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1. Introduction

1.1. Climate structure in Costa Rica and the study site

Costa Rica, situated well within the tropical belt, displays 12 different
lifezones within the country, namely: Tropical Dry Forest, Tropical Wet
Forest, Tropical Moist Forest, Premontane Moist Forest, Premontane Wet
Forest, Premontane Rain Forest, Lower Montane Moist Forest, Lower
Montane Wet Forest, Lower Montane Rain Forest, Montane Wet Forest,
Montane Rain Forest and Subalpine Rain Paramo (Kohlmann, e ta |
2010). The northern part of the Atlantic coast, in particular the area around
Tortuguero, Limon, is characterised by a wet climate without
distinguishable wet and dry seasons (Lewis e ta 12010). This is in line
with Kdppen-Geiger's categorisation of wet rainforests, where
precipitation never drops below 60 millimetres per month (Peel e ta |
2007). While precipitation peaks twice in a year around the months of July
and November/December, average monthly temperatures vary only by a
few degrees. In the case of the Limon region, average minimum
temperatures fluctuate between 21-23°C and average maximum
temperatures between 29-31°C (taken from IMN 2013). Tortuguero
National Park and Barra del Colorado Wildlife Refuge, both tropical wet
forest sites near the Caribbean coast, comprise primary and secondary
rainforest and are located close to fresh water streams (Lewis e ta 12010
and Hulatt, unpublished report). Wildlife thrives within the two nature
conservation establishments and offers good grounds for research

opportunities that could link biodiversity with climate change.

Climate changes across the globe are becoming a more and more serious
concern for ecosystems due to the implications they bring. Some
examples for the tropics include habitat loss due to sea level rise,
increased exposure to tropical storms, migration shifts due to higher
temperatures, as well as habitat isolation and fragmentation leading to
local species extinction (McNamara 2010; Jones e t 2809;.Kappelle e t
a 11999; Jenkins e t 1892). For instance, climate change studies for

Costa Rica have shown an upwards trend in temperature and an increase
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in rainfall extremes over the past 40 years (Aguilar e ta 12005; Vargas
and Trejos 1994). It is therefore interesting to see whether biological
indicators can be found that act as early warning systems of climate

change for the country.

1.2. Forest cover over time

Forests play a key role in controlling the climate on Earth due to their
capacity to trap carbon dioxide and ground water as well as their cooling
properties (Soares-Filho et  2010). On top of that, rainforests, in
particular, offer refuge to a wealth of species, making them indispensable
for the conservation of biodiversity (McNamara 2010). Figure 1, p.5
provided by UNEP/Grid-Arendal (2008) shows the change in Costa Rica's
forest cover over 65 years (1940-2005). It clearly demonstrates a negative
trend in forested surface area until the 1990s. While forests still comprised
72% of the country's surface in the 1950s, they were reduced to a mere
26% in 1994 (Cole 1994). Bergoeing (1998) produced even more drastic
results from 80% to 20% in 50 years. However, this tendency is reversing
as indicated on the map of 2005. It reflects on Costa Rica's effort to
improve its environmental status and these measures are a requirement
to halt negative climate and biodiversity trends. Long-term studies will
show whether these efforts will actually reflect positively on the ecological

health of the country, potentially acting as role models for other nations.
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1.3. Environmental Performance Index of Costa Rica

The Environmental Performance Index (EPI) is a measure to compare
countries according to ecosystem vitality and environmental public health
covering the categories Environmental Burden of Disease, Water, Water
Resources, Air Pollution, Biodiversity and Habitat, Forestry, Fisheries,
Agriculture, and Climate Change. The EPI 2012 ranks Costa Rica at fifth
place in the world compared to the third place in 2010 categorising it still
among the strongest EPI performers globally. However, both the EPI trend
and Costa Rica’s ecosystem vitality are decreasing. This is largely due to
poor marine protection. In fact, in terms of forest cover Costa Rica ranks
number one in the world and its forestry policy can be seen as a prime
model for other countries (YCELP 2012). Once again, bioindicators could
play a key role in detecting both positive and negative changes in

ecosystem vitality.



1.4. Bats form an integral part of Costa Rica’s Biodiversity

Costa Rica, a bottleneck site for migratory animals due to its tropical
location along a funnelling migration corridor between North and South
America, harbours a wealth of resident and vagrant species making it a
hotspot for biodiversity. More than five per cent of all species in the world
can be found in an area that covers 0.03% of the planet’s surface (INBio
— Costa Rica 2013). Among this diversity the largest group of mammals
in Costa Rica can be found — bats. They make 110 of the 210 native
mammal species and have a very versatile ecology (Rodriguez-Herrera
e ta 12011). As an example of their ability to adapt to their environment,
bats use a variety of roosts from caves, abandoned buildings to tree

hollows, branches and even constructed leaf tents.

1.5. Tent-roosting bats

The ability to build tents out of large leaves to form a shelter co-evolved
in two parts of the world. While the Paleotropics only hold few species,
the majority of tent-making bats?! is distributed between Mexico and

Argentina in the Neotropics (17 out of 21 spp. worldwide).

Costa Rica is an ideal study area for tent-roosting bats as 10 out of 17 of
these neotropical specialists can be found widely distributed in the
country 2 and much research has already been conducted there

(Rodriguez-Herrera e ta |1 2006). All of these ten species belong to the

1The term “tent-making” has been replaced by “tent-roosting” in this thesis, since it is not absolutely
clear whether all bat species found under these tents actually always construct them themselves
(Rodriguez-Herrera e t  280i7).

2Jamaican Fruit-eating Bat (Ar t i b e us j), deast coocerm (G);SThomas' Fruit-eating Bat
(Ar t i beus) L@aPysny Rruit-eating Bat (A . p h & &@ fTaltec Fruit-eating Bat (A .
t ol t)éuatpreb notin Tortuguero as highland sp.), LC; Honduran White Bat (Ect o p hy),

Near Threatened; Heller's Broad-nosed Bat (P | at yrr hi h@$e dmalk i @ g rBoader ma

bil ob,d€; MaeConnell'sBat(Mesophyl | a )ni&;dNorthermLétle Yellow-eared Bat
(Vampyr ess § LG 8typednYellow-eared Bat (Vampy r es s a )nbe iRodrigueza
Herrerae t 2807,.JUCN 2013).
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leaf-nose (Phyllostomidae) family and their diet consists mainly of fruit
(Rodriguez-Herrera e fa 12007).

Apart from the species-specific echolocation, tent-roosting bats are
usually identified by their teeth/mouth, nose/ear shape and colour as well
as body length and colouration (including striping) (Eisenberg 1989).
However, much can also be said about the bat species by the
characteristics of the roosts. Such characteristics include altitudinal
location, forest type and at which stratum level they can be found, the type
of tent constructed, the leave shape, size and sturdiness and the plant
species used (Rodriguez-Herrera e fa 12007 and Kunz and Fenton 2005).
All these factors aid in identifying the often very physically similar bat

species. This study focuses on leaf tents of the lower strata.

1.6. Tent ecology
1.6.1. Why leaf tents?

In terms of longevity, tents are the least stable housings and a lot of time
and energy are invested to keep building them. However, the cost of tent
construction must pay off. The energy expenditure of roost-building is
costly, but bats can afford constructing tents probably because the tropics
offer stable warm temperatures and so much food, i.e. energy that the
bats can optimise their roost even at a greater price. The advantage of
roosting in tents is that they offer protection against predation,
ectoparasites, sun, rain and winds, plus they help regulate body
temperature especially in juveniles (Stoner 2000; Stuckey 2009). More
importantly, they offer flexibility due to abundance of plant sites, and the
ease at which they can be built wherever needed in the forest. Traditional
roosting sites, such as caves are moreover rarer to find in the tropics
(Kunz 1994). This means these roosting sites are much easier to establish

and the roosting range can be more adjusted to the needs of the animals.



1.6.2. Limitations and roost specificity

The architecture is limited to certain plant species with large leaves and
follows currently eight tent structures according to Rodriguez-Herrera e t
a .1(2007). So far, in the Neotropics more than 80 different plant species
have been identified that have leaves modified into tents (Kunz 1994).
The main plant families are listed in Table 1, p.9. The Costa Rican bat
species that roost in tents construct all of the defined tent types, namely
apical, bifid, boat/apical, boat, conical, paradox, pinnate and umbrella3
(Rodriguez-Herrera e & .12007). Height, age and angle of the leaf are also

important factors for the roost selection (Nawrocki 2012; Stoner 2000).

1.6.3. Species specificity

Since every species varies in the tent types they can build or camp in,
determining the tent type can aid in narrowing down the identification of
the bat that created the tent even in its absence (see Table 1, p.9). For
example, while Ec t o p h y | dn absdute [sgegialist in every sense,
mainly modifies He | i cleawes mto boat tents relatively low to the
ground,Ur oder ma Ubsifdura latdahe opposite side of the roosting
scale. This species uses seven out of eight tent structures and a myriad
of plant species at different strata to roost under. Moreover, Nawrocki
(2012) discovered that V. ny mpsn@veda the most selective
preference for plants that were farther away from all surrounding trees
and for plants that were of greater height, while A . w a tisplayed a
preference for fewer trees in the surrounding area and taller plants. It is
suggested that the animals use different tents during the night when they
forage to the ones they occupy during the day when they sleep. This is
likely a strategy to hide the day roosting sites where they are more
vulnerable to predation (Boinski and Timm 1985).

3 For more detailed structural information on these tents, Rodriguez-Herrera e t . 2807 should
be consulted.



Tablel: Roost specificity of tembosting bats of Costa Rideor each Costa Rican teoosting bat,

the table shows the name and number of tent types they construct, at which stratum level they are built,
the number of plant species modified and which main plant families they b@lemgctdes: Ap =

Apical, Bi = Bifid, Bo = Boat, B/Boat/Apical, Co = Conical, Pa= Paradox, Pi = Pinnate, Um = Umbrella.
Extracted from Rodrigueterreragtal. (2007.

no. no.
Bat sp./ roost speci- | tent stratum plant

ficity types | tent type | level spp. | main plant families
Artibeus Ap, B/A, Araceae; Arecaceae
jamaicensis 4 Um, Pi lower canopy | 5

Artibeus watsoni 5 Ap,Bo,A/ | understorey, | 42 Araceae; Arecaceae;

B, Bi, Um | lower canopy Cyclanthaceae; Heliconi-
aceae; Marantaceae; Me-
lastomataceae; Moraceae;
Musaceae; Piperaceae;
Rubiaceae; Urticaceae

A. phaeotis 3 Ap, Bo, Bi | understorey | 4 Araceae; Arecaceae; Heli-
coniaceae
A. toltecus 1 Ap understo- 1 Araceae
rey/ lower
canopy
Ectophylla alba 1 Bo understorey | 8 Heliconiaceae; Maran-
taceae
Platyrrhinus helleri 1 Co lower canopy | 1 Asteraceae
Uroderma 7 Co, Um, understorey, | 18 Araceae; Arecaceae;
bilobatum Pi, Bi, Ap, | lower canopy Cyclanthaceae; Gentia-

Pa, Bo niaceae; Heliconiaceae

Mesophylla 3 Bi, Pa, Ap | understorey 6 Araceae; Arecaceae;

macconnelli Cyclanthaceae

Vampyressa thyone 1 Ap understorey/ 4 Araceae; Polygonaceae
lower canopy

Vampyressa 1 Um lower canopy | 2 Araceae

nymphaea

1.6.4. Organisational structure of tent-roosting bats

Bats create these refuges by biting through different parts of plant leaves
as described by Rodriguez-Herrera e ta | (2007). The construction is
linked to harem building, as usually one male is found with several
females under the tent (Kunz and McCracken 1996). The current



hypothesis is that females choose males according to the roost suitability
of the tents. One to several individuals can be found hanging under these
tents and group sizes and composition depend on the species, the
strength of the leaf as well as the productive cycle of the bats. Harem
sizes are larger during gestation and lactation and reduce in size between
the bimodal reproductive rhythm of this bat group (Kunz and Fenton
2005).

1.6.5. Roost fidelity and home range

Home range and roost fidelity are species specific and even though roost
fidelity of individual tents is not very high with this kind of roost (in
comparison to more stable ones such as caves), bats tend to be more
committed to certain roost areas (Kunz and Fenten 2005). In fact, foliage
roosting species are more likely to show low roost fidelity than other tree
roosting species. It is worth noting that measurements across the season
may thus be impractical (Lewis, 1995). Home range differs not only
amongst different species, sex and age but also according to the
availability of food sources and host plant variety (Chaverri e ta 12007b;
Lewis 1995). The species Ar t i b e u s, fomexample was found to
cover an area of 3.6 hectare, which is the smallest home range among all
recorded bat species in Costa Rica (Chaverri e ta | 2007b). Moreover,
bats that camp in tents use alternative types of roosts as well. These
include caves, mines, tunnels, culverts, hollow trees and foliage such as
unmodified banana leaves (Rodriguez-Herrera e ta | 2007). Future
research projects could investigate under which conditions are sought
and what kind of individuals (e.g. sub-adults, females, males) deviate from

these alternate roosts the most.

1.7. Threats and the response to them

Increasing threats to neotropical ecosystems in Costa Rica include mainly
habitat destruction, deforestation and de-fragmentation (Rodriguez-
Herrera e ta | 2007), but in addition direct persecution, introduced

species, pesticides and pollution, including water deterioration, climate

10



change, increasing natural disasters, wind turbines, and disease (Kunz
and Fenton 2005; Jones e t 2809). In fact, as previously mentioned,
Bergoeing (1998) documented that forest cover was drastically reduced
within a 50-year time frame from 80% initially to 20% in the late 1990s.
Long-term studies on climate change, where temperature and
precipitation were measured over a 30-year time period, showed a
significantly negative trend in precipitation for 75% of Costa Rica
according to Vargas and Trejos (1994). It means that the country has

become drier already.

In the fight for survival, bats have two options to adjust to such disruption.
They either move elsewhere or they adapt to the newly found living
conditions. Thus, three scenarios are expected to occur. First, in case of
translocation, species compositions of tent-roosting bats would shift away
from the threat, i.e. a reduction in local bat diversity (LaVal 2004). Of
course, this corresponds to encountering these species in new habitats,
as demonstrated by LaVal (2004). Second, in terms of adaptation, bat
species that managed to adjust to the newly found conditions, are
encountered in greater abundance. And finally, a combination of both:
fewer species inhabit the disturbed site but the ones that do have
conquered the area. Several studies (Gorresen, and Willig 2004; Fenton
et .1892; Jones et 2809;.Wiliget 2807;Pedersenet 2809;.
Adams 2010; Kappellee t  1899;.Frick e t 281R2; Medelline t 2800).

already prove this behaviour.

Jones et (2A0D9) suggested the following responses to occur in bat
species affected by climate change in the Western Hemisphere: different
hibernation behaviour due to temperature rises; higher mortality in
relation to extreme drought, heat, cold and rainfall; population declines
caused by a rise in tropical storms and; altered roost behaviour and loss
of habitat in response to sea level change. If this report proves that
climatic factors influence the roost behaviour of tent-roosting bats, it could

aid in population predictions for this group of mammals in future.

11



1.8. Environmental indicators

According to Holt and Miller (2011), biological indicators are defined as
“... biological processes, species, or communities ... used to assess the
quality of the environment and how it changes over time.” However, there
is a difference between biodiversity, ecological and environmental
indicators. Environmental indicators respond in predictable ways to
specific environmental disturbances. The choice of bioindicator depends

on the area that needs to be monitored (Jones e t 28009).

Certain criteria determine whether biological processes, species or
communities are suitable as bioindicators. They need to possess good
indicator abilities, meaning they respond measurably in a graded
response and proportionately to negative changes in their environment
and these responses must reflect the general shift in the community they
belong to. Using a graded response system portrays more clearly the
severity of a threat (Jones e t 2809). Secondly, the indicators must be
common and abundant and easy to be sampled in order to retrieve
statistically viable results that are economically produced (Jones e t
2009). Thirdly, they need to be previously well studied so taxonomy and
general species characteristics are well known and can be distinguished
from oddities due to environmental changes (Holt and Miller 2011; Jones
e t 28009). Moreover, the bioindicators must act as surrogates for other
species by corresponding in the same or similar way as also these
species would (Jones et 2009). And finally, they ought to be
economically important in order to prove the value of conserving the
habitat they live in (Holt and Miller 2011).

1.8.1. Are tent-roosting bats suitable biological indicators?

Following the above mentioned criteria, it can be demonstrated that bats
are potentially suitable to make prediction on environmental changes.
First of all, the Costa Rican tent-roosting bats of the Phyllostomidae family
play a crucial role in seed dispersal in the tropics of the Americas, as they
are all f rugi (Melo e sa | 2009). This means they have a high

12

al



economic value for the country. Phyllostomidae are often food specialists
occupying particular niches in the neotropics (Jones e t  2809). This
makes this bat family a suitable study group, as much can be said by the

composition and abundance of the individual species.

In addition, bats are the most diverse mammal group in Costa Rica and
they can be found in abundance throughout the different ecosystems.
While some tent-roosting bats are still poorly understood, others like A .
wat santdhA.] amai caeemelli studied. For instance, Pedersen e t
a 1(2009) give an example of the responseof A. ] a mato lduericarel s
Hugo in 1989, comparing the roost behaviour before and after the storm.

In this case, the dominating frugivore A . ] a ma onty eeteéres
poorly from the devastation and thus hadtoletBr achyphyl | a cavernar
that came around quicker take over the terrain. This means that changes
from their normal behaviour could be easily identified. In terms of
measurable responses, the example above of Pedersen e t  (2009)
demonstrates how changes in roosting behaviour can be linked to altered

abundance of other species.

It is also noteworthy to mention their taxonomic stability, which will deliver
coherent results over a longer time span, as each species can be clearly
identified. One more plus point is that bat data can effortlessly be
collected for different structural levels, e.g. for populations, social groups
or individuals. Rapid population drops from stressors due to a slow
reproductive rate and thus poor recovery can easily be identified. This

reproductive trait further reduces any statistical noise (Jones e t 2800).

Moreover, as vectors of many diseases, bats might contain higher levels
of antigen loads due to stress, which can easily be measured in the
laboratory. However, this stress is not necessarily caused only by climate
change but only a generic sign of distress (Jones e t 2800).
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1.8.2. Biodiversity Indicators

Disturbance of the roosting sites of tent-roosting fruit bats reflects
negatively on plant abundance dispersed by these bats in the proximity
of the feeding area (Melo e & 12009). Chaverri e ta 1(2007a) discovered
that roost fidelityin Ar t i b e u swasvettveryohigh in areas with plant
species abundance but increased where plant availability was reduced.
Therefore, tent occupancy might be a good indicator of forest health and
monitoring bat prevalence could be an easy measure to understand their

ecology and consequently assess the need for conservation action.

1.8.3. Link to climate change

Effects due to climate change occur slowly and can interact with other
stressors making a clean analysis difficult (Kappelle e t 1899). A study
in Great Britain (Menendez et  2006) discovered that changes in
species richness and composition of butterflies followed changes in
climate but only with a much delayed response. In that research project,
it became apparent that generalists took over, as they adapted the
quickest to the altered environment. Another study by Jiange t (2010)
demonstrated that bats in China reacted sensitively to changes in

humidity and thus climate alterations.

Enquist (2002) developed climate change models for the tropics that
predict that the tropics are less sensitive to climate change than
temperate zones, since the temperature is less likely to rise. However, if
it does, coupled with changes in precipitation, the two climate factors will

have a more drastic effect on tropical ecosystems.

LaVal (2004) already verified adjustments in habitat selection of tent-
roosting bats due to rising temperatures in the Monteverde Cloud Forest
of Costa Rica over the course of 27 years. Species, that were previously
more common in lower altitudes, were increasingly captured in this area,
which showed a rise in temperature from 14.6°C in 1989 to 16.9°C in
2002. This could be linked to altitudinal habitat adaptation due to climate

change. Ecotones and transitional areas of lifezones, for instance, are
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ideal locations to study climate change indications (Kappelle e t 18909).
But further research is needed to better understand the normal responses
and preferences of tent-roosting bats in terms of weather. With regard to
the evidence that tent-roosting bats deem to be good environmental
indicators, one more reason to pursue this monitoring approach has to be
considered. Many bat populations are declining, threatening the existence
of their species, and thus require increased attention in order to

understand and mitigate the threats they face (Jones e & 12009).

If it can be proven that tent-roosting bats are in fact affected by the factors
investigated in this study and for the area, they could also serve as climate

change indicators for wet tropical lowland forest in the future.

1.9. Vegetation structure of the site

The study area is situated on the grounds of the Biological Station Cafo
Palma owned by the Canadian Organization for Tropical Education and
Rainforest Conservation (COTERC). Found in the North East of the
country, 250 metres from the Caribbean coast (Myers 1981), it consists
of relatively undisturbed secondary forest with the largest part being
Troolie Pam (Ma ni ¢ ar i a)daminated iswamp farest (67.8%). The
remaining two forest types are Edge (3.6%) and Transitional Forest
(28.6%) (Lewis e & 12010). The grounds are bordered by the Cafo Palma
canal to the East and secondary forest of the Barra del Colorado Wildlife
Refuge to the North and West of the station grounds and to the South by
the National Park of Tortuguero (Lewis e t  2810,. Hulatt unpublished
report)

The station forest has in the past been cleared, which means that the
secondary vegetation is still in transition (Lewis e ta | 2010). The co-
founder of the Biological Station, Marilyn Cole (1994), reported that the
land was previously owned by squatters that cleared the area for logging
and allowed poaching on the lands. These activities ceased after the
acquisition and monitoring by COTERC in 1991, giving an account how

young the secondary forest is. In fact, Hulatt (unpublished report) reported
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that most trees were less than 60 years old. Since the foundation of the
biological station, only scientific research was conducted on the grounds
and occasionally timber was taken from already fallen trees to use at the

station (Cole 1994, personal communication).

Smit (2012) concluded that presence of bat tents is higher in primary
forest but that secondary forest also plays a role in habitat refuge of these
bats. Species suchas Ar t i b e u sactwsapioseersimn swamp forests
and take advantage of the difficulty of their peers in adapting to this
habitat. This study focuses on secondary forest, which forms a large part
of tropical rainforest in Costa Rica at present (Brooke 1990; Kohlmann e t
a 1 2010). Apart from the meteorological data comparison, it will give

further insight in habitat tendencies of tent-roosting bat species.
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2. Objectives/ Hypotheses

To compare distribution of tents and occupancy of tent-roosting bats in
relation to precipitation, temperature, forest type and distance to the canal
at Cafio Palma Biological Station, Limon, Costa Rica over the course of
51 days in the second quarter of 2013. This aimed to determine whether

tent-roosting bats were suitable bioindicators for climate change.

2.1. Null Hypotheses:

1. Tent abundance during the months of April and May is not
significantly influenced by any of the following factors

a. temperature

b. precipitation
2. Tent occupancy during the months of April and May is not
significantly influenced by any of the following factors

a. temperature

b. precipitation
3. The distance at which bats build tents away from the canal during
the time of the study is not significantly influenced by tent height and/or

forest type.

2.2. Aim of the study

This study aimed to bring further insight into the ecology of tent-roosting
bats. In particular, it meant to reveal whether there was a significant
difference in roost occupancy and distribution patterns at times with varied
degrees of daily precipitation and temperature. It was interesting to see
whether roosts and their location showed a different pattern throughout
the year. In particular, whether there was a significant difference between
tent type abundance, percentage of tent occupancy and relative distance
to the canal. The focus lay hereby in the more relevant and fine-tuned
day-by-day changes rather than monthly nuances to investigate further
behavioural patterns of tent-making bats according to daily weather
changes.
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This insight could possibly aid in qualifying certain bat species as
biological indicators, and thus, potentially increase the value of this
specialist group (Medellin e t  2800). Consequently, identifying early
warning mechanisms will benefit not only the monitoring of tent-roosting
bats but also the habitats they frequent and a myriad of organisms that

share the same living space.
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3. Methods and Materials
3.1. Initial method rationale

Before arriving in Costa Rica, a different project was proposed according
to the information provided by the research station. The idea was to study
the bat ecology of the two rainforest transect sites of the biological station,
one affected by a human settlement nearby and the other one less
disturbed on the station grounds. It was planned to compare the two sites
according to bat abundance, occupancy and species composition, and
then make conclusions in relation to human disturbance. However, once
the two sites were inspected it became apparent that they differed in
several factors that would cloud the actual research (see information
provided under Section 3.2.1. below). Moreover, it was difficult to find a
method to quantify the human disturbance and therefore an ad hoc

alternative had to be found.

The research site was surrounded by protected areas and was meant to
be conserved and given the opportunity to recover from the deforestation
the country suffered over the past few decades (see Figure 1, p.5).
Hence, focussing on a topic such as finding bioindicators for climate
change and biodiversity aimed to create a strong case for future
conservation rationale. Tent-roosting bats and their roosts were chosen
as test objects because they were abundant and easy to spot. The
information on bats as bioindicators, provided in the introduction, should

clearly demonstrate why they were suitable for this project.

3.2. Site selection

On arrival in the study area, the two available mammal transects were
inspected, which were based on either side of the Cafio Palma canal (see
Figure 3, p.23) that flows from North to South into the Rio Penitencia (Cole
1994; Hulatt, unpublished report).
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3.2.1. The first potential study site

The first transect (Cerro) was situated near the village of San Francisco
de Tortuguero and consisted of mainly primary forest growth. The transect
circumvented an inactive volcano, hence it was slightly elevated with a
slope on one side. The increased elevation made it drier and less likely
flooded than the second study site (CPBS), level with the station grounds.
Also, the vegetation of the Cerro transect was more diverse and denser
then the CPBS transect, probably partially due to the volcanic soil and
forest type.

The CPBS study area is described in detail in the introduction (see

Section 1.9. Vegetation structure of the site).

3.2.2. Comparison of the two transects for research suitability

Surveying both transects several times prior to the actual thesis work,
provided an interesting insight — there were far fewer bat tents detected
in this primary forest than in the secondary forest across the canal (see
Raw Data in Appendix A2, p.58). This might have been partly influenced
by the lower visibility through the denser vegetation. This observation was
reinforced by the data from the mammal survey of the biological station
recorded for the past eleven months (see Figure 2 p.21) with a much
greater abundance of bat tents at the CPBS transect (Hulatt, unpublished
data). Higher elevation, a very different terrain relief due to the
surrounding mount, the vicinity of a small village as well as the shape of
the transect could have played a role in the changes of tent abundance.
While the CPBS transect followed a relatively parallel path along the
canal, the Cerro transect formed a horseshoe shape leading away from
the canal; again introducing another factor that would have needed to be

considered if this transect had been selected.
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Figure2: Preliminary site selection: suitability according to tent availability across ten
months. The blue bars show tents at the transect Cafio Palma Biological Station (CPBS),

the red bars show those of the Cerro transect.

3.3. Initial data collection

After this preliminary site selection process, tents were counted and their
location was recorded along the existing CPBS transect, 1,050 metres in
length. At the same time, weather data was taken at the biological station,
measuring among other data, daily temperature and precipitation. The
transect led through a secondary lowland rainforest on a relatively flat
plain west of the canal Cafio Palma. This area is situated in Barra del
Colorado Wildlife Refuge near the Caribbean coast of Costa Rica. Eight
out of the ten Costa Rican tent-roosting bat species have previously been
sighted on the grounds of Cano Palma Biological Station with the two
missing species beingVampyr es s andiMeysompd y | | a
(COTERC 2010).

3.4. Main survey
3.4.1. Background on sampling rationale

Tent-roosting bats like nearly all other bats are primarily nocturnal but they
use the tents both during the day and the night. Mulcahy (1993)
discovered that diurnal resting roosts differ from the feeding roosts at
night. This is likely to be a strategy to deter potential predators that spot
the food or faeces droppings underneath the nocturnal tents from the

21

macconnel



diurnal tents when bats rest in a stupor and therefore more vulnerable.
Despite their general inactivity during the day, tent-roosting bats
occasionally move during daylight, but the least in the early mornings
(personal conversation with the research staff of the biological station;
Mulcahy 1993). This means collecting data at different times of the day

provided a more evenly distributed overview of tent occupancy.

3.4.2. Survey protocol

During the day, a twenty-metre wide corridor along the transect was
searched three times a week for tents at different vegetation levels
excluding the canopy. Temporal gaps of a few days between visits aimed
to reduce the disturbance of the tents and the bias of fleeing animals. In
addition, the surveys took place at different times of the day (early
morning, late morning and afternoon) in order to minimise biased

sampling.

The coordinates together with the accuracy were recorded on a GPS map
to mark the location of the tent and to show distribution patterns (see
Figure 3, p.23). In addition, tents were marked with a red tape to improve
visibility and checked regularly for occupancy*. This ensured consistency
in data collection and guaranteed, together with the GPS coordinates and
the tent height, the correct identification of the tent. During the individual
survey runs, a maximum of five percent sampling error was allowed in
order to cater for tents that could not be found. The height at which the
tent was found was recorded up to 2.20 metres and marked as > 2.20 m
when it exceeded this height. In addition, the type of tent (conical, bifid,
boat, pinnate, umbrella, apical, paradox, boat/apical) was determined
according to the field guide by Rodriguez-Herrera, e & 1(2007). Tent type
and occupancy, plant species, numbers of individual animals per tent and
the bat species (as closely as possible without handling the animal) was
noted on a recording sheet. When a tent showed weathering signs, e.g.
torn or disintegrated leaves, it was declared dead/ or inactive and not

4 When bats were encountered under a tent, taping the stem was postponed in order to not disturb
the animals.
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recorded thereafter.

In addition, weather conditions at the time of the survey were recorded on
a scale from one to four (1 = sunny, 2 = overcast but no rain, 3 = light to
moderate rain, 4 = heavy rain, harsh weather). The observation lasted 51
days, canvassing the site three times a week in order to record roost

changes over time.

N
W E

Canal Cano Palma

Biological Station Cafio Palma

V,.J""“‘uf'
i /’\_7“

\ Transect Cerro

Figure3: Distibution of the surveyed bat tents. Tents in Wie located in the first

half of the transect, which l&ttough transitional mixed forest, tents in browere

foundin the Trooli®alm(Manicaria sacciferdominated swamp forest as described by
Lewiset al.(2010). The orange lines show the Cerro and CPBS transects, the black line
the canalwhich flows into the Rio Peniteramal the red triangle the location of the
biological station.

100 M
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3.5. Additional research data of the biological station

Further to my own fieldwork, a temporal comparison of occupancy of tent-
roosting bat species of the transect was carried out using the data of the
COTERC Mammal Survey of the previous nine months covering the
period from June 2012 to March 2013. All evidence of mammal activity
was recorded and categorised as visual, vocalisation, tracks, trail, scat,
foraging, burrow or leaf tent. Other information recorded included the
species, number of individuals (adult and juvenile), the transect marker
and GPS location, the direction the animal was moving if relevant and the
age of the tracks (COTERC, unpublished data). This ought to provide a
more coherent trend in roost selection over time. Figure 2, p.21 depicts
the Mammal Survey as described above. Hereby only the presence of

leaf tents was translated into graphical data.

The study protocol followed the guidelines of occupancy collection by
MacKenzie and Royle (2005) ensuring a standardised and

methodological approach.

Further to biological monitoring, the biological station kept a
meteorological 12-hour log. Cafo Palma was equipped with a
thermometer that recorded actual, minimum and maximum temperatures
within the half-day time frame. In addition, a barometer measured daily
extremes and precipitation was read using a rain gauge. This data,
together with further weather-related observations irrelevant for this study,

were being collected at 5 a.m. and 5 p.m. every day all year round.

3.6. Statistical analysis

In order to test the Null hypotheses, a stepwise multiple linear regression

analysis was carried out using the Durbin-Watson statistic comparing

Precipitation against tent abundance;
Temperature against tent abundance;

Tent occupancy against precipitation; and

A w NP

Tent occupancy against temperature.
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This aimed to reveal whether a dependence of tent-roosting behaviour on

short-term weather conditions exists.

To be more precise, precipitation data measured on a 12-hour basis at
the station, were compared according to the rainfall of the last 12 hours,
24 hours and 48 hours. Since the reaction of the bats to weather factors

could be delayed, it was worth comparing these three time frames.

Temperature was also split into four categories. First they were
differentiated into daily deviations from the maximum and the minimum
average temperature per month. Then, the day of the survey and the day

prior to it were compared with tent occupancy and abundance.

Table2: Defining the betweebject factors of the twaeay ANOVA of
roosting distance to the canal according to tent height and forest type.
Transect part 1. Transitional forest, transect part 2: Troolie palm
(Manicaria samferg swamp forest. N indicates how many tents were
found under each category.

Inter-subject factors Cat.no. Value label

0-550 m 42
550-1050 m 30

Transect part

Height Categories 1 >220 cm 44
2 180-220 cm 19
3 140-179 cm 7
4 <140 cm 2
1
2

Additionally, distance of tents to the canal of 72 tents (where all data was
available) was compared against tent height and forest type using a two-
way ANOVA. This analysis was conducted in order to see whether there
was any significant difference in the means of distances to the canal in
relation to these two inter-subject factors (see Table 2). It was to be
investigated whether bats make a selection of the location, then adjust
the height of their roost taking into account the chance of flooding due to
closer proximity to the canal. Hereby four height categories were selected,
for which the number of tents found and their location in relation to the
canal were calculated. The data was then separated into the transitional
forest with some elevated islands (1m) and occasional flooding (0-550 m
of the transect) and the Troolie Palm forest with little understory and the
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least diverse, with permanent mud pools (550-1050m of the transect)®
according to the mapping of the terrain by Lewis e t (2010) (see Figure
3, p.23). This was done in order to investigate whether the different
vegetation types influenced the choice of roost selection. Apart from the
distance the tents had to the canal considering height tent as well painted
a three dimensional picture of roost preference. Furthermore, a possible
pairwise connection of forest type and tent height category in relation to
distance to the canal was investigated by conducting a Tukey test in order

to see whether there was some kind of inter-relation (see Figure 10, p.36).

3.7. Weather data

The Tortuguero area, situated on the Caribbean coast of Costa Rica, lies
10°30" North of the equator. It follows climate zone “Af’ of Kbppen-
Geiger's classification of climate systems, which separates zones
according to certain temperature and precipitation criteria. Whereas “A”
refers to the average minimum temperature lying above 18°C all year
round, “f" signifies that none of the monthly precipitation per year falls
below 60mm, which marks the cut-off point for dry months (Peel e ta |
2007).

5N.B. Earlier it was mentioned that the station grounds were composed of 67.8% Troolie Palm
swamp forest, 28.6% transitional and 3.6% edge forest and splitting the transect in half seemsiill-
fitted. However, the reference refers to the surface area of the search corridor. Since the
transitional forest runs close to the biological station itself and the majority of Troolie swamp forest
covers the more distant part of the grounds, the line the transect follows splits it nearly equally into
these two forest types. A map of the composition of Cafio Palma Biological Station grounds in
terms of habitat type is presented in the paper by Lewis e t  2810).
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None of the months fell below 60mm of precipitation in the analysis.
Instead, two maximum peaks occurred during July 2012 and
November/December 2012 with precipitation well above 600 mm and the
troughs in February and April 2013 where rainfall barely exceeded 100
mm (see Raw Data in Appendix A3, p.59). Even though the maxima at the
station were significantly higher than the average annual rainfall
(November 2012 even had quadruple the value of the mean precipitation
for this month), the data collected was in line with average precipitation
data for the region and the biological station (see Figure 4, taken from
IMN 2013). The field studies covered two relatively dry months but with

May having more than double as much rainfall as April.

3.8. Materials and costs

Binoculars, GPS device (Garmin S62), torch, camera, watch, recording
sheet, geographical map of the research area, measuring tape, bat and
tent field guide (Rodriguez-Herrera e ta 12007), plant id book, marking
tape, ArcGIS (ArcMap 10.1) and IBM SPSS 20 statistics software.

27



The main proportion of the costs involved was linked to participation fees
of the training programme at the Biological Station. This included all
tuition, food and lodging and was set at US$ 200 per week at the time of
the research. The research station provided nearly all the necessary

equipment for this survey.
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4. Results

4.1. Overall findings

4.1.1. Tent types, bat and plant species encountered

H 8,24%
2,35%

® Manicaria sp.

m 17,65% m Potalia sp.

Heliconia sp.

m ARACEAE spp.

Figure5: Abundance of modified plant spscin the study area. The
pie chart depicts the dominanc&/aiicaria sacciferathe understory
of the station grounds.

An overall of 86 tents (see Raw Data in Appendix A1, p.57) were marked

for observation during the study made out of mainly four plant species

plus one plant family (see Figure 5,Mani cari a saccifera, Potal
He |l i c o. and apiplsytic plants from the Araceae family). Since young

Troolie Palms dominated the understorey landscape, most of the tents

encountered were altered Troolie Palm leaves (72%).

H 4,71%
H 3,53%

m Bifid
16,47%
m Boat
B 3,53% Conical
m Boat/apical
m Apical

Figure6: Proportion of tent types foumd the transect. It shows
that the nearly three quarters of tents were bifid constructions,
followed by roughly one sixth of conical tents. The percentage of the
other tent types was relatively evenly distributed among the
remainder tentAll bifid tents were constructions of Tro&%ém
leavegcompare with Figure 5 above)
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This corresponds exactly with the bifid tents recorded (see Figure 6, p.29).
While apical and boat/apical tents were all constructed out of the leaves
of epiphyticaroid plants,Pot al i a wasthe basisndddil eonical tents

but, in addition, of one boat tent. The rest of the boat tents were modified

B 10%

m Artibeus watsoni

m Ectophylla alba
Artibeus jamaicensis

® Uroderma bilobatum

® unknown bats

Figure7: Percentage of bat species found under t€rtse againi. watsoni
closely corresponds to the data of the other pie charts &batee the species
A. watsoncannot be distinguished by sight frAnphaeotis.

During this field work, five different tent types (bifid, boat, apical,
boat/apical and conical) on the understorey stratum and at least four
species of tent-roosting bats (see Figure 7 Arbteius | amai
watsoni , & mmdh yoldlea ma b octupyimgtheutents
were observed. It is noteworthy that the species A . w a t couddmot be
differentiated from its close relative A . p h avéhout hasdling the bat,
as the teeth or molecular analysis are key to identifying the near identical
and closely-related species (Redondo e & 12008, Solarie & 12009; Timm
1985; Chaverri and Kunz 2006). For the sake of simplicity and in line with
previous findings on the station grounds (O Toole 1993; Mulcahy 1993;
Hulatt, unpublished report) that the dominant species in the area has been
recordedasA. wat s oni ,wasAncludechuaderoAt. i sw a whero
referred to in the findings of this study. However, according to research
on habitat specificity and bat ecology (Smit, 2012; Rodriguez-Herrera e t
a 12007; O'Toole 1993), A. w a ts & gemaralist among tent-roosting
bats and well adapted to swamp and secondary forests. This led to
believe that at least the majority of bats encountered under that species

name were indeed of the species A. wat.soni
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The majority of structures were bifid tents made outofMa ni car i a
leaves (see Figure 6: Proportion of tent types found on transect, p.29) and
were inhabited by A.  w a (see &rigure 7, p.30). On several occasions
newly born juveniles could be seen clinging onto their mothers (see cover

photo) giving evidence to the expected gestation/lactation period of the

bat species.
Individualsof E. al b a weostieg ofilyarnuboatitents typically made
of He | i c o teaves retafively low to the ground, which all goes hand

in hand with the literature (Brooke, 1990; Rodriguez-Herrera e & 12007).
But interestingly, they were also seen roosting under a modified young
Pot al i a ttee) which maa noabeen documented before. The two
groups observed showed remarkable affinity to the two specific tents they
were encountered in on nearly every visit. During the course of the
research, a juvenile was born and nurtured. Despite the close proximity
of researchers looking under the tent that was 101 cm off the ground, they
never attempted to flee. Thus, they displayed the strongest roost fidelity

among the observed species.

sacci fer

On the opposite end, bothUr o d er ma tandlAa b g taumaweeee nsi s

only spotted a few times during the survey period. However, the
researcher strongly suspected that the conical tents, which were found
mostly abandoned, to be constructions of U . bi |,sihca the only
other bat species P | at y r r h iknows to buidlthis éypeiof tent was
not detected. Plus, on the few occasions of bat encounters under these
tents, itwasindeed U. b i | .®briagthe mwourse of the study, further
tent development of a few of the conical tents that were under
construction could be observed, hence indirectly bat presence and activity
could be confirmed. Out of the tent types discovered in this area, the
conical tent is one of the hardest to make, taking the longest time until
completion. However, the sturdiness of the petioles that are being bent,
which can only be mended by the strong teeth of selected species
(Rodriguez-Herrera e & 12011), also permits these tents to stay intact the

longest.
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The unknown bats, accounted for in the pie chart of Figure 7, p.30, were
either composed of bats that flew away prior to identifying them or where
fresh foraging was found under the tent in the absence of any bats. It is
very likely that the majority was also of the species A.  w a sinceothey
were nearly all linked to bifid tents and the seeds were the same as under

tents where this type of bat was seen.

4.1.2. Some general statistics and further observations

From the time period 8 April until 28 May 2013, 254 bats were spotted on
97 occasions (between 1 and 7 bats) with an average of 2.62 bats per
tent. Tent occupancy varied from survey to survey from 3.51% to 19.05%
(see Raw Data in Appendix A4, p.60) and was on average 8.71% (see
Appendix A4: Raw Data). During the course of the investigation, juveniles
were born and therefore confirmed that these two months fell in the
gestation and lactation period of at least some of the bat species(Ar t i beus
watsoni , E £ p(Rquitigyek-Hearera e ta 1 2007). This means
that intra-group patterns were probably adjusted to these conditions and
differed from non-mating roosting behaviour (Chaverri e & 12007a, b and
c, Rodriguez-Herrera e ta 12007). Chaverri e ta 1(2007a) discovered, for
example, that the foraging range of lactating females was the largest,
while heavily pregnant females had the smallest foraging range.
Moreover, she and her colleagues discovered that daytime social
interaction was far more important than night time interactions (Chaverri
e ta | 2007c). Hence, observations during the day should not be

underestimated.

On a different note, many of the marked tents seemed to appear in
clusters. It was likely that these tent groups all belong to particular bat
harems. This was in accordance with O'Toole’s findings (1993), that is
thatA. w a ¢reatedtents in close proximity to each other, which could
be used interchangeably. O’Toole’s observation could be confirmed in this
study. In addition to this observation, the hypothesis by Mulcahy (1993)

that tent-roosting bats chose different day roosts when they rested, and
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overnight roosts when they foraged, was reinforced. In general, either
foraging evidence in the form of remains of eaten fruit underneath a tent
could be observed or bats hanging under the leaves but usually not both

at the same time.

Table 3: Results ofPearson’s correlation to test whether tent abundance or tent
occupancyweresignificantly influenced by any climate factors. Climatic factors tested
were precipitation within 12 hourshadrs and 48 hours prior to the syras well as
temperature deviations from the extreme values on the day and the day before.the survey

Percent

Test variables Tent Abundance | Occupancy

Pearson’s Correlation Tent Abundance 1 -0.107
TEMPMINDEV 0.003 0.015
TEMPMAXDEV 0.328 -0.356
TEMPMINDEVDAYminus1 -0.11 -0.233
TEMPMAXDEVDAY-
minusl 0.321 -0.139
Rain12 0.266 0.092
Rain24 0.358 0.042
Rain48 0.321 0.212
Percent Occupancy -0.107 1

One-sided Significance | Tent Abundance 0.332
TEMPMINDEV 0.496 0.475
TEMPMAXDEV 0.085 0.067
TEMPMINDEVDAYminus1 0.327 0.168
TEMPMAXDEVDAY-
minus1 0.09 0.285
Rain12 0.136 0.355
Rain24 0.066 0.433
Rain48 0.09 0.192
Percent Occupancy 0.332

N 19 19

4.2. Precipitation against tent abundance

Before any analysis on the tent roosting behaviour of the study group
could be drawn, it had to be assured that other parameters were stable.
First of all, it needed to be established that tent abundance was not
significantly influenced by rainfall. Conducting a correlation analysis
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between these two parameters showed no significant influence of
precipitation on the number of counted tents per survey, as none of the
values were within the 95% confidence level. There was a slight tendency
(with a significance of 6.6%) towards a correlation of 36 % between tent
abundance and precipitation that fell within the last 24 hours. But since
this covariance was relatively low and the confidence was below the 95%,

this tendency was statistically insignificant (see Table 3, p.33).

4.3. Temperature against tent abundance
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Figure8: Trend in tent abundance across suriéere was an upward tendency
tent counts due to the fact that it took longer for tents to disintegrate than for-
be built. The slope in the equation of the trend line roughly points toward tlesydi
of one new tent per survey run.
Further to rainfall as a potentially influencing factor on tent abundance,
also the daily temperature deviation was offset against possible variation
in tent abundance. Once again, the results were even more conclusive:
no significant covariance could be proven, as neither sufficient correlation
nor significance were computed (see Table 3 p.33). In fact, tent
abundance was stable throughout the survey period with only a small rise
due to new tents being discovered while the degradation of old ones that

could be declared as inactive was much slower. (shown in Figure 8).
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4.4. The correlation of tent occupancy to precipitation and

temperature

As demonstrated by the results of the Pearson’s correlation coefficient in
Table 3, p.33, there was no covariance significant enough to be
considered an influencing factor of occupancy for tent-roosting bats. This
was reflected in the low percentages of covariance (the highest
covariance was 35.6% for maximum temperature deviation in relation to
occupancy) and the lack of data reaching the 95% confidence level.
Figure 9 shows a more detailed overview of the patterns of both the tent
occupancy and the rainfall during the entire duration of the survey. While
there were some troughs of occupancy after heavy rainfall, other cases
showed just the opposite and hence no clear roost strategy of tent-

roosting bats in relation to precipitation.
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Figure9: Comparison of rainfall and tent occupancy for CPBS April/May 2013. The graph
shows that the two patterns do not correlate

35



4.5. Distance of tents to the canal against tent height and/or

forest type
4.5.1. Rationale

An additional criterion to satisfy a relationship of bat roost behaviour and
weather extremes was to analyse the location of the tents (see Figure 3,
p.23 and Raw Data in Appendix A6, p.63). It was to be tested if the
distance from the canal, different tent heights as well as the forest type
played a significant role in selecting the best roosting site. This could be
a measure of catering for flooding of the swamp forest particularly during
the rainy season. The expected outcome of this was that in areas, more
prone to flooding, tents were built higher to cater for the reduced distance
to the canal and additional riverine predators, such as caimans. Four
categories of tent heights were selected (see Figure 10 and Table 2, p.25)
and analysed in combination with the two forest types, i.e. mono-specific
swamp versus transitional mixed species forest. For height category four
there were no tents found in transect part two. The vertical lines
demonstrate the mean difference in distance to the canal between the two

transect parts.

Transect part

O transect 0-550m
Cotransect S50-1050m

130,00
120,00
110,00

100 00— o

90,00 T

<

5

Mean distance to canal

20,00

T T T T
tent height tent I‘leiégl"l‘t 150-  tent h&igl‘l‘l 179- tent height
=>220Cm 220cm 140cim «140cm
Height category

FigurelQ Results of Tukey TedDifferences of tent distances to the canal between the
two forest types separated in the four terghtaiategories. The blue circles show the
mean distance to the canal in the first forest type; the green circles the mean distance to
the canal in the second forest type
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4.5.2. ANOVA result summary

The results of the two-way ANOVA show an interesting observation (see
Table 4 and Figure 10, p.36). Neither tent height nor forest type were
solely responsible for selecting the distance at which to roost away from

the canal.

Tabled: Twoeway ANOVA of distance to the canal of tents of different height categories in comt
with to forest types

Twoe way ANOVA

Dependent variable: Distance

HeightCategories 2571.767 3 857.254 1.27| 0.29
Transecpart 640.90¢ 1 640.904 0.95| 0.33
HeightCategories * Transqurt 5872.02¢ 2 2936.013 4.34| 0.02
Error 43935.66{ 65 675.933

Corrected total 51261.364 71

However, seen in combination, there was a significant difference of roost
selection as demonstrated in Figure 10, p.36 and Table 4 above. While a
clear linear pattern followed through for the height categories 1, 3 and 4
(see Table 2, p.25 for category definitions and Figure 10, p.36) with a
tendency to move further away from the canal the lower the tent was built
to the ground, category 2 fell completely out of place. Here distances to
the canal differed significantly between the two forest types. It also
became apparent that the category above 220cm was the preferred tent
height for tent-roosting bats in this forest with 44 tents found under this
category (see Table 2, p.25). The rest of the tents were located in the
following combination: 19 tents in the category 180-220cm, 7 tents in the
category 140-179cm and 2 tents in the category below 140cm (See Raw
data in Appendix A5, p.61).

In terms of forest type (see also Table 2, p.25), more tents were found in

transect part 1 (42 tents) in comparison with the second part (30 tents).
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No tents of the lowest height category were found on the second half of
the transect, i.e. the swamp forest and on only two occasions were tents
occupied at this low height. It means that height category 4 could neither
be included in the forest type nor the combined forest type/distance to

canal variance.

38



5. Discussion

5.1. Overall findings
5.1.1. Primary versus secondary forest

Contrary to previous research by Smit (2012), where abundance of tent-
roosting bats was much greater in primary forest than in secondary forest,
bats seemed to inhabit the secondary forest more densely. Poorer
visibility due to denser plant cover and the fact that the primary forest site
was closer to a small human settlement could be part-responsible for this
observation. And, another explanation could be greater competition with
opposing frugivores, such as monkeys (Hulatt, unpublished report).
Further causal research could shed more insight into the complexity of
tent-roosting behaviour of bats. The secondary forest was not only very
young, offering pioneer species plenty of opportunities to conquer the
area, but also less disturbed than the primary forest near the village. What
is more, the two transects varied in too many factors to make a proper
and clean comparison. Future projects could be conducted where two
transects would be cut that would be more similar in the non-biological

criteria.

5.1.2. Positive trend in abundance of tent-roosting bats on the

station grounds

Tent occupancy for Troolie Palms was significantly higher in this study
(9.23% on average, see Raw Data in Appendix A4, p.60) than in the
occupancy study conducted by Mulcahy (1993), where 1-2% of the 75
Troolie Palm tents were found occupied. This goes hand in hand with
Figure 1: Change in Forest Cover for Costa Rica; p.5 and Cole's records
(1994) of the station’s periphery, i.e. a positive trend in reforestation. This
probably meant that the biological station also showed signs of the effects
of deforestation in the 1990s and was in the recovery process. Another
reason, why tent occupancy records were higher, might have been the
less invasive approach of data collection that led to reduced flight

reactions of the animals. Even if this study did not necessarily
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demonstrate a clear correlation with changing weather conditions, it led
to a status report of tent-roosting bats with an overall positive trend in the
last 20 years. However, caution must be executed since sampling times
did not match. While Mulcahy (1993) surveyed the area in December and
thus outside a nursing period, this project ran across the
gestation/lactation period of A .  w a.tSiace masting fidelity would have
altered in these two sampling frames (Chaverri e t 2007a), the

percentage of occupancy might partially have reflected this.

5.1.3. Dominance of one bat species in the study area

Figures 5-7 on pp. 29/30 demonstrated clearly that A .wa t swas not
only the dominant tent-roosting bat species (see Figure 7: Percentage of
bat species found under tents, p.30) on the station grounds but also that
it was a pioneer species taking over the mono-specific palm swamp forest
(Smit, 2012; O Toole 1993). This was reflected in the type of tent, plant
and habitat it roosted in, i.e. bifid tents of modified Troolie Palms in
partially flooded swamp forests, plus the lack of abundance of other tent-
roosting bat species in the vicinity. The survey concluded that a near
100% of bifid tents of the modified Troolie Palms were builtby A.  wat soni
with one exceptionof A. ] a mafoundeonce unser a bifid tent. Since
the literature (Rodriguez-Herrera e ta 12007; Melo e ta 12009) states that
A . | a maofteneoosisiusder pre-constructed tents of other species,
it was likely that in this one incidence A . ] a ma bccupiedsan s
abandoned A. w a terd. daking into account that the unknown bats in
Figure 7, p.30 were also most likely A.  w a,tthe m@sults would give a
near 90% dominance of this species, and thus a clear species monopoly
on the grounds of the biological station at the time of this study. Chaverri
et (2007a) stated that roost fidelity in this species was higher when
plant species diversity was lower. This could be concurred in this study,
for many times most likely the same bats were found under the tents that
were inhabited by this species. This deduction was made according to
continually consistent numbers of individuals found under certain tents,

which likely meant they were the same individuals. When juveniles were
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born during this time, these steady numbers only increased by the number
of new-borns. It also coincides with the fact that the station grounds are
currently still dominated by very few plant species and the preliminary
study of the primary forest and the secondary forest showed higher roost
fidelity in the less diverse secondary forest. A future research project
could be to observe the territorial behaviour of this species to see whether
they not only defend their territory against conspecifics but also against

other species.

5.1.4. Opportunistic choice of plant host by A . wat soni

Interestingly, A . w a these anly one plant species and one tent type
in this study area, despite the fact that it can be far more diverse in its
roost choice according to Rodriguez-Herrera e a 1(2007) and Kunz e f |
(1994). This species is, in fact, the most flexible when it comes to host
plants (modification of at least 42 plant spp.) and also masters the
construction of 5 types of tents (see Table 1, p.9). While other research
(Kunz e ta N994; Smit 2012; Chaverri and Kunz 2006) identified

Ant humawenmpliundisa sp., CaCy wldawti ltwas stpipparti
Hel i coni @alsapm.e,a spp ., Mu s a X paradi si ac
strandl eyanum, Asterogyne marti ana, Bact

nuci é&nd Gaon o ma asghe main roosting plants for this species
in Costa Rica, A. w a $eenmed opportunistically occupyingMa ni car i a
s a ¢ c | theedomanant understorey plant on the station grounds. Other
species that are known to take over newly reforested areas, such as A .
j amai caadUs. i i |,dith reottcenfinm a dominance in abundance
in this study (Willig e t 2807;.Pedersen e t 2809). This pioneer and
opportunistic behaviour probably speaks for good chances of survival in

altered environments for A . wa.t soni

5.2. Tent abundance in relation to climatic factors

As shown in the results, tent abundance was not significantly influenced
by weather factors in the short term. This means the Null hypothesis that
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tent abundance was not correlated to daily rainfall or temperature could

be accepted.

This came to no surprise, since the tent structures lasted from several
weeks to several months and were unlikely to be influenced by daily
weather changes (Kunz 1994). However, in future it might be useful to
analyse whether tent abundance varies in relation to monthly precipitation
levels, i.e. whether less tents are being built during the drier in relation to

the wetter season.

The average temperature measured at the station, even when looked at
on a monthly time scale, did not deem to be a major influencing factor in
tent abundance. This was due to the steadiness of mean temperature
throughout the year. It hardly deviated per month in this region.
Temperature could therefore only play a role in long-term studies when a

rise in mean local temperature could clearly be proven.

The rise in tent abundance (see p.34, Figure 8: Trend in tent abundance
across survey) could be the result of a number of factors: Tent
degradation on average took longer than two months (Kunz 1994), since
most tents, counted at the beginning of the research period, were still
accounted for on the last survey. The rate of tent construction must have
been higher than the rate of tent degradation, as it took much less time to
construct a tent than for it to fall apart (Rodriguez-Herrera, e & 12007). It
is also noteworthy that the researcher got accustomed to identifying tent

roosts increasing the detectability of these roosts over the survey period.

5.3. Do weather factors play a role in tent occupancy?

According to the statistical analysis to find any correlation between
temperature or precipitation and tent occupancy, daily weather changes
did not significantly influence tent occupancy. Once again, also these Null
hypotheses related to tent occupancy could be accepted. Nonetheless, in
Table 3, p.33, one value nearly reached the 95% confidence value of
statistical viability. Setting daily temperature deviation of the mean
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maximum temperature against tent occupancy resulted in a negative
correlation of 35.6% at a 6.7% one-sided significance. Even though this
could not be used to reject the Null hypothesis that there was no change
in occupancy due to climate factors, it is worth monitoring in the long run.
Since climate experts predict a rise in temperatures across the globe
including the tropics (Enquist 2002; LaVal 2004), the two mentioned
values might become more significant, leading ultimately to a reduction in

tent occupancy in this region with rising temperatures.

As already stated by LaVal (2004), bats seem to be less sensitive to
climate factors than other groups such as amphibians or reptiles. This is
due to the fact that, on the one hand, the metabolism of the latter two
ectothermic animal groups is directly affected by external temperatures
and, on the other hand, because bats, overall, can inhabit different life
zones and are therefore more diverse and flexible (Medellin e t  2800).
This study was coherent with his long-term findings of bat ecology in
higher altitudes. LaVal's study showed no significant change in bat
abundance and therefore could not prove any overall climate change
effects. However, during his fieldwork some lowland species seemed to
have been captured more frequently over time. This suggests that these
species do correspond to the higher temperature at mid-elevation as
found in the elevated cloud forest of Monteverde, Costa Rica. This might
be due to the fact that bats can adapt well to new roosting conditions
(Medelline t 2800).

5.4. Distance to the canal selection according to forest type

and tent height

The findings of the two-way ANOVA showed clearly that bats seemed to
make careful and complex choices when selecting their roosting site. It
seemed that higher tents were preferential in general, as the number of
counted tents increased with the next higher tent height category (see
Table 2 p.25, i.e. number of tents/category: 2<7<19<44). From the limited

number of tents in category 4 (two tents), it could probably be concluded
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that a certain height minimum was required when selecting a suitable

roosting site in order to minimise predation. For example, A . watsoni
inhabits on average tents between 1.5 and 5 metres (Kunz and Fenton

2005).

Furthermore, it has become apparent that tent-roosting bats seemed to
prefer the more species diverse transitional forest, which was less likely
to be flooded. Again, this was documented by the higher numbers of tents
within the first 550 metres of the transect (42 in relation to 30 tents in the
last 500 metres). In fact, Presley e t . (2009) provided further evidence
that tropical bats can be good indicators for altered forest states, as
species occupying the same ecosystem respond more or less
successfully to different forest stages after human manipulation. In some
cases in neotropical forests, moderate levels of disturbance had indeed a
positive effect on habitat heterogeneity and hence could promote bat
diversity (Gorresen and Willig 2004).

Studying the interaction of these factors (see Table 4, p.37) showed that:

1) no single factor produced a significant difference for the tent-
roosting bats on the station grounds among its intra-factorial categories;
2.)  onlyin combination of the two factors did the two-way ANOVA show
a significant result (p=0.02);

3.) the error rate was relatively high, pointing towards a large variance
in data (see Table 4, p.37)

4.)  the distance to the canal was farther in the swamp forest for height
categories one, three and four, probably due to the higher chance of
flooding in this area (see Figure 10, p.36), and;

5.) the tents for height category two (180-220cm) were on average
closer to the canal in the first part of the transect (14 tents, see Appendix
A5 - raw data on distance to the canal, p.61). Out of the five tents found
under this height category in transect part two, three tents were found
significantly further away from the canal than the other two (see Appendix

A5 - raw data on distance to the canal).
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It is worth noting that except for two tents in category three, all other tents
in the swamp forest part were built higher than 180 centimetres. For A .
wat s this fell perfectly in their tent height range of 1.5 to 5 metres
according to Kunz and Fenton (2005). This means that on average tents
were constructed higher in the area more prone to flooding and therefore
tent-roosting bats took the higher elevation of the ground into

consideration when choosing the most suitable height for their tents.

5.5. Research method analysis

Studying tent-roosting bats only by means of visual observation bore both
advantages and disadvantages. Due to this less invasive approach, a
clear advantage was the lower recording bias of fleeing animals that might
not return to the study site. Additionally, it guaranteed a lower risk of
zoonotic disease transmission and of stressing the animals. A
disadvantage was the inaccurate identification of certain bat species, e.g.
Arti beus amlaArstoinb eus tipah acald tnot sonly be
distinguished without examining their molars or by genetic tests (Chaverri
and Kunz 2006). Since both species construct bifid tents, the roost was
also no indication of which species was present. It means that this method
could not conclude species-specific behaviour and only served as a

generic observation of this group of bats.

5.5.1. Incoherent data collection of long and short-term surveys

Due to inconsistency in survey personnel, which consisted mainly of
volunteers, and the discrepancy of survey approach, i.e. the data from the
mammal survey (see Raw Data in Appendix A2, p.58) and that of the bat
tent study (see Raw Data in Appendix A4, p.60), collected data could not
be combined to produce a longer term analysis. Standardisation and strict
adherence a clear protocol such the one by MacKenzie and Royle (2005)
could solve this problem in future. Alternatively, parallel surveys, i.e. the
more generic and long-term mammal survey and a short-term specific
species/mammal group survey, could be used to calibrate the data and

check for compatibility. For this scenario, even more limited data from the
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mammal survey could provide an inside into the ecology of specific
mammal groups/species and would allow the researchers to check for
roosting trends. Additionally, interpretation according to microhabitats
could also produce more meaningful results in terms of habitat

adaptations.

5.5.2. Critical analysis of study approach and suggestions for

improvement

In hindsight, it could have been expected that there would not be any
significant changes in animal behaviour over the course of the study
period. This was, on one hand, due to the limited amount of research time.
Climate issues cannot be highlighted within one annual cycle, let alone a
few weeks. It needed to be put in perspective and compared in the long
term over several years and decades. Another point is that changes in
temperature, for examples, are p e r scnainimal for this region that a
short-term view of two months would not have yielded in any results.
Throughout the year the temperature on average fluctuates only between
a few degrees (2-3°C) for both extremes, and maximum and minimum
temperature lie year around roughly less than ten degrees apart (IMN
2013). This meant that animals for this region were unlikely to be
influenced by such minimal temperature changes in relation to the annual
cycle. However, there is evidence that tent-roosting bat species have
reacted to long-term climate changes, as the study of La Val e & 1(2004)

showed.

Therefore, despite the fact that this research project on its own did not
yield in demonstrating the influence of weather changes on tent-roosting,
it could be used as part of long-term data collection, possibly contradicting
the short-term findings of this study. Instead, it would make more sense
to undertake a meta-analysis of climate influences on these bats and to
incorporate the field work into this long-term data analysis. This could be
done in a very methodological approach following a strict protocol that
could be conducted at least twice a year, for example during the rainy and

drier seasons or in comparing breeding with non-breeding periods.
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An alternative could be to compare altered states of habitat due to climate
change and other factors (e.g. the EPI indices). Then habitat — species
ecology comparisons could be conducted, such as those by Medellin e t
a 1(2000). It might be better to select ecotones as research sites as they
offer themselves as more suitable habitats for climate transitional shifts,

as suggested by Kappellee t  1899..

Knowledge gaps in relation to tent-making bats became apparent during
the course of the study giving rise to further research questions in relation
to climate research. A particular point of interest could be the species
composition, for example. Which are the abundant species? Is this
composition changing over time? What would this tell us about
environmental factors? Medellin e ta 12000 provided a suitable protocol
to conduct such a study. Could tent-making bats be used as
environmental indicators in the long run, similar to their relatives of the
Phyllostomidae family demonstrated by Fenton e ta 1(1992), Medellin e t
a 1(2000) and Jones e ta |1(2009), as well as other bats (Adams 2010;
Jiang e @ 12010; and Frick e & 12012)7? Is there an environmental trend
emerging corresponding to the changes of habitat preference of certain
bat species? Furthermore, do other factors such as microclimate, in
particular roost temperature, play a role in roost selection of tent-making

bats as proposed by Boyles e & 1(2007)?

5.6. Suggestion on potential research projects

One suggestion for future research would be a long-term study of
abundance, species composition of a species diversity index such as the
one of Shannon-Wiener for tent-making bats in both primary and
secondary forest sites available to the station. A good protocol could be
obtained from Medellin e ta [(2000). Against Smit's findings (2012), that
this group of mammals was more abundant in primary forest than in
secondary forest, it was shown in this study that in these two forest types
tent-roosting bats, especially of the genus A r t is behaved contrarily.
As regular surveys along the existing transects (Cerro and CPBS)

consistently showed lower frequencies of bat presence in this primary
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forest (Cerro) (see Raw Data in Appendix A2, p.58), Smith's hypothesis
that tent-roosting bats prefered to inhabit this type of rainforest over
secondary habitats might be disputed. In fact, logic followed more the
findings that bat abundance and composition was negatively affected by
human disturbance (Medellin e ta 12000, Presley e ta 12009, Fenton e t
a 11992, Jones e ta 12009). Further investigation might offer a different

solution to this phenomenon.
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6. Conclusions

Overall, this thesis offered an insight in the complex relationship of bat
species reactions to changes in their surroundings. The grounds of the
biological station invite to do further research to either confirm or disprove
current knowlegde on the dynamics of bioindicators. Despite the fact that
the methodology was not fully sound, as the project arose a d  hnathe
field (the initial proposal could not be followed through), the overall
content aims to make up for these short-comings. The field work shed
light in mammal surveying and allowed me to get a feel for rainforest

ecology, methodology and protocols.

If | were to conduct a similar study on bats as bioindicators again, | would
follow Medellin‘s e t (2000) example and compare altered habitats with
graded levels of disturbance. This could not only be executed in a short-
term project, but would also more readily provide results that could assist

in argumentations for rainforest conservation.

All'in all, it was an intense learning process in and out of the field. The
application of the gained knowledge and critical thoughts will enable me
to conduct research that would be much better designed and executed. It

was an experience not to be missed!
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Appendix A

Raw Data

A1 - Summary of the occupancy data in relation to plant
taxa, bat taxa and type of tents encountered for CPBS

No. %

Plant taxa Tents | tents

Mani csap.i a 61| 71.76

Potalia s 15| 17.65

Hel i coni a 2 2.35

ARACEAE s 7 8.24

Tent Type No. Tents % tents

Bifid 61 71.76

Boat 3 3.53

Conical 14 16.47

Bo/ap 3 3.53

Apical 4 4.71
TabiTehe di scr epuembcer si nf otrendtatn species and
tables comes from counting the total tent s
occupied tents in the bat species table
Bat sp. No. occ. tents % tents
Artibeus watsoni 31 77.5
Ectophylla alba 2 5
Artibeus jamaicensis 1 2.5
Uroderma bilobatum 2 5
unknown bats 4 10
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A2 — Tent occupancy and tent abundance of the two
transect sites

CPBS/ %

occ. CPBS/ total | Cerro/ % ocqg Cerro/ total
Months| tents tents tents tents
Jutl2 29.41 17 0 2
Aug 12 16.67 6 100 1
Sep 12 50 4 50 2
Oct 12 7.69 13 0 0
Nov 12 55.56 9 25 4
Dec 12 75 8 100 8
Jan 13 19.05 21 28.57 7
Feb 13 31.03 29 100 1
Mar 13 35.29 17 66.67 3
Apr 13 82.14 28 7.69 13
May 13 100 2 0 0

Preliminary comparison of study site suitability
35

m CPBS Total tents
30
CPBS occ. Tents

25
m cerro total tents

20 cerro occ. Tent

15

10 | |
i I. I Il II I - 11 i

Jul-12 Aug-12Sep-120ct-12 Nov-12Dec-12 Jan-13 Feb-13Mar-13 Apr-13May-13

(&)

Number of tents found per month

o

Months

upied tents

FigluMent einy @ buntdhaen ctewoatt rambecpantimbblryohigh
t nt that were |

c
prably due to recording bias, where only e s
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A3 — Weather data from Caio Palma Biological Station for the time period 1 June
2012 to 31 May 2013 and from Tortuguero, Limon for the year 2011

Total
precipitation/

Climate data for Tortuguero Jan Feb Mar | Apr May | Jun Jul Aug Sep Oct Nov Dec | year

Av. Temp.max. (°C) Tortugfiér¢ 31.11| 31.11] 30.56| 30.56| 30.56| 30.56| 31.11 30| 30.56| 3056| 29.44| 31.11

Av. Temp.min. (°C) Tortugfiérg 20 20| 20.56| 21.67| 21.67| 21.67| 21.67| 21.67| 21.67| 21.67| 20.56| 20.56

Av. Temp.max. (°C) CEREL3 26.89| 27.25| 26.67| 28.22| 28.36| 28.07| 26.75| 27.76| 26.83| 27.39] 25.02| 26.02

Av. Temp.min. (°C) CEER33 22.73| 22.50| 23.03| 23.83] 24.01] 23.92| 23.54| 23.74 23.28| 22.63] 2225 2252

Av. Rainfall Tortuguero 317.5| 210.82 203.2| 276.86 279.4| 297.18 426.72 312.42| 144.78 208.28 391.16 444.5 3512.82
Rainfall CPBS (2012/2013) 267.3| 127.45 386.6 116| 351.4) 317.6| 13038| 275.6] 376.4| 438.3| 1653.7 801.4 6415.57
Total rainfall, Limén, Limén 293.3| 257.4 212 244| 367.6| 287.7| 425.6| 311.6] 150.4] 205.7| 287.1] 416.9 3459.3

NB: The discrepancy in temperature is probably related to the fact that Tortuguero is a village much more exposed to the sun,

while the Biological Station (CPBS) is directly surrounded by shading rainforest.
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A4 — Summary of occupancy and abundance data of total tents and only for bifid
tents collected from the bat survey at Caino Palm Biological Station

8.4.1| 11.4.| 13.4. 23.4. 28.4.|1 30.4.| 3.5.1| 55.1 125| 145| 17.5.| 195. | 21.5.| 24.5.| 26.5.| 28.5.

3/ 13/ 13/ 16.4.| 19.4.| 21.4.| 13/ | 26.4.| 13/ 13/ 3/ 3/ 7.5.13/| 10.5.1| .13/ | .13/ | 13/ 13/ 13/ 13/ 13/ 13/

W1/ | W2/ | w2/ | 13/ 13/ 13/ | W1/| 13/ | w1/ | w1/ | W1/ | W3/ | W1/ 3/W2/| W2/ | W1/ | W2/ | W2/ | W1/ | W2/ | W4/ | W2/

am pm pm W2 | W2 | W3 pm W2 am am pm am am am am | pm | pm am am am am am total
Total
Bats
found 2 15 7 12 5 17 16 11 14 11 6 8 14 10 9 25 16 15 14 18 11 256
Total
occu-
pied
tents 1 7 3 4 2 8 4 5 5 3 2 3 5 4 3 10 5 6 7 5 6
total
tents 43 50 52 50 42 54 58 56 58 57 58 58 55 57 65 64 64 61 61 63 86
%
occ.
Tents 16.28 6.00 7.69| 4.00| 19.05| 7.41| 8.77| 8.93| 5.26| 3.57 5.26 8.77| 7.27| 5.26| 15.38| 7.81| 9.38| 11.67| 8.33| 9.68| 9.09

b .
VS

& yRORISR YR (MOSPna dikGS RA NdS 63 NI S &
dzNIJ S & KoS &R FalLbt AT(i2 NUI5v niidrgdy IRINBRS 26 cl diyd S& dzNJBSe R
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A5 — Distances of tents of different height categories

Cat. A Cat. B Cat. C Cat. D
0_
118.46 | 0-550 43.86 | 0-550 70.71 | 0-550 82.66 | 550
0-
117.80 | 0-550 73.01 | 0-550 93.72 | 0-550 118.07 | 550
115.26 | 0-550 74.32 | 0-550 99.09 | 0-550
114.98 | 0-550 77.42 | 0-550 118.56 | 0-550
112.61 | 0-550 79.61 | 0-550 90.82 | 0-550
550-
96.25 | 0-550 82.33 | 0-550 69.89 | 1050
550-
93.51 | 0-550 82.66 | 0-550 108.21 | 1050
92.56 | 0-550 84.43 | 0-550
88.46 | 0-550 84.50 | 0-550
84.29 | 0-550 86.56 | 0-550
A=>220
83.87 | 0-550 87.85 | 0-550 cm
83.76 | 0-550 89.47 | 0-550 B=180-220 cm
82.66 | 0-550 92.66 | 0-550 C=140-179 cm
D=<140
81.84 | 0-550 98.72 | 0-550 cm
550-
81.27 | 0-550 65.80 | 1050
550-
80.62 | 0-550 76.06 | 1050
550-
76.28 | 0-550 131.14 | 1050
550-
70.83 | 0-550 135.21 | 1050
550-
70.71 | 0-550 197.39 | 1050
68.41 | 0-550
64.82 | 0-550
63.60 | 0-550
550-
205.06 | 1050
550-
109.59 | 1050
550-
107.63 | 1050
550-
100.66 | 1050
550-
95.41 | 1050
550-
89.05 | 1050
550-
87.46 | 1050
550-
83.23 | 1050
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A6 — Middle values and summary statistics of the distance to the canal of tents

according to the height categories and forest type/ transect part

% tents % tents % tents % tents
per forest per forest per forest per forest
Cat A types CatB types Cat C types Cat D types total obs | total ex

Median 81.84 84.47 96.40 100.36 83.10 90.77
Mean 85.21 91.74 93.00 100.36 88.50 92.58
Median-850 84 84 94 100 84 90
Median 550050 73.38 131.14 89.05 76.06 97.86
Mean &50 88.31 81.24 94.58 100.36 87.11 91.12
Mean 550050 82.10 121.12 89.05 90.71 97.42
total no.tents 44 19 7
no.tents-850 22 50 14 73.68 5 71.43 100 43
no.tents 550050 22 50 5 26.32 2 28.57 0 29

The categories are as follows: Cat. A = >220cm, Cat.B = 220-180 cm, Cat. C = 180-140cm and Cat D =

<140 cm.
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School of Life, Sport and Social Sciences, Edinburgh Napier University
13 May 2013

Objective

To compare occupancy and distribution of roosts of tent-roosting bats in relation to
precipitation at Cafio Palma Biological Station, Limoén, Costa Rica over the course of

eleven months.

Null hypotheses:

1. The variation of precipitation does not significantly influence tent abundance.

2.The level of precipitation does not significantly alter the distance at which bats build
tents away from the river

3. There is no significant difference in roost occupancy of tent-roosting bats in relation to

precipitation.

Introduction

Costa Rica, situated in the tropical belt and a bottleneck site for migratory animals,
harbours a wealth of resident and vagrant species making it a hotspot for biodiversity.
Four per cent of all species in the world can be found in an area that covers 0.03% of the
planet’s surface (National Biodiversity Institute — Costa Rica, 2013). Among this diversity
the second largest group of mammals can be found — bats. They are very versatile and
can be encountered on all continents except Antarctica. As an example of their ability to
adapt, bats use a variety of roosts from caves, abandoned buildings to tree hollows,
branches and even constructed tents. This study focuses on exactly the latter kind of
roost. In terms of longevity, tents are the least stable housings and a lot of time and energy
are invested to keep building them. However, they offer flexibility due to abundance of
plant sites, and the ease at which they can be built wherever needed. In addition, tents
offer protection against predation, ectoparasites, sun as well as rain and help regulate
body temperature (Stoner, 2000). Nonetheless, the architecture is limited to certain plant
species with large leaves and follows eight tent structures. The Costa Rican Bat species
that roost in them construct all of the tent types, namely apical, bifid, boat/apical, boat,
conical, paradox, pinnate and umbrella (Rodriguez-Herrera, et.al. 2007). The construction

is linked to harem building, as often one male is found with several females. Height, age
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and angle of the leaf are also important factors for the roost selection (Stoner 2000). It is
believed that the animals use different tents during the night when they forage to the ones
they occupy during the day when they sleep. This is likely a strategy to hide the roosting
sites where they are more vulnerable to predation (Boinski and Timm, 1985).

Costa Rica is an ideal study area for tent-roosting bats as 10 out of 17 of these neotropical
specialists can be found in the country (Rodriguez-Herrera e t .2806).

The Environmental Performance Index (EPI) for 2012 ranks Costa Rica at fifth place in
the world compared to the third place in 2010 categorising it still among the strongest EPI
performers globally. However, both the EPI trend and Costa Rica’s ecosystem vitality are
decreasing (Yale Center for Environmental Law & Policy, 2012).

The Costa Rican tent-roosting bats of the Phyllostomidae family play a crucial role in seed
dispersal in the tropics of the Americas, as they are all frugivores. Disturbance of their
roosting sites reflects negatively on plant abundance dispersed by bats in the proximity
of the feeding area (Melo, e t .2809). Therefore, their presence is a good indicator of
forest health and monitoring bat prevalence could be an easy measure to understand
their ecology and consequently assess the need for conservation action.

Increasing threats to these ecosystems include habitat destruction, deforestation and de-
fragmentation (Rodriguez-Herrera, et. al. 2007), also tourism development, climate
change, increasing natural disasters and pollution. In fact, Bergoeing (1998) documented
that forest cover was drastically reduced within a 50-year time frame from 80% initially to
20% in the late nineteen nineties. In the fight for survival, bats have two options to adjust
to such disruption. They either move elsewhere or they adapt to the newly found living
conditions. This study aims to reveal whether there is a significant difference in roost
occupancy and distribution at times with varied degrees of humidity.
It will be interesting to see whether roosts and their location show a different pattern
throughout the wet and dry season. For example, is there a significant difference between
tent type abundance, percentage of tent occupancy, relative distance to the canal and

changes during the gestation and lactation periods.
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Methods

Equipment: Binoculars, watch, recording sheet, geographical map of the research area,
measuring tape, bat and tent field guide, plant id booklet, marking tape

In order to test this, tents are counted and their location is recorded together with weather
data. The transect leads through a secondary lowland rainforest on a relatively flat plan
west of the canal Cano Palma. Eight of the Costa Rican species have been sighted on
the grounds of Cano Palma Biological Station with the two missing species being
VampyressandMegopbayl | a (@EOTERGC AX®.I | i

An existing transect of approximately one kilometre in length will be selected, situated in
Barra del Colorado Wildlife Refuge near the Caribbean coast of Costa Rica. During the
day, a ten-metre wide corridor along the path will be searched regularly for tents at the
different vegetation levels. Temporal gaps between visits shall reduce the disturbance of
the tents and the bias of fleeing animals. The coordinates together with the accuracy will
be recorded on a GPS map to mark the location of the tent and show distribution patterns.
In addition, tents are marked with a tape to improve visibility and checked regularly for
occupancy. The height at which the tent is found will be categorised in three levels 0-1m,
1-2.50m, 2.5m+. In addition the type of tent (conical, bifid, boat, pinnate, umbrella, apical,
paradox, boat/apical) will be determined according to the field guide by Rodgriguez-
Herrera, e t . (2007) . Tent type, plant species, numbers of individual animals per tent
and the bat species will be noted on a recording sheet. In addition, weather data (daily
precipitation and river depth), any kind of disturbance and unoccupied tents will be
recorded. And finally, the peripheral landscape of the tation grounds will be described on
a map in order to demonstrate the set up of the terrain. The observation will last 50 days,
canvassing the site several times in order to obtain statistically relevant data and to record
roost changes over time.

Further to the fieldwork, a temporal comparison of occupancy of tent-roosting bat species
of the transect will be carried out using the data of the COTERC Mammal Survey of the
past nine months (COTERC, unpublished data). This ought to provide a more coherent
trend in roost selection over time. Sexual cycles will be included in the analysis in order
to see whether this might be one of the variables that influence the tent occupancy.

In order to test the Null hypotheses | will carry out three linear regression analyses

comparing
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1. Precipitation against tent abundance
2. Precipitation against distance of tents to the river, and

3. Tent occupancy against precipitation
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Whenever a tent is encountered, the flora density will be described at three rainforest
levels as appropriate: ground cover, shrub and canopy quantified as:

For ground cover and shrub (Velander, K. 2012)

Table 1 Categories for vegetation cover at the ground and shrub level

1 Dense — inability for a small animal to move amongst ground
vegetation
2 Moderately dense — small animal e.g. cat could move through

undergrowth, but not a larger animal, e.g. a goat or sheep.

3 Moderate — a goat or sheep or animal up to human could walk

through, but with some difficulty.

4 Moderately open — human could walk through easily single file

Open — several people would walk through easily, open canopy

more akin to mature rain forest.

For canopy:

Table 2 Categories for vegetation cover at the canopy level

1 Closed vegetation — crowns or shoots interlocking

2 Open vegetation — crowns or shoots not touching

Sparse — crowns or shoots separated on average by more than the

plant’s crown or shoot diameter
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Timeline

29 March 2013

Project proposal finalised

01 April 2013

Arrival at Cafio Palma Station, Tortuguero NP, Costa Rica

01-07 April 2013

Familiarisation of local plant and bat species and structuring of

the census

08 April — 30 May
2013

Distribution mapping

31 May 2013 Departure from Cafo Palma Station
15 June 2013 Methods and Results complete

25 June 2013 Introduction complete

05 July 2013 Discussions and Abstract complete
10 July 2013 Final Draft complete
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Appendix C - Field Work Risk

Assessment

SCHOOL OF LI FE SPORT AND SOCI AL SCI
RI SK ASSESSMENT FOR EXTERNAL ACTI VI TI

Name(s): Hama-8&amar ai e

Modul e: B MB1102 MSc Research Project

Activity: Field wom&kiomgtleats for MSc thesis
Date(s) of achilrpiriOy G D ure® 13

Ref No. 09014398

Summary of sSAEdNR¥S BRLHG Aa 0SEKSNREYSKKYBRRAWRKDRG

Two rainforest transects of proximately 1000 metres each will be selected under the supervision of an
experienced researcher. Both paths are situated on the grounds of the research station in the Barra del
Colorado Wildlife Refuge near the Caribbean coast of Costa Rica. During the day, stretches of the
transect will be searched daily for tents at the different vegetation levels. The location will be recorded
on a map and checked regularly for occupation. Tent type, plant species as well as numbers of
individual animals per tent and the bat species will be allocated to a vegetation map. All research is
carried out from the ground and is purely observational. In addition, weather data, in particular
precipitation and water level of the nearby river as well as unoccupied tents will be recorded. The
observation will last 50 days, canvassing both transects regularly in order to obtain statistically relevant
data and to record roost changes over time.

The activity will be supervised and protective clothing will be worn to avoid contact with poisonous or
otherwise dangerous animals and minimise transmission of zoonotic diseases. A radio must be carried
at all times in case of an emergency and observation will be carried out as much as possible by a
minimum of two people. This reduces the risk of injury or illness.

Low Risk

DescriptiomnvyofiySR$a®OWS0)S:ariGS YR AYyRAOFGS sKS

/| Ro Palma Biological StatonA & I NB &SI NOK aAGE2RYI G WSO Y2V AEHR @A 0L
¢C2NIdz3dzSNR / 2yaASNBIFGA2Yy ! NBF 2F GKS y2NIKSIFadSNy LI NI
0A2t23A0Ft RAGSNEAGE RdzS (2 GKS SEA&aGSYOS gAlGKAYy GKS N
YI yANR @GS FT2NBaidazr aglyvyLaz oSFOKSaxz yR fl322yad [20F0S
GapmyOkSavmed 2F NI AYy | &SI N

I'+32 tlFhEYlE . A2t23A0Ft {GFdA2y A& aAddz G§SReZNIANPEING & St
¢CKS /132 trFtYlF . A2t23A0Ft {dFidA2y Aa t20FGSR gAGKAY (K
tFfYFrS I WAAYSESSRBOLWEY S6KAOK aSLINIGSa GK@nnmz2f 2340
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YSGNBaod ¢ KSNIEK S NONB/I2ZZ NBRITRRaAGAMayA G2 NBR G2 /32 tFfYlF | NNR/
OFyltfao

¢CKSNB INB YSRAOIE FILOAtAGASA Ay ¢2NldzadzSNe | OO0SaaArot s
/' NAFNR 6KAOK Oly 'S NEIIORSRI §R 62K@aA¥W ity KgdzNKBYyRAL &
FRRAGAZ2YFE wn YAydzi & YONIK S/ OFSNPAYA /FONRAFENJROdE S 1f 20l @ 5 | y |
Oy 68 FNN}Y3ISR AF Iy FTANIATGOG AaawWh]) 2ONRRM LKW aidFdAz2y
Ri sk

Physi cal Hazaair dxkS: K1 T NRa Sy 02dzy iSNBR | yR AYyRAOL |
{dzyaliNR] KModdzyatzlyyhazar d
5SKeRNB&@ARYuUus hazard

Ct22¢Nyimyht hazard in April, medium hazard in May

Chemical / Bi ol oagi cia$ kHianmaas dpdz2dy i SNER YR AYFR

CKSNB Aa | LlaaroArtArde 27F qMeddS Quim ohralizSar df, S laRsA yid ailn? sl fifg9
¢KS dzydzadzZ f F22R0@ yRY LB2YWS S0 ISOS & d¥ §AIKilGg Otk dmaSz aari® Y OK
Ly aSoq@gSedrAdiloSudis hazard

PYAYLEE 0AGS&Kk alGAy3aaMerdyi QfmizRnAayzTa rld2 A a2y 2dza 2y Sa

{ON}LJSa FNRVYLONI VOKSEHE SiO®

Contr ol MeaSlQELJf FAY K2g GKS | 02{QSSKIS I NRATSHRE ¢S lpd

+|oo;\y|u7\ ya | 3rAyaid whkoAaSazr ¢ShGlydaAaz t2fA2T 5ALIGKSNAL
{dzLJSNJmaA y o0& |y SELISNASYOSR NBASI NOKSNJ gAff NBRdAzOS i
RI )fEISNEdé aAldSamSyy SrafatSyds I dF NMIaSR 2RI AMALGET  (BAdXYS SLINRYGCEE Qi
gl GSN) 6200t S AyaSOid NBLIStESyids FyR F NXrAy Oz2lFaGe
tNEGSOu)\Q)S Ot 2 KAYy3 aKz2dzZ R 0SS 62Ny Id Ittt GAYSa GKIFG C
FTNRBY Ay@dNKaaokyRylr{1Saz (GAO1a 2N 20KSNJ FyAYFtae LT +y
R2YyS gSlNJ\ya 3t 20Sad

I Y2aldzAad2 ySi oAff AYAYAaS G4KS Nrnal 2F o0SAy3a o0AGGSy

l nstructions for Student s:

PLILX &8 AyaSOU NBLISAfISNEGE & ySRNAGYdE oCeNBU fYS RNBA G SNJ & K SNBESBSNJI |
GK2NRdzaKte 0221SR F22Rd ! g2AR A0S OdzonSaed 52 y2i G2dz0K
Fft2yS (42 YAYAYAAS |ff NARAlad !'fgleéa F2tft26 GKS AyaidNUz0

First Aid: 9ELX FAY 4KIG LISNE2YYSt FyR SldALYSyi

¢KS ATMRNALGA 0 aK2dzZ R AyOf dzRS (o2 ONBLIS ol yRIIBas 2yS &
KAalGlFYAYS ONBIY yR (FofSGas RA&LI2 aNIoS BAYRAIIA2 36a s RA

LY FRRAGAZ2YS 6FGSNIIFYR FyiAaSLIIAO ¢ALISE ¢2dzdZ R 0SS 2F y
Emergency Pr(QELJf|'7\)/ g KI G F NN} y3asSySyida NB Ay L

[ALAAS ¢6AGK GKS bDh 2y K2g (G2 LINRPOSSR® aSRAOIt OFNB Aa
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9YSNBSy OOé yaiivlo SINEOIAY [ 2

5AFt dpmm Ay OF&AS 2F |y SYSNEASFORAYFR2IMEBRIANR dZf R KI @S
C2NJ Iy FYodzZ I yOSE OFft wmHy

¢2 NBLER2NI I FANB:E OFtf mMmyod

9YSNAESyOe O2yidl Ot Ay GKS !YY W& alOYAYyy2ys LK2ySY obn
C2NJ Fye fS3alf IDENIYYDYodyamedi GKS
y

[ 9Yola2FRI 'fSYFyl RS
5ANBOOASYYORAFAOAZ ¢2
LI NI RRiynmnamT

¢St oY 6pnco HHGA dndpm

a
FyFs {lFolyl b2NISZ RSt L/9

&b —
~

NN

CIEY 6pnco HHOM cn Nno
I 2N NA2 RS ¢NI ol 22
[ dzy Sa | 2dz289Sa RS TtYon | wmMcYon KN&
+ASNYySa RS tYon I mMoYon KN&
I 2N} NA2 RS !'GSyOAasy t tgof Ao
[ dzy Sa | @GASNYySa RS dYnn F mmYon KNAR Otk N} f2a |adzyaza
O2yGAydzZ OAsyD
hiKSNJ ! aSTdz ¢iBSASEIK MWD F&EKI KRNINSOLNRINEY  SINJAIAGA 30ISE | FRNIMG
FaaraldlyosSo
Any Ot her Comment s:
/] £t A01 KSNB (2 SyiGSN G§SEG®
Assessment of Overall Ri s k:
Low Ri sk

Signed (Student) Dat e

31/ 03/ 2013

Il FYI®IFYENFAS

Signed (Supervi sobDagt e
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Appendix D - Travel Risk Assessment

§aavYS8Syia INB I y$
f

A SaalcNKA BN HIA RS 4 dBNY 2
NBAaLRYAaAo

o)

S '-F2NJ a0dRSyiGa ySSRAy3a G2 (NI} @St a LI N
S
RS

£{ (AR SWBIj dAINBIS &y & G KSy

S®206% HESS 4 4 NAga Sre WY N

§KS NBIdzA NBYSy (i a ILNE (2Ng &
O2yeadzyQliAz2y 6AGK (GKIF G 1EKEX

| SFRa 2F {OK22f 2NJ Fye 2iKSNJ & dzLJS NIZS\TI2f NiBe( 8NiE [jFTdEA N/
Syadz2NF (KS& al ¥S3da NR (KS KSIFHftdK FyR alr¥sSae 27 ai
2F GUKSANI O2dzNES 2F addzReo

{GdzRSy(Ga KI @S | AAYAfLFNI NBalLRyaAroAftAade G2 SyadwNNS
I OG0 ASDALIIENIF 2F GKSANI) addzRASE Ay Of dzRAY3a GN)@GSEtAYyID
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Overseas Travel by Students on University

APPLICATION FOR APPROVAL OF VISIT (STUDENTS)

{GddzRSy ia GNY@SttAy3a 20SNESIFa | NB NI dzA NBR
S2dANYISYyR G2 YIS &adzNB GKSANI GNRLI O2YLX ASa
AT AG A& G2 Fy FNBF 2F NAalo

S Ptk SKSShadSCLINAY( yR 3AB¢adKSyFRANSI BR 200G Ay &:

w

t €St

Q¢

tftSrasS GKSY IOfRRIHFRE | eadd.

A: By filling in this form, | declare tha
1. L KIZS 02YLX SGSR FiddzA GBESISMERtANTFRADRS yliy A @St
¢N} St h@OSNBSIao

1. L KedigtShexr2dzaAKG | yR NBEDOSEAAZSRRPRIOKE BINA NBESO K S12 yI Yi 2
NE3dzA  NY & (2 GKS aly$S INBI YR KIS SyadaNBR GKFG
2. L KF&S OKSO1SR 6KSGKSNI GKS I NBI LSWOKAKIINRKk Bk @D
3. L LY LKearaOLtfte FAG G2 GN» @St yR KIS y2 YSRAO!

G2 GKS LINRLRASR I NBloauvo
Signatvure: _ _ (aveller)  Date: ___ 31/03/20

Signature: _(Head of School/ Service) Dat e:
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#Hd $AOA 1T &£ Ei 001 AU AT A AT 1 OAAO AAOAEI] (
brYS FyR 58al/ 32 tIfYll wSASFENODK {{(FIGA2y>Y [AY?2
{OK22t Kk { SNBA|{ OK22f 2F [AFS {LENI YR {20A}f {

518 2F RSLI

omMmdPnodmo

5SS 2F NBUdz

nmodnc ®mo

¢2gya yR Oz2{al RNALBR I v mdloybiRmod 1 cOPH 1 MO
GAaAlSREe &YNGB
NEdzi§ 6AGK RI{ly W2asSz /2adil o6omdnodmo YR omd
o wa |9OYIAAUIVIA 2 VXK § SINDYOANIEA SXIAYF AL dO2Y
/| 2yal O RSOl
2 BSNESH & . _ .
2 t K2y S NDKNB &b Ane v iyd p H
brYS FyR SEG[WIF & al OYNYiinys 9EG ®
aG1FF 6K2 K2
@2dzNJ A GAY SN
l2at LyatdratdbDh /I yFRAFY hNHFYA&FGAZ2Y F2N ¢NP
CASEtR 62N)] Ay NBflLlOGA2y G2 GKS af{d

t dzN1L}2&asS 2F O
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Ri s k

Assessment

1 Contact Details

, 2dzNJ F dzf ¢

VI YSY

I Yy FEEF YENFAS

{ OK22ft k{ SNIBAOS {OK22ft 2F [AFTS {LRNI Iy

2Ri sk Asg

*

Ri sk/ Haz & n/ a Low Medi um Hi gh

¢KST 2 T hyte RdANRY

O2 Y LJdzi S NJ RS LI NI dzNB

LIK2Yy S 02 dzy G NB

CKSFTO 27 hyte RANRY

RS LJ NI dzNB

02 dzy i NB

CKSTG 27

OK S dzS &

CKSTO 27 hyte RdNRY

RS LI NJi dzZNB

O2 dzy i NB

¢ NI @St Ay

0dzasSa «k

I NNXA @Ay 3

fF0S yA3IK

wAaie K hyte RdNAY

tf20FGA2Yy 3 RS LI NI dzNB
O2 dzy i NB
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wial 27
ONBI {R24Y
KANRY 3 |

t2aaAroAt A

hyf e RN
RS LI NI dzNB
O2 dzy (i NB

t 234A0Af A
Ydza 3 Ay 3

hyté RdNAY
RS LI NI dzNB
O2 dzy (i NB

wAial 27
TNREY F22K

wAial 27
AA01ySaa

WA & 2 T
NBfIdSR
6aLISOATRY

658y 3dzS =S
RdzS G2 | Ay
Soad &yl |8
odz £ St | yiia3

402 N1 2y

WA & 2 7F
Fddr 01 SR
LINBRI (2 NH

6 Wl 3dzZ N& =
aylr 18« yal!
ONR O2RAT S&U

3 Documen
required

La | @Aral

NBIljdzA NER F2NJ 6KS O2dzy
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52 e2dz KIS | LK2:G202L)k 27F &2 dzNJ

52 e2dz KIS | LK2:G§202L)k 27F &2 dzNJ

52 @l2dis K- AaSLI NYGS fA&aG 2F &2 dzNJ bK!
52 82dz KIS + 9dzNBLISEHY | 8FfdK L wé"’dj;iyi
YSRAOIE OFINB SyidadtSySyik KSHE K
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Notes:

*Section 2

¢KS LlzN1J2asS 27F (KA & |ANBYiSazy 2AFa L2l SNGiMa §  aNvdaNJa 6 K
ARSY(GATEe 6KAOK KIFITFNR& &2dz YIéd 68 G NmR&a|l 2F 6KSy
FNBE (2 200dzNE Fa FIENFa @2dz Oy SEIMR I GSBZdzoR e (KO3
Ad y2i0 SEKI dzZaGAGS odzi A& RS&AIYSR (2 KStL) @2dz | &3
AYTF2NXYEFGA2Y 02dzi GKS O2dzyiNE & PdzgloMmE 2@ovaAbk iy OBy
GKS 200dz2NNByOS 2F lye 2F (KSasS KIFTIFINR&a g2df R KI @S
I RRAGAZ2Y I fcr BINB QI dz& 52y dzA O] DdzARS AF GKS FROAOS Aa

*Section 3

rasS KXS1Ohald G2 SyadaNB e2dz KFE@S it GKS ySOSaal Ne
Gb2¢ G2 ljdSatdAz2ya Hw YR 03X &2dz aK2dzZ R YI 1S O2LAS3
INB t2ad 2NJ adz2tSyo YSSIIAKIa R 202de¥ASY/EG 8548 LI NF G S F N

¢N} Sttt SNAR / KSIljdzSa OFry 2yfeé 0SS NBLIIFIOSR AF &2dz KI
FNRY (GKS 2NRIAYIE OKSI|dzSao

Signatur e:

OMK/NTOKHAMO

Ly GKS S@gSyid GKIG yé Nxal 3IAoSa OFdasS F2N 02y OSSN
t NEOdzNBYSy i 42 (GKSeé Oly | tSNI GKS AyadaNBNB | yR 20

THI'S FORM SHOULD BEURENACHRBVEQ RAHMHEH®RI SATI ON FOR
WI THIN THE SCHOOL
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