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Abstract: Caves are common roosts used by bats as permanent places for the settlement of
stable colonies because caves are minimally affected by environmental conditions. Although
Venezuela is a cave-rich country, with almost 700 caves formally described in the 2006
speleological inventory, these are still unknown in terms of their whole biological
composition. Particular groups of animals have been described for some of these caves, but
a list of culturable proteobacteria found inside any cave in the country has never been
reported. During an inventory of bats in a small cave within a recreational park, we decided to
perform a first look at the diversity of its bacteria and determine whether some of them have
been reported as present in other caves, other environments, or even bats. Identification of
bacteria was possible by amplifying and sequencing 16S rRNA genes from cultivated
samples. Twenty-three clonal samples of bacteria from Cueva Las Escaleras (Pregonero,
Tachira state, Venezuela) were obtained and analyzed. All but one sample belonged to the
phylum Proteobacteria, and most of them have been reported to be potentially pathogenic to
humans. From these identified bacteria, some (Achromobacter denitrificans, Proteus
mirabilis, and Microvirgula aerodenitrificans) showed resistance to five widely used
antibiotics. These results are important, as some bacteria found inside this cave may
contaminate the water that flows from the cave and runs to the stream that crosses the park,
forming ponds that surround lunch places. We detected a potential threat for public health at
local and regional scales because many visitors use this water for drinking and washing hands

and faces, and the cave itself is used for urination, defecation, and sexual activities.

INTRODUCTION

Venezuela is a cave-rich country. De Bellard Pietri (1966),
in a review of 713 caves of the country, classified them
according to geographical location and provided the following
figures: 333 in the central region (north) of the country, 91 in
eastern Venezuela, 227 in the west, 32 south to River Orinoco,
and 30 in the insular region. There are no caves in the Llanos
(central plains). The number of caves later increased to 989 as
reported by the same author in the Aflas Espeleologico de
Venezuela (de Bellard Pietri, 1969). However, only 650
Venezuelan caves were officially included in a recent
speleological inventory (Urbani et al., 2006). The vast
majority of caves in Venezuela originated from dissolution.
In terms of their biodiversity, Venezuelan caves display a rich
array of different species of animals, particularly insects and
arachnids. Some caves can contain up to a hundred different
animal taxa (Galan and Herrera, 2006); among vertebrates,
Venezuelan caves host a wide range of fishes, birds, and bats,
the latter mainly from the families Emballonuridae, Phyllos-
tomidae, Mormoopidae, Desmodontidae, Natalidae, Furipter-
idae, Vespertilonidae, and Molossidae (Galan et al., 2008,
2009; Galan and Herrera, 2006). Caves are commonly used as
roosts by bats, as they are places for the establishment of
stable, long-lasting colonies of these gregarious mammals
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(Kunz and Lumnsden, 2003). Conditions in caves are, in
general, more stable than any other natural roost, since caves
beyond the entrance are minimally affected by transient
environmental conditions such as rain and wind.

Campbell et al. (2011) stated that many bacteria found in
caves might be non-native species that have been transported
into caves via water, air, or animals, and that their effect on
the original environment is unknown. Despite Venezuela
having a high density of known and unknown caves (Galan,
pers. comm.), there is almost no literature regarding cave
bacteria in this country. After a careful search for microbial
studies in Venezuelan caves, we were able to find only one
study (Barton et al., 2014). The authors analyzed the microbial
activity of Roraima Sur Cave (Roraima Tepuy, Bolivar,
Venezuela), working with DNA extracted from pooled
samples of sediments from which 16S rRNA amplicons were
obtained, cloned, and subsequently sequenced. In endolithic
bacterial communities at the entrance of the cave, an unusual
community structure was characterized by the dominance of
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Actinomycetales (mostly Pseudonocardia sp.) and Alphapro-
teobacteria (represented by nitrogen-fixing Beijerinkiaceae
and Methylocella); deeper in the cave, the authors found that
the microbial communities were dominated (82—84%) by a
unique clade of Ktedonobacterales (Chloroflexi). From the
Archaea, dominance (100%) of phylotypes from the Thau-
marchaeota group was also demonstrated. This study involved
an orthoquartzite cave, and it was based entirely on non-
culture methods.

During an inventory of bats in a small cave within a
recreational park, we decided to perform a first look at the
diversity of culturable bacteria present in this cave. Although
bats and other animals can be major sources of bacteria,
humans also seem to be very frequent visitors based on the
direct observation of human waste. Humans can be negatively
affecting this cave, bringing bacteria on the soles of their
shoes and by dumping feces, urine, blood, semen, and other
organic waste. An important step to fully understanding the
actual effect of bacteria on bats and other cave-organisms is to
characterize the bacteria associated with this type of roost.
The goal of this study was to determine what culturable
bacteria might be present in Cueva Las Escaleras, and to
provide a list of bats roosting in this cave. Moreover, if
humans are frequent visitors to this cave, we would initially
expect to find that the presence or absence of bacteria species
showing association to humans. Finally, it would be important
to determine whether some bacteria present in this cave have
been reported as potentially dangerous or pathogenic.

METHODS

Stupy SITE

The cave is located within a recreational park called Las
Escaleras, and it is known as Cueva Las Escaleras (8°00'18.8"
N, 71°43’41.8"" W, 1320 masl). The cave is found approxi-
mately 4 km southeast of the town of Pregonero, Municipio
Uribante, Estado Tachira, Venezuela (Fig. 1). The vegetation
of the area is mainly that of human-disturbed habitats,
followed by open savanna of oligotrophic origin and small
patches of secondary forest surrounding rivers and creeks
(Ramoni-Perazzi et al. 2014). Mean temperature of the study
site is 20 °C (Molina-Chacon, 1983). Annual precipitation
averages 1636.9 mm (INAMEH, 2008), occurring in a
unimodal pattern, with a period of water deficit from January
to March, and a period of water availability the rest of the
year, with maxima in July and August (Molina-Chacon 1983).
The cave is about 38 m long and it is divided in two chambers,
the second of which is then divided in two, forming a Y. The
cave is frequently visited by people.

SAMPLING PROCEDURE: BATS

Bats were captured to determine the inventory of bats
living within the cave. All sampling protocols were performed
following guidelines of the American Society of Mammalo-
gists for capture, handling, and care of mammals (Sikes et al.
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2011). Bats were captured using both hand nets and 12 m
long, 38 mm mesh, 50 denier, four-shelf mist nets (Avinet,
Dryden, New York, USA; Kunz et al. 2009) between 11:00
and 16:00 h. All individuals were released in the study site
immediately after their species was determined.

SAMPLING AND COLLECTION OF BACTERIA

During three field trips in February 2010 the cave was
sampled for bacteria. The floor, ceiling, and walls of the cave
were scratched with syringes, and the resulting dust directly
streaked onto Petri dishes containing agarized Luria-Bertani
rich medium and fungicides (see below). To collect airborne
bacteria, four Petri dishes, one per corner of the sampled area
at the beginning of the left side of the Y, were left open during
the time required, about 45 min, for cave sampling. Using a
cooler, inoculated dishes were brought to the lab, where they
were incubated at a constant temperature of 37 °C under
aerobic conditions up to 72 h. To avoid fungal growth,
agarized plates were amended with Terraclor (860 pg/mL) and
Benlate (200 pg/mL). Terraclor is a 75% pentachloronitro-
benzene (PCNB) soil fungicide (Chemtura, Middlebury, CT),
while Benlate is the 50% commercial product of the systemic
fungicide benomyl (Dupont, Wilmington, DE). Selected
clones, based on shape, size, and color were kept in stabs
and at —80 °C for long-time storage.

BAcTERIA CULTIVATION AND PURIFICATION

Inoculated dishes were incubated for 24 to 72 hours after
collection, and then kept under aerobic conditions at 4 °C until
use. Based on macromorphological differences among colo-
nies, such as size, color, elevation, border, and shape, selected
colonies were streaked again for further purification. Colonies
were reisolated in the same medium and observed under the
microscope after Gram staining to check for purity and
Gram’s reaction (Gerhardt et al., 1994). Five isolated, purified
clones from each original colony were stored at —80 °C and
used to streak master Petri dishes, one for every cave part:
soil, walls, ceiling, and air.

PHENOTYPIC CHARACTERIZATION OF BACTERIA

Isolated colonies of all sampled bacteria were described in
terms of color, shape, texture, borders, opacity, and other
properties. Additionally, all samples were tested by Gram’s
reaction and the KOH test. Samples proven to be pure were
subjected to further characterization using an API gallery
battery of tests (API20E). Assay for antibiotic resistance was
carried out in the same LB medium supplemented, in separate
plates, with ampicillin (50 pg/ml), streptomycin (50 pg/ml),
gentamicin (50 pg/ml), kanamycin (30 pg/ml), or tetracycline
(12.5 pg/ml).

AMPLIFICATION OF THE 16S RRNA GEeNE BY CoLONY

PCR
One day before the amplification of the 16S rRNA gene by
PCR, each individual colony was reisolated as before and

Journal of Cave and Karst Studies, December 2016 < 175



INVENTORY OF BATS AND CULTURABLE PROTEOBACTERIA FROM CUEVA LLAS ESCALERAS (TACHIRA, VENEZUELA)I EVIDENCE OF POTENTIAL HUMAN

HEALTH RISKS

TACHIRA
STATE

San e
® =
Cristobal '

Figure 1. Inside Cueva Las Escaleras, Pregonero, Municipio Uribante, Tachira state. Top-right: Location of the
municipality and the distribution of its geologic units following Garrity et al. (2006). The Lower Cretaceous Rio Negro
Formation, which is composed of limestone, shale, calcareous sandstone, and conglomerate, is highlighted in darker gray.

grown overnight at 37 °C. Fresh cultures were always used in
all amplification protocols. Reaction mixtures for PCR
amplification of the 16S rRNA gene (Dekio et al., 2005)
consisted of 10 pL of the 1X GoTaq Green master mix
(Promega, Madison, WI) supplemented with the universal
primers 27F: 5’AGAGTTTGATCCTGGCTCAG3’ and
1492R: 5'GGTTACCTTGTTACGACTT3’ (Batison et al.
2009). Once the reaction mixture was prepared, the colony
to be tested was gently touched with a micropipette tip and
washed in the reaction mixture tube. PCR amplification was
performed according to the following program: an initial
denaturation step at 95 °C for 10 min, followed by 30 cycles of
denaturation at 94 °C for 45 sec, annealing at 51 °C for 45 sec,
and extension at 72 °C for 90 sec. A final extension step at 72
°C for 10 min was also included (Batisson et al., 2009; Dekio
et al., 2005). Amplification products’ quantity, quality, and
size were checked by agarose gel electrophoresis and digitally
recorded as previously recommended (Sambrook and Russell,
2001). Single, clear bands were salt and ethanol-precipitated
and sent for sequencing, both strands, without further
purification to the sequencing facility of Instituto Venezolano
de Investigaciones Cientificas (IVIC, Caracas). All amplicons
were sequenced with the amplification primers cited before
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plus internal primers directed towards the ends of the
amplicon as reported by Rogall et al. in 1990 (Pa:5'-
AGAGTTTGATCCTGGCTGAG-3/, and Pe:5'-
CCGTCAATTCTTTTGAGTTT-3’). In general, each ampli-
con produced four to six sequence reads of high quality; a few
produced only two workable reads.

BIOINFORMATICS ANALYSIS

A contig for every sequence per sample was obtained using
all derived reads per amplicon with BioEdit (Hall, 1999), and
the contig compared with equivalent sequences available in
public databases (GenBank) by BLAST using default
parameters (Altschul et al., 1990). An a priori criterion of
quality of similarity of 98% or higher (Pei et al. 2010,
Stackebrandt and Ebers 2006) was used as the threshold value
of success and identification if the query coverage was also
equal to or higher than 98%. An a posteriori criterion of
higher than 99% similarity with 100% coverage was set later.
Moreover, sequences identified this way were also subjected
to other two criteria of identity by similarity: best BLAST
species matches were corroborated with the RDP’s Classifier
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Table 1. Identity of the bacteria sampled at Cueva Las Escaleras (Pregonero, Tachira, Venezuela) based on the sequencing and

analysis of the 16S rRNA gene.

Sample® Contig Length, nt Best Candidate Species GenBank (this Work)
M1, W 1413 Pseudomonas sp. KT792722
M2, W 1411 Pseudomonas sp. KT792723
M3, W 1402 Achromobacter denitrificans KT792724
M4, W 1407 Pseudomonas monteilii KT792725
M5, S 1420 Citrobacter freundii KT792726
M6, S 1407 Pseudomonas monteilii KT792727
M7, S Excluded (sequences too short)
MS, S 1409 Pseudomonas putida KT792729
M9, S 1412 Escherichia coli KT792730
M10, S 1457 Pseudomonas putida KT792731
MIl1, S 1412 Pseudomonas xiamenensis KT792732
Mi12, S 1412 Raoultella electrica KT792733
M13, S 1441 Paenibacillus lactis KT792734
Ml14, S 1417 Klebsiella oxytoca KT792735
MI15, S 817 Klebsiella oxytoca KT792736
Ml16, A 1462 Proteus mirabilis KT792737
M17, A 1414 Proteus mirabilis KT792738
MI18, A 916 Proteus mirabilis KT792739
M19, A 866 Proteus mirabilis KT792740
M20, A 920 Proteus vulgaris KT792741
M21, A 877 Microvirgula aerodenitrificans KT792742
M22, A 850 Providencia rettgeri KT792743
M23, A 1424 Proteus mirabilis KT792728

S, soil; W, wall and ceiling; A, air

(Wang et al., 2007) and with the EzBioCloud (Kim et al.,
2012) algorithms. In Table 1, accession numbers for the
bacteria molecularly analyzed in this work is provided, along
with their putative identity in those cases were the three
criteria of identification were concordant (all but one case).
Finally, alignments were performed using CLUSTALX2
(Larkin et al., 2007), and relatedness among bacteria analyzed
by neighbor-joining using MEGAG6 (Tamura et al., 2013) with
1000 replicates under the K2P model.

RESULTS

Cueva Las Escaleras is a recreational place for the
inhabitants and visitors of the town of Pregonero, and humans
leave remnants of burnt logs, toilet paper, cans, plastic bottles
and residues, feces, used condoms, and female hygiene
products that were observed during our sampling visits. These
remains become scarcer as light diminishes deeper inside the
cave to the place where the bacterial samples were taken,
close to a bat colony. We were able to recover bacteria from
the scratched ceiling, walls, and floor of the cave (Fig. 2).
Plates left open to the air, a third of all samples, also yielded
bacteria. In total, we worked with twenty-two isolated and
well molecularly identified bacteria. Colony PCR allowed for
the reliable identification of the samples selected, which is
why we changed our a priori criterion of identification to

make it the more stringent 100% coverage and more than 99%
similarity. Only two samples (M1 and M2), with contigs
derived from five and six independent sequencing reactions
(1413 and 1411 nt long, respectively, but identical between
them) provided reliable information only to the genus level
(97% similarity to Pseudomonas spp. with a coverage of
100%). This sample might represent a new Pseudomonas
species. Additional biochemical tests not shown were
concordant with the molecular identity of the bacteria
subjected to this analysis, which is summarized in Table 1
and Figure 3. All but one of the bacterial samples belongs to
the phylum Proteobacteria (two to the 3 group, and nineteen to
the y group); the other bacterial species was Paenibacillus
lactis (phylum Firmicutes).

Surprisingly, all bacteria were resistant to ampicillin, and
thirteen of the samples were resistant to at least one of the
other antibiotics tested; three bacterial samples (Achromobac-
ter denitrificans, Proteus mirabilis, and Microvirgula aero-
denitrificans) were resistant to the five antibiotics tested in
independent assays (Table 2).

Five species of bats were identified inside Cueva Las
Escalerass: the large fruit-eating bat (Artibeus amplus), the
short-tailed fruit bat (Carollia perspicillata), the common
vampire bat (Desmodus rotundus), the hairy-legged vampire
bat (Diphylla ecaudata), and the Luis Manuel’s tailless bat
(Anoura luismanueli) (Fig. 4).
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Figure 2. Bacteriological sampling in Cueva Las Escaleras
for airborne bacteria (A) and by wall and ceiling
scratching (B).

DiscussioN

As an initial attempt to characterize the bacterial flora
present in Cueva Las Escaleras, a molecular approach based
on the amplification and sequencing of the 16S rRNA
bacterial gene was used in this study, taking as a cutoff value
of identification more than 99% similarity between our
sequences and those reported at public databases. Results
were concordant by three identification molecular, indepen-
dent criteria, including the unassigned Pseudomonas sp.
reported here.

As reported elsewhere, the main group of bacteria found in
caves is the Proteobacteria, particularly when they are
identified by molecular tools; Actinobacteria, however,
constitute the bacteria most frequently found in these
environments, which seem to represent a habitat particularly
favorable for members of this group (Jurado et al., 2010). All
but one of the bacteria identified in this work are
Proteobacteria.
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Figure 3. Cladogram of the bacteria of Cueva Las
Escaleras reported in this work after running MEGAG6
(Tamura et al.,, 2013) by neighbor-joining with 1000
replicates under the K2P model.

Almost all the bacteria samples molecularly identified in
this study (Table 1) are recognized as potential human
pathogens. Achromobacter denitrificans, which is a ubiquitous
bacteria commonly found in soil and aquatic environments,
has been reported to cause pneumonia in humans (Aundhakar
et al., 2014); Citrobacter freundii, although a rare opportu-
nistic nosocomial pathogen, is able to cause neonatal
meningitis among other illnesses (Badger et al., 1999; Chen
et al., 2002; Tschipe et al., 1995); Escherichia coli, a very
well know pathogen, has also been reported in other caves
visited by humans, like the Lascaux Cave in France (Bastian
et al., 2010), six caves in northern Alabama and northwestern
Georgia, USA (Campbell et al. 2011), and diverse caves in
Mizoram in northeast India (De Mandal et al., 2014) to name a
few; Klebsiella oxytoca, which may cause colitis and sepsis,
can be present in human stools (Hogenauer et al., 2006);
Microvirgula aerodenitrificans, a denitrifying bacteria origi-
nally isolated from activated sludge (Cleenwerk et al., 2003;
Patureau et al., 1998), although not deemed as pathogenic, can
also be found associated with bacteremia in immunosupressed
patients (Murphy et al., 2012); Proteus mirabilis, widely
distributed in soil and water is responsible for approximately
90% of all Proteus infections in humans, particularly of the
urinary tract; and Providencia rettgerii, also common in soil
and water, can cause opportunistic infections in humans,
including the urinary tract and eyes, as well as traveler’s
diarrhea, abdominal pain, fever, and vomiting (Yoh et al.,
2005). Among the Pseudomonas species (Anzai et al., 2000)
found in Cueva Las Escaleras, we were able to identify by 16S
rRNA sequencing P. xiamenenesis and from the putida group,
P. putida and P. monteilii. The latter was originally isolated
from clinical samples including bronchial aspirates, and it is
believed to be a rare opportunistic pathogen or colonizer
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Table 2. Antibiotic resistance shown by isolated bacteria sampled at Cueva Las Escaleras (Pregonero, Tachira, Venezuela).

Sample Best Candidate Species Antibiotic Resistance®
M1 Pseudomonas sp. Amp

M2 Pseudomonas sp. Amp

M3 Achromobacter denitrificans Amp, Str, Gnt, Kan, Tet
M4 Pseudomonas monteilii Amp

M5 Citrobacter freundii Amp

M6 Pseudomonas monteilii Amp, Tet

M7 Excluded in sequencing Amp

M8 Pseudomonas putida Amp

M9 Escherichia coli Amp, Str, Gnt, Kan
MI10 Pseudomonas putida Amp

Ml11 Pseudomonas xiamenensis Amp

M12 Raoultella electrica Amp, Tet

M13 Paenibacillus lactis Amp, Str, Gnt, Kan
M14 Klebsiella oxytoca Amp, Gnt, Kan, Tet
MI15 Klebsiella oxytoca Amp, Tet

M16 Proteus mirabilis Amp, Tet

M17 Proteus mirabilis Amp, Str, Gnt, Kan, Tet
MI18 Proteus mirabilis Non tested

M19 Proteus mirabilis Amp, Kan, Tet

M20 Proteus vulgaris Amp, Kan, Tet

M21 Microvirgula aerodenitrificans Amp, Str, Gnt, Kan, Tet
M22 Providencia rettgeri Amp, Gnt, Kan, Tet
M23 Proteus mirabilis Not tested

@ Determined by lack of growth after 24-48 h of incubation under aerobic conditions at 37 °C on solid LB media containing ampicillin (Amp) 50 pg/ml, streptomycin (Str) 50
pg/ml, gentamicin (Gnt) 50 pg/ml, kanamycin (Kan) 30 pg/ml, or tetracycline (Tet) 12.5 pg/ml

(Elomari et al., 1997). We found another pseudomonad that is
closely related to P. pseudoalcaligenes, but a similarity of
97% does not allow conclusion about specific identity. Two
different samples were identical among themselves at the
sequence level.

Another bacterium found in this study, a Firmicutes, was
Paenibacillus lactis, an organism originally isolated from raw
and heat-treated milk (Schedelman et al., 2004), but that can
also be found in bacterial communities in environmental
samples (da Mota et al., 2005). We found no reference dealing
with pathogenicity to humans of this bacterium or the recently
described Raoultella electrica (Kimura et al., 2014).

We contend that the bacteria reported are not indigenous to
the cave but carried into it by humans because, first, humans
leave man-made litter in the cave along with feces, urine,
menstrual blood, and semen; second, the bacteria found in
other caves, including some with recreational uses but with
better visiting strategies and cave protection, do not resemble
the bacteria we report in that the ones present in Las Escaleras
are almost all pathogenic for humans; third, bacteria isolated
from caves as their indigenous habitats and considered
pathogenic mostly belong to the Actinobacteria (particularly
those of the genera Nocardia, Mycobacterium, Gordonia,
Rhodococcus, and Streptomyces; Jurado et al., 2010), while
others are members of the Alphaproteobacteria groups such as
Inquilinus limosus or Aurantimonas spp., members of the

genus Afipia, or Staphylococcus aureus, none of them found in
this work; and finally, although not completely conclusive, of
forty-two species of bacteria in a catalog of bacteria
(Gonzalez-Quifiones et al.,, 2014) found on the skin of
Sturnira lilium and S. bogotensis bats (Chiroptera: Phyllosto-
midae), only two (E. coli and C. freundii) were also present in
this cave.

Bats found inside Cueva Las Escaleras are using it as a day
roost, since all of them were captured during their daylight
resting period. Two of the species of bats (Carollia
perspicillata and Desmodus rotundus) are common (Linares,
1987) and widely distributed in Venezuela (Linares, 1998). C.
perspicillata is the most common and widespread bat species
in Venezuela (Linares 1998). Since it feeds on at least fifty
different fruits, it is an important seed disperser in many moist
evergreen and dry deciduous forests, usually below 1,000 masl
(Fleming, 1988). C. perspicillata roosts in caves, forming
groups of no more than one hundred individuals. The vampire
bat (D. rotundus) is a common species that frequently uses
caves as roosts. It forms stable, long-lasting colonies.

The other three species (Artibeus amplus, Diphylla
ecaudata, and Anoura luismanueli) are more geographically
restricted and less common, and all three might need caves as
primary roosts (Handley, 1987; Linares, 1998). The large
fruit-eating bat (4. amplus) is a species commonly found in
caves (Handley, 1987; Ruiz-Ramoni, 2010), and its large
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Figure 4. Bats captured and identified at the study site, Cueva Las Escaleras, Tachira state, Venezuela. A, Anoura
luismanueli; B, Carollia perspicillata; C, Artibeus amplus; D, Desmodus rotundus; E, Diphylla ecaudata.

colony in Las Escaleras cave is a stable group throughout the
year (Ruiz-Ramoni, 2010). Luis Manuel’s tailless bat (4noura
luismanueli) is an uncommon species of nectarivorous bat
from Los Andes, and it is also found in caves. The hairy-
legged vampire bat (D. ecaudata) is the only one of three
extant species of vampire bats that feeds exclusively on the
blood of birds. It is a rare species, one of the few species of
monogamous bats (and mammals), and is monotypic (Linares,
1998). Bat diversity in this small cave is remarkable.

Although the presence of these bats in the cave could
suggest that they are not being adversely affected by the
potentially pathogenic bacteria, it is of utmost importance to
stop using it as a recreational room for human activities. It is
still unknown whether potentially pathogenic bacteria could
cause sickness or death of bats. Although bats are still living
there despite these bacteria, the natural environment in this
cave has been affected, and it is not possible to determine its
consequences without further research. For example, poten-
tially pathogenic bacteria might be affecting vampire bats
(Desmodus rotundus), because this species commonly walks
on the ground, especially after a meal. Vampire bats might not
be able to fly when they finish feeding on blood, and they
usually walk or run on the ground when returning to their
roosts. The contact of their bodies with the contaminated soil
could affect their own lives and that of other members of the
colony due to allogrooming.

Protecting a cave from antropogenic disturbances is of
utmost importance not only to preserve its biodiversity, but
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also as a source of discoveries. For example, observations in
this particular cave resulted in the first and only report of
leucism, a pigmentation disorder, in 4. amplus (Mufioz-Romo
et al., 2014), and also the discovery that folivory was a
permanent phenomenon in some species (Ruiz-Ramoni et al.,
2011); it had been considered a rare and occasional
phenomenon since its discovery (van der Pijl, 1957).

As stated by Galan and Herrera (2006), it is imperative to
protect karst regions, including the conservation of their
species, many of which are unique and hence invaluable in
terms of the biodiverse richness of Venezuela and the planet.
Also, the findings of diverse vertebrate fossils in Venezuelan
caves, including from various bats (Rincon, 2004), adds to the
importance of these particular environments for the under-
standing not only of our present biodiversity, but also that of
our distant past, as well as of the ecological requirements of an
important group of bats.

We consider the bacteriological status of Cueva Las
Escaleras a potential public health threat because water from
the cave floor is running directly into the stream that serves
this recreational park. Furthermore, bacteria found in this
work are also present in the air, making more worrisome their
potential health risks to humans. The bacteria assemblage
derived from human presence and activities in caves might be
affecting the natural bacterial communities in ways that are
not yet completely understood (Campbell et al., 2011).
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