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INTRODUCTION
Roosts are critical for bat survival. Bats rely on shelter to protect against predators and inclement
weather, facilitate social interactions such as mating and rearing young, and promote energy conservation
and ease of foraging. Roosts influence bat social interactions and ecology because the success of roost
selection impacts social group size and survival (Kunz & Lumsden 2003, Kunz 1982, McCracken et al.
2006). There is also an energy cost involved in tent location or construction that controls the balance of
benefits received from the roosts (Chaverri & Kunz 2010, Rodríguez-Herrera et al. 2011). However,
despite this presumed impact, very little research has focused on this interaction.
Many species of bats use caves, hollow trees, or buildings as roosts, but approximately 50% use
foliage (Kunz & Lumsden 2003). Just twenty-two species (2%) of all bats have the ability to modify
plants to create structures called tents. These bats bite leaves to create cuts along the midrib and veins so
that part of the leaf folds down to create a tent. They do this without cutting off water supply in the leaves
(Cholewa et al. 2001). All tent-roosting bats are confined to warmer climates where leaf sizes are larger,
and in the neotropics there are seventeen species (LaVal & Rodríguez-Herrera 2002, Rodríguez-Herrera
et al. 2007).
The neotropical tent-roosting bats belong to the family Phyllostomidae, and are primarily
frugivorous. These bats are important to tropical ecosystems as seed dispersers and some are capable of
dispersing seeds even more effectively than birds (LaVal & Rodríguez-Herrera 2002, Rodríguez-Herrera
et al. 2007, Medellín & Gaona 1999). Another characteristic of tent-roosting bats is that they all roost in
groups. Additionally, most neotropical tent-roosting bats are small in size. For example, Ectophylla alba
and Vampyressa thyone weigh 5 to 8 g and Dermanura watsoni weighs around 12 g. A few species are
medium-sized, such as Artibeus jamaicensis, which weighs more than 60 g. However, most are smaller
(Chaverri & Kunz 2010, Rodríguez-Herrera et al. 2007).
Bats construct tents for a variety of reasons: to protect against predators, to conserve heat, and to
bring social groups together, which facilitates foraging, sexual reproduction, and care of young
(Rodríguez-Herrera et al. 2007). There are also social and mechanical costs to tent construction. Social
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costs include increased competition, aggression, and facilitated transmission of parasites (Chaverri &
Kunz 2010). Bats incur mechanical costs when cutting leaves to create roosts, and these costs vary with
the hardness and size of leaves (Rodríguez-Herrera et al. 2007). To offset these costs, bats may try to
maximize tent benefits by increasing social group size, but the costs also limit their ability to do so
(Chaverri & Kunz 2010, Rodríguez-Herrera et al. 2011). Because mechanical costs vary depending on the
leaf, the cost-benefit balance between social group size and the limits of the leaf itself will be different for
each species of bat with each species of leaf.
Bats must select appropriate leaves because an old, weak, or otherwise unsuitable leaf will not
provide benefits that outweigh the work input used to create it (Rodríguez-Herrera et al. 2007, Cholewa et
al. 2001). However, there are also many factors that influence a bat’s ability to use different kinds of
leaves: 1) some bats may not recognize certain species of plants as roost sites due to phylogenetic
constraints, 2) bats may select specific plants and habitats because of ecological requirements, and 3) the
structure of the leaves may mechanically limit the construction of tents and the amount of weight they can
support (Rodríguez-Herrera et al. 2007).
Mechanical limitations may impact bat social structure. Chaverri & Kunz (2010) noted that bat
weight and social group size often correlate with roost size. For example, bats that roost in larger spaces
like caves or tree trunks tend to have larger social groups than those that roost in smaller rock crevices or
bamboo. This review included three popular theories on roost factors that might limit social group size: 1)
roost abundance, 2) roost size, and 3) roost weight support.
The first theory states that large spaces such as caves support larger social groups because there
are fewer of them. In this theory, abundance of these large spaces limits social group size (Kerth 2008,
McCracken et al. 2006). Chaverri & Kunz (2010) reviewed this theory with tent-roosting bats and
concluded that bats formed larger social groups when leaves were more abundant. However, researchers
do not universally accept this theory, and it does not explain what governs tent-roosting bat social group
dynamics when leaves are abundant (Chaverri & Kunz 2010). Tent-roosting bats can often use a range of
different plant species, which also widens the available roost abundance. They use 77 different known
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species of plants, with Dermanura watsoni (previously known as Artibeus watsoni) using the largest
number of species, 41 (Chaverri & Kunz 2010, Rodríguez-Herrera et al. 2007). Many utilized plant
species have yet to be formally recorded (Bernal Rodríguez-Herrera, pers. comm.).
The second theory states that the size of the roost is what controls social group size. In this
theory, larger spaces hold more bats because of their size. However, in some situations, a space may be
large enough to hold more bats but incapable of supporting them. This has led researchers to the third,
most probable theory that the weight that a roost can support limits the social group size. In this theory,
large spaces such as caves support large social groups not because they are a finite resource or provide
more space, but because they are unlikely to collase under the weight of large bat colonies (Chaverri &
Kunz 2010). This theory relates perhaps most relevantly to foliage-roosting bats. Because tent-roosting
bats are relatively small compared to other bat species, many researchers have speculated that the size of
either the bat or the leaf might limit tent construction or influence bat social grouping (Chaverri & Kunz
2010, Kerth 2008, Rodríguez-Herrera et al. 2007). However, researchers have not studied this concept
and are unclear about in what situations weight might limit social group size.
Chaverri & Kunz (2010) do not postulate on how this limitation might affect other behaviors
beyond social group size, such as plant species preference. If the weight a roost can support controls the
balance of social group size, then it could influence a bat’s preference for certain plant species. Tentroosting bats are highly selective in their choice of leaves (Rodríguez-Herrera et al. 2007, RodríguezHerrera et al. 2008). For instance, Rodríguez-Herrera et al. (2008) found that Ectophylla alba selected
new leaves of Heliconia based on specific macro and micro scale qualities in the surrounding habitat.
However, research has not focused on factors influencing the preference of bats that can use a wide range
of plant species and could thereby chose between plants that have variable weight supporting capacities
(Rodríguez-Herrera et al. 2007).
There is a general lack of knowledge about tent-roosting bat social structure, and researchers have
rarely studied the role of tents in the social organization of tent-roosting bats (Chaverri & Kunz 2010,
Kerth 2008, Rodríguez-Herrera et al. 2007, Sagot & Stevens 2012). Similarly, the preferences of

4

generalist bat species and the factors influencing these preferences are largely unknown (RodríguezHerrera et al. 2007, Chaverri & Kunz 2006, Choe & Timm 1985). This is the first study to examine
maximum weight capacities of tent leaves and their potential influences on bat social group size and plant
preferences.
My objectives were to: 1) estimate the weight that leaves of Asterogyne martiana, Heliconia
imbricata, and Philodendron fragrantissimum can support, 2) examine if and to what extent the
maximum weight capacity of these three plants limits the social group size of the bat, and 3) determine D.
watsoni’s preferences for these three plants to see whether they select for species with a higher maximum
weight capacity (hereafter MWC).

METHODS
Study Area
I conducted research at Tirimbina Biological Reserve (TBR; 10°26’N, 83°59’W) in central
Heredia province, Costa Rica (Fig. 1). The TBR covers an area of 345 ha of rainforest (85% primary).
Mean annual precipitation is 3777 mm and mean annual temperature is 25.3°C, ranging between 20.2°C
and 30.0°C yearly (Tirimbina Biological Reserve 2010). The reserve has two Holdridge Life Zones
(Holdridge 1969): very humid Pre-Montane Forest with transition to Basal (bmh-P) and very humid
Tropical Forest (bmh-T). The greatest numbers of plants on the reserve belong to the families Rubiaceae
and Arecaceae (Delgado et al. 1997). Palms (Euterpe, Prestoea, Geonoma) and small trees of the family
Rubiaceae and Melastomataceae characterize the understory in areas of primary forest, while Heliconia
pogonantha and pioneers of the families Melastomataceae, Piperaceae and Rubiaceae dominate more
disturbed areas (Rincón et al. 1997). The reserve supports mammals characteristic of the Caribbean
Lowlands, including more than 60 species of bats (Tirimbina Biological Reserve 2010).
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Maximum Weight Capacity
I studied the plant species Asterogyne martiana (Fam. Arecaceae), Heliconia imbricata (Fam.
Heliconiaceae), and Philodendron fragrantissimum (Fam. Araceae). They each represent a different kind
of tent architecture: A. martiana tents are bifid, P. fragrantissimum tents are apical, and H. imbricata tents
are invert-boat (Fig. 2). This study focused on two common tent-roosting bats in TBR. The generalist D.
watsoni uses all three selected plant species while the specialist E. alba uses only H. imbricata
(Rodríguez-Herrera et al. 2007). Dermanura watsoni commonly uses P. fragrantissimum in TBR,
although this is the first study to formally record it as a species used by tent-roosting bats.
To determine tent leaf MWC, I identified accessible leaves of each plant species that were new
and in good condition, since the newness of the leaves is the most important factor for leaf use
(Rodríguez-Herrera et al. 2008, Rodríguez-Herrera et al. 2011). I measured all leaves available in each
given area. I assumed that if I used every new leaf as it became available, it would be a reasonably
random and representative sample of what the bats have available to them as well. In this area, there is
little seasonal variation of leaf production (Reich 1995).
For each leaf, I recorded its length (from base of petiole to the end of the furthest tip), width at the
widest point, its undisturbed height above the ground at the leaf base and at the leaf tip (for P.
fragrantissimum, this was measured from the point at which the stem attaches to the vine instead of from
the ground), and the width of the stem at the petiole. I used a paperclip and string to hang 10 g bags on
sand across the midrib of the leaf at the position at which the bats would hang. Ectophylla alba and D.
watsoni weigh 5-6 g and 11 g respectively, so 10 g reasonably approximates the weight of one or two bats
(Chaverri & Kunz 2010). At each interval, I added additional bags one at a time by tying them to the
string. For A. martiana, I hung the weight 5 cm from the point at which the leaf splits, for H. imbricata, I
hung the weight 5 cm closer to the leaf base from the midpoint of the leaf length, and for P.
fragrantissimum, I hung the weight 3 cm from the base of the leaf.
Before and immediately after adding each bag, I recorded the height of the leaf at the base and
tip, until the leaf reached MWC and was no longer usable by tent-roosting bats (Bernal Rodríguez-
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Herrera, pers. comm.). I defined MWC as when the two heights were equal or the tip was lower than the
base (see Fig. 3). For P. fragrantissimum, I used the point of bag attachment instead of the leaf tip. I
repeated this for each leaf of each species that was used.
To compare the effects of time on sagging of leaves, I used two experimental groups: one in
which I added bags one at a time each hour, and one in which I added bags one each day.

Social Group Size and
Maximum Weight Capacity
If the plant MWC limits bat social group size, then the bat maximum social group size will be
limited to the mean social group size in these plants. To determine whether this is the case, I compared
the data on MWC to maximum and mean social group weights of E. alba and D. watsoni in each plant
species. To calculate maximum and mean social group weight, I used the following formula for each bat
in each plant species:
Social Group Weight= Sp x Wb
Where Sp is maximum or mean bat social group size specific for each plant species and Wb is the mean
bat weight. I used maximum and mean social group size and bat weights presented in Chaverri & Kunz
(2010). Because there are no data for D. watsoni utilizing P. fragrantissimum, I used a similar species,
Philodendron pterotum.
Selectivity and Maximum
Weight Capacity
To determine whether D. watsoni selects plant species with higher maximum weight capacities, I
first determined the abundances of A. martiana, H. imbricata, and P. fragrantissimum in the study area. I
sampled along the edges of existing trails (where plants are most accessible) using semi-random plot
sampling. Every 50 m on each path, I walked 30 m perpendicularly off the trail on a random side and then
sampled one 15 m2 circular plot. For paths with heavy vegetation or difficult terrain I was only able to
walk 10 m off the trail. In each plot, I recorded the number of A. martiana, H. imbricata, and P.
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fragrantissimum plants and usable leaves, and an estimate of the percent ground cover of the three focal
species.
To determine preferences, I walked these same paths accompanied by a guide and recorded all the
bat tents we could find in the three species of plants, using the assumption that no one plant species’ tents
are easier to locate. For each tent found, we took photos and noted any bats. We identified the species of
bat using each tent by the cuts in the leaves or by the physical presence of bats.

Data Analysis
I used three different statistical packages for my analyses: Minitab 16 (Minitab 16 Statistical
Software 2010), Statgraphics Online (statgraphicsonline.com), and BrightStat Online (Stricker 2008). I
compared the effect of leaf structure (leaf width and length and stem width) on MWC through regression
analysis using Minitab 16. I tested for differences in median maximum weight capacities among plant
species and then between hourly and daily treatments with Kruskal-Wallis tests (Sokal & Rohlf 1995) in
Minitab 16 because data were not normally distributed. I conducted a Conover post-hoc analysis for the
Kruskal-Wallis test of MWC between plant species (Conover 1999) using BrightStat online.
I compared bat maximum social group weight to MWC and estimated their differences with a
one-tailed, Kruskal-Wallis test using Statgraphics Online. I estimated the strength of the relationship
between mean MWC (independent variable) of plant species to mean bat social group weight (dependent
variable) with a simple linear regression with Statgraphics Online. I used D. watsoni for all three species
and E. alba with H. imbricata only.
Because the sample size was too small for a Chi-Squared Goodness-of-fit test, I estimated D.
watsoni plant species preference qualitatively comparing observed to expected abundances.
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RESULTS
Maximum Weight Capacity
Heliconia imbricata had the longest leaves, A. martiana had the widest leaves, and P.
fragrantissimum had the thickest stem widths (Table 1; Table 2). Philodendron fragrantissimum had the
greatest MWC (n=30, x =44.0±2.52 SE g, median=40 g), followed closely by H. imbricata (n=36, x

=42.2±2.73 SE g, median=40 g) and A. martiana had a significantly lower MWC compared to the other


two species (n=33, x =33.3±1.83 SE g, median=30g; H=9.57, df=2, 96, P=0.0083) (Fig. 4).
There was no statistical difference between adding weight hourly or daily for any of the three

 martiana: H=1.36, df=1, 40, P=0.21, H. imbricata: H=0.10, df=1, 44, P=0.68, P.
species (A.
fragrantissimum: H= 3.02, df=1, 37, P=0.09) (Fig. 5).
Leaf width, leaf length, and stem width were positively correlated with MWC for most species,
but R2 values were very low for all comparisons (Table 3).

Social Group Size and Maximum Weight Capacity
Mean social group weight follows the same pattern as MWC, while MWC limits the maximum
social group weight to the mean (Fig. 6). Mean social group weights of D. watsoni and E. alba display a
positive relation to the corresponding plant species MWC (F=12.2, df=1, 2, P=0.073 R2=85.9) (Fig. 7).
All maximum social group weights were greater than maximum weight capacity (Wilcoxon
Statistic=10.0, df=3, P=0.05, Estimated Median Difference=29.68) (Fig. 9) and mean social group
weights were all smaller than maximum weight capacity (Wilcoxon Statistic= 10.0, df=3, P=0.05,
Estimated Median Difference=12.30) (Fig. 10).
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Selectivity and Maximum
Weight Capacity
I sampled a total of 238 plants with 1538 leaves along five major trails in the reserve. A majority
of the plants were A. martiana (Table 4). The three plant species rarely made up more than fifty percent
of plant cover in any of the plots surveyed (Fig. 10). I located 28 tents in the three plant species, 14 of
which I identified as likely D. watsoni tents. This sample size was too small to meet the requirements for
a Chi-Squared Goodness-of-fit test, so I analyzed results qualitatively. The results suggest that D. watsoni
slightly prefers A. martiana, completly avoids H. imbricata, and neither prefers nor avoids P.
fragrantissimum (Table 5).

DISCUSSION
Maximum Weight Capacity
I found that P. fragrantissimum and H. imbricata leaves supported more weight than A. martiana.
Philodendron fragrantissimum and H. imbricata both have thicker stem widths, which could provide
more support for the leaves compared to A. martiana. While no other studies have measured MWC of
leaves, some authors have hypothesized that roost size limits social group size (Chaverri & Kunz 2010).
Since P. fragrantissimum leaves tend to be much smaller than the other two, these results do not support
that theory.

Social Group Size and Maximum Weight Capacity
This study supports the hypothesis that the MWC of plant species limits the number of bats
roosting together. Social and physical benefits increase with group size; however, the construction of tents
is energetically costly for the bats, and this study shows that leaves can support a limited number of bats
(Chaverri & Kunz 2010, Rodríguez-Herrera et al. 2007, Rodríguez-Herrera et al. 2011, Sagot & Stevens
2012).
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Largest know group size occurs only rarely in an exceptionally strong leaf, but most leaves
cannot support that number of bats. This implies that were there no weight limit of leaves, bats would
create larger social groups.
The weight limitation of leaves also explains why mean social group weight correlates with plant
species’ MWC. The mean social group weight was slightly lower than the actual MWC; presumably so
that the bat group does not risk collapsing the tent leaf. All three plants showed this limiting effect, but it
was especially large for H. imbricata leaves. This species supported maximum social group sizes of 8 D.
watsoni bats and 17 E. alba bats and mean social group sizes of 2.75 bats and 5.42 bats respectively
(Chaverri & Kunz 2010). The standard deviation for H. imbricata MWC was also the largest of the three
species, which could account for the wider differences between the maximum and observed mean. This
uncertainty of the MWC of all three species would therefore have a strong impact on the cost-benefit
balance of tent construction and on bat social groups, with ramifications for reproduction, foraging, and
cooperative behaviors (Sagot & Stevens 2012).

Selectivity and Maximum Weight Capacity
This is one of the first studies to look at preferences based on comparative leaf abundances and
the first to look at preferences in relation to MWC (Rodríguez-Herrera et al. 2007). This study also
highlights the need for additional research on tent preferences. Timm (1987) studied D. watsoni
preferences in La Selva, a reserve nearby to TBR and also found that A. martiana was the most
commonly used species. That study did not report any P. fragrantissimum or H. imbricata tents.
However, other studies found preference results different from this study. Choe & Timm (1985)
found that at Corcovado National Park, Costa Rica, D. watsoni bats were found most often in Anthurium
ravenii, which is in the same family as P. fragrantissimum. They also found tents in H. imbricata and A.
martiana plants but did not state which were more common. That study did not focus on preferences and
did not weight selection by abundance.
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Chaverri & Kunz (2006) found that D. watsoni bats in Golfito and Corcovado used leaves of H.
imbricata more than any other plant species (42 tents found). They also used high numbers of P.
pterotum, a similar species to P. fragrantissimum, and fewer A. martiana tents (26 and 7 respectively).
That is very different from the preferences found in this study, but the researchers did not weight
preferences by abundance. These studies show that while the range of plants species used is similar in
different areas, the preferred species frequently are not. However, preferences of D. watsoni are highly
variable, so it would not be surprising to get different results on preferences even in the same location, let
alone different areas within Costa Rica (Rodríguez-Herrera et al. 2007).
Dermanura watsoni did not show a preference for plant species based on maximum weight
capacities. Asterogyne martiana had the lowest MWC yet the most tents, while the maximum weight
capacities of H. imbricata and P. fragrantissimum were greater but not preferred by D. watsoni. This
suggests that MWC is not an important factor in the selection of plant species used for tent construction,
even though it may play a role in limiting social group size.
Several factors have already been studied for tent preferences in other bat species and researchers
have recognized that it is a complex process incorporating many different factors. Ectophylla alba has
specialized preferences at a micro and macro habitat scale that include factors such as canopy and
understory coverage and plant density (Rodríguez-Herrera et al. 2008). However, I would not expect
these factors to co-vary with plant species. Stoner (2000) listed a number of different potential factors
involved in plant selection for D. watsoni: leaf height, age, angle, blade length and width, and rachis
diameter. Stoner (2000) also pointed out the difficulty of assessing preferences in the rainforest where
microclimatic conditions can vary greatly. I did not control for these factors. However, the tents were
surveyed along trails for the entire study site, so the only consistent confounding factor would be their
proximity to trails. No tents were found directly next to the trail and the trail should not affect the factors
considered in previous studies. If MWC were a strong factor affecting selection, I would expect it to be
related to preferences even in these conditions.
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There are additional factors that could affect selection that are also related to plant species. The
difficulty of constructing a tent depends on the plant species and could influence a bat’s plant preferences.
Since tent-roosting bats are small, they need a large amount of time and energy input to chew through
leaves in an exact manner to construct a tent. Therefore, the bat might try to minimize this energy output
by using tent architectures that require less work to create. Rodríguez-Herrera et al. (2007) ranked
different tent architecture difficulties by associated costs of leaf thickness and number of cuts required for
tent construction. Based on that estimation, A. martiana (bifid tents) would be the most difficult of the
architectures represented in this study, followed by H. imbricata (boat tents), and P. fragrantissimum
(apical tents) (Fig. 2).
This means that the species that can support the greatest maximum weight capacities are also the
easiest to construct but were still not preferred. This implies that there are other, more important factors to
explain why D. watsoni might show a potential preference for the species with the lowest MWC yet most
energy-consuming construction.
One potential hypothesis is that even though Rodríguez-Herrera et al. (2007) ranked the boat
arcituecture as less difficult than the bifid architecture based on leaf thickness, it may be that number of
cuts (considerably more needed for the H. imbricata tents than either of the other two species) is a more
important factor in this case. It could also be that the larger limiting effect of MWC on H. imbricata
maximum social group weight discourages bats from utilizing their leaves.
Another point to note is that E. alba created all of the H. imbricata tents found in this study. It
may be that competition with this other bat species has forced D. wastoni bats to select different plants.
An additional hypothesis might be that since D. watsoni has been found to use E. alba tents (RodríguezHerrera et al. 2007), they are simply utilizing existing tents and not constructing their own. However, this
explanation is less probable since it is a rare occurance and none of the H. imbricata tents in this study
showed signs of D. watsoni use (Bernal Rodríguez-Herrera, pers. comm.).
The most likely reason why species selection was not based on MWC is that there is individual
variation in MWC among leaves of each species. The standard errors in plant maximum weight capacities
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were large for all species, especially H. imbricata. Therefore, it may be that individual variation in MWC
is more important than the variation between species, and D. watsoni select leaves based on individual
leaf MWC or other factors specific to individual leaves instead of by species.

CONCLUSIONS
Many authors have theorized that MWC of plant species used for tents limits bat social group size
(Rodríguez-Herrera et al. 2007, Stoner 2000, Timm 1987), yet until now, this idea had not been tested.
This study supports the MWC theory and demonstrates the potential for a large limiting effect in some
cases. However, MWC varies greatly on an individual basis for all plant species. This may explain why
MWC does not seem to impact plant selection on a species level. Because this study showed a strong
correlation between mean social group weight and maximum weight capacity, it suggests that this trend
may hold true for other species of tent-roosting bats and the plants they utilize. This study has laid out a
procedure that can be repeated with other species of plants used by tent-roosting bats in future studies to
help explain the social behavior of a wider range of species. Because of the difficulty of working in dense
vegetation, this study was mostly confined to areas near paths. It would therefore be useful to expand this
project to a wider area and deeper within virgin forests. One of the major limiting factors of this study is
that it relied on pre-existing data on social group sizes of bats in specific plant species, which is not well
known. An important next step, in addition to collecting maximum weight capacities for more species of
plants, is to expand knowledge on the social dynamics of tent-roosting bats in general.
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Figure 1. Map of Tirimbina as inset of Costa Rica. Tirimbina map courtesy of Tirimbina Biological
Reserve. Paths used for the study are marked with an asterisk and colored red.
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Figure 2. Examples of tent architectures for the plant species used in this study. A is a Heliconia leaf with
an invert-boat tent. B is an Asterogyne leaf with a bifid tent. C is a Philodendron leaf with an apical tent.
Illustrations are from Timm (1987).
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Figure 3. Asterogyne martiana leaves at different stages of weight addition. Blue lines are the height at
leaf tip, yellow lines are the height at leaf base, and red lines are the horizontal height at leaf base for
comparison with height at leaf tip. A is a leaf without weight. B is a weighted leaf before it reaches
MWC. C is a weighted leaf at MWC.

20

Table 1. Leaf structure characteristics for plants used for hourly addition (mean±SE).
Plant

Leaf Width (m)

Leaf Length (m)

Stem Width (mm)

A. martiana

0.25±0.01

0.92±0.03

6.90±0.22

H. imbricata

0.33±0.01

0.86±0.04

9.99±0.22

P. fragrantissimum

0.27±0.01

0.38±0.01

10.57±0.30
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Table 2. Results from the Kruskal-Wallis Conover paired comparisons of leaf structure between
plant species (Conover, 1999). Differences are the same for comparisons in the opposite direction
(J-I). * Indicates a P-value<0.05, ** P<0.01, and *** P<0.001.
I

J

5% Critical

5% C.D.

5% C.D. (I-J)

(I-J) (leaf

(I-J) (stem

Difference

(leaf

(stem

Differences

width)

width)

(leaf

width)

width)

(leaf

length)
A.

H.

martiana

imbricata

A.

P.

martiana

fragrantissi

length)

8.19

10.51

9.13

9.29*

-43.22***

-40.52***

8.57

11.00

9.51

54.35***

-12.19*

-47.57***

8.40

10.78

8.78

45.06***

31.02***

-7.05

mum
H.

P.

imbricata

fragrantissi
mum
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Figure 4. Box and whisker plot of A. martiana, H. imbricata, and P. fragrantissimum maximum weight
capacities. Red pluses represent means and values are divided into quartiles. Notches in box represent
95% confidence intervals for medians (horizontal lines closest to red pluses). Points beyond external
quartile maximums are outliers. Letters indicate significant differences.
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Figure 5. Box and whisker plot of A. martiana, H. imbricata, and P. fragrantissimum maximum weight
capacity for hourly versus daily weight addition. Red pluses represent means and values are divided into
quartiles. Notches in box represent 95% confidence intervals for medians (horizontal lines closest to red
pluses). Points beyond external quartile maximums are outliers. All hourly and daily comparisons were
not significantly different.
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Table 3. Results of regression analysis between leaf structure and MWC. Asterisks indicate a
significant result.
Leaf Width
Plant Species

P-value

R2

Equation (MWC=)

A. martiana

.012*

18.7

4.37+ 116.0 x Width

H. imbricata

.001*

28.6

-16.40 + 175.1 x Width

P. fragrantissimum

.273

4.3

23.73 + 74.32 x Width

Leaf Length
Plant Species

P-value

R2

Equation (MWC=)

A. martiana

.009*

19.8

3.59+ 32.48 x Length

H. imbricata

.039*

12.0

19.10 + 26.97 x Length

P. fragrantissimum

.037*

14.6

1.72 + 111.0 x Length

Stem Width
Plant Species

P-value

R2

Equation (MWC=)

A. martiana

.020*

20.5

0.48+ 4.615 x Stem

H. imbricata

.012*

17.2

- 9.38 + 5.166 x Stem

P. fragrantissimum

.075

10.9

14.86 + 2.756 x Stem
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Comparison of maximum weight capacity and mean and maximum
social group weight by species
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Maximum weight
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D. watsoni mean
group weight
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Figure 6. Mean tent leaf maximum weight capacities and mean and maximum social group weights for
D. watsoni and E. alba from Chaverri & Kunz (2010). Social group sizes for P. fragrantissimum
approximated using P. pterotum, a similar species.
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Figure 7. Regression of mean social group weight of D. watsoni and E. alba with the corresponding plant
MWC. The blue line is the regression line and the green lines are 95% confidence intervals of slope. Max
Weight Capacity=2.66+1.35^Bat (F=12.2, df=1,2, P=0.073, R2=85.9).
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Figure 8. Box plot of bat maximum social group weight and plant MWC. Wilcoxon statistic=10.0, df=3,
P=0.05, estimated median=29.68 (one-tailed Wilcoxon Rank Test of differences). The shaded boxes
represent the interquartile range, the line inside the box is the median, and the circle is the mean. Points
beyond external quartile maximums are outliers.
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Figure 9. Box plot of bat mean social group weight and plant MWC. Wilcoxon statistic=10.0, df=3,
P=0.05, estimated median=12.30 (one-tailed Wilcoxon Rank Test of differences). The shaded boxes
represent the interquartile range, the line inside the box is the median, and the circle is the mean. Points
beyond external quartile maximums are outliers.
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Table 4. Plant species abundances by plant and by leaf.
Plants (%)
Plant Species

Plants

Leaves (%)

(number)

Leaves
(number)

A. martiana

32.77

78

51.88

798

H. imbricata

2.52

125

25.62

394

P. fragrantissimum

14.51

35

22.50

346
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Figure 10. Histogram of percent cover of A. martiana, H. imbricata, and P. fragrantissimum in
abundance plots.
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Table 5. Tents expected and tents observed used for analyzing D. watsoni plant selection.
Plant Species

Tents expected (based on leaf

Tents Observed

abundance)
A. martiana

7.26

10

H. imbricata

3.59

0

P. fragrantissimum

3.15

4
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