polymorphic. It
should also be noted that the estimates of polymorphism reported here are probably conservative:
four individuals were tested for A. lituratus, and only three for the other species. As a result, only
the most variable markers would have been detected as polymorphic. Nevertheless, even testing
only one set of PCR conditions (albeit with a “step-down’ thermocycler protocol) for only
ninety-six of the microsatellite loci reported here, we could have obtained roughly nineteen
polymorphic microsatellite markers for the most distantly related species tested (C. perspicillata)
and many more for the others. It is worth mentioning that in our tests of cross-species
amplification we did not sequence loci in order to confirm the purity and repeat unit of the
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product being amplified. However, when genotyping we found alleles were very similar in size
to what we expected based on sequence data from A. lituratus.

We also found that A. phaeotis was a strong outlier in our analyses. It showed the lowest
rate of successful amplification of all species tested, including species with much greater
divergence times from A. lituratus (Figure 2.1C), and the number of polymorphic loci was low,
although A4. phaeotis had more polymorphic loci than did C. perspicillata or S. lilium. We
initially considered that this might have been due to the quality or quantity of gDNA; however,
species with both lower quantities and quality of gDNA (4. planirostris) showed no apparent
problems with amplification. Furthermore, the amounts of gDNA used should have been more
than sufficient for successful amplification and genotyping (Table 2.2). It is possible that this
species has either undergone rapid evolution in or loss of sequence regions or priming sites.
More investigation would be needed to determine why relatively few loci amplified successfully
or were polymorphic when genotyped in A. phaeotis.

An unexpected result was the presence of more than double the number of tetra-
nucleotide repeats as compared to di-nucleotide repeats present in our sequence data. Castoe ef al.
(2010) found similar results with the copperhead snake, Agkistrodon contortrix. We do not have
an explanation for this finding, though it would be interesting to investigate why some repeat
motifs are more common than others, and whether those trends differ among groups of species.

The methods for developing microsatellite markers described in this and other recent
papers are increasingly useful in answering a wide range of questions for non-model organisms.
For example, Abdelkrim et al. (2009) successfully developed microsatellite loci for New
Zealand's endangered blue duck (Hymenolaimus malacorhynchos), a species of particular
interest in conservation research because it had undergone recent reductions in range, population
size, and possibly genetic diversity due to habitat destruction. Since Abdelkrim et al. published
in 2009, sequencing technology and bioinformatics readily available to researchers have
continued to improve, making it possible to develop many more markers (Castoe et al. 2010)
even for species known only from fossils (Allentoft ez al. 2009). Our focal species, A. lituratus,
is a widespread species distributed from southern Mexico to northern Argentina; the markers we
develop here will be used to investigate determinants of population genetic structure in regions
where relatively recent habitat destruction has resulted in highly fragmented landscapes. These
studies provide examples of developing microsatellites with high-throughput methodologies, as
well as some possible uses for resultant loci, which can range from investigating extinct species
and taxa of conservation interest, to asking questions more traditional to population or landscape
genetics.

The approach illustrated here is not only efficient for producing an abundance of markers
for the focal species, but also was reasonably successful at obtaining markers for many related
species. Testing a panel of markers across related species also permits selecting markers which
have priming sites conserved across a panel of focal species, therefore facilitating the study of
multiple related species with one set of markers. In addition, a great deal more can be done with
the microsatellite loci and primers published here, both in terms of developing these markers
across additional species, and screening more markers within species.
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Low genetic structure in a highly mobile animal

Simulations indicate major reductions in gene flow should be detectable in a very short time
period—even if dispersal distances are typically large. This conclusion remains even though a
number of parameter estimates were conservative (i.e., minimized the potential for genetic
structure to arise). For example, models treated populations as initially panmictic (maximum
genetic diversity), used a high mutation rate, and included a case where both sexes had equal
propensity for dispersal—all of which would tend to minimize genetic structure. Additionally,
simulations were parameterized based on only 50 years of deforestation. If gene flow had been
reduced for more than a few generations it should be detectable with my sampling in all cases
except those of high migration rates coupled with large average dispersal movements. This
remains true even if population densities are much higher than estimates used for the main
analyses (see Figure A.4). Despite adequate power to detect genetic differentiation resulting from
reduction in gene flow, there are few indications of genetic structure for A. lituratus in the study
region.

Even though observed genetic diversity falls in a range typical for non-inbred mammals
(Frankham et al. 2002), that so little spatial genetic structure is detected across such a large area
is somewhat unexpected for an ostensibly non-migratory bat species. There are multiple factors
that might facilitate inter-site connectivity for A. lituratus in APAF. While the landscape of
eastern Paraguay has undergone extensive deforestation, there remain forest patches that may
function as stepping-stones connecting large reserves. Furthermore, in agricultural or ranching
areas, lone trees could expedite movement by providing temporary roosting sites or food (Kelm
et al. 2008). In addition, A. lituratus do not appear to disfavor moderately disturbed forest
(Gorresen & Willig 2004), and are known to forage on pioneer species often found in disturbed
areas or secondary growth, such as those of the genus Piper and Cecropia (da Silva et al. 2008;
Garcia et al. 2000). The ability to exploit multiple food resources could enable population
resilience to changing landscape dynamics, if generalist animals are likely to percieve habitat as
having more resources and being less fragmented (Bascompte et al. 2006). Lack of genetic
structure might also be in part a consequence of feeding strategy. Artibeus species feed on Ficus
(Moraceae, de Moraes Weber et al. 2011; Morrison 1978). Ficus species, like many tropical trees,
often exhibit low population densities, which combined with fruiting-asynchronicity would
encourage long-distance foraging movements between fruiting trees (Morrison 1978; Nazareno
& de Carvalho 2009).

Plant-animal interactions in fragmented landscapes

Results from seed-dispersal studies suggest habitat fragmentation can affect plants both by
reducing the number of seeds reaching patches (e.g. Benitez-Malvido 1998) and the number of
individual plants contributing to the colonizing seed-pool (reviewed in Sork & Smouse 2006).
Furthermore, plant species are often primarily pollinated or dispersed by only one or a few taxa
(e.g. Morrison 1978; Muchhala & Thomson 2009). Examples of this include many groups of
plants adapted for bat seed-dispersal (e.g., species in the families Araceae, Cecropiaceae,
Clusiaceae, Piperaceae, and Solanaceae), and pollination (e.g., various genera in the families
Campanulaceae and Marcgraviaceae; Fleming et al. 2009; Lobova et al. 2009). Thus, the
potential for numerous plant species, especially in the tropics, to adapt to anthropogenic changes
to habitat is certainly influenced by their animal counterparts, but this link is largely unexplored.
My results indicate that A. lituratus, a relatively generalist and numerically dominant (in the
study region; Stevens et al. 2004) seed-disperser, exhibits little genetic structure across a
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Results suggest that A. lituratus is relatively resilient to effects of forest fragmentation. It
would be premature to conclude that A. lituratus is entirely unaffected by fragmentation, but
results are consistent with frequent inter-site movements. A. lituratus’ broad distribution,
potential high-mobility foraging strategy, and being a relatively generalist frugivore could all
contribute to little genetic differentiation across the study region. Other bats in Paraguay share
subsets of those traits (Lopez-Gonzalez 2005). If generalist species are relatively robust to
habitat fragmentation, this could have positive implications for conservation of Atlantic forest in
the study region and possibly for forests elsewhere in the Neotropics.

It would be informative to investigate the determinants of genetic variation in A. lituratus
in other regions that are experiencing extensive landscape changes, or comparing results from A.
lituratus to other bat species that differ in important aspects of their ecology and life-history. The
broad distribution of A. lituratus make it a good model to assess landscape and environmental
determinants of genetic variation: results from this study can be compared with other regions
where A. lituratus is found and that are experiencing rapid habitat alternation (Amazonia and
Central America). In addition, common species such as A. lituratus can form a baseline with
which to compare population responses of other bats (Whiteley et al. 2006). By comparing
demographic responses of the same species across multiple regions, it may be possible to further
illuminate the relationship between genetic variation and processes that influence it, and
comparing responses of multiple species within a single region could improve our understanding
of traits that are important in determining species’ response.
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APPENDIX A. SUPPLEMENTARY MATERIAL FOR CHAPTER 3

Additional Methods

Field work

At each of the 20 sites, ten mist nets were set up, open 1900hrs-2400hrs and checked every half
hour, for 1-6 consecutive nights. Captured A. lituratus were removed from nets and kept in
individual cloth bags until either they were released or euthanized (Gannon et al. 2007). All
handling was conducted according to the Louisiana State University (LSU) animal care and use
protocol number 08-040 and followed guidelines of the American Society of Mammalogists
(Sikes et al. 2011). Voucher specimens will be deposited in the LSU Museum of Natural
Sciences and in public collections in the country of origin: Museo Nacional de Historia Natural
el Paraguay (MNHNP) in San Lorenzo, Paraguay, and Instituto Miguel Lillo in Tucuman,
Argentina.

Polymerase chain reaction (PCR) and genotyping

Fifteen microsatellite loci were genotyped (Table A.2): loci AjA40, 80 & 151 were developed by
Ortega et al. (2002) for A. jamaicensis; other markers were developed by McCulloch & Stevens
(2011) from A. lituratus sequence data. Universal M13 primer tail (Schuelke 2000:
TGTAAAACGACGGCCAGT) was added to the forward primer, except for loci AjA-151 &
AjA-40, which were individually labeled with fluorescent dyes (HEX [reverse primer labeled]
and TET, respectively). Schuelke’s (2000) suggestion that primers with an M13 tail (forward
primer) be used at 1/4™ volume of the other two primers (reverse primer, and fluorescently
labeled universal M13 primer) was followed. For PCR each locus was amplified in a final
volume of 20 uL with the following components: 1 uL of 10-360 ng/uL DNA template, 1 uL of
1.5 U Tag DNA polymerase, 1 uL each of 20 uM reverse primer and universal fluorescently-
labeled M13, 0.25 uL forward primer (with M13 tail), 0.96 uL of 25 nM MgCI2, 2 uL of 10x
PCR buffer, 0.4 uL of 10 nM dNTP, and autoclaved Nanopure H20 to reach final volume.
Thermocycler programs were as follows: Cycling conditions for AjA151 and AjA80 were 5 min
at 95°C, followed by 30 cycles of 95°C for 45s, 56°C for 45s, 72°C for 45s, followed by 8 cycles
of 95°C for 45s, 53°C for 45s, 72 for 45s, and a final step of 64°C for 45 min. Cycling conditions
for AjA40 were 5 min at 95°C, followed by 30 cycles of 95°C for 45s, 50°C for 45s, 72°C for
45s, and a final step of 64°C for 45 min. Cycling program for all other loci (from McCulloch &
Stevens [2011]) was 5 min at 94°C, followed by a step-down procedure for 10 cycles of 94°C for
30s, 60°C-50°C (bump down 1°C every cycle) for 45s, 72°C for 1 min, followed by 25 cycles of
94°C for 35s, 50°C for 45s, 72°C for 1 min, and a final step of 72°C for 10 min. PCR product
was duplexed for genotyping. Samples were genotyped with a 3130XL Genetic Analyzer
(Applied Biosystems) at the LSU Genomics Facility, using ROX 400 Ladder (Applied
Biosystems). All alleles were scored by ESM. Sizes were determined in GeneMapper version 4.0
(Applied Biosystems) and scoring was semi-automated: bin sets were established to aid in
scoring, but all reads were individually inspected.

Missing data

Missing data for locus AjA80 was replaced with alleles randomly chosen from the global pool of
AjA80 alleles, where the probability of being chosen corresponded to the allele’s global
frequency (across all sites). To assess whether this random-draw replacement was creating
artificial structure due to rare alleles, PCA distances calculated using this modified (random-
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draw replacement) dataset were correlated with PCA distances calculated using the original
(unmodified) dataset, but in which missing allele data for locus AjA80 had been replaced—after
transforming the dataset into an allele frequency matrix—with the mean global frequency for
that allele (standard missing data option for PCA). The random-draw replacement was done 10
times, and each time the modified dataset was correlated with the original dataset. A Mantel
statistic (rv) > 0.98 (p-value < 0.001) was found each time (example in Figure A.2), and there
were no indications of artificial structure. Thus, all genetic analyses were conducted using the
modified (random-draw replacement for locus AjA80) dataset.

Bayesian analyses

Bayesian analyses can provide an estimate of the “true” number of populations (“clusters”: K)
when there is clear signal in the genetic data. “Structure” (Pritchard et al. 2000) and the R
package “Geneland” (Guillot et al. 2005) were used to estimate K. Both methods determine K by
maximizing HWE and linkage disequilibrium within clusters, but Geneland utilizes individual
spatial coordinates in addition to genotypic data. Structure was run under the correlated allele
frequency and admixture models (Falush et al. 2003), and the following settings: lambda: 0.5,
separate alpha per cluster, burn-in: 500000, 3 million MCMC reps, and used sampling locality
information (Hubisz et al. 2009). Other parameters were set to default. Geneland was run with a
correlated allele frequency model and 2 million MCMC iterations, saving every 500 iterations
(4000 saved, burn-in: 800). I followed suggestions from the manual and Guillot (2008) for
parameterizing function “MCMC”. Additional runs were planned for K with the highest posterior
probability; however, only one cluster was inferred.

Effects of underestimating bat density

Underestimating population sizes could increase the perceived effect of drift, which can lead to
biased estimates of genetic structure. If bat density were underestimated in the study system, the
simulations might show greater genetic structure due to drift rather than reduced migration given
a particular level of fragmentation. Thus, additional simulations were run using large densities to
determine whether these yielded substantively different results than using small densities.
Unfortunately, using bat densities larger than 4 bat/ha for a complete set of simulations (15
populations) required prohibitively great computer power. | therefore simulated an artificial set
of 3 sites with large bat densities (20 bats/ha), and compared it to simulations based on the same
bat density used in the main set of simulations (4 bats/ha) for those same 3 sites. For these
simulations, area and inter-site distances for the 3 simulated sites were calculated as average area
and less than the average inter-patch distances of empirical sites (Table A.3). These analyses
showed that the effect of increasing bat density from 4 bats/ha to 20 bats/ha was minimal and
unlikely to change conclusions of the main set of simulations (Figure A.4). Therefore, while
much larger than predicted population sizes (>20 bats/ha) could contribute to empirical patterns
of low differentiation, these data suggest that such effects are not so great as to account for
patterns described here.
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Additional Tables

Table A.1. Site information, abbreviations with no. bats genotyped (N) in parentheses, temperature (Tmin and Tmax) and

precipitation data (obtained from WorldClim: www.worldclim.org), as well as heterozygosity (Hs) calculated in “adegenet” (function
“Hs”), and no. private alleles (unique to a site). Variation in minimum and maximum temperature (StDev) was similar for all sites
(3.6°C and 3.4°C, respectively). Sites situated in continuous forest in Misiones, Argentina are 1gz1, 1gz2, 1gz3, Urug, and Yate. The
five sites situated in the fragmented landscape of eastern Paraguay and used for direct comparison to continuous sites are lItab, Limo,
Maha, Piky, and Tati.

Site

E. Arakangy

RB Carapa
RN Privada
Cerrados de
Tagatiya (E. Garay
Cue)

R. Guyra Reta (PN
San Rafael)

PN Iguazu
PN Iguazu

PN Iguazi
RB Itabo

RN Kai Ragiie
RB Limoy

RN Maharishi
RN del Bosque
Mbaracayu
(RNBM: Central
Station)
RNBM (Karapa
Station)

RN Privada
Morombi (E.
Golondrina)

Site
Abbrev.
(N)

Arak (28)
Cara (27)

Cerr (24)

Guyr (34)
Igz1(19)
Igz2 (27)

19z3 (26)
Itab (19)

KaiR (19)
Limo (32)

Maha (29)

Mbal (19)

Mba2 (26)

Moro (27)

Country (State)

PY (Caaguazl)
PY (Canindeyt)

PY (Concepcion)

PY (ltapta)
AR (Misiones)
AR (Misiones)

AR (Misiones)
PY (Alto Parand)

PY (Amambay)
PY (Alto Parand)

PY (Alto Parand)

PY (Canindeyt)

PY (Canindeyt)

PY (Caaguazl)

Management

Private landowner

Itaipu Binacional

Massimo &
Angela Coda

Guyra Paraguay
National Parks
Service
National Parks
Service
National Parks
Service

Itaipu Binacional
Massimo &
Angela Coda

Itaipu Binacional
Mabharishi Country
of World Peace
S.A

Fundacion Moisés
Bertoni
Fundacion Moisés
Bertoni
Campos Morombi
S.A.C.A. (Grupo
Riquelme)

Long.

-55.59808
-54.37694

-57.28460

-55.78692

-54.47850

-54.44741

-54.40028
-54.70311

-56.25228
-54.45315

-54.63080

-55.50383

-55.34640

-55.39598

Lat.

-24.53959
-24.37177

-22.74496

-26.52018

-25.68220

-25.74535

-25.64692
-25.05982

-23.28971
-24.75069

-25.56290

-24.12587

-23.99650

-24.66280

80

Elev

(m)

255
256

189

169
235
242

208
270

193
250

206

186

426

283

Tmin
(°C)

16.30
15.19

17.87

15.09
14.23
14.07

14.37
14.94

17.22
14.52

15.06

16.78

15.51

16.03

Tmax
(°C)

27.59
27.49

29.46

27.62
27.56
27.49

27.65
27.02

28.80
27.26

27.68

28.16

27.16

27.48

Prec.
(mm)

127.23
134.99

114.48

137.17
144.08
144.42

144.34
136.87

120.23
135.68

142.17

134.94

136.33

130.68

Var.
Prec.
(mm)

31.98
30.66

46.88

31.64
25.94
26.31

33.07
29.15

41.85
29.11

23.51

36.51

36.68

33.20

Collection
date

Mar-09
Jan-09

Feb-08 (7),
Mar-09 (17)
Feb-09
Apr-09
Apr-09

Apr-09
Jan-08

Feb-08
Jan-08

Mar-09

Feb-09
Feb-09

Feb-08 (13),
Mar-09 (14)

Hs

0.77
0.75

0.79

0.78

0.77

0.78

0.76
0.77

0.77
0.77

0.78

0.79

0.78

0.79

No.
Alleles

142
134

138

149

136

143

135
126

124
145

146

143

133

146

Priv.
Alleles

3
1



Table A.1. cont’d

RB Pikyry Piky (34)  PY (Alto Parang) Itaipu Binacional =~ -54.51331 -25.19949 233 1489 2715 140.11 30.28 Jan-09 0.77 151

RB Mbaracayu
(Salto) Salt (41) PY (Canindeyt) Itaipu Binacional -54.30590 -24.04641 259 16.04 27.59 133.95 38.14 Jan-09 0.79 173
RN Privada Tapyta  Tapy (30) PY (Caazapd) Guyra Paraguay -55.80205 -26.27137 202 15.00 27.27  133.36 33.58 Feb-09 0.80 151
RB Tati Yupi Tati (25) PY (Alto Parand) Itaipu Binacional -54.58327 -25.36409 223 15.32 27.44 141.41 28.30 Jan-09 0.77 138
PP Urugua-i Urug (31) AR (Misiones) State Park Services -54.17043 -25.85995 303 1318  26.72  146.00 30.54 May-09 0.78 136

Conservacion

RN Privada Yate-i  Yate (28) AR (Misiones) Argentina -53.98210 -25.85749 383 12.57 26.01 149.25 31.75 May-09 0.78 136

PP: Parque Provincial (State Park), PN: Parque Nacional (National Park), RB: Refugio Biologico (Biological Refuge), R: Reserva
(Reserve), E: Estancia (Ranch), RN: Reserva Natural (Nature Reserve), PY: Paraguay, AR: Argentina
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Table A.2. Loci description including name used in text, repeat motif (Rep.), original ID (only applicable for primers from McCulloch
& Stevens [2011]), primer sequence, no. alleles (A), size range (bp) for A. lituratus, expected and observed heterozygosity across sites
(calculated in adegenet for 14 loci included in analyses), and F;s calculated in Genepop v4.0.10. Loci AjA40, 80 & 151 were
developed by Ortega et al. (2002) for A. jamaicensis; other markers were developed by McCulloch & Stevens (2011) from A. lituratus
sequence data. Locus N29507 was excluded from genetic structure analyses due to high F;s, and was out of HWE.

Name Rep. ID Sequence A Sizerange (bp) He Ho Fis

AjAl151 GT NA F: GGGTGGAAAGGGAGAGAAAA 27 134-186 091 0.90 0.02
NA R: AAGCTCTTCCCTGACCACTTA

AjA4d0  GT NA F: GATGTGAATGGTGTTTTTAGAGCTT 19 184-226 0.75 0.74 0.05
NA R: CTCTACAGTGGACCCACATCATT

AjJA80 CA NA F: ATGTGCTCAATCCACTGAACTAGA 20 125-165 0.90 0.88 0.03
NA R: ATCCACTGACAGATGAATGGATAAA

F05378 TCTG AL2 05378 F: CCAGGTCAGCCAAGGTAACG 18 151-201 0.90 0.83 0.08
AL2 13822 R: TGGGAGAAAGAGAGTTGGGC

F13578 AAC  AL2 13578 F: AGGCGGTCATGTAAGTTGGC 14 391-433 0.79 0.80 0.02
AL2 22124 R: CTCTACCTGCATGTGGGTGC

F20293 TGCC AL2 20293 F: CCAGTCAAGGTGTGAGCAGG 10 402-438 0.68 0.71 -0.02
AL2 18937 R: TGGGATATGGGAAGTGAGGG

F25023 AATC AL2 25023 F: GTTGCAGGTTCAATCCTCCC 14 142-210 0.66 0.66 0.03
AL2 06886 R: CTCAACCCACTGAGCACACC

F27850 AATG AL2 27850 F: TCCACAGCTAAGGGACTAACCC 13 220-272 0.78 0.78 0.01
AL2 25954 R: TGGCCTTTCAATTACACCCC

N00821 ATGG AL2 00821 F: CAGAGGCAGGTCAAAGGAGG 13 263-319 0.87 0.83 0.08
AL2 06824 R: GCCATATGCTTCTTGCTCCC

N01230 TC AL2 01230 F: AATGCAAATCAAATGCAGCC 24 223-287 0.86 0.80 0.09
AL2 24257 R: TTTGTTCTCCAGCCTTGTTCC

N05700 AACT AL2 05700 F: CTTTCCTTCCACACCCAACC 15 273-367 0.75 0.77 0.01
AL2 16761 R: GTGCCTCTGAGGAGGATGC

N11949 ATT AL2 11949 F. GAGGCCACAGAAGCTGAAGG 20 354-416 0.78 0.75 0.06
AL2 13284 R: GGTCCACAATGGAGGATAAGG
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Table A.2. cont’d

N16384 ATCT

N25522 AAAT

N29507 AAAC

AL2_16384
AL2_12662
AL2_25522
AL2_16051
AL2_29507
AL2_02049

A mAmMmAm

GGGCCAAATCCAATGAGTAGC
CCTGCCACTTGGTAGGTTGG
GCTAGGTATGGGGCTGTATTCC
CACCTTCTGGCCTCAATTCC
GCTGGGACAGTTCAGGTTCC
TTTGGACAGCAAACCACTCG

28 190-312

15 234-288

14 283-325

091 0.88

0.60 0.63

0.05

-0.01

0.16
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Table A.5. Pairwise genetic distances between sites: CSE (upper half) and PCA (lower half). CSE distances were calculated in
Genetix, all are significant (p-value < 0.05). PCA distances calculated in R package “adegenet” (Jombart 2008) for individuals. Axes
explaining 80% of variation in the dataset were kept and used to calculate new PC coordinates for sites by averaging individual
coordinates for each site.

Arak Cara Cerr Guyr Igzl Igz2  Igz3 Itab KaiR Limo Maha Mbal Mba2 Moro Piky Salt Tapy Tati Urug Yate
Arak 0.021 0.021 0.019 0.027 0.021 0.020 0.026 0.025 0.025 0.019 0.020 0.022 0.023 0.018 0.020 0.022 0.024 0.019 0.024
Cara 2.68 0.020 0.017 0.027 0.023 0.019 0.022 0.020 0.019 0.022 0.019 0.023 0.019 0.018 0.016 0.021 0.024 0.018 0.022
Cerr 277 W- 0.020 0.023 0.023 0.023 0.019 0.022 0.025 0.023 0.024 0.028 0.021 0.022 0.019 0.023 0.024 0.019 0.023
Guyr 267 225 “ 0.024 0.020 0.019 0.023 0.020 0.019 0.018 0.018 0.023 0.016 0.015 0.015 0.020 0.021 0.016 0.020
lgzl 3.08 278 286 7- 0.031 0030 0.031 0.032 0032 0031 0032 0.035 0027 0.025 0.025 0.030 0.030 0.027 0.028
1gz2 295 292 299 282 W 0.022 0.027 0.025 0.022 0.020 0.023 0.025 0.020 0.019 0.019 0.020 0.023 0.017 0.022
1gz3 287 266 306 266 3.02 m 0.024 0.024 0.024 0.023 0.023 0.023 0022 0020 0.019 0.025 0.025 0.018 0.022
Itab 293 270 251 260 297 3.08 m 0.027 0.027 0.027 0.028 0.027 0.023 0.020 0.022 0.026 0.028 0.021 0.022
KaiR 268 237 265 240 304 296 278 TBG- 0.025 0.025 0.026 0.026 0.023 0.022 0.022 0.023 0.027 0.022 0.026
Limo 2.82 2.34 2.90 2.26 3.11 2.73 2.79 2.79 TGl- 0.022 0.025 0.023 0.021 0.020 0.021 0.024 0.021 0.019 0.023
Maha || 265 276 277 243 311 274 285 291 269 ?- 0.020 0.020 0.022 0.016 0.017 0.020 0.020 0.018 0.022
Mbal | 292 266 298 249 321 300 289 299 276 274 W- 0.023 0.024 0.020 0.018 0.023 0.028 0.019 0.023
Mba2 291 2.98 3.32 2.99 3.40 3.20 3.02 3.10 2.97 2.76 2.86 3.04 0.026 0.020 0.024 0.024 0.027 0.024 0.025
Moro 3.08 2.66 2.86 2.49 2.99 2.86 3.03 2.78 2.66 2.61 2.94 291 3.27 - 0.017 0.017 0.021 0.023 0.018 0.021
Piky 248 236 268 217 274 265 261 252 245 237 2.39 2.54 2.72 2.39 - 0.016 0.019 0.021 0.013 0.018
Salt 263 228 257 215 265 269 269 265 245 250 2.50 2.55 2.99 256 221 - 0.015 0.019 0.017 0.018
Tapy 2.85 2.75 2.84 2.53 3.09 2.84 3.13 2.95 2.64 2.77 2.62 2.80 3.05 2.85 2.53 2.19 - 0.022 0.018 0.024
Tati 3.21 2.94 3.02 2.86 3.17 3.14 3.20 3.20 3.02 2.67 2.89 3.31 3.40 3.12 2.88 2.78 2.96 - 0.021 0.023
Urug 265 241 261 215 286 254 258 247 251 231 247 2.45 291 257 194 225 248 286 0.018
Yate 297 280 289 253 288 28 279 282 286 2.68 2.74 2.77 2.95 274 239 259 283 3.00 243
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Figure A.3. Comparison of the magnitude of genetic dissimilarity between sites in continuous
(“all cont.”: triangles) and fragmented (“best frag.”: squares) landscapes using the PERMDISP
approach. Genetic distances were decomposed into independent axes using a principal coordinate
analysis. Then, distances from each site to the centroid of the group were calculated and
compared between groups. Light grey circles represent the group centroids and the solid and
broken lines represent the distances to the centroid for fragmented and continuous sites
respectively. Figures depict results for (A) Jost’s D, and (B) CSE genetic distances. Only the first
two principal coordinates axes are shown; but the full set of axes was used for analysis. Analyses
show that there is no significant difference in level of genetic structure among sites in continuous
versus fragmented landscapes.
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Figure A.4. Fst values from Easypop simulations that varied population sizes for 3 artificial sites
(128919 ha each) based on population densities of 4 bats/ha (grey lines) and 20 bats/ha (black
lines). Two dispersal distances (30 or 5km) and migration rates (0.1, 0.9) were simulated. Other
parameters are described in the Methods section of Chapter 3, and Table A.3. Vertical lines
indicate range of Fst values over 100 replicate simulations for a given generation. The grey bar
highlights time span under consideration. Population with 5 times as many individuals did not
differentiate faster than their smaller counterparts, suggesting that what differentiation occurs in
our main simulation set are not primarily driven by magnitude of genetic drift, barring

population sizes considerably larger than those | was able to test.
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APPENDIX B. SUPPLEMENTARY MATERIAL FOR CHAPTER 4

Supplementary Methods

Explanatory variables: fragmentation, environmental and spatial factors

Environmental data [E]: Physical forest structure of sites was characterized by measuring
understory density and canopy cover within the plots. Understory density (UD) was measured at
two heights: 0-1m and 1-3m, to represent different stages of understory growth. As such, this
measure may also reflect forest age or level of disturbance. UD was measured with the following
steps:

1. A 3 meter long pole with markings every 10cm was positioned vertically at the plot’s
center (each plot =10 m x 10 m)

2. The number of marks visible at a height of 0-1m and 1-3m on the pole were recorded for
2m and 3m distance from the pole, in each of 4 cardinal directions, for 8 measures of
visibility at each height (0-1m, 1-3m)

3. The 8 measures were used to calculate average understory visibility at each height for
each plot (10 plots per site)

4. Understory density was then calculated as the average (from 10 plots) proportion of the
pole that was covered (not visible) at each height (UD_1m, UD_3m).

Percent canopy cover was measured with a hand-made densiometer (consisting of a 260 cm?
gridded mirror) held perpendicular to the chest, at breast height. Readings were taken at each
corner and in the center of every plot, for a total of 5 measures per plot. Because the densiometer
was a flat mirror, the amount of canopy area reflected in each square on the mirror varied
depending on where in the grid that square was. However, that bias was consistent for all plots in
all sites, and we were only interested in relative differences in canopy cover among sites, not
absolute measures.
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