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Executive Summary 
 
Being& a& developing& country,& Panama’s& natural& ecosystems& are& under& constant& pressure.& Due& to& its&

volcanic&origins,&Panama&has&several&caves,&which&are&a&highly&understudied&ecosystem.&Also,&for&such&a&

relatively& small& country,& Panama&boosts& a& huge&diversity& of& bat& species,&which& also& happen& to& be& its&

most&abundant&mammalian&taxa(117&species).&&

&

These& two& aspects& fall& perfectly& under& the& mandate& of& Sociedad& Mastozoológica& de&

Panamá(SOMASPA),& our& host& organization& that& works& primarily& towards& the& investigation& and&

conservation& of& mammals& in& Panama.& The& need& for& this& project,& titled& ‘Evaluacion& Ambiental& de& la&

Cueva&de&Chilibre’&was&bought&to&SOMASPA’s&notice&by&the&Comité&Chilibre&Chilibrillo,&a&group&of&people&

that&work& for& the& social& and&environmental&benefit&of& the&Chilibre& community.& They&were&concerned&

about& the& decreasing& number& of& bats& and& the& environmental& deterioration& of& the& region& in& general.&

Hence& SOMASPA& along& with& two& students& from& McGill& University’s& Panama& Field& Study& Semester,&

conducted& an& environment& assessment& of& the& Chilibre& cave& from& January& 2015& till& April& 2015.& Apart&

from& a& few& studies& on& invertebrates,& there& seldom& is& any& available& data& on& this& cave& and& its& biotic&

composition.& Hence& this& study& was& divided& into& two& dimensions,& the& cave& and& the& bats.& Both& were&

investigated& in& view& of& the& community.& The& former& included& mapping& the& cave’s& dimensions& and&

understanding&trends& in&abiotic& factors&of&the&cave&such&as&humidity,&temperature,&altitude,&pressure,&

airflow&and&velocity.&The&latter&included&inventorying&bat&species&that&were&found&inside&the&cave,&done&

by&mist& netting& and& taking& roosting& counts.&Also,& interviews&were& conducted&with&willing& community&

members& to&understand&their&associations&with& the&cave,& the&environmental&problems& in&and&around&

the&cave,&their&perceptions&of&the&bats&and&finally&their&opinion&on&what&should&be&done&with&the&site&in&

general.&
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This&was&a&pilot&study,&that&aimed&to&lay&a&base&for&a&continued&future&study&to&assess&the&importance&of&

the&cave&as&an&ecosystem&for&the&bats.&Our&initial&inroads&led&us&to&map&out&exact&dimensions&of&a&subX

section& of& the& whole& cave& through& which& the& Chilibrillo& stream& flows.& We& also& obtained& significant&

trends& within& the& cave& relating& to& humidity& and& temperature.& Humidity& (%)& showed& a& significant&

increase& with& increasing& distance& into& the& cave,& while& the& temperature& (oC)& showed& a& significant&

decrease.& The& cave& is& relatively& flat& and& lacks& fluctuations& in& air& velocity,& pressure& and& airflow.&

Additionally,&in&total&76&individuals&of&9&different&bat&species&were&caught&over&4&nights&of&mist&netting.&

Literature& suggests,&7&of& these&9& species&are&probably&using& the&cave&as& their& shelter.&These& included&

bats& that& were& omnivores,& insectivores,& frugivores& and& nectarivores.& The& roosting& survey,& suggested&

that& the& cave& had& a& few& bachelor& roosts& and& generally& a& high& congregation& of& bats& in& found& in& its&

innermost&chamber&area.& &Alternatively,&as&confirmed&by&the& interviews&with&the&community&member&

the& cave& and& area& in& generally& suffers& from& elevated& levels& of& garbage& accumulation,& contaminated&

streams&and&high&pollution&level&owing&to&its&proximity&to&a&highway.&

&

In&conclusion,&this&project&provides&the&baseline&information&needed&to&evaluate&the&area,&the&cave&and&

the& bats.& This& needs& continued& research,& for& SOMASPA& to& then& assess& its& potential& for& being& a& bat&

conservation&site.&&
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Resumen Ejecutivo  
 
Siendo&un&país&en&desarrollo,&los&ecosistemas&naturales&de&Panamá&sufren&mucha&presión.&Debido&a&su&

origen& volcánico,& Panamá& tiene& varias& cuevas& que& sean& ecosistemas&no&bastante& estudiada.&Además,&

para&un&país&relativamente&pequeño,&Panamá&cuenta&una&gran&diversidad&de&especies&de&murciélagos&

con&117&especies.&

&

Estos&dos&aspectos&están&perfectamente&en&acuerdo&con&el&mandato&de&la&Sociedad&Mastozoológica&de&

Panamá&(SOMASPA),&nuestra&organización&de&acogida&que&trabaja&principalmente&sobre&la&investigación&

y& la& conservación& de& los& mamíferos& en& Panamá.& La& necesidad& de& este& proyecto,& título& 'Evaluacion&

Ambiental& de& la& Cueva& de& Chilibre',& fue& llevado& a& SOMASPA& por& el& Comité& Chilibre& Chilibrillo.& Este&

comité&es&un&grupo&de&personas&que&trabajan&para&el&beneficio&social&y&ambiental&de&la&comunidad&de&

Chilibre.&Ellos&estaban&preocupados&por& la&disminución&del&número&de&murciélagos&y&el&deterioro&del&

medio&ambiente&de&la&región&en&general.&De&ahí,&SOMASPA,&junto&con&dos&estudiantes&de&la&Universidad&

de&McGill&haciendo&el&programo&‘Panama&Field&Study&Semester’,&hicieron&una&evaluación&ambiental&de&

la& cueva& de& Chilibre& desde& enero& de& 2015& hasta& abril& de& 2015.& Aparte& de& algunos& estudios& sobre&

invertebrados,& no& hay& muchas& información& de& disponible& sobre& la& cueva& y& su& composición& biótica.&

Entonces& dividimos& el& proyecto& en& dos& dimensiones;& la& cueva& y& los& murciélagos.& Ambos& fueron&

investigados& con& el& punto& de& & vista& de& la& comunidad.& El& primero& incluye& la& cartografía& de& las&

dimensiones&de& la& cueva& y& las& tendencias&de& los& factores& abióticos&de& la& cueva& como& la&humedad,& la&

temperatura,&la&altitud,&la&presión,&el&flujo&de&aire&y&la&velocidad.&El&segundo&incluye&el&inventario&de&las&

especies& de& murciélagos& que& capturemos& con& redes& de& niebla& y& tomando& los& lugares& adentro& de& la&

cueva& donde& vimos& murciélagos.& Además,& se& realizaron& entrevistas& con& miembros& de& la& comunidad&

para& conocer& la& relación& de& la& gente& con& la& cueva,& los& problemas& con& el& medio& ambiente& en& los&
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alrededores&de& la&cueva,& las&percepciones&que& la&comunidad&tiene&de& los&murciélagos&y&finalmente&su&

opinión&sobre&lo&que&se&debe&hacer&con&el&sitio&en&general.&

&

Este&proyecto&fue&un&estudio&piloto,&que&tenía&por&objetivo&hacer&una&base&para&el&futuro,&para&evaluar&

la& importancia& de& la& cueva& como& un& ecosistema& para& los& murciélagos.& Empezamos& por& trazar& las&

dimensiones&exactas&de&una&sección&de&la&cueva&a&través&del&cual&fluye&la&quebrada&Chilibrillo.&También&

obtuvimos&tendencias&significativas&adentro&de&la&cueva&en&relación&a&la&humedad&y&la&temperatura.&La&

humedad(%)&mostró&un&aumento&significativo&al&aumentar&la&profundidad&de&la&cueva,&mientras&que&la&

temperatura& (oC)&mostró& una&disminución& significativa.& La& cueva& está& relativamente& plana& y& no& tiene&

fluctuaciones&con&la&velocidad&del&aire,&la&presión&y&el&flujo&del&aire.&Además,&un&total&de&76&individuales&

de&9&especies&diferentes&de&murciélagos&fueron&capturados&durante&4&noches&de&captura.&La&literatura&

sugiere&que&7&de&estas&9&especies&probablemente&utilizan&la&cueva&como&su&refugio.&Estos&incluyen&los&

murciélagos& que& eran& omnívoros,& insectívoros,& frugívoros& y& nectarívoros.& Los& sitios& de& descanso&

sugieren&que&la&cueva&tenía&algunas&sitios&utilizando&solamente&por&murciélagos&machos&y&en&general&la&

mayoridad&de&los&murciélagos&que&se&encuentra&en&la&cueva&estaban&en&la&habitación&más&grande,&al&fin&

de&la&cueva.&Por&otra&parte,&confirmamos&con&las&entrevistas&con&los&miembros&de&la&comunidad&que&la&

cueva&y&el&área&en&general&sufren&de&niveles&elevados&de&acumulación&de&basura,&que&la&quebrada&está&

contaminada&y&hay&un&gran&nivel&de&contaminación,&debido&a&su&proximidad&a&una&carretera.&

&

En& conclusión,&este&proyecto&da& información&básica&para&evaluar& la& cueva,& la& zona&cerca&de&ella& y& los&

murciélagos.&El&proyecto&necesita&más&investigación&por&que&SOMASPA&pueda&&evaluar&su&potencial&de&

ser&un&sitio&de&conservación&de&murciélagos.&
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1.0    Introduction: Aims of the project and organization 
  
The aim of this study was to conduct an environmental assessment of the Chilibre Chilibrillo 

cave, one of the caves in the Chilibre, in order to assess its potential of being a bat 

conservation site. Henceforth, the Chilibre Chilibrillo cave is referred to as ‘the cave’. 

  

This project was done in partnership between McGill University and Sociedad Mastozoológica 

de Panama(SOMASPA). The latter is a Panamanian Non-Governmental organization that 

works towards investigation and education on the ecology and conservation of biodiversity, 

particularly mammals of Panama. A huge part of their work is related to bats, the order 

Chiroptera, which also is the most abundant mammalian order in Panama with 117 species 

(Bloedel  1955).  

 

SOMASPA, amongst other areas, has done extensive conservation work in the Alto Chagres 

region of Panama, and the cave is located on the park’s fringes. SOMASPA was contacted by 

the Comite Chilibre Chilibrillo, a group that works for the social and environmental betterment 

of the Chilibre area. They asked SOMASPA to assess the environment state of the area, 

specifically the cave, as they felt a growing population was deteriorating the environmental 

health of the area, the cave and its species; bats in particular. Hence the project was 

originated. 
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1.1 Importance of cave as a habitat 

The importance of caves as an ecosystem is often overlooked, more so perhaps because they 

lack a key basal element of life present in almost every other ecosystem; sunlight. Rather 

surprisingly though, caves provide many species with the perfect habitat to call home; bats are 

one such species. 

 

One of the few reasons as to why caves are so important to bats is because they provide 

relatively safe nursery spots for infants to grow. The interiors of caves are generally secluded 

from the ‘outside’ world, primarily because the lack of sunlight deters plant growth, which keeps 

majority of the larger organism away. This decreased presence of larger organism, reduces 

drastically the threats of predation or harm to young bats, which results in caves being a safe 

spot to raise them; in fact most species leave their young alone in the caves at night as the 

adults go out foraging (Talamoni 2013). 

  

Caves in general, even for adult bats, provide a safe spots for diurnal roosts. This again is 

because they are isolated and lack many large, specialized predators (Howarth 1983). 

Additionally, caves are great protection against harsh weather. Even more importantly, they 

provide microclimate stability with reduced fluctuations in abiotic factors such as temperature 

and humidity, in comparison to other roosting sites like trees. This is great for efficient 

thermoregulation, especially for developing infants who find it harder to deal with stresses 

caused by environmental fluctuations (Bonaccorso et al. 1992). 

  

Generally, variations in weather are born out of changing wind patterns, which eventually 

affects the air pressure. Most caves, especially their interiors, are sheltered from the wind, 

which lowers these fluctuations. Generally, the interior temperature is a bit lower as the heat 
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needs to go through a layer of rock and soil, making the transfer less efficient. On the other 

hand, caves generally have relatively higher humidity which is a result of moisture (water and 

carbonic  acid) constantly seeping through the roof, walls, floor and if additionally, a flowing 

water body. There are limited studies relating humidity and bats, but a few including the one by 

Lacki(1984) showed how high humidity actually aids bats in flight, by reducing evaporative 

energy loss, potentially leading bats to prefer caves. Even more interestingly, in certain Karst 

areas, isolated karst outcrops have numerous potential shelters which influences local species 

richness of bats (Struebig et al. 2009). 

 

Therefore, importance of caves for bats is clearly evident but caves are ecologically and 

environmentally important as well. Karst areas, historically have been great sources of fresh 

groundwater, downstream of which many societies have flourished (Humphreys 2009). Many 

caves also have rich mineral deposits, primarily of limestone, dolomite and marble, which are 

mined (Karkanas et al. 1999). Furthermore, in many areas of the world, caves are a tourist 

attraction, which supports the local economy and are used to educate people on their 

importance. Interestingly, caves are paleontological havens, providing some of the best 

exposed subsurface bedrocks for fossils to be exposed via the cave formation process (Ahern 

et al. 2004). Additionally, caves contain dissolution features, sediments and speleothems which 

preserve a record of the geologic and climatic history of an area. This is because the interiors 

of the cave are secluded from surface weathering and disturbances. Interestingly as well, 

caves can be carbon sinks. Their formation over time, locks up a lot of the available 

atmospheric carbon into its structure, such as but not limited to, limestone(CaCO3). In many 

caves, carbon derived from rocks and dissolved CO2 in karst area is tied up as HCO3
- (Berger 

et al. 2008).  
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Therefore collectively, caves have immense potential in furthering our knowledge on the links 

between biotic and geological processes that have shaped our planet. 

 

1.2 Bats: A cave perspective 

From a biospeleological point of view, bats are classified as trogloxenes, organisms found 

regularly within caves that return periodically to the ‘surface’ in order to complete their life cycle 

(Clark et al. 1997). Perhaps the most important limiting factor for a continued subterranean life 

for these species is availability of food. In general, caves have low insect biomass, few if not 

any nectar, fruits and potential prey for carnivores (Cardiff et al. 2009; Clark et al. 1997). 

 

Bats use what is called a “roost” to sleep and live. A roost includes the location of the bats and 

also other characteristics of the bats comprising it. A roosting site can be found in a cave, a 

house, a tree hollow, foliage, etc. Being nocturnal mammals, bats primarily roost during the 

day, hence most roosts are considered as “day roost”; simply a roost that is used to spend the 

day. If not a day roost, the other possibilities would be the night roost, used during the night to 

eat the prey or rest before going back out, or the “hibernaculum”, used by bats for hibernation 

during colder seasons. Now within the day roost, there could be the maternity roost, the 

bachelor roost and the transitional roost; the first one is used by mothers to raise their pups. 

These roosts can be identified by all the bats being clustered together to keep warm and by the 

presence of small hairless pink pups. The bachelor roosts are formed only by males. Usually 

formed after the breeding season, the males of the bachelor roost can be found close to each 

other but with some distance between them (annex 1, figure 1). The third type, transitional 

roosts, is used only for some days. They are often used right before and after the maternity 

roosts. ( Petrov 2008 ; Wynne & Dorst 2015) 
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In caves, it is possible to recognize nectar-feeding bats by the floor under them, covered with a 

yellow substance characterized by a sweet smell and its near liquid consistency. This is the 

waste, characteristic of a diet based on nectar. (Wynne & Dorst 2015). 

  

The endangered bats species in Panamá are the Handley’s tailless bat (Anoura Cultrata), the 

Honduran white bat (Ectophylla Alba), the Solitary fruit-eating bat (Artibeus incomitatus) and 

the Talamancan yellow-shouldered bat (Sturnira Mordax) (Glenn 2006). 

 

There has been a recent burst of a disease attacking bats around the world. The white nose 

syndrome, caused by Pseudogymnoascus [Geomyces] destructans, is an infection attacking 

hibernating bats.  It has killed many thousands of bats so far and continues to kill more each 

day. Fortunately, it is not present in the tropics, due to the lack of hibernation in the bats living 

in warmer areas like Panama (Zukal et al. 2014).  

Some of the main threats that are a concern for bats in Panama include deforestation and 

human population growth which result in loss of habitat and decreased food availability. Also 

lack of knowledge about the ecological importance of bats, results in communities treating 

them as pests, hence fumigating and curbing their populations (Medellin 2000) 
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1.3 Bats and caves 

Across species there is highly variable ecological dependency of bats on caves. For example 

whole populations of vespertilionid, like the Myotis genus, can be found hibernating in caves as 

it provides them with the adequate warmth (Trajano 1995). In general there aren’t many reports 

of bats that are strictly ‘cave species’, but direct observations and comparison between 

composition of cave communities and bat samples from surface show that many species prefer 

rocky shelters such as caves (Gnaspini 1992).  

  

It’s important to acknowledge that most of the following points are taken from studies 

conducted in caves all over the neotropics, particularly in Brazil and Mexico. Unfortunately, 

though Panama’s caves have been seldom studied. Hence, the importance of our project is 

elevated, as not only is it furthering understanding of Panamanian caves and bats but can then 

be used to compare with information about these themes from other well studied neotropical 

countries. 

 

It’s interesting to note some species that might be considered rare by chiropterologists, may be 

very familiar to speleologists. For example, Chrotopterus auritus, a species found in Panama 

and most of Latin America is hardly encountered, rather than finding 2-4 individuals hanging 

from cave entrances. Even though the phyllostomids are not a monophyletic group, they still 

share ecological characteristics that include them being foliage-gleaners, eating mainly insects 

and preferring to roost in caves (Trajano 1995). As top carnivores with small populations, 

specific shelter preference and a patchy geographical distribution, phyllostomid species are 

good candidates to be highly affected by cave destruction (Campanhã 1993). Studies have 

shown the blood-sucking vampire bat, Desmodus rotundus, are by far the most abundant 

species in neotropical caves. 
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2.0 Chilibre Cave: Study site 

  
Our study was conducted in the corregimiento of Chilibre, a small town in the Panama 

province, Panama, as seen above in figure 2. Chilibre is almost halfway between the two 

biggest (in terms of population and size) and economically important cities, Panama city and 

Colón. The cave is located close to the entrance of Parque Nacional Chagres, on the southern 

shore of the artificial Lake Alajuela (Peck 1971). The cave is situated along the Boyd Roosevelt 

section of  Nuevo Chagres Chilibre Autopista (See figure 3 below). There is a set of caves in 

the Chilibre region, but we were specifically working in the Chilibre Chilibrillo community/cave 

(see figure 3 below). This community is named after the Chilibrillo stream that flows through it. 

Figure'2:&Google&Earth&map& showing&our& study& site,& Chilibre’s&placement,& roughly&halfway&between&Colón&

and&Panama&
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The cave mouth is barely 100m adjacent to the main highway and is surrounded by the 

community settlements. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure' 3:& Close& up& image& of& the& Chilibre& Region,& showing& the& Chilibre& cave,& the& immediate& chilibrillo&

community&and&the&adjacent&Highway&
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2.1.1 History of the site 
  

According to the knowledge gathered from the community and members of the Comite Chilibre 

Chilibrillo, the cave is believed to be in use since the Spanish invasion. The cave has two 

entrances, which are said to be roughly separated by a kilometer. Both of these are sufficiently 

hidden and are hardly noticeable without prior knowledge. Enslaved indigenous people and 

foreign slaves, under the command of the Spanish “conquistadores” were asked to shift goods 

between Portobello and Panama City. They used the caves as a means of escape from their 

‘masters’ and hid in them. The “conquistadores” were sceptical of entering the caves as they 

had no knowledge of its interiors and were told stories about large ‘vampire’, blood-sucking 

bats. 

There have been limited studies on the biotic composition of this cave. Chamberlain(1942), 

Fairchild(1947) and Peck(1971) studied its centipedes, diptera and invertebrate fauna, 

respectively. Anecdotal evidence speaks of the caves having snake species such as the 

Central American Coral snake, Micrurus nigrocinctus and Boa constrictors, Boa constrictor. 

Interestingly, there haven’t been any noticeable studies on the cave’s bat species. Long-term 

residents spoke of “black clouds” of bats leaving the caves 40-50 years ago. As of 2015, it is 

possible to see bats coming out of the main entrance, but they are way too few to be 

considered a “cloud”. This drastic change could be explained by a fumigation done in 1970’s by 

the government, after a demand from the local population. It is believed that the US army lead 

this project, as the population was afraid of the bats spreading diseases and large “vampires” 

that would suck blood. After some years, a few people in the community started worrying about 

the bat population and the environmental health of the area, especially as they understood the 

bat’s ecological importance. SOMASPA was thus contacted to see what could be done. 
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Therefore, we were sent here to conduct an environmental assessment of the cave/community 

and study its bat population.  

 

 2.1.2 Geology and abiotic characteristics around the Chilibre caves 
 
As seen in figure 4 of annex 2, the soil and major land composition of the Chilibre area, around 

the cave has the TO-PA soil classification, primarily.  This comprises mainly sandstone 

dolostone (a sedimentary carbonate rock with high percentage of CaMg(CO3)2, also known as 

magnesian limestone), shale (fine-grained sedimentary rock composed of flakes of clay mineral 

and other tiny silt particles), limestone and foraminifera(amoeboid protists who produce a ‘test’ 

or shell with multiple chambers made of calcium carbonate(CaCO3)). 

  

This soil classification of Chilibre fits perfectly with the observation of the cave’s structure. As 

seen below in figure 5 in annex 2, at certain places within the cave we could see stalactite 

formations, which proved that indeed parts of the caves are made of limestone. 

  

Furthermore, most of the Chilibre’s soil is alluvial deposits of sedimentary rocks. The cave also 

falls in an area that is characterized by sub-equatorial climate with distinct dry and wet 

seasons. The average annual temperature is between 26.5-27.5 oC and the area is 

characterized by high annual rainfall averaging around 2,500mm. The dry season lasts for 

around 4 months; its relatively short but accentuated. In the region, aquifers are restricted to 

fractured areas, consisting of fragmented volcanic rocks overlapping with consolidated igneous 

rocks. The chemical quality of its freshwater water is pretty variable. 

 

Additionally, the cave falls under the eco-region of moist Atlantic forests and historically 

between 1992-2000 hasn’t shown much change in forest cover (ANAM 2010). 
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2.2.1 Mapping Caves  

There is almost no pre-existing data or information about the structure of the cave, hence one 

of the first steps of the project was to explore and map it for us to understand where and what 

exactly we were working with. 

 

The whole domain of mapping and exploring caves can get very specific, demanding, technical 

and expensive (Ma 2006). 3-D computer software, sonar-like devices and digital instruments 

such as distometers, amongst others, are generally used to get a general  structure of caves 

(Kambesis 2007). 

  

These techniques are too sophisticated for our skillset, hence we looked at easier means to 

map the cave. Therefore, referring mainly to concepts explained by Judson(1974) about cave 

surveying for expeditions, we delimited a method. Firstly, in order to map the cave, one needs 

to mark the number of entrances to that cave. Then each entrance’s dimensions are recorded. 

Generally, by looking at the length of the cave, one can judge how many points of 

measurement are needed. The dimensions one measures are the vertical length and horizontal 

breadth of these openings in order to get a sense of its shape. Then, using headlamps and 

other light sources, a team of explorers explore the cave. Using flagging and measuring tapes, 

each straight-line distance is marked and measured. This is continued till the end of the cave is 

reached and any points that fork off the ‘main straight-line path’ are counted and measured in 

the same manner, as subsidiary routes. 

  

After this, the height and width of the cave are taken at every 5m (distance can be changed as 

per the total length of the caves). At any point where the height of the cave isn’t determinable 

by a measuring tape, a clinometer can be used. 
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This method gives researcher a very rough yet fairly accurate layout of a cave. Therefore 

several informative indices can be measured from this: 

i)            L’ = Total Horizontal Length of all passages in cave 
ii)           Lk = Maximum Horizontal Length 
iii)          Hk = Amplitude of Cave (Highest point of the cave) 
iv)          Cv = (Hk/ Lk) = Verticality of the Caves 
v)           ID= (L’/Lk) = Complexity of passages 
  

Another essential aspect in ‘mapping’ caves is to understand the variation in the abiotic factors, 

including humidity, air temperature, altitude, atmospheric pressure, air-flow and air velocity 

around and inside the cave. Studies have shown that the temperature and humidity are two of 

the most important factors that correspond to the biodiversity of caves. Interesting relations 

such as if the cave are inclined up at their end point in comparison to their entrance, then the 

ambient temperature inside is higher and vice-versa (Judson 1974). Hence, its important to 

record humidity and temperature, along with the other mentioned abiotic factors across marked 

intervals as this has potentially direct consequences on the species composition of the caves 

(Fenton 1977). 

 

Lastly and perhaps most importantly, it is useful to record these abiotic factors because they 

are the basis for the habitat characteristics that result in the bats roosting there. Any change or 

hampering of these characteristics could potentially have the bats leave (Campanhã 1993). 
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 2.2.2 Collecting the Data/Methodology 

The first step of our study was to map the cave. Once we did so, we used the scaled map to 

take abiotic data at every 5m section, inside the caves. Once we had different data regarding 

the inside of the cave, we proceeded on to interview the community surrounding it to gather 

their impressions and information on the cave and its surroundings.   

 

Cave Mapping 

The principal investigators entered the caves via its main entrance (as seen in figure 6 below). 

Each unbroken horizontal section of the cave was measured, marked and given a reference 

number. This was done for all possible straight-line paths within the cave. Subsequently, along 

these now marked straight-line transects; intervals at every 5 meters were marked using 

flagging tape (with numbers going from 0 to 29, 0 being outside as seen on figure 6). At these 

points the width and the height of the corridor was measured using a 50 m measuring tape. 

Finally, along the marked route, any special features were registered such as an adjacent 

stream or the cave opening into a chamber-like area. The map obtained was hand-made, 

which was subsequently digitized. All of this was done in compliance yet simplification of the 

methods chalked out by Judson (1974)  as mentioned above. 

 

Abiotic Factors 

There exists very limited, if any, data on this cave’s abiotic characteristics. This information is 

important to record, not only because of its specific importance to bats, but also because they 

characterize and shape the habitat and ecology of a cave, affecting processes including 

erosion, water flow paths and formation of stalactites and stalagmites, amongst others 

(Musgrove et al. 2001). 
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Starting from the entrance of the main cave, walking inwards, we took readings of humidity, air 

temperature, altitude, air pressure, wind velocity and air-flow. The time at which these readings 

were taken was recording, and every subsequent day (3 days in total to obtain averages) these 

readings were re-taken at roughly the same time to avoid data discrepancy. Readings were 

taken at the marked 5 meters intervals. 

 

Efforts were made to take the readings only after the fluctuations in the device had halted. The 

device used for this was the Kestrel 4200 Pocket Air flow Tracker.  

 

Interviews 

A survey template was created, which can be seen in annex 3.1. This was the baseline upon 

which subsequent conversations or ‘interviews’ were conducted. The principal investigators 

went around the Chilibre/Chilibrillo community and interviewed members of the community. 

Each person that was interviewed was randomly selected without any prior knowledge of their 

name, profession, affinity towards conservation or any other related themes. Initially, we 

introduced ourselves to the community member. Following the McGill ethical code of conduct 

for research with human subjects, along with the tri-council ethical conduct for research (see 

annex 3.2 for certificates), we explained our reasons for being there and gave a short synopsis 

of the project we were working on. After this we asked of the community member’s consent for 

being interviewed about the cave, the community and the environmental problems in the area. 

Also, their consent was taken for us to record the interview. We continued only when the 

community member agreed to participate. 
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One principal investigator started the interview, whilst the other took notes, listening into the 

interview and summarizing the answers. Throughout the interview we maintained a neutral 

stance towards any answers, solely posing questions rather than prompting answers. 

 

At the end of the interview, the community member was thanked for their participation. Later 

we replayed the interview recordings to fill in any points that the note-taker might have missed. 

In total 14 interviews were conducted. 
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2.3.0 Discussion and Evaluation  
Cave dimension Discussion 

 
Table no. 1: Cave Dimension Indices 

L& (m)& Total&

Horizontal&Length&

Lk& (m)& Maximum&

Horizontal&Length&

Hk& (m)&

Amplitude&

Cv& (Hk/Lk)&

Verticality&

ID& (L/Lk)& Complexity&

of&passages&

120& 55& 9.01& 0.16& 2.18&

Figure 6: Digitized hand-drawn map of the section of the Cave that we explored.  

Table'no.1:&Table&with&different&map&dimension&indices&that&help&understand&the&dimensions&of&the&cave&

better.&L&refers&to&all&the&horizontal&walk&able&length&in&the&cave,&where&as&Lk&refers&to&the&longest&unbroken&

horizontal&length.&Hk&&is&the&tallest&part&of&the&caves,&while&Ck&is&an&index&that&shows&how&tall&or&vertical&the&

cave&is&and&lastly&the&ID&index&represents&its&complexity.&
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As seen by the figure 6, the map of the cave above along with table no. 1 titled ‘cave 

dimension indices’ and annex 4 helps us understand the dimensions of the Chilibre cave 

better. One of the main reasons for making the map and the table is to not only help visualize 

the interior of the cave better but also produce data that can then help in comparison with other 

more studied caves. This data also forms the base for further collection of data, through 

subsequent years of research at this study site, so it can be updated, added to and changes 

recorded. 

 

Firstly, looking at the map in above figure 6, we can see the longest unbroken straight-line path 

marked in red (referred to as the ‘main path’ henceforth). This starts from the main entrance, 

marked with the yellow dot and is 55m in total (See Lk  in table no. 1 above). This 

measurement is important because a study by Artia (1996) showed that there is a positive 

correlation between bat species and horizontal extent of caves. If we want to understand the 

uniqueness of the bat diversity of the cave, this data along with bat species data could then be 

compared to other more studied caves.  Also the highest point in the cave (Hk) is 9.01m, found 

in the region between points 10-15 on the above map. This area also contained a lot of 

roosting bats on its ceiling and guano on the floor. This section (referred to as the ‘chamber’ 

henceforth) also is the widest area in the cave. 

 

It is important to note that along the side of the red path from point 5 onwards, there is a 

precipitous fall with a stream flowing at the bottom, hence the height of the cave at each point, 

subsequently also the amplitude(as seen in annex 4) aren’t the true heights, rather heights 

from the walkable path upwards. 
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Furthermore, as seen by the relative width  (not to exact scale, but more for reference) of 

passages on the above map and exact measures in annex 4, the green path (referred to as the 

‘subsidiary path’) is relatively much narrower than the main path with a lot more forks around it.  

 

Additionally, as seen in table no. 1 above an important cave index is ID complexity, which is 

the ratio of the total horizontal length to the longest straight-line length in the cave. This was 

defined by Judson(1974) in one of the first papers on cave exploration methods. The cave’s ID 

value here is 2.18. A higher complexity ID means that a cave, either has a lot of smaller forking 

paths alongside its ‘main long straight path’ or it doesn’t really have one main long path; just a 

bunch of ‘smaller’ forking paths. A higher ID value hence means a more ‘complex’ cave 

system. This then has the potential to affect the abiotic factors of the cave, primarily its 

temperature, humidity and wind speeds.  

 

Studies have shown that ‘subsidiary’ connections in caves tend to be smaller and narrower 

paths. These generally result in funnelling of air, compressing it, increasing its pressure, hence 

raising air speed and temperature (Clark 1996). This data is thus useful, because firstly it helps 

us visualize the interiors of the cave better, especially considering the lack of pre-existing data 

and secondly, because then the internal structure of the cave can be referred to in 

understanding its abiotic environment which then affects its biotic composition, especially the 

bats (Fenton 1977; Judson 1974). 

 

Lastly, the verticality index of the Chilibre cave (Cv ) was calculated to be 0.16 as seen from the 

table no. 1 above. A high verticality index means that the ratio of the amplitude to the maximum 

straight-line distance is high. This could mean couple of things; either that the cave is relatively 

taller rather than long or has a point where it is really tall (like the chamber in our cave) in 

relation to its maximum straight-line distance. This index is important because a few studies 
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have shown certain bat species’ affinity towards taller caves, while others prefer deeper caves, 

where height may not be an important factor. Most often bats fly out of their roosts together or 

in groups (safety in numbers) hence a short passageway might deter them flying out together. 

This subsequently might make them more susceptible to predation upon emergence from the 

cave (Brunet 2001). This index hasn’t really been used much in previous studies of caves and 

bats, but its potential relationship with bat population in caves might have important 

implications such as the one mentioned immediately above. 

 

In hindsight all these indices have been measured and recorded to encourage further 

exploration in understanding relations between characteristics of caves and its biotic 

composition, especially bats. 
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Evaluating and future scope for the cave dimension data 

In order to get a thorough representation of the cave, in a comparable and repeatable manner, 

the method chalked out in Judson’s Cave exploration paper (1974) could be followed. Though 

the data we collected gave us good perspective about the cave’s dimensions and topography, 

at the base of it, it is a simplification of the aforementioned method. This method is more 

thorough and classifies cave more in depth.  

 

Secondly, there were other, subsidiary paths that we found throughout our exploration time but 

didn’t chalk them out on the map above as they were far too small and narrow to be traversed. 

Furthermore, locals told us that the cave extends to about 1km inside. We could only explore a 

maximum of 55m from the main entrance, which isn’t even 4% of the total mentioned distance. 

This was primarily because at the end of the chamber (around point 13), there was a drop that 

continued in front with a flowing stream. This stream is full of garbage and at certain points is 

relatively high, making it hard to traverse through. Also, there supposedly is another entrance 

on the ‘other side’ of the area we were working at. If we continued along the path we entered 

from, this ‘other entrance’ would be our exit. In order to actually get a thorough representation 

of the cave’s interior, it’s important to explore these areas too. Not to mention, adjacent to 

straight line section c (see figure 6 above) on the other side of the stream in the middle, is 

another passageway that we could spot but not get to. We did also see several bats roosting 

and flying around there. A lot of this would take specialized equipment and cave exploration 

skills to get to. Hence, we only mapped a subset of the actual cave, due to time, equipment 

and expertise restrictions. 

 

Additionally, we characterized the cave using indices such as verticality and complex passages 

index, which certainly had informational value but can be analyzed further.  



 28 

Abiotic factor discussion: Monitoring the cave’s microclimate  

Most cave literature, especially in reference to organisms such as bats, has accounts of two 

primary abiotic factors; namely humidity and temperature as being influential. These two  

factors tend to be two of the major drivers of biodiversity within caves, more so for the natural 

history of bats (Herreid 1963). As seen in the results (figure 7 and 8 below), graphs of humidity 

and temperature vs distance from main entrance, there clearly is a variation in values of 

humidity and temperature as one walks further into the caves. This sort of comparison is done 

because studies have suggested that bats generally prefer to roost as far inside the cave as 

possible (Artia 1996; Fenton 1977), so as to see if trends in such abiotic factors within the cave 

may influence bat composition. 
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In reference to figure 7 of humidity, first, the average outside ambient humidity recorded was 

65.3%. This is lower than all points barring one as seen in figure 7 above. Interestingly enough, 

as we went further away from the entrance, into the cave the humidity value steadily kept 

increasing for both the paths. In fact, the furthest point away from the entrance of the cave 

(points 13 and 15 on the figure 7) had an average humidity of 80.6%, which is 15.3% higher 

than that of the exterior humidity. The trend is similar for the subsidiary path as well. In order to 

see if there actually is a direct correlation between distance away from the cave and increasing 

humidity, we performed a correlation analysis. The R2 value for the main path was 0.89634 (R= 

0.94675), while the R2 for the subsidiary path was 0.95033 (R=0.97485). Both these values are 

significant even when an alpha as low as 0.01 is considered. This proves a strong positive 

correlation between increasing distance away from the cave entrance and % humidity. It is 

interesting to notice though, that, the shorter subsidiary path had a slightly higher rate of 

increase in humidity than the longer main path. We don’t really know why, but it could 

potentially be influenced by the width of the passages. This inference would need more 

research, which can be linked with cave indices like verticality to eventually understand areas 

bats prefer within the caves more holistically.  

 

The trend with temperature seems to be opposite. The average exterior temperature was 

recorded as 30.8oC. The average recorded temperature at the point furthest away from the 

main entrance on the main path was recorded as 28.8oC, whereas for the subsidiary path it 

was 28.0oC(refer to figure 8 above). Subsequently, R2 values were obtained, which were 

0.8887(R = 0.94271) and 0.91096 (R= 0.95444) respectively. Both these R-values also are 

significant when an alpha of 0.01 is taken. This shows that with increasing distance away from 

the cave entrances, there is a decrease in temperature; an inverse relation. For the subsidiary 

path the rate of decrease is higher than that for the main path; the latter interestingly shows a 

slight increase in temperature while we walked ahead in the wider chamber area. Contrary to 
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our results, a study conducted by Artia(1996) suggests that areas with wider openings have a 

predominantly lower ambient temperature further in the cave. Accordingly to that study, we 

should have obtained a lower average temperature along the main path rather than the 

subsidiary path (as the former has a wider entrance, see annex 5 for dimensions). This could 

potentially be an anomaly or could be affected by interactions of air particles via tiny 

connections between these two path (see figure 6 of map, referring to points 27, 28 and 29). 

Also, our definition of the ‘main’ and ‘subsidiary’ paths is based on our exploration of the cave. 

The ‘main’ path could have been a different route had we ‘explored’ the cave through that 

initially. 

 

Both higher humidity and lower temperature, in relation to general ambient tropical temperature 

and humidity outside, provided by the interiors of caves are important for the well-being of bats. 

This is so because a lower temperature results in lower thermoregulatory stress for the bats, 

whilst a higher humidity has the potential for reducing evaporative loss of energy (Fenton 1997; 

Trajano 1996). This is important information as any sort of disturbance, be it increased human 

development or increased traffic on the nearby highway, that may influence the humidity or 

temperature in and around the cave, could affect the cave’s bat composition. Hence, if the bats 

and the caves are to be conserved, it is important for appropriate measures to be taken to 

maintain the area's humidity and temperature regime.  

 

Furthermore, seen below in annex 6 is our data for other abiotic factors such as altitude, 

pressure, wind velocity and airflow. In general, all these factors were fairly constant throughout 

the different parts of the cave, therefore this report doesn’t dwell deeper into them. Apart from 

recording this data for inventory purposes, altitude was recorded, specifically as the 

comprehensive study by Artia (1996), suggested that temperature at the cave’s deepest part 
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depends on its morphology. A positive slope away from a caves entrance leads to an increase 

in temperature. Our cave being relatively flat showed a decrease.  

 

Additionally, we measured air velocity and airflow, as one of the reasons why bats choose 

caves as roosting spots, is because they provide sheltering areas without much disturbance 

(Fenton 1997; Bloedel 1955). Bats would prefer hence having constant airflow while they rest. 

Our majority values of 0 (See annex 6 below) for both these parameters go perfectly with these 

suggestions.  

 

Evaluation and future scope of Abiotic factor data and results 

One of the first points of evaluation has to be the fact that all abiotic factors’ readings were 

taken, between 11am-12pm on survey days. To better evaluate the abiotic factors and their 

potential daily variation, it would have been better to take 3 sets of readings across 3 different 

days, one early in the morning (maybe around 8am), second around noon (the set we already 

have) and a final one just before dusk (maybe around 5:30 pm). This would give us a more 

holistic picture of how abiotic factors fluctuate inside the caves, which could have differential 

effect on the bats. 

 

Another important aspect is to continue taking this kind of data throughout the year to measure 

trends across seasons (Generally the dry season is from November to April, roughly the time 

we worked; whereas the wet season is roughly between May and October). This can be 

overlaid with species composition data, especially for bats to see if these abiotic factors affect 

them. 
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Studies by Proctor & Studier(1970) and Lacki (1984) have interestingly shown that there is an 

inverse relation between humidity and evaporative loss in bats. These studies though focussed 

more on energy loss during flight, not necessarily during roosting. It would thus be interesting 

to see if it is true for roosting as well. An increase in humidity inside the cave, may be good for 

bats, especially when they start off their flight out to forage at night, as it may be energetically 

safer to come out of rest and start high-energy demanding activities like flying, in an 

environment that isn’t too physically draining. This would be even more interesting for bats that 

may undergo overnight torpor, where the fluctuation of energy demands are more strained 

(Lacki and Bookhout 1983). 

This data provides a great opportunity to conduct comparative studies with other caves, 

especially in Panama and other Neotropical countries, to see if there are similar trends all 

along different caves; firstly, just with distance and these abiotic factors and secondly and more 

importantly, with abiotic factors and bat composition.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 34 

2.4.0 Community’s perspective and threats related to the caves 

Figures 9 and 10 below give us insight into the community’s relation with the caves and what 

they think the major environmental problems in and around the caves are. These results were 

obtained after collecting data from the interviews. 

The question (number 2 in survey, seen below in annex 3.1) was asked to see if people were 

actually going inside the caves and guiding people. This could have direct implication to the bat 

population inside, because people entering the caves could potentially be a disturbance to 

them. Flashing lights to illuminate their path or taking photos with flash are just a few points 

that affect the bats. Also, having any signal emitting devices such as mobile phones potentially 

affect the bats’ sensitive ears and other structures involved in echolocation, so much so that 

they could leave the caves for ever (Grindal 1998).  
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Only&Visited&
7%&

Visited&and&
Guided&
64%&

Never&
Visited&
29%&

Cave'Usage'

Figure'9:&Pie&chart&showing&the&proportional&use&of&cave,&split&between&people&having&visited&the&

cave,& visited& and& guided& people,& or& never& visited& the& cave.& Results& were& obtained& from&

interviewing&the&local&community.&

Stream&
contaminapon&

24%&

Lots&of&
garbage&
16%&

No&
problems&

20%&

Others&
40%&

Environmental'Problems'

Figure'10:&Pie&chart&showing&the&community’s&view&on&environmental&problem&that&are&present&in&

and&around&the&caves.&Results&were&obtained&from&interviewing&the&local&community.&
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Secondly, the question 3 as seen in the survey below in annex 3.1, was asked to get a 

community’s perspective on the environmental problems in and around the caves. If we are to 

conduct a thorough environmental assessment of the cave and the community, it’s important to 

understand the environmental problems around it. Getting information on this from the very 

people that live around it, give us a great initial inroad. The answers to this question would help 

us understand the environmental problems prevalent so appropriate action can be taken, 

hopefully with the community, to counter them. This would help in conserving the site, the cave 

and also the bats. 

 

Furthermore, as seen by figure 9, 64% of the people interviewed have visited and guided 

people inside the cave, while 29% have never visited and 7% have visited but not guided 

anyone. It is important to track such information through time to see the interest of the 

community members towards the cave and also see if their presence might be disturbing the 

cave habitat. This also shows the community’s engagement with the cave, which could be 

either a good or a bad thing, when viewed together with other implications. 

 

Additionally, figure 10 shows that 24% of the problems mentioned was the contamination, both 

physical (with garbage) and chemical of the stream that flows (Quebrada Chilibrillo). 16% of the 

problems mentioned the quantity of garbage present as a big concern. This is especially 

interesting because the cave, through which the stream flows, is downstream from a few other 

communities. When they litter, generally into the stream, it results in the garbage flowing and 

accumulating downstream in and around the cave. In addition, 20% of the people interviewed 

suggested there were no problems. This is important, if people feel so, they won’t be proactive 

towards any problems that might truly exist. This would allow such problems to amplify, 

possibly spelling disaster for the Chilibre area, the community, the caves and its bats. Lastly, 

40% of the problems mentioned fall under the ‘others’ category, including problems such as 
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infestation by insects (could be interesting when compared to bat population), high emission of 

fossil fuels by cars on the nearby highway and deforestation to make space and material for 

houses.  

Evaluation and future scope 

We only interviewed 14 people due to time restrictions. In order to get a better perspective of 

the community on topics relating to the environment, caves and bats it would be better to 

increase the number of people interviewed as much as possible in order to get a more 

representative sample of the community.  Also there is value in having continued interviewing 

process to track trends and changes in community perceptions. 

 

2.5.0 Conclusion 

In this section, we collected and discussed important data related to the cave. The cave’s 

dimensions were chalked out, along with its walkable paths and other indices that are used to 

characterize caves in general. These in total showed us that the cave had two entrances and 

two paths forking off these. We only chalked out a short section of the whole cave, which 

leaves lots of room for further exploration. Also, we showed that the two main abiotic factors 

that show significant variation as we walked further into the cave were humidity and 

temperature. These also happen to be two factors that highly influence bats’ roosting. Lastly, 

there seems to be high involvement of the community with activities related to the caves while 

at the same time, there are several environmental concerns that are related both to the caves 

and the general area. These could potentially be a danger to the bat’s habitat. Finally, all this 

information is highly useful just in furthering the domain of knowledge of caves as an 

ecosystem, especially as an important habitat for species like bats. This is particularly critical in 

today’s world, where the caves are highly affected by activities such as mining, infrastructural 

development and increasing population, amongst others. 
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 3.0 Bats 

Apart from having anecdotal evidence and fumigation events in the 1970’s by the US army to 

get rid of the ‘clouds of bats’ that supposedly infested the cave (upon request of the 

community) there hardly is any available data on the bat species of the cave. Bats and 

Panamanian caves are highly understudied, especially considering that the former are the 

most numerous mammals (117 species) in Panama (Samudio 2002). It’s especially important 

to know species compositions and population status because that can then be a basis to 

understand the usage of the cave as a habitat (Fenton 1997); In additional to the ecological 

importance of bats in general. This would then, along with the information in the cave section 

above, help us understand the value of the cave as an ecosystem. 

 

Furthermore, bats often are keystone species. Hence, they are especially important to study in 

the cave, as both the conservation of the cave and the bats could potentially hinge on the 

ecological importance specific bat species roosting in the cave have; a point that could be 

made to authorities such as Autoridad Nacional del Ambiente de Panama (ANAM) in asking 

them to protect the site. 
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3.1 Collecting the data 

To have an idea of the bats roosting in the cave, we started by taking notes of the roosting 

sites and quantity of bats inside the cave. Afterwards, to assess and record the different 

species, we performed mist netting at 3 different locations outside the entrances. We also used 

the interviews previously mentioned to have the community’s point of view on the bats. We 

wanted to see how the bats were perceived and gather any additional information that the 

community could give us on the current state of the bat population in the cave. 

  

Bat Roosting count 

Bat roost counts were important to assess potential areas of the cave where the bat prefer to 

roost; which could then be used to understand why that might be the case. Also bat roost count 

are important to potentially understand what kind of bats might be occupying the cave (or its 

specific sections), as previous studies have shown that bachelor or maternity roosts have a 

certain shape and character (Venables 1943). This is important, because its understanding 

could have potential conservation implications.  As an example, if we find maternity roosts 

within the cave, it would be an important implication the future populations of the bats. 

  

Bat roost counts were done on the days and times during which the abiotic data was taken 

Using the following symbols: 

i)              ! = 1 Bat 
ii)             Δ = 2 Bats 
iii)             

The number of bats was marked each time on the map of the cave. This was done by walking 

along the paths traced on the map, figure 6. Bats that were settled or congregated at one place 

were counted and their rough location within the cave was marked. In order to only consider 

roosting bats, any individuals that were flying past or moved from their positions whilst we were 
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surveying were not counted. These readings were done three times in total. It is important to 

mention that the roosting sites were always the first data collected in order to reduce the 

perturbation of humans entering and disturbing their environment. This was even more 

important considering that we did not count bats that were flying and only the ones hanging. 

  

 Mist netting 

Three mist nets were placed, one right outside the main entrance of the cave (mist net #1, 

figure 16), the other several meters away, downhill by the stream going into the cave (mist net 

#2, figure 17) and the last one outside the secondary entrance (mist net #3). The mist nets 

were set up nice and tight in accordance to the methods chalked out by Gardner et al. (1989). 

Never were all three nets placed at one time. In fact we kept rotating locations (placing 

maximum 2 nets per night) in order to get a better representation of bats leaving the cave from 

different directions.  

The nets were generally set up around 5pm to give ourselves enough time to deal with any 

unforeseen events such as net entanglement. As soon as the nets were up, they were closed 

to deter thrash accumulation, especially as the bats didn’t start leaving until around 6:30pm. 

Also, starting at 6pm, at hourly intervals the temperature and humidity was recorded. We 

generally opened the net at around 6 pm, returning to them every hour or more often (i.e. 30 

minutes) if we noticed elevated bat activity. Generally we worked in teams of 2 for each net to 

increase efficiency in untangling the bats and placing them in bags. 

Bats from each net were kept separate and each individual was worked and the following steps 

conducted: 

i)       Weighing the bag with bats (figure 18) 

ii)     Taking the bat outside of the bag and weighing the bag alone, thus obtaining the 

weight of the bat 

iii)      Measuring the forearm length (figure 19) 
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iv)    Identifying the species with morphology; if the previous data was inconclusive, we 

took femur length to confirm species identity. 

v)       Identifying the sex 

vi)      Checking for ecto-parasites figure 20 

vii)     Using the bat collar key, we placed the corresponding number of beads with a 

unique tag number around the bat’s neck; if the bat already had a collar, we 

recorded the number and redo the set of measurements to note any change. 

(figure 21) 

viii)     Recording which net they came from 

ix)    Adding any specific observations that were made like if the individual was 

breeding, lactating, etc. 

 

We then took a collective decision to close the nets when we felt enough bats had been 

worked or more importantly when the rate of working the bats was slower than the bats being 

caught. Limiting the stress on the bats was the primary consideration. All the data was 

recorded in a formatted table that SOMASPA uses for all their bat surveys. 

Lastly, all these steps were repeated for three other nights, choosing dimly lit nights (not with 

bright, big moon) that didn’t follow two previous nights of mist-netting. As per studies that could 

decrease bat capture as they might be ‘wary’ of the activities from the former nights (Gardner 

et al., 1989; Kuenzi, 1998). 

 

Additionally, all the aforementioned data collected on the bats was done in compliance with the 

McGill code of conduct for research with wild animals and Panamanian laws relating to 

research ethics with animal subjects such as bats. SOMASPA had obtained all the necessary 

permits for us to be at the caves and capture bats. 
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Figure 18: Weighing the bat after the bat is removed from it. Initially the weight of the bag 

along with the bat is recorded. 

Figure 19: Using a ruler to measure the forearm length of a Uroderma bilobatum in this 

picture 
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Figure 20: Marked with red circles are the ecto-parasites on this individual. Also marked with 

the yellow circle is this individual’s penis that is used to sex it. 

Figure 21: Each individual was given a collar with a unique ID number on it. wi of the collar 

depended on the species. 
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3.2 Results 

Roosting count 

From the 3 roosting counts, taken on the 12th of February at 3 pm, 10th of March at 11h50 and 

19th of April at 12h10, as seen in figure 13, 14 and 15 in annex 7, we can notice a few 

interesting points. Firstly, most of the bats seem to gather at the furthest point of the cave, the 

chamber. Also, only few were actually roosting in the paths from the entrances to the main 

chamber. Another point is the characteristics of their locations. Apart from their general location 

within the cave, the exact site of the roosts were either on the verge of a wall, on a stalactite or 

in a cavity in the ceiling. All three options offered irregularities in the rock which allowed the 

bats to hang more easily, a point that had been stressed in a study conducted by 

Gnaspini(1992) as mentioned early, which in fact makes caves a good roosting area . It is 

possible to see this in all three roosting count data sheets with one of the biggest quantity of 

bats being in a cavity located on the right of straight line section C (big bachelor roost; circle 

with a lot of stars in it) and the high number of bats circling the big chamber, which contained a 

highly irregular ceiling.   

 

Another important point is the constancy of the roosting spots; primarily along straight-line 

section C and most of the main chamber. The latter relates well to the behaviour of one of the 

species found in the cave, Phyllostomus hastatus. As mentioned by McCracken and Bradbury 

(1981), this species tend to cluster in harem and stay at the same roosting point for years but 

the male without harem would tend to cluster in bachelor roosts. Other studies suggest this is 

also true for other phyllostomus species (Trajano 1997). 

 

This constancy comportment is commonly found in caves, says Lewis (1995). She also 

mention that the changes occurring in roosting site selection in caves would be due to the 



 45 

formation of stalactites over decades; a slow process. This is partly a result of the permanency 

of the environment that a cave offers and also a question of social relationship with the 

neighbours. The bats surrounding a peculiar site might react defensively towards newcomers 

for several reasons including but not limited to males defending their harem (McCracken & 

Bradbury,1981). This information is important in considering the future of the cave and its bats, 

for if the cave is damage, the bats that have an affinity to it would be affected to. 

 

Furthermore, as seen from the constant presence of lone roosting bats throughout the cave, 

along with potential bachelor roost (see figure 1 in annex 1), we could potentially suggest that 

this cave isn’t just used as a temporary maternity roosts. Wynne & Dorts(2015) explain that 

some caves are just used to raise pups and abandoned after they have weaned. Hence, 

continued research needs to be conducted to see if these roosting spots are maintained 

throughout the year, which could suggest permanent use of the cave by the bats. 

 

Another key point to consider is the fact that the roosting surveys were just done 3 times at 

roughly very similar times of the day, within two months. It would be interesting to conduct such 

a survey at various times of the day, to see if the characteristics of the roost may change within 

the temporal scale of a day and also throughout the year to see similar trends while 

considering temporal scale of seasonality. 

 

Also, as suggested bats flying overhead weren’t counted as roosting, but we had no idea if 

they were initially roosting at a particular spot, and were caught in flight just because of the 

disturbance caused by us. Hence, being silent while conducting this survey is crucial. 

 

An important consideration, especially in reference to section (XX), that this report lacks is 

connecting the areas within the caves that the bats were found roosting (as seen in figures 11, 
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12 and 13 in annex 7) with the trends of humidity and temperature. In general, we did see a 

high quantity of bats roosting in the chamber, which was furthest away from any entrance point. 

Alternatively, we have no evidence to prove if this was true just due to more available space or 

predominantly the trends in humidity and temperature. It was interesting to note a large bat 

roost closer than the chamber, adjacent to section C, right above the stream (see figure 6 

above), which could be used to contest the notion that bats prefer to roost as far inside the 

cave as possible just because there is increased humidity and decreased temperature there. 

Therefore, linking these two aspects would give us better information on where bats might 

roost and how important a role abiotic factors play in that. 

 

Mist netting 

Moving on to the mist-netting, the first thing that should be mentioned is the irregularity of the 

position of the nets. The two first nights, on February 12th and March 10th, we used a net close 

to the main entrance, mist net # 1 (figure 16 above), and a net on a lower field, mist net #2 

(figure 17 above). On March 11th, since it was the first night where no “professional” were with 

us, with the help of 2 other students, we placed only mist net #2 in order to not be 

overwhelmed by a greater amount of captured bats than we potentially could deal with. Lastly, 

on April 19th, due to a fair happening on the site where the mist net #2 was previously set, the 

trees we used to secure the mist net were cut down. We thus elected mist net #3 (figure 18 

above) as a new mist net site in front of the second entrance of the cave. Even though such 

changes could influence our data in view of the restricted number of mist netting days, we 

disregarded their impact because we are aiming for a longer study. Panamanians students will 

collect more bats at the same sites from May to December 2015 and future PFSS students in 

early 2016. 
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Table 2. Species, diet and number of individuals captured by mist netting at the Chilibre cave in 
four nights; February 12th, March 10th, March 11th and April 19th.  
# Species Species Abundance Diet 
1 Uroderma bilobatum 1 Frugivorous 
2 Artibeus jamaicensis 2 Frugivorous 
3 Pteronotus personatus 3 Insectivorous 
4 Carollia perspicillata 3 Frugivorous 
5 Phyllostomus hastatus 5 Omnivorous 
6 Glossophaga soricina 5 Nectivorous 
7 Pteronotus mesoamericanus 9 Insectivorous 
8 Phyllostomus discolor 23 Nectivorous 
9 Pteronotus gymnonotus 25 Insectivorous 
TOTAL 9 76 4 
 

All things considered, in 4 nights we captured a total of 76 bats, counting a total of 9 different 

species. See photos of an individual of each species in annex 9, figure 23 to 28. According to 

the IUCN Red List, none of the species found are endangered. They are all categorized as 

“Least Concern”. As shown above in table 2, even though there are several species present in 

the area, the most commonly caught species were  Phyllostomus discolor and Pteronotus 

gymnonotus. By using figure 22 below, we also noticed that even though the Phyllostomus 

discolor is the second most frequent, it is highly due to the last night of mist netting. Without 

counting April 19th 2015, only three Phyllostomus discolors were captured. Furthermore, the 

Phyllostomus discolors caught that day were mostly captured from mist net #1, thus discarding 

the possibility of these bats only leaving the cave by the second entrance, which would have 

explained this sudden burst of captures due to the position of mist net #3.  Also regarding 

Trajano (1997), the Phyllostomus genus have a tendency to stay faithful to a peculiar cave or 

roosting site within a cave. Not having enough data to see if it was simply out of luck that we 

captured or lacked Phyllostomus discolor on different nights, we can not conclude anything on 

this peculiar phenomenon so far. It could suggest that there might be a temporal variation 

either in the composition of the cave or the manner in which the bats leave it. This would 

require continued mist-netting effort to prove.  
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Though we usually captured bats only until 8pm, we closed the nets, on the last night, at 9pm. 

In accordance with this, the majority of the concerned bats were collected in the latter part of 

the capture on April 19th. Hence in the future, there is merit in continuing capture for a longer 

time every night to see possible differences in bat species capture, as the night goes on. 

According to Brown (1968), Phyllostomus discolor’s activity is mostly regular throughout the 

night, with a small peak at the beginning of the night, starting at 7pm. With such contradictory 

information, we would need more data throughout the year to understand the trends. 

 

 

 

Our restricted timing of mist netting, due to our lack of experience and man-power, might have 

enhanced other wrong perceptions of the cave’s population. According to Brown (1968), 

Artibeus jamaicensis sees its activity increasing with time, with a peak at 1 am, then reducing 

Figure 22. Number of individual of bats captured per species per date, by mist netting, at the 

Chilibre cave. The mist netting was done using three different mist net sites. 
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until sunrise. Furthermore, it is true that Artibeus jamaicensis  are mostly found roosting in tree 

hollows and foliage (Ortega & Castro-Arellano, 2001), but they are also present in caves  

forming harem of 12-14 females per male (Kunz et al., 1983). When found in caves, males are 

likely to have territorial behaviour and act defensively towards other males close to their harem 

during mating season (Ortega & Castro-Arellano, 2001). Thus, considering that it is possible to 

find such species in caves but acknowledging that we did not mist net in their prime activity 

hours, we might simply have missed them.  

 

Caves generally aren’t monopolized by one bat species, they rather have to share the roosting 

area with other species. Literature suggests that three species share their roosts majority of the 

time ; Phyllostomus hastatus(83%), Glossophaga soricina (77%) and Carollia perspicillata 

(73%) (Graham, 1988). All of those three were found in our study site. A special mention 

should be given to the two last ones. Graham (1988) says Glossophaga soricina and Carollia 

perspicillata are most often found together where they roost, thus suggesting a possible 

beneficial association between the two. Furthermore, Carollia perspicillata is highly common in 

neotropic caves. This species feeds primarily on piper plants and its abundance in caves 

probably reflects the general abundance of the species, and there is no reason to suppose it is 

particularly dependent on caves as shelter (Trajano 1985).  

 

The Phyllostomus hastatus was the only omnivorous and also the biggest species according to 

size and weight (annex 8). They were easily identifiable even in the cave just by looking at the 

ceiling due to their size. One was once found eating another bat in mist net #1. This could 

suggest a predator-prey relation between bats sharing the same roosts. 

 

In his study, Graham (1988) suggests that Uroderma bilobatum never shared its roost with 

other species. This leads us to believe, that it potentially did not roost in the cave but was just 
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caught in our net, which can also be supported by Lewis (1992).  The author says this species 

makes its own roost by tent-making in foliage. Even though it was caught in front of the main 

entrance (mist net #1), due to its frugivorous diet and the presence of some fruiting plants in 

front of that entrance, we propose that the U. bilobatum potentially feeds on one of the fruits 

present at this peculiar place, which could explain its capture so close to the entrance. 

 

The Pteronotus personatus species usually roosts in caves with high temperature and 

humidity. It also coexists with other species in its roosts (De La Torre & Medelin, 2010). Both of 

these information correlates with the cave, counting many different species in its warm and 

humid interior. We can thus consider the Pteronotus personatus as a species roosting inside 

the caves.  

 

Lastly, the Pteronotus mesoamericanus is said, by the IUCN Red List (Miller et al. 2008), to 

prefer moist areas and caves but is also able to roost in many different sites like tree hollows. 

To add to this, they can share their roosts with other species of bats. The latter corresponding 

with the study site, we thus suggest that this species roosts within in the cave as well.  

 

Over all, what we can understand from the mist netting is that at least one species was 

captured but is not believed to be roosting inside of the cave, Uroderma bilobatum. Another, 

Artibeus jamaicensis, we aren’t too sure about, whereas the seven others are most likely to be 

roosting inside the cave. Furthermore, even though we can say that these seven bats are 

probably roosting inside the caves, we cannot assume they are the only population forming the 

cave’s diversity. There might be other species present that we did not catch yet. Hence 

increasing the necessity of making this a long-term study and continuing the mist netting as 

long as possible.  
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Few other suggestions for further mist netting 

Apart from the above mentioned points, in order to get a better sense of the cave’s bat 

composition, it’s utterly important to not only continue mist-netting at these sites, but also 

potentially use sling-shot nets on top of trees. This might help us catch bat species that 

potentially fly higher, hence are missed by the relatively low nets or species that feed on fruits 

and insects that are found around that strata (Helman 1986).  

 

There might also be value in using hand-held nets to try and catch bats within the caves, to not 

only check for species but also link roosting sites with species. Also, the additional data that is 

collected such as the sex of the bats or ecto-parasites presence, amongst others, can and 

should be monitored through time to see if trends immerge. Questions such as, ‘if there is a 

change in overall sex ratio of bat captured through the year’ or ‘if there is a link between 

ambient humidity and number of bats captured’ could be potentially answered. These have 

great informational and conservation implication for both the cave and the bats. 

 

According to Simmons et al. (1979), insectivorous bats have a better echolocation system due 

to the need of locating their prey while flying. This can have an influence on the captured rate 

of such species. Due to their better echolocation, they would be able to know there is a net in 

front of them more easily than other species when one is trying to capture them. 

 

Lastly, as seen above, there is a limitation of bat species that can be caught via the technique 

of mist-netting. Hence, possibilities of using other techniques such as radar signals. These 

might ‘catch’ bats species, especially a few insectivorous species, that generally fly far higher 

than the level of the mist-nets (Whitaker 1988). 
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 3.3 Discussion 
 
The importance of bats towards their environment is well documented, especially for caves. 

Their actions of pollinating plants like banana, cacao, guava and over 300 other species, along 

with seed dispersal and insect control have direct impacts on the general environment (Sazima 

1978). More importantly though, bats bring back with them nutritive material into caves, 

deposited through their droppings (guano), upon which complex cave food-webs are based. 

These droppings are exogenous sources of energy input into an ecosystem that lacks, plants 

as primary producers, on which most other ecosystems are based. Without this nutritive input, 

several cave dwelling species would not exist; hence the importance of bats to caves is 

immense (Jones et al. 2009). Furthermore, bats are bio indicators of the health of the plants 

species they feed on. 

 

In today’s world, climate change and habitat destruction are prevalent at staggering rates, 

especially in view of an increasing human population. Merely monitoring these is insufficient, 

therefore identifying bio indicator taxa that might show measurable response to such events is 

important. This potentially gives this project a broader and possibly future dimension. 

Insectivorous bats, in particular, occupy high trophic levels, which makes them highly 

susceptible to accumulation of chemicals such as pesticides and insecticides amongst others, 

which can then be used as a proxy for the environment’s health. Additionally, several studies 

have shown a decrease in bat numbers and population with events of drought, changes in 

precipitation cycle, deteriorating water quality, fragmentation of forests, amongst others 

(Barclay 1991; Clark, 1978; Craig 1994; Jones et al. 2009). Hence, projects concerning bats, 

such as this one, are not only important for the immediate habitat of these species but the 

environment in general, which is needed by us, humans, to survive. 
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 This initially pilot study into the cave and bats of Chilibre Chilibrillo registered nine different bat 

species. Their diets spread across omnivory, frugivory, insectivory and nectarivory, which gives 

us good reasons to believe that all the relevant ecological and environmental benefits 

concerning bats in general, mentioned above are in action for the Chilibre area and cave. Thus 

protecting these bats and their home, the cave, is even more important due to their influence 

on the whole ecosystem. 

 
 
 
3.4 Threats and stress factors to the bat population: A Chilibre Chilibrillo 
perspective 
 
 
The importance of the bats and their cave home can’t be stressed enough, but there existance 

is not a secured one. Firstly, The visits of the cave should not be promoted, be it just by locals 

for curiosity or by tourists. From Cardiff (2012) and Mickelburgh (2002), tourism in caves used 

by bats is destructive to bat populations. It induces stress and reduces bat grooming. Cardiff’s 

recommendations on how to visit a caves safely for the bats includes being at least at a 

distance of 12 meters from the bats. If closer, one could induce stress thus having an overall 

negative impact. Considering that there are bats everywhere in the cave and that the highest 

point in the cave is only 9 meters high, there would be no way to be at more than 12 meters 

from each bats at the same time. Add to that the fact that most visitors don’t truly understand 

the nature and stress of bats in general.  

 

Moreover, humans entering bats’ caves can have many impacts, like compacting the sediment 

on the floor, bringing microorganisms detrimental to bats, introducing lint from their clothes, 

which later on becomes substrates and food for fungi and bacteria (Wynne & Dorst 2015). Not 

to forget, almost all human cave visitors bring with them flashlights and may take photographs 
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using flash, which highly affects the bats. Cardiff (2012) recommends not putting any lights at 

the bats so as to not disturb them, which is in accordance with Wynne & Dorst (2015). The 

latter says that the simple act of flashing a light on bats can disorientate them or even worse, 

make them leave the cave permanently. This behaviour has been observed even for mothers, 

thus leaving their offspring alone to die. Bats leaving bring a nutrient stress that shakes the 

whole environment in the caves (Wynne & Dorst 2015).  

 

Moreover, the high accumulation of garbage outside the cave and especially in the stream 

flowing through the cave is a huge problem, not only for the bats but most species. With 

accumulating garbage, there is high probability of chemical contamination of water. This 

encourages bacterial, viral and fungal development, which could affect bat population directly, 

or use bats as vectors to spread diseases to other organism, such as ourselves (Frick et al. 

2010) 
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Threats to bats by community 

 

Moving forward, it is interesting to see the community’s answer to question 8, seen below in 

annex 3.1, about the importance of bats. As seen above in figure 29, 54% of the answers 

suggested bats are of no use, while a further 11% suggest they only have negative impacts like 

sucking people’s blood and spreading diseases. This lack of knowledge of the community 

towards understanding the ecological importance of bats, which both directly and indirectly is 

important to us humans, is a threat to the bats. As long as this ‘wrong’ perception exists, it is 

going to be hard to convince people to conserve the bats and the cave. This lack of knowledge 

Figure 29: Pie-chart showing the community’s perspective as to why bats are important  
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about bats is more common than we previously thought, as Mickelburgh (2002) also mention 

misinformation as one of the biggest threat to bat conservation.  

 

We also heard of community members, especially kids waiting for bats to leave the caves at 

dusk, whilst they hit and killed them with baseball bats.  Not to mention the growing population 

around the cave, which increases the number of houses. This potentially increases the 

pressure on the ground, which then weakens the cave’s wall and may affect the bat’s roosting 

spots. Also, studies have suggested the bat’s echolocation is affected by the mobile signals, 

which disorient them (Speakman 1991).  

 

Lastly, commuters are constantly using the nearby highway, especially heavy traffic 

transporting material between Panama and Colón. This has serious air quality implications, 

with the emission of fossil fuel exhausts, which could have impact on the climate, especially 

abiotic factors such as temperature in the long run which could then affect the bats. 
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4.1 Recommendations for cave’s conservation 

The International Union for Conservation of Nature has recently started to make a ‘red list’ of 

ecosystem. Caves are a part of this and like all other ecosystems; they need continued 

research in order to understand the threats, their importance and finally ways to conserve 

them. The Chilibre Chilibrillo cave has potential to be a candidate for a long-term study now 

that research has been initiated. It can then be compared to other caves not only in the 

neotropics but the world in general. 

 

Furthermore, the comité Chilibre Chilibrillo needs to be more proactive in spreading information 

about the cave to the community. They need to take steps to stop people from entering and 

littering in and around the cave. 

 

Additionally, the comité along with the help of Autoridad Nacional del Ambiente de Panama 

needs to take efforts in stopping the spread of informal housing that is engulfing the cave and 

its adjoining area. Also, steps need to be taken to somehow manage the traffic on the adjacent 

highway, which causes high pollution levels. 

 

Lastly, the cave is present in the Chilibrillo community, which is surrounded by a many small 

communities, each generally with their own schools. We feel it is important to include an 

environmental education section in their system, to make them more aware of the problems 

that exist, especially in view of the cave. This would then hopefully make them more proactive 

in countering these and conserving their environment and its species. 
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4.2 Recommendation for future teams 

What we think should be done next year in order to continue the project would be a mix of 

ecological and social aspects. The first part of the project should be to gather more data on the 

bats by continued mist netting for reasons explained above (Section 3.3).  Considering that we 

caught bats in front of the cave from February to April and that students of the Universidad de 

Panamá will be catching bats from May to December, to continue the mist-netting next year 

again from January to April 2016 would give a broader point of view of the population of the 

caves.   

 

Another part of next year’s project would be to implement a social part. This could take the 

form of making an informative and interactive movie on the cave and its species, especially the 

bats. During the Chilibre Socio-environmental feria that happens every year in front of the cave 

(generally on world water day), we noticed that the people were interested in visiting the cave. 

Rather than having all these people enter and potentially damage the cave, showing them this 

movie and explaining the importance of bats and the cave would not only be more informative 

but more sustainable as well (more so because a lot of the people are attracted by the cave but 

don’t really know why bats are useful). 

 

Concerning tourism, an informative post could be made and thus placed in front of each 

entrance of the cave. This post could include information on the bat species roosting in this 

cave, the map of the cave, and give advices on how to visit (if that’s deemed allowed). This 

should include minimal flashing of lights at bats, no flash photography or presence of any 

signal emitting devices. 
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Lastly, as we noticed with the interviews, the community around the cave is inclined towards 

having the cave cleaned but to start it by themselves would be too big of a project. Hence we 

recommend starting a community-based project, in collaboration with comité Chilibre Chilibrillo, 

ANAM and SOMASPA to clean the inside and surrounding of the cave. This would include 

building a project feasible only by the community, not requiring external input. Also the 

students should try to recruit people that are willing to give their time and help this project from 

the community. In this community-based project, they could add at the same time an 

educational aspect. As previously mentioned, people living close to the cave do not know a lot 

about bats and are even misinformed on them. 

 

In conclusion, this project, that would potentially build on the pilot study conducted by us, 

especially with this vision, will be broad ranging. This would contain social, environmental and 

biological aspects that could be better studied if a team of 3 rather than 2 interns with diverse 

backgrounds could work on it. 
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6.0 Annex 1: Bachelor roost 

 

 

    

   
 
 
 
 
 
 
 
 
 
 
 

Figure 1: A Bachelor roost spotted in the Chilibre Chilibrillo cave, characterised by the 

distance between individuals. 
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Annex 2: Soil Classification 

 
 
 
 

Figure 4: Soil Classification of Panama according to the Atlas Ambiental released in 2010 by 

ANAM. As seen by the enlarged second image the Chilibre area has the TO-PA soil 

classification.  
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Figure 5: The Stalactites and other similar mineral formation inside the cave, primarily 

made of limestone (CaCo3) and other minerals, generally over long geological time  
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Annex 3.1: The Interview 
 
Información personal               -Nombre 

    -Edad  

    -Trabajo 

    -sexo 

    -cuanto tiempo hace que vive aquí 

    -Donde vive? (perímetro de las cuevas en Km) 

 

1. Que sabe sobre las cuevas? 

 

2. ¿Ha visitado usted las cuevas? 

 Si sí : ¿alguna vez guió a otras personas que visitan las cuevas? 

 

3. ¿Hay algunas problemas ambiéntales aquí? (SÍ/NO) 

Si sí: ¿Cuáles son?  

 

4. ¿Hay algunos problemas entre las personas y los murciélagos?  (SÍ / NO) 

 

5. ¿Alguna vez ha visto personas dañando al ambiente cerca de las cuevas? 

 

6. ¿Cual es el estado del turismo actualmente? 

 

7.  ¿Conoce la feria? 

 Si sí : ¿puede decirnos algunas cosas sobre ella? 
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8. Está usted a favor de la protección y conservación de las cuevas? 

 Porqué?  

  

Si sí: -¿como cree que va a cambiar la situación actual?  

-¿Qué cree usted que puede hacer la gente local para ayudar a la 

conservación de las cuevas? 

  -¿qué es la importancia de los murciélagos para Ud. y la comunidad 

 

 

9. ¿Preguntas? ¿Hay otras cosas que quiere a decirnos?  
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Annex 3.2: Certification of Completion for the Tri-Council Policy Statement 
for Research Ethics 
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Annex 4: Cave Dimension data 

section' Height'(m)'(every'5m)' width'(m)'(every'5m)'

1& 3.12& 1.82&

2& 2.59& 2.00&

3& 2.95& 2.95&

4& 3.00& 2.29&

5& 2.91& 2.39&

6& 3.11& 2.60&

7& 3.42& 4.00&

8& 2.39& 1.43&

9& 2.19& 1.24&

10& 1.98& 1.17&

11& 1.21& 1.31&

12& 2.30& 0.64&

13& 1.60& 0.61&

14& 1.72& 0.89&

15& 1.84& 1.46&

Height&01& 9.01& X&

Height&02& 5.50& X&
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Table no. 3:  Height and Width at every 5m distance along the ‘main’ path, marked 

with the red line on above figure 6 
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Annex 5: Cave Mouths 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 

Figure 11: Hand-drawn sketch of the dimensions of the two cave 

entrances 
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Figure 12: Picture of the main entrance to the cave. The secondary entrance is just to 

the left of this photo, on the other side of the rocks 
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Annex 6: Abiotic Factor Data 
 

Date&(jj/mm/yyyy)& 05/02/2015& 10/03/2015& 18/04/2015&
Time&when&tour&

started&& 11h00& 11h45& 11h30&

humidity&(%)&±&3%& 05/02/2015&X&11h00& 10/03/2015&X&11h45& 18/04/2015&X&11h30&
1& 65.9& 61.9& 67.6&
2& 68.2& 62.8& 66.6&
3& 72.2& 62.8& 67.3&
4& 73.0& 64.7& 68.2&
5& 75.8& 69.4& 73.8&
6& 79.4& 71.4& 75.8&
7& 78.5& 76.7& 76.9&
8& 79.0& 74.3& 78.3&
9& 80.6& 72.4& 79.3&
10& 84.3& 73.4& 83.1&
11& 83.2& 73.9& 83.2&
12& 86.0& 74.2& 82.1&
13& 83.9& 73.9& 82.8&
14& 82.7& 74.1& 83.9&
15& 83.3& 74.2& 85.1&
16& 81.7& 71.1& 80.5&
17& 83.0& 70.3& 80.3&
18& 84.6& 75.6& 80.2&
19& 80.8& 71.7& 77.8&
20& 77.0& 72.1& 73.9&
21& 71.4& 70.0& 73.7&
22& 80.0& 74.0& 76.5&
23& 83.4& 75.4& 79.4&
24& 84.2& 81.2& 82.7&
25& 83.6& 80.3& 85.9&
26& 83.3& 80.9& 84.1&
27& 83.2& 78.9& 78.9&
28& 82.7& 78.8& 76.8&
29& 81.0& 79.0& 75.2&
0& 65.4& 61.5& 68.9&

 

 

Table no.4: Humidity(%) data taken at every 5m points as can be seen from the figure 6 
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Date&(jj/mm/yyyy)& 05/02/2015& 10/03/2015& 18/04/2015&
Time& when& tour&
started&& 11h00&& 11h45& 11h30&

Temperature& (°C)& & ±&
1.0°C& 05/02/2015&X&11h00& 10/03/2015&X&11h45& 18/04/2015&X&11h30&

1& 30.1& 30.2& 31.6&
2& 29.9& 30.2& 31.6&
3& 29.6& 30.2& 31.4&
4& 29.2& 29.5& 30.6&
5& 29.2& 29.8& 29.9&
6& 29.0& 29.6& 29.7&
7& 28.8& 29.2& 29.3&
8& 28.6& 30.2& 29.3&
9& 28.2& 30.2& 29.0&
10& 28.1& 29.9& 28.7&
11& 28.3& 28.9& 28.6&
12& 28.5& 29.8& 28.3&
13& 28.3& 29.7& 28.2&
14& 28.2& 29.5& 28.0&
15& 28.6& 29.6& 28.3&
16& 28.3& 30.5& 28.5&
17& 28.1& 30.2& 28.3&
18& 28.0& 29.7& 28.5&
19& 28.0& 30.1& 28.5&
20& 29.8& 31.1& 28.5&
21& 30.5& 30.9& 29.6&
22& 28.7& 29.3& 29.9&
23& 28.3& 28.6& 29.3&
24& 28.0& 28.2& 28.3&
25& 27.8& 27.9& 28.2&
26& 27.9& 27.9& 28.2&
27& 27.2& 28.1& 28.7&
28& 27.5& 28.0& 28.7&
29& 27.3& 27.9& 29.0&
0& 30.6& 30.3& 31.4&

 

 
 

Table no.5: Temperature (oC) data taken at every 5m points as can be seen from the figure 6. 
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Date&(jj/mm/yyyy)& 05/02/2015& 10/03/2015& 18/04/2015&
Time& when& tour&
started&& 11h00& 12h05& 11h30&

altitude&(m)&&±&15m& 05/02/2015&X&11h00& 10/03/2015&X&12h05& 18/04/2015&X&11h30&
1& 79& 95& 79&
2& 79& 95& 79&
3& 79& 95& 79&
4& 78& 96& 79&
5& 79& 94& 79&
6& 79& 96& 77&
7& 79& 95& 75&
8& 79& 94& 75&
9& 79& 93& 74&
10& 78& 92& 75&
11& 78& 93& 74&
12& 77& 95& 74&
13& 76& 97& 74&
14& 79& 98& 75&
15& 81& 98& 77&
16& 81& 95& 77&
17& 81& 97& 77&
18& 81& 98& 77&
19& 81& 96& 78&
20& 82& 97& 78&
21& 82& 95& 78&
22& 83& 94& 78&
23& 81& 95& 78&
24& 82& 95& 78&
25& 81& 97& 75&
26& 80& 98& 75&
27& 85& 94& 78&
28& 85& 95& 79&
29& 84& 95& 75&
0& 79& 95& 79&

 

Table no. 6: Altitude(m) data taken at every 5m points as can be seen from the figure 6, the 

map of the caves, above. The middle data is probably an anomaly, probably because of the high 

uncertainty of the device 
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Date&(jj/mm/yyyy)& 05/02/2015& 10/03/2015& 18/04/2015&
Time& when& tour&
started&& 11h45& 12h05& 11h30&

pressure& (hpa)& ±&
1.5hpa& 05/02/2015&X&11h45& 10/03/2015&X&12h05& 18/04/2015&X&11h30&

1& 1003.2& 1001.0& 1003.8&
2& 1003.3& 1001.2& 1003.8&
3& 1003.3& 1001.2& 1003.9&
4& 1003.4& 1001.2& 1003.8&
5& 1003.4& 1001.4& 1004.0&
6& 1003.3& 1001.2& 1003.9&
7& 1003.4& 1001.5& 1003.9&
8& 1003.3& 1001.6& 1004.0&
9& 1003.4& 1001.6& 1004.0&
10& 1003.4& 1001.6& 1004.1&
11& 1003.4& 1001.5& 1004.1&
12& 1003.5& 1001.4& 1004.1&
13& 1003.6& 1001.4& 1004.2&
14& 1003.3& 1001.4& 1004.0&
15& 1003.1& 1001.4& 1003.8&
16& 1003.0& 1001.3& 1003.7&
17& 1002.9& 1001.5& 1003.7&
18& 1002.5& 1001.5& 1003.7&
19& 1002.8& 1001.5& 1003.7&
20& 1002.8& 1001.5& 1003.7&
21& 1002.8& 1001.4& 1003.7&
22& 1002.8& 1001.5& 1003.6&
23& 1002.8& 1001.5& 1003.5&
24& 1002.8& 1001.5& 1003.5&
25& 1002.8& 1001.5& 1003.7&
26& 1002.8& 1001.6& 1003.7&
27& 1002.9& 1001.4& 1003.5&
28& 1002.9& 1001.4& 1003.5&
29& 1002.9& 1001.4& 1003.5&
0& 1003.2& 1001.0& 1003.7&

Table no. 7: Pressure (hPa) data taken at every 5m points as can be seen from the figure 6.  
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Date&(jj/mm/yyyy)& 05/02/2015& 10/03/2015& 18/04/2015&
Time& when& tour&
started&& 11h45& 12h05& 11h30&

airflow&(m3/s)&±&3%&of&
reading&

05/02/2015&X&11h45& 10/03/2015&X&12h05& 18/04/2015&X&11h30&

1& 0.0& 0.0& 0.0&
2& 0.0& 0.0& 0.1&
3& 0.0& 0.0& 0.0&
4& 0.0& 0.0& 0.0&
5& 0.0& 0.0& 0.0&
6& 0.0& 0.0& 0.0&
7& 0.0& 0.0& 0.0&
8& 0.0& 0.0& 0.0&
9& 0.0& 0.0& 0.0&
10& 0.0& 0.0& 0.0&
11& 0.0& 0.0& 0.0&
12& 0.0& 0.0& 0.0&
13& 0.0& 0.0& 0.0&
14& 0.0& 0.0& 0.0&
15& 0.0& 0.0& 0.0&
16& 0.0& 0.0& 0.0&
17& 0.0& 0.0& 0.0&
18& 0.1& 0.0& 0.0&
19& 0.1& 0.0& 0.0&
20& 0.0& 0.0& 0.0&
21& 0.0& 0.0& 0.0&
22& 0.1& 0.0& 0.0&
23& 0.0& 0.0& 0.0&
24& 0.0& 0.0& 0.0&
25& 0.0& 0.0& 0.0&
26& 0.0& 0.0& 0.0&
27& 0.1& 0.0& 0.0&
28& 0.0& 0.0& 0.0&
29& 0.0& 0.0& 0.0&
0& 0.1& 0.0& 0.1&

 

Table no. 8: Airflow (m3/s) data taken at every 5m points as can be seen from the figure 6, the 

map of the caves, above.  
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Date&(jj/mm/yyyy)& 05/02/2015& 10/03/2015& 18/04/2015&
Time&when&tour&

started&& 11h45& 11h45& 11h30&

Velocity&(m/s)&±&3%&of&
reading&starting&at&0,4&

05/02/2015&X&11h45& 10/03/2015&X&11h45& 18/04/2015&X&11h30&

1& 0.0& 0.0& 0.0&
2& 0.0& 0.0& 0.7&
3& 0.0& 0.0& 0.0&
4& 0.0& 0.0& 0.0&
5& 0.0& 0.0& 0.4&
6& 0.0& 0.0& 0.0&
7& 0.0& 0.0& 0.3&
8& 0.0& 0.0& 0.3&
9& 0.0& 0.0& 0.0&
10& 0.0& 0.0& 0.0&
11& 0.0& 0.0& 0.0&
12& 0.0& 0.0& 0.0&
13& 0.0& 0.0& 0.0&
14& 0.0& 0.0& 0.5&
15& 0.0& 0.0& 0.0&
16& 0.4& 0.0& 0.0&
17& 0.0& 0.0& 0.0&
18& 0.7& 0.0& 0.3&
19& 0.7& 0.4& 0.0&
20& 0.0& 0.0& 0.4&
21& 0.0& 0.5& 0.0&
22& 0.7& 0.0& 0.0&
23& 0.0& 0.0& 0.0&
24& 0.0& 0.0& 0.0&
25& 0.0& 0.0& 0.4&
26& 0.0& 0.0& 0.0&
27& 0.6& 0.0& 0.4&
28& 0.4& 0.5& 0.3&
29& 0.0& 0.0& 0.0&
0& 0.4& 1.4& 0.7&

 

Table no. 9: Air velocity (m/s) data taken at every 5m points as can be seen from the figure 6, 

the map of the caves, above.  
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Annex 7: Roosting count maps 

 
 
 
 
 
 
 
 

Figure 13: Bat roosting map for 12th February 2015  
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Figure 13: Bat roosting map for 10th March 2015  
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Figure 13: Bat roosting map for 18thApril 2015  
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Annex 8: Mist netting bat data 
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Annex 9: Bat Species 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 24: Carollia perscipillata 

Figure 23: Artibeus jamaicensis 
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Figure 24: Glossophaga soricina 

perscipillata 

Figure 26: Phyllosthomus discolor 
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Figure 25: Phyllothomus hastatus 

perscipillata 

Figure 26: Pteronotus gymnonatus 
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Figure 27: Uroderma bilobatum 

Figure 28: Pteronatus personatus 


