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Water Quality of Bromeliad vs. Non-Bromeliad Above Ground Pools  
Caitlin O’Morchoe 

Fall CIEE 2011 

!
Abstract 

Foundation species are very important for the diversity and stability of various organisms because 
they offer a specified habitat. In the neotropics, there is a group of organisms that are defined as a microcosm 
because they offer a unique habitat and contain high diversity. This group is the epiphytic tank Bromeliads. 
As an adaptation for nutrient deficiency, the leaves of these Bromeliads form a tank that collects water, leaf 
litter, and acts as a habitat for organisms. This study tested whether or not tank Bromeliads act as foundation 
species by comparing the chemistry of their water to the chemistry of water found in other non-Bromeliad 
tanks in the forest of Monteverde, Costa Rica. Concentrations of nitrate, ammonium, dissolved oxygen, pH 
and biological oxygen demand (BOD) were compared between 20 Bromeliad and 20 non-Bromeliad tanks. 
There was only significant difference in the levels of pH of the two tanks types; Bromeliad tanks were 
slightly more acidic than non-Bromeliad tanks. This variation in acidity may lead to different bacterial 
diversities between the tank types. I therefore propose that Bromeliads are impacting the acidity in their 
water differently than non-Bromeliads. This creates a specified habitat for some organisms, and thus tank 
Bromeliads act as a foundation species.  !
Resumen  

Las especies fundadoras son muy importantes para la diversidad y estabilidad de varios organismos 
porque ofrecen un habitat específico.  En los neotropicos, hay un grupo de organismos conocidos como 
microcosmo porque ofrecen un hábitat único y contienen una gran diversidad.  Este grupo es las bromelias 
de tankes epífitas.  Como una adaptación por la deficiencia de nutrients, las hojas de las bromelias  forman 
un tanque para recojer agua, hojarasca y actua como hábitat para otros organismos.  Este estudio prueba si 
los tanques de bromelias actuan como especies fundadoras al comparar la química del agua con agua 
encontrada en tanques de no-bromelias en el bosque de Monteverde, Costa Rica.  Concentraciones de nitrato, 
amonio, oxígeno disuelto, pH y la demanda de oxígeno biológico (BOD, por sus siglas en ingles) al 
comparar 20 tanques de bromelias y no-bromelias.  Se encontraron diferencias únicamente en los niveles de 
pH de los dos tipos diferentes de tanques; los tanques de las bromelias son ligeramente más ácidos que los 
tanques de no bromelias.  Está variación en la acidez pude llevar a una diferencia en la diversidad bacteriana 
entre los tanques.  Por lo tanto, yo progongo, que las bromelias están impactando la acidez en su agua 
diferente que los tanques de no-bromelias.  Esto crea un hábitat específico para ciertos organismos, y esos 
tanques actuan como especies fundadoras. !
Introduction 

Many investigations from a wide variety of habitats have demonstrated the strong effect of 
facilitation interactions on many biological aspects such as individual fitness, population 
distributions and growth rates, species composition and diversity, and landscape scale community 
dynamics (Bruno et al. 2003). One specific interaction type is that of foundation species. Some 
foundation species are known to provide habitats for other species, and in their absence, the 
diversity of the hosted species declines. This decline in diversity could lead to the structure of 
various communities becoming unstable and could lead to the decline of a coexisting species, 
possibly even to extinction. It is very important to conserve these foundation species in order to 
conserve species diversity and habitat stability.  

There is a group of plants that has been defined as a microcosm because they offer a unique 
habitat with a high diversity of organisms; the epiphytic tank plants of the family Bromeliaceae 
(GuimarÃes-Souza 2006). The leaves of the Bromeliads are overlapping and arranged in a rosette 
formation, which creates the tank (Frank et al. 2004 and Maguire 1971, Rundel and Gibson 1996). 
This tank then acts as a receptacle for water, leaf littler and organisms (Benzing and Renfrow 1974, 
Ngai and Srivastava 2006). Bromeliad-tank plants have no root contact with the ground, so they 
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have the tank adaptation to account for their nutrient deficient habitat (Rundel and Gibson 1996). 
The leaf litter, animal fecal matter, and dead animal bodies collected in the tank water decompose 
and are absorbed by specialized leaf hairs (trichomes), not by roots (Pickersgill 1978). 

The water of Bromeliad tanks has not been extensively studied. It is known that these tanks 
are slightly acidic and anaerobic (Goffredi 2010). It is also known that the tanks offer habitats to 
many organisms, both macro and micro (Maguire 1971). There are even a few species that are 
specified to the Bromeliad tank habitat such as bladderworts (Utricularia), tree frogs (Syncope 
antenori), and various insects (Heywood et al. 2007). I propose that epiphytic Bromeliads are 
impacting their tank water in some way to create a specific habitat, thereby acting as a foundation 
species.  

One way to test this question is to compare the water quality of Bromeliad tanks to non-
Bromeliad tanks. There are other naturally forming non-Bromeliad tanks such as water-filled tree 
holes that collect water (Yanoviak 1999). This study looks at the difference in water quality in 
Bromeliad and non-Bromeliad water tanks in Monteverde, Costa Rica.  The differences, or lack 
thereof, will illustrate if the Bromeliads are acting in some manner to impact the water composition 
of the tank, thereby creating a different habitat than non-Bromeliad tanks. A lack of differences 
would indicate that Bromeliads are not impacting the tank water in any way, and they are no 
different than a tree hole tank.  !
Materials and Methods 

The study site was in the tropical forest of Monteverde, Costa Rica. Water samples were 
taken from 1200m to 1800m of elevation through Moist, Wet, and Rain PreMontane Forest 
according to the Holdridge Life Zones. Many different species of Bromeliads were used, but they 
were all epiphytic. For this study, I defined non-Bromeliad tanks as any structure consistently 
containing water, just as Bromeliads. For example, I took water from pools in rocks, tree-holes, and 
leaf litter found on the ground. The water collected from leaf litter was found in pools gathered in 
large, unbroken, fallen leaves. I did not take samples from mud-puddles or other areas that only 
collected water after rain. Samples from a total of 20 Bromeliads and 20 non-Bromeliad tanks were 
collected during the month. 

At least 10mL of water was collected from either a Bromeliad tank or a non-Bromeliad tank 
with a glass pipette and stored in a glass vial. That same day, the samples were analyzed in the lab 
using the Vernier Water Quality device and procedures. Nitrate, ammonium, and dissolved oxygen 
were measured using the Vernier unit, but pH was measured using an Eco Tester pH2 meter. Nitrate 
and ammonium are compounds that plants are able to absorb through the nitrogen fixation process 
(Moore et al. 1995), and thus are a measure of available nutrients. Dissolved oxygen and pH levels 
are indicators of water quality (Grossman and Krueger 1995). And the biological oxygen demand 
(BOD), which was also calculated, indicates micro-organismal activity.  

All elements were measured on the day of collection, except for the BOD. The BOD was 
calculated as the difference in dissolved oxygen levels from the initial day of collection to 24 hours 
after the first measurement. During the 24 hours, the samples were kept in a dark place so the 
autotrophs would not produce any additional oxygen. The BOD measured the respiratory activity of 
the autotrophs and heterotrophs in the water samples.  !
Results 

The water samples taken from Bromeliads and non-Bromeliad tanks showed no significant 
difference in concentration of nitrate (t-test, t = -1.58, df = 22.90, p = 0.13), ammonium (t-test, t = 
-1.72, df = 20.08, p = 0.10), or BOD (t-test, t = -0.28, df = 6.30, p = 0.79). Yet for all three 
compounds there seems to be a trend towards higher levels in non-Bromeliad tanks. The average 
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value for each sample per tested compound is depicted in figures 1, 2, and 3 respectively. The initial 
dissolved oxygen levels were also not significantly different between the tank types (t-test, t = 1.50, 
df = 6.16, p = 0.18), but the trend suggests higher initial levels in Bromeliad tanks (Figure 4).  !!!!!!!

!  
FIGURE 1. Nitrate levels in the water of Bromeliad (B) and non-Bromeliad (NB) tanks in 
Monteverde, Costa Rica. These averages were not statistically significant (t-test, t = -1.58, df 
= 22.90, p = 0.13), with an average measurement in Bromeliads of 2.75 and 5.45 in non-
Bromeliads (n = 20, B se = 0.52, NB se = 1.62).   !!

!  
FIGURE 2. The averages are shown of the ammonium levels in the water of Bromeliad (B) 
and non-Bromeliad (NB) tanks in Monteverde, Costa Rica. These averages were not 
statistically significant (t-test, t = -1.72, df = 20.08, p = 0.10) with an average measurement 
in Bromeliads of 0.98 and 3.51 in non-Bromeliads (n = 20, B se = 0.25, NB se = 1.45). 
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!

!  
FIGURE 3. The averages are shown of the Biological Oxygen Demand (BOD) levels in the 
water of Bromeliad (B) and non-Bromeliad (NB) tanks in Monteverde, Costa Rica. These 
averages were not statistically significant (t-test, t = -0.28, df = 6.30, p = 0.79) with an 
average change in Bromeliads of 8.18 and 10.76 in non-Bromeliads. (n = 5, B se = 8.00, NB 
se = 4.50). The sample sizes were lower in this analysis because there were complications 
with the device used to test dissolved oxygen levels. !

!  
FIGURE 4. Initial dissolved oxygen levels in the water of Bromeliad (B) and non-
Bromeliad (NB) tanks in Monteverde, Costa Rica. These averages were not statistically 
significant (t-test, t = 1.50, df = 6.16, p = 0.18) with an average measurement in Bromeliads 
of 81.68% and 78.88% in non-Bromeliads (n = 5, B se = 0.89, NB se = 1.47). !!
There was, however, a significant difference found between Bromeliad tanks and non-

Bromeliad tanks in their pH levels (t-test, t = -4.02, df = 37.60, p = 0.0002669). The average pH for 
Bromeliads was 5.74, and the non-Bromeliad tanks were more basic at 6.47 (Figure 5).  !
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!  
FIGURE 5. The averages are shown of the pH levels in the water of Bromeliad (B) and non-
Bromeliad (NB) tanks in Monteverde, Costa Rica. These averages were statistically 
significant (t-test, t = -4.02, df = 37.60, p = 0.0002669) with an average pH in Bromeliads of 
5.74 and 6.47 in non-Bromeliads. (n = 20, B se = 0.12, NB se = 0.13) !

Discussion 
Neither concentration of nitrate nor ammonium was significantly different between the 

Bromeliad and non-Bromeliad tanks, though non-Bromeliad tanks tend to be higher for both. This 
indicates that Bromeliads are similar to non-Bromeliads regarding nutrient loads. It appears, then, 
that the Bromeliad does not alter nutrients in the tank by adding any additional nutrients that did not 
initially come from leaf litter and organisms. Yet there is a trend towards lesser concentrations of 
nitrate and ammonium in Bromeliad tanks. This may be because Bromeliads are absorbing the 
compounds as forms of nitrogen nutrients (Moore et al. 1995). Non-Bromeliad tanks do not need 
these nutrients for photosynthesis purposes, so it makes sense that they have a trend of higher 
concentrations of nitrate and ammonium.   

The change in initial dissolved oxygen was also not significant between the tank types, 
though a trend of higher percentages was seen in Bromeliad tanks. This may give an indication of 
the water quality of the tank types (Grossman and Krueger 1995), but a conclusion cannot be drawn 
from the available data.  

 Additionally, there was no significant difference found between Bromeliad and non-
Bromeliad tanks in the biological oxygen demand. This indicates that there were similar amounts of 
micro-organismal activity in all tanks. Both tank types seem to offer a habitat for micro-organisms, 
do they offer habitats for the same kinds of organisms?  

There was, however, a significant difference found in the acidity of Bromeliad water vs. 
non-Bromeliad water. Tank water from Bromeliads was on average more acidic than non-Bromeliad 
water. Goffredi et al. (2010) studied the bacterial makeup of organism in various species of 
Bromeliads and found that pH was a strong indicator of the diversity of bacteria in the water tanks. 
Water that was more acidic had different dominant bacterial groups than less acidic water. Though 
the dissolved oxygen levels were not different between the tank types, I suggest that there are 
similar amounts of biological activity between the tanks, yet there are differing microbiota between 
Bromeliad and non-Bromeliad tanks.  

The reason for the difference in pH levels between the tanks is not well understood. Laessle 
(1961) showed that pH and a few other compounds were affected by exposure to sunlight and the 
amount and type of litter in the tank. Yet both the Bromeliad and non-Bromeliad tanks I sampled 
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from were found under thick canopy in old growth forest, on the edges of gaps, and under thin 
canopy cover of new growth forests. This suggests that an abiotic factor such as sunlight is not the 
cause of pH differences between Bromeliad and non-Bromeliad tanks. I did not analyze the type 
and amount of litter in each tank, so that may be a factor.  

I suggest that the tank itself, Bromeliad or non, directly or indirectly determines the pH of 
the water. It is possible that the leaf tissue of the Bromeliad acts in some way to make the water 
collected more acidic. The Bromeliad may do this to attract a certain organismal makeup such as 
specific bacteria. Unique organisms may benefit the Bromeliad in multiple ways such as helping to 
decompose nutrients or offering protection from herbivores or diseases.  

It is apparent that water found in Bromeliads is different from water found in non-Bromeliad 
tanks. Though this difference was found only in one of the four components studied, it is enough to 
suggest that these tanks offer varied habitats, at least on the bacterial level. I propose that 
Bromeliads do act in a different manner from non-Bromeliad tanks. They impact the water in their 
tanks in some way which creates specified habitats for certain species. I therefore suggest that 
epiphytic tank Bromeliads are foundation species that need to be maintained in order to conserve 
the diversity of the forest.  

Future studies that could enhance these results are ones that focus on macro-organismal 
diversities and different chemical elements between Bromeliad and non-Bromeliad tanks. These 
studies would provide information on potential differences in compounds not yet tested. The results 
could back up my research or add other elements to the mystery of natural water tanks.  !
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Selection for tree characteristics in a tropical vine, 
Monstera tenuis (Araceae)!
Kendall M. King!

Department of Biology, University of Wisconsin – Madison!!
ABSTRACT	
Monstera tenuis (Araceae) is a neotropical, arboreal vine whose seedlings grow directionally towards darkness, known 
as skototropism, for habitat selection. The objective of this study was to examine tree characteristics necessary for 
successful M. tenuis host tree colonization. Canopy cover, diameter at breast height (DBH), presence of buttresses, and 
bark roughness were compared between individuals hosting adult M. tenuis (n = 80) and control trees (n = 80) in a 
natural old-growth forest in Monteverde, Costa Rica, to identify tree habitat characteristics. Results suggest that DBH 
and buttress presence determine the trees on which adult M. tenuis are found. Mean DBH and standard error for M. 
tenuis host trees was 30.09 ± 3.08 cm and 12.66 ± 1.17 cm for non-host trees. Buttresses were present on 26% of trees 
hosting M. tenuis and on 5% of control trees. Canopy cover and bark roughness do not appear to be significant 
characteristics for habitat selection. Mean percent canopy cover was similar between M. tenuis hosts and controls, 90.25 
± 0.62 and 89.7 ± 0.50, respectively. Bark roughness was also similar between hosts and non-hosts, with 65 and 60 
having smooth bark, 19 and 13 having intermediate bark, and 2 and 1 having rough bark, respectively. These results 
indicate that trees with large DBH and those species with buttresses must be preserved in tropical forests to protect the 
skototrophic behavior of Araceae vine seedlings. As Araceae vines are dominant in the tropics, their conservation is 
important to protection of forest composition and structure. 	

RESUMEN	
Monstera tenuis (Araceae) es una enredadera tropical cuyos semilleros crecen directamente hacia la oscuridad, llamado 
escototropismo, para seleccionar su hábitat. El objetivo del estudio fue examinar características de árboles necesarios 
para que M. tenuis tenga éxito en la colonización de árboles huéspedes. El porcentaje del dosel, diámetro del árbol a la 
altura del pecho, presencia de gambas, y rugosidad de la corteza de un árbol fueron comparados entre individuos con 
plantas adultas de M. tenuis (n = 80) y árboles controles (n = 80) en un bosque natural en Monteverde, Costa Rica para 
identificar características del hábitat de árboles. Los resultados sugieren que el diámetro a la altura del pecho y 
presencia de gambas determinan los árboles en cuales plantas adultas de M. tenuis puedan crecer. El diámetro a la altura 
del pecho promedio y error estándar para árboles huéspedes de M. tenuis es 30.09 ± 3.08 cm y 12.66 ± 1.17 cm para 
árboles control. Gambas estuvieron presentes en 26% de los árboles con M. tenuis y en 5% de los árboles sin la 
enredadera. Porciento del dosel y rugosidad de la corteza no fueron características significativas para elegir hábitat. 
Porciento del dosel promedio era similar entre árboles huéspedes y controles, 90.25 ± 0.62 y 89.7 ± 0.50, 
respectativamente. Además, la rugosidad de la corteza fue similar entre árboles huéspedes y controles, 65 y 60 tenían 
corteza lisa, 19 y 13 tenían corteza intermedio, y 2 y 1 tenían corteza áspera, respectivamente. Estos resultados indican 
que árboles con diámetros a la altura del pecho grandes y las especies con raíces de gamba deben ser conservados para 
proteger el comportamiento escototrófico de araceas. Como  las enredaderas Araceae son dominantes en los trópicos, su 
conservación es importante para la protección de la estructura y composición del bosque. 	

!
!
INTRODUCTION	

Ongoing deforestation, forest fragmentation, and increasing threats of climate change threaten to 
disrupt tropical forest composition and structure (Laurance and Williamson 2001). Arboreal vines 
are an important component of tropical forests; vine species diversity in the tropics is much higher 
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than what is found at higher latitudes (Strong and Ray 1975). Additionally, studies have found that 
forest structure may pose a major constraint to vine growth habits (Castellanos et al. 1989), though 
few studies have evaluated the ecological factors, such as habitat, that determine vine establishment. 
Thus, it is necessary to determine which habitat characteristics must be preserved in order to protect 
arboreal vines. 	
	 Araceae has several herbaceous climbing vines (Ray 1983). They are particularly well suited 
for a study on habitat characteristics because they have been shown to react to environmental 
conditions (Ray 1983). This is true for all vines that demonstrate skototrophic growth, or growth 
towards dark surfaces until encountering a support structure (Hegarty 1991). These skototrophic 
climbers change forms, from leafless seedlings, to climbing stems, and ground runners depending 
on their environmental surroundings, specifically whether they have found a host tree (Ray 1983). 
Thus, they are appropriate for studies regarding the effects of different tree habitat characteristics on 
seedling survival and establishment. Monstera tenuis is one such skototrophic, Araceae climber 
(Ray 1983). It is commonly found growing on host trees in the Monteverde Cloud Forest of Costa 
Rica, thus it was chosen as an indicator of the importance of tree characteristics in vine habitat 
selection. 	

Skototropism may have important implications for conservation of M. tenuis and other 
vines. For example, seedlings must be able to find host trees quickly in order to survive. Previous 
studies have found that skototropism ensures that seedlings grow directly towards trees instead of 
searching randomly, therefore speeding up the process of securing a host tree (Strong and Ray 
1975). Seed reserves allow seedlings to reach one to two meters in height, however, if a support tree 
is not found within this amount of growth time, the seedling will not survive (Ray 1983). Thus, 
protecting darkness regimes, via canopy cover or wide trees that offer a lot of shade, in tropical 
forests may be important in ensuring that M. tenuis seedlings survive into adulthood. 	
	 A previous study describes the skototropism of Araceae climbers as foraging behavior since 
the plants search within their habitat in order to acquire resources essential for vine establishment, 
such as suitable habitat characteristics (Ray 1992). Further studies have shown that in M. tenuis, this 
foraging is a form of directional plant growth for the purpose of habitat selection (Strong and Ray 
1975, Sampaioi et al. 2004). Thus, tree habitat characteristics may play a role in host colonization 
of M. tenuis. 	
	 The objective of this study was to examine the role of four variables on M. tenuis’ host tree 
habitat selection. It has been shown that M. tenuis seeds occur throughout the forest floor, however, 
they will germinate and establish on hosts only when certain habitat conditions are met (Strong and 
Ray 1975). Therefore, if M. tenuis occurs more often on trees with certain characteristics, it 
suggests that these are important traits in habitat selection.	

As M. tenuis demonstrates skototrophic behavior, percent canopy cover may affect vine 
distribution on host trees. Seedlings require darkness in order to find trees, thus hosts should have 
higher percent canopy cover than non-host trees. 	

Similarly, there may be a relationship between tree width and presence of M. tenuis. Trees 
with larger diameters at breast height offer more shade to skototrophic seedlings. Consequently, M. 
tenuis should occur on wider trees. 	

Trees with buttresses are expected to host M. tenuis more often than non-host trees for 
similar reasons. A study in which wooden boards were placed artificially next to M. tenuis seeds 
found that seedlings were more attracted to surfaces that block even just a few degrees more of the 
horizon (Strong and Ray 1975). Thus, the wider tree silhouettes associated with buttresses should 
attract M. tenuis. 	
	 Bark roughness may also play a role in the habitat selection of M. tenuis because successful 
vine establishment is dependent on attachment to bark. Vines that use tendrils to grow are often 
found on trees with rough bark because they are able to cling to small bumps and/or crevices 
(Forsyth and Miyata 1984). Monstera tenuis grows via tendrils, therefore it is expected that host 
trees will have rougher bark than non-host trees (Ray 1983). 	
	 Little is known about tree characteristics necessary to conserve arboreal vine habitat. To my 

�9



knowledge, no studies have addressed the effects of these four traits on the habitat selection of M. 
tenuis in the field. 	!
METHODS	

The study was performed in the pre-montane wet, old-growth forest of the Monteverde Biological 
Station, Costa Rica. Transects of various lengths along established trails were used to select for M. 
tenuis host and control trees. All host trees, with adult M. tenuis, found along the trails were 
included in the study (n = 80); an equal number of non-host trees were systematically chosen (every 
40 meters to the right of the trail) to serve as controls. 	

Only hosts with adult M. tenuis were studied in order to ensure correct species identification, 
as adult leaves are easily distinguished by their deep clefts and pinnatifid form (Ray, 1983). 
Additionally, selecting for adult M. tenuis controlled for possible differences in habitat selection 
between different aged individuals. 	

Control trees did not host other Araceae climbers, since some, such as Syngonium, also 
exhibit skototrophic behavior and may select host trees based on similar characteristics as M. tenuis 
(Ray 1983). Thus, control trees were selected systematically so that they would constitute a 
representative sample of trees that do not host Araceae climbers. This allowed for comparison 
between host and control trees. If there was a difference between host and control trees for any of 
the tree characteristics, it would be possible to conclude that M. tenuis seedlings occur more often 
than expected by chance alone in trees with those particular traits.	
	 Percent canopy cover was determined for each host and non-host tree using a densiometer. 
Four recordings in each compass direction were taken and averaged to find the percent coverage not 
occupied by canopy. From this, percent canopy cover was calculated.        	
	 Diameter at breast height (DBH) was recorded for M. tenuis host and non-host, control trees. 
For both tree types, circumference at breast height was measured and used to calculate DBH.   	 	

For each tree sampled, the presence or absence of a buttress was recorded. Buttress presence 
was defined arbitrarily as any tree with at least one lateral growth of 60 cm2.	
	 Monstera tenuis host and control trees were assigned a one, two, or three on a scale of 
roughness, which I designed, based on overall bark appearances observed in the forest. A “one” 
indicated smooth bark, defined as having indentations that covered less than ten percent of a dime’s 
surface area. Trees that received ratings of “two” had intermediate level bark roughness; this was 
defined as trees having indentations of anywhere from over ten percent to 90 percent of a dime’s 
surface area. Finally, roughness ratings of “three” indicated high bark roughness, defined as 
indentations over 90 percent of a dime’s surface area. 	

RESULTS	

Percent canopy cover was not significantly different between M. tenuis host and control trees 
(Mann-Whitney U, U = 2.40, df = 1, p-value = 0.122). Monstera tenuis host and control trees were 
both present in areas with similar canopy cover (Figure 1). 	

!
!
!
!
!
!
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FIGURE 1. Mean percent canopy cover for Monstera tenuis hosts (n = 80) and control trees (n = 
80) in the forest of the Estación Biológica de Monteverde. Error bars represent one standard error. 	

Diameter at breast height was significantly different between M. tenuis host and control trees 
(Mann-Whitney U, U = 32.17, df = 1, p-value = <0.00001). Trees that hosted M. tenuis had larger 
DBH measurements (Figure 2). 	

!  

FIGURE 2. Mean diameter at breast height for Monstera tenuis host (n = 80) and control trees (n = 
80) in the forest of the Estación Biológica de Monteverde. Error bars represent one standard error. 	

	 The presence of buttresses was significantly different between M. tenuis host and control 
trees (Chi-squared, χ2 = 13.7, df = 1, p-value = <0.001).  Monstera tenuis host trees tended to have 
buttresses far more than control trees (Figure 3). Out of all control trees surveyed, five percent had 
buttresses present compared to 26 percent of host trees.	
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FIGURE 3. Presence and absence of buttresses on Monstera tenuis host (n = 80) and control trees 
(n = 80) in the forest of the Estación Biológica de Monteverde. Tree count values are shown above 
each bar. 	

	 Bark roughness was not significantly different between M. tenuis host and control trees 
(Chi-squared, χ2 = 1.66, df = 2, p-value = 0.44). Both tree types were overwhelmingly smooth. 
Fewer of both host and control trees had intermediate roughness, while just a couple of both tree 
types had rough bark (Figure 4). 	

!

!  

FIGURE 4. Ranked bark roughness on Monstera tenuis host (n = 80) and control trees   (n = 80) in 
the forest of the Estación Biológica de Monteverde. Tree count values are shown above each bar. 	

DISCUSSION	

The results indicate that canopy cover may not play a role in the habitat selection of M. tenuis, as 
the vine did not occur on trees with significantly higher over-story density than non-host tree cover. 
One possible explanation is that only host trees with adult M. tenuis were studied. Skototrophic 
behavior has been reported to cease once seedlings reach vertical surfaces (Strong and Ray 1975). 
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Further, M. tenuis converts to have positive phototropism within one month of attaching to a host 
tree in order to perform photosynthesis (Strong and Ray 1975). A follow-up study on the 
relationship between canopy cover and M. tenuis seeds or young plants (those maintaining the 
chordate leaf shape), may be more instructive of the role canopy cover has in determining host tree 
habitat selection. Another possible explanation is that all trees under closed canopy are sufficiently 
dark in this forest, thus only gap openings in the canopy would be avoided.  	
	 The analysis of diameter at breast height did reveal a habitat characteristic of M. tenuis since 
the vine occurred on significantly wider trees. Results suggest that the climbing vine selects larger 
trees over narrow trees. This is consistent with a previous study that concluded that attractiveness of 
a tree trunk is a function of its diameter (Strong and Ray 1975). It was found that trees with larger 
diameters attract M. tenuis seedlings from greater distances because they block more light from the 
horizon (Strong and Ray 1975). Together, these data suggest that increased shade provided by trees 
with larger diameters at breast height is an important characteristic for habitat selection. Thus, in 
order to protect M. tenuis from habitat destruction, wide trees must be preserved. 	
	 Similarly, the results of the study on buttress presence further suggest that M. tenuis occur 
on characteristically wider trees. Monstera tenuis occurred on buttressed trees in a far greater 
proportion than on non-buttress trees. As buttresses obstruct horizons and cast large shadows, they 
likely also attract M. tenuis in great numbers. Further, buttresses attract M. tenuis from larger areas 
around trees in comparison to trees of the same DBH without buttresses. This suggests that those 
tree species that often have buttresses need to be preserved in forests as a way to safeguard M. 
tenuis vines. 	
	 Bark roughness was not found to be a significant characteristic in M. tenuis tree habitats. 
Although it was originally expected that rough bark would host the vine more frequently because of 
availability of bumps and crevices to latch onto, host and non-host trees had similar ratios to one 
another of smooth, intermediate, and rough bark. This suggests two possible alternatives. It could be 
that bark roughness has no impact on M. tenuis seedling survival and that its tendrils can attach to 
any variety of bark roughness; therefore, M. tenuis occurs on host trees that represent the same ratio 
of bark roughness as the overall forest composition. Or, it could be an experimental limitation that 
the scale on which roughness was measured did not capture the scale relevant to vine tendrils.  
Perhaps bark roughness plays a role on vine survival on a very small scale and the methods of this 
study did not capture this. 	
	 Overall, the results of this study suggest that both diameter at breast height and buttress 
presence play a role in M. tenuis’ selection of host tree habitat, while canopy cover and bark 
roughness may not. Both DBH and buttresses are important in protecting the skototrophic behavior 
of M. tenuis. Thus, preserving large, buttressed trees is crucial to the conservation of M. tenuis. As 
M. tenuis demonstrates similar behavior to other Araceae climbers, one of the most dominant 
tropical families with over 105 herbs and vines (Tam et al. 2004), it can be extrapolated that these 
habitat characteristics are relevant to the conservation of many other vines as well.  Due to the 
important role arboreal vines play in the tropics, their conservation is essential to protecting forest 
composition and structure. 	
!
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ABSTRACT 
Tropical forests have highly weathered and nutrient-poor soils, necessitating the importance of efficient nutrient cycling 
and nutrient retention. Buttress roots are hypothesized to have a structural function, yet their role in nutrient retention 
and maintenance of seedling diversity is relatively unstudied. This study examined the leaf-litter depth, top soil depth, 
seedling number and number of seedling species within buttress openings compared to a control plot of similar area 3 
meters from the buttress opening. Mean leaf-litter depth and mean topsoil depth were significantly greater in buttress 
area plots (df = 129, Leaf-litter: p=0; Topsoil depth: p=0.0011). The number of seedling species was significantly 
greater in control area plots than in buttress areas (df = 129, p=0.017). Seedling number did not vary between buttress 
and control area plots (df = 129, p=0.1335). The results demonstrated that buttress roots had a significant impact on 
nutrient retention but little impact on maintaining seedling diversity.  

RESUMEN 
Los bosques tropicales tienen suelos altamente erosionados y pobres en nutrientes, necesitando con mucha importancia 
un eficiente reciclaje de nutrientes y la retención de los mismos.  Las gambas en las raíces, se cree, tienen una función 
structural, pero su función en la retención de nutrientes and mantenimiento de la diversidad de plántulas esta 
relativamente no estudiada.  Este estudio examina la profundidad de la hojarasca, profundidad del suelo superficial, 
número de plántulas y número de especies de plántulas dentro de aberturas de las gambas comparados con un control de 
área similar a tres metros de distancia de la gamba.  El promedio de la profundidad de la hojarasca y del suelo 
superficial fue significativamente mayor en las parcelas de las gambas (gl = 129, hojarasca: p=0; suelo superficial: 
p=0.0011).  El número especies de plántulas fue mayor en áreas de control que en las áreas con gambas (gl= 129, p= 
0.017).  El número de plántulas no varía entre las gambas y el control (gl= 129, p= 0.1335).  Los resultados demustran 
que las gambas tienen un impacto significativo en la retención de nutrientes pero un impacto mínimo en el 
mantenimiento de la diversidad de plántulas. 

INTRODUCTION 

Tropical forests generally have highly weathered, nutrient-poor soils, necessitating the importance 
of efficient nutrient recycling (Vasconcelos & Luizāo 2004). Plant cycling plays a very large role in 
nutrient recycling, contributing to the total nitrogen, extractable phosphorous, and exchangeable 
potassium cation within the topsoil, which are some of the most limiting nutrients for plant growth 
(Joggáby & Jackson 2001). Leaf-litterfall accounts for one of the major pathways of nutrients from 
vegetation to the soil (Vasconcelos & Luizāo 2004), however erosion plays a large part in removing 
leaf-litter and weathering away nutrients that leach from the bedrock layer (Vitousek et al. 2003).  

Plants have adapted intricate root systems in which to maximize nutrient accumulation (Wang et al.
2006). Root morphology and architecture are the primary mechanisms in which a plant accumulates 
resources (Wang et al.2006). Finer roots are one mechanism in which a plant can increase its 
nutrient uptake per unit root mass (Wang et al. 2006). These finer roots are most commonly found 
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in the top two meters of soil, with over 50% in the top 70 cm of soil to take advantage of the leaf-
litter nutrients (Jackson et al. 1996).  

Trees with buttress roots are typically found in tropical forests with poor substrates and frequent 
flooding or high rainfall (Whittman et al. 2005). It has been commonly hypothesized that buttress 
roots provide stability for an uneven canopy cover or as additional support in a poor substrate 
(Chapman et al. 1998). Also, it has been suggested that buttress roots prevent climbing by woody 
vines because they occupy more space surrounding the tree, reducing competition of other species 
(Clair et al. 2003). Very little has been studied on the role of buttress roots and nutrient 
accumulation. Because leaf-litter is so important to nutrient recycling and the majority of the fine 
roots of a tree are near the surface of the soil, it would be interesting to determine if buttress roots 
help to accumulate leaf-litter. 

In this study, I evaluate the accumulation of leaf-litter in different buttress roots. I hypothesize that 
buttress roots help to accumulate leaf-litter within the buttress opening. This increases the topsoil 
depth within buttress openings. In addition, I hypothesize that buttresses accumulate seeds carried 
in rain runoff, because this runoff can distribute seeds especially with increased hill angle and 
duration. Buttress openings will have a greater number of seedlings growing in the buttress 
openings, and consequently, more species will be germinating.  

METHODS 

Study Site  

The Monteverde Cloud Forest, located in Monteverde, Costa Rica, receives between two and three 
meters of rain a year, the majority of which is accumulated from May to November. The research 
was conducted in this premontane wet forest from October 27 through November 16, 2011 at an 
elevations ranging from 1550-1900 meters above sea level. 

Study Organisms  

I evaluated19 trees with buttress roots. Only trees with three to five buttress were chosen, resulting 
in two to four buttress openings. Trees were chosen regardless of their height or species, however 
the diameter of the trunk at the top of the largest buttress had to be between 15 and 75 centimeters. 
Trees were chosen from a variety of locations within the Monteverde Cloud Forest and had to be 
greater than ten meters apart to ensure no overlap of data sampling. All trees sampled grew on an 
incline ranging from 15 to 48 degrees. 

Experimental Design  

Every tree was carefully labeled to ensure no duplicates or close-by trees were measured. The 
diameter of the trunk above the largest buttress. In order to be considered a buttress opening, it was 
necessary for there to be a positive depth from the when measuring between buttresses to the trunk. 
The width for every buttress opening was measured and the height from the center of the width to 
the top of the two side buttresses was recorded. The width and height of the buttress height were 
used to determine the area of the opening. The area was determined in order to map out the control 
area plot of identical area for every buttress opening. 

Nutrient Accumulation 

At the center of the buttress area, a core sample was taken to determine the topsoil depth. Leaf-litter 
depth was measured using a ruler pressed into the leaf-litter until the soil was reached and 
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determining the number of centimeters. A control plot of equal area was mapped out with its center 
three meters from the center of the buttress opening. Leaf-litter depth was measured and a core 
sample taken at the center of the control plot. 

Seedling Diversity  

Within the buttress opening, the number of seedlings between 10 and 15 centimeters in height were 
collected and the number of species was determined morphologically. In addition, the number of 
seedlings and species were determined in the control plot.  

Additional Observations  

Hill angle was measured for each tree using a clinometer. This was repeated for every buttress 
opening for every tree (Fig. 1).  

Statistics 

One way ANOVA tests were used to compare the differences between control and buttress area 
plots in leaf-litter depth, topsoil depth, seedling number, and number of seedling species. 

Linear regressions were used to compare leaf-litter depth, topsoil depth, seedling number, and 
number of seedling species between hill angle and area. ANCOVA tests were used to compare the 
same four variables with hill angle and area between control and buttress area plots. 

!
!
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RESULTS 

A total of 65 buttress areas were measured for leaf-litter depth, core depth, seedling number and 
seedling species number. Sixty-four control areas were plotted and the same variables tested.  

Nutrient Accumulation  

Buttress area plots had a significantly greater mean leaf-litter depth than the control area plots (One 
Way ANOVA, df = 109, t = -5.21, p = 0)(Fig. 2).  

FIGURE 1: Scheme of how trees with buttress roots are measured. For each buttress 
opening, width and height were measured to determine area. This area was mapped out 
in a square three meters away from its respective buttress opening. Leaf-litter, topsoil 
depth, seedling number, and number of seedling species were measured in every plot 
area.
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The Buttress area plots had significantly greater mean core depth, or topsoil depth, than the control 
area plots (One Way ANOVA, df = 109, t = -3.36, p = 0.0011)(Fig. 3).  

!  

Seedling Diversity  

Seedling number did not vary significantly between the control and buttress plot areas (One Way 
ANOVA, df = 109, t = 1.51, p = 0.1335)(Fig. 4). 

FIGURE 2: Mean leaf litter depth by Control and Buttress area plots 
(n=129) in Monteverde, Costa Rica. Error bars represent one standard error. 
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FIGURE 3: Mean core depth by Control and Buttress plot area (n=129) 
in Monteverde, Costa Rica. Error bars represent one standard error. 
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The control areas had a greater mean number of seedling species than the buttresses areas (One Way 
Anova, df = 109, t = 2.42, p = 0.017)(Fig. 5).  

!  

Additional Observations  

Leaf-litter depth decreased significantly with an increase in the hill angle (Linear Regression, n = 
129, R2 = 0.07635, p = 0.00227). Seedling number also decreased significantly with an increase in 
hill angle (Linear Regression, n = 129, R2 = 0.7635, p = 0.02055), however the difference between 
the buttress and control plot areas was not significant (Leaf-litter: ANCOVA, df = 17, F = 2.28, p = 
0.1490; Seedling Number: ANCOVA, df = 108, F = 2.29, p = 0.1328). Core depth and seedling 
species did not significantly vary with hill angle (Linear Regressions, n=129, R2 = 0.06718, p = 
0.59970; n=129, R2 = 0.06718, p = 0.54158, respectively). 

Number of seedlings increased significantly with the amount of area measured (Linear Regression, 
n = 129, R2 = 0.2335, p=0.0166). The number of seedling species also increased significantly with 
area measured (Linear Regression, n=129, R2=0.2335, p=0.0487). The control plot area had a 

FIGURE 4: Mean seedling number by Control and Buttress plot areas (n=129) in 
Monteverde, Costa Rica. Error bars represent one standard error. 
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FIGURE 5: Mean number of seedling species by Control and Buttress plot areas 
(n=129) in Monteverde, Costa Rica. Error bars represent one standard error.
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significantly more seedling species as area increased than the buttress control area (ANCOVA, df = 
107, F = 6.34, p=0.0133) (Fig. 6). The number of seedlings did not differ significantly between 
control and buttress plot areas when considering area measured (ANCOVA, df = 108, F = 2.39, 
p=0.1249).  

!  

DISCUSSION 

Nutrient Accumulation  

Leaf-litter depth was greater in the buttress openings than in the control plots. This supports the 
hypothesis that buttress roots contribute to nutrient accumulation by capturing leaf-litter otherwise 
swept down a slope by rainfall. Leaf-litter depth decreased with the increase in hill angle for both 
the buttress and control areas, however without a significant difference between them. This suggests 
that very steep slopes have less leaf-litter or more is carried away with increased runoff.  Topsoil 
depth was greater in the buttress plot areas than in the control plot areas. The implications for this 
are that, through the accumulation of leaf-litter, the soil has a greater top soil layer within the 
buttress opening than the control, potentially signifying greater soil quality closer to the tree trunk.  

My data suggests that buttress roots have a large impact on nutrient accumulation and retention. The 
exact nutrients were not tested, however, nitrogen and phosphorous are shown to compose leaf-litter 
and decomposing leaf-litter matter (Tang et al. 2010). Trends may be present due to high rainfall 
and water runoff carrying leaf-litter into the buttress areas where decomposition can take place. 
Buttress root formation is much more prevalent in areas of flooding that are not inundated for long 
periods of time. Areas of minor sedimentation also have more trees with buttress roots. This tree 
establishment can change environmental conditions, increasing sediment accumulation and 
affecting flow hydrology (Whittman et al. 2005).   

Nutrient recycling of leaf-litter is very important in of tropical rainforests (Joggáby & Jackson 
2001), and the ability of buttress roots to increase sedimentation (Whittman et al. 2005) and capture 
leaf-litter help ensure that these nutrients are retained. In addition, this study provides a strong 
example of an adaptation to an environment that, in turn, changes the environment (Whittman et al. 
2005). Buttress roots accumulate the leaf litter, which in turn decomposes, enriching the soil 
surrounding the tree. The accumulation of nutrients may affect the growth patterns around buttress 
trees and affect the path in which subsequent rain runoff flows (Whittman et al. 2005). 

FIGURE 6: Number of seedling species compared to area measured (n=129) between buttress  and control plot 
areas in Monteverde, Costa Rica. Buttress and controls are represented by triangles and circles, respectively. The 
darker trendline represents the best fit line for the buttress data and the lighter line is the best fit line for the control.
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Seedling Diversity  

Trends indicate that buttresses do not have a pronounced impact on seedling diversity. There was no 
significant difference of number of seedling number between the buttress and control plot areas. 
However, the control plot areas had a greater mean number of seedling species than the buttress plot 
areas. This trend implies that buttresses have little impact on retaining seedlings and providing 
germination opportunities. It has been hypothesized that the physical presence of buttress roots is a 
competitive mechanism to reduce the establishment of close neighbors (Clair et al. 2003). There is a 
possibly that some seeds have difficulty germinating within the buttress opening or some other 
mechanism that works to reduce seedling establishment within a buttress opening. 

Control areas had significantly more seedling species than the buttress areas. The diversity may be 
impacted differently for a different seedling age. Tang et al. (2010) conducted a study in China 
demonstrating that buttress roots are important to maintaining seedling diversity. However, this 
study did evaluate seedling diversity in areas close to the buttress but not in the buttress opening. It 
was determined that there was greater seedling diversity above the buttresses than below.  

Additional Observations  

Hill angle had a negative impact on leaf-litter and seedling number. Seeds are often times 
distributed with rain runoff, especially with increased hill angle and rain duration (García-Fayos et 
al. 1995), however with the increase in hill angle the rain runoff increases to such an extent that 
more seeds and more leaf-litter is swept away. The trend stating that seedling number and number 
of seedling species increased with the amount of area tested makes a logical sense: more seedlings 
and more species in a greater area. 
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!
Abundance of arbuscular mycorrhizal fungi with 
deforestation and regeneration.!
!
Jacob J. O’Connor!!
Department of Environmental Studies, University of Colorado at Boulder!!
!
ABSTRACT	!
Deforestation and land transformation are widespread in tropical regions of the world. Land transformation leads to loss 
of mineral nutrients and alteration and/or destruction of arbuscular mycorrhizal fungi (AMF) communities. AMF are 
important for plants to obtain nutrients and water while increasing resistance to pathogens and herbivory. This study 
investigates the AMF abundance of 30 root samples from four different habitats associated with deforestation and 
regeneration (pasture, pasture edge, secondary and primary forest). Root samples were cleared (KOH), stained (Trypan 
Blue), and quantified using a modified version of the grid line-intersect method. Pasture samples had the lowest mean 
AMF abundance of 0.270 (SE =0.046). Pasture edge samples had a mean AMF abundance of 0.318 (SE=0.028). 
Secondary and primary forest samples had the highest mean AMF abundances of 0.389 (SE=0.036) and 0.413 
(SE=0.036), respectively. Edge did not differ significantly from other habitats, but pasture was different from secondary 
and primary forest (ANOVA, F=3.086, df=3, p=0.045; Student’s t multiple comparison, t=2.056, p<0.05). This trend 
suggests that land transformation disrupts AMF but they are quick to recover in secondary forest. Therefore AMF 
communities are not particularly resistant but appear to be resilient to land transformation.	!
RESUMEN	!
La deforestación y transformación del suelo están ampliamente dispersos en las regiones tropicales del mundo.  La 
transformación de los suelos conlleva a la perdida de nutrientes minerales y la alteración o destrucción de las 
comunidades de hongos micorrizicos arbusculares (AMF por sus siglas en ingles).  AMF son importantes en la 
obtención de nutrientes y agua por parte de las plantas y aumentan la resistencia a patógenos y herbívoria.  Este estudio 
investiga la abundancia de AMF en 30 muestras de raíces de cuatro hábitats diferentes asociados con deforestación y 
regeneración (pastizal, borde de pastizal, bosque secundario y bosque primario).  Las muestras se limpiaron (KOH), 
tiñeron (Azul de Tripan) y se cuantificaron usando una versión modificada del método de intersección de líneas de 
cuadrículas.  Las muestras del pastizal tienen la abundancia promedio menor de AMF 0.270 (DE=0.046).  El borde del 
pastizal tiene una abundancia promedio de AMF de 0.318 (DE=0.028).  Los bosques secundarios y primarios tienen en 
promedio la mayor abundancia de AMF con 0.3889 (DE=0.036) y 0.413 (DE=0.036), respectivamente.  El borde no 
difiere significativamente de los otros hábitats, pero el pastizal es diferente de los bosques primarios y secundarios 
(ANOVA, F=3.086, df=3, p=0.045; Student’s t multiple comparison, t=2.056, p<0.05). Esta tendencia sugiere que la 
transformación de los suelos destruye los AMF pero ellos son capaces de recuperarse en un bosque secundario.  Sin 
embargo las comunidades de AMF no son particularmente resistentes pero parecen ser elásticas a la transformación del 
suelo. !
INTRODUCTION	!
Nearly one-half of tropical rainforests has been transformed by human activity (Vitousek, 1997).  
Tropical Rainforest originally covered 12% of the Earth’s surface and now occupy less than 5% 
(Butler, 2006). Further, the rate of tropical deforestation remains alarmingly high (Ehigiator et al. 
2011). When deforestation occurs, erosion leads to substantial soil degradation and loss of soil 
fertility (Numata et al. 2009). Soil degradation in these areas may include the destruction and/or 
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alteration of certain mutualistic mycorrhizal fungi communities within the soil (Carpenter et al. 
2001).	
	 Most species of plants in the tropics have mutualistic associations with arbuscular 
mycorrhizal fungi (AMF; Smith et al. 1997). These AMF penetrate cortical cells of roots and 
develop mycelia that help obtain mineral nutrients from the soil. The symbiosis also aids in nutrient 
cycling and helps to protect plants against environmental stress (Azcón-Aguilar et al. 1997). AMF 
associations increase the availability of nutrients like Phosphorus, Nitrogen, Copper and Zinc. This 
can increase resistance to pathogens and insect herbivory while increasing drought tolerance as well 
(Smith et al. 1997). Finally mycelia and hyphal hairs of AMF increase soil aggregation, connecting 
soil particles and helping to decrease erosion (Rillig, et al. 2006). Overall AMF are foundation 
species (Bruno et al. 2003). They create conditions that enhance soil fertility, plant diversity and 
diversity of associated species.  When AMF are disrupted, as occurs with land transformation, soil 
fertility declines, making sustained agriculture unlikely and possibly limiting future regeneration.	

The cycle of tropical deforestation is that primary forest is degraded to agricultural or 
pastureland. Because fertility is quickly depleted, the degraded land lies fallow.  Over time, some 
becomes secondary forest. This secondary forest can become an important repository of tropical 
biodiversity (Wright et al. 2006). Furthermore secondary forests are becoming more common. So 
common that most tropical forests in the future, will be secondary growth (Wright et al. 2006) How 
AMF respond to this cycle of degradation and regeneration is important to understanding the 
resistance and resilience of tropical areas, as AMF protect soil fertility and allow plant 
establishment.  	

This study considers the effects of land transformation and regeneration on AMF abundance 
within superficial roots. AMF abundance was determined for four different habitats associated with 
forest transformation and regeneration: pastureland, pasture edge, secondary and primary forest. 
Pastures will show how resistant AMF are to land transformation; Edge will illustrate the spatial 
scale that AMF respond to transformation. Secondary forests will indicate the resilience of AMF 
once regeneration occurs, with primary forest acting as the control or original condition.   !!!!!!!!!
MATERIALS AND METHODS	!
Study Site	!
Samples for this experiment were taken from the Torres Family farm about 4 km Northwest of 
Santa Elena, Puntarenas, Costa Rica, in the area known as Cañitas (10°15’N, 84°46’W).  The area 
has a mean annual precipitation of 2519 mm with an additional 22% of precipitation coming from 
wind-driven mist; the mean annual temperature is 18.8°C (Clark et al. 2000). The farm lies at 
around 1300 m and has several distinct land-use areas within 38 Ha but samples were taken from 
pasture, pasture edge, secondary and primary forest.   	
	 Thirty samples in total were collected from the 4 study sites (pasture n=6, pasture edge n=8, 
secondary forest n=8, primary forest n=8). In each site I only collected root samples from topsoil 
(surface to 10 cm depth). Root samples were generally no heavier than 3 grams. Each root sample 
was placed into labeled plastic bags (17 x 15cm) after removing as much topsoil as possible. The 
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root samples were stored in the refrigerator until they could be stained. Storage time did not exceed 
one week.	
	 Another aspect to be mentioned is that Pasture was situated on a moderate slope with cattle 
actively grazing. Edge site was positioned directly adjacent to the pasture with vegetation of 2-6m 
growing just outside a fence that bordered pasture. Secondary forest was beyond the pasture edge 
site and had vegetation of up to 6-10m. This particular section of forest had a regeneration period of 
greater than twenty years. The primary forest had vegetation-exceeding 10 m and was located on a 
different section of the farm isolated from other sample sites (Figure 1). 	!!

� 	!
FIGURE 1.	 Four habitats associated with forest regeneration. All located on the Torres family 
farm (Cañitas, Santa Elena, Costa Rica). (a) Pasture with visible slope. (b) Edge that abuts the 
pasture. (c) Secondary forest just beyond the pasture edge. (d) Primary forest isolated from other 
sites but still within the property.	!
AMF Staining and Counting	!
I used a method of staining that was modified from two sources (Brundrett 1996, Vierheilig 1998). 
No more than two grams of roots from each site were initially cut into manageable pieces of less 
than 3 cm and then rinsed thoroughly to rid the samples of soil. Next the samples were placed in 
100 ml beakers and completely covered in 10% Potassium Hydroxide (KOH). The mixture was 
boiled for 15 minutes. After ample time to cool roots were rinsed with tap water to remove excess 
KOH. The beakers were also rinsed before the cleared roots were put back into them. Next the roots 
samples were covered in a 5% Trypan Blue solution and boiled for 10 minutes, again giving ample 
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time to cool before rinsing. Lastly roots that were well cleared and stained (light blue color) were 
selected and placed on microscope slides.	

I used a modified version of the grid line intersect method (Giovannetti, 1980), to quantify 
the AMF abundance. Once root samples were placed randomly on slides they were photographed 
under 400x magnification using a standard microscope adaptor. For each photograph I used a simple 
photo editor and heightened the contrast to ensure that the AMF bodies were clearly displayed. 
Then each photo was fitted with a 7X10 grid in order to find the proportion of AMF abundance 
(Figure 2). 	!

� 	!
FIGURE 2.	 Photograph of root sample at 400x magnification with grid placed over to quantify 
AMF abundance. This particular sample had an AMF proportion of 0.457.  The upper left hand 
corner is empty space 	!
RESULTS	
!
Generally I found that Pasture had lower AMF abundance than all other areas of regeneration 
(ANOVA, F=3.086, df=3, p=0.045). Areas with more regeneration time had higher AMF abundance 
and Primary forest had the highest. Pasture had an AMF abundance of 0.270 (SE=0.046). Pasture 
edge samples had a mean AMF abundance of 0.318 (SE=0.028). Secondary forest samples had a 
mean AMF abundance of 0.389 (SE=0.036). Lastly primary forest samples had the highest mean 
AMF abundance of 0.413 (SE=0.036) (Figure 3).	
	 Although there was a trend of increasing mean AMF abundance not all habitats showed 
significant difference.  Pasture and Edge (difference of mean =0.048) did show variation but their 
difference was not significant. While Edge and Secondary Forest were adjacent to one another they 
did show slight difference (difference in mean =0.071). Similarly, Edge and Primary Forest differed, 
(difference in mean = 0.095) but there was not a significant difference. Secondary and Primary 
Forest differed in mean AMF abundance (difference in mean =0.023) but again there was no 
significant difference. In fact Secondary and Primary forest had very similar AMF abundances. 
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Finally, Pasture differed significantly from secondary forest (difference in mean =0.119) and from 
primary forest (difference in mean =0.142; Student’s t multiple comparison, t=2.056, p<0.05).	!

!

! ! ! ! 	
	 	
FIGURE 3.	 Mean arbuscular mycorrhizal abundance for various land use areas (Pasture, Edge, 
Secondary and Primary) in Premontane Moist/Wet Forest of Pacific slope Costa Rica at 
approximately 1300 meters altitude. Abundance is percent area of root in longitudinal section 
infected.  Bars labeled A and B represent groups that are not statistically significant (p > 0.05). Data 
that do not share the same letter bar are statistically significant. 	!
DISCUSSION	
!
Overall I found that Pasture had less mean AMF abundance than other sampled areas. This makes 
sense because the transformation from Primary Forest to Pasture greatly alters AMF communities 
(Carpenter et al. 2001). While the AMF abundance was significantly lower than Primary, Pasture 
still maintained AMF communities, suggesting Pastures are fairly resistant to land transformation. 
Ultimately this trend suggests that once areas of tropical forests are transformed to pasture land, 
regeneration brings back AMF that may have been eroded away or destroyed. 	

It is important to note AMF mean abundances did vary slightly between Pasture and Edge 
sites. This suggests that even after a very short period of regeneration, found in Edge areas, AMF 
can return. Edge was also a measure of spatial scale so this gives us an idea of how AMF respond to 
land transformation spatially. Edge was intermediate to Pasture and Primary, differing from neither 
significantly, but the change was fairly abrupt.  Additionally neighboring Edge and Secondary forest 
also varied marginally in AMF abundances. This small difference in AMF abundance suggests that 
there is a gradual re-colonization of AMF in habitats of longer regeneration. 	
	 Secondary and primary forest AMF abundances did not differ greatly. The secondary forest 
site in this study had a regeneration period of over 20 years while the primary forest site had never 
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experienced large-scale disturbances or deforestation. This means that within 20 years AMF 
abundance can return to levels found before the land was transformed. In more general terms this 
implies that AMF are moderately resilient to land transformation.	

 As forests regenerate from disturbances, and diverse vegetation returns, nutrients begin to 
accumulate once again (Feldpausch et al. 2004). Furthermore these data suggest that AMF 
abundance increases with forest regeneration as well. Transformation from primary to pasture 
greatly reduces AMF.  This disrupts erosion control, nutrient load, etc.  The change is abrupt, as 
shown by Edge.  Once left fallow, even over a relatively short time span of 20 years, return to 
nearly primary.  Thus, AMF are not terribly resistant but appear to be resilient.  This is good news 
for tropical biodiversity.  As deforestation leads to degraded land that is allowed to regenerate, AMF 
–as a foundation species- rebounds quickly, allowing nutrient load to increase and biodiversity to 
return.  	!
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!
Abstract 

The effect of infection on plant function and physiology is a relationship not well studied in the 
tropics; plant and pathogen studies generally focus on commercial crops. Neotropical species 
Montanoa guatemalensis is a shrub or small tree commonly found with visible plant pathogen 
infection in disturbed areas. This study analyzed the difference in plant compounds between 
infected and healthy leaves on the same plant. Nitrate, chlorophyll, and water all have important 
roles in plant function and survival; and their content was measured on each sampled leaf. Both 
nitrate and water content showed significant difference between each healthy and infected leaves 
(0.6601± 0.2228, 0.0272± 0.0133 respectively). Chlorophyll content did not significantly differ 
between leaves (0.7645± 4.6133).The increased nitrate content could either be a byproduct from the 
induction of plant defense, nitric oxide (NO). However, it is also hypothesized that nitrate and NO 
(plant defense) are in a negative feedback loop, so the increase of nitrate could show pathogen 
attack via NO inhibition. There could be a small impact on leaf’s translocation of water, suggested 
by the slightly decreased water content in infected leaves. Overall, at the tested stage of infection; 
this pathogen does not appear to have a strong negative impact on M. guatemalensis. 

Resumen 

El efecto de infecciones en la función y fisiología de plantas no es bien estudiado en los trópicos; 
generalmente esos estudios se enfocan en cultivos comerciales. La especie neotropical Montanoa 
guatemalensis es un arbusto o árbol pequeño, comúnmente encontrado en áreas perturbadas con una 
visible infección de patógeno. Este estudio analizó la diferencia en compuestos de la planta entre 
hojas saludables e infectadas en la misma planta. Nitrato, clorofila, y agua tienen un papel 
importante en la función y sobrevivencia de la planta; su contenido se midió en cada hoja 
muestreada. El contenido de nitrato y agua mostró una diferencia significativa entre hojas 
saludables e infectadas (0.6601±0.2228, 0.0272±0.0133 respectivamente). El contenido de clorofila 
no difirió entre hojas saludables y infectadas (0.7645±4.6133). El aumento de contenido de nitrato 
puede ser un subproducto de la inducción de defensa de la planta, óxido nítrico (NO). Sin embargo, 
se hipotetiza que el nitrato y el NO son parte de un ciclo de retroalimentación negativa, de manera 
que el aumento de nitrato puede mostrar el ataque de patógeno mediante la inhibición de NO. Puede 
haber un pequeño impacto en la translocación de agua en la hoja, mostrado por el menor contenido 
de agua en las hojas infectadas. En conjunto, en la etapa de infección estudiada, el patógeno no 
parece tener un fuerte impacto negativo en M. guatemalensis. 

Introduction 
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Plant pathogens are a common, yet not well studied form of herbivory in the tropics. Plant 
pathogens include fungi, bacteria, oomycetes, and viruses (Berger et al. 2007); and they can have 
negative effects on the host plants fitness.  Most of the organic plant nutrients are made in leaf cells, 
and are moved to the rest of the plant via phloem tissues. Pathogens can interfere with this 
downward movement of nutrients, as well as the upward transport of inorganic nutrients and water 
If this ability to absorb nutrients is reduced the plant will have reduced growth, and possible death 
(Agrios 1997). 

Plants are photosynthetic organisms, and need many nutrients and other compounds to 
ensure their growth and survival. A few of these nutrients and compounds are key to plant function.  
Chlorophyll is the pigment in plants that captures light energy and converts it to chemical energy 
for photosynthesis, essential for plant growth (Tanakai et al. 1998). Nitrate is an essential 
macronutrient for plant growth, to create amino acids, which are part of structural proteins and 
important functional enzymes (Agrios 1997). Many of these enzymes are also related to plant 
defense mechanisms. Water is also essential for plant life, especially for the transfer of nutrients 
within and between leaves and the rest of the plant and for cellular activities (Gutierrez and 
Whitford 1987). Additionally, pathogens can negatively affect photosynthesis, by either reducing 
the amount of chlorophyll, or limiting its function (Ayres 1981).The normal concentrations of 
nitrate, and water in a plant can be affected by pathogenic infection, which could affect the survival 
and reproduction of plants.  

However, it has been observed that viruses and other pathogens in plants actually increase 
the amount of nitrogen accumulated in the infected area. This could be due to an accelerated 
breakdown of protein and translocation of amino acid; this soluble nitrogen accumulation could 
actually be the plant’s mechanism to improve the infected areas survival. (White 1984).  Further 
studies have shown nitric oxide as a defense signal against pathogen infection; however it is unclear 
exactly how nitrate is related to nitric oxide in this mechanism (Rio et al. 2004).  

The goal of this study was to quantify the effect of pathogens on chlorophyll, water, and 
nitrate content in leaves. There are very few studies which examine the effect of pathogens on plant 
physiology. Additionally, the majority of these studies are biased towards crops and little has been 
studied about wild tropical plant pathogens. For this study, I examined a native tropical species in 
field, Montanoa guatemalensis (Asteraceae).  

Materials and Methods 

Study Organism- Montanoa guatemalensis is a 
shrub or small tree commonly planted as hedges 
or a wind break. The leaves are opposite and egg 
shaped and has 2-4 shallow blunt tipped lobes. 
The leaves are hairy and are dark green. The 
flower blooms from December to March and is 
daisy like and white with an orange center. M. 
guatemalensis is found from Guatemala to Costa 
Rica in open areas. (Gargiullo et al. 2008). I have 
observed this plant to have yellow spots of 
pathogen infection on its leaves.  

Methods- I collected 20 individual specimens of 
M. guatemalensis, along the road (in disturbed 

�32Figure 1. Infected leaf sample of M. guatemalensis. Shows 
mild amount of infection.



areas) from Cañitas to Santa Elena in Monteverde, Costa Rica. From each plant I collected two 
leaves with visible infection, and two leaves without visible infection. Four leaves were collected in 
each plant to have enough leaf tissue for analysis. In order to control for leaf age, I never collected 
the newest or oldest leaf from each plant. Each selected infected leaf showed mild amounts of 
infection, with both yellow and green areas (Fig.1).  Each plant was treated as an individual, 
although multiple leaves were used for analysis. Chlorophyll content, nitrates, and water content 
were all sampled for the infected and uninfected leaves of each plant.  

Chlorophyll Content Analysis- Chlorophyll was extracted from leaves and quantified using a 
spectrophotometer. The sample was prepared following standard methods (Hendry and Grime, 
1993) with modification. In short, I cut out two one cm2 pieces from each leaf, selecting for 
especially infected areas on the infected leaves. Then I ground each piece in four milliliters of 80% 
acetone using a mortar and pestle. Then the extract was transferred to a test tube and centrifuged for 
three minutes in a Centrigue-XC-1000 a 4000 rpm. Then the supernatant was transferred and the 
percent transmittance was measured at 645nm and 663nm using a UV-200 RS spectrophotometer. 
The percent transmittance was recorded at 645nm and 663nm to measure chlorophyll a and 
chlorophyll b respectively. Chlorophyll content was determined from these values using equations 
provided in Appendix A. This procedure was repeated for each plant, with each infected and 
uninfected leaf. Additional details are also provided in Appendix A. 

Nitrate Content Analysis- To measure nitrate content in infected and uninfected leaves I used 
Model Sth Series LaMotte soil kit, following the procedure according to the manufacturer’s manual 
(La Motte Soil 2011). In order to prepare the leaves for sampling (Model Sth Instruction Manual 
2011), I cut out two four cm2 pieces from each leaf and cut them into small pieces, 1/8cm by 1/8 
cm. I shook the leaf pieces for five minutes in Universal Extracting Solution, and then filtered out 
the solution. With the extracted filtered solution I tested for nitrate following the instructions 
outlined in the La Motte SMART2 Colorimeter Operator’s Manual. I added five milliliters of Mixed 
Acid Reagent to five milliliters of the extracted solution, after mixing and waiting two minutes I 
added 0.2 grams of Nitrate Reducing Reagent. Then I inverted the solution for four minutes, and 
then waited ten minutes for maximum color development. After the ten minutes, the sample was 
tested using a SMART2 colorimeter, using the 64 Nitrate-N LR test. The colorimeter measured the 
concentration of Nitrate Nitrogen (NO3-N) in the sample, which was multiplied by 4.4 to convert 
the data to Nitrate (NO3) in parts per million (ppm), as stated in the manual.  

Water Content Analysis- I measured water content by weighing the leaf before and after 
desiccation, and calculated the percentage of water content in each leaf. Each leaf was weighed, and 
then placed in a 72ºF dessicator overnight to ensure that it was completely dry. Then the water 
content was measured as a percentage based on the difference in weight.  

Statistical Analysis- Chlorophyll, nitrate, and water content were compared between the infected 
and uninfected leaves within each plant using paired tests. I used paired t-test to compare 
chlorophyll and nitrate concentration, after confirming the assumption of normality using Shapiro-
Wilk tests.  In order to compare the water content percentage, I did a Wilcoxon signed rank test (V) 
because the data were not normally distributed. The difference between infected and healthy leaves 
for each plant was averaged across plants for each variable (nitrate, chlorophyll, and water content) 
to show the general magnitude of the difference.  

!
!
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!
Results 

Infected leaves had significantly higher nitrate concentrations than uninfected leaves (t = -2.96, df = 
19, p-value = 0.008; Fig. 2). There was a 23.5% increase of nitrate (ppm) in infected leaves.

!  

Figure 2. Mean nitrate values (ppm) and standard error in infected and healthy leaves of M. 
guatemalensis (N=20 plants). There was significant difference between healthy and infected leaves.  

Chlorophyll content was similar between infected and healthy leaves (t = 0.17, df = 19, p-value = 
0.87; Fig. 3).  

!  

Figure 3. Mean chloropphyll values (mg/L) and standard error in infected and healthy leaves of M. 
guatemalensis (N=20 plants). There was no significant difference between healthy and infected 
leaves.  

Water content was higher by 2% in infected leaves than in uninfected leaves (V = 172, p-value = 
0.01069, df=19; Fig. 4).  
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!  

Figure 4. Mean water content (%) and standard error in infected and healthy leaves of M. 
guatemalensis (N=20 plants). There was significant difference between healthy and infected leaves. 

Discussion 

The results indicated increased nitrate quantities in infected leaves versus healthy leaves. It has been 
observed that infected tissue has an increase in soluble nitrogen (White 1984) and this accumulation 
could possibly benefit the survival of the infected leaf. More recent studies have examined other 
possibilities related to pathogen defenses in the plant. It is now well-known that Nitric Oxide (NO) 
is a signaling molecule that is used to indicate plant defense against pathogen infection; which 
could further lead to induction of cell death or further defense (Rio et al. 2004). NO can be 
produced in different ways in plants but one the ways in which it is produced involves a non-
enzymatic reduction of nitrite in plant tissue, which yields nitrate as a byproduct (Rio et al. 2004). 
This could explain why infected leaves have higher concentrations of nitrate. However, it has also 
been suggested that the concentration of nitrate inhibiting NO production is in a negative feedback 
loop (Rockel et al. 2001); under this scenario, it is possible to hypothesize that the pathogen 
somehow increases the concentration of nitrate in infected areas to decrease or even inhibits the 
production of NO. The way in which pathogens respond to the production of NO is poorly 
understood (Rockel et al.), and therefore the latter alternative is speculative at this point.  

 Chlorophyll content did not differ between infected and healthy leaves.  Additionally, there 
was a very large range of chlorophyll content in both healthy and infected leaves. While it is 
generally assumed that pathogens decrease photosynthetic activities in plants (Agrios 1997) further 
studies have shown this to be a localized effect; meaning that there is only a chlorophyll decrease in 
very contained infected areas (Bonfig et al. 2006). The infection on M. guatemalensis was 
characterized by small yellow spots, and while these spots were selected for in chlorophyll analysis, 
it is possible that surrounding green leaf tissue influenced the data by increasing the amount of 
chlorophyll recorded. Additionally, these areas around the infection could be compensating to make 
up for the specified areas with decreased photosynthetic activity (Scholes and Farrar 1986). 
Furthermore, quantifying the infection could be useful in studying pathogen effect on chlorophyll.  

 The results showed that the healthy leaves had slightly more water content than the infected 
leaves. As there was only a slight, yet consistent distinction, this could imply that further infection 
could lead to more interference with translocation of water. This also could imply that the pathogen 
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only slightly interferes with water and nutrient transport during intermediate infection stages, by 
blocking water movement to and from as the leaf as well as within the leaf. (Agrios 1997). 

 The results of this study in terms of chlorophyll, nitrate, and water content could have many 
implications in determining the effect of this pathogen on M. guatemalensis. While the results did 
not show a significant difference in chlorophyll content, the change in tissue color from dark green 
to yellow suggests something did happen to the green photosynthetic pigments. The plant could be 
producing nitrate as a byproduct of its NO defense signal, which could be protecting the leaf and 
enabling normal function of photosynthesis in the remaining green leaf portions. Also, due to the 
limited difference in water and chlorophyll levels it is possible that the pathogen had not progressed 
completely in its infection. It would be helpful to examine the biochemical mechanisms by which 
defense is induced, including the relationship between nitrate and NO; to understand how defense is 
affecting nutrients and compounds within the leaf. 

 This study focused on the differences between healthy and infected leaves on the same 
plant, and therefore demonstrates the localized reaction and response to the pathogen in each 
individual leaf. However, it would be helpful to study varying levels of infected plants and quantify 
infection to further show the effects of pathogens. This study showed that pathogens do have a 
localized reaction on at least some of the physiological functions of M. guatemalensis, but the 
overall results showed that at this point in infection the pathogen does not have a very strong 
negative effect on the plant.  
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Appendix A 

Chlorophyll Analysis 

(Adapted from Hendry and Grime 1993) 

1. Cut two one cm2 pieces from each leaf 

2. Use mortar and pestle to homogenize with 4ml of 80% acetone 

3. Transfer samples and centrifuge for three minutes at 4000rpm 

4. Remove supernatant and place samples in dark 

5. Measure % Transmittance at 645nm and 663 nm, using 80% acetone blank 

6. Calculate absorbance from %Transmittance: 2-log(%T) 

7. Calculate total chlorophyll in mg/L = 8.02 x A663 + 20.2 x A645 

!
!
!
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ABSTRACT	
Communities in secondary forests are often less diverse than those in primary forests.  As more and more of the world’s 
forested area is secondary forest, it is essential to understand how pervasive the effects are of disturbance regime on 
species composition. In this study, I examined differences in species richness, abundance, and diversity for protist 
communities in cloud forest bromeliad tanks in primary and secondary forest habitats in Monteverde, Costa Rica. I used 
both established and new communities to see if there are differences in community composition for climax and 
successional stages. I found initially higher species richness and diversity in the new garden bromeliad communities 
than forest, but that values in the forest continued to increase while the garden stayed relatively constant from day 9 to 
day 19.  Species richness, abundance, and diversity were similar between the established bromeliads in the forest and 
the garden. However, diatoms, which prefer areas with more light, were more prevalent in secondary forest bromeliad 
communities.  Although diatoms were not an abundant member of the bromeliad communities, they indicate that 
species present in the primary and secondary forest bromeliad communities likely differ although their overall diversity 
is similar.	

!
RESUMEN	
Las comunidades en los bosques secundarios frecuentemente no son tan diversas como en los bosques primarios.  Más y 
más del área del mundo forestal es bosque secundario, y por eso, es esencial comprender el alcance de los efectos del 
nivel de la perturbación en la composición de las especies.  En este estudio, examiné diferencias en la riqueza, 
abundancia y diversidad de especies de comunidades protistas en tanques de bromelias en el bosque nuboso en hábitats 
de bosque primario y secundario en Monteverde, Costa Rica.  Utilizé tanto comunidades establecidas como nuevas pare 
observar diferencias en la composición de las comunidades en estados climax y sucesionales.  Encontré una mayor 
diversidad y riqueza de protistas en las comunidades del jardín que en las del bosque, pero que los valores en el bosque 
continúan en aumento mientras que los del jardín se mantienen relativamente constantes entre los días 9 y 19. La 
riqueza de especies y la diversidad fueron similares entre las bromelias ya establecidas en el jardín y en el bosque.  Sin 
embargo, diatomeas, que prefieren áreas con mayor luz, fueron más prevalentes en las comunidades de bromelias de 
bosque secundario.  Aunque las diatomeas no son un miembro abundante de las comunidades de las bromelias, esto 
indica que las especies presentes en los bosques primarios y secundarios tienden a diferir aunque la diversidad total sea 
similar.	

!
!
!
!
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INTRODUCTION	

!
Anthropogenic land transformation is the main cause of biodiversity loss worldwide (Vitousek et al. 
1997).  Estimates of the amount of the Earth’s surface that have been altered by human activities 
range from 39% (Vitousek et al. 1986) to 83% (Sanderson et. al 2002). This corresponds with 
extinction rates estimated to be thousands of times above the pre-human extinction rate (Ehrlich & 
Wilson 1991).  Deforestation is one of the most detrimental forms of land conversion, especially in 
tropical rainforests, which are some of the most biodiverse areas in the world (Olson et al. 2001).   
Yet loss of forested area has decreased from nearly 25,000 hectares per day from 1999-2000 to 
under 15,000 hectares per day from 2009-2010 (Food and Agriculture Association of the United 
Nations 2011). 	

This decrease in loss of forested area does not necessarily indicate a massive slowing of primary 
forest clearance.  Much of the decrease is the result of an increase in secondary forest area as people 
abandon agricultural land and move to cities (Wright 2005).  	

The species composition of primary and secondary forests differ significantly (Dunn 2004). 
Different taxa appear to respond differently to disturbances, with some groups showing no 
difference in biodiversity between primary and secondary forest areas while other groups were 
significantly less diverse in disturbed habitats (Barlow et al. 2007). Species richness within taxa 
may recover to pre-cleared levels relatively quickly with the regrowth of secondary forest, often 
within 40 years. However, for some taxa, these are not the species that were present before the 
disturbance, indicating that there are some species that need primary, old growth forest to survive 
(Dunn 2004).  Thus, it is important to determine how effective the increase in area of secondary 
forest will be for the conservation of biodiversity. This includes microorganisms, which are 
essential for proper ecosystem function and help communities recover from disturbance (Girvan et 
al. 2005). Bromeliads are microcosms that house many unique species of microorganisms 
(Richardson 1999).  The effects of succession on this small habitat can be indicative of the effects 
on the larger habitat. 	

Bromeliads (family Bromeliacae) are found primarily in the Neotropics. Many species of 
terrestrial and epiphytic bromeliads have tanks, or phytotelmata, composed of overlapping leaf 
bases (Mabberly 1993). These tanks contain a diverse community of small vertebrates and 
invertebrates, including many protists: mostly ciliates and flagellates (Carrias et al. 2001).  
Bromeliads collect throughfall and debris—which likely differ between primary and secondary 
forests—that are linked to their biodiversity (Ricardson 1999).  Studies of bromeliad-resident yeast 
have shown greater diversity in areas of moderate disturbance than in areas of very little human 
influence (Landell et al. 2006), indicating that it is possible that openness of secondary forest 
facilitates colonization of microorganisms. However, forest bromeliads are shaded by canopy and 
filled by throughfall. The chemical composition of throughfall is enriched in many important ions, 
such as Na+, K+, Mg2+, Ca 2+, and CI- (Forti & Moreiranordemann 1991) as well as organic inputs, 
such as nitrogen and phosphorus, as a result of passing through the canopy.  Throughfall is likely an 
important mechanism for aquatic microorganisms to reach bromeliads as it can wash them from 
sources in the canopy, such as epiphytic habitats. 	

This study examines whether protist communities in bromeliad tanks differ in species 
composition between primary and secondary forests for both new and established bromeliad 
communities. By looking at both new and established communities, I observed when differences in 
bromeliad biodiversity appeared and whether they persisted to compare species composition in 
climax and successional bromeliad communities. I predicted that bromeliads under more complex 
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canopies should have more complex nutrient contents and a greater number of microorganisms 
entering the bromeliads, thus fostering a more diverse protist community.	

!
!

METHODS	

!
Study Site	

The two sites that I used for this experiment were in Monteverde, Costa Rica in the Premontane Wet 
Forest at an elevation of 1550 meters.  The first was in the garden at the Estación Biológica 
Monteverde beneath a guava tree with a single layer of canopy, which I call the garden or secondary 
forest site.  The second site is approximately 50 m into the forest surrounding the Estación with 
multiple canopy layers, indicative of more primary forest.  The Monteverde area receives 
approximately 3 meters of precipitation per year with additional precipitation in the form of mist 
(Nadkarni & Wheelwright 2000), which prevents the bromeliad tanks from periodically drying out, 
especially during the wet season, which is when I conducted this experiment. 	

!
Study Organism	

The bromeliads I used in this study are the terrestrial Vriesea philippo-coburgii native to Brazil.  
Bromeliad tanks are home to many organisms, including a wide variety of protozoans (Carrias et al.  
2001). 	

!
Experiment 1	

 I picked 20 bromeliads of comparable sizes from a garden near the station and washed them with a 
mild chlorine solution to kill the existing protist communities, then flushed them with water to 
remove any remaining chlorine.  I then placed 10 bromeliads at each study site in plastic cups in 
order to keep the bromeliads upright and therefore open to water, leaf litter, and microorganism 
colonization.  The bromeliads were initially dry, but were filled within 24 hours by rainwater.  I 
waited nine days for the bromeliads to develop a protozoan community, and then took a water 
sample of several drops from each bromeliad every 2-3 days over the course of 11 days. For each 
sample, I agitated the bromeliad contents before sampling in order to get an indicative sample of the 
bromeliad’s contents. I looked at each sample under 100x magnification and identified the 
morphospecies of all visible organisms in a single drop.  I then determined species richness, 
abundance, and diversity for each sample.  To determine species richness, I looked at only the first 
100 individuals to account for differences in abundance.  For abundance and diversity, I counted all 
organisms in the drop. 	

!
Experiment 2	

I used 36 bromeliads (16 in the forest, 20 in the garden) that had been in my study sites for 
approximately 6 months, giving them a longer time to establish stable, climax or near-climax 
communities. I took a water sample of several drops from each of 36 bromeliads over the course of 
11 days, alternating between forest samples and garden samples to account for any changes in 
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abiotic factors that could affect bromeliad tank populations.  I then calculated species richness 
abundance, and diversity for each sample using the same method used in the first experiment.  	

!
RESULTS	

!
Experiment 1	

I identified 19 morphospecies in the bromeliad samples, including several types of 
nematodes, Paramecium, flagellates, mites, ticks, and arthropod legs.  Fifteen of these species were 
found in the garden bromeliads and 16 were found in the forest bromeliads.  	

The new garden bromeliads had an average species richness of 6.0, which was significantly 
higher than the species richness of the new forest bromeliads, which was 5.16 (Two-Way ANOVA 
df=1, F=5.39, p=0.02).  However, there is no significant difference between the garden and the 
forest at any time sampled  (Two-Way ANOVA df=4, F=1.426, p=0.23). The rates of colonization, 
shown by the slopes of the graphs in Figure 1, are nearly significantly different (ANCOVA df=3, 
t=1.868 p=0.065), demonstrating that the increasing species richness in the forest over time differs 
from the fairly constant or slightly decreasing species richness in the garden. 	

!

�
�
�  	

!
FIGURE 1. Mean species richness values (±SE) for protists in new garden and forest Vriesea 
philippo-coburgii  bromeliad communities in Monteverde, Costa Rica.  First day is Day 9, last day 
is Day 18.  Samples were taken every 2-3 days.  R2 for garden=0.08, R2 for forest=0.83. The blue 
and red lines are average species richness values from the garden and forest established bromeliad 
communities, respectively. 	
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There was no significant difference in microinvertebrate abundance between the new garden 
and the forest bromeliads (Two- Way ANOVA df=9, F=0.75, p=0.66; Figure 2). The mean 
abundance of the garden bromeliads was 375.0, which was substantially less than the 448.0 in forest 
bromeliads, but the variance in each measure was large.  Likewise, the colonization rates for 
abundance were not significantly different although the forest abundance seems more stable than 
the garden (ANCOVA df=3, t=1.654, p=0.102; Figure 2).  	

	 In both samples, the most common morphospecies were large and small flagellates, which 
made up more than half of the individuals sampled, followed by small nematodes and small 
Paramecium (Figure 3). 	

�
�
�  	

!
FIGURE 2. Abundance values (±SE) for protists in new garden and forest Vriesea philippo-coburgii  
bromeliad communities in Monteverde, Costa Rica. First day is Day 9, last day is Day 18.  Samples 
were taken every 2-3 days R2 for garden=0.006, R2 for forest=0.86. The blue and red lines are 
average abundance values from the garden and forest established bromeliad communities, 
respectively.	
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� 	

FIGURE 3. Relative abundances of microorganisms in Vriesea philippo-coburgii bromeliads. i=new 
garden bromeliads, ii=new forest bromeliads, iii=established garden bromeliads, iv=established 
forest bromeliads.  Most common morphospecies are labeled: A=small round flagellates, B=large 
flagellates, C=small nematodes, D=small Paramecium.	

!
The garden bromeliad communities were significantly more diverse that the forest samples 

over time (Two-Way ANOVA df=9, F=2.424, p=0.01265). Similar to species richness, diversity 
differed between the two locations with higher diversity in the garden communities (Two-Way 
ANOVA df=1, F=4.66, p=0.0337) with an average index value of 1.0 compared to a value of 0.9 in 
new forest bromeliads.  There is no significant difference between the rates of diversity change in 
the garden and the forest (ANCOVA df=3, t=1.204, p=0.23; Figure 4).  Both appear to be increasing 
with a more consistent increase in the forest bromeliads.  	

!
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!
FIGURE 4. Mean Shannon-Wiener diversity values (±SE) for protist communities in new garden 
and forest Vriesea philippo-coburgii  bromeliads in Monteverde, Costa Rica. First day is Day 9, last 
day is Day 18.  Samples were taken every 2-3 days R2 for garden=0.02, R2 for forest=0.89. The blue 
and red lines are average diversity values from the garden and forest established bromeliad 
communities, respectively.	
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!
Experiment 2	

There was no significant difference in species richness values between established garden 
and forest bromeliads (t-Test, df=34, t=0.105, p=0.917;Figure 5).  The garden bromeliads had an 
average species richness of 7.95 compared to 7.88 in the forest bromeliads.  	

� 	

!
FIGURE 5. Mean species richness values (±SE) for protist communities in established garden 
(n=10) and forest (n=10) Vriesea philippo-coburgii  bromeliads in Monteverde, Costa Rica. Mean 
values are shown in each bar.  There is no significant difference between garden and forest species 
richness.	
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Likewise, abundance did not differ significantly with an average of 275.3 in the garden and 
368.8 in the forest. (t-Test, df=34, t=0.567, p=0.575; Figure 6). As with the new bromeliads, the 
large variance made the difference not significant 	

!

� 	

!
FIGURE 6. Mean abundance values (±SE) for protist communities in established garden (n=10) and 
forest (n=10) Vriesea philippo-coburgii  bromeliads in Monteverde, Costa Rica. Mean values are 
shown in each bar.  There is no significant difference between garden and forest abundances.	

!
Diversity was also not significantly different beween established garden and forest 

bromeliads, although it was much closer to significance than species richness or abundance (t-Test, 
df=34, t=1.718, p=0.949; Figure 7). Established garden bromeliads had an average diversity of 1.40 
compared to an average of 1.14 in forest bromeliads. 	

Values for species richness, abundance, and diversity are shown on the graphs of new 
bromeliad data (Figures 1,2, and 4).  Species richness values are higher for the established 
bromeliads in both garden and forest communities, slightly lower than established abundance 
values, and slightly higher for diversity values, showing differences between the established 
communities and the successional communities.  The differences in species richness and diversity 
found in successional communities were not found in the climax communities.	

!

M
ea

n 
A

bu
nd

an
ce

0

150

300

450

600

Garden Forest

368.813
275.35

�46



� 	

!
FIGURE 7. Mean Shannon-Wiener diversity values (±SE) for protist communities in established 
garden (n=20) and forest (n=16) Vriesea philippo-coburgii  bromeliads in Monteverde, Costa Rica. 
Mean values are shown in each bar.  There is no significant difference between garden and forest 
diversity values. 	

!
Of the 19 morphospecies, none were found significantly more in the forest bromeliads, but 

diatoms (t-test, t= 2.47, p=0.018) and thin flagellates (t-test, t=3.67, p=0.00079) were significantly 
more prevalent in the garden bromeliads. Neither made up a large part of the total community 
population, on average 0.43% and 4.5% respectively.  	

!
I made several qualitative observations during my data collection.  Of the garden and forest 

samples, the forest samples tended the have more decaying matter in them. There were also large 
mosquito larvae in several forest samples while there were never any organisms in garden samples 
that I could see without the microscope.	

!
!
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!
DISCUSSION	

!
	 The secondary forest habitat had higher species richness and diversity than the primary 
forest habitat for the newly established bromeliads, but this trend was not present in the established 
bromeliads.  It is possible that the openness of the area facilitated protist colonization if they are 
transported not only by throughfall, but also by wind.  Rotifers can desiccate and then disperse by 
wind to colonize new areas (Wilson & Sherman 2010). If this is, in fact, a common means of 
dispersal for microorganisms, then this could explain why there was a greater diversity in the 
garden. It is also possible that the disturbance regime is not a major factor in the establishment of 
protist communities and it is the abiotic factors in the garden, such as increased sunlight and drier 
conditions, that were more favorable to protist development.  Furthermore, the nutrient input from 
the guava tree in the garden may have been sufficient for the protist communities, even though I 
observed more detritus in the forest samples.  	

	 However, the forest bromeliad communities showed a steady increase in both species 
richness and diversity over the course of my time series while the garden sample stayed relatively 
constant.  It appears that the garden was colonized more quickly but, as seen in the second part of 
my experiment, it appears that the difference in species richness and diversity does not persist. 
There seems to have been a greater Allee effect in the forest as populations were slow to grow when 
they were at low densities (Courchamp et al. 1999). The garden community may be easier to 
colonize or it may have been colonized by species that were less impacted by low population 
densities.  As I only looked at morphospecies and not actual species, it is possible that the species in 
the forest communities and in the garden communities were different and more adapted to 
disturbance. Therefore, the forest bromeliad communities reached a stable level of diversity later 
than the garden communities. 	

	 The species richness and diversity values are slightly lower in the successional bromeliads 
than in the climax communities, which makes sense as they are likely still being colonized.  The 
abundance values, however, were higher in the successional bromeliads.  One possibility is that the 
successional communities have greater numbers of younger, smaller individuals while the climax 
communities are home to larger organisms that require more resources per individual, thus 
decreasing the carrying capacity of the bromeliad.  	

	 There was no significant difference between species diversity, abundance, or diversity in the 
established bromeliads in the forest and in the garden.   It seems that bromeliads have similar 
climax communities in both habitats, although the species composition of the habitats may, in fact, 
be different. I observed several larger invertebrates in my sampling, all of which appeared in forest 
samples.  It is possible that the forest communities supported a community of larger organisms as 
well.  A more comprehensive sampling of bromeliad inhabitants would undoubtedly find a wider 
variety of organisms, which might include organisms that are more sensitive to disturbance than 
protists. 	

	 The established garden samples had significantly more diatoms than the established forest 
samples.  Diatoms are opportunistic algae that are strong competitors but require adequate sunlight 
(Furnas 1990). Although diatoms were not common, they still thrive better in open areas than closed 
canopy areas.  They did not represent a large portion of the individuals found, but they are an 
indicator that the species present may be different although the species composition is the same.  
Thin flagellates were very significantly more common in garden habitats, which may be a result of 
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the abiotic conditions in the garden, similar to diatoms, but without further identification of the 
flagellates, it is difficult to draw any conclusions about the reason for the difference. 	

Diversity may be the same or even greater in secondary forest bromeliad communities, but 
there are differences in species present.  Thus, the regrowth of secondary forest is an excellent thing 
for bromeliad communities as the species composition after only six months was not significantly 
different between primary forest and secondary forest sites.  Old growth forest is still important to 
protist communities as there are some microorganisms that colonize secondary forest habitat that 
are not found in large numbers in primary forest habitat, thus possibly outcompeting species more 
adapted to primary forest conditions. 	

!
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!
Solitary versus clumped Psidium guajava trees 
(Myrtaceae) and abundance of Anastrepha spp 
(Diptera) larvae in ripe fruits  !!
Emily Berglund!!
Department of Zoology, University of Wisconsin-Madison, Madison, Wisconsin 53706, 
U.S.A!!
ABSTRACT !
Commensalistic relationships are ones in which one species benefits, while the other experiences a neutral affect. One 
example of this type of relationship occurs between the tree Psidium guajava and the common fruit fly, Anastrepha spp. 
The fly lays its eggs in the ripening fruits of the tree, ensuring a nutritious place for its offspring to develop, while the 
tree neither benefits nor suffers. It is known that fruit flies are more commonly found in fruits of trees growing near 
other types of fruit trees, but it is unknown whether or not a P. guajava tree growing near other P. guajava trees attract 
more Anastrepha spp. for egg laying. P. guajava trees were classified as either clumped or solitary, and ten ripe fruits 
were gathered from each tree. Eight clumped and ten solitary trees were examined. Larval density within each fruit was 
recorded, as was the average diameter at breast height and crown volume of each tree. Tree size was measured in order 
to determine if a difference existed between clumped and solitary trees. Trees found growing alone were significantly 
larger, and therefore different, than trees growing in a clump—solitary trees had both a larger crown volume, and a 
larger average diameter at breast height. However, although the two types of trees were markedly different, the average 
larval density of the fruits from both types of trees was approximately the same.  !
RESUMEN !
Las relaciones comensalistas son aquellas en las que un participante se beneficia, mientras que el otro sufre un efecto 
neutro.  Un ejemplo de este tipo de relación ocurre entre el árbol Psidium guajava y la mosca común de la fruta 
Anastrepha spp.  La mosca pone sus huevos en los frutos en maduración del árbol, asegurando un lugar nutritivo para el 
desarrollo de su descendencia, mientras que el árbol ni se beneficia ni sufre.  Es sabido que las moscas son más 
communes en frutos de árboles creciendo cercanos a otro tipo de árboles frutales, pero es desconocido si árboles de P. 
guajava creciendo junto a otro conespecífico atrae más Anastrepha spp.  Los árboles de P. guajava  se clasificaron 
como agrupados o solitarios, y diez frutos maduros se colectaron de cada árbol.  Ocho árboles agrupados y diez 
solitarios fueron examinados.  Se tomó la densidad de larvas en cada fruto, así como como el promedio del diámetro a 
la altura del pecho y el volumen de la corona del árbol.  El tamaño del árbol se midió para determinar si hay diferencias 
entre árboles solitarios y agrupados.  Los árboles encontrados creciendo en solitario son significativamente más 
grandes, y por lo tanto diferentes, que aquellos creciendo agrupados –los árboles solitarios tienen tanto una corona más 
grande y un mayor diámetro a la altura del pecho.  Sin embargo, aunque ambos tipos son marcadamente diferentes, la 
densidad promedio de larvas de los frutos en ambod tipos es aproximadamente la misma. !
INTRODUCTION !
Commensalism is a relationship in nature between two organisms, in which one organism benefits 
at no apparent cost to the other. Examples of this include sedentary barnacle populations that use 
whales or sea turtles as transportation to food sources, or remora sharks that sucker to the 
undersides of larger sea creatures and ride along so that the remora shark is on hand to eat leftovers 
from the larger creature’s meal (Seisen, 2009). Commensalism also exists in the vast world of 
insects, for example the practice of fruit flies laying their eggs in fruits. This study examines the 
specific commensalistic relationship between the citrus fruit tree, Psidium guajava (Myrtaceae) and 
a common fruit fly, Anastrepha spp. (Diptera: Tephritidae). The fruit flies lay their eggs as the fruit 
begin to ripen, within 6-10 days the eggs hatch, and the larva use the mesocarp of the fruit for 
nutrients (Weems et al, 2001). When the fruits ripen and fall off of the tree, the larvae exit and 
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pupate in the soil (Weems et al, 2001). While this relationship can cause economic devastation for 
countries that export the P. guajava fruits (Hernández-Ortíz and Pérez-Alonso, 1993), it offers the 
larva a nutritious place to get their start, and doesn’t appear to harm the P. guajava tree. 
Additionally, the seeds of the P. guajava fruit are unaffected by larval presence, and are still able to 
be dispersed successfully after the larva leave the fruit (Somarriba, 1987).  
P. guajava are dispersed by cows—which can disperse 49,500 seeds per day during maximum fruit 
production periods (Somarriba, 1987)—and other mammals, including tapirs. These dispersers 
deposit seeds where they defecate; this can lead to solitary or growths of trees (Morton, 1987). It 
has been proven that trees growing closer to trees of other fruit, for example mango or other citrus 
species, are more likely to play host to Anastrepha larvae (Birke and Aluja, 2011). However, it yet 
remains to be seen whether or not the clumped and solitary growth of the P. guajava trees 
influences Anastrepha spp. preference for an egg-laying site. This finding begs the question; are 
Anastrepha spp. attracted to the variety of fruit present in sites with many fruit trees, or simply to 
the abundance of fruit present in a given area? In this study, I aim to determine if the fruits of a tree 
growing in a clump of other P. guajava trees present more Anastrepha spp. larvae than a tree 
growing alone. If it is the variety of fruit that attracts Anastrepha spp, there should be no difference 
between larval density in the fruits of clumped and solitary trees. However, if Anastrepha spp. is 
simply attracted to the abundance of fruit in an area, it would make sense that they would be drawn 
to clumps of guava trees for egg laying purposes. In order to demonstrate that there is a difference 
between the clumped and solitary trees in this study, tree size was also examined. As mentioned 
before, P. guajava trees are also a host of the fruit flies Anastrepha striata and A. fraterculus. 
(Hernández-Ortiz and Pérez-Alonso, 1993).  !!!!!!!!!!!!!!!!!!!!!!
METHODS !
Study Site !
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Research was conducted in the gardens of the Monteverde Biological Station, Costa Rica as well as 
along the gravel road leading up to the station from the main road of Santa Elena, Monteverde. 
Trees were also found in the gardens of various hotels in Cerro Plano, Monteverde. The horse 
pasture of Cristobál Aguilar also provided many ideal specimens. All of these study sites are 
between 1300 and 1550 meters above sea level. Data were gathered in November at the end of the 
rainy season.  !
Organisms !
P. guajava is found throughout the neotropics, as well as the West Indies. It is easily distinguishable 
by its peeling copper colored bark and hard, round, lime green fruits. When ripe, these fruits 
become light yellow and slightly pliable. It should be noted that P. guajava trees generally fruit only 
after they have reached 2-8 years of age, meaning that all trees examined in this study were at least 

between 2-8 years old. Typically fruits are produced in the late summer 
months (Morton, 1987). For the purposes of this study, P. guajava trees 
growing at least 25m away from other P. guajava trees were classified 
as “solitary” and trees with at least one other P. guajava tree growing 
within 25m was considered “clumped”. The pulpy mesocarp of each 
guava was carefully dissected and examined for Anastrepha spp. 
larvae, seen in Figure 1.   
 

Collection of Data and Samples !
Diameter at breast height was recorded for each tree by measuring 
trunk circumference at chest height. For trees with multiple main 
trunks, joined at ground level by one main root system, 

circumference measurements of the three largest trunks were taken and averaged. The diameter of 
the leaf crown for each tree was also recorded. Ten ripe fruits of P. guajava were harvested from 
each tree. In total, 8 clumped trees and 10 solitary trees were sampled, giving 80 and 100 fruits, 
respectively. The volume of each fruit was recorded. Data for the first two trees sampled can be 
seen in Table 1. Some trees did not have enough ripe guavas to fill out the 10-guava requirement, 
and in those instances the guavas closest to ripe were picked. Any guavas found on the ground were 
ignored.  !
RESULTS !
Average fruit volume was 11.53 cm3 and the average number of larvae found in each fruit was 
0.5722. Out of 180 fruits, 114 were found without larva. Data were first analyzed to see if a size 
difference existed between the solitary and clumped trees. Statistical comparison shows that there is 
indeed a size difference between trees with P. guajava neighbors, and those without. Figure 2 shows 
the average diameter at breast height (DBH) among the solitary and clumped trees  (n clumped=8, n 
solitary=10, p-value=0.01989). Also, as seen in Figure 3, trees growing without P. guajava 
neighbors had a significantly larger crown volume (p-value=0.04364). Finally, a Kruskal-Wallis 
rank sum test was used to compare the density of larvae found within each P. guajava fruit, based 
on whether the parent tree had P. guajava neighbors or not.  Fruit from clumped trees did not differ 
in average density of Anastrepha spp. larva, when compared with the average density found within 
solitary trees (clumped n = 80, solitary n = 100, Kruskal-Wallis χ2 value = 0.6426, p-value = .4228, 
df  = 1). Average larvae density is shown in Figure 4.  
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FIGURE 1. Ripe guava being dissected 
with larvae studied highlighted in green 
box. 



!
DISCUSSION !
This study shows that solitarily and clumped growing trees differ in size, and therefore may present 
a different egg-laying environment to Anastrepha spp. Solitary trees had both a larger average DBH 
and crown volume than trees growing in clumps of other P. guajava trees. This difference in size 
can be attributed to the fact that the trees without neighbors do not need to share abiotic resources 
with other members of their species. Above all, this difference suggests that clumped and solitarily 
growing trees present different environments for Anastrepha spp. to lay their eggs.  !
I expected that, a group of clumped P. guajava trees would present more fruits collectively in one 
area, more fruit flies would be attracted to that location, and lay their eggs in the fruits. However, I 
did not find significant data to support this. Although larvae of the fly Anastrepha spp. were found 
in many fruits of both clumped and solitary trees, there was no significant difference in larval 
presence between the two tree growth patterns. Other research has found that Anastrepha spp. 
exhibit preferences in habitat within a P. guajava’s crown, some preferring fruits on upper and mid 
interior sections of the crown (Sivinski et al., 2004). It is possible that, when choosing a P. guajava 
fruit to deposit eggs in, Anastrepha spp. show a higher preference for fruit location in a given tree, 
rather than tree location in relation to other P. guajava trees. Proximity to another tree appears to 
have no effect on Anastrepha egg laying preference.  !
In nature it is common for the species that benefits from the commensalistic relationship to evolve 
with the neutrally affected species that it uses. Given that this study was conducted several months 
after peak fruiting season, it is likely that the fruit flies were not at the height of their egg-laying 
season. If this study is repeated in the future, it should be in the spring or summer.  !
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Tree AVG DBH 
(cm)

Diameter of 
Crown (cm)

Approx Volume of 
Crown (cm Guava #Bugs Diameter of 

fruit (cm)
Volume of 
fruit (cm

1 solitary

15.3 542.0 307628.9 1 0 2.5 6.2

15.3 542.0 307628.9 2 4 4.0 13.9

15.3 542.0 307628.9 3 3 3.2 9.4

15.3 542.0 307628.9 4 0 3.3 9.9

15.3 542.0 307628.9 5 0 4.0 13.9

15.3 542.0 307628.9 6 0 3.6 11.5

15.3 542.0 307628.9 7 0 2.7 7.1

15.3 542.0 307628.9 8 0 3.8 12.7

15.3 542.0 307628.9 9 0 3.1 8.9

15.3 542.0 307628.9 10 2 5.0 21.0

1 clumped

14.2 481.5 242784.6 1 0 5.2 22.6

14.2 481.5 242784.6 2 0 4.7 18.7

14.2 481.5 242784.6 3 1 3.8 12.7

14.2 481.5 242784.6 4 2 4.0 13.9

14.2 481.5 242784.6 5 2 5.4 24.2

14.2 481.5 242784.6 6 2 4.0 13.9

14.2 481.5 242784.6 7 1 4.6 18.0

14.2 481.5 242784.6 8 1 3.9 13.3

14.2 481.5 242784.6 9 0 3.0 8.4

14.2 481.5 242784.6 10 0 4.3 15.9
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TABLE 1. Number of fruits with fly larvae in solitary and clumped trees. Tree characteristics are 
shown. AVG DBH is the average diameter at breast height calculated using the three measurements 
of trunk size. The volume of crown and fruit were determined using the equation 4/3π(diameter/2)2. 
If the fruit was not ripe it is noted in the right-most column.
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FIGURE 3. Average crown volume of both clumped 
and solitary P. guajava trees based on diameter 
measurement of each tree. Average value displayed 
above each column. Standard error bars are also shown 
(clumped=+/- 7,0391.06, solitary-+/-7,7248.69). 
Relationship was found to be significant (clumped n=8, 
solitary n=10, p=0.04364).
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FIGURE 4. Average larvae density (measured in larvae per 
centimeter3) found in fruits from clumped and solitary P. 
guajava trees. Average value is displayed  above each 
column. Standard error bars are also shown (clumped=+/- 
0.007446, solitary-+/-0.008605). No statistically measurable 
relationship was found (clumped n=80, solitary n=100). 
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Diversity of beetles (Coleoptera) in habitats of varying 
disturbances in a pre-montane wet forest of Monteverde, 
Costa Rica!
Alexandra Kurth!

College of Liberal Arts and Sciences, Arizona State University
! !

ABSTRACT 
The tropics house extremely high biodiversity that is being extinguished at an unprecedented rate. The importance of 
estimating global, regional and local patterns of diversity becomes more important as biodiversity disappears. As 
humans deforest and degrade habitats more frequently, disturbances become compounded and chronic. It is important to 
understand how these changes in disturbance regimes will affect biodiversity. In this study, habitats of low, high, and 
intermediate disturbance levels were surveyed. Species richness, diversity and abundance were measured for 
Coleopteran species in each habitat. In all habitats, few common species were found. Most species were rare in 
abundance. This pattern is typical of a tropical system and is an indicator of the system’s overall vulnerability to 
disturbances. Species that exist at low densities are more susceptible to local extinctions caused by disturbances. A 
significant difference was found in the diversity between the habitat of high disturbance and both low and intermediate 
disturbance. The habitats of low and intermediate disturbance showed the highest species richness and proportion of 
species similarity. The chronically disturbed habitat resulted in the lowest abundance, diversity, and richness in beetles. 
This supports the theory that land transformation and habitat degradation in the tropics has a negative effect on 
biodiversity of species in the tropics. 

RESUMEN 
Los trópicos contienen una alta biodiversidad que se está extinguiendo a tasas sin precedentes. La importancia de 
estimar global, regional y localmente los patrones de diversidad se vuelven más importantes a como la biodiversidad 
desaparece. A medida que los humanos deforestan y cambian el hábitat más frecuentemente, los disturbios se vuelven 
más complejos y crónicos. Es importante entender como estos cambios en los regímenes de disturbios pueden afectar la 
biodiversidad. En este estudio, hábitats de baja, alta e intermedio niveles de disturbios se midieron. La riqueza, 
diversidad y abundancia de especies para Coleopteros fueron medidas en cada hábitat. En todos los hábitats, pocas 
especies comunes fueron encontradas. La mayoría de las especies fueron raras en abundancia. Este patrón es típico de 
sistemas tropicales y es un indicativo de la vulnerabilidad del ecosistema a los disturbios. Especies que existen a bajas 
densidades son más susceptibles a extinciones locales causados por disturbios. Diferencias significativas se encontraron 
en la diversidad entre el hábitat con gran disturbio y los hábitats con disturbios bajos e intermedios. Los hábitats con 
disturbios bajos e intermedios muestran la mayor riqueza de especies y la proporción de especies es similar. Los hábitats 
con disturbios crónicos resultan en una menor abundancia, diversidad y riqueza de escarabajos. Esto apoya la teoría de 
que la transformación de los suelos y degradación del hábitat en los trópicos tiene un efecto negativo en la diversidad de 
especies. 

INTRODUCTION 

The tropics house the highest diversity on the planet- an estimated 75 percent of species are found 
in the tropics (Wilson 1992). However, deforestation and degradation of forests in the tropics 
continues at an unprecedented rate, and loss of biodiversity is a cause for conservation concern even 
in the largest remaining forests of the neotropics (Elton, 1975). As the severity of the extinction 
crisis becomes more evident, biologists still have poor knowledge about global species richness. 
The importance of estimating global, regional and local patterns of diversity increases daily as it is 
an essential starting point in understanding complex ecosystem processes (Carlton et al. 2004).  

Most ecosystems are subject to disturbances in according to local and regional disturbance regimes. 
Disturbances naturally occur in pulses of predictable magnitude and frequency (Elmqvist 2003). As 
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humans are increasingly often becoming the cause of disturbance in the tropics, it is important to 
understand how different levels of disturbance affect biodiversity. Human activities alter natural 
disturbance regimes, increasing the frequency and magnitude of disturbances to the level of 
compounded perturbations and chronic disturbances (Bengtsson et al. 2003; Paine et al. 1998). 
Estimates of species distribution and response to disturbances, especially anthropogenic ones, serve 
as tools for conservation planning, priority setting and management strategies and serve to answer 
questions of biological research (Spector 2006). 

The intermediate disturbance hypothesis (IDH) has been used to describe patterns of species 
diversity especially in coral reefs and tropical rainforests. It is commonly used in ecology for 
modeling diversity in other ecosystems as well (Connell 1978). In theory, IDH explains that areas 
with intermediate level disturbance should contain a higher diversity of species due to interruption 
of the processes of competitive exclusion and succession (Cárdenas and Buddle 2008). According to 
IDH, areas that are chronically disturbed should have low diversity of species with high abundance 
of generalist species and low to no appearance of specialized taxa (Silva et al. 2008).  

Invertebrates comprise the bulk of biodiversity known on the planet, and they dominate ecosystems 
in species richness, animal biomass, and critical ecological functions (Spector 2006). They provide 
a challenge to researchers because their magnitude in diversity and number makes it very difficult 
to comprehensively survey all species across many sites. As a result of these difficulties, broad 
analysis of patterns of diversity, ecology, and geographic distribution of invertebrate taxa are 
lacking in the literature (Spector 2006). Beetles (Coleoptera), with more than 400,000 named 
species, comprise more than 25 percent of all described species (Hanson, 2000). Coleoptera are 
incredibly diverse- occupying a broad range of habitats and niches, and performing vital ecosystem 
functions such as nutrient cycling. Many Coleopteran taxa such as tiger beetles (Cicindelidae), dung 
beetles (Scarabaeidae), ground beetles (Carabidae) have been proposed as ideal groups for 
biodiversity inventory and monitoring, or bioindicators (Brown 1997; Pearson 2006; Pearson 1992; 
Rainio 2003; Spector 2006).  

The Monteverde region is rich in beetle diversity; 110 Coleopteran families are represented in this 
small region (Hanson 2000). The area suffers the effects of anthropogenic change: in the past 60 
years, human populations have deforested the area, degrading ecosystems, developing on lands and 
changing land cover- converting some forest into pastures and farms. Recently tourism in the area 
has caused habitat degradation in Monteverde with consequences to forests including excessive 
erosion, exposed roots, muddy soil, vegetation cover loss, damaged trees and visitor-created trails 
(Farrell 2001). In this study, I survey the species composition of beetles in areas of low, high, and 
intermediate disturbance in an attempt to understand the impact of different disturbance regimes on 
beetle diversity. Based on the IDH, I predict that sites with intermediate disturbance will yield the 
highest beetle diversity, while the disturbed site will have the least amount of diversity and the 
forest will show an intermediate level of diversity. I also predict that more specialists species will be 
found in the more stable habitat (the forest?), while generalists will be found in all three disturbance 
levels. 

MATERIALS AND METHODS 

Study Site 

The study was conducted in Monteverde, in the Puntarenas Provence of Costa Rica (Fig. 1). The 
survey occurred during the very beginning of the misty-windy season, which generally occurs from 
November to January. This season is characterized by orographic clouds and mist borne by the 
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north-east trade winds (Lawton & Dryer  1980). Fieldwork was conducted in pre-montane wet 
forest (Holdrige 1967) at 1550 m elevation on the property of the Estación Biológica. Weather 
during study was characterized by temperatures from 16°C to 22°C with most nights windy and 

misty with partial to full cloud 
cover. 

!
Figure 1: Location of study site in 
Monteverde, Costa Rica (image 
modified from Koptur et al. 1988).  !
SAMPLING DESIGN 
Six sampling sites were chosen 
with two plots to represent each of 
three habitats with various 
disturbance levels. Of the six sites; 
sites in the forest were assumed to 
represent a comparatively 
undisturbed habitat- one 50 meters 
in and another 100 meters in; a site 
along an exposed clay wall and 
another in a small field 
corresponded to chronically 
disturbed environments; and two 
plots located along the trees along 

edge between the forest and a garden represented a habitat of intermediate disturbance. Each site 
was set with light traps to attract nocturnal beetles. The sampling operated under the assumption 
that individuals, once arriving at the light, land and remain stationary for the rest of the night. The 
light trap comprised of a sheet attached 2 meters off the ground with lanterns hung on the two top 
corners of the sheet. The lanterns (120 watt florescent bulbs) were lit around 6pm each night and 
left illuminated for 4 hours after which time beetles were collected and preserved. Sampling took 
place concurrently at each of the six sampling sites for 9 nights during the months of October and 
November of 2011. 

DATA ANALYSIS 

Individuals collected were categorized into morpho-species by using observable 
morphological characteristics. The data from each of the six sites were respectively combined to 
represent three disturbance regimes. Each habitat was assessed for richness (s = number of species) 
and diversity through the Shannon-Weiner diversity index (Krebs 1999). The diversity of the three 
habitats was compared using Hutcheson’s t-test to compare diversity indices (Zar 1984). Species 
similarity of the three habitats was calculated using the coefficient of Jaccard (Krebs 1999). !
Results 

The highest number of individuals and species richness were found in the edge habitat followed by 
forest with the chronically disturbed habitat showing the lowest return of individuals and the lowest 
richness (Table 1). 
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The forest habitat resulted in the highest diversity index (H’ = 2.66), but it did not prove to be 
significantly different than the diversity of the edge habitat surveyed (H’ = 2.44; t = 0.40; df = 95; 
p= .689). However the beetle diversity of the disturbed sites (H’ = 1.61) was lower than both the 
forest (t = 4.65; df = 32; p < .0001) and the edge habitats (t = 3.70; df=29; p = .001). The forest and 
edge sites were most similar, sharing 28.2% of species observed. The edge and disturbed habitats 
shared 10 percent of species. The disturbed habitat showed the least similarity to the forest, sharing 
only 7.4 percent of species (Table 2). Comparison of species between sites showed that the most 
disturbed and least disturbed habitats surveyed did not exclusively share any species (Table 3). 
Most species were found only in the edge habitat (36%) or only in the forest (29%). More than one 
fifth of the species were found in common between the forest and edge (21%). Only two species 
were found in all three sites. A Whittaker plot of each habitat showed that all three sites had many 
rare species and very few common species (Fig. 2).  

!
!
!
!
!
!
!
!
!
!
!
!

Table 1: Beetle abundance, species richness, and diversity observed in three habitats of 
different disturbance levels during 9 nights at the Estación Biológica in Monteverde, Costa 
Rica.

Habitat # Individuals found 
(n) 

species richness (s) H’

Edge 93 26 2.40

Forest 44 20 2.66

Disturbed 10 6 1.61
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Table 2: Comparison of diversity indices and species similarity indexes of beetle community 
(Coleoptera) in habitats with three different disturbance regimes in Monteverde, Costa Rica. 
Diversity between sites was assessed using Hutcheson’s t-test to compare diversity indices. The 
similarity between habitats is reported a percentage obtained from Jaccard’s coefficient.

Habitat comparison P value t value Proportion of similarity (%)

Forest vs Edge .689 0.40 28.2

Forest vs Disturbed < .0001 4.65 7.4

Edge vs Disturbed .001 3.70 10

Table 3 Number of species of Coleoptera found exclusively in 
a certain habitat or combination of habitats found among 
three different disturbance levels in Monteverde, Costa Rica.

Habitat(s) # of Species % total

Only forest 12 29

Only edge 15 36

Only disturbed 3 7

Only Forest and edge 9 21

Only forest and disturbed 0 0

Only edge and disturbed 1 2

All habitats 2 5

Total species observed 42 100
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Fig. 2: Whittaker plot showing relative abundances of Coleopteran species collected during nine 
nights in each of three habitats of varying disturbance in a pre-montane forest in Monteverde, Costa 
Rica. Species were ranked according to number of individuals found in each site with the lowest 
rank corresponding with the most abundant species. Very few common species and many rare 
species were observed (n = 147 beetles). 

DISCUSSION 

Overall, the most disturbed habitat had the lowest diversity, richness, and abundance of beetles 
collected during the study. These data could indicate that disturbed sites surveyed were not very 
suitable habitats for many beetles. These results suggest that areas of high disturbance do not 
support high levels of diversity, richness, or abundance of Coleopteran species. These findings 
support previous studies showing that land transformation and habitat degradation in the tropics has 
a negative effect on biodiversity of species (Elmqvist 2003).  

Diversity differed between disturbed habitat and both low and intermediate disturbance regimes. 
The disturbed sites shared few species with the edge habitat and none with the forest. Diversity 
between the forest habitat and edge was not different. This did not correspond with the results 
predicted by the IDH. This finding may indicate that these habitats were not as different in 
disturbance regimes as originally proposed, resulting in a similar amount of biodiversity. 
Conversely, this data could suggest that beetle diversity of this community does not follow the 
patterns outlined by IDH. The edge and the forest had the highest proportion of similarity, perhaps 
indicating that the habitats are alike enough in structure to support many of the same species.  

It was also shown that the area studied had a high abundance of rare species and a low abundance of 
common species. The abundances of species most likely reflect the phenology of beetles during the 
particular season when the study took place. Previous studies have shown that different sizes of 
beetles had different abundances during different times in the rainy season (Janzen 1983). Because 
the survey was during a very brief time period, it may not sufficiently reflect overall trends in beetle 

N
u

m
b

e
r 

o
f 

In
d

iv
id

u
a
ls

0

10

20

30

40

Species in rank order

0 8 15 23 30

Edge
Forest
Disturbed

�62



abundance. Yet the pattern of abundance found in this study is typical of a tropical system. It is a 
strong indicator of the system’s vulnerability to disturbances. When a species has a low population 
density, it is more susceptible to local extinction (Elton, 1975). This vulnerability combined with a 
chronic disturbance regime caused by humans could prove disastrous for biodiversity in the tropics. 
This study has noteworthy implications for conservation, because it demonstrates that the result of 
chronic disturbances is decreased biodiversity. The results of the survey in the disturbed habitats 
emphasize the importance of protecting a habitat from human degradation and destruction. 
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The Effect of Canopy Cover, Understory Density 
and Leaf-litter on Macroinvertebrates and 
Water Quality in Human Impacted Streams of 
Monteverde, Costa Rica !
Ahasanur Rahman !
Department of Environmental Science, Allegheny College !!
ABSTRACT 
Land transformation can have deteriorating impacts on stream water quality, and maintaining water quality is important 
for ecosystem and human health. This study looks at stream water quality in three streams in three different land uses—
forest, pasture, and coffee farm—in Monteverde, Costa Rica. Forest variables studied were canopy cover, leaf-litter 
density (at stream bank and 5 meters from stream), understory density, and stream current. Macroinvertebrates were 
collected from sites to measure water quality, and were scored using the Biological Monitoring Working Party Index 
(BMWP) adopted for Costa Rica. Taxa (family) richness and abundance across sites were compared for similarity using 
the Morisita index of similarity. The sites showed low similarity within stream samples (ie. forest upstream and 
downstream), but higher similarity between sites (ie. pasture and forest). Only leaf litter showed significant difference 
within stream samples (One-way ANOVA, p=0.0144). Likewise, only leaf-litter showed significant difference between 
sites, at stream bank and five meters away (One-way ANOVA, p=0.0001298 and p=0.0003341, respectively). While 
understory cover and canopy cover were not significant within stream samples or between sites, they contribute to leaf-
litter density. Furthermore, I found macroinvertebrate indicator families of very good to excellent water quality at every 
site, indicating that no site suffered from highly degraded waterways.   

!
RESUMEN 
La transformación del suelo puede tener un impacto en el deterioro de la calidad de las fuentes de agua, y mantener la 
calidad del agua es importante para el ecosistema y la salud humana. Este estudio analizó la calidad del agua de tres ríos 
en tres diferentes usos del suelo – bosque, pastizal y cafetal – en Monteverde, Costa Rica. Las variables del bosque 
estudiadas fueron cobertura del dosel, densidad de hojarasca (en la orilla del río y a 5m de la río), densidad del 
sotobosque, y corriente del río. Se colectaron macroinvertebrados de los sitios para medir la calidad del agua y se 
categorizaron utilizando el Índice BMWP para Costa Rica. Se comparó la riqueza y abundancia de familias en los sitios 
utilizando el Índice de Similitud de Morisita. Los sitios mostraron baja similitud en muestras dentro de los ríos 
(corriente arriba y corriente abajo), pero alta similitud entre sitios (pastizal y bosque). Sólo la hojarasca mostró una 
diferencia significativa en muestras dentro de los ríos (ANOVA de una vía, p= 0.0144). De la misma manera, mostró 
una diferencia significativa, en la orilla del río y a 5m del río (ANOVA de una vía, p= 0.0001298 y p= 0.0003341, 
respectivamente). Mientras que el sotobosque y el dosel no fueron significativos en muestras dentro de los ríos y entre 
los sitios, contribuyeron a la densidad de hojarasca. Además, encontré que las familias de macroinvertebrados son 
indicadores de muy buena a excelente calidad de agua en cada sitio, lo que indica que ningún sitio sufrió de cursos de 
agua muy degradados. 

!!
INTRODUCTION !

Prominent attention must be given to the effects land transformation has on waterways. 
Maintaining water quality is important for human health and environmental stability and function. 
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Land transformation can also reduce or eliminate riparian vegetation, reducing stream shading, 
increasing insolation and stream temperature, and causing dissolved oxygen depletion (Allan 2004). 
These reverberating effects can impact water quality and stream integrity (Allan 2004). Fauna 
community composition, such as macroinvertebrate populations, can also be impacted (Mitchell and 
Stapp 1995). Land use can alter leaf litter density, for example, and is known to be lower in 
agricultural settings due to movement of high sedimentation from soil erosion and bank instability, 
which increases abrasion and physical breakdown (Hagen et al. 2006, Allan et al. 1997). In 
addition, reduced, or removed, undercover density can also increase runoff and erosion into 
streams. In effect, agricultural land use is expected to reduce ecosystem function.     

Measures of ecosystem function, such as nutrient cycling and primary productivity, have 
been used as indictors of stream integrity (Bunn et al. 1999). For example, leaf litter can provide an 
integrated measure of macroinvertebrate communities and ecosystem level processes (Hagen et al. 
2006). Riparian inputs of leaf litter are an important source of energy for streams, and low leaf litter 
could result in limited macroinvertebrate shredder populations (Voshell 2002). Canopy cover can 
also impact ecosystem function through shading, stream cooling, and maintaining high dissolved 
oxygen concentrations (Allan 2004). In addition, stream flow rates are also good measures because 
certain species such as stoneflies—which are high water quality indicators—favor fast-flowing 
streams (Voshell 2002). This study examines parameters of ecosystem function to determine stream 
composition and integrity. Aquatic macroinvertebrates can be used as bioindicators to assess water 
quality because some groups of aquatic macroinvertebrates are more susceptible than others to 
water pollution (Mitchell and Stapp, 1995). 

Burnett, A. S. (2009) compared water quality between three study sites: forest, pasture, and 
a coffee farm, the two largest agricultural land uses in the Monteverde region, Costa Rica. The 
study evaluated abiotic and biotic indicators of stream quality. With high quality macroinvertebrates 
collected at every site, and no significant difference found between stream chemistry at forest and 
agricultural land, the author concluded farms in the region employed good land use practices. Using 
the same study sites, I will look at whether forest variables—canopy cover, leaf-litter, understory 
cover, stream current—impact ecosystem function between sites. I hypothesize that forest variables 
that regulate water quality and promote high quality macroinvertebrates will be diminished in 
agricultural settings due to the reduced riparian vegetation. Highly sensitive macroinvertebrates to 
water quality and disturbances will not proliferate due to pollution and sedimentation (Hagen et al. 
2006).        

!
!
MATERIALS AND METHODS !
Study Site 

My study sites are located at the Estacion Biologica Monteverde, and in Cañitas in 
Monteverde, Puntarenas, Costa Rica. My forest study sites were located at the Estacion Biologica, 
in the Quebrada Máquina stream. My agricultural sites of cattle pasture and coffee farm were 
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located in Cañitas, on Guillermo’s coffee farm. Two separate streams in two adjacent forest 
fragments run through the property, one down from the coffee plantation and the other down from a 
pasture. No study sites were directly in land under use, but rather in adjacent forest fragments. I 
divided each stream into two sites: upstream (U) and downstream (D). I used two samples per site, 
for a total of 12 samples. Streams of similar size were chosen, and each sample site was between 
0.75 – 1.0 m2.. All my samples were taken on dry days between 8 am and 4 pm.    

Benthic Macroinvertebrate Collection 
I collected macroinvertebrates (MI) using a 12-inch benthic MI collection sieve, a deep bowl 

and a pair of tweezers. I placed the sieve in the stream and scraped rocks, sand and/or debris into 
the sieve and placed them in the bowl. Large rocks were picked up and placed in the bowl, placing 
the sieve in the water next to the rock to catch any MI that may have been under. Once a section of 
the sample area was complete (usually determined by when the bowl was full), rocks and debris 
were inspected for MI. I used the tweezers to remove the specimens and placed them in a vial of 
70% ethanol, and labeled each vial with site location. I sampled each site for an hour. 

Benthic Macroinvertebrate Grade 

I identified the MI to family using the BMWP (Biological Monitoring Working Party Score 
System). The BMWP is a scoring system to assess water quality using the families of insects. The 
BMWP chart used was one adopted for MI in Costa Rica. MI were ranked on a scale from 1-10, 10 
being the most intolerant families, and therefore indicators of high water quality. Water quality was 
drawn from the sum of the scores of the families of MI for each sample site. A scale of 0-120 is 
used, with 120 indicating excellent water quality.  

Number of families for each site was tested for correlation between BMWP score. The 
Morisita index of similarity was used to identify the similarity between sites in taxa richness and 
abundance. 

!
Forest Variable Measurements  

I evaluated leaf litter density, undercover density, canopy cover, and stream current to 
determine their impact on water quality at my sites. Leaf litter density was measured using a 0.6 m2 

grid, which was divided into 9 sections, each of 0.2 m2. The grid was placed randomly at 3 spots 
next to the stream, and sections with ≥ 50 percent leaf litter cover were counted.  Leaf-litter density 
measurements were also taken 5 meters from the stream. Understory cover was recorded using a 
“vegetation profile board”, a two-meter stick with alternating brown and silver coloration at 2-inch 
intervals (Nudd 1977). Silver strips with ≥ 50 percent visibility from 10 meters away from stream in 
a random direction were counted. Three directions were taken per site. Percentage coverage of 
silver strips was determined. Canopy cover was measured using a densiometer (Forest 
Densiometers©, Model-C), and percentage coverage calculated.  Stream current was taken using a 
flow rate sensor with the Vernier LabQuest© device.    

Statistical Analysis 
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A One-way ANOVA was performed to determine differences in forest variables between 
upstream and downstream water quality for each study stream. Secondly, a One-way ANOVA 
determining differences in forest variables between study sites—forest, pasture and coffee—was 
also performed. A Posteriori test (Tukey) was performed to determine significant forest variables 
between study sites. A Regression analysis was performed to determine if BMWP scores for each 
study site were significant with the forest variables studied—leaf-litter, canopy cover, understory 
cover, stream current. Another Regression analysis was done for number of families found at each 
site versus forest variables.   

!
RESULTS !
Macroinvertebrate Grade 

The three study sites—forest, pasture, and coffee farm—held macroinvertebrate indicator 
families of very good to excellent water quality (from 8 to 10) (Table 1 in appendix). I identified a 
total of 222 macroinvertebrates from 16 families. Cattle pasture showed the lowest BMWP score, 
indicating the lowest water quality among the study sites (Fig. 1). Meanwhile, the forest stream had 
the highest BMWP score, indicating the best water quality (Fig. 1). I also counted the number of 
families (S) for each site, and found that S and BMWP are positively correlated, with high BMWP 
score indentified with high S (Regression test, R2 = 0.86, P = 0.0106, n = 6) (Fig. 2). According to 
the Morisita’s indexes of similarity, pasture upstream (PU) and forest downstream (FD) were most 
closely related (98%), while forest downstream (FD) had the lowest similarity to pasture 
downstream (PD) (24%) (Fig. 3). In-site (i.e. Pasture U and D) showed lower similarities in 
comparison to some between-site similarities reported. In fact, the top five similarities were among 
between-site comparisons (Fig. 3). 

!

           "  

Fig. 1: BMWP scores for each study site. F, P and C represent the study sites—forest, pasture, and coffee, respectively. 
U and D represent upstream and downstream, respectively (n = 6).  
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Fig. 2: Correlation of BMWP score and number of families (S) per site based on six sites from three streams in the 
Monteverde area. F, P and C represent the study sites—forest, pasture, and coffee, respectively. U and D represent 
upstream and downstream, respectively (n = 6). 

! !

"  !
Fig. 3: Macroinvertebrates family percentages of similarity among sample sites, analyzing taxa (family) richness and 
abundance similarities between sites. F, P and C represent the study sites—forest, pasture, and coffee, respectively. U 
and D stand for upstream and downstream, respectively (Morisita’s index of similarity, n = 6).  

!
Forest Variables 

Only leaf-litter at stream bank showed significant difference between upstream and 
downstream among the three study sites (Table 2). Secondly, forest variables between study sites—
forest, pasture and coffee—were analyzed and only leaf-litter density, both at stream bank and five 
meters away, showed significant differences (1-way ANOVA, Table 3). Four sites for leaf-litter 
density at stream bank showed significant difference, while four sites for leaf-litter density at five 
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meters from stream showed significant difference, with one overlap for forest upstream and 
downstream (Table 4, a posteriori test (tukey)). Finally, forest variables showed no relation with 
BMWP scores or S (posteriori test, p = 0.6948 and p = 0.3028, respectively).    

Comparing the posteriori test for leaf-litter density at stream bank to results from the 
Morisita index of similarity (Table 4, Fig. 3), comparisons for similarity were low (24 to 34 
percent). Looking at leaf-litter density five meters from stream in relation to taxa similarity results, I 
also found low taxa similarity between these comparisons (34 to 63 percent, Table 4, Fig. 3). 

!
TABLE 2: Results for the analysis of variance of study sites—forest, pasture and coffee farm.  Leaf-litter was 
significant (n = 3).  

!
TABLE 3: Results for the significant difference was found only for leaf-litter density between study sites, both at 
stream bank and five meters away from stream (1-way ANOVA, n = 6). 

!
TABLE 4.  Comparisons between sites for leaf-litter density, at stream bank and five meters away from stream 
between study sites. Only those pair-wise comparisons showing significance are presented (n = 6). 

Stream 
Current

Understor
y Density

Leaf-
litter 

Density

Leaf-
litter: 

5m
Canopy 
Cover

P-value 0.3489 0.4549 0.0144 0.8501 0.5881

T-value -0.950744 -0.75655 2.58675 -0.19056 -0.54710

Stream 
Current

Understor
y Density

Leaf-
litter 

Density
Leaf-

litter: 5m
Canopy 
Cover

P-value 0.6574 0.2021
0.000129

8
0.000334

1 0.1295

F-value 0.6587 1.558 7.379 6.4963 1.8696

FD – CU FU – FD FD – PD PU – FD CU – CD FU – C U FD – CD 

Leaf-litter Density

P-value <0.001 <0.001 <0.001 0.0423 – – –

T-value -4.604 4.875 4.740 3.115 – – –

Leaf-litter Density: 5m

P-value – 0.02875  – – 0.00129 <0.001 0.04081

T-value – 3.280 – – -4.472 4.621 -3.130
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!
DISCUSSION !

Leaf-litter density was the only forest variable tested which was significantly different in-
site and between-site in this study. The posteriori test for leaf-litter density at stream bank was 
consistent to results from the Morisita’s index of similarity because it shows that since leaf-litter 
was significantly different between these sites, taxa (family) richness was also different. Leaf-litter 
density five meters from stream in relation to taxa similarity results also was congruent.  

Results from the Morisita’s index of similarity suggest that the streams taxa richness and 
abundance were more similar with other streams than its own. Looking at the raw data for the 
highest similarity sites—forest upstream and pasture downstream—I found that both sites shared 
two families (Hydropsychidae and Glossosomatidae) in high abundance, with few other families 
found in either. This accounted for the two sites showing to be exactly the same. The Morisita index 
of similarity is a good index for measuring similarity because it is nearly independent of sample 
size, except for with very small sample sizes (Horn 1966). My study had very small sample sizes, 
accounting for the poor results from the Morisita’s index of similarity.  

 Leaf-litter can have many impacts on the water community and composition (Allan 1997). 
For one, shredder populations are affected by leaf-litter in streams (Voshell 2002). They are also 
high quality water inhabitants, so leaf-litter is not the only factor that can influence shredder 
populations (Benfield and Webster 1985). Sedimentation can decrease water quality, and understory 
cover can capture this runoff and prevent it from running into streams (Benfield and Webster 1985). 
The forest stream received the highest BMWP score, and also had the greatest abundance of 
families, indicating the highest water quality. It is perhaps not too surprising, then, that the 
significant difference that was found in leaf-litter density occurred predominately between forest 
sites and the agricultural land use. This suggests that leaf-litter density is significantly reduced in 
agricultural land use. The implications are also evident in the reduced abundance of families and 
richness found at the agricultural sites.                

  While Burnett (2009) found no significant difference between abiotic indicators of water 
quality between different land uses, my follow-up study on forest variables also found only leaf-
litter to have a significant effect on water quality. While leaf-litter proved to be the only significant 
variable, we can see how leaf-litter is intrinsically tied to understory cover and canopy cover—after 
all, those leaves must come from trees. In effect, these variables also play a role in stream water 
quality. Furthermore, I found macroinvertebrate indicator families of very good to excellent water 
quality (from 8 to 10) at every site, indicating that no site suffered from highly degraded waterways. 
This suggests that streams which are surrounded by forest cover are less impacted by land 
transformation, as my study sites were, if forest cover is still intact adjacent to land transformation. 
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APPENDIX 

TABLE 1: Total number and distribution of macroinvertebrates identified in each of the six sites studied in streams in 
Monteverde 

!
!

Order/ Family Forest D Forest U Pasture D Pasture U Coffee D
Coffee 
U Totals

Annelida 10 4 2 1 17

Tubifex 4 4

Oligochaeta 6 4 2 1 13

Coleoptera 30 3 1 1 35

Dytiscidae 1 1

Ptilodactylidae 30 3 1 34

Decapoda 1 1 1 3

Palaemonidae 1 1 1 3

Diptera 1 1 2

Simulidae 1 1

Tipulidae 1 1

Ephemeroptera 5 1 12 18

Baetidae 3 1 12 16

Leptophlebiidae 2 2

Hemiptera 1 1

Naucoridae 1 1

Megapodagrionida
e 1 1

Megapodagrion 1 1

Odonata 2 2

Coenagrionidae 2 2

Plecoptera 1 1 1 3

Perlidae 1 1 1 3

Trichoptera 11 55 40 9 14 11 140

Hydrobiosidae 1 1

Hydropsychidae 11 30 21 9 11 10 92

Glossosomatidae 25 19 2 1 57

Total 31 93 16 16 20 32 222
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!
!
ABSTRACT 
!
Global climate change has affected local climatic conditions in Monteverde, Costa Rica.  These changes are predicted to 
cause birds to move upslope and could lead to conservation concerns for highland endemic species.  Studies that have 
concluded that birds are moving upslope have done so based on observations taken from points.  The purpose of this 
experiment was to take observations of birds from their entire ranges to determine if they are moving upslope and if so 
to what extent.  Observations were also taken to determine the effects of physiology and competitive exclusion on 
replacement pairs of species, many of which have endemic highland members.  Six species of birds were observed on a 
trail from the Monteverde Biological Station to the continental divide that crossed the elevational range of the life zones 
of the species being studied.  Elevation and behavior were recorded for all observed birds.  The mean elevation at which 
each bird was found was significantly different from its congener.   All birds were found within the life zone they have 
historically inhabited.  It is suggested by the data that climate change has not affected the distribution of montane birds.  
Conversely climate change could be affecting the birds but competitive exclusion by highland species could be 
preventing the lowland species from moving upslope.     

!
RESUMEN  

!
El calentamiento global ha afectado el clima local en Monteverde, Costa Rica.  Estos cambios pueden provocar  los 
pájaros a moverse arriba en la montaña y crear preocupaciones por especies endémicas de las montañas.  Estudios que 
han concluido que las especies se están moviendo montaña arriba lo han hecho con base a observaciones tomadas desde 
diferentes puntos.  El propósito de este experimento fue observar aves en su rango total de distribución  para determinar 
si se están moviendo montaña arriba y si es así, que tanto se están moviendo.  Observaciones se hicieron también para 
determinar el efecto de exclusión competitiva y fisiológica en el reemplazo de pares de especies, muchos de los cuales 
tienen miembros que son endémicos de las Alturas.  Seis especies de aves se observaron en los senderos de la Estación 
Biológica de Monteverde hasta la división continental que cruza el rango elevational de las zonas de vida de las 
especies en estudio.  La elevación y comportamiento fue tomada para estas aves.  La elevación promedio a la que cada 
ave fue encontrada fue significativamente diferente de su congenero.  Todas las aves fueron encontradas dentro de la 
zona de vida que han habitado históricamente.  Se sugiere con estos datos que el cambio climático no ha afectado la 
distribución de las aves de montaña.  Alternativamente el cambio climático puede estar afectando las aves, pero la 
exclusión competitiva por las especies de zonas altas previene el movimiento de las especies de bajura a las zonas altas. 

!
INTRODUCTION 

!
Local climate change has been correlated with changes in physiology and distribution of organisms.  
Warming has been associated with tropical species moving into more temperate areas.  Range-
restricted species like mountaintop species show the largest range constrictions and have the 
greatest extinction rates (Parmesan 2006).  The montane region of Monteverde, Costa Rica is a 
good location to study changes in species distributions due to climate change because it has been so 
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well studied and because the life zones are compressed due to trade winds (Nadkarni 2000; 
Nadkarni et al. 2000).  Changes in communities in Monteverde, Costa Rica have been associated 
with changing temperatures and precipitation patterns.   

Globally rising sea surface temperatures have increased evaporation hastening atmospheric 
warming due to latent heat released when water vapor condenses.  Rising atmospheric temperatures 
have caused the cloud bank to rise in Monteverde and lowered the amount of dry season mist the 
region receives.  Furthermore, the decline in temperatures as elevation increases has diminished, 
warming the highlands to a greater degree than the lowlands   (Pounds et al. 1999). As temperature 
and precipitation are significant predictors of species distributions, montane birds in Monteverde 
have been predicted to respond to climatic changes by moving upslope (Pounds et al. 1999, Gasner 
et al. 2010).  Of particular concern are the numerous highland species that are endemic to Costa 
Rica and Panama, many of which are predicted to become locally extinct (Sekercioglu et al. 2008, 
Gasner et al. 2010).    

 There is evidence for pairs of replacing bird species on tropical mountains (Terborgh 1971).  
These pairs are birds with similar habitats and foraging habits that would be predicted to compete if 
they co-occurred but are found at different elevations (Bull 1991).  These replacements could be 
due to differing abiotic conditions, as the differing species could be physiologically adapted to the 
specific life zone in which they inhabit (Ghalambor et al. 2006).  This would be an example of 
obligate niche partitioning because each species would occupy its own life zone even in the absence 
of its congener (Begon et al. 1990).  Species can also be separated by competitive exclusion 
(Terbough 1971, Jankowski et al. 2010) because of similar feeding habits or residence in similar 
habitats.  This would be an example of facultative niche partitioning because in the absence of the 
congener the bird would occupy the zones of both species (Begon et al. 1990).  Evidence for 
competitive exclusion in a pair of replacement species was found in the bird genera Catharus and 
Henicorhina in the Monteverde region (Jankowski et al. 2010).   

 To determine the effects of physiology and competitive exclusion on avian congeners three 
replacement pairs were studied.  The lowland species of these pairs was historically commonly 
found in either premontane wet forest (800 m to 1450 m) or lower montane wet forest (1450 m to 
1600 m) and the highland species was commonly found in lower montane wet forest or lower 
montane rain forest (1550 m to 1850 m) (Fogden 2000, Haber 2000).  Both members of each pair 
have the same diet and all species forage in mixed species flocks.  One study that predicted that 
birds are moving upslope was based on observations taken from a plot that is on the edge of lower 
montane wet forest and lower montane rain forest.  This study found that birds commonly found in 
premontane zones were increasingly found in the plot (Pounds et al. 1999).  The range of the birds 
is not known from these observations and so the extent to which the birds have moved upslope is 
not known.  A study that observes birds in the entire area of both zones can show if birds have 
moved upslope and to what extent they have moved upslope.  Observations were made from a trail 
that inclines up to the continental divide to determine the elevation in which birds are most often 
found, and to observe how pairs interact if found together.  These observations were used to 
determine if the birds have been moving upslope due to climate change.  Locations of species in a 
pair in relation to each other and observations of interactions with the other member of the pair 
were used to determine if physiology or competitive exclusion cause birds to replace each other.  

!
!
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METHODS 

!
STUDY SITE - The study was conducted on a trail at the Monteverde Biological Station.  This trail 
began at approximately 1450 m and ended at approximately 1725 m on the continental divide, 
including the life zones of lower montane wet forest and lower montane rain forest.  The trail was 
walked from 25 October to 16 November 2011.  These dates correspond with the end of the wet 
season and the beginning of the transitional windy and misty season (Clark et al. 2000).   

!
STUDY ORGANISMS - Three pairs of replacement species were observed.  The first consists of 
the Common Bush Tanager (Chlorospingus ophthalmicus) and the Sooty-Capped Bush-Tanager (C. 
pileatus).  The Common Bush-Tanager was historically found in lower montane wet forest and 
lower montane rainforest.  The Sooty-Capped Bush-Tanager was found in lower montane rainforest 
(Fogden 2000).  The Sooty-Capped Bush-Tanager is endemic to the highlands of Costa Rica and 
Panama.   Both forage for small insects, spiders and small fruits (Stiles & Skutch 1989).   

 The second pair is the Golden-Crowned Warbler (Basileuterus culicivorus) which was 
historically uncommon in lower montane wet forest, and the Three-Striped Warbler (B. tristriatus) 
which was found in lower montane wet and lower montane rain forests (Fogden 2000).  The 
Golden-Crowned Warbler is found all over the American tropics while the Three-Striped Warbler is 
only found from Costa Rica to South American tropics.  Both forage for insects (Stiles & Skutch 
1989).   

The final pair is the Slate-Throated Redstart (Myioborus miniatus) which was historically 
found in lower montane wet forest, and the Collared Redstart (M. torquatus) which was found in 
lower montane rain forest (Fogden 2000).  The Collared Redstart is endemic to the highlands of 
Costa Rica and Panama.  Both species hop, flit and use their tails to flush insects (Stiles & Skutch 
1989).   

!
OBSERVATIONAL METHODS - The trail was walked between the hours of 0720 h to 1130 h.  
Observations were started alternatively on different days at the highest point of the study site and 
the lowest point of the study site so that highland and lowland species were observed at the same 
time of day.  The trail was slowly walked at the same speed in order to be able to observe and hear 
birds.  When birds were visually or audibly located and identified to be one of the six study species, 
the bird or flock was observed for ten minutes.  During this time all study species possible were 
identified from the flock.  The presence or absence of congeners was recorded to document the 
possibility of direct competition.  The species present along with the elevation, measured from a 
wrist altimeter, were recorded.  The behavior of the birds was also recorded.   

!
RESULTS 

!
Observations were recorded for 16 days and 38 mixed species flocks were seen.  All birds were 
feeding either alone, with conspecifics, or in a mixed species flock.   
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!
COMMON BUSH-TANAGER AND SOOTY-CAPPED BUSH-TANAGER – The Common Bush-
Tanager was detected between 1454 m and 1700 m with a mean elevation of 1584.76 m (Standard 
Deviation, SD = 72.61, N = 25; Fig. 1).  The Sooty-Capped Bush-Tanager was detected between 
1680 m and 1725 m and at mean elevation of 1703.75 m (SD = 18.43, N = 4; Fig. 1).  Despite 
partial range overlap the Sooty-Capped Bush-Tanager was found at higher elevations on average 
(Mann-Whitney U Test, U = 8.85, df = 1, p = 0.0029).  Common Bush-Tanagers and Sooty-Capped 
Bush-Tanagers were never seen together. 

!
GOLDEN-CROWNED WARBLER AND THREE-STRIPED WARBLER – The Golden-  Crowned 
Warbler was detected between 1454 m and 1535 m with a mean elevation of 1483 m (SD = 45.13, 
N = 3; Fig. 1).  The Three-Striped Warbler was detected between 1510 m and 1700 m with a mean 
elevation of 1633.33 m (SD = 82.76, N = 9; Fig. 1).  Despite partial range overlap the Three-Striped 
Warbler was found at higher elevations on average (U = 4.59, df = 1, p = 0.0322).  Golden-Crowned 
Warblers and Three-Striped Warblers were never seen together.   

!
SLATE-THROATED REDSTART AND COLLARED REDSTART – The Slate-Throated Redstart 
was detected between 1495 m and 1645 m with a mean elevation of 1553.33 m (SD = 56.45, N=6; 
Fig. 1).  The Collared Redstart was detected between 1680 m and 1705 m with a mean elevation of 
1694.17 m (SD = 8.61, N = 6; Fig. 1).  The Collared Redstart was found at higher elevations on 
average (U = 8.34, df = 1, p = 0.0039).  Slate-Throated Redstarts and Collared Redstarts were never 
seen together.     

"  

FIGURE 1.  Mean elevation for six replacement pair bird species in Monteverde, Costa Rica.  CBT, 
SCBT, GCW, TSW, STR and CR represent Common Bush-Tanager, Sooty-Capped Bush-Tanager, 
Golden-Crowned Warbler, Three-Striped Warbler, Slate-Throated Redstart and Collared Redstart 
respectively.  Error bars represent one standard error.  There is a significant difference in the 
elevation in which each member of a pair is found (Mann-Whitney U Test).   
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DISCUSSION 

!
The mean elevation at which each of the six birds was found was within the life zone it historically 
inhabits (Fogden 2000).  Comparison with past elevational data for the six species revealed that the 
mean elevation has not changed significantly (Mahan 1998, Nitta 2009, Gasner, unpubl. data) 
suggesting the prediction that climate change has caused birds to move upslope is generally not 
accurate for forest congener species.  Low sample sizes for some species, like for example the 
Sooty-Capped Bush-Tanager, could have incompletely captured the range of the species.  However, 
their congeners, in this example the Common Bush-Tanager, had greater numbers of records which 
fit with the trend of inhabiting their historical ranges and so there is confidence in the conclusion 
that the species have not moved upslope.    

Alternative to the possibility that climate change has not caused congeners to move upslope 
is the possibility that the climatic conditions particular to this year could have lead to no movement 
or a downslope movement by birds.  The overall trend found by other studies was that species are 
moving upslope, but in some years they move downslope (Pounds et al. 1999).   

Another alternative explanation for the data is different methodology lead to differing 
results.  This study took observations of birds through their entire ranges.  Previous studies that 
found evidence that birds were moving upslope came to these conclusions based on data taken from 
a single plot bordering two life zones (Pounds et al. 1999) or points separated by more than 200 m 
(Gasner et al.2010).  It is possible that birds have moved upslope into another life zone but have not 
occupied the entire zone.  The birds could have moved upslope slightly, but not into the entire zone 
of their pair.  They could still be significantly separated from their pair.   

Two of the pairs of species were found to have overlapping ranges.  It is possible that the 
location from which samples for other studies were taken were in locations that are where ranges of 
species overlap.  This again highlights the need for studies of elevational distributions of birds in 
which observations are taken from the entire range, and not simply points.   

The two members of replacement pair species were not seen together on any occasion, and 
the mean elevation at which they were found was significantly different from their congener.  It 
cannot be said if physiology was separating the pairs and thus the replacement pairs were obligate 
niche partitioners because changing climatic conditions did not appear to shift the distributions of 
birds.  It is possible that climate change is affecting the birds and would cause a change in bird 
distribution but competitive exclusion by highland species prevents the lowland species from 
moving upslope.  The abiotic and biotic conditions that characterize each life zone may have moved 
upslope, and with them the birds that are typically found there.  Thus the birds could have moved 
higher in elevation but were possibly constrained by competitive exclusion.  This would suggest 
that competition plays an important role in the separation of species and that niche partitioning by 
these replacement pairs is facultative.     

The distributions of birds has not significantly changed due to climate change, suggesting 
warming has had little effect on the birds, the climate of this year has caused birds to occupy their 
historical ranges, or that competitive exclusion by highland species has prevented lowland species 
from moving upslope.  In all of these cases there is no strong concern for conservation of highland 
endemic species.  In one possibility the birds could not be affected by climate change, and in the 
other possibility the climatic changes have not been severe enough to make the endemic highland 
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species poor competitors in their ranges.  Further studies are required to determine the effects of 
climate change on bird distributions and assess the conservation concern for highland endemic 
species.     
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Habitat Disturbances and Rodent Diversity in Formerly 
Premontane Moist Forests of Costa Rica!
!
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Department of Biology, Gustavus Adolphus College!!!
ABSTRACT	!
Since human land transformation and deforestation in tropical areas endanger biodiversity, it is important to determine 
how different land uses impact species diversity of regional taxa that have not been adequately evaluated.  This was 
done in the Monteverde region by trapping rodents in five locations of an agricultural area; active pastureland, a coffee 
plantation, a banana plantation, and small primary and secondary forest fragments.  No rodents were found in active 
pastureland or the coffee monoculture.  Vegetative diversification in the banana plantation was found to maintain a 
rodent abundance equivalent to the secondary forest.  Small secondary forest fragments were discovered to preserve 
richness and diversity of primary forests.  Primary forests were able to harbor ten times the abundance of any other site 
in the agricultural area.  Overall, diversified monocultures and forest fragments are important in preserving the rodent 
richness, abundance, and diversity of agricultural landscapes.	!
RESUMEN	!
Desde la llegada de los humanos la transformación de los suelos y la deforestación en los trópicos han dañado la 
biodiversidad, es importante determinar el efecto que tienen los diferentes usos del suelo en la diversidad regional de 
ciertos taxones que no han sido adecuadamente evaluados.  Este estudio fue hecho en la región de Monteverde 
atrapando roedores en cinco lugares en un área agrícola, pastizal activo, plantación de café, plantación de banano y 
fragmentos pequeños de bosque primario y secundario.  No se encontró ningún roedor en el pastizal activo o la 
plantación de café.  Diversificación vegetativa en la plantación de banano se encontró como factor para mantener una 
abundancia similar a la del bosque secundario.  Los fragmentos de bosque secundarios fueron encontrados de preservar 
la ríqueza y diversidad del bosque primario.  El bosque primario es capaz de soportar diez veces la abundancia de 
cualquier otro sitio en el área agrícola.  Sobre todo, monocultivos diversificados y los fragmentos de bosque son 
importantes el la preservación de la ríqueza, abundancia y diversidad de roedores en paisajes agrícolas.	!
INTRODUCTION	!
If deforestation and land transformation rates do not decrease, it is predicted that only 15% of all 
tropical forests will remain in the year 2100 (Bondeau et al. 2004).  Tropical forests still cover 8 
million km2 of the humid tropics of Southeast Asia, Africa, Central and South America, but they are 
disappearing quickly.  In 1989 1.8% of the tropical biome was lost to land transformation and this 
has only increased (Myers 1991).  Land transformation has drastically altered the landscape of the 
tropical areas from slash and burn agriculture and logging to vast ranching operations (Johannessen 
and Sorenson 2006).  Lands used for meat production encompass 30% of all the Earth’s ice-free 
land directly or indirectly with a good portion in the tropics (Bradford et al. 2007).  Likewise, large 
monocultures, such as coffee, soy, oil palms, and bananas, have torn down vast tracts of pristine 
forests through out the tropics in the past (Brown et al. 1993).  	
	 It is important to understand how these land uses change ecological balances, since human 
activities dominate most ecosystems.  In Costa Rica from 1940 to 2000, 3.7 million of the 5 million 
hectors of forests were lost (Lambrechts et al. 2009).  In the Monteverde region a high portion of 
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deforestation was due to subsistence farming and other land uses before 1950.  After this date, the 
region was taken over by dairy farming resulting in additional forest lost.  Establishment of pastures 
and agriculture land decreases biodiversity of local fauna (Griffith et al. 2000), since the land is now 
primarily deforested with small, scattered fragments of forest and a few large reserves.  	
	 The current patchwork landscape of the Monteverde region has changed the habitats of 
many animals, such as mammals.  The majority of Monteverde’s mammal fauna is small, nocturnal, 
and secretive.  A study by LaVal and Timm (2000) suggests much less is known about neotropical 
mammals, especially small ones, than other taxonomic groups such as birds.  It also found that 
deforestation and human disturbances have had a considerable impact of the region’s mammal 
species.  However very little work has been done on the distribution, richness, and abundance for 
most of these species, and knowledge of Monteverde region’s mammals is essential to 
understanding how habitat change from land transformation effect tropical montane species 
(McCain 2004).  Since rodents are essential prey to larger vertebrate predators such as owls, snakes, 
and large mammals like tayras and white faced capuchins, their loss would reduce large mammal 
populations as well (Langtimm 2000).  Rodents are also important consumers of invertebrates and 
plants, and have been found to disperse microrhyzal fungi (Langtimm 2000).  All these activities are 
important for maintaining ecosystem stability (Brown and Ernest 2001).	
	 This study differs from previous studies, which primarily focus only on forest fragments and 
pasture regeneration, by focusing on agricultural areas with active pastureland, large monocultures, 
and crops integrated with other vegetation surrounding small, isolated forest fragments.  The 
purpose of this study was to determine the effects of different land uses in the Monteverde region on 
rodent richness, abundance, and diversity.  Rodent populations are important not only to ecosystem 
stability, but also to the health and productivity of agriculture. By trapping rodents, this study will 
track changes of rodent diversity through out a total of five agricultural and forested study plots.	!
METHODS	!
Study Sites - Five study sites, with different land uses, were included in this study.  All the sites 
were on a local farmer’s land between Santa Elena and Las Cañitas, two towns north of 
Monteverde, Costa Rica on the Pacific slope of the Continental Divide in formerly premontane 
moist forest.  One plot of approximately 625 m2 was placed within a pastureland, a coffee 
plantation, a banana plantation, secondary forest, and primary forest respectively, for a total of five 
study plots.  The pastureland plot had been grazed two weeks prior to the study; it was surrounded 
by an additional 13 ha of pasture and a cultivated field, and only partially shaded by two large trees.  
The coffee plantation plot was in a 1.5 ha monoculture of sun coffee on a slope without shade trees 
or other vegetation.   The coffee plants were less than 2 m tall and only sparse sprawling weeds 
covered the ground.  Herbicides and pesticides were used prior to the study on this site.  The banana 
plantation plot was 1 ha and not a true monoculture.  It had many different shrubs and herbs 
integrated in between the bananas, which were all at different stages of development from 1-4 m 
tall.  The secondary forest plot was over twenty years old and consisted of many dense shrubs and 
herbs underneath a canopy of medium diameter trees over 1 ha.  The primary forest plot was in 2 ha 
of forest and had medium to large trees with a more open understory than the secondary forest.  
Roads, cultivated land, or forested plots separated all five sites from each other.  	!
Sampling methods - Rodents were trapped in each site for three consecutive nights using 51 to 52 
small Sherman traps.  Traps were placed on the ground near trees, roots, or fallen logs and covered 
with leaf litter.  In the pasture the traps were placed in tall clumps of grass.  Traps were baited with 
a mixture of peanut butter and rolled oats and set between 3:00 to 4:30 in the afternoon.  The 
following morning these traps were checked between 7:00 and 8:30 resulting in 2,295 to 2,340 trap 
hours per site with a total of 11,610 trap hours over the entire experiment.  A trap that was still open 
in the morning was shut and marked as a zero.  When a trap was found closed, the rodent inside was 
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identified to species and marked on the ears using paint to detect future recaptures.  All traps were 
closed during the day to avoid accidental capture of diurnal animals.  	!
Data analysis – The Shannon-Weiner Diversity Test was used to estimate the species diversities of 
the sites.  A modified t-test used to compare these diversity indices (Zar 1984).  Additionally, 
Magalef’s Index was used to compare diversity of two locations by correcting for differing relative 
sampling efforts between the sites.  A chi squared test was used to look for significance in the total 
number of individuals caught per site.  Population sizes were estimated using the Schnabel Method, 
which estimates population size from multiple night recapture events (Krebs 1989).  	!
RESULTS	!
The total numbers of individuals caught in each of the five sites were significantly different (chi 
squared test, χ2 = 30.6, df = 4, p < 0.0001).  The pastureland, coffee plantation, banana plantation, 
secondary and primary forests had 0, 0, 11, 14, and 19 captured individuals with estimated 
populations of 0, 0, 12, 18, and 104 respectively (Schnabel Method).  Using the estimated 
population sizes, the rodent densities were calculated in individuals per ha for the banana plantation 
(200), secondary (300) and primary forest (1,700).   In the banana plantation one species was 
captured, Peromyscus mexicanus (Mexican Deer Mouse).  Two species, P. mexicanus and Oryzomys 
alfaroi (Alfaro’s Rice Rat), were trapped in the secondary forest, and in the primary forest two 
species were caught, P. mexicanus, and Heteromys desmarestianus (Forest Spiny Pocket Mouse).  	
	 	!

� 	
FIGURE 1.  Number of new individuals captured per night in the three sites at which rodents were 
captured, the banana plantation (triangles), secondary forest (squares), and primary forest 
(diamonds). 	!
	 Of the three sites at which rodents were caught, the catch per unit effort was similar 
(between 0.008-0.009) but the sampling efforts differed.  The banana plantation and secondary 
forest were sampled much more thoroughly than the primary forest (Fig 1). This was found by 
looking at the number of new individuals trapped per night.  The numbers decreased in the banana 
and secondary forest plots showing that fewer individuals were left in the population to be caught.  
But the primary forest plot showed an increase, which suggests many individuals remained in the 
population to be caught.  Since no individual was recaptured in the primary forest, the population 
estimate of 104 is very conservative and most likely much higher.  Diversity in the primary forest 
(0.68) was almost two times larger than that of the secondary forest (0.39) when sampling effort 
was considered in the estimation using Margalef’s Index.  The diversity indices in secondary forest 
(0.37) and primary forest (0.21) are not significantly different from each other when sampling effort 
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was not considered using the Shannon-Weiner Index of Diversity (Modified T-Test for Diversity 
Indices, t = 1.0, df = 32, p = 0.32).	
	  	
DISCUSSION	!
Rodent abundance changed significantly between differing land uses.  The pastureland and coffee 
plantation harbored no rodents, or the population density was too low for detection, most likely due 
to the lack of food sources and cover from predators (Germano and Lawhead 1986).  This 
contradicts a previous report of P. mexicanus inhabiting coffee groves (Reid 1997).  This species is 
dominant in every habitat form pristine forest to pastures (Chinchilla 2009).  Even thought ripe 
berries were on the plants, no individuals were caught; suggesting that the plantation was not being 
used as a corridor even with forest surrounding it.  This may be due to the type of coffee grove used 
in the previous studies, since a shade coffee grove with more plant diversity would be able to harbor 
more species than the sun coffee monoculture (Germano and Lawhead 1986).  The use of pesticides 
and herbicides in this site, which reduce ground cover and insect abundance, may also affect 
habitation since protection from predators would be lost along with insect food sources (Banks and 
Stark 2003).  Insect presence is important, since 65% of P. mexicanus’s diet consists of arthropods 
(Reid 1997).	
	 The remainder of the sites contained rodents.  The banana plantation had an abundance of 
rodents comparable to secondary forest abundance.  This finding suggests that by integrating 
monocultures with additional shrub and herbs rodent abundance can be preserved in cropland to 
some extent, since improved vegetative complexity increases protective cover and potentially food 
availability for rodents (Germano and Lawhead 1986).  This finding has great implications for 
conservation, since it would not only conserve rodent abundance in this agricultural landscape but 
also cut herbicide and labor costs.  Compared to the extremely bare, open coffee plantation, the 
banana plantation showed almost a complete canopy of leaves and a structurally diverse understory 
made of young bananas and other shrubs.	
	 Rodent abundance was ten times higher in the primary forest than the other sites.  Even 
though the forest fragment is tiny and far from any reserves, it still harbors a large population, 
possibly since it still retains most of the characteristics of a larger tract of primary forest.  However, 
it is impacted by edge effects due to its small size.  This site also fills a majority of small rodent 
habitat requirements. It was evergreen to semideciduous, cool, wet, highland forest with ample 
understory locations for burrows and an increased food supply (Reid 1997).  The sampling effort of 
this plot was also much lower than the other two plots, suggesting that much more diversity was yet 
to be obtained through further sampling.  According to Margalef’s Index, two times more diversity 
should be found in the primary forest, thus three or more species may still remain to be captured.  
This prediction is consistent with past studies of primary forests, which show nine species of small 
rodents (Chinchilla 2009), some of which are diurnal or mostly arboreal and thus could not have 
been captured in this study.	
	 The secondary and primary forests contained the same species richness and no significant 
difference in diversity when sampling effort was not considered.  However, P. mexicanus comprised 
over 90% of the individuals in both sites.  This discovery is consistent with other studies in this area 
that found P. mexicanus to dominate all locations from pristine reserve forests to fields (Chinchilla 
2009, Anderson 2000).  The other two species, Heteromys desmarestianus and Oryzomys alfaroi, 
are common and uncommon in these same locations respectively (Chinchilla 2009).  Similar 
richnesses and diversities are important because they suggest that secondary forests are adequate at 
preserving a representation of the species diversity and richness from primary forests.  The rodents 
trapped in all of the plots were all small seed predators, suggesting that diet and small size permits 
them to live in small forest fragments including those of secondary forests, unlike larger mammals 
(Chinchilla 2009).  	
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	 Overall, this study showed several new effects of land use on rodent populations. Firstly, 
over simplified habitats of coffee monoculture and active pastureland do not harbor any species 
richness, abundance, or diversity.  Secondly, the integration of additional structural vegetative 
diversity into a monoculture can preserve rodent abundances similar to secondary forests.  Thirdly, 
primary forests fragments still contain large populations of rodents even when they are far from 
reserves and are small in area.  Finally, secondary forest fragments preserve rodent richness and 
diversity of primary forests.  In conclusion, diversifying cropland, and retaining primary and 
secondary forest fragments are important for protecting rodent populations’ richness, diversity and 
abundance in agricultural lands.	!
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APPENDIX	
!
TABLE 1. The total number of captures, recaptures, and new individuals per night in each site – 
primary forest, secondary forest, and the banana plantation.	

!!
!
!
!
!
!
!
!
!
!
!

Total Captures Total Recaptures New Individuals

Primary Forest

Night 1 4 0 4

Night 2 4 0 4

Night 3 11 0 11

Secondary Forest

Night 1 8 0 8

Night 2 8 3 5

Night 3 7 6 1

Banana Plantation

Night 1 5 0 5

Night 2 8 4 4

Night 3 6 4 2
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Nectar Preferences in the Eusocial Wasp Polistes instabilis 
(Hymenoptera: Vespidae) 
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ABSTRACT 
A majority of extant flowering plants are pollinated by insects. These insect-pollination mechanisms are essential 
interactions which provide environmental stability for ecosystem functionality and persistence. Plants often produce 
rewards, usually nectar, to attract pollinators. Plants can regulate nectar sugar concentrations to increase the likelihood 
of pollination. It has been shown that some species of wasps forage on nectar and are potential pollinators. In this study, 
I assessed nectar sucrose concentration preferences of the eusocial wasp Polistes instabilis. Wasps were captured and 
placed in pairs into a holding chamber and introduced to two feeding dishes containing variant sucrose solutions of 
35%, and 65%, and a control dish of water. Data were recorded for dishes which wasps visited first and longest. 
Experimental testing showed that wasps foraged independently of one another. In addition, wasps tended to select 
dishes with high concentrations of sucrose, with 30 and 37 individuals, out of 60 wasps, choosing 65% sucrose 
concentration respectively for first and longest visited dishes. Even the wasps which switched feeding dishes between 
dishes visited first and longest showed a general trend to shift toward higher concentrations rather than lower 
concentrations. These findings suggest that P. instabilis prefers nectar with higher sugar concentration, a finding that 
can be used to predict which plants may be more successful at attracting this potential pollinator. 

RESUMEN 
La mayoría de plantas con flores existentes son polinizadas por insectos. Estos mecanismos de polinización por insectos 
son interacciones esenciales que proveen estabilidad ambiental para la funcionalidad y persistencia del ecosistema. A 
menudo las plantas producen recompensas, usualmente néctar, para atraer polinizadores. Las plantas pueden regular la 
concentración de azúcar en el néctar para aumentar la probabilidad de ser polinizadas. Se ha demostrado que algunas 
especies de avispas buscan néctar y son potenciales polinizadores. En este estudio, evalué la preferencia de 
concentración de sacarosa en el néctar en las avispas eusociales Polistes instabilis.Las avispas se capturaron y se 
colocaron en pares en cámaras en las que se introdujeron dos platos con soluciones de sacarosa de 35% y 65% y un 
plato con agua como control. Se registraron los datos para los platos que las avispas visitaron de primero y durante más 
tiempo. Las pruebas experimentales mostraron que las avispas forrajean independientemente una de la otra. 
Adicionalmente, las avispas seleccionaron los platos con altas concentraciones de sacarosa, con 30 y 37 individuos de 
60, escogiendo la concentración de  65% de sacarosa, por primera vez y por más tiempo respectivamente. Incluso las 
avispas que cambiaron de platos entre los platos visitado por primera vez y por más tiempo, mostraron una tendencia 
general al cambio a una mayor concentración en lugar de menores concentraciones más bajas. Estos hallazgos sugieren 
que P. instabilis prefiere néctar con altas concentraciones de azúcar, lo que permite predecir cuales plantas serán más 
exitosas en atraer este potencial polinizador. !
ANIMAL-MEDIATED MECHANISMS OF POLLINATION provide an essential ecological service to maintain the 
functionality of a healthy ecosystem (FONTAINE et al., 2006). Plant reproductive success is one of these 
ecological services. An estimated 70% to 90% of angiosperm species are dependent on animal-mediated 
mechanisms of pollination (FONTAINE et al., 2006), which illustrates the importance of this service. 
Furthermore, pollination by animal mechanisms is crucial to mankind (COSTANZA et al., 1997), as 35% of 
agricultural crops are dependent on animal pollinators (ANONYMOUS, 2009). Thus, the long-term survival of 
many critical plant populations and crop harvests are dependent on insect populations for pollination just as 
much as other abiotic factors such as light, temperature, etc. (LEVIN, 1971). Also, the value of these 
pollinators is hard to overstress given their weighted importance at maintaining stable plant populations 
ecologically. In a previous study, it was shown that increased functionally diverse pollinator assemblages 
greatly increased plant species richness by 50% when compared to communities with less diverse 
assemblages (FONTAINE et al., 2006). Hence, healthy populations of pollinators are vital and beneficial to 
ecosystem functionality in terms of plant heterogeneity and persistence. Also, a large proportion of the plant 
diversity resulting from pollinator assemblages comes on account of insect pollination schemes as 67% of all 
extant plant species depend on insect pollinated interactions (AXELROD, 1960). 

Furthermore, there are many strategic adaptations which plants have evolved to attract their essential 
counterparts for maximizing successful pollination. Among these, color, fragrance, nectar, and edible floral 
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parts such petals, sepals, or pollen are the most known to lure in consistent and reliable pollinators (TEPEDINO, 
1979). In particular, nectar adaptations are a highly common reward for pollinators (PELLMYR, 2002) and 
plants have a broad spectrum of variation for nectar production; most notably differences in concentration. It 
has been shown that nectar sugar concentrations tend to increase with insect-pollinated interactions, and can 
have large influence on these interactions (CRUDEN, et al., 1983; NARBONA and DIRZO, 2010). This suggests that 
increased sugar concentrations may be due to insects preferring high concentrated nectar and thus plants 
produce this to augment the likelihood of attracting reliable pollinators. Of the numerous potential insect 
pollinator species which feed on nectar, wasps and bees are common, such as the wasp Polistes instabilis 
(CUAUTLE and RICO-GRAY, 2003). 

Since nectar is highly influential in foraging behavior of wasps (GOLDBLATT and MANNING, 2008), I 
was interested in how nectar concentration plays a role. In this study, I assessed nectar sucrose concentration 
preferences in the wasp Polistes instabilis (Hymenoptera: Vespidae) to determine if nectar concentration is a 
strong driver for floral selection of this species. Flowers pollinated by insects with larger mouthparts, such as 
wasps, tend to favor higher nectar sugar concentration 
due to the higher insect preferences (GOLDBLATT and 
MANNING, 2008). Also, there is no restriction from large 
insects’ mouthparts, such as wasps, to consume more 
viscous nectars as would be seen in smaller insects’ 
mouthparts, and higher concentrated nectar is often 
more viscous (GOLDBLATT and MANNING, 2008). I 
hypothesized that P. instabilis would favor higher 
sucrose concentrations of nectar. In addition, division of 
labor within this species is highly organized and intake 
of nectar and water into the colony is highly regulated 
(O’DONNELL, 1998). In a colony, a majority of wasps are 
selected to forage solely for nectar, while only few 
forage for colony water needs. Thus, I additionally 
predicted that a large proportion of individuals would 
seek solely nectar preferences, while a small proportion 
would seek water as well as possibly nectar. Although P. 
instabilis undergoes an annual phenology of aestivation 
during the late rainy and dry seasons, studies have not 
been conclusive as to how this potentially alters their 
foraging preference (RICHARDS, 1978); so this study 
assesses nectar preferences of P. instabilis during the 
aestivation period. 

MATERIALS AND METHODS 

Study Site and Organism 

Monteverde is located in the Puntarenas province of 
Costa Rica. This area is characterized by over 3000-mm 
precipitation, and is classified as Tropical, Premontane 
Moist Rainforest (GUSWA, and RHODES, 2007). 
Monteverde experiences a rainy season from May to 
December (HUNT et al., 1999); this study was performed 
during the late rainy season from October 27 to 
November 17, 2011. 

Polistes instabilis (Fig. 1) is an eusocial 
colonizing wasp that is distributed throughout Mexico 
to Costa Rica (RICHARDS, 1978). This species undergoes 
an annual phenology involving migration to higher 
elevations for aestivation sites during the late rainy 
season; this migration occurred prior to the study. 
During late rainy to early dry season aestivation 
movements, wasps are typically found in non-nesting 
aggregations and experience reduced activity (HUNT et 
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Fig. 1. Side view of the eusocial, colonizing wasp P. 
instabilis. P. instabilis is native to Costa Rica and 
undergoes an annual migration toward aestivation sites 
during the later part of the rainy season in November 
and December. This species is nectivorous and is a 
potential pollinator.

Fig. 2. Holding and feeding chamber used during the 
study when testing nectar sucrose concentration 
preferences of P. instabilis. As shown, feeding dishes 
were arranged in a triangle in the center of the chamber, 
1-cm apart from each other. All dishes were of the same 
size and color to ensure trial consistency.



al., 1999) such as decreased energy spent foraging and no energy building a nest. The study took place during 
the aestivation period of these wasps. 

Experimental Design 

Wasps were captured by net and placed into a holding chamber (Fig. 2). Wasps were collected from flowers 
and leaves when feeding and visiting plants; also when they were aggregated when sleeping. Following a 24 
hour starvation period in the holding chamber, two dishes containing sucrose solutions of 35% and 65% 
respectively were placed inside; a control dish with only water was simultaneously included. Wasps were 
allowed 24 hours to adjust and learn to feed at the dishes. Dishes were placed in a triangle 1-cm apart to 
ensure the wasps encountered them at the same time. Once adjustment time was allowed, wasps were 
removed from the holding chamber and placed back in the chamber in pairs for 45-min. Testing was done in 
pairs to ensure sufficient time for feeding observation due to the time restraint of the study; also so wasps 
trained in the chamber during the same period were all tested in the same day so there was no significant 
variation in the time for training if subsequent wasps were held for a longer period before testing. Dishes 
were placed in the same position during the testing period. The first dish visited and dish visited the longest, 
over the 45-min trial, were recorded for each wasp. This was to account for any switching between dishes if 
wasps didn’t find their preferred concentration at the initial dish encountered. Wasps that didn’t feed were 
also recorded. A total of 60 wasps in 30 trials were recorded. Wasps were observed under a laboratory setting 
to ensure consistent age of sucrose solution and reduce influence on foraging from flower size, color, and age 
in the field; thus, to ensure choices were solely based off sucrose preference. 

RESULTS 

Trial paired wasp independence 

Combinations of sucrose concentration choices for first visited dishes were significant (G-test, G = 99.108, p 
< 0.0001, DF = 9). Combinations with choices involving 35% and 65% sucrose choices were observed the 
most and those with no feeding and 0% sucrose were observed the least (Fig. 3). Most of the combinations 
fell into trials in which paired wasps selected for 35% and 65% sucrose and when both wasps selected 65% 
sucrose, with the combination of 35% and 65% being the highest. For longest visited choices, combinations 
of sucrose concentrations were also significant (G-test, G = 110.8, p < 0.0001, DF = 9). Combinations 
observed for longest visited had similar trends as seen by first visited combinations with large proportions of 
individuals selecting for 35% and 65%. Slight deviations in frequency of combinations between first and 
longest visited were not statistically significant (G-test, G = 8.767, p 0.4589, DF = 9). More combinations for 
longest visited dishes of both wasps selecting for 65% were seen even though the number for the 35% and 
65% combination decreased only slightly (Fig. 3). Fewer combinations involving no feeding and 0% were 
observed for longest visited dishes than for first visited. 
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Fig. 3. Distribution of individuals based on combinations of dishes visited for P. instabilis in Monteverde, Costa Rica. Within each 
trial pair, paired wasp sucrose preference combinations were significant from one another for both first and longest visited dishes. 
Wasps tended to prefer higher concentrations of sucrose, thus the most represented combinations were 35% and 65% and when both 
wasps chose 65%. The number of trial pairs for each combination is shown above each respective bar (n = 30). 

Pairs in which wasps selected different first visited dishes was slightly higher than those which 
selected the same dish, as 12 and 18 pairs respectively selected the same and different choices (Fig. 4); but 
this small difference is not statistically significant (Chi-square, χ2 = 1.125, p = 0.2888, DF = 1) and can 
therefore be attributed to chance. Similarly, the same trend was observed in pairs for longest visited dishes as 
the number of trial pairs in which wasps chose the same dish was not significant (Chi-square,   χ2 = 0.533, p 
= 0.4653, DF = 1). The only change came with one additional trial pair of wasps selecting the same sucrose 
concentration dish; thus, for longest visited, 13 pairs chose the same dish and 17 chose different (Fig. 4). 
Therefore, there is no evidence that the choice made by one wasp was affected by the choice made the other 
wasp within each pair.  For this reason, I re-analyzed the data considering each wasp as an independent 
observation. 
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Fig. 4. Selection of sucrose concentration dishes visited when comparing wasps within trial pairs of P. instabilis in Monteverde, 
Costa Rica.  Selection by wasps was not significant for first or longest visited dishes as trial pairs in which wasps chose the same dish 
were similar in number to those that did not. The number for trial pairs with the same and different choice visited is shown above 
each respective bar (n = 30). 

Sucrose preferences of individuals 

Selection was significantly different between sucrose concentrations for first visited dishes (Chi-square, χ2 = 
37.2, p < 0.0001, DF = 3). The majority of individuals chose 35% and 65% sucrose, with 65% being the 
predominant with 30 individuals, while 23 chose 35% (Fig. 5). The largest decrease in preference was from 
35% to 0% sucrose. Only 2 individuals visited 0% which was the least visited concentration for first dish 
choice. For longest visited dishes, selection of dishes was also significant (Chi-square, χ2 = 52.26, p < 
0.0001, DF = 3). A large proportion of individuals preferred high sucrose concentrations with 37 individuals 
choosing 65%, 17 choosing 35%, and only 1 choosing 0% (Fig. 5). 35%. Only 5 individuals did not feed. 
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Fig. 5. Choices of dishes visited when comparing individuals outside of trial pairs for P. instabilis in Monteverde, Costa Rica. 
Selection of sucrose concentrations for wasps was significant for both first and longest visited dishes as most individuals chose 
higher concentrations of 35% and 65% The only significant difference is that the number of individuals that chose 65% was higher 
for longest visited and the number that chose 35% was lower for longest visited when compared to first visited. The number of 
individuals that chose each concentration is shown above each respective bar (n = 60). 

In cases in which individuals switched preferences between first and longest visited, most 
individuals switched to higher sucrose concentrations rather than to lower concentrations (Fig. 6). However, 
this trend was not statically significant (Chi-square, χ2 = 3.55, p = 0.0593, DF = 1) due to the small sample 
size. Of those that switched, only 1 individual switched between water and 35% sucrose. 
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Fig. 6. Switching preferences between first and longest visited dishes were not significant for individuals of P. instabilis in 
Monteverde. Although, a trend was seen as there was a skewed preference to switch to higher concentration of sucrose as opposed to 
a lower concentration. The number of individuals switching from higher to lower concentration and vice versa is shown above each 
respective bar (n = 18). 
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DISCUSSION  

Paired wasps majorly foraged on dishes containing higher concentrations of sucrose. A similar result was 
found when the wasps were analyzed individually. In addition, the majority of switching was recorded for 
individuals switching to higher concentration dishes. These results support the idea that the wasp P. instabilis 
is greatly influenced by nectar sucrose concentration as a strong driver for selection, preferring higher 
concentrated nectar. In another study, more concentrated nectar plants observed more mature fruit production 
than diluted nectar, insect pollinated plants (WYATT and SHANNON, 1986); suggesting that insect pollinators 
favored higher nectar concentration. This tendency of insect pollinators to prefer more concentrated sucrose 
nectars supports the hypothesis that insect pollinators obtain most carbohydrates from nectar (WILLIAMS and 
WOINARSKI, 1997). If pollinators can obtain sufficient amounts of these compounds in the least amount of 
nectar, they can reduce the energy and time spend foraging; thus, higher sucrose nectar concentrations would 
be preferred. This can help explain the trend in high sucrose preference of P. instabilis as a potential 
pollinator which is nectivorous. For those individuals which chose 0% sucrose concentration, this is most 
likely due to these individuals being ones which forage for water and nectar, as a low proportion of wasps of 
P. instabilis are foragers that focus on returning water for colony necessity rather than foraging for food 
(O’DONNELL, 1998). Furthermore, this explains why one individual foraged both on water and sucrose 
solution, which supports the initial hypothesis. 

To explain the tendency of individual wasps switching to higher concentrations of sucrose, this may 
have to do with the insufficient training time for wasp learning. Since feeding dishes were positioned in the 
same place for training and testing, it is assumed that learning did play a role in the concentration preferences 
observed. Previous study has shown that for other wasps of the Vespidae family, learning plays a large role in 
foraging behavior (JANDER, R. 1998); thus, increased time for learning and adjustment to the feeding dishes 
within the holding chamber in this study may have resulted in more wasps selectively choosing the higher 
concentrations initially; resulting in a reduced number switching after visiting the first dish. However, if the 
24-hr training period was sufficient, the large number of individuals switching may be related to the ability 
of the wasps to sense nectar concentrations prior to visiting a dish. The large proportion of wasps switching 
dishes suggests the wasps that exhibited switching may have inferior olfactory sensory for nectar 
concentration and that the foraging in the study may partially have been the result of random encounters with 
preferred nectar concentrations at the first dish visited as well as selection of higher nectar concentrations. 

Overall, this study effectively tested nectar preferences of the wasp P. instabilis, in which the species 
showed a strong selection for higher sucrose concentrations. This study only tested individuals in a 
laboratory setting to ensure consistency between ages of sucrose solutions. Though only done in the 
laboratory, preferences of P. instabilis were clearly shown which can be used to predict potential plants of 
pollination by P. instabilis as this wasp species would likely prefer high concentration floral nectar. 
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Sugar preference and diet of neotropical butterflies!
!
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!
Abstract !

Insects are more efficient pollinators than wind. Pollination syndromes evolve to attract subsets of more 
efficient pollinators. Nectar is an important component of pollination syndromes and is largely made of sucrose and 
hexose sugar. This study determines sugar preferences for twelve species of neotropical butterflies. Sucrose and hexose 
solutions were offered to butterflies and the amount taken was measured. Although the butterflies drank more hexose 
than sucrose overall, three species significantly preferred sucrose (Siproeta stelenes, Agraulis vanillae, and Hamadryas 
arinome ariensis) and one significantly preferred hexose (Caligo memnon memnon). The other species did not 
significantly prefer one sugar to the other, so a trend across all species was not found. This study demonstrates two 
divergent sugar preferences of butterflies: those that prefer sucrose and those that prefer hexose. Those that do not show 
a preference are most likely general feeders. !
Resumen !
 Los insectos son más efectivos en polinizar que el viento. Los síndromes de polinización evolucionan para 
atraer grupos más efectivos en polinizar. El néctar es un componente importante de los sistemas de polinización y está 
compuesto de azúcar sacarosa y hexosa. Éste estudio determina preferencias por azucar para doce especies de mariposas 
neotropicales. Soluciones de sacarosa y hexosa fueron ofrecidas a las mariposas y se midio la cantidad consumida. 
Aunque las mariposas bebían más hexosa que sacarosa en total, tres especies prefirieron sacarosa considerablemente 
(Siproeta stelenes, Agraulis vanillae, y Hamadryas arinome ariensis) y uno preferió hexosa considerablemente (Caligo 
memnon memnon). Las otras especies no prefirieron un azucar más que el otro considerablemente y por eso no se 
encontró ninguna tendencia. Éste estudio demuestra dos preferencias por azúcar divergentes de las mariposas: los que 
prefieren sacarosa y los que prefieren hexosa. Los que no demuestran una preferencia probablemente son especies 
generalistas. 
  
Introduction !
Animals pollinate nearly 90% of flowering plants (Ollerton et al. 2011). Insects are thought to be 
more efficient pollinators than wind (Midgley et al. 1991). Flowers use rewards such as nectar to 
attract pollinators (Simpson & Neff 1983). Further, increased specificity is often desired if it further 
insures pollen movement between conspecific flowers or moving pollen optimal distances (Waser 
2006). This increasing specificity by flowers for pollinators appears to be the evolutionary trend 
(Waser 2006). Hence, pollination syndromes arise, wherein a certain suite of morphological traits 
attract a certain subset of potential pollinators (Waser 2006). 

Nectar is an important component of a given pollinator syndrome (Baker & Baker 1983). 
The amount and quality of nectar can influence who is likely to visit a given plant species’ flowers 
(Baker & Baker 1983). Nectar is usually composed of sucrose or a combination of fructose and 
glucose (Baker & Baker 1983).  Hummingbirds and hawk moths prefer sucrose-rich nectar while 
passerines prefer nectars rich in fructose and glucose (Martinez et al. 1992). The nectar found in 
butterfly-pollinated flowers is usually sucrose-rich (Baker & Baker 1983), but this is not always the 
case (Watt et al.1974). 

While butterflies are important pollinators, their sugar preferences are less well studied.  
Flowers that fit the butterfly pollination syndrome are a mix of sucrose, fructose, and glucose sugars 
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(Baker & Baker 1983). Of the few butterfly species studied, it appears that most butterflies prefer 
sucrose (Rusterholz & Erhardt 1997; Erhardt 1991, 1992), even those that feed on fruits (Dierks & 
Fischer 2008; Omura et al. 2011). These studies separated glucose and fructose, which always occur 
together in nearly equal concentrations as “hexose nectar” (Baker & Baker 1983).  Therefore, it is 
unclear what a preference for sucrose over pure fructose and pure glucose means, considering this 
never occurs in nature. 

Olsson (2008) performed a study in Monteverde, Costa Rica on the sugar preferences of 
neotropical butterflies. This study found no clear trends, possibly because of small sample sizes for 
any one species. Here, I examine twelve species of nectar and fruit feeding butterflies and test for 
preferences between sucrose and hexose sugars.  Separating sugars into sucrose only and hexose 
only, I hope to determine if sucrose preference is general for butterflies and if the preference differs 
for fruit-eating species that normally deal with hexose-rich diets.   !
Methods 

Study Site 

 This experiment was carried out in the butterfly gardens of the Ranario in Monteverde, 
Costa Rica. The garden had mesh walls that allowed wind and sunlight through, but a tarp over the 
roof to keep rain out. The study was performed during the rainy season in a premontane wet 
climate. The butterflies were in a garden with flowers, vegetation, and supplemental plates of 
fermented bananas. All but the Caligo memnon memnon and Morpho peleides limpida species were 
born into the garden less than one week before the study was performed. !
Study Organisms !
 Twelve butterfly species with different feeding habits were tested. Morpho peleides limpida 
(Nymphalidae: Morphinae), Catonephele numilia esite (Nymphalidae: Nymphalinae), Myscelia 
cyaniris cyaniris (Nymphalidae: Nymphalinae), and Caligo memnon memnon (Nymphalidae: 
Brassolinae) typically feed on rotting fruits. Hamadryas arinome ariensis and Hamadryas feronia 
farinulenta (Nymphalidae: Nymphalinae) feed on rotting fruit and occasionally mammal dung. 
Agraulis vanillae and Dione juno (Nymphalidae: Heliconiinae) feed on flower nectar. Heliconius 
hecale zuleika (Nymphalidae: Heliconiinae) and Parides lycimenes lycimenes (Papilionidae: 
Papilioninae) feed on nectar and pollen. Papilio thoas nealces (Papilionidae: Papilioninae) feed on 
nectar (DeVries 1987) and males are attracted to the salt in puddles (Collenette & Talbot 1928, in 
DeVries 1987). Siproeta stelenes biplagiata (Nymphalidae: Nymphalinae) feed on nectar, rotting 
fruits, carrion, and dung (DeVries 1987). !
Experiment !

Butterflies were captured from the enclosed gardens with a butterfly net and kept in a 
butterfly cage for two hours without food. I used a microcapillary to drop 100 µL of sucrose or 
hexose onto a piece of wax paper. The sucrose solution was 20% sucrose by weight and the hexose 
solution was 10% glucose and 10% fructose by weight. It was remade every two days using pure 
glucose and fructose powders and table sugar for sucrose and kept refrigerated. A heat lamp was 
positioned a foot away from the feeding butterflies to stimulate feeding. One by one, they were 
brought to a feeding room. I uncurled each butterfly’s proboscis using an unbent paper clip and 
placed it into the droplet of sugar solution. If the butterfly began to feed, I let go of its wings and let 
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it feed as long as it wanted, replenishing the droplet every time the butterfly finished what it was 
given. If the butterfly did not begin to feed, I tried to get it to feed by placing its proboscis into the 
solution two more times before releasing it. After the butterfly was finished I measured how much 
of the solution was left. This procedure was done on four to ten butterflies each of twelve species of 
butterfly. Each butterfly was tested once on each solution. !
Results !
 Overall, preference for hexose (mean ±SD = 309.288 µL ± 66.596) was greater than sucrose 
(157.746 ± 14.731), as shown in Figure 1. A two-way ANOVA showed that the results were 
significant (F = 13.9056, df = 11, p < 0.001). !

"  !
________________________________________________________________________________
FIGURE 1. Mean amount of sugar solution taken (µL ±1 SE) by twelve species of neotropical 
butterflies tested in a butterfly garden.  Amount taken from several drops of 100 µL was measured. 
N = 94 for sucrose and n = 97 for hexose. Sucrose solution is 20% sucrose by weight. Hexose 
solution is 10% fructose and 10% glucose by weight.  !

Figure 2 shows that C. memnon memnon took significantly more nectar overall (1245.5 ± 
284.8) than the other butterfly species (two-way ANOVA, F = 7.2213, df = 1, p = 0.0078). Caligo 
memnon memnon took between 100 and 4600 µL while the rest of the butterflies took between 0 
and 2786.84 µL. Other differences between species were not significant (Tukey’s HSD, p > 0.05). 
Trends were not found based on diet. !
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"  
________________________________________________________________________ 
Figure 2. Mean amount of sugar solution taken (µL, ±1 SE) by each butterfly species in a butterfly 
garden. The amount taken includes sugar solutions of both 20% sucrose by weight and a mixture of 
10% fructose and 10% glucose by weight. N = 20 for each species except N = 18 for C. memnon 
memnon, n = 12 for M. peleides limpida, n = 16 for D. juno, and n = 8 for P. lycimenes lycimenes. 
Only C. memnon memnon was significantly different from the others (Tukey’s HSD p < 0.05). 
Yellow bars represent rotting fruit feeders, blue represents nectar feeders, and green represents those 
that feed on both rotting fruit and nectar. 
!
 When amount of sugar solution taken by each species is plotted with the average forewing 
length of the species, a slight trend can be seen (Figure 3). The trend is towards larger butterflies 
taking more sugar solution but the trend was not significant (R2 = 0.38594). 

"  

Figure 3. Relationship between sugar solution consumption (µL) and average butterfly forewing 
length (mm). The equation and R2 value for the best-fit line of regression are shown on the graph. 
Study organisms were neotropical butterflies in a butterfly garden. Average forewing length is from 
DeVries (1987). The slight, insignificant trend is towards larger butterflies taking more sugar 
solution (R2 = 0.38594). Sugar solution is either 20% sucrose by weight or a mix of 10% fructose 
and 10% glucose by weight. 
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Students’ t-tests show significant sugar preferences for four species. Caligo memnon 
memnon preferred hexose (F = 7.8421, df = 1, p = 0.0128). Siproeta stelenes, A. vanillae, and H. 
arinome ariensis preferred sucrose (F = 5.1492, df = 1, p = 0.0358; F = 4.523, df = 1, p = 0.0475; F 
= 7.5914 df = 1, p = 0.0130). No other species show a significant sugar preference. In Figure 4, 
there is a trend towards H. hecale zuleika and P. lycimenes lycimenes having a significant 
preference for hexose over sucrose but these preferences are not statistically significant (Modified t-
test, F = 3.7609, df = 1, p = 0.0683 and F = 2.8852, df = 1, p = 0.1403). No trends were observed 
distinguishing rotting fruit feeders from nectar feeders. Of those butterflies with significant sucrose 
preferences, each was from a different subfamily. !!!!!
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!
Figure 4. Mean amount of each sugar solution taken (±1 SE) by each butterfly species in a butterfly 
garden measured in µL. N = 10 for each sugar type for each species except n = 8 for C. memnon 
memnon*sucrose, n = 7 for Dione juno*hexose, n = 9 for D. juno*sucrose, n = 6 for M. peleides 
limpida*hexose and M. peleides limpida*sucrose, and n = 4 for P. lycimenes lycimenes*hexose and 
P. lycimenes lycimenes*sucrose. Results are significant for A. vanillae, C. memnon memnon, H. 
arinome ariensis and S. stelenes. Sucrose solution is 20% sucrose by weight. Hexose solution is 
10% fructose and 10% glucose by weight. The first six species listed from left to right (C. memnon 
memnon to M. cyaniris cyaniris) are rotting fruit feeders and the last five (H. hecale zuleika to P. 
lycimenes lycimenes) are nectar feeders. Siproeta stelenes biplagiata feeds on both rotting fruit and 
nectar. 
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!
Discussion 

 Although butterflies drank more hexose overall (Figure 1), those results were most likely 
influenced by the large amounts of hexose taken by C. memnon memnon and D. juno (Figure 4) and 
not a reflection of all of the species tested. No conclusions can be drawn about a sugar preference 
by all butterflies because only four out of the twelve species tested demonstrated a sugar preference. 
Three of those four species preferred sucrose. These results do not show a strong trend like that of 
hummingbirds for sucrose (Martinez et al. 1992). The lack of a trend may be phylogenetic or 
ecological. Of the species that significantly preferred hexose, some feed on rotting fruit and some 
feed on nectar (DeVries 1987), so these results do not reflect the impacts of a pollination syndrome. 
 Caligo memnon memnon may have taken more sugar than other butterflies because it is a 
larger butterfly with large wings that require lots of energy to control (DeVries 1987). However, 
Figure 3 showed that there was no significant trend between average butterfly forewing length and 
mean amount of sugar solution taken. Perhaps an investigation into butterfly mass would show a 
correlation between mass and amount of sugar solution taken, but little information on average 
butterfly mass for each species is available. It is surprising that M. peleides limpida, another large 
butterfly, did not drink more sugar than the other butterflies. This could be because many rotting 
fruit feeders prefer sugar solutions mixed with acetic acid or ethanol and the simple sugar solution I 
used were not palatable (Omura & Honda 2003). 
 This experiment indicates that butterflies may be more likely to prefer sucrose to hexose. 
Three out of the four species showing a significant preference preferred sucrose. However, my 
results are not nearly as strong as those found in literature. Literature indicates that most of the few 
butterfly species tested demonstrated a significant preference for sucrose (Rusterholz & Erhardt 
1997; Erhardt 1991, 1992; Dierks & Fischer 2008; Omura et al. 2011). Caligo memnon memnon 
may prefer hexose because its diet is rotting fruit, which is hexose-rich. Hexose preference has 
rarely been studied. The fact that C. memnon memnon preferred hexose may be first sign of a 
butterfly with a strong hexose preference. Further studies should be conducted using hexose instead 
of separated fructose and glucose because the two are rarely found separately in nature (Baker & 
Baker 1983). 

Baker and Baker (1983) did not find that the butterfly flower pollination syndrome was 
characterized by sucrose or hexose sugars, as is the case for hummingbirds and sucrose. Rather, 
“butterfly flowers” run the gamut of almost exclusively sucrose to almost exclusively hexose and 
with most having a mix of the two. No trends in sugar preference were discovered for butterflies in 
the same families or those that had the same diets. However, studies should look at sugar preference 
trends in butterflies with similar morphologies and feeding habits. Baker & Baker (1983) found that 
flowers with deep narrow corollas pollinated only by butterflies were sucrose-rich while those 
pollinated by both butterflies and short-tongued bees, often with landing platforms, are hexose-rich. 

This study demonstrates two divergent sugar preferences of butterflies that are most likely 
ecological rather than phylogenetic. Those that feed on rotting fruit may prefer hexose because 
rotting fruit is hexose-rich. Those that share flowers with bees may prefer hexose because butterfly 
and bee pollinated flowers are hexose-rich (Baker & Baker 1983). Those that feed on sucrose-rich 
flowers may have become specialized towards those flowers because there is less competition with 
bees. Those butterflies without a sugar preference may be generalist feeders that take advantage of 
both types of flowers. !
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Abstract !
Fruit-feeding butterflies imbibe alcohol as the decaying fruits they eat ferment. Previous studies have shown that the 
alcohol can lead to signs of intoxication of butterflies and compromise aspects of fitness like fertility. However, the 
impact of  alcohol on anti-predator behaviors has not been explored.  This study was conducted in a butterfly garden in 
Santa Elena, Costa Rica and examined the effect of different alcohol concentrations on consumption and flight ability of 
Morpho peleides and Caligo memnon. Solutions of 0-5 percent alcohol were used, in one percent increments. Zero 
percent was water with 10 percent honey and for solutions containing alcohol, 10 grams of banana was added for every 
200 mL of water with varying alcohol content. Butterflies were allowed to feed up to 10 minutes, at which time the total 
amount imbibed was measured as well as the direct distance between their release site and first perching site. The 
amount of liquid imbibed was measured as the difference in weight of a solution soaked sponge before and after 
feeding. A decrease in flight length due to alcohol concentration was found (two-way repeated measures ANOVA, df = 
5, F = 20.90, p < 0.0001). Additionally both species imbibed the same amount of every alcohol solution but drank more 
sweetened water (two-way repeated measures ANOVA, df = 5, F = 4.31, p = 0.0014). Therefore, it appears alcohol 
consumption lowered fitness.  Though the butterflies prefer sugars without alcohol, this is not available to them in 
nature.    !
Resumen !
Las mariposas frugivoras consumen alcohol al ingerir frutas fermentadas en proceso de descomposición.  Estudios 
previos han mostrado que el alcohol puede llevar a signos de intoxicación en las mariposas y comprometer aspectos del 
éxito reproductivo como la fertilidad.  Sin embargo, el impacto del alcohol en los comportamientos anti-predatorios no 
han sido estudiados.  Este estudio fue conducido en un jardín de mariposas en Santa Elena, Costa Rica y examina el 
efecto de diferentes concentraciones de alcohol y el consumo y habilidad de vuelo de Morpho peleides y Caligo 
memnon.  Se utilizaron soluciones de 0-5 por ciento de alcohol, en incrementos de uno por ciento.  Cero por ciento fue 
agua con 10 por ciento y par alas soluciones que contienen alcohol, 10 gramos de banano se añadio por cada 200 ml de 
agua con las diferentes variaciones de contenido de alcohol.  Se les permitió a las mariposas alimentarse por hasta 10 
minutos, tiempo en el cual la cantidad total consumida fue medida así como las distancia entre el sitio donde se soltaron 
y el sitio de percha.  La cantidad de líquido consumido fue medido como la diferencia en el peso de la solución 
remojada en una esponja antes y después de la alimentación.  Una disminución en la distancia de vuelo debido al 
consumo de diferentes concentraciones de alcohol fue encontrada (ANOVA de dos vías para mediciones repetidas, df = 
5, F = 20.90, p < 0.0001). Adicionalmente ambas especies consumen las misma cantidad de cada concentración de 
alcohol, pero consumen más el agua endulzada (ANOVA de dos vías para mediciones repetidas, df = 5, F = 4.31, p = 
0.0014).  Aunque, parace que el consumo de alcohol reduce el éxito reproductivo.  Pienso que las mariposas prefieren 
azúcares sin alcohol esto no está disponible en la naturaleza. 
  !
Introduction !
An important part of maximizing fitness in any species is predator avoidance. Anti-predator 
responses are evolutionary adaptations that help prey evade predators more easily. There are four 
stages of an attack by a predator: detection, attack, capture and consumption (Alcock 1998). Some 
nymphalid butterfly species avoid detection by having inconspicuous coloring on the ventral side of 
their wings, the side that is visible when they are perched. If discovered, they may also avoid attack 
via eye spots on the ventral wing (Lyytinen et al. 1998) and by having iridescent colors on the 
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dorsal side of their wings to startle predators (Doucet and Meadows 2009). In the case of Morpho 
spp., they also have rapid and sporadic flight. Since butterflies do not have any way to escape once 
caught, their last chance of survival is to avoid capture by distancing themselves from their 
predators. 
 The ability of fruit-eating butterflies to escape by rapid, long distance flight may be 
compromised by imbibing alcohol that collects in fallen, rotting fruit (Young 1979). The yeast 
spores within the rotting fruit produce ethanol by anaerobically metabolizing starch into sugars and 
ultimately into alcohol (Cambias 2008). Enough ethanol is produced for it to consist of up to three 
percent of the total fluid available for butterflies to imbibe (Miller 1997). The intoxication effect 
due to drinking alcohol is because ethanol impairs normal functioning by inducing a depressive 
effect on parts of the brain, including those of insects (Young 1979). Ethanol content is not an 
important factor in food selection by both M. peleides and C. memnon, but rather an unavoidable 
element in natural liquid sugar sources (Hirsch 2009). 
 It has also been observed that alcohol intoxication occurs in butterflies that imbibe rotten 
fruit (Young 1979). Observed effects have been abnormal wing positions, drooping antennae, rapid 
wing movement without flight and sporadic walking (Gomez 1977). Therefore, there may be a trade 
off in fitness between eating for long periods on alcohol-laden food, imbibing high quantities of 
alcohol and the ability to escape predators. This study determines if two species of fruit-feeding 
butterflies prefer solutions with less alcohol, drink for shorter periods when alcohol concentration is 
higher, and whether more alcohol consumed impacts flight distance and, hence, likelihood of 
predator escape.   !
Materials and Methods !
Study Site !
This study was conducted over four weeks in a butterfly garden at the Ranario in Santa Elena, Costa 
Rica. It was done in the green house, which is an artificial environment used to grow mainly banana 
trees, heliconia plants and passion vines. It was stocked with ten hand-reared M. peleides and ten C. 
memnon.  !!!!
Experiment !
Ten subjects each from the two butterfly species, M. peleides and C. memnon, were observed for six 
trials each. Each trial varied in the concentration of alcohol present in the food source presented to 
the subjects. Concentrations ranged from 0-5 percent, varying by one percent increments. For zero 
percent, a sweetened water solution was used that was composed of 10 percent honey. This was to 
assure that butterflies would feed under experimental conditions. For the trials containing alcohol, 
10 g of banana that was beginning to turn brown was added to 200 mL of solution. Sugar 
concentration due to the banana was 3.2 percent. Solutions were made daily. Subjects were captured 
and then marked on their dorsal thorax with different colored paint markers so identification of 
specific subjects could be made. During markings, subjects were handled by applying light pressure 
to the thorax or by pushing the forewings down to the hindwings and holding them along the veins 
on the costal margin, close to the body. 
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 Each subject was sequentially placed in a 500-gram yogurt container whose top was 
replaced with a petri dish lid. The container had a bottom diameter of 7.5 cm, a  top diameter of 9.0 
cm and a height of 10.8 cm. A 5 cm x 5 cm x 3 cm light blue, artificial sponge, saturated in alcohol 
solution or sweetened water, was in the bottom of the container. The sponge was weighed twice 
prior to being placed in the container and the average of the two weights recorded. Subjects were 
given five minutes to start feeding. If they did not begin after five minutes, a drop of the testing 
solution was applied to the proboscis to stimulate feeding. The amount of time each subject spent 
feeding was recorded. Timing of feeding began when the proboscis touched the sponge and was 
stopped when the proboscis was recoiled. If feeding exceeded ten minutes, an eye dropper was used 
to touch the proboscis and forcing the proboscis to recoil and therefore feeding to cease. While 
feeding, a breath was blown between the seam in their wings' tips, which caused the butterflies to 
open their wings, allowing proper identification of the subject. Afterward, the lid was removed and 
the distance the butterfly flew was recorded. The distance was measured along the ground and along 
a direct path from the release location to the perching location. If the subject did not fly after one 
minute and after one stimulation to the dorsal thorax with an eyedropper, the distance was recorded 
as zero meters. Then the weight of the sponge was taken twice and the average weight recorded. 
The final average weight was subtracted from the initial average weight to determine the amount of 
liquid imbibed. An amount of 0.056 grams was added onto the total amount imbibed when subjects 
were  given a drop solution directly to their proboscis. Subjects were not tested more than once on 
any day.  !
Results !
Amount imbibed !
The amount of liquid imbibed by both butterfly species at different alcohol concentrations varied 
significantly (two-way repeated measures ANOVA, df = 5, F = 4.31, p = 0.0014).  The butterflies 
imbibed a higher amount of sweetened water (0.18 g) and drank a smaller amount of alcohol 
solution (0.12 g). They collectively drank the same amount of alcohol solution at all alcohol 
concentration levels (post-hoc pair wised Tukey test, p < 0.05; Figure 1).   
chartFigure 1: Mean amount of liquid imbibed of both M. peleides and C. memnon after being 
allowed to feed up to 10 minutes on the correlating alcohol concentrations (n=20). For 0 percent, 
10% honey water was used. For others, 10 grams of banana was added to 200 mL of water with 
differing amounts of alcohol. Errors bars represent standard error. Letters above the bar signify 
which groups are significant from each other (post-hoc pair wise Tukey test) where the same letter 
means they are not significant. Values for average amounts of liquid imbibed are shown within each 
bar.  
chartFigure 2: Mean amount of liquid imbibed by M. peleides and C. memnon after being allowed 
to feed up to 10 minutes on 0-5 percent alcohol solutions (n=60). Errors bars represent standard 
error.  Values for average amounts of liquid imbibed are shown within each bar. 
 The amount of liquid imbibed at different alcohol concentrations was not significant 
between M. peleides and C. memnon on a per alcohol concentration basis (two-way repeated 
measures ANOVA, df = 5, F = 0.80, p = 0.5553). Meaning both butterflies responded similarly to a 
given alcohol concentration. Both species drank the most of zero percent (0.18 g) and then 
decreased the amount of alcohol solution they drank to the same degree (Figure 3). !
chartFigure 3: Mean amount of liquid imbibed by M. peleides vs. C. memnon after being allowed 

to feed up to 10 minutes on the correlating alcohol concentrations (n=10). For 0 percent, 10% 

�105



honey water was used.  For others, 10 grams of banana was added to 200 mL of water with 
differing amounts of alcohol. Errors bars represent standard error. Value for average amount of 

liquid imbibed are shown within each bar.  
Flight length !
Flight length of both butterfly species after imbibing different alcohol concentrations varied 
significantly (two-way repeated measures ANOVA, df = 5, F = 20.90, p < 0.0001).  The greatest 
flight length was after drinking one percent alcohol and consistently decreased with higher 
concentrations until five percent, when butterflies did not fly (Figure 4). Concentrations of zero and 
one percent alcohol were both significant from the rest of the data, with mean flight lengths of 5.97 
m and 6.55 m, respectively. Two percent alcohol concentration (2.55 m average flight length) was 
significant from all concentrations except three percent (1.58 m average flight length). Three, four 
and five percent alcohol concentrations had the shortest distance of flight, with an overall average 
of 0.56 m, were not significantly different from one other, but were from the other concentrations 
(post-hoc pair wised Tukey test). 
Figure 4: Mean flight length of both M. peleides and C. memnon after being allowed to feed up to 
10 minutes on solutions with banana and varying alcohol concentrations (n=20). For 0 percent, 10% 
honey water was used. For others, 10 grams of banana was added to 200 mL of water with differing 
amounts of alcohol. Errors bars represent standard error. Letters above the bar signify which groups 
are significant from each other (post-hoc pair wise Tukey test, p < 0.05) where the same letter 
means they are not significantly different from one another. Average flight length values are shown 
above or within each bar. 
 Flight length after eating varied significantly between the two species M. peleides and C. 
memnon, as well (two-way repeated measures ANOVA, df = 1, F = 4.08, p = 0.0501). Morpho 
peleides, with an average flight length of 3.33 m after feeding, flew an average of 1.07 meters more 
than C. memnon, with an average flight length of 2.26 m (Figure 5).  

Figure 5: Mean flight length of M. peleides and C. memnon after being allowed to feed up to 10 
minutes (n=60). Errors bars represent standard error. Average flight length values are shown within 

each bar. 
 Flight length after imbibing different alcohol concentrations was not significant between M. 
peleides and C. memnon on a per alcohol concentration basis (two-way repeated measures ANOVA, 
df = 5, F = 1.36, p = 0.24; Figure 6). In other words, for a given alcohol level, the two butterflies 
responded similarly.  Both decreased their flight distance, but to the same degree.   
Figure 6: Mean flight length of M. peleides vs. C. memnon after being allowed to feed up to 10 
minutes on the solutions of different alcohol concentrations (n=10). For 0 percent, 10% honey 
water was used. For others, 10 grams of banana was added to 200 mL of water with differing 
amounts of alcohol. Errors bars represent standard error. Average  flight length values are shown 
above or within each bar. 
Time spent imbibing  !
Time spent imbibing by both butterfly species varied significantly at different alcohol 
concentrations (two-way repeated measures ANOVA, df = 5, F = 7.67, p < 0.0001).  Both species 
spent more time feeding on the sweetened water (0%; 496.5 seconds). They spent the same amount 
of time, about 304.8 seconds, feeding on one and two percent alcohol, which was the least time 
spent feeding. Feeding time increased until four percent, where it reached it maximum at 566.2 
seconds. At five percent alcohol the butterflies fed as long as they did on three percent, for 453.0 
seconds and 456.8 seconds, respectively (post-hoc pair wised Tukey test, p < 0.05; Figure 7). !
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Figure 7: Mean amount of time spent feeding for both M. peleides and C. memnon after being 
allowed to feed up to 10 minutes on the correlating alcohol concentrations (n=20). For 0 percent, 
10% honey water was used. Errors bars represent standard error. Letters above the bar signify 
which groups are significant from each other (post-hoc pair wise Tukey test) where the same letter 
means they are not significant. Values for average time spent feeding are shown within each bar.   
 There was a significant difference in the amount of time spent feeding between the two 
species M. peleides and C. memnon (two-way repeated measures ANOVA, df = 1, F = 8.70, p = 
0.0086). C. memnon, which fed for an average of 489.2 seconds each time, spent 117.8 more 
seconds feeding than M. peleides, which fed for 371.4 seconds on average (Figure 8). !
Figure 8: Mean amount of time spent feeding by M. peleides and C. memnon with a maximum of 
600 seconds on 0-5 percent alcohol solutions (n=60). Errors bars represent standard error. Values 
for average time spent feeding are shown within each bar. 
 The amount of time spent feeding at different alcohol concentrations was not significant 
between M. peleides and C. memnon on a per alcohol concentration basis (two-way repeated 
measures ANOVA, df = 5, F = 0.90, p = 0.4854; Figure 9). In other words, for a given alcohol level, 
the two butterflies responded similarly.  Both decreased  or increased their time spent feeding due to 
different alcohol concentrations, but to the same degree for every concentration.   
  
Figure 9: Mean amount of time spent feeding by M. peleides vs. C. memnon, with a maximum 
of 600 seconds, on the correlating alcohol concentrations (n=10). For 0 percent, 10% honey 
water was used. For others, 10 grams of banana was added to  200 mL of water with differing 
amounts of alcohol. Errors bars represent standard error. Values for average time spent 
feeding are shown within each bar.  
Other observations !
Neither species continuously drank for the whole time. They would move their proboscises around 
to different pockets in the sponge. Additionally, with higher alcohol concentrations, butterflies 
seemed to shake more, which was particularly noticeable in their wings. 
 Both species were substantially more docile while feeding. Prior to feeding they would be 
very anxious in the container, flying viciously and trying to escape. However, once feeding began, 
they would remain at the bottom of the container, even if the top was removed. I would be able to 
touch the butterflies or open their wings with force and this did not seem to alter feeding behavior. 
With higher alcohol concentrations, butterflies tended to fly in a straight path to a close perching 
site whereas in lower alcohol concentration, butterflies tended to have more indirect paths. Also, it 
was obvious that butterflies flapped their wings more frequently and lost altitude more rapidly when 
flying after higher alcohol content. !
Discussion !
With greater amounts of alcohol imbibed, there is a compromised predatory response, signified by a 
shorter flight length. Furthermore, the equivalent flight length after eating three, four and five 
percent alcohol solutions correlates with adaptations to natural environments as fruit only ferments 
to three percent ethanol naturally (Miller, 1997). So, butterflies cannot tolerate or detoxify solutions 
that are more concentrated than 3 percent within a short period of time. However, it is not just 
alcohol concentration that could be a factor, the amount of liquid imbibed may affect flight. The 
shorter distance in flight for zero percent versus one percent could be explained by a higher weight 
gain from simply imbibing the solution. The trend of a slower response after consuming higher 
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alcohol concentrations signifies a tradeoff in fitness between ability to escape predators and 
imbibing high concentrations of alcohol. This is not the only decrement in fitness due to alcohol 
though; previous studies have shown that fertility decreases with higher alcohol concentrations too 
(Miller, 1997). Butterflies probably continue to drink alcohol, despite its negative consequences to 
fitness, because it is almost unavoidable in natural liquid sugar sources and they might use the smell 
to help locate food sources (Hirsch 2009). 
 Additionally, both species imbibed the same amount of liquid but C. memnon spent more 
time feeding than M. peleides. This could imply that M. peleides are more efficient feeders and 
spend less time moving their proboscis around the food substrate  However, it increasingly took 
both species longer amounts of time to drink the same amount of solution. There was a positive 
correlation between drinking time and alcohol content; however, it is unclear why drinking time 
peaked at four percent instead of five. 
 Since M. peleides and C. memnon flew equidistant lengths for every alcohol concentration, 
neither species is superior to the other nor can tolerate or detoxify ethanol better than the other. It 
also negates any niche partitioning idea. If niche partitioning was present, one species would be 
able to fly farther on higher concentrations of alcohol.  Meaning, in the wild it would eat older, 
rotting fruit that has a higher alcohol content and the less adapted species would eat more freshly 
fallen fruit, with a lower alcohol content. 
 In conclusion, there is a trade-off in fitness between alcohol consumption and anti-predator 
behavior. Anti-predator behaviors decrease after drinking more concentrated alcohol solutions. 
Further studies should investigate if there is a benefit to ethanol presence in food sources, like being 
able to locate food from the smell of ethanol.  !
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ABSTRACT 

Many attributes of flowers increase their attractiveness to pollinators; however, these same attributes may also increase 
the attractiveness to nectar robbers. Floral species, patch size and distance from nest were investigated for effects on 
visitation and robbery rates of a common stingless bee, Trigona fulviventris. This species acts as both a legitimate 
pollinator and nectar robber of many flowering neo-tropical plants. Garden plants were examined for extant robbery and 
subsequent robbery. Average percent extant robbery for four flower species ranged from 65-100%, while average 
percent robbery for newly opened flowers ranged from 68-91% in three flowering species. Flowers at intermediate 
distances from a T. fulviventris nest averaged over 1 visit each 30 minute sample period, while those both nearest and 
furthest from a nest averaged below 0.2 visits per period. Larger patches were visited by more bees; patches of 10, 20, 
40, and 80 flowers averaged .72, 1.17, 2.22, and 2.56 visits per sample period, respectively. Despite the increase, it was 
not proportionate with the number of flowers in the patch, meaning that larger patches had a lower likelihood of any 
single flower being visited. Morphological or chemical differences in floral species have an impact on rates of both 
extant and newly opened robbery. Due to high rates of robbery by T. fulviventris, attributes, such as patch size or 
distance, that increase visitation by T. fulviventris are likely to also increase robbery by them. 

Varios atributos de las flores aumentan su atractivo hacia los polinizadores; sin embargo, estos mismos atributos pueden 
además aumentar el atractivo hacia ladrones de néctar.  Las especies de flores, tamaño del parche y distancia del nido, 
fueron investigados para medir el efecto en la visitación y tasas de robo de la abeja sin aguijón común, Trigona 
fulviventris.  Esta especie actua tanto como un legítimo polinizador y ladron de néctar de muchas plantas con flores 
neotropicales.  Las plantas de jardín fueron examinadas para robo ya existente y robos subsecuentes.  El porcentaje 
existente de robos para cuatro especies de plantas fluctua ente 65-100%, mientras que el porcentaje de robo para flores 
recién abiertas comprende entre 68-91% en tres especies de plantas.  Las flores a distancias intermedias de la colonia de 
T. fulviventris promedian alrededor de una visita cada 30 minutos durante el período de muestreo, mientras que aquellas 
cercanas y lejanas al nido promedian menos de 0.2 visitas por periodo.  Los parches más largos fueron visitados por 
más abejas, parches con 10, 20, 40, y 80 flores promedian 0.72, 1.17, 2.22, y 2.56 visitas por período de tiempo, 
respectivamente.  A pesar del incremento, este no fue proporcional con el número de flores en el parche, significando 
que un parche largo tiene una menor probabilidad de ser visitado por una abeja solitaria.  Diferencias morfológicas o 
químicas en las especies florales tienen un impacto en las tasas de robo tanto existentes como nuevas.  Debido a las 
altas tasas de robo por T. fulviventris, atributos, como el tamaño del parche o la distancia, que aumentan las visitas por 
T. fulviventris son también capaces de incrementar el robo por estas. 

!
!
INTRODUCTION 

Plants expend energy for nectar production to assure pollination and outcrossing (Price 1997). But 
these floral rewards have the potential to attract cheaters as well, like nectar robbers, who pierce or 
bite the corolla to remove nectar but bypass pollen (Inouye 1980). There are both direct and indirect 
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effects to nectar robbery for the plants involved. The loss of nectar may mean decreased fitness 
from fewer visits by legitimate pollinators, who may either entirely avoid depleted flowers or 
attempt to extract remaining nectar through holes already created (Murphy and Breed 2008). 
Alternatively, robbery may increase a plant’s fitness, as legitimate pollinators must travel further 
distances and may spend less time on a single flower or inflorescence; this has the potential to 
increase pollen flow and decrease self-pollination (Murphy and Breed 2008). In some cases, the 
pollinator and robber are one in the same, as with neotropical Trigona spp., stingless bees that 
sometimes pollinate, sometimes rob nectar and sometimes act as pollen predators (Johnson 1983). 
With such “pollinator-robbers,” increasing attractiveness to the pollinator may also automatically 
increase rates of nectar robbery. 

 Floral morphology may be an important factor impacting both visitation and nectar robbery. 
Floral traits are thought to be the result of coevolution between a plant and its pollinators, limiting 
attractiveness to other animal species and increasing chances of pollination (Gurevitch et al. 2002). 
In plants which have developed nectar as a reward to these pollinators, this nectar collects at the 
base of the corolla tube or flower within one to two hours of opening (Young 1983). Mechanisms 
such as altered flower shape act to restrict the receivers of floral rewards (Gurevitch et al. 2002). Yet 
this restriction is hampered by cheaters. For example, tubular flowers coevolved with long-tongued 
pollinators but nectar collecting at the bottom of the tube is then available for robbers (Maloof and 
Inouye 2000). Protective mechanisms, such as thickened calyces or latex sap, are possible 
adaptations to reduce robbery (Maloof and Inouye 2000). Nectar levels and amino acid content, 
which vary for flowering species, may also expand or contract the range of organisms that seek out 
these flowers, impacting visitation by both legitimate pollinators and nectar robbers (Nadkarni and 
Wheelwright 2000, Price 1997). Another chemical difference found in flowering species is 
increased sugar content for bee pollinated flowers, signifying a higher reward for robbers as well 
(Roubik 1982).  

 Patch size may also affect the rate of visitation by pollinators and robbers. In 
previous studies of T. fulviventris, solitary workers were found to generally forage on small 
dispersed flowers. However, if the resource reward is high, which is usually the case with increased 
patch size (Price 1997), then recruitment can lead to hundreds (Johnson 1983). For flowering 
species that are susceptible to nectar robbers, this recruitment will be much more detrimental than 
single visits. However, an increased patch size may also mean a lower percentage of flowers 
exposed to the patch ‘edge’, thereby lowering overall susceptibility to robbery when flowers are 
packed closely together. In the case of pollinators and robbers that are hymenopterans, 
hummingbirds or bats, visitation may be impacted by distance that a floral resource is located from 
the pollinator’s nest or roost. Transport costs in terms of energy increase with distance from an 
individual’s home (Price 1997); this is true whether a visitor is acting as a legitimate pollinator or 
nectar robber. In the case of T. fulviventris, which engage in multiple daily foraging trips (Johnson 
1983), probability predicts that the closer a floral resource is to their nest, the higher chance it will 
be happened upon. Stated much more simply, the further a flower is from a nest, the less chance it 
has to be found by these bees. 
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 Trigona fulviventris are documented robbers as well as legitimate pollinators for over 30 
species of native and non-native tropical plants (Murphy and Breed 2008). Common garden plants 
were compared for differences in morphology and extant robbery, as well as robbery on freshly-
opened flowers. Further, I examined the impact of patch size and distance from a T. fulviventris nest 
on visitation rates by these bees, which is an indicator for potential pollination and/or robbery. 

MATERIALS AND METHODS 

Study Area.-Observations were made in old-growth lower neotropical montane Cloud Forest and 
nearby disturbed areas such as roadsides and home lawns. These areas were located in the outlying 
communities of Santa Elena and Monteverde, Costa Rica, at an approximate elevation of 1500m. 
Daily temperature averaged 20° C, with precipitation in the form of mist or rain during most days of 
study, which took place between 24-October and 16-November 2011. However, all data were 
collected during periods without precipitation. 

Field Methods 

Floral Species  
 Impatiens walleriana (Balsaminaceae): solitary flowers found in patches ranging from 5-180 
flowers (in this study), with recurved nectar spur for butterfly pollinators (Lentz 2004).  
 Aloe mudensis (Xanthorrhoeaceae): tubular, pendant, densely clustered flowers on racemose 
inflorescence (Pers. Obs.), likely hummingbird pollinated (Botes et al. 2009).  
 Rhododendron simsii (Ericaceae): open, elongate, and one to three large flowers per cluster, 
tubular corollas with nectar-secreting disc (annular) at base, bee pollinated (Luteyn 2004).  
 Seemannia sylvatica (Gesneriaceae): medium-sized axillary flowers, 2-3 per stalk, tubular 
corollas with annular nectaries, likely hummingbird pollinated (Denham 2004).  
 Pentas lanceolata (Rubiaceae): approximately 50 small flowers, terminal inflorescence, 
tubular corollas, butterfly pollinated (Delprete 2004). (Figure 1) 
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Incidence of Extant Robbery between Plant Species.-Four common flowering plant species found in 
Monteverde gardens and along roadsides were examined for extant robbery. Visible holes at the 
base of either corollas or nectaries indicated nectar robbery. Plant species was recorded and 
numbers of robbed and un-robbed open flowers were tallied on an individual plant basis. These 
species were A. mudensis (n = 21), I. walleriana (n = 13), R. simsii (n = 20), and S. sylvatica (n = 
4). Observations were recorded over many days and no plant was returned to after being sampled. 
All were found within one hectare of property and in areas of similar disturbance; arrangement was 
random around the property and patch sizes varied. 

Incidence of New Robbery between Plant Species.-This study was conducted using three species of 
flowering garden plants, I. walleriana (n = 7), R. simsii (n = 5), and P. lanceolata (n = 4), observed 
to be visited by T. fulviventris. All unopened flowers were first marked with paint pens on the 
underside of the calyx near the end of daylight hours on one day. They were then examined at the 
end of the following day, and the numbers of robbed and un-robbed newly opened flowers were 
recorded for each plant. Unopened flowers were not counted. 

Patch Size and Visitation/Robbery.-To test for importance of patch size on T. fulviventris foraging, 
experiments were conducted along an open edge habitat near primary growth forest. Groupings of 
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FIGURE 1.-A) I. walleriana, B) A. mudensis, C) R. simsii, D) S. sylvatica, E) P. lanceolata. Photos A, B, C, and E by author. 
Photo credit for D: A. Weber (1980) Vienna. http://www.genera-gesneriaceae.at/genera/seemannia.html.



10, 20, 40, and 80 I. walleriana flowers were positioned 10m apart to ensure the resources were 
separated for foragers. All were approximately 50m from a known nest. Visiting bees were tallied 
for each grouping every 30 minutes during dry hours over a four day period (Figure 3). Nectar had 
also been added to these flowers as an attractant, with hopes to test rates of nectar robbery. 

Distance and Visitation/Robbery.-To test for importance of distance on T. fulviventris visitation and 
robbery, experiments were conducted along a trail located within primary growth forest. Equal 
flower groupings of 100 I. walleriana, approximately 8-10 potted plants, were placed at measured 
distances of 25, 50, 75, and 100m from a known nest. Over three days, numbers of visiting bees 
were recorded every 30 minutes during time periods of no precipitation (Figure 2). As before, nectar 
had also been added to these patches. 

"  

!
!
RESULTS 

Incidence of Extant Robbery between Plant Species.-Rates of extant robbery per plant for four 
common garden species were significantly different (Kruskal-Wallis, H = 26.25, N = 58, p < .001, 
d.f. = 3). As significance was found here, a Non-Parametric Tukey-Type Multiple Comparison test, 
using the Nemenyi Test (Zar 1996) was conducted. Of these four species, A. mudensis was found to 
be significantly lower (n = 271, average percent nectar robbery/ plant = 65 ± 15%) than each of the 
other species, I. walleriana (n = 558, average percent nectar robbery/ plant = 92 ± 16%), R. simsii 
(n = 436, average percent nectar robbery/ plant = 88 ± 24%)  and S. sylvatica (n = 143, average 
percent nectar robbery/ plant = 100 ± 0%)  at P < .05. No pair-wise comparisons of these three 
species were significant (Figure 4). This can be seen in the large difference between average percent 
extant robbery in A. mudensis, at 65%, and 88-100% for these other three species (Figure 4). 
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FIGURE 3. Methods of flower emplacement for patch 
size experiments along edge habitat near primary 
cloud forest, Monteverde, Costa Rica.

FIGURE 2. Methods of flower emplacement for distance 
experiments along trail in primary cloud forest, 
Monteverde, Costa Rica.
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Incidence of New Robbery between Plant Species.-Rates of nectar robbery per plant by T. 
fulviventris within 24 hours of flower opening were found to be significantly different overall for 
three species of common garden flowers (Kruskal-Wallis, H = 6.40, N = 16, p = .041, d.f. = 2). 
Non-parametric Tukey-type multiple comparisons, using Nemenyi test (Zar 1996), however, found 
no significance for differences between pairs of species at p < .05. Slightly fewer than 75% of both 
I. walleriana (n = 161, average percent nectar robbery/ plant = 74 ± 16%) and P. lanceolata (n = 
220, average percent nectar robbery/ plant = 68 ± 12%) had their nectar robbed within 24 hours, 
while over 90% of R. simsii (n = 141, average percent nectar robbery/ plant = 92 ± 5%) flowers 
were robbed (Figure 5). 
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FIGURE 4. Mean values for percent of extant robbery per plant by Trigona fulviventris seen on four common 
garden plant species in the Monteverde area, Costa Rica. A. mudensis, n = 271, I. walleriana, n = 558, R. 
simsii, n = 436, S. sylvatica, n = 143. Error bars represent standard error. Statistical significance was found for 
differences amongst the four species at p < .05 using Non-parametric Tukey type multiple comparison tests. 
Significantly different species are shown with bars of different colors.
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Patch Size and Visitation/Robbery.-The impact that patch size of I. walleriana flowers had on T. 
fulviventris foraging was found to be statistically significant (Kruskal-Wallis, H = 32.42, N = 144, p 
< .001, d.f. =3). This then required the use of Non-Parametric Tukey-Type Multiple Comparisons, 
using Nemenyi Test (Zar 1996) to determine which patch sizes differed significantly in visitation 
rates. Differences between patch sizes of 10 & 40, 10 & 80, 20 & 40, and 20 & 80 were found to be 
significant at P < .05. Comparisons for patch sizes of 10 & 20 and 40 & 80 were not found to be 
significantly different; these pairs are similar in rates of T. fulviventris visitation. Groupings of 10 (n 
= 36, average visits/sample = .72 ± .74) or 20 (n = 36, average visits/sample = 1.17 ± 1.06) flowers 
averaged below 1.25 visits per sampling time period, while those of 40 (n = 36, average visits/
sample = 2.22 ± 1.71) or 80 (n = 36, average visits/sample = 2.56 ± 1.81) flowers had greater than 2 
average visits per sample. When average recorded visitation numbers are graphed for each grouping 
of I. walleriana, this becomes distinguishable (Figure 6) as an increasing trend of visits as patch 
size increases. However, this rate of increase in visitation does not increase proportionally with 
patch size (Figure 7).  
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FIGURE 5. Mean values for percent of robbery by T. fulviventris that occured within 24 hours of a flower 
opening in three garden plant species of Monteverde, Costa Rica: I. walleriana, n = 161, P. lanceolata, n = 
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Distance and Visitation/Robbery.-The impact that distance had on visitation rates by T. 
fulviventris on equal groupings of I. walleriana flowers was found to be significant (Kruskal-Wallis, 
H = 49.8, N = 104, p < .001, d.f. = 3). Non-Parametric Tukey-Type Multiple Comparisons, using 
Nemenyi Test, were performed (Zar 1996). These found no significance for differences in visitation 
rates for flower groupings located 25m (n = 26, average visits/sample = .15 ± .37) & 100m (n = 26, 
average visits/sample = .19 ± .57)  from the nest, as well as no significance for differences in flower 
groupings located 50m (n = 26, average visits/sample = 1.04 ± .66) &75m (n = 26, average visits/
sample = 1.88 ± 1.84) from the nest (Figure 6). All other pair-wise combinations were found to be 
significantly different at P < .05. Flowers located 25 & 100m from the nest were only sparsely 
visited, with all visitations only occurring on the third day of data collection. Those at 50 & 75m 
had visitations in nearly every time period over three days. Figure 6 shows this trend, as groupings 
at 25 & 100m had very small values for average number of visits while groupings at 50 & 75m 
averaged greater than one visitation per sampling time period. 

 !

!
!
!
! ! !  

DISCUSSION 

Floral Morphology.-Coevolution of a flowering plant with its primary pollinator also means 
restricted access for other species seeking nectar, pollen, or other rewards (Price 1997). However, 
nectar robbers bypass the normal pollination mechanisms; for example, in the case of tubular 
corollas, this is done by chewing holes through the corolla to receive nectar (Inouye 1983). Aloe 
mudensis had approximately 25% fewer flowers robbed than the three other species examined. This 
species is hummingbird pollinated and is likely to thus have a lower amino acid content (5.22) than 
I. walleriana, which is butterfly pollinated (6.68) (values are Mean on Histidine Scale, Price 1997). 
However, both S. sylvatica and R. simsii, which are bird (5.22) and bee (4.76) pollinated, are 
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�117



predicted to have equal or lower amino acid contents than A. mudensis (Price 1997). Lower quality 
nectar based on amino acid content is likely not a factor in T. fulviventris robbery then. Another 
hypothesis to describe the results found is the potential evolution of protective mechanisms in the 
past for plants that were commonly victims of nectar robbers (Maloof 2000). This could be looked 
at in further studies by measurements of corolla thickness, plant tannins, etc. to determine if plants 
with similar degrees of robbery shared (or collectively lacked) morphological features that succeed 
in deterring nectar robbers to some degree. 

 Impatiens walleriana, P. lanceolata, and R. simsii plants were found to have differing 
degrees of robbery occurring within 24 hours of their flowers opening. A possible explanation for 
this lies in flower position on the plant, as previous studies showed more robbery for external 
flowers (Murphy and Young 2008, Hargreaves et al. 2009). Both I. walleriana and P. lanceolata 
compact many flowers into a small area (Delprete 2002, Lentz 2004), which may reduce the ease to 
which early visitors are able to come in contact with flowers. Rhododendron simsii, on the other 
hand, has large flowers that are well spread out on each plant. A rate of approximately 90% for 
newly opened flowers and extant robbery in R. simsii signifies that most robbery occurs when these 
flowers have just opened. Impatiens walleriana, meanwhile, has lower initial rates of robbery, but 
over time these levels are very similar to those of R. simsii. Another possible explanation for 
reduced rates in I. walleriana and P. lanceolata is the high sugar content likely found in R. simsii, as 
it is primarily pollinated by bees (Gurevitch et al. 2002). If the T. fulviventris bees are foraging for 
nectar to rob, this flower may be the most attractive and energy efficient to rob nectar from, and 
only later will they switch to those with a lessened sugar content.  

 When potted I. walleriana plants were placed within already existing patches, there was no 
nectar robbery witnessed on these introduced flowers. It appears that T. fulviventris were not 
robbing these new/novel patches of flowers, for reasons unknown, even though rampant robbery 
was seen in these same patches. Data collected for new instances of robbery have shown 
preferential robbery for R. simsii, a species that is both less well-protected by compact plant 
morphology and likely has the highest sugar content of species studied. Data for extant robbery 
appears to be less conclusive, and future assessment of the morphological differences between A. 
mudensis and the other three species in this study may shed light on the lowered rates of extant 
robbery found.  

Patch Size and Distance Effects.-Although no nectar robbery occurred on experimental I. 
walleriana plants, they were useful indicators of the potential for both pollinators and robbers due 
to visitation by T. fulviventris. I hypothesized that changes in two patch attributes, patch size and 
distance from nest, would cause variation in visitation rates by these bees on groupings of I. 
walleriana flowers.  

 Interesting results were also found correlating patch size with visitation rates. This 
experiment took place in a disturbed habitat with other flowering plants nearby, which allowed for 
easy discovery by T. fulviventris. However, nectar robbery did not occur at patches of any size in 
this study. Visitation rates increased with patch size, and patches of 10 & 20 flowers were found to 
have significantly fewer visits than those with 40 & 80 flowers. However, these did not differ 
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significantly in visitations, even though both involved a doubling of flowers (and presumably 
flower resources) available to T. fulviventris. These bees are known to engage in recruitment related 
to high reward resources (Johnson 1983) yet no exponential increase was seen as patch size 
increased: in fact, data fall well below what could be expected by a simple proportional increase 
(Figure 7). Low rates of visitation, with little to no recruitment, signify that increased time that a 
resource exists is likely needed before T. fulviventris chooses to engage in both recruitment and 
robbery. If a resource is quick to disappear, it will not have been ecologically cost-effective to create 
holes for nectar robbery (Murphy and Breed 2008). Likewise, the availability of other floral 
resources that are known to be constant may keep potential visitors, both pollinators and robbers, at 
these sources. 

  Patches at intermediate distances were found to have higher visitation than patches closer 
and farther. While there may be ecological explanations for this, it is my belief that these results are 
simply a factor of discovery time. Patches at 25 & 100m were not discovered until the final day of 
data collection while patches at 50 & 75m were discovered on the first day. Although this 
experiment was limited in scope, it did show that visitation rates by T. fulviventris, potential 
pollinator-robbers, did not drop with distance from nest.  Instead, new patches of floral resources 
take time to be discovered. These experimental patches were placed within old growth forest, where 
there were no other visible floral resources; this factor of discovery time is especially prevalent. 
Nectar robbery did not occur at any patch in this study as well. Thus, periodic short bursts of 
flowering may be a strategy developed in some plant species to avoid robbery by limiting discovery 
time and attractiveness to robbers. Persistent flowers will get more visits but also more robbery, 
unless there are evolutionary mechanisms to protect nectar from robbers.  Further studies with 
longer time periods may be able to better show the impact that distance from a nest has on visitation 
rates that lead to both pollination and robbery by T. fulviventris. 
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Hummingbird feeder interference to visitation of a 
native plant, Stachytarpheta frantzii (Verbenaceae).!
Sarah Kruyer!
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!
ABSTRACT 
Plants are pollinator limited, as their reproduction is dependent on this interaction.  Hummingbird feeders can provide 
another, possibly more valuable, resource and affect pollination of nearby flower.  This study was conducted to test the 
effect of hummingbird feeders on hummingbird visitation rates of flowers in Stachytarpheta frantzii found on forest 
edge.  Twelve pairs of patches were observed for visitation by counting number of flowers visited, time spent foraging 
at the flowers and feeder, number of species and number of overall visits by hummingbirds. Hummingbird feeders did 
not significantly affect flower visitation (85.17± 66.76, and 89.75± 79.75; means and standard deviations for no feeder 
and feeder patches, respectively), time spent foraging (97.50± 75.40 s, 98.50± 97.32 s, flowers, 39.08± 56.37 s), number 
of species (1.17± .39, 1.58± .67) or number of visits (3.75± 1.71, 5.92± 4.83). Because hummingbird feeders did not 
significantly affect visitation rates, feeders do not present a conservation issue and should not negatively affect plant 
fitness in terms of pollination rates. !
RESUMEN 
Las plantas tienen limitaciones para su polinización, así como su reproducción depende de esta interacción. Los 
comederos de colibríes pueden proveer otro, posiblemente más valioso, recurso y afectar la poliniazción en las flores 
cercanas. Este estudio se condujo para probar el efecto de los comederos de colibríes en la tasas de visitación de flores 
en Stachytarpheta frantzii encontradas en bordes de bosque. Doce pares de parches fueron observados para las visitas 
contando el número de flores visitadas, tiempo de forrajeo en las flores y los comederos, número de especies y número 
total de visitas por colibríes. Los comederos no afectan significativamente la visitación de las flores (85.17± 66.76, y 
89.75± 79.75; promedios y desviaciones estándar para no comederos y 
comederos, respectivamente), tiempo de forrajeo (97.50± 75.40 s, 98.50± 97.32 s, flores, 39.08± 56.37 s), número de 
especies (1.17± .39, 1.58± .67) o número de visitas (1.17± .39, 1.58± .67). Debido a que los comederos no afectan 
significativamente (1.17± .39, 1.58± .67) las tasas de visitación, los comederos no representan un problema para la 
conservación y no debería afectar negativamente el éxito reproductivo de las plantas en términos de tasas de 
polinización. !
INTRODUCTION 
Pollination controls the amount of reproduction in a plant community.  Insufficient pollination leads 
to a decrease in reproduction because fewer flowers can fruit.  This pollinator limitation hypothesis 
has a significant impact on biodiversity because a reduction in pollination can lead to the overall 
reduction in abundance of a species (Fuches et al., 2010). In relation to conservation, the abundance 
of pollinators able to pollinate plants is essential for maintaining the biodiversity of plants, but the 
number of pollinators is decreasing due to human destruction, worldwide and especially in the 
tropics (Eckert et al., 2009).  The interaction between pollinators and flowers is specific and often 
co-evolved (Campbell, 2008).  Therefore it is important to protect the pollinator plant interaction. 
 Hummingbirds are pollinators for many plants by moving pollen between plants when 
collecting nectar.  Because they have a high metabolic energy requirement, it is necessary for them 
to forage multiple times a day and to visit many flowers (González-Gómez et al., 2011). 
Hummingbird feeders provide a more reliable source of nectar and therefore can provide more 
reward per visitation (González-Gómez et al., 2011).  They are often used outside business and 
houses to attract hummingbirds (Alavos, 2012). Flowers vary their nectar output throughout the day 
but feeders provide a more consistent source of sucrose because its concentration and output is not 
varied (González-Gómez et al., 2011).  Hummingbirds have been found to remember and visit the 
source with the highest reward (Lara et. al., 2009). Hummingbird feeders are used frequently 
around businesses and are left up year round (Avalos, 2012). Because hummingbird feeders provide 
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a more profitable reward with greater consistency, I am testing the effect feeders have on visitation 
rates, which could ultimately affect reproductive success of plants (Valois-Cuesta et al., 2011). 

In Mexico City, feeders were shown to decrease local pollination of native species where 
visitation, pollination and fruit production were measured (Arizmendi et al., 2007). Feeders have 
been shown, also in Mexico, to have more than just an immediate impact because it has been shown 
that male hummingbirds will switch their territory to protect more valuable resources, for example 
from a flower patch to a feeder (Lara et. al., 2009). Further supporting this result, feeders were 
shown to decrease pollen loads on local hummingbirds at Cerro de la Muerte, Costa Rica (Avalos, 
2012). However, another study done on hummingbird feeders in temperate and tropical zones 
showed that hummingbirds in the tropics do not prefer feeders as opposed to the temperate zone 
where feeders are shown to affect pollination (Altshuler and Nunn, 2001).  Tropical areas have less 
seasonality and therefore productivity is higher and more species flower year round, which reduces 
the disparity in profit between flowers, causing hummingbirds to ignore the feeder (Altshuler and 
Nunn, 2001).   

If hummingbirds select feeders over plants, this would lower a plant’s reproductive success 
(Campbell, 2008).  Especially if feeders are present on forest edge, these feeders could be further 
adding to the already degraded forest that is present on edge (Laurance et. al., 1997).  In 
Monteverde, Costa Rica, this is where most feeders are present because most local hotels and 
residences are on or near forest edge (pers. obs.).  If hummingbirds are pollinating less forest edge 
plants because they prefer hummingbird feeders, this could lead to a loss of biodiversity (Campbell, 
2008). Forest edge is greatly affected by the non-forest area surrounding it and this could lead to 
further deterioration of the forest (Laurance et. al., 1997).  Therefore it is important to study the 
overall effects of hummingbird feeders on patches of hummingbird-pollinated plants in forest edges 
because this has not been studied before. I will test the effects of hummingbird feeders on the 
number of flower visitations to approximate pollination by native hummingbirds on forest edge 
patches in order to assess the impact of hummingbird feeders on local pollination (Valois-Cuesta et 
al., 2011).  !
METHODS !
Study Species 
Stachytarpheta frantzii is a native plant to Costa Rica chosen because it is commonly found around 
Monteverde and Santa Elena, Costa Rican and for its abundance of flowers. These plants are known 
to be visited by hummingbirds often and flower year around (Zuchowski, 2005). While often found 
in cultivation, many local patches are found on the forest edge or connected to the edge.  There are 
ten abundant to common native hummingbird species in the premontane wet and lower montane 
wet lifezones of Monteverde, where the study was conducted. (Nadkarni and Wheelwright, 2000) !
Study Sites 
Twelve pairs of patches with similar number of flowers of S. frantzii on forest edges in open, 
disturbed habitats were used for the study sites.  All study sites were in premontane wet and lower 
montane wet lifezones in Monteverde and Santa Elena, Costa Rica. A hummingbird feeder was 
placed in the treatment patch while a hundred m away, to avoid having a control and experimental 
patch in the same hummingbird territory, a control patch was established without a feeder (Temeles 
and Kress, 2010).  The hummingbird feeder was placed at the same level as the flowers and was 
filled with a 4:1 water to sugar solution, a standard solution for feeders that closely matches sucrose 
concentration in hummingbird pollinated flowers (Baker, 1975).  The hummingbird feeders were set 

�122



out three days, refilled once, before observations began in order to give the hummingbirds time to 
adjust. !
Observation 
A thirty minute observation period was conducted for each patch, control and experimental, each 
pair conducted on the same day from the hours of 7:00 am-9:00 am.  During the survey, 
hummingbird species, number of flowers visited, and time spent foraging per hummingbird visit 
(both for flower nectar and feeder) was recorded.  Plants with short corollas have high pollination 
success per visit and therefore, visitation will be used to estimate pollination rates (Valois-Cuesta et 
al., 2011).  For each pair, the first patch observed, either experimental or control, was alternated 
each day.  Each patch was visited one time.  !
Data Analysis 
The data was analyzed, after confirming normality, by conducting paired t-tests comparing number 
of flowers visited, number of species observed, and the number of visits by hummingbirds between 
the control and experimental patch.  An analysis of variance (generalized linear mixed model) was 
used to compare total time spent foraging for flowers at the control site and time spent foraging 
flower and feeder nectar at the experimental sites, taking into account the lack of independence in 
observation collected within the same patch and in control-experimental paired patches. !
RESULTS 
Overall, hummingbird feeders did not significantly affect visitation of S. frantzii by hummingbirds.  
The numbers of flowers visited was similar in both control and experimental patches (t = 0.1932, df 
= 11, p = 0.8503) and there was also no trend (Fig. 1).  The numbers of flowers on all pairs were 
similar but ranged from 400-1500 flowers per pair. !

"   
FIGURE 1. Average number of flowers of  Stachytarpheta frantzii (± standard deviation) visited by 
hummingbirds at the experimental patches with feeders (N=12) and respective control patches 
without feeder (N=12) located 100 m away. Feeder presence did not significantly affect number of 
flowers visited (p=.85). Study conducted in Santa Elena and Monteverde, Costa Rica. !

There is no significant difference between the number of times a hummingbird visited a 
treatment patch and a control patch, (t = 1.388, df = 11, p = 0.1926) (Fig. 2).  !
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"  
FIGURE 2. Average number of hummingbird visits (± standard deviation ) per patch at the control 
(N=12), no feeder, patches and the experimental (N=12), feeder, patches. Feeder presence did not 
significantly affect visitation (p=.19). Study conducted in Santa Elena and Monteverde, Costa Rica. !

Hummingbirds spent similar periods of time foraging at flowers located in control patches 
and experimental patches, but they spent less time foraging at flower located within experimental 
patches (i.e. next to a feeder) (Fig. 3). However, this trend was not statistically significant (F=2.50, 
df=2, p-value=0.105).   !

"  
FIGURE 3. Average amount of time (s) (± standard deviation) spent on foraging activities, flowers 
(control site, n=12), flowers (experimental site, n=12) and feeder (experimental site, n=12). Feeder 
presence did not significantly affect foraging activity (p=.105).  Study conducted in Santa Elena and 
Monteverde, Costa Rica. !

The number of species recorded was slightly higher in patches with feeder than in patches 
without (Fig. 4), but this trend was not statistically significant (t = 1.8202, df = 11, p-value = 0.096).  
With the exception of one patch, the number of species that visited the experimental sites was 
greater than or equal to the number that visited the controls.   
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"  
FIGURE 4.  Average number of species (± standard deviation) that visited each patch at control 
sites (N=12), no feeder, and experimental sites (N=12), feeder. Feeder presence did not significantly 
affect number of species that visited each patch (p=.096) but there was an increasing trend between 
control and experimental. !
DISCUSSION  
Overall, hummingbird feeders had no significant impact on flower visitation or hummingbird 
foraging. Because visitation is a proxy for pollination (Valois-Cuesta et al., 2011), plant pollination 
is unaffected by the addition of the feeders as similar number of flowers are visited when a feeder is 
present and when it isn’t.  This is important because feeders are not contributing to the edge effect, 
and therefore not adding to the degradation of the forest.  Forest edges are already fragile 
ecosystems and an additional stress on an interaction, such as the pollinator-plant interaction, could 
lead to extinction (Laurance et al, 1997). Therefore, these data support the previous study where 
tropical hummingbirds were found to affect change flower foraging behavior (Altshuler and Nunn, 
2001).   Even though hummingbirds in the Monteverde area chose to visit the feeders, unlike the 
other tropical study (Altshuler and Nunn, 2001), the hummingbirds spent much less time foraging 
the feeder than the flowers at both the control and experimental.  Therefore, overall flower foraging 
behavior was not affected by feeder presence in either study. This could be due to the high 
productivity and abundance of flowers both in the tropics and in the particular plant studied.   
 The tropics are known for having a higher productivity and lower seasonality (Sakai, 2001). 
This decrease in seasonality from the temperate zones allows for more plants to be found flowering 
year round (Sakai, 2001).  This is important to hummingbirds as their food source becomes more 
consistent and profitable (Avalos, 2012).  The low seasonality present limits the biological 
constraints that are put on species (Sakai, 2001).  Because this study found that hummingbirds do 
tend to use feeders in the temperate zone, the higher availability of resources in the tropics might be 
the reason for the unaffected visitation rates in Monteverde and Santa Elena. The plant studied, S. 
frantzii, is in bloom all year long, (Zuchowski, 2005), which provides a high amount of flowers for 
foraging.  Supporting that when resources are abundant hummingbirds flower foraging behavior is 
unchanged, the data from Santa Elena and Monteverde shows that the additional resource is 
unnecessary. 
 Also, this study was not conducted during the breeding season (late November to January) 
of hummingbirds in the tropics (Fuchs, 2010).  This is important to note because both energy 
requirements and territorial behavior is decreased during the non-breeding season, which could 
explain why the hummingbird feeders did not significantly affect flower foraging behavior 
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(González-Gómez et al., 2011).  With less energy needed, hummingbirds are less likely to visit the 
feeders and less likely to change their territory (Heinrich, 1975). Because of this, another similar 
study should be conducted during the breeding season to broaden the implications of these data. A 
study done during the breeding season could show a male hummingbird shifting his territory to 
include the feeder because resource requirements are higher and territory becomes increasingly 
important during that time.  If a hummingbird were to shift their territory away from a naturally 
occurring flower patch, this could reduce pollination, affecting pollination and plant success.  
 Even though the number of species that visited each patch did not significantly differ from 
each other, there was a trend evident in the data that deserves attention.  The number of species was 
higher for the patches with the feeders.  This could be because it adds a new territory for another 
male (Lara et. al., 2009). When a new resource is added, a male hummingbird will remember if it is 
more valuable or profitable from other resources and can shift his territory to include this new 
resource (Lara et. al., 2009).  In addition, other hummingbirds are known to choose less profitable 
patches to decrease energy costs of defending territory (Lara et. al., 2009). Individual of a different 
species could choose to keep the flowers as their territory and allow a different species or individual 
to territorialize the feeder.  This would reduce energetic cost by eliminating the need for either 
hummingbird to defend their territory (Lara et al., 2009). It seems as if adding an additional 
resource that could be used by more species, feeders attracted more species. 
 In general, this study showed that hummingbird feeders do not adversely affect the visitation 
of hummingbird-pollinated plants therefore, by approximation, not affecting pollination (Valois-
Cuesta et al, 2011).  This is important because loss of pollination can limit fruit and seed production 
(Heinrich, 1975).  This loss in reproduction can ultimately lead to population reduction if not 
counteracted by speciation (Heinrich, 1975).  However, because feeders mostly likely do not 
significantly change hummingbird foraging behavior, there is limited risk for extinction from loss of 
pollinators. In order to broaden the scope of this study, an additional study should be done to 
determine if patch size and nectar availability encourages feeder use.  This additional study would 
demonstrate the relationship between resource abundance and foraging behavior that may have 
affected the outcome of this study. Because hummingbird feeders did not significantly affect 
hummingbird foraging behavior outside the breeding season in Stachytarpheta frantzii , plant 
pollination would not be adversely affected, which suggests that hummingbird feeders do not 
present a conservation issue, at least not in the Monteverde area.  !
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!!
Anti-herbivore defense and canopy cover in Cecropia 
obtusifolia (Urticaceae) !
Carly Phillips !
Department of Biology, Occidental College  !!
ABSTRACT 
 Herbivore defenses are costly and may depend on available resources. This study looked to 
determine plant defenses and corresponding trade offs with growth in one pioneer tropical tree, 
Cecropia obtusifolia (Urticaceae). I measured total chlorophyll content, total water content, 
concentration of phenolic compounds, and leaf toughness on newly mature leaves of trees under 
differing amounts of canopy. Of all variables measured, only water content varied significantly with 
percent canopy cover showing an inverse relationship (Regression analysis, n = 27, R2 = 0.315, p = 
0.0023). Increased water content can lead to higher herbivory for the higher light leaves. C. 
obtusifolia may also lack the plasticity to respond rapidly to changes in the light environment. This 
study supports the conclusion that in higher light, C. obtusifolia, is allocating greater resources to 
rapid growth instead of defense. !
RESUMEN !

Las defensas contra herbivoría son costosas y pueden depender en la disponibilidad de 
recursos. Este estudio busca determinar la defensa en plantas y la compensación con el crecimiento 
en árbol neotropical, Cecropia obtusifolia (Urticaceae). Medí el contenido total de clorofila, 
contenido total de agua, concentración de compuestos fenolícos, y dureza de la hoja en hojas recién 
maduradas en árboles bajo diferentes cobertura de dosel. De todas las variables medidas, solo el 
contenido de agua varío significativamente con el porcentaje de cobertura del dosel mostrando una 
relación 
inversa (Análisis de Regression, n = 27, R2 = 0.315, p = 0.0023). El aumento en el 
contenido de agua puede llevar a una mayor herbivoría para los altos niveles de luz. 
C. obtusifolia puede también carecer de la plasticidad para responder rápidamente a 
cambios en la luz ambiental. Este estudio apoya la conclusion de que en sitios con 
mucha luz, C. obtusifolia está utilizando sus recursos para un rápido crecimiento y no en 
defensas. !
INTRODUCTION 

Herbivory generally lowers plant fitness (Coley et al. 1985). Young and expanding leaves 
suffer a greater rate of herbivory because of their high nutrient and water content (Coley & Barone 
1996). Rates of herbivory in the Tropics are higher than in temperate forests, 10.9% versus 7.5% 
(Coley & Aide 1991). In fast-growing, gap-adapted plants with short-lived leaves, rates of herbivory 
are often higher (48%) than their slower- growing counterparts (11%) (Coley & Barone 1996). The 
result of these higher tropical herbivory rates is an increase in specialization by herbivores and 
increased plant defenses (Coley & Aide 1991). Despite their importance, defenses are expensive 
and can be limited by resource availability (Coley 1983).  
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Trade offs between defense, growth, and reproduction, are seen in plants when resources, 
like light, become limiting (Kursar & Coley 2003; Bazzaz et al. 1987). Concentrations of phenolic 
compounds, a broad category of chemical defenses containing an aromatic carbon ring, have been 
shown to decrease with decrease levels of light (Weinig et al. 2004). Other defenses like toughness, 
however, have been shown to have no relationship to light availability (Folgarait & Davidson 
1994). Decreased water content in leaves, while making them less palatable to herbivores has not 
been shown to change with light availability (Coley & Aide 1991). The type of defense present in 
leaf tissue is also related to growth rates and life history traits (Bazzaz et al. 1987). Gap-adapted 
plants usually have higher growth rates and allocate more of their resources to growth and 
reproduction (Bazzaz et al. 1987), which has been shown to be related to concentrations of 
chlorophyll within leaf tissue (Brougham 1960).  These gap-adapted plants also typically contain 
less quantitative defenses like phenols and fiber (toughness) due to a short leaf lifetime and 
therefore minimal investment in leaf tissue (Coley et al. 1985).  

Cecropia is one example of a pioneer that quickly colonizes gaps. Previous lab studies 
evaluating defensive compounds in Cecropia species found higher levels of carbon based defenses 
such as phenols in their leaves for sun-loving species (Folgarait & Davidson 1994). Levels of 
phenols, tannins, and production of Mullerian bodies all varied increased with higher light while 
leaf toughness and leaf rate expansion were not significantly correlated with light availability 
(Folgarait & Davidson 1994). These trends, of many different species in the same genus, are 
attributed to greater availability of carbon in high light environments, faster growth rates in higher 
light, and potential nitrogen limitation which is required for leaf thickening (Folgarait & Davidson 
1994).  

Similar studies have not been conducted in the field. Given the impact of herbivory on plant 
fitness and overall development, a greater ecological understanding of its defense mechanisms is 
necessary. In this study, I evaluated the defenses of the pioneer Cecropia obtusifolia (Urticaceae) 
along a gradient of canopy cover, hypothesizing that as canopy cover increased, plant defenses 
(toughness, phenols, and water content) would decrease given a greater allocation of resources to 
growth (chlorophyll).  !
MATERIALS AND METHODS !
Study Site and Organism 

I conducted this study in Monteverde and Santa Elena, Costa Rica. The zone is a pre-
montane wet forest, although I collected samples for this study in gaps along the roadside and in 
patchy growth areas. The area receives slightly over 3000 m each year of precipitation in the form 
of rain and mist (Clark et al. 2000). I sampled between the elevations of 1200 and 1500 m.  

C. obtusifolia is a gap adapted, pioneer, tropical tree species (Garay-Arroyo & Alvarez-
Buylla 1997). Most mammals and birds disperse their fruits (Alvarez-Buylla 1997). They are 
abundant in both natural gaps and human created disturbances as they require full light to germinate 
(Alvarez-Buylla et al. 1996).  !
Leaf collection 

I collected leaves from C. obtusifolia trees between 1.5 and two meters in height. I collected 
the newest, fully expanded leaf from each plant to control for leaf age. I used a spherical 
densitometer to measure the percent canopy cover. The densitometer has 25 squares on a concave 
mirror. I held the densitometer an arms length away from my body with the mirror pointed at the 
canopy. I estimated four sections within each square and counted the number of squares filled with 
canopy. I took four measurements at each plant, averaged them, and multiplied by 1.04 to calculate 
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percent canopy cover. Within four hours of leaf collection, each leaf was processed for chlorophyll, 
phenolic compounds, toughness, and water content.  !
Chlorophyll Content 

I measured chlorophyll content using a modified spectrophotometric method (Hendry & 
Grime 1993). I cut two, one cm2 pieces of leaf tissue and ground them into a homogenous solution 
of four mL of 80% acetone using a mortar and pestle. I then centrifuged that solution for three 
minutes. After transferring the centrifuged solution to a cuvette, I measured the percent 
transmittance of the solution using the spectrophotometer at wavelengths of 645 nm (Chlorophyll 
A) and 663 nm (Chlorophyll B). Using these two measurements, I calculated chlorophyll 
concentration of each leaf (Porra et al. 1989).  !
Leaf Toughness  

I measured leaf toughness using a leaf penetrometer. I put a leaf in between the plates of the 
penetrometer and placed a 9.859 g plastic container on top. I slowly added water to the plastic 
container until the penetrometer broke through the leaf tissue under the combined weight. I added 
the mass of water (1mL=1g) to the mass of the plastic container to calculate total leaf toughness.  !
Water Content 

I measured leaf water content using a 16 cm2 razor blade stamp to cut an identical section of 
leaf tissue from each sample collected. I weighed this 16 cm2 square of tissue and then placed it in 
the dessicator comprised of a large cooler with 4 high powered bulbs inside at 72°C for 24 hours. I 
then took the dry weight of each square. I used the difference between the two weights as the water 
content for each leaf given the uniform size of the weighed section.   !
Phenolic Compounds 

I measured concentration of phenolic compounds using a modified procedure from the 
LaMotte SMART Colorimeter 2 kit. For each leaf collected, I extracted phenolic compounds from 
3.5 g of leaf tissue using four mL of universal extracting solvent. I added 13 mL of DI water and 
shook the solution vigorously for five minutes. I let the solution settle for one minute and then 
pipetted one mL of the solution and nine mL of DI water into bottle 0290 provided in the kit. I 
measured the blank solution using test 77 preprogrammed into SMART colorimeter 2 and then 
added 0.1g of aminoantipyrine reagent. After capping and shaking the bottle, I added four drops 
from the provided pipet of 16% ammonium hydroxide solution and two mL of 2% potassium 
ferricyanide solution. I then recapped and shook the bottle and then scanned the solution for 
measurement of phenolic compounds.  
   
RESULTS !
Canopy Cover 
 I collected leaves under canopy cover ranging from 0.00% to 50.96% with a standard 
deviation of 17.51%.  !
Chlorophyll content 

Chlorophyll content remained relatively constant throughout all levels of canopy cover 
(Regression analysis, n= 27, R2 = 0.064, p = 0.202). The mean weight of leaf tissue used in the 
assay was 0.344 ± 0.107g.  I measured no chlorophyll level below 33 ± 7.72 nmol/mL or above 59 
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± 7.72 nmol/mL and the mean chlorophyll content of all samples collected was 45.83 ± 7.72 nmol/
mL (Fig. 1).  

"  !
Leaf toughness 

Leaf toughness did not vary significantly with canopy cover (Fig. 2), although a slightly 
negative correlation was observed (Regression analysis, n = 27, R2 = 0.064, p = 0.202). Toughness 
ranged from 16.4 g to 106.9 g with a standard deviation of 22.6 g. Mean leaf toughness was 52.32 ± 
22.6g.  

"   !
Water Content 

As canopy cover decreased, water content increased significantly (Regression analysis, n = 
27, R2 = 0.315, p = 0.0023). Water content ranged from 0.168 ± 0.903g to 0.643 ± 0.903g. Mean 
water content of each 16 cm2 piece of leaf tissue was 0.264 ± 0.018 g (Fig. 3).    
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FIGURE 1: Changes in total leaf chlorophyll content of C. obstufolia by percent canopy 
cover in Monteverde, Costa Rica. (n = 23) No significant relationship was observed (R2 

= 0.0074, p = 0.67).  

FIGURE 2: Change in leaf toughness of C. obtusifolia with percent canopy cover in 
Monteverde, Costa Rica. (n = 27) No significant difference between toughness and 
canopy cover was observed (R2 = 0.064, p = 0.202).  
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!  !
Phenolic Compounds 

I observed no significant relationship to suggest that percentage canopy cover affects levels 
of phenolic compounds present in plant tissue although a slightly negative relationship was present 
(Regression analysis, R2 = 0.0083, p = 0.68). I recorded large variations in concentrations of 
phenolic compounds ranging from 0.00 ± 6.88 ppm with 37.4% canopy cover to 26.6 ± 6.88 ppm 
with 9.4% canopy cover. The mean concentration of phenol compounds was 10.29 ± 6.88 ppm (Fig. 
4).  

No other significant correlations were observed between all variables measured (correlation 
analysis, p > 0.05).  !

"  !!
DISCUSSION  

The results of this study counter previously observed trends in plant defenses and the trade 
off between those defenses and reproduction (Bazzaz et al. 1987). Leaf toughness is related to fiber 
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FIGURE 3: Changes in leaf water content of C. obtusifolia with percent canopy 
cover in Monteverde, Costa Rica. (n = 27). A negative regression is significant (R2 = 
0.315, p = 0.0023).
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FIGURE 4: Change in levels of phenolic compounds in C. obtusifolia leaves by percent 
canopy cover in Monteverde, Costa Rica. (n = 23). No significant relationship was 
observed (R2 = 0.0083, p = 0.68).
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in leaf tissue. This fiber is difficult for herbivores to digest therefore decreasing their rate of 
herbivory (Coley & Barone 1996). Similar to this study (Fig. 2), lab experiments found no 
significant differences within high and low light treatments of three different Cecropia pioneer 
species (Folgarait & Davidson 1994). Given the short leaf life time of a pioneer species like C. 
obstufolia it appears that plants do not use long chain polymers of carbon like fiber, toughen young 
leaves regardless of the light environment (Folgarait & Davidson 1995).  Leaves could be 
toughened later on in their lifetime, but initially, carbon is invested in rapid growth (Poorters & 
Bonger 2006). 
 Water content was the only trend that varied significantly with percent canopy cover. As 
canopy cover increased, water content decreased (Fig. 3). Previous studies of tropical plants show 
that decrease in water content corresponds with a decrease in herbivory (Coley 1983). The trend 
demonstrated in this study shows increased water with increased light, meaning these high light 
leaves are more vulnerable to herbivory. Higher levels of water however can also increase 
efficiency of photosynthetic machinery (Bota et al. 2004). In this way, less canopy cover and higher 
water content could allow the plant to generate more photosynthate to allocate towards rapid growth 
effectively counter acting the greater risk of herbivory.  
 No previous studies of Cecropia looked at levels of chlorophyll in relation to light 
availability. Absence of a relationship in this study could indicate consistent levels of chlorophyll 
within the species or lack of plasticity to be able to respond to changing levels of light (Fig. 1). As a 
pioneer, fast growth and reproduction in disturbances require large amounts of photosynthesis 
which means large amounts of chlorophyll (Kursar & Coley 1992). The lack of greater chlorophyll 
in higher light availability could also indicate nutrient stress in disturbances as chlorophyll is a 
nutrient expensive compound (Coley & Barone 1996). In a high light environment, although more 
chlorophyll could be beneficial towards the plants growth and reproduction, the plant may not be 
able to afford to produce greater amounts or cannot be induced to do so.   

In a previous study, one species out of three pioneer Cecropia was found to have greater 
phenol concentrations at higher light levels (Folgarait & Davidson 1994). Phenols, as carbon heavy 
compounds, are initially expensive but have a low maintenance cost (Coley et al. 1985). Much like 
the chlorophyll levels observed in this study, levels of phenolic compounds did not relate to percent 
canopy cover (Fig. 4). Previous studies have shown that fast growing, gap adapted species often 
allocate the most resources to growth and only to defense in high resource conditions, but it appears 
that Cecropia obtusifolia does not follow this trend (Bazzaz et al. 1987).  In a similar way to 
chlorophyll levels, C. obtusifolia may lack the necessary genetic information to respond defensively 
to changes in light (Weinig et al. 2004).  
 The results of this study indicate that C. obtusifolia allocate resources differently than other 
pioneer species. It also seems that this species does not have the plasticity to respond 
physiologically to changes in the light environment.  Given the relatively stable levels of 
chlorophyll and relationship of water content to canopy cover, it appears that C. obtusifolia 
allocates its resources, particularly carbon-rich photosynthate, primarily to rapid growth instead of 
defense.   !
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Fruit size preferences of different sizes of frugivorous 
bats (Phyllostomidae)!
!
Sarah Schimpp!!
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ABSTRACT !
Optimal foraging and fruit dispersal are related in that frugivores, such as bats, choose different sizes of fruits and plants 
attempt to present fruits that will be taken far from the parent plant, reducing density-dependent mortality. Additionally, 
larger fruits may be restricted to larger bats, increasing degree of specialization and flight distance. Bats overall did not 
show preferences for different weights of fruits but observations showed different sizes of bats taking different numbers 
of fruits, relating to fruit size. Bat preferences for different sizes of fruit (3 g and 15 g, 2 g and 6 g, and 3 g and 10-12 g) 
were tested with small and large bats. Overall, fruits were taken in equal proportion in both number and weight (small 
fruits = 0.52 ± 0.12; large fruits = 0.53 ± 0.09). Small bats had a more difficult time carrying large fruits, with many 
being unable to lift them from the bowl (10.5 ± 6.39 average attempts per trial). The results suggest that, regardless of 
bat size, fruit size will not impact rates of removal.  However, larger fruits will more likely be carried by larger bats.  !
RESUMEN !
El forrajeo optimo y la dispersión de frutos está relacionados en que los frugívoros, como los murciélagos, escojen 
diferentes tamaños de frutos y las plantas tartan de presentar frutos que van a ser transportados lejos de la planta padre, 
reduciendo la mortalidad dependiente de la densidad.  Adicionalmente, frutos largos pueden estar restringidos a 
murciélagos más largos, aumentando el grado de especialización en la distancia de vuelo.  Los murciélagos no muestran 
preferencia por diferentes peso de los frutos pero las observaciones muestran que murciélagos de diferentes tamaños 
toman diferentes número de frutos, en relación con el tamaño del fruto. Las preferencias de los murciélagos por 
diferentes tamaños de fruto (3 g y 15 g, 2 g y 6 g, y 3 g y 10-12 g) fueron probados con murciélagos pequeños y 
grandes.  En total, los frutos fueron tomados en proporciones similares tanto en número como en peso (frutos 
pequeños= 0.52 ± 0.12; frutos grandes = 0.53 ± 0.09).  Los murciélagos pequeños tienen un mayor problema cargando 
frutos largos, con muchos siendo incapaces de levantarlos del tazon (10.5 ± 6.39 promedio por tratamiento).  Los 
resultados sugieren que, a parte del tamaño del murciélago, el tamaño del fruto no tienen impacto alguno en la tasa de 
remoción.  Sin embargo, frutos más largos van a ser más comúnmente cargados por murciélagos grandes. !
INTRODUCTION  !
Fruit dispersal is an important way to reduce density-dependent seed mortality around the parent 
tree and to find new suitable habitats (Howe and Smallwood 1982). Bats serve this dispersal 
function and help reduce mortality. For example, a study in Costa Rica looking at seeds dispersed 
by the frugivorous bat Artibeus jamaicensis showed that dispersed seeds only suffered from 10% 
mortality by a predator, as compared to 60% mortality under parent trees (Howe and Smallwood 
1982). Plants have optimal distances to move fruits which create specialized fruit syndromes, where 
certain fruit characteristics favor a specific subset of dispersers (Howe and Smallwood 1982; 
Gautier-Hion et al. 1985). Thus, fruit color, weight, presentation, and size all impact who will come 
to disperse fruits (Gautier-Hion et al. 1985). For example, most “bat fruits” are fleshy and green 
(Gautier-Hion et al. 1985). !
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Fruit size and weight are important determining factors of who disperses a fruit (Gautier-Hion et al. 
1985). For example, large fruits that fall to the ground are normally dispersed by large mammals, 
while fruits dispersed by birds are smaller (Gautier-Hion et al. 1985).  For flying dispersers, fruit 
size is also important as bulk and weight constrain ability to grab fruit and to fly away with it. Also, 
energetic constraints due to the high costs of flight are also likely to limit the range of fruit sizes 
taken (Kalko et al. 1996). !
Bats are an important group of flying dispersers in the Tropics. For example, a previous study in La 
Selva, Costa Rica found of animal dispersed trees, 21% were bat dispersed type and 75% were bird 
dispersed type (Hartshorn 1980). In general, there is a linear relationship between bat size and fruit 
size, where small bats take small fruits and large bats specialize on larger fruits suggesting niche 
partitioning (Kalko et al. 1996; Heithaus et al. 1975). It is also supposed that plants select for 
different dispersal distances by manipulating attractiveness of fruits to bats (Heithaus et al. 1975). 
Foraging distances are also positively related to body size, so smaller bats tend to fly shorter 
distances (Heithaus et al. 1975). Similarly, radiotelemetry studies suggest that bat flight is impacted 
when carrying transmitters that are heavier than 5% of the bat’s body weight (Rojas et al. 2010; 
LaVal 2011 personal communication). This could be an example of a constraint on foraging and 
frugivory in bats, since it would constrain what fruit weight bats would be able to carry away from 
the parent plant and consume. It is still unclear, however, why larger bats do not also take small 
fruits, as there is nothing constraining them from doing so. !
Here, I study this trend further by offering large and small fruits of equal quality to large and small 
bats in a flight cage. I hope to determine if small bats are constrained to small fruits, and whether 
large bats will take both fruit sizes but prefer large fruits, perhaps to avoid competition. !
METHODS !
Study Site and Study Organisms !
My study site was a flight cage at the Bat Jungle in Monteverde, Costa Rica. This flight cage has 
dimensions of 17 m by 2-3 m by 2.5 m and is equipped with a large glass window and a viewing 
hallway for observation (Shelley 2011). In the Bat Jungle, there are several bat species of different 
sizes and abundances. The most abundant and smallest bats are Artibeus toltecus and Carollia 
brevicauda (Table 1). The larger and less abundant bat species are Artibeus lituratus, Artibeus 
jamaicensis, and Platyrrhinus vittatus (Table 1; Shelley 2011). Bat species, sizes, average weights, 
and abundances in the Bat Jungle are reported in Table 1 (Caviedes-Vidal et al. 2008; Kalko et al. 
1996; Nowak 1994; Webster and Jones 1982). !!!!!!!!!!!
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Table 1. Bat species, size, average weight, and abundance in the Bat Jungle in Monteverde, Costa 
Rica. !

!
Normal Bat Jungle Feeding !
The regular diet of these captive bats consists of cultivated fruit, namely bananas, papaya, and 
watermelon. Bats are maintained on nine bowls full of small pieces of a variety of these fruits 
placed in the artificial hanging feeders, with three bowls per feeder, one on each of three height 
levels. At about 8:30 am, the bowls of fruit are placed into the enclosure on a hanging feeder. After 
the bowls are placed in the feeders in the morning, the bats are released from their night roosting 
chamber and fly into the enclosure and immediately feed on the bowls of fruit.  !
Platform Set-up !
Instead of using the normal hanging feeders for the bowls of fruit, a wooden platform was 
constructed (with dimensions of 100 cm by 22.5 cm), which was hung with plastic rope next to one 
of the hanging feeders, about one meter from the ground. The platform was able to hold the four 
bowls full of fruit with about five cm of space in between each bowl.  !
Weight and Number of Fruits !
I tested bat preference for different weights of fruits, using 25 large fruits each with a 15 g weight 
and 50 small fruits each with a three gram weight for later trials. The fruits varied in shape, while 
small fruits were about one cm by one cm and the large fruits were about four cm by four cm. All 
fruits used were papaya pieces, since they were the easiest fruits to cut into appropriate sizes. The 
numbers and weights of fruits in the bowls of earlier trials varied, however, one size was always 
larger than the other.   !
Number of Bowls and Placement !
Fruits were placed in four bowls on the platform near the hanging feeders, two filled with large 
fruits and two with small fruits. The arrangement of the bowls was regularly changed between trials 
to avoid position effect. I placed my bowls of fruit on the platform before the normal Bat Jungle 
fruit was placed in the enclosure, in order to negate the bat preference for their normally arranged 
fruit and to increase the possibility of the bats eating the fruit from my bowls.  !!

Bat Species Bat Size Average weight (g) Number of individuals 
in Bat Jungle 

Artibeus toltecus Small 16 50

Carollia brevicauda Small 10-20 8

Artibeus lituratus Large 68.5 4

Artibeus jamaicensis Large 49.3 5

Platyrrhinus vittatus Large 54.7 3
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!
Timing and Number of Trials !
My trials were all performed at the first bat feeding of the day, taking place around 8:30 am every 
day. I performed one 15 minute trial each day, counting the numbers and weights of fruits leftover 
in each bowl after the trial. !
Observation of Bat Size and Fruit Dispersal !
While the bats were feeding out of the bowls, I noted the size of the bats that were eating large and 
small weighted fruits. Numbers of “attempts” by small bats trying to pick up large fruits out of the 
bowl were counted. An “attempt” is defined as when a small bat lands in a large fruit bowl on top of 
the large weight fruits, but does not fly away with anything. Sometimes when these small bats were 
trying to pick up large fruits, many fruits fell on the platform and the ground near the platform. 
These fallen fruits were then taken (or attempted to be taken) by other small or large bats. I also 
counted these fallen fruits as taken out of the bowls, since they were subtracted from the number in 
the bowls at the end of a trial. !
RESULTS !
Weights and Number of Fruits !
Early trials varying fruit size and number sometimes showed that bats preferred large fruits or small 
fruits and sometimes they had no preference, indicating no clear trends (Table 2 and Fig. 1). 
Identical sizes offered sometimes led to small or large being preferred. Relative abundance of fruits 
offered also had no clear impact. Since each trial was only offered one or two times, several trials 
on a single choice of sizes and abundance was then performed to generate replicates for more 
powerful statistical tests.    !
Table 2. Fruit size preferences for all bats in early trials in the flight cage at the Bat Jungle in 
Monteverde, Costa Rica. Trials are arranged by number and weight of fruits in each bowl (small 
size vs. large size). Chi-squared values, df, and p-values for statistical tests are shown.  !

!!

Number of 
Fruits in Each 
Bowl

Weight of 
Fruits (g)

Chi-Squared 
Value

Degrees of 
Freedom P-value Size Preference

20 vs. 20 2 vs. 6 5.9 1 0.151 Small

50 vs. 20 2 vs. 6 8.51 1 0.0035 Large

40 vs. 20 2 vs. 6 3.41 1 0.0648 Neither

30 vs. 15 3 vs. 10-12 12.69 1 0.000368 Large

30 vs. 10 3 vs. 15 0.06 1 0.8 Neither
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"  !
Figure 1. Observed and expected number of large and small weight fruits taken by bats for early 
trials. Each graph represents trials with a different number of fruits offered. Bats preferred different 
fruit sizes for different trials, indicating no overall significance.  !
In the later trials, bats took significantly more small fruits, almost double the average number of 
small fruits than large fruits (Paired t-test, t = -6.205, df = 8, p = 0.0003; Fig. 2). Even though bats 
took more small fruits on average, they did so in equal proportion to the number offered, so that 
they took nearly 50% of the small fruits offered and 50% of the large fruits offered (Paired t-test, t = 
0.1416, df = 8, p = 0.8909; Fig. 3). Bats also took significantly more large fruits on average when 
comparing weights of fruits (Paired t-test, t = 9.806 df = 8, p < 0.0001; Fig. 4). However, there was 
no significant difference in average proportions of weight taken compared to what was offered, 
since bats took half of the average weight of each size fruit offered (Paired t-test, t = 0.1416, df = 8, 
p = 0.8909; Fig. 5). Since equal proportions of average weight were taken, bats also showed no 
preference for different average weight of fruits.   !
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"  
Figure 2. Average number of small (3 g) and large (15 g) pieces of papaya fruits eaten by bats in the 
flight cage at the Bat Jungle in Monteverde, Costa Rica (n = 9 trials). Bats took on average more 
small fruits than large fruits (52 ± 12.3 small and 26.3 ± 4.63 large). Error bars represent standard 
deviation.  !

"  
Figure 3. Average proportion of small (3 g) and large (15 g) pieces of papaya fruits eaten by bats in 
the flight cage at the Bat Jungle in Monteverde, Costa Rica (n = 9 trials). Bats took about an equal 
average proportion of small fruits and large fruits (0.52 ± 0.12 small fruits and 0.527 ± 0.9 large 
fruits). Error bars represent standard deviation.  !!!
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"  
Figure 4. Average total weight of small (3 g) and large (15 g) pieces of papaya fruits eaten by bats 
in the flight cage at the Bat Jungle in Monteverde, Costa Rica (n = 9 trials). Bats took significantly 
more large fruits by weight on average than small fruits (156 ± 36.92 small and 395 ± 69.55 large). 
Error bars represent standard deviation.  !

"  
Figure 5. Proportion of weight of small (3 g) and large (15 g) pieces of papaya fruits eaten by bats 
in the flight cage at the Bat Jungle in Monteverde, Costa Rica (n = 9 trials). Bats took about an 
equal proportion of average weight of small fruits and large fruits (0.52 ± 0.12 small fruits and 
0.527 ± 0.9 large fruits). Error bars represent standard deviation.  !
Observation of Bat Size and Fruit Dispersal !
Outcomes of small bats taking large fruits were significant, the most common outcome being 
average Attempt Out of Bowl which was about 3 times greater than the next most common (Fell on 
Ground). Average values of outcomes Fell on Platform and Attempt Off Ground were tied for next 
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common, being about half the value of Fell on Ground. The least likely outcomes were Eaten Off 
Platform and Eaten off Ground, about 3 times less than the values of Fell on Platform and Attempt 
Off Ground (2 Way ANOVA, df = 5, p < 0.0001, Fig. 6). Small bats attempted to pick up large fruits 
many times, sometimes not being able to carry them far from the bowl, dropping them on the 
platform or on the ground. !

"  !
Figure 6. Mean number of outcomes of fruits taken by small bats for both trials (n = 18 trials). 
More bats attempted to take fruits out of the bowl than any other outcome (average 10.5 +/- 6.39 
fruits). Bars represent standard deviation.  !
Bat size affected the number of fruits of each size taken. Small bats took small fruits more 
frequently than large fruits, and large bats took fewer of both fruit weights (2 Way ANOVA, df = 1, 
p < 0.0001). Bat size and fruit size was significant since more small fruits were taken and more 
small bats were observed (2 Way ANOVA, df = 1, p < 0.0001). Small bats were observed taking 
about three times more small fruits than large fruits overall, while large bats were observed taking 
about equal numbers of large and small fruits (Fig. 7).  
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"  
Figure 7. Bat size and total number of large and small fruits taken for both trials (n = 18 trials). 
Small bats took significantly more small fruits overall (252 small vs. 83 large fruits) than large 
fruits, while large bats took a similar amount of small and large fruits (54 large vs. 51 small fruits). !
Additional Results !
The 5% factor was calculated using average weights of 16 g and 68.5 g for A. toltecus (a small sized 
bat species) and A. lituratus (a large sized bat species) respectively (Webster and Jones 1982; 
Caviedes-Vidal et al. 2008). A. toltecus and A. lituratus should be able to carry 0.8 g and 3.43 g 
respectively. !
DISCUSSION !
Among all of the early trials, sometimes bats preferred large fruits or small fruits and sometimes 
they had no preference, which indicates variation in their response to fruit size and relative 
abundance. This could show that these frugivorous bats randomly forage. If bats preferred large 
fruits, they would have taken equal numbers of fruits when offered fewer large fruits (which was the 
case for all trials except the first). It may be because there was not a large enough difference in 
weight between the large and small fruits, which was especially true for the trials with 2 g small 
fruits and 6 g large fruits. Increasing the weight in the large fruits had little effect on preferences, 
since the trials with 10-12 g large fruits also had varying preferences per trial. Since there was no 
clear pattern for these early trials, it was beneficial to change to one consistent procedure for 
multiple days in order account for these differences. !
While there was no overall preference among all bat sizes for later trials, the relationship between 
bat size and fruit size was seen in the greater number of small bats taking small fruits (Kalko et al. 
1996). Contrary to this relationship, however, large bats took an equal amount of small fruits and 
large fruits, and did not prefer large fruits. Larger bats may have shown no preference for fruit size 
since it was relatively easy for them to pick up and carry away the large fruits, while it was more 
difficult for the smaller bats to pick up and successfully carry away the large fruits. Also, it is 
interesting that smaller bats were observed multiple times attempting to pick up fruits they could 
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not carry, since they took more smaller fruits overall and more smaller fruits were offered. Since 
different sizes of bats did not show specialization on different sizes of fruits, the niche partitioning 
theory was not confirmed (Heithaus et al. 1975).  !
Since some large fruits were dropped onto or close to the platform by small bats, these small species 
would most likely not be able to carry or disperse the fruits far from the parent tree, which would 
increase density-dependent mortality. These large fruits would be better dispersed by large bat 
species, which were observed easily picking up and carrying large fruits away from the platform to 
eat. This idea was referenced in a previous study, where large fruited figs attract larger species of 
bats and smaller fruited figs attract smaller species of bats (Kalko et al. 1996). !
The data suggest that while both bats forage randomly, small bats are constrained by size (since 
they have a difficult time removing and flying away with larger fruits) while larger bats do not have 
a similar constraint. Therefore, field studies reporting size assortment of bats and fruits in nature 
probably reflect a constraint by small bats. For example, diet of larger species of fig- eating bats 
was dominated by larger figs and the diet of smaller bats consisted almost exclusively of smaller 
figs (Kalko et al. 1996). Additionally, larger bats, that could take small fruits, probably do not take 
small fruits to avoid competition with small bats. !
ACKNOWLEDGEMENTS !
I would like to thank Richard Laval for his help with my project ideas and methods, his wealth of 
bat knowledge, and for allowing me to conduct research at the Bat Jungle, it was an amazing 
experience working there. I also would like to thank Alan Masters for his advice and for helping me 
so much with my statistics. Also thanks to Johel, Moncho, and Maricela for statistics and computer 
help and to Moncho for the great platform.  !!
LITERATURE CITED  !
CAVIEDES-VIDAL E., W. H. KARASOV, J. G. CHEDIACK, V. FASULO, A.P. CRUZ-NETO, AND L. OTANI. 2008. Paracellular 

absorption: a bat breaks the mammal paradigm. PLoS ONE 3. 
GAUTIER-HION, A., J.M. DUPLANTIER, R. QURIS, F. FEER, C. SOURD, J.P. DECOUX, G. DUBOST, L. EMMONS, C. ERARD, 

P. HECKETSWEILER, A. MOUNGAZI, C. ROUSSILHON, AND J. M. THIOLLAY. 1985. Fruit characters as a basis of 
fruit choice and seed dispersal in a tropical forest vertebrate community.  Oecologica 65: 324-337.  

HARTSHORN, G.S. 1980. Neotropical forest dynamics. Biotropica 12: 23-30. 
HEITHAUS, E.R., T.H. FLEMING, AND P.A. OBPLER. 1975. Foraging patterns and resource utilization in seven species of 

bats in a seasonal tropical forest. Ecology 56: 841-854. 
HOWE, F.H. AND J. SMALLWOOD. 1982. Ecology of seed dispersal. Annual Review of Ecology and Systematics. 13: 

201-228 
KALKO, E.K.V., E.A. HERRE, AND C.O. HANDLEY. 1996. Relation of fig fruit characteristics to fruit-eating bats in the 

New and Old world tropics. Journal of Biogeography 23: 565-567. 
LAVAL, R. 2011, November 1. Monteverde, Costa Rica. 
NOWAK, R.M. 1994. Walkers’ bats of the world. pp. 151-155. The Johns Hopkins University Press. 
ROJAS, A.D., G. KORTNER, AND F. GEISER. 2010. Do implanted transmitters affect maximum running speed of two 

small marsupials? Journal of Mammology 91: 1360–1364. 
SHELLEY, E. 2011. Fruit presentation and its discovery and removal by frugivorous bats (Phyllostomidae). CIEE Spring 

2011.  
WEBSTER, W.D. AND J.K. JONES. 1982. Mammalian species: Artibeus toltecus. American Society of Mammologists 

178: 1-3. !!!!
�144



!!!
Foraging Rate Recovery after Natural Obstructions 
from Falling Debris in Leaf Cutter Ants (Atta 
cephalotes)!

!
Nishimura-Gasparian, Aki!
Department of Biology, Vassar College!!!
ABSTRACT	
!
Leaf cutter ants play an integral role in tropical communities as keystone species. They are 
responsible for up to 20% of the total herbivory to young leaves in lowland forests. Thus, 
understanding the different ways in which their foraging rates can be affected is an important 
endeavor. In this study, I measured the effect on foraging rates by using obstructions of different 
widths in the Monteverde, Costa Rica area. I also recorded the amount of time it took for foraging 
rates to return to the initial foraging rates. To do this, initial foraging rates were compared to the 
foraging rates of five different intervals after introduction of the disturbance. In addition to 
measuring foraging rates, I measured the number of naturally occurring disturbances by placing 
transects in both secondary forests and pastures, the habitats in which all of my A. cephalotes 
colonies were found. In addition, I found that foraging pathways should expect a high amount of 
large, natural disturbances. After the first minute, it took longer for the foraging rate to recover to 
the initial foraging rate when wider disturbances were used. Foraging rates dropped by up to 90% 
after disturbances were placed. From the amount of naturally occurring disturbances and foraging 
rate decreases due to disturbances, I found that trails should expect up to 24,000 lost leaf burdens 
per week per two hundred meters.  I concluded that disturbances were fundamental in limiting the 
amount of herbivory that they inflict on the local flora.	!
RESUMEN	
!
Las zompopas juegan un papel integral en las comunidades tropicales como especies claves.  Ellas 
son responsables por alrededor del 20% de la herbivoría total en hojas jovenes en los bosques de 
bajura. Así, entender las diferentes formas en que las tasas de forrajeo se ven afectadas es un 
importante esfuerzo.  En este estudio, Medí el efecto en las tasas de forrajeo usando obstrucciones 
de diferentes anchos en Monteverde, Costa Rica.  También medí el tiempo que les toma volver a la 
tasa de forrajeo inicial.  Para hacer esto, la tasa de forrajeo inicial se comparó con tasas de forrajeo a 
cinco diferentes intervalos después de la introducción de un obstaculo.  Además de las tasas de 
forrajeo, medí el número de disturbios naturales poniendo transectos tanto en bosque secundario 
como en pastizales, los hábitats en que todas mis colonias de  A. cephalotes fueron encontradas.  En 
adición, encontré que los caminos de forrajeo deberían esperar una alta cantidad de disturbios 
naturales largos.  Después de cinco minutos, toma más tiempo para la tasa de forrajeo para volver al 
punto inicial cuando se usaron disturbios más anchos.  Las tasas de forrajeo caen en un 90% 
después de los disturbios.  Con la cantidad de disturbios naturales que ocurren y la disminución en 
las tasas de forrajeo debido a estos, yo encontré que los senderos deben esperar una perdida de 
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24,000 trozod de hojas por semana en 200 metros.  Concluyo que los disturbios son fundamentals 
en limitar la cantidad de herbivoría que se inflinge en la flora local.	
!!
INTRODUCTION	
!
Atta cephalotes colonies are massive, containing up to five million individuals. These numbers 
make them prolific foragers: they account for up to 20% of the damage of young leaves in lowland 
tropical forests (Hanson and Gauld, 1995). They are generalist foragers; they can use up to 80 
different plant species in a single area (Stevens, 1983). In addition to their major impact as 
herbivores, A. cephalotes ants play many important functions in their habitats. They are involved in 
soil aeration and the adjustment of soil structure. Ant refuse piles serve as both habitats and food 
sources for different species of insects in their early stages of development. These piles are in turn 
visited by insectivorous birds and mammals (Lugo et al., 1973). Due to their disproportionate role 
in tropical ecosystems, A. cephalotes ants are without doubt a keystone species ( Lugo et al., 1973, 
Stevens, 1983). Because their foraging ability has the greatest effect on their surrounding 
environments, understanding what can affect foraging rates is of the utmost importance.	

While A. cephalotes are commonly seen carrying leaves, they do not actually feed directly 
on leaf tissue; this leaf matter is used to facilitate the growth of a basidiomycotic fungus, which is in 
turn used to feed the queen and her larvae (Stevens, 1983). To keep up with the high nutritional 
requirements of their mutualistic fungus, A. cephalotes use large and far reaching pathways; they 
can be up to 30 centimeters wide and 250 meters long (Lewis et al., 1974). To navigate these large 
trails, media ants make use of pheromone trails, head to head chemical signals, and visual cues 
(Wetterer,1991, Brener et al., 2010). If A. cephalotes loses the ability to use these methods, though, 
their foraging rates will understandably be lowered. 	

Keeping foraging trails clear is important for foraging efficiency in Atta ants (Wetterer, 
1995). It is an energetically costly procedure: it costs leaf cutters 4.6 kilojoules to remove a 
kilogram of leaf litter (Howard, 2000). In A. cephalotes, falling leaf litter and rain cause foraging 
ants to have only 70% efficiency, meaning that only 70% of the harvested leaves and flowers 
actually made it back to the nest. While most media ants simply moved around or over any 
obstruction that occurred on the foraging pathway, it seems that 30% of ants simply abandon their 
loads and attempt to return to their nests, unloaded (Lugo et al., 1973).  Trail maintenance is so 
important that on A. cephalotes pathways, up to 75% of individuals are not involved with leaf 
carrying. This 75% is involved with both trail construction and trail maintenance (Lugo et al., 
1973). 	

While there is a good deal of literature on A. cephalotes ants’ maintenance of their foraging 
pathways (Lugo et al., 1973, Howard, 2000, Wilson, 1983, Fowler, 1978), there is a lack of 
knowledge on foraging rate recovery after disturbance. In this study, I tested how long it took for A. 
cephalotes leaf-carrying ants to recover to their initial foraging rate after being impeded 
disturbances of different widths. To standardize my disturbances, I used masking tape to simulate 
naturally falling leaves and sticks. In addition, I quantified how often trail disturbance naturally 
occurs in the habitats that leaf-cutter’s occupy. I predicted that the ants would recover to their initial 
foraging rate the most quickly when faced with the narrowest disturbance. I also predicted that there 
would be a gradient in recovery times as disturbance width increases because larger disturbances 
will cause a larger area in which their trail navigational strategies are not useful.	!
METHODS	!
Study Site:	
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This study was conducted in a premontane wet forest in Cañitas, Bajo del Tigre, and Santa 
Elena, in Monteverde, Puntarenas, Costa Rica during the wet season. Colonies were found in both 
secondary forests and pasture habitats. Monteverde is a cloud forest environment due to its distance 
from the Atlantic Ocean and its altitude. Monteverde sits at 1400 meters above sea level and has a 
mean annual rainfall of 2500 millimeters plus a large amount of mist due to the near constant cloud 
cover (Nadkarni, 2000). 	!
Study Organism:	

Leaf-cutter ants (Atta cephalotes) are a widely dispersed group of insects, ranging from the 
southern United States to northern South America (Gaston et al. 1996). While they are most 
abundant in tropical lowlands, they can be found up to 2,000 meters above sea level (Stevens, 
1983).  They are found in habitats of any degree of disturbance, from primary growth forests to 
pastures (Stevens, 1983).  	!
Experiment 1: Foraging Rate Recovery	

To determine foraging rate recovery after disturbance, I used masking tape to simulate 
falling organic debris, such as sticks and leaves. I placed masking tape across foraging trails, 10 
meters from the colony entrance. I used four different tape widths: 0.75 inches, 1.5 inches, 2.25 
inches, and 3 inches to simulate a gradient of naturally occurring disturbances. I placed the masking 
tape so that it covered the full width of the trail, plus an additional 4 inches on either side to ensure 
that moving around the disturbance would require more energy than simply crossing over. Before I 
placed the tape, I measured the initial foraging rate on a spot marked 9 meters from the colony 
entrance. I counted the number of returning leaf carrying ants that passed through this spot in 30 
seconds. After I placed the disturbance, I counted the leaf-carrying ants for 30 seconds at the same 
spot after 1 minute, 3 minutes, 5 minutes, 7 minutes, and 9 minutes. I completed 3 trials for each 
disturbance type in each colony, i.e. 12 trials per colony. Ten colonies were included in the study, 
for a total of 120 trials completed in this experiment.	

Average initial foraging rates were compared before the disturbance and 1, 3, 5, 7 and 9 
minutes after the disturbance using independent contrast following an analysis of variance 
(generalized linear mixed model).  The analysis took into account that there were repeated measures 
within each trial and a lack of independence among trials within each colony. 	!
Experiment 2: Naturally Occurring Disturbances	

To determine how often disturbances occur naturally on leaf cutter ant trails, I set out four 
six-meter long strings in various places around my study sites. I placed two in secondary forests, 
and two in pastures. I counted how many objects had fallen on the string after one week. I only 
counted leaves and sticks that had fallen on the trail and that were perpendicular to it. In addition, 
only obstructions that had widths of at least 0.75 inches were counted. I categorized the remaining 
leaves into four different sizes. Obstructions were either 0.75 inches wide, 1.5 inches wide, 2.25 
inches wide, or 3 inches wide. If an obstruction was not one of those widths, I rounded it to the 
nearest one. 	!!!!!!!!!!!
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RESULTS	!

� 	
Figure 1. Mean foraging rates of ants at five different time intervals (1st minute, 3rd minute, 5th 
minute, 7th minute, and 9th minute) after using four different disturbances (A: 0.75 inch wide 
masking tape, B: 1.5 inch wide masking tape, C: 2.25 inch wide masking tape, D: 3.0 inch wide 
masking tape). Error bars represent one standard error. There was a significant difference on 
foraging rate by time interval on disturbance type.	!
Mean foraging rates of ants at different time intervals by disturbance type:	
Time intervals had a significant effect on foraging rates (ANOVA: F=186.11, df=5, p<0.001. 
Disturbance type also had a significant effect on foraging rates (ANOVA: F=7.814, df=3, p<0.001). 
Finally, there was a significant interaction effect of time interval by disturbance type (ANOVA: 
F=26.58, df=15, p<0.001) (Figure 1).	!

� 	
Figure 2. Mean foraging rate of ants at five different time intervals (1st minute, 3rd minute, 5th 
minute, 7th minute, and 9th minute) after 0.75 inch wide masking tape disturbance was placed. Error 
bars represent one standard error. Values above each point are the mean foraging rate value for that 
minute. The first point is the initial foraging rate. Asterisks above a point indicate that that minute’s 
mean foraging rate value was significantly different from the initial foraging rate. 	!
Mean foraging rate of ants after disturbance by 0.75 inch thick masking tape:	
There was a significant difference between the mean initial foraging rate and the mean foraging rate 
at the first minute interval (Independent Contrast Test: t= 2.616, df=1, p= 0.009). There was no 
significant difference between mean initial foraging rate and the foraging rate of the 3rd, 5th, 7th, or 
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9th intervals though (Independent Contrast Test: 3rd minute: t=-0.104, df=1, p=0.917, 5th minute: 
t=-1.412, df=1, p=0.158, 7th minute: t=-0.366, df=1, p=0.714, 9th minute: t=-0.288, df=1, p=0.773)
(Figure 1). After the first minute, there was an average decrease of 3.33 ants in foraging rate 
(87.33% of initial foraging rate). From the third minute onward, there was no significant decrease in 
foraging rate (Fig. 2).	!

� 	
Figure 3. Mean foraging rate of ants at five different time intervals (1st minute, 3rd minute, 5th 
minute, 7th minute, and 9th minute) after 1.5 inch wide masking tape disturbance was placed. Error 
bars represent one standard error. Values above each point are the mean foraging rate value for that 
minute. The first point is the initial foraging rate. Asterisks above a point indicate that that minute’s 
mean foraging rate value was significantly different from the initial foraging rate. 	!
Mean foraging rate of ants after disturbance by 1.5 inch thick masking tape:	
There was a significant difference between the mean initial foraging rate and the mean foraging rate 
of the 1st and 3rd minutes (Independent Contrasts test: 1st minute: t=1.274, df=1, p<0.001, 3rd 
minute: t=2.773, df=1, p=0.005). There was no significant difference between mean initial foraging 
rate and the mean foraging rates of the 5th, 7th, and 9th minutes (Independent Contrasts test: 5th 
minute: t=0.680, df=1, p=0.497, 7th minute: t=1.674, df=1, p=0.0946, 9th minute: t=-1.072, df=1, 
p=0.283). After the first minute, there was a decrease, on average, of 13.50 ants from the initial 
foraging rate (51.14% of initial foraging rate). At the third minute, there was an average decrease of 
3.53 ants from the initial mean foraging rate. After the fifth minute, there was no significant 
decrease in foraging rate (Figure 3).	!!!
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� 	
Figure 4. Mean foraging rate of ants at five different time intervals (1st minute, 3rd minute, 5th 
minute, 7th minute, and 9th minute) after 2.25 inch wide masking tape disturbance was placed. Error 
bars represent one standard error. Values above each point are the mean foraging rate value for that 
minute. The first point is the initial foraging rate. Asterisks above a point indicate that that minute’s 
mean foraging rate value was significantly different from the initial foraging rate. 	!
Mean foraging rate of ants after disturbance by 2.25 inch thick masking tape:	
There was a significant difference between the mean initial foraging rate and the mean foraging 
rates of the 1st, 3rd, 5th, and 7th minutes (Independent Contrast Test: 1st minute: t=16.326, df=1, 
p<0.001 3rd minute: t=9.785, df=1, p<0.001, 5th minute, t=5.756, df=1, p<0.001, 7th minute: 
t=2.380, df=1, p=0.018). There was no significant difference between the mean initial foraging rate 
and the mean foraging rate of the 9th minute (Independent Contrast Test: t=0.392, df=1, p=0.695). 
After the first minute, there was an average decrease of 20.8 ants from the mean initial foraging rate 
(27.56% of initial). After the third minute there was a decrease of 12.47 ants. After the fifth minute, 
there was a decrease of 7.33 ants. After the seventh minute, there was a decrease of 3.03 ants. After 
the ninth minute, there was no significant decrease in foraging rate (Figure 4).	

� 	
Figure 5. Mean foraging rate of ants at five different time intervals (1st minute, 3rd minute, 5th 
minute, 7th minute, and 9th minute) after 3.0 inch wide masking tape disturbance was placed. Error 
bars represent one standard error. Values above each point are the mean foraging rate value for that 
minute. The first point is the initial foraging rate. Asterisks above a point indicate that that minute’s 
mean foraging rate value was significantly different from the initial foraging rate. 	!
Mean foraging rate of ants after disturbance by 3.0 inch thick masking tape:	
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There was a significant difference in the mean initial foraging rates and all five time intervals 
(Independent Contrasts Test: 1st minute: t=23.233, df=1, p<0.001, 3rd minute: t=19.178, df=1, 
p<0.001, 5th minute: t=14.912, df=1, p<0.001, 7th minute: t=10.021, df=1, p<0.001, 9th minute: 
t=6.332, df=1, p<0.001). After the first minute, there was an average decrease of 29.6 ants from the 
mean initial foraging rate (13.88% of initial foraging rate). After the third minute, there was a 
decrease of 24.44 ants. After the fifth minute, there was a decrease of 19 ants. After the seventh 
minute, there was a decrease of 12.77 ants. After the ninth minute, there was a decrease of 8.07 ants 
(Figure 5). 	!
Table 1. The mean (± SD) number of naturally occurring disturbances by width. Data was collected 
from four different six-meter long transects in both secondary forests and pasture habitats over one 
week.	

!
Mean number of naturally occurring disturbances:	
As the foliage was collected on a six meter long string, results were divided by six to express the 
results in terms of average number of disturbances per meter (Table 1). In addition, results were 
multiplied by 200 so as to see how much disturbance a 200 meter long trail could expect to have 
during a week. 	!
Table 2. The number of leaf burdens lost per 200 meters per week. The number of disturbances per 
200 meters per week values are the result of a 95% confidence interval on the corresponding data 
from Table 1. To calculate the number of leaf carrying ants that were stopped due to disturbances, I 
took the difference between the initial foraging rates and the rates of all the time intervals that were 
significantly different from the initial foraging rate. To approximate the number of leaf burdens lost, 
the 95% confidence interval of disturbance number and the differences between initial foraging rate 
and subsequent significantly different foraging rates were used. 	!!!!!!!!

Number of naturally occurring disturbances

Width of disturbance (inches)

0.75 1.5 2.25 3 Total	

Mean 
number of 
disturbances 
per 1 meter, 
per week

0.21±0.16	 0.46±0.16 0.38±0.29 0.63±0.21 1.67±0.24

Mean 
number of 
disturbances 
per 200 
meters, per 
week

41.67±31.91 91.66±31.91 75±56.9333 125±41.94	 333.33±48.68

�151



!

!
Number of leaf burdens lost per 200 meters per week:	
Up to 24,000 disturbances of large sizes can be expected to fall on every 200 meters of trails every 
week (Table 2). In addition, larger sized disturbances occur more often, and thus, a larger amount of 
lost leaf burdens should be expected.	!
DISCUSSION	

!
For the 0.75 inch wide disturbance, foraging rate recovered to the initial foraging rate after 

the first minute (Figure 2). For the 1.50 inch wide disturbance, it recovered after the third minute 
(Figure 3). For the 2.25 inch wide disturbance, it recovered after the seventh minute (Figure 4). For 
the 3.0 inch wide disturbance, foraging rate did not recover during the nine minutes of allotted time 
(Figure 5). In a similar study, large obstructions placed on trails (x≥0.7 grams) fully blocked trails 
for up to thirty minutes, reducing foraging rates by over 1000 leaf burdens during those thirty 
minutes (Howard, 2000). Smaller objects were removed much more quickly, and foraging rates 
decreased by 50 to 400 leaf burdens depending on obstruction size (Howard, 2000).	

First minute foraging rates decreased to 27-87% of the initial foraging rate (Figures 2-5).  
Foraging rate decreases of these sizes have a sizable effect on overall foraging efficiency, making it 
is clear that A. cephalotes must dedicate a large amount of energy to quickly clear their trails of any 
fallen debris. Additionally, there must be a larger percentage of energy expended to remove 
disturbances of greater sizes. Past studies have shown this point, as there is an 11.6 fold greater 
increase of energy expended to remove obstructions greater than 0.7 grams than removing those 

Number of leaf burdens lost per 200 meters per week

Width of disturbance (inches)

0.75 1.5 2.25 3 Total

Number of 
disturbance
s per 200 
meters per 
week

8.73≤x≤74.60 58.71≤x≤124.60 16.25≤133.74 81.71≤x≤168.29 165.43≤x≤501.24

Number of 
leaf 
carrying 
ants that 
were 
stopped 
from 
returning 
due to 
disturbance
s

3.33 17.03 43.63 93.88 157.87

Number of 
leaf 
burdens lost 
per week 
per 200 
meters

29.07≤x≤248.4
3

1000.19≤x≤2121.9
7

709.02≤x≤5835.4
8

7671.34≤x≤15798.6
6

9409.63≤x≤24004.5
4
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less than that (Howard, 2000). In addition to higher energy expenditures, the amount of ants 
required to move an obstruction increased linearly with surface area (Zaksek, 2001). 	

Because trails of 200 meters long can expect to have approximately 333 path blocking 
disturbances every week (Table 1), it is obvious that natural trail disturbances are frequent enough 
to warrant the huge energetic costs associated with trail maintenance. It costs them 4.6 kilojoules on 
average, or 3,359 ant hours (the amount of work a single ant can do in one hour is measured as a 
single ant hour) to remove a single kilogram of leaf litter (Howard, 2000). Because up to one-third 
of the path blocking disturbances are objects with three inch widths, the ant colonies I studied used 
a tremendous amount of energy to clear their pathways. This high energy to maintain trails is 
justified by the large amount of leaf matter that is lost due to disturbances.  Ant colonies can expect 
to lose up to 24,000 leaf burdens a week per two hundred meters of trail (Table 2) due to 
disturbances with widths larger than 0.75 inches. 	
	 In addition, there was a significant interaction effect of time interval by disturbance width. 
The obvious implication of all of this is that the wider the disturbance and the closer to the 
disturbance placement time is, the larger the inhibiting effect on foraging rate is.  However, 
recovery was not equal among all disturbance types. For the narrower disturbances, recovery 
happened almost instantaneously, with foraging rates spiking right back up to their initial rates. 
With wider disturbances, recovery happened at a slower rate, in a linear fashion. This suggests that 
after disturbance width reaches a certain threshold; there is a disproportional increase in the amount 
of time it takes for foraging rate to recover. After a certain size, A. cephalotes has a much more 
difficult time on their pathways.	

As A. cephalotes use three different methods to navigate their trails: pheromones, head-to-
head chemical signaling, and visual cues, the fact that an obstruction like masking tape had such a 
large effect on blocking ants is remarkable. As masking tape is a flat obstruction, the only trail 
navigational method it blocked was pheromones trails, which are sprayed on the ground by the 
dragging of the Dufour’s gland (Wetterer, 1991). Since head to head chemical signals are performed 
by touching antennae (Farji-Brener et al., 2010), masking tape does not block this trail navigational 
strategy. This suggests that leaf cutters are more reliant on pheromones than they are on direct 
chemical signaling to navigate their pathways. 	
	 The results of this study add another detail to the knowledge surrounding the keystone 
species, A. cephalotes. As they are responsible for up to 20% of the herbivory experienced by young 
leaves, knowing that this rate can be drastically affected by disturbance to foraging pathways is an 
important detail. Since A. cephalotes can be responsible for the herbivory of several kilograms of 
leaves daily, the potential for up to a 90% decrease in foraging rate suggests that large amount of 
expected disturbances is a major check on herbivory. As the results of this study suggest that 
pheromones and visual cues are more important for trail navigation than head to head chemical 
signaling, a possible future study could be to test the importance of pheromones in trail navigation. 	!
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ABSTRACT 
All spiders’ lives are focused on the use of silk, but there is almost no information on the function of 
silk in tarantulas. The purpose of this study was to examine Megaphobema mesomelas and 
Sphaerobothria hoffmanni, the two tarantula species present in the cloud forest around Monteverde, 
Costa Rica, and their use of silk in finding food and mates. The two main theories of how tarantulas 
detect prey, physical vibrations and air current vibrations, were tested in their burrows. The role of 
chemical cues to alert tarantulas to the inhabitant of a burrow was tested in a controlled experiment 
by placing filter paper of different chemical signals on both sides of an arena. It was found that 
physical touch induced predatory response in 93% of tarantulas (n = 16), while no individuals 
responded to air vibrations.  Tests in chemical cues lacked sufficient sample size to justify statistical 
significance, but did suggest that tarantulas do respond to chemical signals in silk. Males spent 58% 
of their total time near conspecific females and no time with other males. The trends suggest the use 
of chemical cues in silk to identify individuals, which is important for males mating and 
cannibalistic behavior sometimes demonstrated in females. This is also the first study to examine 
prey sensing in tarantulas and offers new insights into the hunting behavior of terrestrial tarantulas.  
This preliminary study suggests previously unknown functions of silk, helping to fill the large gaps 
of knowledge on these infamous, but mysterious spiders. 

RESUMEN 
Toda la vida de las arañas está enfocada en el uso de la ceda de la tela, pero existe poca información en la 
función de la misma en las tarantulas.  El propósito de este estudio es examinar las especies de tarantulas 
Meegaphobema mesomelas y Sphaerobothria hoffmani en el bosque nuboso alrededor de Monteverde, Costa 
Rica, y el uso de la ceda para encontrar comida y pareja.  Las dos principales teorías de como las tarántulas 
detectan las presas, vibraciones físicas y vibraciones por corrientes de aire, fueron probadas en sus 
madrigueras.  El papel que juegan las señales químicas para alerter las tarántulas que habitan las madrigueras 
se probaron en un experimento controlado colocando papel filtro con diferentes señales químicas a ambos 
lados de una arena.  Se encontro que el contacto físico produce una respuesta depredadora en 93% de las 
tarántulas (N = 16), mientras que ningun individuo respondió a las vibraciones de aire.  Pruebas en las pistas 
químicas no tienen un muestreo significativo para justificar diferencias estadísticas, pero si sugiere que las 
tarántulas responden a señales químicas de la ceda.  Los machos pasan 58% de su tiempo total cerca de 
hembras conespecíficas y ningun tiempo con otros machos.  Las tendencias sugieren el uso de señales 
químicas en la ceda para indentificar individuos, lo cual es importante para el apareamiento y el 
comportamiento canibalístico demostrado algunas veces por las hembras.  Esto también es el primer estudio 
que examina la sensibilidad de las tarántulas hacia las presas y ofrece una nueva vision en el comportamiento 
de cacería de las tarántulas terrestres.  Este estudio preliminary sugiere funciones desconocidas previamente 
de la ceda, ayudando a llenar los huecos en el conocimeinto de estas infames, pero misteriosas arañas. 
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INTRODUCTION 
All spiders possess silk producing glands and are the only animals whose lives are dominated by the 
production and use of silk (Coyle 1986). Silk has many purposes, the most famous of which is web 
construction to capture prey; other functions include wrapping for sperm and egg sacs, safety ropes 
and for nest building and lining (Shear 1986). Most the terrestrial spiders in Theraphosidae, 
commonly called tarantulas, construct burrows lined with silk. The burrows can be used for a 
variety of purposes including courting behaviors, egg storage, and as hunting sites (Baublits 2011). 
Despite the infamy of tarantulas, little is known about the majority of those in Costa Rica and even 
less is known about their behavioral ecology (Shillington 2010, Viquez 2004). Silk in other spiders 
has been thoroughly studied, but almost no information exists on the function of silk of tarantulas. 

There are numerous theories that attempt to explain why tarantula burrows are lined with silk 
including: flood prevention, debris prevention, structural support, protection during molting, storage 
for sperm, egg sacs and food, chemical recognition and aid in sensing prey (Bagaturov 2010, 
Baublits 2011, Coyle 1986, Minch 1978). Two theories of particular interest are the latter two, 
chemical recognition and aid in sensing prey. Both are essential for finding a mate and obtaining 
food. Tarantula hunting methods are unknown beyond the behavior as sit and wait predators. 
Perhaps silk lining allows tarantulas to feel prey vibrations easier (Coyle 1986). Further evidence 
indicates that smell, sight and noise do not contribute to prey detection (Coyle 1986). Most spiders 
have highly sensitive substrate-vibration receptors in their pedipalps and legs (Coyle 1986), and one 
species of tarantula has been observed to keep its first pair of legs on the silk lines while hunting at 
night (Minch 1978). Perhaps silk lining allows tarantulas to feel prey vibrations easier. However, 
there is also evidence that araneomorph spiders, most non-theraphosid spiders, detect prey through 
air currents using their trichobothria (Goerner 1965). It is unknown whether either of these 
detection mechanisms are used in tarantulas. Experts opinions vary from not mentioning the 
possibility of silks aid in prey detection (Bagaturov 2010), to asserting both air and ground 
vibrations  are used (Kosiba 2009), to admitting that it is unknown (Coyle 1986). These theories 
remain untested. 

Silk may also aid individuals in locating other tarantulas for social behavior. Although all tarantulas 
are solitary, they sometimes demonstrate sexual or cannibalistic interactions. Males search for 
female burrows and initiate the sexual courting by touching the silk (Yanez and Locht 1999). There 
is also evidence of females killing and eating their sexual partners and in some species attacking 
other females in their burrows (Dor et. al. 2008, Ferretti and Ferrero 2008). Recently, the first study 
on chemical cues in tarantula burrows was performed and it was found that female tarantulas 
preferred the silk signals of other females’ silk over their own (Dor et. al. 2008). Whether these 
chemical cues used in social interactions exist in other species and in males is unknown. 

This study sought to determine the role of silk in tarantula burrows by examining Megaphobema 
mesomelas and Sphaerobothria hoffmanni, the two endemic tarantulas of Monteverde, Costa Rica. I 
investigated how silk aided in prey detection and chemical recognition. Based on limited prior 
observations, I predicted that the both species would detect prey through physical vibrations in their 
silk and that chemical preference in silk would exist. 

MATERIALS AND METHODS 
Study Site 

I searched for tarantula burrows along country roads in Santa Elena, Costa Rica towards both 
Monteverde and Las Juntas (Fig. 1). Elevations ranged from 1200-1550 m in pre-montane cloud 
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forest. Searches were performed at night an hour or two after sunset. Burrows were spherical holes 
roughly 5cm in diameter and were found along steeply inclined, dirt, sides of roads.  

"  

FIGURE 1. Map of the Monteverde area, red signifies roads on which I searched for tarantula burrows. 
Elevations ranged from 1200 m towards Canitas to 1550 m by the biological station.  

Study Organisms 

Two species of endemic tarantulas live in sympatry in the Monteverde cloud forest area, M. 
mesomelas and S. Hoffmanni. Megaphobema mesomelas is a larger tarantula with a distinctive 
black velvety cephalothorax and orange legs (Fig. 2). Sphaerobothria  Hoffmanni is smaller and 
duller grey and has a distinctive raised black point on the tergum of its abdomen. Both species are 
relatively common where they live (Bagaturov 2010 and Viquez 2004). They dig burrows up to 70 
cm deep where they sleep during the day and come near the burrows rim at night when they are sit 
and wait hunters of mostly other arthropods. (Bagaturov 2010).  

! !  

FIGURE 2. Images of (A) M. mesomelas and (B) S. Hoffmanni from left to right.  

!
!
!
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Prey Detection Experiment 

!
Tarantulas were tested for prey detection at night only when they were within 15 cm of the burrow’s 
entrance, indicating that they are hunting. Blades of grass were gently vibrated on the bottom of the 
burrows rim for 30 seconds. After pausing for 30 seconds, this was repeated, but the grass was only 
waved in front of the burrow without physical contact for 30 seconds. Both tests were stopped early 
if a predatory response was observed, in which the tarantulas lunges forward. Both tests were 
repeated 4 times and the number of responses was recorded. The results were analyzed by taking 
the number of responsive individuals for both stimuli used a chi-squared test to examine the 
goodness of fit. 

Care and Sex Identification 

Each spider was kept in a 13x23x11 cm plastic container with 2 cm of soil, a water source and 
natural items. The spiders’ sex was determined by looking for mating hooks on the fifth segment of 
the first pair of walking legs in adult M. mesomelas and in S. hoffmanni individuals by locating 
epiandrous glands on males and observing the sharper angle of the book lungs furrow in females 
(Hart 1999).  

Chemical Cues Experiment 

To test chemical cue preference in the tarantulas each individual spent a night in an empty container 
with filter paper on the bottom. The following day using sterile tools the filter paper was cut into 
fourths and used as a sample of the chemical cues for that spider, as the filter paper gathered small 
traces of silk during the night. This method of tarantulas transferring scent and silk onto filter paper 
was used and is outlined in a previous experiment regarding chemical cues of tarantulas with spider 
wasps (Punzo and Ludwig 2005). The experiment was run in a 35x20x20 cm box, which was 
divided into three segments, a 15cm middle portion and two segments of 10cm on each side where 
the filter paper was placed in the middle of end segments (Fig. 3). The dimensions were designed to 
be smaller on the ends so that a tarantula could not be in a section with filter paper without being 
near or feeling the filter paper. 

"  

FIGURE 3. Diagram of experimental design for chemical cue preference test in tarantulas. The ovals on 
each end are filter paper with chemical residue from individual tarantulas and the arrow represents the 
location and direction the tarantula was placed in the arena. 

The spiders were placed in the middle facing the direction of the arrow. The container’s bottom was 
lined with newspaper that was replaced after every trial to ensure no previous runs could influence 
the chemical sensing of the tarantula. The experiment was run for 10 minutes and the amount of 
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time spent in each section was recorded. Attempted escapes were stopped by gently pushing the 
spider back down. Each individual was tested no more than once in a day, and two tests were run; 
comparing their own filter paper against a conspecific of the same sex to examine if they prefer 
their own silk and again comparing both papers from random conspecifics of different sexes to 
examine if gender preferences or differences in chemical signals exist.  

RESULTS 
Prey Detection 

Tarantulas had a significantly positive predatory response to physical contact on the edge of their 
burrows ( X2 = 12.25, df = 1, P = 0.001). Of 16 spiders, only one failed to respond to physical 
stimuli while near the edge of the burrow (Fig. 4). The spiders that did react to touch on their 
burrows responded to 90% of contact on the burrows rim. The burrows had surprisingly little silk, if 
visible at all, and there were just a few strands at the entrance. There were no responses to stimuli in 
the air current (, X2=16, df=1, P<0.001). 

!  

FIGURE 4. Number of responsive individuals to physical vibration and air current vibration stimuli by two 
tarantula species (M. mesomelas and S. hoffmanni) in Monteverde, Costa Rica (n=16).  

Chemical Cues 

Due to insufficient sample size for the analysis, the results are based on observations for chemical 
cue preferences in S. hoffmanni. The spiders spent the most time in the middle of the arena without 
any preference. Only one male did not spend the majority of his time in the middle. After time in 
the middle, there was a noticeable preference in conspecifics over themselves, especially for 
females who spent 80% more time with conspecific females then with their own chemical signals 
(Fig. 5). 
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!  

FIGURE 5. Mean time spent by S. hoffmanni males and females in experiments in the section with their 
own chemical cues and that of a conspecific of the same sex (n=4).  

Chemical preference was also examined between conspecifics of both sexes of S. hoffmanni and 
although the sample size was still too small to justify significance, the trends seen were distinct 
(Fig. 6). Both sexes spent the largest portion of time in the section of the opposite sex. Female 
preference for males was weak, only 19% stronger than that of conspecific females. The male 
tarantulas’ trend was much stronger; males never visited conspecific males and spent 73% more 
time in female territory then an expected upon equal distribution. 

!  

FIGURE 6. Mean time spent by S. hoffmanni males and females in experiments with the chemical cues of 
random conspecific males and females (n=4).  

DISCUSSION 
Prey Detection 

Physical vibrations were very important in prey detection by the tarantula species evaluated. Only 
one individual failed to respond to physical stimuli. No experiments have previously been 
conducted on tarantulas prey detection methods. This study suggests that at least in these two 
highland Costa Rican species only vibrations sensed with hairs on the legs and pedipalps is used in 
detecting prey, not air currents or other unlikely methods. One source hypothesized that tarantulas 
may use their trichobothria to detect air currents like some other spiders (Kosiba 2009), but my 
results of zero responses in 64 trials indicate otherwise. This conclusion offers new insights into the 
hunting mechanisms of tarantulas.  
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A
vg

. 
ti

m
e
 i
n

 s
e
ct

io
n

 
(m

in
)

0

1.5

3

4.5

6

Section of Arena

Middle  Own  Same gender conspecific

3.375

1.875

4.75

2.625
2.29

5.085

Male Female
A

vg
. 

ti
m

e
 i
n

 s
e
ct

io
n

 
(m

in
)

0

2

4

6

8

Section of Arena

Middle  Male  Female

3.38
4

2.63

5.8

0

4.3

Male Female

�160



Because of poor weather, tarantulas were difficult to locate and even more difficult to lure out of 
their burrows. I observed trends from the few tarantulas tested suggesting not only that the 
tarantulas sensed the chemical cues of previous individuals, but that they have preferences. The 
strongest trends were in males’ preference for females and females’ preference for conspecific 
females over themselves. These results coincide with known behavior of tarantulas, during mating 
season males drastically alter their stationary behavior and go out looking for female burrows 
(Bagaturov 2010, Ferretti and Ferrero 2008, Viquez 2004). Males’ chemical identification of female 
burrows is crucial. Females’ preference in conspecifics matches with their reported occasional 
cannibalistic behavior, specifically noticed between other females and in the burrow where silk 
recognition would be important (Ferretti and Ferrero 2008). My results coincide with the other 
study on chemical cues that females are interested in signals from conspecific females (Dor et. al. 
2008).  

The use of chemical signals in silk has been suggested in one species of tarantula females (Dor et. 
al. 2008), and my experiments show interesting patterns in varying tarantula silk chemical cue 
preferences between sexes. This study suggests confirming two more species of tarantulas of using 
chemical signals and further progresses the theory that all tarantulas rely on silk cues in their social 
interactions. 

Conclusion 

Prior to this experiment knowledge on the function of tarantula silk was lacking and limited almost 
exclusively to theories and few, sporadic observations. This study illuminated the possibility of silks 
role in both hunting and social interactions. The behaviors of finding food and a mate were entirely 
unknown in both M. mesomelas and S. Hoffmanni and for the most part in tarantulas in general. It 
was found that the tarantulas use silk vibrations and chemical cues in silk, providing basic 
information to help understand and preserve these endemic tarantulas. This study suggests like so 
many other spiders, tarantulas rely on silk in many aspects of life. Many proposed purposes of 
tarantula silk remain unknown and questions remain even in the two tested premises due to the 
preliminary nature of the experiments. 
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Tadpole behavioral response to visual and chemical 
cues of larval dragonfly predator, Anax spp. 
(Aeshnidae)!
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ABSTRACT	
!
The ability of a prey species to respond quickly and efficiently to predator presence influences the prey species’ 
survival. Predators of anuran larvae are known to elicit behavioral changes in their prey. This study examined the 
behavioral response of two anuran larvae, Chaunus marinus and Rana forreri, to visual and chemical cues of a known 
predatory larval dragonfly, Anax spp. Previous studies have shown that tadpoles aggregate and decrease their level of 
movement in response to predator presence. Each tadpole species was exposed to Anax spp. visual cues, chemical cues, 
and a combination of visual and chemical cues. Tadpole level of activity and spatial distribution were measured at 
various time points throughout exposure. The study also examined tadpole behavioral response to different numbers of 
predators in treatments of one hour. Neither anuran larvae species showed a pattern of clumping or decreased level of 
movement in response to Anax spp. presence in any of the three treatments. These results differ from those found with 
tadpoles and their predators in temperate zones. The lack of response of C. marinus and R. forreri to Anax spp. visual 
and chemical cues suggests that these species use different mechanisms to assess risk associated with predator presence 
and that the predator-prey relationship between tadpole species and Anax spp. in the tropics is different than that of the 
temperate zones. 	!
RESUMEN	!
La habilidad de una presa para responder rápida y eficientemente a la presencia de un depredador puede influir la 
sobrevivencia de la presa.  Los depredadores de larvas de anuros son conocidos por provocar cambios en el 
comportamiento de sus presas.  Este estudio examina las respuestas conductuales en dos larvas de anuros, Chaunus 
marinus y Rana forreri, a estímulos químicos y visuales de un depredador conocido, la larva de líbelula Anax spp.  
Estudios previos han mostrado la agregación de renacuajos y disminuación en el nivel de movimiento en respuesta a la 
presencia de depredadores.  Cada renacuajo de cada especie se expuso a señales visuales, químicas y ambas combinadas 
de Anax spp. El nivel de actividad y la distribución espacial se midieron a varios intervalos de tiempo durante el tiempo 
de exposición.  El estudio también examina las respuestas conductuales de los renacuajos a diferentes números de 
depredadores en tiempos de una hora.  Ninguna de las larvas de anuros muestra un patron de aglomeración o 
disminución en el movimiento como respuesta a la presencia de Anax spp. en ninguno de los tres tratamientos.  Estos 
resultados difieren de los mismos encontrados con renacuajos y sus depredadores en las zonas templadas.  La falta de 
respuesta por parte de C. marinus y R. forreri a las señales visuales y químicas de Anax spp. sugiere que estas especies 
usan diferentes mecanismos para determinar el riesgo asociado con la presencia de depredadores y que la relación 
presa-depredador entre las especies de renacuajos y Anax spp. en los tropicos es diferente que aquellos en zonas 
templadas.	!
INTRODUCTION	!
Predators can have a significant effect on the behavior of prey species (Lima 1998). Because prey 
species have the ability to perceive different levels of risk associated with the presence of their 
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predators (Fraker 2008), prey are able to react in a way that will help increase their chances of 
survival. Studies examining prey response to predator cues are important to better understand how 
prey assess dangers of predation and to predict prey behavior changes in the presence of predators 
(Fraker 2008). Because most animals are involved in some sort of predator-prey interaction, 
understanding prey behavioral response to predators can provide much insight into animal 
interactions (Lima, 1998). 	

Visual and chemical cues of predators have been shown to elicit behavioral response in prey 
tadpole species (Eklöv 2000). Previous studies have shown that tadpoles use visualization 
(Kiesecker et. al 1996) and detect predator odor and alarm substances (Eklöv 2000) to assess 
predation risk. Tadpoles have been known to form aggregations (Spieler and Linsenmeir 1999) or 
use spatial avoidance (Eklöv 2000) in response to predator presence. This clumping behavior is 
used as an anti-predatory mechanism. In addition to clumping behavior, tadpoles decrease their 
level of activity when in the presence of a predator (Eklöv 2000). Furthermore, tadpoles that 
instantaneously decrease their behavior in response to predator presence have a greater chance of 
survival than tadpoles that take longer to respond (Fraker 2008). 	

Dragonfly larvae of the Anax genus are known to predate frog and toad larvae. Previous 
studies have shown species of Anax cause decreased level of activity in tadpole species (Eklöv 
2000; Eklöv and Werner 2000). Decreased level of activity is essential for potentially predated 
tadpole species because Anax spp. are sit-and-wait predators (Fraker 2008). Furthermore, tadpoles 
have been shown to respond instantaneously to Anax spp. presence by decreasing activity (Fraker 
2008). After instantaneous response, activity level increases with increasing time of exposure to 
predator, but there is a lag in the amount of time necessary for tadpoles to return to pre-exposure 
activity levels (Fraker 2008). Despite these findings, tadpole response to predator presence is 
believed to be very dynamic, and the way in which various predator cues influence tadpole risk 
perception remains unknown (Fraker 2008). 	

Here, I examine the behavioral response of two different tadpole species, Chaunus marinus 
and Rana forreri, to a known predator, Anax spp., in three different scenarios: tadpole visualization 
of Anax spp., tadpole exposure to Anax spp. chemical cues, and tadpole exposure to both 
visualization and chemical cues. Furthermore, I examine tadpoles’ behavioral response to different 
numbers of predators. If the aforementioned findings are applicable to all tadpole species, C. 
marinus and R. forreri tadpoles should clump and decrease level of activity in response to both 
visual and chemical cues. Tadpoles were expected to clump and decrease level of movement least in 
the visual cues only treatment and most in the combined visual and chemical cue treatment. 
Furthermore, tadpoles should alter their behavior (clump and decrease level of activity) to the 
highest degree in situations with more predators, as compared to situations with fewer predators.	!
METHODS	!
Study Organisms	!
Chaunus marinus and R. forreri tadpoles were collected from a pond in a pasture in Cañitas, 
Punterenas, Costa Rica (1200 m elevation) on 25 October 2011. The two species were kept in 
separate aquariums and fed fish food every other day. On days of experimentation, the tadpoles 
were fed after the trial was completed. Anax spp. were collected from the same pond on the same 
day. Each individual dragonfly larva was kept in separate containers and fed one C. marinus tadpole 
every three days. 	!
Experimental Design	!
Experiments were conducted indoors in three different 31 cm x 47 cm tanks filled with 3000 cm3 of 
de-chlorinated tap water. For the visual cue condition, a transparent plexiglass divider was placed in 
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the center of the tank, separating the tank in half. In this case, each half of the tank was filled with 
1500 cm3 of de-chlorinated water. The barrier was water-impermeable. For the chemical cue 
condition, water-permeable, dark mesh separated the tank in half. In the visual and chemical cues 
condition, the tank was separated in half by transparent wire mesh. Both of the latter conditions 
allowed for water flow between tank halves.	

Because the R. forreri tadpoles that were collected were all of different developmental 
stages, only tadpoles from Gosner Anuran Identification System stages 26-31 (Gosner 1960) were 
used in experimental trials. All of the collected C. marinus tadpoles were of stages 26-31 (Gosner 
1960) as well. For each trial, the experimental tank was set up on the ground and a tripod holding a 
camera was positioned directly over the tank. Twelve tadpoles of the same species were exposed to 
zero (control), one, three, and six predators for a total of 60 minutes, and pictures and observations 
were taken at one minute, ten minutes, 30 minutes, and at the endpoint of 60 minutes. Observations 
entailed recording the number of tadpoles that were moving at each time point. As to not disturb 
experimental conditions, the tank was approached slowly and quietly when pictures were taken and 
observations were made. 	

A trial without predators was conducted prior to experimentation with multiple predators to 
serve as an experimental control, measuring pre-exposure movement and clumping patterns in each 
of the three treatments. Mesh barriers separated Anax spp. individuals in trials with multiple 
predators to prevent cannibalism (Crumrine 2010). Each species was only used in one trial per day 
as to not stress the tadpoles with excessive movement between tanks. Of the pool of collected R. 
forreri, twelve different tadpoles of stages 26-31 (Gosner 1960) were selected for each experiment. 
Twelve different C. marinus tadpoles were selected from the overall pool for each experiment. 	!
Data Analysis	!
Pictures were used to measure nearest neighbor distance using ImageJ64 Software. For each 
picture, the image was set to scale the size of the tank and nearest neighbor distance was measured 
for all twelve tadpoles. Distance was measured as the shortest distance between the tips of each 
tadpole’s head. These numbers were then averaged to obtain the average distance to each tadpole’s 
nearest neighbor for each trial. The distances were analyzed using the Nearest-Neighbor Method 
(Clark and Evans 1954). An index of aggregation was calculated and this value was tested for 
significance. With this information, the distribution pattern (random, uniform, or clumped) was 
determined. 	

Tadpole level of movement in response to predator presence was analyzed using a Chi-
square test. Tadpole movement in each condition (visual cues, chemical cues, visual and chemical 
cues) was compared in two ways: (1) at each time point to compare movement differences with 
increasing number of predators and (2) in each trial with differing numbers of predators (n = 0, 1, 3, 
6) to compare movement differences with increasing time. 	!
RESULTS	!
Movement 	!
For the first trial testing tadpole response to visual and chemical cues of Anax spp., there was a 
significant decrease in the level of R. forreri movement with an increasing number of predators at 
the 30-minute mark (χ2 = 9.57, df = 3, p < 0.05). Rana forreri activity showed no significant 
difference at any other time points (Fig. 1). There was no significant difference in level of 
movement between trials using any number of predators (n = 0, 1, 3, 6) with increasing time (see 
Table 1 for p-values). 	

There was no significant difference in C. marinus level of movement in the visual and 
chemical cues trial with any number of predators (n = 0, 1, 3, 6) with increasing time (see Table 2 
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for p-values). There was also no difference in level of movement within each time point with 
increasing number of predators (see Table 3 for p-values). Therefore, there was no change in C. 
marinus movement in response to visual and chemical cues of predators (Fig. 2). 	

Rana forreri did not respond strongly to only visualization of predators (Fig. 3). In the trial 
with no predators, tadpole level of movement increased with increasing time (χ2 = 7.71, df = 3, p < 
0.05). There was no significant difference in level of movement in response to visualization of 
increasing numbers of predators (see Table 4 for p-values). 	

Chaunus marinus also did not respond strongly to only visualization of predators (Fig. 4). 
There was no significant difference in tadpole level of movement with any number of predators (n= 
0, 1, 3, 6) with increasing time (see Table 2 for p-values) or within each time point with increasing 
number of predators (see Table 3 for p-values).  	

For the chemical cue trial, there was a significant increase in R. forreri level of movement 
with increasing time in the three-predator trial (χ2 = 12, df = 3, p<0.05). There was also a significant 
difference in level of movement at the ten-minute time point among different number of predators 
present (χ2 = 9, df = 3, p < 0.05). In this case however, level of movement increased with increasing 
number of predators (Fig. 5). 	

Chaunus marinus tadpoles did not alter their level of movement in response to predator 
chemical cues (Fig. 6). There was no significant difference in C. marinus level of movement with 
any number of predators (n = 0, 1, 3, 6) with increasing time (see Table 2 for p-values) or within 
each time point with increasing number of predators (see Table 3 for p-values).  	!

� 	
FIGURE 1. Number of R. forreri tadpoles moving when exposed to Anax spp. visual and chemical 
cues for differing amounts of time (n = 12 for each treatment). Refer to Tables 1 and 4 for 
differences in tadpole level of movement and p-values. 	!!
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� 	
FIGURE 2. Number of C. marinus tadpoles moving when exposed to Anax spp. visual and 
chemical cues in different timed treatments (n=12 for each treatment).  Refer to Tables 2 and 3 for 
differences in tadpole level of movement and p-values. 	!

� 	
FIGURE 3. Number of R. forreri tadpoles moving when exposed to Anax spp. visual cues in 
different timed treatments (n=12 for each treatment). Refer to Tables 1 and 4 for differences in 
tadpole level of movement and p-values.	!!
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� 	
FIGURE 4. Number of C. marinus tadpoles moving in different timed treatments when exposed to 
Anax spp. visual cues (n = 12 for each treatment). Refer to Tables 2 and 3 for differences in tadpole 
level of movement and p-values. 	!

� 	
FIGURE 5. Number of R. forreri tadpoles moving when exposed to Anax spp. chemical cues in 
different timed treatments (n = 12 for each treatment). Refer to Tables 1 and 4 for differences in 
tadpole level of movement and p-values.	!
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� 	
FIGURE 6. Number of C. marinus tadpoles moving in different timed treatments when exposed to 
Anax spp. chemical cues. Refer to Tables 2 and 3 for differences in tadpole level of movement and 
p-values. 	!
TABLE 1. Rana forreri chi-square test results for differences in level of movement in trials using 
differing numbers of predators with increasing time.	

!!!!!!!
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Chi-square value Degrees of 
Freedom

p-value

Visual and Chemical, no predators 5.2 3 >0.05

Visual and Chemical, 1 predator 3.67 3 >0.05

Visual and Chemical, 3 predators 2 3 >0.05

Visual and Chemical, 6 predators 2 3 >0.05

Visual, no predators 7.71 3 <0.05

Visual, 1 predator 4.4 3 >0.05

Visual, 3 predators 1.57 3 >0.05

Visual, 6 predators 5.36 3 >0.05

Chemical, no predators 3.33 3 >0.05

Chemical, 1 predator 3.33 3 >0.05

Chemical, 3 predators 12 3 <0.05

Chemical, 6 predators 6 3 >0.05
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TABLE 2. Chaunus marinus chi-square test results for differences in level of movement in trials 
using differing numbers of predators with increasing time.	

!
TABLE 3. Chaunus marinus chi-square test results for differences in level of movement in trials by 
time using different numbers of predators.	

!

Chi-square value Degrees of 
Freedom

p-value

Visual and Chemical, no predators 1.11 3 >0.05

Visual and Chemical, 1 predator 1.11 3 >0.05

Visual and Chemical, 3 predators 0.52 3 >0.05

Visual and Chemical, 6 predators 2.05 3 >0.05

Visual, no predators 0.4 3 >0.05

Visual, 1 predator 1 3 >0.05

Visual, 3 predators 1.42 3 >0.05

Visual, 6 predators 2.44 3 >0.05

Chemical, no predators 1 3 >0.05

Chemical, 1 predator 2 3 >0.05

Chemical, 3 predators 1.33 3 >0.05

Chemical, 6 predators 0.67 3 >0.05

Chi-square value Degrees of 
Freedom

p-value

Visual and Chemical, 1 min 0.55 3 >0.05

Visual and Chemical, 10 mins 2 3 >0.05

Visual and Chemical, 30 mins 0.73 3 >0.05

Visual and Chemical, 60 mins 0.16 3 >0.05

Visual, 1 min 1.87 3 >0.05

Visual, 10 mins 0.4 3 >0.05

Visual, 30 mins 0.65 3 >0.05

Visual, 60 mins 0.5 3 >0.05

Chemical, 1 min 3.4 3 >0.05

Chemical, 10 mins 0.22 3 >0.05

Chemical, 30 mins 2.57 3 >0.05

Chemical, 60 mins 0.22 3 >0.05
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TABLE 4. Rana forreri chi-square test results for differences in level of movement in trials by time 
using different numbers of predators.	

!
Nearest Neighbor 	!
Overall, there was no trend in clumping patterns based on nearest neighbor distances. Because there 
was no trend between tadpole distribution and time or tadpole distribution in different treatments, 
no further statistical tests were used. From the 48 total time points (three treatments, each with four 
predator scenarios and four time points) only three showed significant clumping in R. forreri, and 
only six out of the 48 showed significant clumping in C. marinus. In the majority of trials and time 
points, tadpoles were either in a random distribution (R = 1, |z| < 1.96) or a uniform distribution (R 
> 1, |z| > 1.96). 	

There was no clumping in the R. forreri trial with only visual cues. For R. forreri, there was 
clumping at the ten-minute time point in the visual and chemical trial with three predators. There 
was also clumping for the R. forreri in the chemical cue trial, when tadpoles were exposed to one 
predator for 30 minutes and when tadpoles were exposed to six predators for one minute. 	

For C. marinus tadpoles, there was also no trend among clumping distributions. Clumping 
occurred in the visual and chemical trial, but only with one predator present and at the end of the 
60-minute trial. Clumping also occurred in the visual trial with three predators at the ten-minute 
mark and at 60 minutes with no predators present and with three predators present. In the chemical 
cue trial, tadpoles clumped when no predators were present at ten minutes, with one predator at 30 
and 60 minutes, and with two predators at 30 minutes. 	!
DISCUSSION	
!
There appears to be neither a trend in level of movement with increasing number of predators nor a 
trend in level of movement with a set number of predators and increasing time for either of the 
anuran species studied. However, the condition in which only visual cues were assessed was the 
only condition in which R. forreri showed no significant difference in level of movement at any 

Chi-square value Degrees of 
Freedom

p-value

Visual and Chemical, 1 min 5.4 3 >0.05

Visual and Chemical, 10 mins 3.33 3 >0.05

Visual and Chemical, 30 mins 9.57 3 <0.05

Visual and Chemical, 60 mins 4.78 3 >0.05

Visual, 1 min 2.2 3 >0.05

Visual, 10 mins 2 3 >0.05

Visual, 30 mins 3.14 3 >0.05

Visual, 60 mins 1.42 3 >0.05

Chemical, 1 min 4 3 >0.05

Chemical, 10 mins 9 3 <0.05

Chemical, 30 mins 0.6 3 >0.05

Chemical, 60 mins 6 3 >0.05
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time point or with any number of predators. Furthermore, the visual cues condition was the only one 
in which R. forreri showed no significant clumping at any time point or with any number of 
predators. This suggests that R. forreri are not using visualization, or at least not using visualization 
alone, to assess danger associated with predator presence. This finding is supported by a previous 
study that showed that tadpoles use a combination of visual, chemical, and mechanical cues to 
assess danger associated with predator presence (Werner 1991). 	
	 Other than the overall lack of behavioral response of R. forreri tadpoles to visual cues, there 
seems to be no other patterns in tadpole response to visual and chemical cues and chemical cues 
alone in either species. Previous studies have found that anuran larvae respond most strongly to 
chemical cues (Eklöv 2000; Fraker 2008). My findings indicate that neither anuran larvae species 
rely on visual or chemical cues (or both) when in the presence of Anax spp. However, it is possible 
that the methodology of my study did not capture the full range of chemical cues that Anax spp. are 
capable of producing. One previous study tested tadpole response to Anax spp. predatory chemical 
cues (Fraker 2008).  In this study, Anax spp. were allowed to predate a tadpole in an experimental 
setting (Fraker 2008). After predation, water in which the predation event occurred was transferred 
into a holding chamber containing tadpoles, and tadpole behavioral response to chemical cues was 
recorded (Fraker 2008). In this experiment, tadpoles always reduced their level of activity in 
response to exposure of Anax spp. predatory chemical cues (Fraker 2008). This method allowed 
tadpoles to respond directly to chemicals cues from predation trials, and such chemical cues were 
not generated in my study. 	
	 The discrepancy between my findings and those found previously could be the result of a 
number of factors. First, both previous studies that found anuran larvae change their behavior in 
response to chemical cues in the presence of Anax spp. used different tadpole species than those 
studied here. This could indicate that different tadpole species react differently to Anax spp. 
presence or use different mechanisms to assess risk (Eklöv 2000). Second, both previous studies 
were conducted with tadpole species and Anax spp. in Michigan, U.S. where predator-prey 
relationships may be different than those in the tropics. In temperate zones, where predators tend to 
be generalists (Stevens 1989), Anax spp. may predate all tadpoles. In the tropics however, due to 
higher species richness (Stevens 1989), Anax spp. may have more prey options. This could mean 
that each tadpole species has a smaller chance of being predated and therefore does not need to 
respond as strongly to predator presence as do tadpole species in temperate zones. Another 
explanation for the lack of reaction to predator presence could be that there is more competition in 
the tropics, which leads to greater niche partitioning (Schoener 1974). In the pond where the 
tadpoles were found, more than one known tadpole predator was present. It is possible that other 
active predators are more competitive than Anax spp., who are known sit-and-wait predators (Fraker 
2008). Although tadpoles are not sensitive to the presence of Anax spp., they could be sensitive to 
the presence other predators. 	
	 A third possibility for my findings is that Anax spp. may not normally predate R. forreri and 
C. marinus. Although Anax spp. predated both anuran species in an experimental setting, neither 
tadpole species may be the preferred prey species in the field. A third anuran species, Hyla 
pseudopuma, also inhabits the pond where R. forreri and C. marinus were found. It is possible that 
Anax spp. prefer H. pseudopuma in a natural setting and do not frequently predate R. forreri and C. 
marinus. The possible preference of H. pseudopuma could be due to the relatively larger size of R. 
forreri tadpoles (Eklöv and Werner 2000; Jara and Perotti 2010) and the possibility that C. marinus 
tadpoles are less palatable to predators (Jara and Perotti 2010). Studies have shown that smaller 
tadpoles are more susceptible to predation than larger tadpoles (Eklöv and Werner 2000; Jara and 
Perotti 2010) and that Chaunus spp. tadpoles are found unpalatable by some predators (Jara and 
Perotti 2010). Therefore, Anax may have only eaten R. forreri and C. marinus in experimental 
conditions because they were given no other prey choice. 	
	 In conclusion, the results of this study indicate that anuran species R. forreri and C. marinus 
from ponds in the tropics do not consistently change their level of movement or aggregate in 
response to Anax spp. These results suggest that tadpoles may use cues other than visual and 
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chemical cues to assess risk of predation. Finally, these results may indicate that Anax spp. is not the 
main predator of R. forreri and C. marinus in the tropics. 	!
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Prey preferences in the Cane Toad (Chaunus marinus: 
Amphibia)!
!
Maddy Marsh!!
Department of Ecology and Evolutionary Biology, University of Colorado at Boulder!
!
ABSTRACT 
Optimal foraging states that an animal must take into consideration both the energy gained from a prey item as well as 
the energy used to catch and digest the prey. The amount of energy expended when foraging creates generalist and 
specialist feeding habits. Generalists do not expend as much energy in finding food and eat a wide range of food items, 
while specialists choose specific foods, thus spending more energy looking for prey. This study used prey preference 
tests to determine if Chaunus marinus uses generalist habits when foraging in Monteverde. Nine toads were captured 
and given access to a wasp, a cricket, and cat food at the same time, followed by each prey item individually to 
determine preference. Chaunus marinus showed a significant preference for wasps (X2=1, df=1, p>0.25) and a distaste 
for both crickets (X2=5.44, df=1, p=0.02) and cat food (X2=9, df=1, p=0.0025). There was also no difference in the 
average time it took for the toad to eat the wasp in the trial with all three prey items and the trial with the wasp alone 
(t=0.1398, df=5, p>0.25). The preference of wasps could be due to the bigger appearance of the wasp when flying or 
that crickets are better at escaping predators. Studies in prey preferences of C. marinus could give insight into control of 
invasive populations where the cane toad has become a pest. !
RESUMEN 
El forrajeo optimo dice que un animal debe tomar en consideración tanto la energía ganada por la presa consumida y la 
energía usada en atraparla y digerirla.  La cantidad de energía utilizada durante el forrajeo crea hábitos alimenticios 
generalistas y especialista.  Los generalistas no utlizan mucha energía encontrando su alimento y consumen una amplia 
variedad de cosas, mientras que los especialistas escojen fuentes específicas, gastando así más energía en la busqueda 
de las presas. Este estudio utiliza la preferencia por presas para determinar si Chaunus marinus utiliza habitos 
generalistas cuando forrajea en Monteverde.  Nueve sapos se capturaron y se les dió avispas, grillos y comida para gatos 
al mismo tiempo, seguido por cada presa individualmente para determinar preferencias.  Chaunus marinus muestra un 
preferencia por avispas (X2=1, df=1, p>0.25) y desagrado tanto por grillos (X2=5.44, df=1, p=0.02) y comida para gato 
(X2=9, df=1, p=0.0025).  Tampoco existe diferencia en el promedio de tiempo que utiliza el sapo para capturar avispas 
en el tratamiento con las otras dos presas y el tratamiento en solitario  (t=0.1398, df=5, p>0.25).  La preferencia de 
avispas se puede deber a una mayor exposición de las avispas cuando vuelan o a que los grillos son más eficasez 
escapando de depredadores.  Estudios en la preferencia de presas por C. marinus pueden dar información utilizable en 
el control de las poblaciones invasoras donde el sapo se ha vuelto una peste. !
INTRODUCTION 
Foraging habits and prey preferences are important, but deceivingly complicated, natural history 
traits to every animal. These behaviors can be predicted by following optimal foraging theory, 
which states that an animal takes into consideration six things when determining the value of a 
certain prey: (1) gross calories per prey, (2) predator’s assimilation efficiency, (3) rate of digestion 
of prey, (4) calories expended in pursuit of the prey, (5) probability of capturing the prey once 
pursued, and (6) calories expended in handling the prey once caught (Duellman and Trueb 1986). 
Overall, animals need to consider both the amount of energy obtained from a certain prey and the 
amount of energy expended while pursuing the prey.  Optimal foraging suggests there is a negative 
relationship between time spent foraging for food and energy gained from the food. Predators that 
are more general in their prey choices spend less time foraging and gain more energy from their 
prey, a predator that is specific in their choice of prey will spend more time foraging for their food 
(Schoener 1971). This split in diet habits creates generalists, with a wide range or no real preference 
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of prey, and specialists that have a certain type or range of prey that they forage for (Wilson and 
Yoshimura 1994).    !

One of the most notorious “generalists” worldwide is the cane toad, Chaunus marinus.  
Although native to Costa Rica, C. marinus has invaded many other countries and islands, 
outcompeting native species (Lampo and Leo 1998) and poisoning predators (Nelson et al 2011). 
One theory as to why C. marinus is so successful in such a wide range of habitats is that they are 
extreme generalists, eating a wide range of prey items (Evans and Lampo 1995). However, there are 
also studies that conclude that the C. marinus have specific preference of ants and beetles (Clarke 
1974, Kidera et al 2008).  !

This study aims to further explore the idea of whether C. marinus are true generalists or if 
they have prey preferences.  Assuming that C. marinus is a true generalist, their feeding behavior 
should not change between choosing harmful prey, such as wasps, and harmless prey like crickets 
or cat food. However if C. marinus is not a true generalist, they will show a preference for either the 
harmful prey or the harmless prey. The objective of this study is to see if C. marinus follows its 
trend for being a strict generalist or if they have prey selection.  !
METHODS 
Study Site and C. marinus 
Chaunus marinus were collected at night around the Monteverde cloud forest area, on the property 
of the Estacion Biologica de Monteverde, at a small man-made pond. A total of nine toads were 
captured and kept in aquariums with one or two toads and leaf litter and water.  !
Prey Items and Collection 
The three prey items used were wasps, field crickets, and cat food. Both crickets and wasps are 
mobile and abundant prey of comparable size in the natural habitat of C. marinus. They are ideal 
because only the wasp has self-defense.  Chaunus marinus has been reported to eat cat food, 
representing a stationary prey (Leenders 2001).  The body size of both the wasps and crickets were 
approximately the same to eliminate any likelihood that the size had an influence on preference. !
Prey Preference Tests 
The tests were performed by placing an individual C. marinus in an individual aquarium. The three 
prey choices were then placed in the aquarium simultaneously. The toad was given up to thirty 
minutes to eat a prey. The aquarium was checked every five minutes for prey consumption. Once a 
prey had been chosen, the toad and leftover prey items were all removed from the aquarium, noting 
the amount of time it took the toad to choose the prey item.  About ten minutes after the first trial, 
the same toad was then placed back in the aquarium with an individual prey item for up to thirty 
minutes or until the prey item was eaten. A trial was then performed for each of the three prey items 
individually. Once all four treatments had been performed with one toad, the toad was returned to 
its original aquarium and repeated with another toad, until all nine toads had been tested.  !
Statistics 
Chi-squared tests were performed to see preferences for prey when all three prey items were present 
and preferences for prey items alone. A t-test also used to compare the amount of time it took C. 
marinus to eat the wasp in the trial with all three prey items and the wasp alone. !!
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RESULTS 
Toads showed a preference for wasps among other preys (X2 = 9.22, df = 3, p = 0.025) (Fig. 1). Six 
toads picked the wasp first, two ate the cricket first, one ate nothing, and zero chose the cat food. 
There was a significant difference in prey chosen; wasps were preferred over crickets and cat food. !

"  
Figure 1. Prey preferences by C. marinus when all three prey items were present (N=9). !

In the trial with only the wasp and toad in the aquarium, the toads showed a trend preference 
for wasps instead avoiding eating them; however this trend was not significant (X2 = 1, df = 1, p > 
0.25) (Fig. 2). Six toads chose the wasp and three did not eat the wasp.  There was no significant 
difference found between prey preferences in this situation.  !!

"  
Figure 2. Number of wasps eaten by C. marinus when the wasp was the only prey choice (N=9).  ! !!
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When being tested on preference of crickets alone, there was a clear pattern selecting against 
the crickets (x^2 = 5.44, df = 1, p = 0.02) (Fig. 3). One toad ate the cricket and the other eight did 
not.  There was a significant difference in preference of prey items here, against the crickets. !

"  
Figure 3. Number of crickets eaten by C. marinus when the cricket was the only prey choice (N=9).  !

There was also a clear significant difference in the trial that included only cat food, as no 
toads ate the cat food and a chi-squared test confirmed the significance (X2 = 9, df = 1, p = 0.0025).  !!
 There was no significant difference in the time it took C. marinus to capture the wasp when 
it was the only prey item in the aquarium and with all three prey items (t=0.1398, df=5, p>0.25). It 
took the toads slightly longer to choose the wasp when all three prey items were together than the 
wasp alone. 

"  
Figure 4.  Average time it took C. marinus to eat the wasp in two different treatments. All prey 
items together averaged 19.285 minutes (se=+/-2.9738) and the wasp alone averaged 16.438 
minutes (se=+/-3.2209).  There was no significant difference in the time.  !
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One of the toads did not respond to any of the prey items in any trials. !
DISCUSSION 
The cane toad does have a preference for the preys evaluated. There was a strong aversion to 
crickets and cat food in all trials and a significant preference for wasps, the harmful prey. It’s known 
that C. marinus and other anurans find their prey by responding to movement (Duellman and Trueb 
1986) and that C. marinus prefer large prey items (Strüssmann, et al. 1984). The lack of movement 
in the cat food then explains why not a single toad choose to eat it, despite reports of cane toads 
eating pet food (Leenders 2001). Although the wasps and crickets were relatively equally active, the 
wasp had wings, making them appear bigger when they flew around the aquarium. The wasps may 
have appeared bigger than the crickets, providing more visual stimulation for the toads and 
explaining the preference for wasps. However, I assumed that either the toad would already have a 
distaste for the wasps, or would quickly learn to have a distaste for the wasps after being stung the 
first time. During observations, I did not notice any signs of physical discomfort or distaste from the 
toads after having eaten the wasp. Referring back to the six values that a predator needs to evaluate 
while foraging, two of the values are gross calories per prey and the rate of digestion of prey 
(Duellman and Trueb 1986). Perhaps crickets do not provide the toad with as many gross calories as 
the wasp does, making it worth it for the toad to withstand the sting of the wasp to gain extra 
energy. In addition, crickets’ long legs may increase the amount of hard, difficult to digest 
exoskeleton. It is unknown, however, if C. marinus is able to evaluate caloric values of food items 
when choosing a potential prey.  !
 During trials, it was observed that the wasps did not try to avoid the toad, in fact, the wasps 
would often crawl on the toad, including resting on their head and walking over the toad’s mouth.  
This could be due to the fact that wasps generally have a lower rate of predation because they have 
defenses to protect themselves. However, crickets do not have any defenses and may be more aware 
of their potential predators, making it easier for them to escape predation.  Crickets were observed 
to have more spurts of rapid movement and appeared to be avoiding the toad, keeping to the other 
side of the aquarium.  Predation attempts were not counted, so preys ability to escape predators is 
unknown. Nonetheless, based on biological characteristics, it is a plausible explanation for why the 
toads did not have a preference for the palatable, harmless cricket. 
   
 The preference of prey items indicates that despite the reputation of C. marinus as the 
ultimate generalists, they may have specific diets and prey preferences.  It is possible that C. 
marinus only shows prey preferences in the tropics because more prey items are available in the 
tropics compared to temperate and dry habitats (Stevens 1989). This study and past studies support 
the fact that C. marinus has a smaller range of prey items (Evans and Lampo 1995, Kidera et al 
2008, Clarke 1974). This study could be better demonstrated through a large sample size 
demonstrate diet preferences in C. marinus. Studies have shown that C. marinus is able to attain 
much higher densities in areas that it is invasive than its natural habitat (Lampo and de Leo 1998). 
The study of prey preferences of C. marinus in its native habitat could lend insight into how to 
design control strategies for cane toads in the areas that it has become an invasive pest. !
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