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Drip-tips and Cloud Forest mist 
 
Andrew Rosso 
 
Department of Biological Sciences, University of Notre Dame 

 
 

Abstract 
 
Tropical understory plants are often wet, reducing photosynthesis and encouraging epiphyll growth. 
Drip-tips have evolved many times and are considered one way to speed leaf surface drying. Drip-tips are 
nearly ubiquitous on tropical understory plants, including Cloud Forests where much moisture comes as 
mist. To study the effects of drip-tips on mist drainage, seven species of leaves with drip-tips, but differing 
in size and shape, were tested against one species with a naturally-rounded edge (no drip-tip) . Here, 
only one drip-tip species had significantly greater water shed than the species without.  Leaf surface area 
was tested for rate of water drainage using a single leaf species and leaves of the same shape, but 
different sizes. Larger leaves shed proportionately more water. Finally, drip-tips were excised from 
similarly sized leaves of this same species, but did not appear to increase mist runoff.  Drip-tips may not 
be the most important adaptation for plants to deal with high levels of mist.  A greater leaf surface area is 
shown to collect and shed mist most rapidly.  
 

Resumen 
 
Las plantas tropicales del sotobosque son a menudo humedas, reduciendo la fotosíntesis y alentando el 
crecimiento de epífilos.  Las puntas de goteo han evolucionado varias veces y son consideradas como 
una manera de acelerar el secado de la superficie foliar.  Las puntas de goteo son casi obicuas en las 
plantas tropicales del sotobosque, incluyendo el bosque nuboso donde mucha de la humedad viene 
como niebla.  Para estudiar el efecto de las puntas de goteo en el drenaje de niebla, siete especies de 
hojas con puntas de goteo, pero de diferente forma y tamaño, se probaron contra una especie con borde 
naturalmente redondeado (sin punta de goteo).  Aquí solo una especie con punta de goteo tiene un 
mayor drenaje de agua que la especie sin punta de goteo.  La superficie foliar se probó para la tasa de 
drenaje de agua usuando una sola especie de hoja de la misma forma, pero de diferentes tamaños. 
Hojas más grandes drenan proporcionalmente más agua.  Finalmente, las puntas de goteo fueron 
eliminadas de hojas de tamaño similar de la misma especie, pero no parece aumentar el drenaje.  Las 
puntas de goteo pueden no ser la adpatación más importante de las plantas para lidiar con altos niveles 
de niebla.  Una mayor superficie foliar parece colectar y drenar niebla más rápidamente. 
 
Introduction 
 

Adapting to tropical forest understory is challenging for plants as it is very rainy, sunlight 
is often almost completely captured by canopy plants, and the soil is very poor in nutrients 
(Leigh 1975). This is also true of Cloud Forest, where mist bathes plants in moisture (Hager 
2010), keeping leaf surfaces wet.  This can reduce photosynthesis and increase growth of 
epiphylls (Coley & Kursar 1996). Adaptations to increase mist runoff and decrease drying time 
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of the leaf surface should increase fitness of Cloud Forest plants, as it does for lowland 
rainforest species dealing with heavy rains (Lightbody 1985).  

Almost 97% of sunlight is absorbed by canopy trees, meaning understory plants rely 
heavily on ephemeral sunflecks to photosynthesize, having sometimes a few minutes every day 
(Chazdon and Pearcy 1991). To maximize photosynthesis, tropical understory plants have 
evolved large, thin leaf surfaces with high concentrations of chloroplasts (Liu et al. 2009). 
Drip-tips are also common on tropical understory leaves but are nearly absent in the canopy 
(Leigh 1975). The most commonly accepted theory for why many plants have evolved drip-tips 
is to assist in water runoff, drying the leaves and allowing better photosynthesis, transpiration 
and avoiding epiphyll growth (Malhado et al. 2012; Meng et al. 2014), however this has been 
disputed by past studies showing no statistical significance (Burd 2007). In this experiment, drip 
tips were the primary focal point for researching a leaf’s ability to shed water in relation to how it 
affects epiphyll growth. It was shown over an eight month study that there was no significant 
difference in growth between leaves with and without drip-tips. Other studies found that drip-tips 
result in decreased splash erosion at the base of plants due to decreasing droplet sizes 
(Williamson 1981), and that they increase photosynthetic rates by decreasing sunlight reflection 
by a water layer on the surface of the leaf (Lightbody 1985). With multiple studies showing 
different reasonings and purposes for a plant to have drip-tip leaves in a lowland rainforest, I felt 
the need to test this in a cloud forest as well. 

Here I provide the first test of drip-tips with mist.  Seven different leaf species with 
drip-tips and one without were tested for their water shedding capabilities with mist to determine 
if drip-tips affect reduction of water on the leaf surface of Cloud Forest plants.  
 
Materials and Methods 
 
Test Site and Leaf Selection 
 
This study was performed in and around the Estacion Biologica in Monteverde, Costa Rica. This 
is at 1550m on the Pacific slope of Costa Rica and is considered Lower Montane Wet Forest in 
the Holdridge Life Zones but is more commonly called Cloud Forest.  Leaves of varying 
morphologies were collected from the trails around the station, selected from understory plants. 
It is important to choose leaves that are from the same forest layer because each layer has 
plants that have adapted differently over time to photosynthesize with their respective amounts 
of sunlight and rainfall (Smith et al 1997). From within this layer, eight leaf types were selected 
based on morphological differences. All eight leaf types were simple leaves and seven of the 
eight had a noticeable drip-tip on one end. The eighth leaf type was a leaf with a very rounded 
end, which was used as a control leaf for the experiment. The other seven all varied in some 
aspect of leaf morphology: two were of a longer length, one skinny and entire and the other 
fatter and toothed; four were of medium length, one with marginal collecting veins and small 
serrations, one with sinuous margins and slightly bent, one very waxy and simple, and the fourth 
heart shaped and very thin; while the remaining one was short with simple structure and 
venation. These different shapes and descriptions are pictured and numbered within the table 
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shown in fig. 1 , and the experimental setup shown in fig. 2 . Four leaves of similar size were 
collected for each species, and a leaf was only selected if it had an estimated <5% of its surface 
area damaged in any way by insects or virus.  
 
Figure 1:  This table details the number, species name, dimensions, branching pattern, and observations for each of 
8 species of understory cloud forest leaves. These 8 species were used over a course of three experiments in order 
to determine the best adaptations for plant survival in a cloud forest atmosphere. 

 

Leaf 1 
Trichilia havanensis 
(Meliac.) 

(78.8 x 
25.7) 

Cross 
venulate Waxy cuticle, wavy edges, thin 

Leaf 2 
Philodendron sp. 
(Arac.) 

(132.2 x 
46.9) Pinnate Droopy, thin 

Leaf 3 
Clusia rotundata 
(Clusiac.) 

(108.8 x 
55.8) Arcuate 

Thick, very waxy, leaf edges curve up 
about 30 degrees from primary vein 

Leaf 4 
Monstera adensonii 
(Arac.) 

(104.3 x 
44.8) Arcuate Leaves that curve slightly, thin 

Leaf 5 

Conostegia 
xalapensis 
(Melastomatac.) 

(115.9 x 
53.0) Pinnate 

Very smooth in between the veins, soft, 
medium thickness 

Leaf 6 
Quercus brenesii 
(Fagac.) 

(211.84 x 
36.1) 

Cross 
venulate 

Wavy edges, thin but firm, big primary 
vein 

Leaf 7 
Quercus insignis 
(Fagac.) 

(201.6 x 
70.6) Arcuate 

Hair on leaf surface, wavy edges, 
serrated to an extent 

Leaf 8 (w/o 
Drip Tip) 

Clusia stenophylla 
(Clusiac.) 

(104.2 x 
51.9) Arcuate 

Thick waxy cuticle, rounded tip, curved 
up edges 

 
 
Testing Different Leaf Species for Mist Collection and Runoff 
 
To test how a leaf would respond to and drain the water produced in a cloud forest, it was 
necessary to use an ultrasonic humidifier in an enclosure to produce cool mist. Four glass tanks 
(35.7 cm x 35.7 cm) with a removable lid made of cardboard were these enclosures.  Each had 
ten different “stands” set up, composed of a clay base with a straw backbone. The straws were 
then taped to sides of the container using duct tape to remain rigid. Four humidifiers were then 
pumped moisture as a fine mist into the containers, one going into each container through a 
tube that fit in a hole in the lid of each container. Heavy weights kept the lids tight to trap 
moisture in the tank.  

Once ultrasonic humidifiers were setup to produce mist, leaves were placed on their 
stands. The five medium and small species were separated between two containers, the long 
skinny species and the control were in another container, and the biggest species was alone in 
the fourth due to size restraints. All leaves were held at the same angle of the leaf tip, of 
approximately 30 degrees below horizontal. A beaker was placed beneath each leaf tip in every 
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container to catch the runoff from the drip-tips. Likewise, a control beaker was placed in every 
container to measure the latent water collected by each beaker. This setup is shown in fig. 2 .  

Once this was complete, the containers were closed, weighted, and the humidifiers 
turned on. The machines were then left to run for 18 hours overnight. The next day, once the 
machines were empty of the 1 liter of water, the lids were taken off, and the results recorded. 
This was done by emptying each 250 mL beaker that sat below the drip-tip edge into a 
graduated cylinder and measuring the result (which had the amount of water in the control 
beaker subtracted from it). The containers were them emptied of water, the leaves reset to their 
positions if they moved overnight, and the whole system was left to dry. This process was 
repeated over a five day period, with the machines running every night and the machines 
rotated daily to control for any differences in mist production.  

 

 

 
Figure 2 : Understory Cloud Forest leaves of eight species differing in morphology are pictured in their mist machines 
to test the impact of leaf size, shape, venation and drip-tips on water collection and drainage with simulated mist. 
Each leaf had a 250 mL beaker beneath its drip tip and a control beaker in its container.  
 
 
Testing the Importance of Leaf Blade Size on Water Collection and Drainage 
 
After the results for the species test were analyzed, the leaf that had the best combination of 
consistency and effectiveness was chosen to be the sample species used to test different sizes 
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of leaf. This species, identified to be Clusia rotundata , was then located in its original spot and 
20 more leaves were taken from the plant, ten for each further experiment. For the first 
extension, the ten leaves with the largest size discrepancies were taken: two very large (mean 
117.8 x 57.4), two large (mean 106.1 x 54.9), medium (mean 95.2 x 50.7), two small (mean 77.9 
x 46.1), and two very small (mean 59.3 x 42.6). These ten leaves were placed in one of the 
containers with the same experimental setup as in the first trial, with each side of the container 
having one leaf of each size. The same procedure was then run on these leaves for five days. 
 
Testing for the Importance of the Presence of a Drip-Tip 
 
While the first ten leaves were being tested for leaf shape, size and venation, as well as drip-tip, 
ten similarly-sized leaves of Clusia rotundata  were separated into groups of five. The first five 
had nothing done to them, while the second five all had 25 mm cut off of their drip-tip to create a 
blunt terminus on the leaf. These ten leaves (five of each) were then placed in a mist machine, 
alternating between leaves with and without drip-tips, and the same procedure was run for five 
days.  
 
Results  
 
Testing Different Leaf Species for Mist Collection and Runoff 
 
Comparing the seven species of leaves with a drip-tip to the one species without, there is 
almost no significance in a plant having a profound drip-tip (ANOVA: F= 9.72 dF = 7 and P 
>0.05) in every case except the leaf species (species seven) that shed the most water (fig 3 ). 
To obtain the results, the average water measured in the control beaker was subtracted from 
the values of the different species before the ANOVA was done. This takes away the effect that 
mist collected from the air would have on the results. There are trends that can be seen in the 
data, however, that lead into the next study. 
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Figure 3 : These results were obtained from experiment number 1, where 8 different species of leaf were tested for 
drainage. This box and whisker plot shows the average water collected and drained by each species of leaf over the 
five day experimental period. The bottom whisker is the low, the top whisker is the high, the bottom of the box is the 
first quartile, the solid line in the box is the median, the dotted line in the box is the mean, and the top of the box is the 
third quartile. The only significant difference in water shed in comparison to leaf 8 is leaf 7 (Tukey’s HSD: P<.01).  
 
Visual Observations:  
When observing the experimental process, water comes to a more complete drip-the sharper 
and longer the drip-tip. The water also formed the most clean drips and left the leaf the driest 
with leaf species number three, which was likely due to its greater incline from its primary vein 
and its waxy coating. For this reason, it was chosen for the next two steps. 
 
Testing Different Sizes of Leaf for Drip-Tip Effectiveness 
 
In comparing leaves with the same shape but different sizes, there was a significant difference 
between almost every single size in regards to the amount of water it shed on average (ANOVA: 
F= 28.12 dF = 4 and P = 0). The only nonsignificant differences came between one medium and 
small leaf and one large and one very large leaf (fig. 4 ). There is a significant upward trend in 
water runoff as surface area increases on leaves with drip-tips. 

 
Figure 4 : This figure shows the results of a study in which leaves of similar shape and varying size were tested for 
their ability to shed water from the surface of the leaf over an 18 hour period of constant mist. This plot exemplifies 
the trend in regards to water drainage v.s the surface area and size of a leaf. Every step up showed significant 
increases in drainage except from Small Leaf 1 to Medium Leaf 1 (Tukey’s HSD: P=.057) and from Large Leaf 2 to 
Very Large Leaf 1 (Tukey’s HSD: P>.05).  

 
Testing for the Importance of the Presence of a Drip-Tip 
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Figure 5 : This figure shows the results of a study in which drip-tips were cut off of a leaf species and tested alongside 
intact leaves. T test statistics strengthen the trend shown in this graph: no trend. The two different kinds of leaves, 
with and without drip-tips, had a 1.2 mL difference on average, with the leaves with drip-tips slightly shedding water 
better than those without drip-tips. 
 
Water runs off of leaves with and without drip-tips at about an even rate (fig 5 ). There was 
almost no statistical difference between the two types of leaves (T test: dF = 46, P = .44) that 
would indicate a trend in the data. This matches all of the visual observations that were made 
during the experiment. 
 
Discussion 
 
Drip-Tips 
The findings of this study suggest that perhaps drip-tips are not nearly as significant of an 
ecological adaptation to intense humidity and moisture as previously thought. Whereas in 
previous studies of how drip-tips work in rainforests, there was somewhat of a trend (albeit a 
nonsignificant one) (Burd 2007), in the montane cloud forest model, there was almost no trend 
whatsoever. Other trends referenced in the introduction showed that drip-tips helped to preserve 
soil nutrition, help photosynthesis, and increase transpiration. These studies have never been 
done in a cloud forest, but further experimentation would likely show a decrease in significance 
based on these results. Part of this reasoning could have been due to limitations in the model: 
some of the mist may have escaped and more leaf species could have been tested, but the 
results are statistically sound. One prospective reason for this could be the way in which clouds 
interact with leaf surfaces in comparison to rain. While rain hits a surface and immediately is 
looking to run down it, looking for a point to fall off, moisture from clouds has to condense onto a 
surface over a period of minutes or hours. In the machines, there was a condensation period of 
around an hour before the leaves started to have water beading on the surface. This 
condensation period gives the water more time to fall off of the sides of the leaf than does the 
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quick reaction of rain. Also, as the means of the two leaf types show, there is still a slight trend 
that favors drip-tips, but more wide-ranging experiments would need to be done to see if there is 
a significant difference in drip-tip necessity of montane cloud forests. A months long, in-habitat 
study of leaf species with varying degrees of drip-tip presence could help to answer this 
question.  

 
Surface Area 
The study did, however, find interesting results with leaf surface area and mist collection and 
shedding. Whereas it was previously believed that increasing surface area was primarily 
favored because it allowed for more chloroplasts and a larger photosynthetic surface (Liu et al. 
2009), this study sheds new light on the importance of surface area for water removal, as well. 
In the first experiment, the only leaf with a drip-tip that showed a significantly different amount of 
water runoff was the one that had the largest surface area. Likewise, in the second experiment, 
there was a strongly significant trend towards leaves collecting and shedding more water with 
higher surface area. There are also industry-related benefits of this experiment. In regards to 
water conservation methods such as drip-irrigation and runoff control, materials and instruments 
that have large surface areas can better control water flow than smaller, tighter methods.  
 
 
Conclusion 
There are many different adaptations that plant species around the world have to survive in their 
environments. Drip-tips were long believed to be an important adaptation to high rainfall and 
mist, but perhaps those assumptions were unjustified. Studies have shown that the cloud bank 
in tropical cloud forests is lifting, and with this the forest is changing (Pounds 1999). After this 
study, we can see that drip-tips are not as necessary in cloud forests as previously thought. 
Their purpose could be a relic of a time where rainforests were more prevalent on Earth, and 
drip-tips were more necessary.  
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Abstract 

Host plants provide necessary resources for survival and reproduction to various 
organisms, but introduced species can disrupt coevolutionary interactions. Owl Butterflies 
( Caligo spp )  are Neotropical but lay eggs on both native and introduced plants in the Order 
Zingiberales: Heliconiaceae, Musaceae, and Marantaceae. Oviposition and caterpillar instars of 
Caligo memnon  and Caligo illioneus  were studied on six species of plants in the Zingiberales 
Order: native Heliconia latispatha, Heliconia rostrata, Heliconia stricta , and Heliconia tortuosa 
(Heliconiaceae), native Ctnethane lubbersiana  (Marantaceae) and exotic Musa acuminata 
(Musaceae). Of the 280 observed caterpillars, 270 were found on either the H. latispatha  or M. 
acuminata , very few were observed on the four native species of: H. rostrata (0), H. tortuosa (2), 
H. stricta  (6), and C. lubbersiana (2) . Butterflies prefer to oviposit on M. acuminata (33% of 
172 total eggs counted, despite 14% leaf area in enclosure) and more 1 st instar caterpillars were 
found there (27 of 64 total). It was identified that later caterpillar instars were no more abundant 
on exotic M. acuminata  than native H. latispatha , however other Heliconia  spp had few eggs or 
caterpillars and C. lubbersiana  had no eggs, despite representing 22% of leaf area available. 
Caligo may be choosing M. acuminata for oviposition but it appears caterpillar survival on this 
plant is not as high as on native H. latispatha .  Thus, oviposition preference in these Caligo 
species appears maladaptive, and is evidence of coevolutionary disruption by an introduced 
species.  
 
Resumen 
 

Las plantas hospederas proveen los recursos necesarios para la reproducción y 
sobrevivencia de varios organismos, pero las especies introducidas pueden interrumpir 
interacciones coevolucionarias.  Las mariposas buho ( Caligo spp) son neotropicales pero ponen 
huevos tanto en plantas nativas como introducidas en el orden Zingiberales: Heliconiaceae, 
Musaceae, y Marantaceae.  La oviposición y los estadíos de orugas de Caligo memnon y Caligo 
ilioneus fueron estudiados en seis especies de plantas del orden Zingiberales: las nativas 
Heliconia latispatha, Heliconia rostrata, Heliconia stricta , y Heliconia tortuosa  (Heliconiaceae), 
Ctnethane lubbersiana  (Marantaceae) y la exótica Musa acuminata  (Musaceae).  De las 280 
orugas observadas, 270 fueron encontradas ya sea en H. latispatha o M. acuminata , y muy pocas 
observadas en las cuatro especies nativas de: H. rostrata (0), H. tortuosa (2), H. stricta  (6), y C. 
lubbersiana (2).  Las mariposas Caligo prefieren ovipositar en M. acuminata (33% de un total de 
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172 huevos contados a pesar del 14% de área foliar en el invernadero) y más orugas del estadío 1 
encontrados ahí (27 de 64).  Se identificó que los estadíos más tardíos de las orugas no fueron 
más abundantes en la exótica M. acuminata que en la nativa H. latispatha , sin embargo otras 
especies de Heliconia spp tienen menos huevos u orugas y C. lubbersiana no tiene ningún 
huevo, a pesar de representar 22% del área foliar disponible.  Caligo puede estar escogiendo M. 
acuminata para la oviposición pero parece que la sobrevivencia de las orugas en esta planta no es 
tan alta como en la nativa H. latispatha .  Así, la preferencia de oviposición en estas especies de 
Caligo parece desadaptativo, y hay evidencia de interrupción coevolucionaria por las especies 
introducidas. 
 
 
Introduction 
 

Introduced species may disrupt coevolutionary interactions (Leger & Espeland 2010). 
Through human interference, these coevolutionary interactions can be disrupted by introducing 
new flora and fauna into existing habitats as the introduction of a nonnative species may wreck 
havoc on an ecosystem. These exotic species may become invasive by out competing native 
species for common resources and populations may lack natural predation. Due to these factors, 
introduced species may cause distinct changes to an ecosystem and lead to the extinction of 
preexisting species.  

Many butterflies have coevolved to feed on specific plant species. Oviposition is the 
process of laying eggs, and preference is important because egg mortality can be high (Friberg 
2008) and caterpillar movement limited (Chew & Robbins 1984), so butterflies should evolve to 
choose host plants that provide optimal protection and nutrients (Chew & Renwick 1994). 
Determining oviposition is crucial for the survival of eggs as they are subjected to high levels of 
predation and the plants will provide resources for the larvae once they hatch. Larvae must grow 
quickly to reach adulthood, host plants that provide the highest nutrients facilitate the fastest 
growth (Scriber and Slansky 1981). Caterpillars grow and molt five times before forming a 
chrysalis, the size of caterpillars’ instars increase each time they molt, 1 st instars are the smallest 
and 5 th instars are the largest. 

Studies have shown that some plants have developed chemical defenses that may deter 
butterflies from ovi-depositing their eggs, certain butterfly species are behaviorally and 
metabolically immune to the plant’s chemical defenses, subsequently the butterfly may choose 
this species as a host plant (Chew & Robbins 1984). If a native plant species has evolved 
chemical defenses against a predator, such as the Caligo  butterfly, it may deter predation. An 
introduced species may easily become a host plant to a predator, such as the Caligo  butterfly, if it 
lacks the chemical defenses as other native plant species. Oviposition-deterring pheromones 
(ODPs) are chemical cues that have been found to be responsible for evenly-dispersed egg laying 
in butterfly species (Chew & Renwick 1994).  Thus, these chemical cues are important signals to 
butterflies for determining oviposition. Additionally, butterflies are attracted to visual and 
olfactory stimuli; a positive response to stimuli is scratching the leaf surface to release 
chemicals, which the female assess to determine if she will ovi-deposit (Talsma 2008). Cues to 
optimal oviposition may be disrupted by introduced species that may provide erroneous 
information that natural selection has not had time to filter, causing butterflies to lay eggs on new 
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but suboptimal species ( Webb 2006 ).  Introduced species that become invasive can diminish 
populations of native host plants, thus resulting in butterflies overloading their eggs on 
conspicuous host plants (Severns 2007). Chemical cues of introduced plants that are similar to 
native host plants may confuse butterflies if they have not had enough evolutionary time to 
recognize the difference between cues of their native host plants and introduced ones. The 
introduction of an exotic host species can harm the relative fitness of a butterfly species if it 
reduces the abundance of egg deposition or cannot support the larvae that feed on it. Butterflies 
should choose to ovi-deposit on host plants that increase their relative fitness by facilitating fast 
growth rates and high nutrition. 

Caligo butterflies (Nymphalidae: Brassolininae) are Neotropical yet lay their eggs on 
both native and exotic plant families in the Order Zingiberales:  native Heliconiaceae and 
Marantaceae (Ackery 1987) and non-natives in the Musaceae (Young 1975) from tropical Africa 
and Asia (Kress 1990). C. memnon commonly lay eggs on native plant species, such as H. 
latispatha , but appear to prefer SE Asian banana ( Musa acuminata)  in simple choice tests (Webb 
2006). Further, larval growth rates appeared to be slower on M. acuminata  than for caterpillars 
on H. latispatha . Therefore, Caligo  are making a mistake preferring M. acuminata  as fitness is 
lower on this foodplant.  

Here, two Owl butterfly species were studied:  C. memnon and C. illioneus , to see if egg 
and instar numbers differ on native vs. non-native plants in the Zingiberales. Five of six plants 
are native: four are in the Heliconiaceae and one in the Marantaceae. The non-native plant is M. 
acuminata  in the Musaceae, originally from SE Asia. This will show if oviposition preference for 
non-native banana is unique to C. memnon or more general to the genus.  It will also indicate if 
caterpillar survival and growth are favored on native vs. non-native plants chosen by females.  
 
Methods 
Host Plants 

The Order Zingiberales includes the plant families: Heliconiaceae, Marantaceae, 
Musaceae, Zingiberaceae, Costaceae, Lowiaceae, Strelitziaceae, and Cannaceae. Order 
Zingiberales are 68 genera and 2,600 species of tropical and subtropical broad-leafed, largely 
herbaceous monocots. The order is divided into two suborders: the basal banana group of 
Musaceae, Lowiaceae, Strelitziaceae and Heliconiaceae, and the monophyletic Zingiberineae 
that includes Zingiberaceae, Costaceae, Marantaceae and Cannaceae (Kress et. al 2001). This 
order is widely-spread throughout the world, with Heliconiaceae and Marantaceae native to the 
Neotropics, but Musaceae native to South East Asia and Africa that was introduced by humans 
into Central America (Mindzie et. al 2000). Larvae that feed on these host plants may need to 
consume large amounts of food to reach maturity because the nutrient content is low (Auerbach 
& Strong 1981). Caligo  butterflies can be pests to banana plants because they feed on the leaves. 
 
Owl Butterflies ( Caligo ) 

Caligo memnon butterflies are native to Central and South America, ranging from 
Mexico to Columbia and at elevations of sea level up to 1400 meters; the genus Caligo  extends 
to southern Amazonia (DeVries 1983). They are reported to feed on plants in the Marantaceae, 
Heliconiaceae, and Musaceae family (DeVries 1985; Young & Muyshondt 1985).  
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Study Site 
The location of this experiment was the Monteverde Butterfly Garden, Costa Rica. The 

garden has four separate butterfly enclosures representing different climates. Owl Butterflies are 
in the Lowland Butterfly enclosure, with species such as Morpho peleides. Two species of 
Caligo  butterflies were in this garden: Caligo memnon  and Caligo illioneus.  Here, I observed 
oviposition, egg number, and number of instars of Caligo  on six different species of plants from 
three different plant families in the Order Zingiberales:  H. latispatha , H. stricta , H. rostrata, and 
H. tortuosa (Heliconiaceae), C. lubbersiana  (Marantaceae), and M. acuminata  (Musaceae).  
 
Adult Inventory 

To have a relative idea of the number of Caligo  butterflies in the garden, I numbered each 
Owl butterfly with a paint marker and recorded their species and sex, to assure that there was an 
adequate number of females to lay eggs. Caligo  eggs are cream-colored and are laid in clusters. 
Sexes and species of Caligo  butterflies were determined by observing wing pattern and looking 
for presence or absence of the male patch on the thorax. 

 
Egg Inventory 

To determine egg number, I examined all leaves of each species and looked for eggs on 
the upper and underside of the leaf blade, as well as those on petioles, pseudostems and other 
parts of the plant, as well.  
 
Instars Inventory 

The relative size of each caterpillar’s instar was determined by careful observation of one 
hundred caterpillars and determining five categories. Instars were rated by sizes ranging from 
one (smallest) to five (largest). Caterpillar numbers were counted on each plant species, then 
organized into five instar sizes. I dedicated several days to counting the number of caterpillars of 
each size class on each different plant species. Caterpillars were removed as they were counted.  
 
Determining Oviposition Preference 

Eggs and caterpillars of C. memnon and C. illioneus  were indistinguishable, so I 
identified the eggs and caterpillars only by their genus of Caligo . In the Monteverde Butterfly 
Garden, there was an unequal total leaf surface area for each of the plant species. On each of 
these plant species, I counted the total number of leaves as well as the average leaf area of ten 
typical leaves by measuring the length and width (cm). Using the formula for an ellipse, I 
averaged the surface area (cm^2) of the ten leaves then multiplied it by the number of total 
leaves in that species. Because there was an uneven surface area ratio between the six species, I 
added up the leaf area from each species to get the total leaf area of all the species combined. 
Using this number, I calculated the percentage of leaves from each species that made up the 
entire leaf area by dividing each species’ total leaf area by the total leaf area of all species. For 
example, I used the leaf area of  H. latispatha  and divided it by the total leaf area of all the 
species ( H. latispatha +H. rostrata +H. stricta  + H. tortuosa + C. lubbersiana  + M. acuminata ). 
Using the ratio of leaf area for each plant species, I calculated the observed and expected values 
for caterpillar number and egg number, using a Chi-Squared test. 
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Results 
Adult Inventory  

Forty Caligos  were marked and results showed 32  C. illioneus , with 11 females and 21 
males. There were 8 C. memnon, 2 females and 6 males. There were statistically more C. 
illioneus  and more males overall (Chi-squared goodness of fit, X2 = 4.900, df =1, p = 0.0269, 
Figure 1).  
 
Egg Inventory  

I counted a total of 172 eggs on the plant species in the garden. 103 eggs on the H. 
latispatha , 2 eggs on H. rostrata, 4 eggs on H. tortuosa, 6 eggs on H. stricta , 57 eggs on M. 
acuminata , 0 eggs on C. lubbersiana (Figure 2) .  Relative total leaf area in the enclosure showed 
the following:  H. latispatha  had 60.1% C. lubbersiana  had 22%, M. acuminata  had 14.0%, H. 
stricta had 3%, H. tortuosa had 0.7%, and H. rostrata only had 0.1% of the total leaf area. 
Chi-squared test performed on the observed and expected egg number for each species showed 
that M. acuminata  had a higher egg number observed than expected, considering relative total 
leaf area. Additionally, a Chi-Squared test calculated observed and expected values for egg 
numbers on M. acuminata  and H. latispatha  which yielded a significant p-value (p<0.0001, 
X2=33.674). 
 

 
 
 

Figure 2.  Number of Caligo eggs found on 
different potential larval foodplants in an 
enclosure with 2 female C. memnon and 11 
female C. illioneus .  Orange bars represent 
number expected based on relative leaf area. 
M. acuminata had higher observed egg 
number than expected. H. latispatha had 
same observed and expected egg ratios. C. 
lubbersiana had 22% of total leaf area, yet 
no eggs were found on this species.  
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Instar Inventory  

Most caterpillars were on the underside of the leaves, but some were found on the trunks 
of the plants. H. latispatha and  M. acuminata  had more caterpillars observed than expected by 
relative total leaf area (Figure 3). In total, 216 caterpillars were found on H. latispatha , with 
thirty-three caterpillars for instar 1, one hundred twelve for instar 2, fifty-seven for instar 3, ten 
for instar 4, and four for instar 5. M. acuminata had a total of 54 caterpillars, with 27 in instar 1, 
15 in instar 2, 11 in instar 3, and 1 in instar 4. H. rostrata had little relative leaf area and no 
caterpillars were found on this species. H. tortuosa had two large caterpillars in instar 5, both 
with parasites. H. stricta  had six caterpillars, four in instar 1 and two in instar 3. Only two instar 
2 caterpillars were found on C. lubbersiana . 
 

 
Figure 3. Total caterpillars on 
each of six potential larval host 
plant species in an enclosure of 
the Monteverde Butterfly 
Garden. H. latispatha and M. 
acuminata had higher observed 
than expected values compared to 
that expected by relative total leaf 
area (orange bars). C. 
lubbersiana had fewer 
caterpillars than expected. 
 
 
 
 

 
Oviposition and Caterpillar Instars on H. latispatha  vs. M. acuminata 

270 of the 280 caterpillars found were on H. latispatha  or M. acuminata . H. latispatha 
had a leaf area of 13,828,214.40 (cm^2), and M. acuminata  had a leaf area of 3,100,117.44 
(cm^2), for a total leaf area of the two species of 16,928,391.8 (cm^2).  The ratio of leaf area 
between the two species was 82% for H. latispatha  and 18% for  M. acuminata. Instar 1 
caterpillars were more often on M. acuminata  (Figures 4 and 5, Chi-squared goodness of fit, X2 
= 29.634, df =1, p < 0.001). Instar 2 was also more often on M. acuminata , but not statistically 
significantly (X2 = 3.325, p = 0.07).  Instars 3-5 were equally abundant on H. latispatha  and M. 
acuminata  (Instar 3: X2=0.153, p-value=0.6955; Instar 4: X2=0.592, p-value=0.4418; Instar 5: 
X2=0.878, p-value=0.3478).  

 
 
 
Figure 4. Caligo caterpillar abundance of different 
instars on H. latispatha in an enclosure with 2 female 
C. memnon and 11 female C. illioneus  Owl Butterflies. 
Orange bars represent numbers of caterpillars expected 
based upon relative total leaf area. 
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Figure 5.  Caligo caterpillar abundance of different 
instars on M. acuminata in an enclosure with 2 female 
C. memnon and 11 female C. illioneus  Owl Butterflies. 
Orange bars represent numbers of caterpillars expected 
based upon relative total leaf area. Higher observed 
than expected values found for caterpillars in their first 
instar. Instars 2-5 had lower observed than expected 
values. 
 
 
 
 
 

 
Discussion 

Five of the six Zingiberales species in the enclosure had Caligo  eggs on them. 
Caterpillars and eggs are vulnerable to parasites, which was observed in both caterpillars found 
on H. tortuosa. Caligo  oviposition in the enclosure was non-random, however, females showed a 
preference for non-native M. acuminata, having 33% of 172 eggs despite their total Zingiberales 
leaf area of 14%.  Native Heliconiaceae spp had egg numbers consistent with their relative leaf 
area in the garden, though only H. latispatha was abundant enough to statistically conclude there 
was no oviposition preference.  The single Marantaceae, though native and fairly abundant, 
showed statistical avoidance, with 0 of 172 eggs, despite 22% of the total Zingiberales leaf area. 
Trends were similar for 1 st instar caterpillars, but any statistical differences diminished in older 
instars, where abundance closely related to relative leaf area. Since movement is limited in 
young instars, it is unlikely that caterpillars would be found on different plants from where their 
eggs hatched. 

Caterpillar mortality was high. Caterpillars decline on M. acuminata was more immediate 
and rapid, so that 2 nd instars declined by more than 50%.  At the same time, second instars on H. 
latispatha  dramatically increased in number.  Three factors influenced increased populations of 
second instars. The first is that later instars were increasing in duration, secondly they had low 
mortality, and thirdly, caterpillars moved from less favored plants. Abundance then decreased 
with instar to few surviving caterpillars regardless of host plant. The only caterpillars in instar 5 
were found on H. latispatha .  

Other studies have shown similar results that adult butterflies lay their eggs on exotic 
species, despite that their relative fitness decreased on introduced host plants, compared to their 
native host plants (Webb 2006). A similar study conducted by Webb (2006), investigated the 
oviposition preference and caterpillar fitness of C. memnon on host plants of the Zingiberales 
Order, where caterpillar fitness was measured from body sizes. Results showed an oviposition 
preference by C. memnon butterflies for the exotic species of M. acuminata , but subsequently 
that larval growth was the slowest on this species as well. After a twelve-day period, caterpillars 
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on M. acuminata  were only half the size of caterpillars on native host species. Similarly, my 
study examined oviposition preference, but also the larval survival rates of two Caligo  species, 
C. memnon and C. illioneus . My study confirmed oviposition preference of M. acuminata  for C. 
memnon and additionally showed that C. illioneus  exhibits a preference for this host plant, as 
well. This study showed that larval survival rates on M. acuminata  declined in bigger instars 
relative to larvae on H. latispatha . Consequently, Caligo  butterflies are laying their eggs on an 
exotic plant that is not providing for the larvae as well as the native species, H. latispatha.  

H. latispatha  is a native species which may provide better nutrients and protection for 
older caterpillars than introduced M. acuminata . The Heliconiaceae and Musaceae are both basal 
groups in the Order Zingberales (Kress 1990), so their chemical and visual cues may be easy to 
confuse. Moreover, Heliconia  spp may have evolved defenses against Caligo  oviposition that 
Musa spp lack. Caterpillar survival is higher on native H. latispatha , however. Therefore, Caligo 
butterflies prefer to lay eggs on M. acuminata , this host plant provides suboptimal resources for 
the caterpillar compared to native H. latispatha .  In the end, it appears from these results and 
those of Webb (2006) that Owl Butterflies in the genus Caligo  are making oviposition decisions 
that are maladaptive. This suggests that exotic banana is interfering with coevolutionary 
interactions between these butterflies and their hostplants. As humans continue to introduce 
species, evolutionary interactions may be disrupted, leading to loss of fitness and possible 
ecosystem function. Consequently, because caterpillar movement is limited and egg mortality is 
high, oviposition is important regarding Caligo populations. If Caligo  butterflies continue to lay 
their eggs on M. acuminata instead on a native plant species, this could lead to a decline in the 
Caligo  populations as their larvae have low survival rates on the banana plant.  
 
Acknowledgements  

Thank you to my wonderful professors who have worked tirelessly to support my peers 
and I on our research projects! Thank you to the Monteverde Butterfly Garden for helping me 
conduct my research and always greeting me with smiles every day! Lastly, thank you to my 
family who continually support me and made it possible for me to be able to attend this 
wonderful learning opportunity. And to leave my life motto here: love everything, question 
everything, and appreciate the beauty in everything: Costa Rica, you have helped me do all three. 
 
______________________________________________________________________________ 
 
Literature Cited 
 
Ackery, P.R. 1987. Host Plants and Classification: A Review of Nymphalid Butterflies. 

Biological Journal of the Linnean Society . 33:95–203. 
 
Auerbach, M. J. & D. Strong. 1981. Nutritional ecology of Heliconia herbivores: plant 

fertilization and alternate hosts. Ecol. Monogr . 51:63-83. 
 
Chew, F. & Robbins, RK. 1984. Egg laying in Butterflies . The Biology of Butterflies.  11:65-79. 
 

 

 18 



 

Chew, F. & Renwick, J. 1994.Oviposition Behavior in Lepidoptera. Annual Review of 
 Entomology. 39: 377–400. 

DeVries, P.J. 1983. Caligo memnon  (Buhito Pardo, Caligo, Cream Owl Butterfly). In: Costa 
Rican Natural History, D. H. Janzen, ed. The University of Chicago Press. pp. 703-704. 

 
DeVries, P.J. 1985. Host Plant Records and Their Natural History Notes on Costa Rican  

Butterflies. The Journal of Research on the Lepidoptera. pp. 24: 290–333. 
 
Friberg, M. 2008. Habitat choice precedes plant choice- niche separation in a species pair of a 

generalist and a specialist butterfly. Oikos.  113: 1337–1344.  
 
Kress, W. John. 1990. The Phylogeny and Classification of the Zingiberales. Annals of the 

Missouri Botanical Garden. 77: 698–721. 
 
Kress,W. John, et al. 2001. Unraveling the Evolutionary Radiation of the Families of the

  Zingiberales Using Morphological and Molecular Evidence. Systematic Biology . 
  50: 926–944.  

 
Leger, Elizabeth A. & Erin K. Espeland. 2010. Coevolution between Native and Invasive Plant

 Competitors: Implications for Invasive Species Management. Evolutionary  
Applications.  3:169–178. 

Mindzie, Christrophe. 2001. First Archaeological Evidence of Banana Cultivation in Central 
Africa during the Third Millennium before Present. Vegetation History and 
Archaeobotany, 10:1–6. 

Scriber J. M., and Slansky F. Jr. 1981. The nutritional ecology of immature insects. Annu. Rev. 
Entomol. 26:183–211. 

 
Severns, Paul M. 2007. Exotic Grass Invasion Impacts Fitness of an Endangered Prairie  

 Butterfly, Icaricia Icarioides Fenderi. Journal of Insect Conservation.  12: 651–661. 
 
Talsma, J. 2008.  Oviposition Cues for a Specialist Butterfly Plant Chemistry and Size. Journal 

    of Chemical Ecology , 34: 1202–1212. 
 
Webb, Emily. 2006. “Oviposition Preference and Larval Growth Rates of Caligo memnon 

(Nymphalidae: Brassolinae).”  Tropical Ecology Collection. Fall (2006), 129-146. 
 
Young, A. 1975. Feeding Behavior of Morpho Butterflies in a Seasonal Tropical Environment. 

Revista De Biologia Tropical.  pp. 23:101–123. 
 
Young, A.& Muyshondt. 1985. Notes on Caligo memnon Felder and Caligo atreus Kollar  

(Lepidoptera: Nymphalidae: Brassolinae) in Costa Rica and El Salvador. The Journal of 
 Research on the Lepidoptera.  24:154-175. 

 

 

 19 



Orb weaving spiders as keystone species for bromeliad 
tank communities 
Derek Frank 
Department of Biology, University of Minnesota Twin Cities  
 
ABSTRACT: 
 Spiders that construct webs over bromeliad tanks may collect arthropods attempting to enter and 
exit, snag falling debris and even collect organisms on mist or rainwater. To see if spiders impact 
community composition of bromeliad tanks, twenty plants with and without spiders were sampled and their 
aquatic communities assessed for richness and abundance. The two groups were then compared for overall 
community composition. Overall, in the tanks with spider webs, the diversity of large protist species 
(H’=1.06) was higher, and the abundance of both macroinvertebrates (Individuals = 67) as well as large 
protists (Individuals = 239) was lower than in tanks without spiders (H’=.93; Individuals=147; 
Individuals=443). On a per plant basis, only the abundance of macroinvertebrates varied, with non-spider 
web tanks having the higher abundance. (tnospider=7.35, tspider=3.35). All other differences were statistically 
nonsignificant. The data suggest that these spiders act as a keystone species for bromeliad tank 
communities. 
 
Resumen: 

Arañas que construyen telas sobre los tanques de las bromelias pueden colectar atropodos tratando 
de entrar o salir, detritos que caen y también colectar organismos en la lluvia o la neblina.  Para ver el 
impacto de las arañas en la composición de la comunidad de los tanques de bromeliad, veinte plantas con y 
sin arañas se muestrearon y se estimaron la riqueza y abundancia para sus comunidades acuáticas.  Los dos 
grupos fueron entonces comparados para la composición de la comunidad en general.  En general, en los 
tanques con telas de arañas, la diversidad de protistas grandes fue mayor (H’=1.06), y la abundancia de 
tanto macroinvertebrados (Individuos = 67) así como de protistas grandes (Individuos = 239) fue menor 
que en los tanques sin arañas (H’=.93); Individuos 147; Individuous = 443).  En base a por planta, solo la 
abundancia de macroinvertebrados varía, con los tanques sin telas de araña con una mayor abundancia 
(tsinAraña=7.35, taraña=3.35).  Todas las otras diferencias fueron no significativas estadísticamente.  Los datos 
sugieren que estas arañas actuan como especies claves para las comunidades de tanques de bromelias. 
 
INTRODUCTION: 

The family Bromeliaceae is one of the most common families in the Neotropics (Benzing 2000).  
The majority of these species use an interlocking pattern of leaves to form a waterproof “tank” in the center 
of the plant, which catches rain and throughfall, as well as leaf litter and wind borne particles. The tank is a 
source of nutrients for not only the plant itself but a diverse set of organisms that use these tanks as habitat, 
breeding space, and a source of food in a fragmented aquatic ecosystem (Kitching 2001). Much of the 
current knowledge of these bromeliad communities is from one species of bromeliad Sarracenia purpurea, 
a North American pitcher plant (Addicot 1974). Because the system lacks primary producers, the main 
input to the system is detritus, and therefore the first trophic level includes bacteria that consume small 
organic matter and nutrients in the tank. The first predatory level includes various protists that consume 
these bacteria and each other, and the top trophic level consists of mosquito larvae, along with other 
invertebrate species (Addicot JF 1974; Jocque & Field 2014). 

Spiders weave webs across the tops of these tank bromeliads in Neotropical forests (Henaut et. al 
2014). Bromeliads may provide a refuge for spiders during dry periods, as they form tanks of water 
(Henaut et. Al 2014).  They might also act as structural support for spider webs.  Moreover, spiders could 
be using the tank bromeliads as a trap for prey (Dias and Brescovit 2004). Spiders’ webs over tank 
openings could trap debris and microorganisms on mist and rainwater, although it has never been reported.  

The effect of these webs upon the tank bromeliad communities has never been explored. If these 
spiders are using these bromeliads as a source of prey then the species that would be preyed on such as the 
larvae of mosquito should differ between tanks with spider webs and those without. If these spiders are 
trapping debris or and microorganisms on mist and rainwater then the protist communities should have less 
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input of nutrients and should have lower diversity as generally, lower productivity of an ecosystem the 
lower the diversity of that ecosystem. If the spider webs have no affect on the bromeliad community it is 
probable that these spiders are not preferentially selecting these bromeliads for anything but structural 
support and are unrelated to the tank communities. By comparing the richness, abundance, and diversity of 
the species within these two groups of bromeliads (spider web and non spider web), the effect of these 
webs on the tank communities can be ascertained and their role in the bromeliad ecosystem may be 
established. 

 
MATERIALS AND METHODS: 

Over the course of two weeks, forty (40) different terrestrial bromeliads from the 
Monteverde Cloud forest were selected; all of the bromeliads were clonal cultivars of 
Neoregalia macwilliamsii found terrestrially over open sky in a garden, though they are 
normally epiphytic and native to Brazil.  

Of the bromeliads chosen, twenty had a spider web present across the top of the 
tank, and twenty were spider free. There were multiple species of spider present upon the 
plants and some of the webs did not have a spider present, only the web. Because of this, 
identifying and classifying the spider species for each bromeliad was not attempted. The 
amount of debris in each tank was casually observed after the liquid suspended contents 
were removed. No quantitative data was recorded for this. Each tank was drained using a 
baster inserted all the way to the base of the tank and the extracts were placed into 
labelled vials. The debris in the vials was allowed to rest in the bottom before the slides 
were prepared. One drop was then taken from the bottom of each vial and placed on a 
slide that had been covered with a thin layer of petroleum jelly. Then each slide was put 
under 40x microscopy, without oil immersion to identify the different morphospecies. 

The number of assorted larvae found within each sample of water was recorded, 
then the plates were observed for the presence and abundance of different morphospecies 
within the liquid. There were six different morphospecies of medium sized organisms, 
mostly invertebrates such as mites, classified based on morphology, and four different 
morphospecies of protists, classified by both movement and size (Table 1), an additional 
category was made for small protists that were too small to reliable classify using 40x 
microscopy. The abundance of each morphospecies was recorded for each slide. Only 
one slide was counted per plant, with one drop for the slide. The results were recorded. In 
preliminary trials, one drop was found to be indicative of the bulk of the diversity within 
the community. 

  
RESULTS: 

Non-quantitative observations were made upon the plants, a trend found was that 
spider web plants tended to have less detritus in the tanks than the non-spider web plant, 
visible in the large detritus (leaves, bark, etc.) as well as in the color and opacity of the 
water extracted from the bromeliads.  

Species richness, abundance and diversity were analyzed overall and on a per 
plant basis (Peet 1975). The morphospecies were split into three categories; 
macroinvertebrates, large protists and small protists, and those categories were compared 
because the three categories should be affected by webs as they are representative of 
different trophic levels within the communities. The overall diversity index (Shannon’s 
Index, H’) for the two plant groups were analyzed using a means t-test. Species Diversity 
(H’) did not differ between spider and non-spider plants for macroinvertebrates (t = 1.28, 
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df = 125, p=0.203; Figure 1). Large protists were more diverse in the spider web plants 
(p<.0001; Figure 2). The morphospecies were placed into categories that are meant to 
represent trophic levels within the community. The overall richness was not different 
between the two groups for any of the morphospecies categories (macrospecies, p=.76 / 
large protists, p=1.0), analyzed using a chi-squared analysis need the Chi-square values, 
degrees of freedom, etc. The spider web plants had overall less abundance of both 
macroinvertebrates (Non-spider web = 147, Spider web = 67, p<.0001) and large protists 
(Non=443, Spider=239, p<.0001), but had more abundance of small protists (Non=1392, 
Spider = 2886, p<.0001; Figure 3).  

The two groups of plants were also analyzed using a per plant comparative means 
t-test for abundance, richness, and diversity (Shannon’s Index, H’) for the macrospecies 
and the large protists. The only statistically significant result was the difference in 
abundance for the macrospecies (p=.015), with the non-spider web plants having higher 
abundance (x = 7.35, St Dev = 6.09) than spider plants.  

 

 

 

Figure 2: Diversity of large protists found in spider web and non spider web bromeliads. Non 
spider web bromeliads (H’ = .93) were found to have a significantly lower Shannon index (H’) than the 
spider web bromeliads (H’ – 1.06, p< .0001, t=4.45) in regards to large protists. 

Figure 1: Diversity of macrospecies found in spider web and non spider web bromeliads. Non spider 
web bromeliads (H’ = 1.29) were found to have a nonsignificantly higher Shannon index (H’) as 
compared to spider web bromeliads (H’ = 1.14, p=.203, t = 1.28) in regards to macroscopic species. 
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DISCUSSION: 
 The data show the presence of spider webs across the top of tank bromeliads 
affects the community within the tanks. Detritus levels, clarity and community 
composition all differed.  Spider bromeliads had less detritus and clearer water.  They 
also had lower abundance of macroinvertebrates and large protists, both overall and on a 
per plant basis, though significant on a per plant basis only for macroinvertebrates.  
Diversity of large protists was also higher overall but not per plant.  Small protists were 
more abundant with spiders for all plants combined.    

These differences are likely due to the relative lack of detritus within the spider 
web plants, as nutrient availability is negatively correlated with richness in certain 
microorganism communities (Jepson et. al 2000). It is also true of other systems.  
Generally, higher productivity favors higher diversity.  

The other significant result was the higher abundance of macroinvertebrates 
between the two groups. This suggests that the spider web may be either catching these 
macrospecies as they attempt to use the tank bromeliad for a portion of their life cycle, or 
that once again the lack of detritus has some affect on the macrospecies community. This 
first explanation is likely the case in the example of larvae, as the life cycle of these 
invertebrates involves leaving and reentering these bromeliads, which could be a source 
of food for the Leucauge spiders that weave these webs. There is also evidence that the 
lower nutrient richness from the lack of detritus would have large effects on the overall 
community as this is the case in many other ecosystems (Jeppesen et. al 2000) While the 
mechanisms through which these spider webs affect the bromeliad communities have yet 
to be explores, it is clear that these spiders act as a keystone species in these bromeliad 
tank communities. 
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Figure 3:  Abundances and Standard errors for small protists, large protists, and macrospecies in 
spider web and non spider web bromeliads. The total abundances of three categories of species within 
tank bromeliads, sorted by spider web containing bromeliads and non spider web containing bromeliads. 
The only statistically significant result was for macrospecies (p=.015).   
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Abstract 

Seed predation in the Tropics can be intense and impact plant diversity.  Over 90% of tropical 
trees use animals for dispersal.  Seeds are dispersed in animal defecations, with dung and urine 
potentially providing fertilizer for germinating seeds and much more.  This study investigates if 
dung and urine also protect seeds from predation by agoutis (Dasyprocta punctata). I created 25 
seed piles to test the impact of pig dung, cow dung, horse dung, and wildcat urine on seed 
predation vs control piles. Ten peanuts were placed at each control site and ten either covered 
in dung or below a hanging piece of fabric with wildcat urine. Camera traps captured nocturnal 
activity at three wildcat urine sites and I visually surveyed all sites twice daily. Agoutis are quite 
common and highly motivated seed predators. Through observations and camera trap data, I 
witnessed that the most effective treatment preventing agouti seed predation was wildcat urine 
(mean 5.2 more urine peanuts survived than control +/- standard error 0.967). More peanuts, 
the seeds chosen for this experiment, survived in the dung than uncovered controls (4 of 750 
total control survived, 94 of 750 total dung survived) and cow dung appeared to do the best job 
of the dungs at protecting peanuts (m = 1.48 +/- se 0.598), followed by horse (m = 1.16 +/- se 
0.642) and then pig (m = 0.96 +/- se 0.552). These results were significant. However, few peanuts 
survived more than one night after placement and data collection thanks to small nocturnal 
rodents. Therefore mammal excrement can provide effective protection against seed predation 
above and beyond its dispersal function, especially so in intact habitats with normal seed 
predator populations. While seed predation is high in the tropics, mammal excrement proves to 
be an effective solution to circumvent seed loss to diurnal seed predators.  

 

Resumen 

La depredación de semillas en los trópicos puede ser intensa e impactar la diversidad de plantas.  
Sobre el 90% de los árboles tropicales usan animales para su dispersion.  Las semillas son 
dispersadas en las heces de los animales, con las heces y la orina dando potencialmente 
fertilizante para la germinación de las semillas y mucho más.  Este estudio investiga si las heces 
y la orina también protegen las semillas de depredación por guatusas (Dasyprocta punctata).  
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Cree 25 grupos de semillas para probar el impacto de heces de cerdo, vaca y caballo, y orina de 
gato en la depredación de semillas versus grupos control.  Diez maníes se colocaron en cada sitio 
de control y diez ya fuera cubiertas por heces o bajo una pieza de tela con orina de gato salvaje.  
Cámaras trampa capturaron la actividad nocturna en tres sitios con orina de gato y yo 
visualmente muestree todos los sitios dos veces al día.  Las guatusas son bastantes comunes y 
altamente motivados depredadores de semillas.  A través de observaciones y cámara trampa, 
encontré que el mejor tratamiento para prevenir la depredación de semillas por guatusas es la 
orina de gato salvaje (en promedio 5.2 maníes en el tratamiento con orina sobrevivieron que en 
el control +/- error estándar 0.967). Más maníes, las semillas escogidas para este estudio, 
sobrevivieron en las heces que en los controles no cubiertos (4 de 750 sobrevivieron en el control, 
94 de 750 en las heces) y las heces de vaca parecen hacen un mejor trabajo entre las heces en la 
protección de maníes (m = 1.48 +/- se 0.598), seguido por caballo (m = 1.16 +/- se 0.642) y luego 
cerdo (m = 0.96 +/- se 0.552).  Estos resultados fueron significativos.  Sin embargo, pocos maníes 
sobrevivieron más de una noche después de su colocación gracias a pequeños roedores 
nocturnos.  Así el excremento animal puede proveer una protección efectiva sobre la 
depredación de semillas sobre y más allá de su función, especialmente en hábitas intactos con 
poblaciones normales de depredadores de semillas.  Mientras la depredación de semillas es alta 
en los trópicos, los excrementos de mamíferos prueban ser una solución efectiva a la pérdida de 
semillas debido a depredadores de semilla diurnos. 

 

Introduction  

Tropical seed predation pressures are high and plants employ different strategies to 
insure seedling recruitment (Howe and Smallwood 1982). Some species, like pioneers, have little 
endosperm and so can remain in soil banks for decades (Dalling et al. 1998). However over 90% 
of tropical canopy trees use animals for dispersal (Howe 1984) to protect their large seeds 
provisioned with more nutritious endosperm. Many animal dispersers consume seeds within 
fruits and later defecate them as part of dispersal (Howe and Smallwood 1982). This may lower 
density-dependent predation and mortality rates below the parent tree (Comita et al. 2014; 
Connell 1971; Janzen 1970).  Associated dung and urine may provide favorable conditions for 
seedling establishment (Tjelele 2015). It is also possible that dung and urine protect seeds from 
predation.  

 Animals are vitally important partners for tropical plants, particularly canopy trees, as 
seed dispersers (Howe 1984).  Animal dispersal offers numerous benefits to many different plants 
to increase seedling recruitment. One of the most recognized benefits of this partnership is 
animals’ role in helping seeds escape the risks associated with remaining too close to their parent 
plants or too many conspecifics, known as the Janzen-Connell hypothesis (Janzen 1970; Connell 
1971).  This hypothesis states that seeds and seedlings are likely to suffer these distance and 
density dependent mortality rates because seed predators and host specific pathogens are more 
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likely to be present around a parent tree or stand of conspecifics. Additionally, even if these 
seedlings manage to survive threats from predators and pathogens in close proximity to parent 
trees and conspecifics, they then face another challenge; they must compete with their parent 
plants for resources and sunlight at a distinct disadvantage (Howe and Smallwood 1982). A host 
of subsequent studies appear to lend support to this hypothesis in the tropics and beyond 
(Comita et al. 2014). This may not be a relevant benefit for every tropical species (Howe and 
Smallwood 1982). However the benefits of animal dispersal reach far beyond this single function.  

 Other elements of animal dispersal offer benefits to the seeds which they disperse. For 
some species, the degrading processes to which seeds are subjected within animal guts 
significantly increase germination rates (Miller 1995; Silveira et al. 2012). Animal excrement, 
particularly large mammal excrement may also provide some measure of fertilization to some 
species of seedlings, though not all (Miller 1995).  Large mammal dispersal, particularly that of 
farm animals can help some species colonize otherwise hard to reach areas such as pasture 
(Janzen 1986; Malo & Suarez 1995). This could be because small nocturnal rodents, the primary 
predators of these seeds, were disinclined to stray from their preferred forest habitats to search 
dung in pasture (Janzen 1982b). In forested areas these mice, Liomys salvini, were attracted to 
the novel smell of dung and thoroughly searched those piles known to contain many seeds 
(Janzen 1982a). These same mice preferred to search through horse rather than cow dung for 
their meals (Janzen 1986).   

However, small mice are far from the only seed predators in the tropics, and certainly not 
the only ones which share habitat with large mammals which could disperse their preferred meal. 
This begs the question, does large mammal excrement play a role in the interactions between 
seeds and other seed predators? If so, does the composition of the excrement or the species 
from which it came make a difference for other seed predators? In the mountainous Cloud Forest 
of Monteverde, Costa Rica, one of the most frequently observed seed predators within and just 
outside protected habitats are Central American Agoutis (Rodentia: Dasyprocta punctata). In this 
study, I investigate if large mammal dung and urine provide seeds protection from one of the 
area’s most persistent seed predators, agoutis (D. punctata). 

 

Methods 

Study Area: 

The experiment was conducted on the lower trails of the Estación Biológica Monteverde, a 
private reserve which connects directly to a larger patchwork complex of reserves with a total 
area of about 25,000 hectares of protected area. This study took place during the rainy season, 
in edge habitat closest to human activity around the station. The Holdridge Life Zone for this area 
is Pre-Montane Tropical Moist Forest, at an elevation of around 1550m above sea level, about 2-
3m of annual rainfall and heavy mist input. Edge habitat had tall trees with a closed canopy 
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parallel to steep topography leading to the Quebrada Maquina stream. All peanuts were placed 
within two meters of forest trails used by researchers and students of the biological station. 

Study Organisms:  

Dasyprocta punctata (Rodentia), the Central American Agouti, weighs around 5-10 lbs. While 
they are diurnal seed predators they can be dispersers if they cache excess seeds which can 
sometimes be forgotten and left to germinate (Hallwachs 1986). They range from Southern 
Mexico to Ecuador (Emmons 2016). These animals are typically solitary foragers with individual 
territorial ranges of 1-4 hectares (Galvez et al. 2009). However in the areas around the Estación 
Biológica Monteverde, their populations are significantly inflated. One could easily encounter 
several individuals along the station’s trails or roaming the gardens adjacent to the station 
building at any given time. This increased population is thought to be caused by edge effects, 
possibly resulting in increased seed predation pressure in the area (Williamson 2017).  

Mammal dung and Agouti seed predation 

 

To determine if large mammal dung is an effective defense against Agouti seed predation, I 
obtained pig, cow, and horse dung from nearby farms. Seeds were commercially available 
roasted peanuts removed from their shells. Beginning with pig dung, I created 10 stations, each 
approximately 15 meters apart along the sides of lower trails closest to the biological station. 
Each station contained two substations, a control of 10 exposed peanuts and a treatment of ten 
peanuts inside about 1.5 cups of dung molded into a pile similar to how it would appear in its 
natural state (Images 1 & 2). The substations were approximately 5 meters apart.  

Peanuts were put out around 9-10 AM. Stations were checked for number of seeds remaining 
once in the morning about 1-2 hours after initial placement (AM check) and once in the afternoon 
about 4-5 hours after initial placement (PM check). Stations were also observed intermittently 

Image 2: Control of 10 exposed peanuts to assess seed 
predation without any external defense 

Image 1: Treatment of cow dung containing 10 peanuts 
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throughout the day. Pig dung data were collected for 3 days, 2 days with 10 stations each and 1 
day with 5 stations for a total of 25 stations. Stations were marked with flagging tape above them 
using vegetation. Substations were moved a few feet each day within the same section of trail to 
prevent old dung from mixing with new or habituating agoutis to a specific site.  

This design was then repeated with 3 days of cow dung and 3 days of horse dung respectively, 
each with 25 total stations containing one control site and one treatment site. Pig dung was 
required by law to undergo a filtration process which left it like a gritty, grainy liquid but it 
maintained its characteristically pungent odor. The cow dung was natural and fresh, with a pasty 
consistency and a less pungent odor. Horse dung was also fresh and unaltered, with a drier, 
clumpy consistency and the least pungent odor.  

Wildcat urine and Agouti seed predation 

To assess if agouti foraging behavior changed in the presence of large mammal urine, I obtained 
the commercial wildcat urine “Pete Rickard’s Wildcat Urine” marketed as a hunting aid or pest 
control tool. The species of cat from which the urine originated was unspecified, but I suspect 
bobcat given some of the company’s other products use bobcat urine.  Again I placed 25 total 
stations on the same trails over 3 days, 10 on the first, 10 on the second, 5 on the third, each 
containing a control of 10 exposed peanuts and a treatment of wildcat urine. The wildcat urine 
was poured onto disposable cloth towels which were hung with flagging tape 1-2ft (CM) above 
the site, around the height a medium-large cat would typically spray (Images 3 & 4). Less than 
5mL of urine was required to create a very pungent odor around the site. I again did AM and PM 
checks on each station. The urine towels were changed daily to insure the scent remained strong. 
I also placed camera traps at 3 treatment substations to determine if the presence of wildcat 
urine had any impact on nocturnal non-Agouti species.  

 

Image 3: Control of 10 exposed 
peanuts 

Image 4: Treatment of 10 
peanuts below a rag with 5mL of 
wildcat urine 
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Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tables 1 & 2: Number of total peanuts (out of 250 for each category) left in the treatment 
groups of pig, cow, and horse dung and wildcat urine and their respective control groups 1-
2 hours (AM) and 4-5 hours (PM) after exposure to agouti predation in the edge habitat of 
the Monteverde Cloud Forest, CR. 

Tables 3 & 4: Chi square data demonstrating the statistically significant difference between 
treatments of pig dung, cow dung, horse dung, and wildcat urine and their respective control 
groups 1-2 hours (AM) and 4-5 hours (PM) after exposure to agouti predation in the edge 
habitat of the Monteverde Cloud Forest, CR. 

AM 
Pig X

2
 = 

28.28  
Df = 1 p<0.001 

Cow X
2
 = 

35.67 
Df = 1 p<0.001 

Horse X
2
 = 33 Df = 1 p<0.001 

Cat X
2
 = 71.3 Df = 1 p<0.001 

PM 
Pig X

2
 = 24 Df = 

1 
p<0.001 

Cow X
2
 = 30.4 Df = 

1 
p<0.001 

Horse X
2
 = 29 Df = 

1 
p<0.001 

Cat X
2
 = 44.47 Df = 

1 
p<0.001 
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Mammal dung and Agouti seed predation 

All dung types offered better protection for peanuts than their respective controls in the AM and 
PM checks (Tables 1 & 2) and these results were statistically significant (Chi square, Tables 3 & 

4).  There was statistically significant variation between the effectiveness all four treatment types 
in both the AM (1-way ANOVA : F(3,96) = 12.5128 , p = 5.6458E-7) and PM checks (1 way ANOVA 
: F(3,96) = 8.77501, p = 0.00003). In the AM check pig dung (m = 0 +/- se 0) was statistically 
significantly worse protection for peanuts than either cow (m = 6.32 +/- se 0.907), horse (m = 
3.52 +/- se 0.935), or cat urine (m = 5.64 +/- se 0.966) (Scheffe contrasts among pairs of means: 
pig vs cow p = 6.02918E-6; pig vs horse p = 0.02683; pig vs cat p = 0.00006). There were no 
statistically significant differences between other treatments in the AM group. By the PM checks 
there were no statistically significant differences between types of dung (Figures 1 & 2)  

Dung Observations 

At pig dung stations I observed several agoutis eating peanuts from both control and treatment 
sites. I also witnessed coatis on the trails near my stations, but did not observe them consuming 
any peanuts. The agoutis easily dug through the pig dung and many sites were consumed by the 
time I finished setting them out. In one case I was followed from station to station by an agouti 
eagerly consuming everything I laid out. At the cow dung stations about half the time I observed 
agoutis eating peanuts from several control sites before investigating the treatment sites. They 
also tended to miss a few seeds in each dung pile rather than entire piles altogether, as was the 
case with horse dung. At the horse dung station I observed that agoutis also tended to eat control 
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Figure 1: Mean difference (+/- st. err.) between the number of 
peanuts (out of 10) remaining at treatment sites and their 
respective control sites after 1-2 hours of exposure to agouti 
predation. Treatments were pig, cow, or horse dung or wildcat 
urine. Data were taken over 12 days in edge habitat of the 
Monteverde Cloud Forest of Costa Rica.  

Figure 2: Mean difference (+/- st. err.) between the number of 
peanuts (out of 10) remaining at treatment sites and their 
respective control sites after 4-5 hours of exposure to agouti 
predation. Treatments were pig, cow, or horse dung or wildcat 
urine. Data were taken over 12 days in edge habitat of the 
Monteverde Cloud Forest of Costa Rica. 
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sites first, but less so than at the cow dung stations. During all dung trials I observed at least 4 
agoutis on the trails per day, sometimes appearing just as I set out a station.  

Wildcat urine and Agouti seed predation 

Wildcat urine, like all three types of dung, offered peanuts better protection than controls (Tables 

1 & 2) which was statistically significant (Chi square; Tables 3 & 4). However, by the PM check, 
wildcat urine (m = 5.2 +/- se 0.877) had deterred statistically significantly more agouti seed 
predation than dispersal within pig (m = 0.96 +/- se 0.552), cow (m = 1.48 +/- se 0.598), or horse 
(m = 1.16 +/- se 0.642) dung (Fig. 1 and 2) (Scheffe contrasts among pairs of means: cat vs pig p 
= 0.00047; cat vs cow p = 0.00288; cat vs horse p = 0.00097). There were no other statistically 
significant differences in the PM check data.  

Urine Observations 

I observed agoutis approach the urine sites, sniff the site area, then quickly leave. I only observed 
one agouti eating from a urine site. The agoutis I observed during my wildcat urine trials appeared 
to be more skittish. During the dung trials if I came upon an agouti at a station it would typically 
run several meters into the woods, wait, then slowly return. During the urine trials when I startled 
agoutis they ran much further into the forest to where they were no longer visible and in one 
case did not return for over 35 minutes. My camera traps documented several agoutis sniffing 
the area and leaving, and only captured photos of one agouti eating from a urine site. The camera 
traps captured one squirrel (Sciurus sp.) and many small nocturnal rodents eating from the urine 
sites, however. This would explain why I observed that remaining seeds almost never survived 
the night. The cameras also picked up a curious Ocelot (Leopardus pardalis) investigating the 
urine in two sites. It also captured a few coatis passing by appearing to take notice of neither the 
peanuts nor the wildcat urine.  

 

 

Images 5, 6, & 7: An agouti caught on camera trap displaying an adverse reaction to a rag containing 5 mL of wildcat urine, leaving 10 uncovered 
peanuts below the rag untouched. 
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Discussion 

 Overall, not only were both dung and urine effective in deterring agouti seed predation, 
there were clear differences in the level of deterrent among treatments. Dung types differed in 
the degree of protection provided, significantly so in the AM checks. This is possibly due more to 
dung consistency than odor. While a particularly rancid odor like that which emanates from pig 
dung might be a deterrent to human consumption, this was certainly not the case for agoutis. 
They found pig dung the easiest to dig through, likely because of the filtration process it 
underwent, which changed its consistency significantly. However, it appears that perhaps a 
strong odor did not meaningfully impact predation intensity, as cow dung, arguably the second 
most malodorous, protected seeds best as it was the most difficult to search through. Agoutis 
frequently missed one or more seeds in many of these dung sites, likely due to the pasty 
consistency which even I found more difficult to dig through when counting seeds. Horse dung, 
arguably the least malodorous of the three, formed the middle ground both in terms of seed 
predation and consistency. Thus I believe consistency might have greater role to play in seed 
survival within dung. The agoutis’ foraging preferences for horse over cow dung are consistent 
with those of their smaller nocturnal relatives, Liomys salvini mice (Janzen 1986).  

 The agoutis’ aversion to the wildcat urine was likely more closely related to its potential 
signification of a predator close by than to its extremely pungent odor. Certainly bobcats, the 
likely donor species for the urine I used, are certainly not a threat agoutis would normally 
encounter or be familiar with as the ranges of these two species do not overlap. Nonetheless, 
they appeared to react in fear. Additionally, the presence of this urine seemed to hold 
significance even for local cat species, as it drew an ocelot to at least two treatment sites the first 
night it was present in the environment. It also appeared to my nose to have a very similar odor 
to cat urines I’ve previously encountered, wild and domestic. I believe it’s characteristic pungency 
may have had the unintended effect of deterring agoutis from even a few of the control sites 
during these trials, as there were many more control peanuts remaining after the checks than 
any of the dung trials. Without this potential unintended consequence, wildcat urine might have 
displayed a more dramatic impact on seed predation. This relationship between agouti seed 
predation habits and the presence or fear of predators is consistent with previous literature 
which established that not only do predators in intact habitats reduce agouti populations, but 
also decrease the time individual agouti’s spend foraging (Asquith et al. 1997; Suselbeek et al. 
2014). This also may be consistent with the reactions of L. salvini mice, which may avoid seeds in 
pasture habitats due to potential exposure to predators (Janzen 1986).  

As I embarked on these experiments, I was initially concerned that agoutis were becoming 
habituated to my presence, associating me with food. This did occur to some extent, as evidenced 
by the agouti I caught following me on one occasion as I placed my stations along the trails. 
However, if a large mammal whose dung frequently contained seeds were present in the area, 
the same association would likely be made and dung might come to attract these highly 
motivated agoutis in the same way it attracts L. salvini in other parts of Costa Rica (Janzen 1982a). 
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A concern raised in other seed predation studies is the potential for overestimating seed 
mortality (Vander Wall et al. 2005). This might result because many of these seed predators can 
be considered secondary dispersers due to their seed caching or scatterhoarding behaviors. 
Agoutis are certainly well documented scatterhoarders (Galvez et al. 2009; Hallwachs 1986). 
However, the local overpopulation of agoutis in this area results in greater competition for food 
between individuals around the Biological Station. Perhaps these agoutis might be more likely to 
simply consume the seeds they come across rather than store excess in the same way L. salvini 
mice do (Janzen 1982a). 

The agoutis in the edge habitat of the Monteverde Cloud Forest are incredibly voracious 
seed predators with an apparent local overpopulation (Williamson 2017). Critically however, 
mammal dung and urine significantly decreased their overall seed predation and visibly slowed 
the rate of predation, contrary to the findings of studies of other rodents (Janzen 1982a). While 
significance of this impact may seem a bit undermined by the fact that almost no peanuts 
survived more than 24 hours in the field, in more intact habitat agoutis can take weeks or longer 
to forage seed stations (Cintra 1997). In habitats with agouti populations, the extra time and 
effort afforded by mammal excrement might give seeds an opportunity to germinate and 
establish. This difference in the outcomes of this interaction may perhaps add to the 
discrepancies in community composition between edge and intact habitat (Muñiz-Castro et al. 
2006; López-Barrera et al. 2005). This study demonstrates that at least some of the 90% of 
tropical canopy trees which disperse their seeds in the dung of large mammals may gain even 
more advantages in doing so than previously thought.  
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ABSTRACT 
 
Global warming has increased rates of wildfires in tropical forests, where many species are not fire-
resistant. Bark characters can predict tree fire resistance in temperate and Amazon forests. To examine this 
for Cloud Forest trees, ten common trees of Monteverde were sampled for bark characteristics and how 
they translate to rate of heating and flammability.  Bark thickness, density and water holding capacity were 
measured and then dry bark samples were ignited. Bark thickness was the best indicator of fire resistance 
and water holding capacity among all tree species tested. Bark density did not significantly correlate with 
fire resistance or water holding capacity as thicker bark was less dense. These results are important in 
determining which trees in Monteverde’s Cloud Forest will be most impacted by more severe droughts and 
increasing rates of forest fires brought on by climate change. 
 
 
RESUMEN 
 
El calentamiento global ha aumentado la tasa de fuegos forestales en los bosques tropicales, donde la 
mayoría de las especies no son resistentes al fuego.  Las características de la corteza pueden predecir la 
resistencia de los árboles en bosques templados y amazónicos.  Para estudiar esto para árboles de bosques 
tropicales, diez árboles comunes de Monteverde fueron muestreados por las características de la cortez y 
como esto se traduce a tasas de calentamiento e inflamabilidad.  El grosor de la corteza, densidad y la 
capacidad de contener agua se midieron y luego muestras secas se incendiaron.  El grosor de la corteza fue 
el mejor indicador de la resistencia al fuego y la capacidad de almacenar agua entre todas las especies de 
árboles probadas.  La densidad de la corteza no se correlacionó significativamente con la resistencia al 
fuego o la capacidad de contener agua, al ser las cortezas mas gruesas menos densas.  Estos resultados son 
importantes en determinar cuales árboles en el bosque nuboso de Monteverde pueden ser los más 
impactados por sequías más severas y el aumento de incendios forestales traídos por el cambio climático. 
 
 
INTRODUCTION 
 
Global warming and urbanization are becoming a dominant threat to tree diversity and 
abundance in multiple ecosystems across the globe (Corlett 2011). Unintentional 
anthropogenic fires have affected about 50% of remaining tropical forests and have done 
more damage than intentional clearing (Cochrane and Alencar 1999) and this is expected 
to become more frequent with increasing urbanization (Price and Bradstock 2014). With 
global warming on the rise, droughts are predicted to be longer and more severe due to 
decreases in annual precipitation and air moisture. (Justin Sheffield and Eric F. Wood 
2008) The incidence of drought is predicted to increase by nearly 50% by 2050 
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worldwide. (Rind and Goldberg 1990). This is also true for the tropics where fire is not a 
normal part of the ecology and negatively alters forest composition, structure and 
function (Cochrane and Barber, 2008). Further forest fires increase the rate of 
deforestation and severity of droughts, further exacerbating damage to forests (Nepstad 
and Carvalho 2001; Cochrane and Alencar 1999). 

In temperate ecosystems some trees are more fire resistant than others (Hengst 
and Dawson 1993). These include species of oak and pine, predominately found in 
temperate regions. Wildfires and drought are naturally more common in higher latitudes 
and can lead to increased diversity and ecosystem health (DeLuca etl al. 2006). However 
in tropical regions, natural fires and drought are historically rare and thus a majority of 
tropical trees may not be adapted to fire. Thus, the increased risk of tropical forest 
degradation from fires brought on by global warming needs study. 

In temperate trees, it was found that thicker bark leads to better fire and drought 
resistance (Hengsta and Dawson 1994). The study concluded that thicker bark was a 
better insulator against heat. However this may not be the case among all ecosystems. In 
Monteverde, global warming has reduced mist frequency, increasing the risk of fire in 
areas such as the Monteverde Cloud Forest (Pounds et al. 1999 and 2006). This study 
attempts to determine if there are specific characteristics of Cloud Forest trees tied to fire 
resistance, such as bark thickness, and if these follow the same trend reported for other 
tropical ecosystems (Christopher Uhl and J. Boone Kauffman 1990). Data from this study 
can be used to identify which bark characteristics and which cloud forest trees will be 
most at risk from wildfires and intense droughts brought on by global warming and 
urbanization.   
 
 
MATERIALS AND METHODS 
 
Study Site 
 
Bark samples were collected in the Monteverde’s Cloud Forest at about 1500 meters in 
elevation. The forest is a secondary growth forest with annual rainfall at about 300 cm 
per year. Bark samples were collected from ten common Cloud Forest tree species: 
Cornus disciflora, Conostegia oerstediana, Macrohasseltia macroterantha, Ocotea 
tonduzii, Oreopanax xalapensis, Quercus corrugata, Ficus tuerckheimii, Hampea 
appendiculata, Inga sinacae, Cinnamomum triplinerve.  One 5 x 5 cm bark sample was 
each taken from three different trees of the same species for all ten species of tree. The 
bark was taken about one meter from the ground. In total there were around 30 bark 
samples. All bark samples were taken from trees around 50 cm in diameter. The bark 
samples were initially weighed and measured for thickness and density. Any noticeable 
material that was not part of the bark, such as moss or any other fungus, was removed by 
hand.  
 
Testing for water holding capacity 
 
Bark samples were weighed, dried at 160°F for 24 hours, weighed again to determine dry 
weight, and then placed in water at room temperature. To determine the saturation point 
of the bark and saturated wet weight, the bark samples were soaked for an hour then 
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weighed, two hours then weighed, four hours then weighed, six hours then weighed, 
twelve hours then weighed. All the bark samples stopped gaining weight after twelve 
hours and thus were considered to be fully saturated. Water holding capacity was 
determined based on the difference between the wet and dry weight of the bark.  
 
Testing for fire resistance 
 
The bark samples were dried again for 48 hours at 160°F and then weighed to assure they 
were fully-dried. To burn bark, an alcohol burner was used to heat the outside of the bark 
with the flame being about three centimeters below the bark. The test was done in an 
enclosed area (Fig. 2). The temperature of the inside of the bark was measured using a 
laser thermometer and a stopwatch was used to time how long it took the interior of the 
bark to reach 60°C (Fig.1), since this is the temperature vascular tissue and cambium are 
destroyed (Christopher Uhl and J. Boone Kauffman 1990; Lawes and Richards 2011). 
The time it took for the first amber sighting, first smoke sighting, and first ignition for 
each bark sample was also recorded. Amber sighting was based on what time glowing 
was first observed on the outer bark. Smoke sighting was determined at what time smoke 
first appeared from the outer bark. Ignition sighting was defined as the first time the outer 
bark caught fire. 
 

 
Figure 1. Laser thermometer was used to measure the temperature of the bark. The 
temperature was consistently measured at the corner of the bark samples to avoid any 
variation from the temperature of the flame itself. 
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Figure 2. All bark samples were burned in an enclosed area in order to eliminate any 
external variables that may affect heat transfer from the flame to the bark. 
 
 
RESULTS 
 
Table 1. Correlations between bark thickness, water holding capacity, time to 60°C, bark 
density, amber sighting, smoke sighting, and ignition sighting of ten common trees found 
in the Monteverde Cloud Forest, Costa Rica. Significantly correlated if p < 0.05. 
Correlation between bark thickness and time to 60°C were studied in order to determine 
greater bark thickness with greater fire resistance and water holding capacity. Bark 
density correlations were explored to see if it plays a role in fire resistance or water 
holding capacity.  
Variable By Variable Significant Probability (p) 
Bark thickness Water holding capacity 0.00002 
Bark thickness Time to 60°C 0.00003 
Bark density Water holding capacity 0.80447 
Bark density Time to 60°C 0.93381 
Bark thickness Amber sighting 0.61336 
Bark thickness Smoke sighting 0.45197 
Bark thickness Ignition sighting 0.2414 
Original weight time to 
60°C 

Dry weight time to 60°C 0.00021 

Bark thickness Bark density 0.66785 
!
!
!
!
!
!
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Table!2.!!Average!thickness!measurements!and!density!calculations!for!all!ten!
species!of!tree!that!were!tested.!Density!calculations!were!made!to!see!if!it!plays!a!
role!in!fire!resistance!and!water!holding!capacity!and!if!bark!thickness!correlates!
with!bark!density.!
Tree Species Thickness (cm) Density (g/cm3) 
Cornus discoflora  0.7667 

 
0.5715 

Conostegia oerstediana 1.3333 0.4381 
Macrohasseltia 
macroterantha 

1.15 0.5581 

Ocotea tonduzii 0.75 0.4871 
Oreopanax xalapensis 1.1667 0.4442 
Quercus corrugata 1.2 0.5176 
Ficus tuerckheimii 0.8 0.4801 
Hampea appendiculata 1.5667 0.4161 
Inga sinacae 0.8667 0.5155 
Cinnamomum triplinerve 0.95 0.5396 
 
!

!
Figure 3. Regression analysis of average bark thickness to average water holding 
capacity. The data points in the figure represent the average of two to three values form 
each species of trees. Correlation between bark thickness and average water holding 
capacity is significant (p < 0.05, Table 1). Bark thickness accounted for about 90% of the 
variation. 
!
!
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Figure 4. Regression analysis of average bark thickness to average time to 60°C. 
Correlation between bark thickness and smoke sighting is significant (p < 0.05, Table 1). 
The data points in the figure represent the average of two to three values form each 
species of trees. Bark thickness accounted for about 83% of the variation. 
!

!
Figure 5. Regression analysis of average bark density to average water holding capacity. 
Correlation between bark thickness and smoke sighting is insignificant (p > 0.05, Table 
1). The data points in the figure represent the average of two to three values form each 
species of trees. Bark density accounted for only 32% of the variation.!
!
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Figure 6. Regression analysis of average bark density to average time to 60°C. 
Correlation between bark density and time to 60°C is insignificant (p > 0.05, Table 1). 
The data points in the figure represent the average of two to three values form each 
species of trees. Bark density accounted for only about 30% of the variation. 
 
!

!
Figure 7. Regression analysis of average bark thickness to average time for first amber 
sighting seen on the outside of the bark. Correlation between bark thickness and amber 
sighting is insignificant (p > 0.05, Table 1). The data points in the figure represent the 
average of two to three values form each species of trees. Bark thickness accounted for 
only 3% of the variation. 
!
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Figure 8. Regression analysis of average bark thickness to average time for first smoke 
sighting seen on the outside of the bark. Correlation between bark thickness and smoke 
sighting is insignificant (p > 0.05, Table 1). The data points in the figure represent the 
average of two to three values form each species of trees. Bark thickness accounted for 
only 7% of the variation. 
!

!
Figure 9. Regression analysis of average bark thickness to average time for first ignition 
sighting seen on the outside of the bark. Correlation between bark thickness and ignition 
sighting is insignificant (p > 0.05, Table 1). The data points in the figure represent the 
average of two to three values form each species of trees. Bark thickness accounted for 
only about 17% of the variation.!
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Figure 10. Regression analysis of average time for the original weight to reach 60°C to 
average time of dry weight to reach 60°C. Correlation between original weight time to 
60°C and dry weight time to 60°C is significant (p < 0.05, Table 1). The data points in the 
figure represent the average of two to three values form each species of trees. Original 
weight time to 60°C accounted for 83% of the variation.!
!
!

!
Figure 11.!Regression analysis of average bark thickness to average bark density. 
Correlation between bark thickness and bark density is insignificant (p > 0.05, Table 1). 
The data points in the figure represent the average of two to three values form each 
species of trees. Bark thickness accounted for only about 35% of the variation. 
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Figure 12. Comparison of ten common trees found in the Monteverde cloud forest of 
Costa Rica to time to 60°C. Bark thickness of the species of tree increases from left to 
right.  
 
From the thirty bark samples that were collected, bark thickness was correlated with both 
higher water holding capacity (Fig. 3) and a greater time to reach 60°C (Fig. 4). Doubling 
of bark thickness increased water holding capacity by about 44% and time to reach 60°C 
by about 54%. There was a significant correlation between the original weight time to 
60°C and the dry weight time to 60°C (Fig. 8). Original weight time to 60°C accounted 
for about 83% of the variation. There was no significant correlation between density and 
water holding capacity (Fig. 5) or time to reach 60°C (Fig. 5). There was no significant 
correlations between bark thickness and amber sighting (Fig. 7) and bark thickness and 
ignition sighting (Fig. 9). There was no significant correlation between bark thickness 
and smoke sighting (Fig. 8) due to the outlier. A doubling in bark thickness would 
otherwise decrease the smoke sighting time by about 66%. No significant correlation was 
found between bark thickness and bark density (Fig. 11) however there is a strong trend. 
A doubling in bark thickness decreases bark density by about 30%. The only significant 
correlations were bark thickness and water holding capacity as well as bark thickness and 
time to 60°C (Both p-values < 0.05, Table. 1). The tree species with the greatest bark 
thickness, water holding capacity, and consequently the greatest time to reach 60°C, was 
H. appendiculata and C. oerstediana (Fig. 12). 
!
!
DISCUSSION 
 
This study found significant correlations between bark thickness, water holding capacity 
and fire resistance. This agrees with data for Amazonian trees (Uhl and Kauffmann 
1990). The average time it took for a sample of bark to reach 60°C as well as the average 
water holding capacity were both higher for thicker barks. Thicker bark absorbs more 
water and takes longer to burn. More bark also means that it will be harder for heat pass 

0!
20!
40!
60!
80!
100!
120!
140!

Ti
m

e 
to

 6
0°

C
 (s

ec
) 

Species of tree 

 46 



!

through. The thickest barked species of tree, H. appendiculata and C. oerstediana, fit this 
trend perfectly having the greatest water holding capacity and fire resistance. 

There was no significant correlation between bark thickness and amber sighting, 
smoke sighting, or ignition sighting. This is most likely due to the fact that there are other 
bark properties, not related to bark thickness, causing this variation. These bark 
properties could be the different kinds of oils found on the skin of the bark or the fact that 
for some bark samples, not all the moss was efficiently removed. It could also be the 
texture of the bark for example with the F. tuerckheimii species that exhibited no smoke 
sighting (Fig. 8), the bark had a distinct scaly, smooth feel to it where as the other bark 
samples had a general rough and sandpapery texture.  

It is interesting to note that bark thickness and smoke sighting would have been 
significant if it wasn’t for the one outlier, C. triplinerve (Fig. 8). This could be due to 
experimental error. However if significant, it could be that greater bark thickness is 
correlated with a shorter time to burn. This could mean that fire resistance is more about 
how well insulated the tree cambium is rather than how flammable the bark is. There may 
even be a trade off between higher fire resistance and higher bark flammability. 

The significant correlation between the original weight time to 60°C and the dry 
weight time to 60°C means that heat transfer was primarily influenced by bark thickness. 
This is because one would expect significant variation in original weight time to 60°C 
due to differences in starting water retention or temperature however this did not seem to 
be the case. (Fig. 10)  

Density did not have any significant affect on fire resistance or water holding 
capacity and didn’t correlate with bark thickness, which was interesting because it would 
be expected that wood density increases with bark thickness with bark samples all being 
the same size (5 x 5 cm). However, there is definitely a trend between greater bark 
thickness and lesser bark density (Fig. 11). There could be a trade off happening here or 
perhaps there is a disadvantage to having denser bark in terms of fire resistance. It could 
be that denser bark is more costly to make and thus the tree resorts to producing less 
dense bark in order to build up thicker bark to increase insulation from fire.  

It has been documented that higher bark density was correlated with a decrease in 
overall tree mortality when exposed to medium intensity fires for a long period of time 
(Brando and Nepstad 2012). As mentioned before, thicker bark may be correlated with 
higher flammability (Fig. 8) and negatively correlated with bark density (Fig. 11). This 
could mean that bark thickness plays a more important role for insulating the tree 
cambium from immediate fire damage where as bark density plays a bigger role in 
protecting the tree from flammability and long lasting fire damage. In other words, a 
denser barked tree would fair better against long lasting, low intensity fires and better 
resist the spread of a wildfire due to it being less flammable, and thicker bark would fair 
better against immediate high intensity fire damage but not do a good job in resisting the 
spread of a wildfire due to its higher flammability.  

Following the trend of greater bark thickness with lesser bark density and higher 
bark density with lower flammability, these correlations could be good news for tropical 
ecosystems and cloud forests. The higher density, lower flammability characteristic of 
bark is especially beneficial in a tropical setting where biomass is so high. Yes, tropical 
ecosystems are at an increasing risk of fire, but wildfires in the tropics may be more 
controllable, easier to stop and ultimately less damaging.  
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ABSTRACT

Medicinal plants have been used around the world to combat a variety of illnesses both 
minor, like insomnia, to diseases such as leukemia. The Tropics are a region of high biodiversity, 
and contain most of the world’s medicinal plants. In this study, the antibacterial properties of 
medicinal plants used in Monteverde, Costa Rica are examined. Phytochemicals from sample 
species were extracted in methanol concentrations consistent with local uses, and tested against 
Staphylococcus aureus and Escherichia coli using the agar disk diffusion method. No medical 
plant species showed significant inhibition of E. coli, despite many being used as antibacterials. 
Zingiber officinale exhibited significant inhibition of S. aureus. No plant species was as effective 
in inhibition of bacterial growth as the antibacterial control, dexamethasone. Analysis of this 
study suggest that medicinal plants used by locals as anti-bacterials do not necessarily work 
against lab strains. This could mean they operate primarily as placebos, would only work at 
higher concentrations or that E. coli and S. aureus are poor assays for their effectiveness. It is 
likely that these natural antibiotics work in different ways, and some are more effective than 
others against certain strains of bacteria. Each plant has a unique composition of phytochemical 
that are likely to block bacterial strains in different ways.

RESUMEN

 Las plantas medicinales se han usado alrededor del mundo para combatir padecimientos 
tanto menores, como insomnia, como enfermedades tales como leucemia. Los tropicos son una 
region de alta biodiversidad, y contienen la mayoría de las plantas medicinales.  En este estudio, 
las propiedades antibacterianas de las plantas medicinales usadas en Monteverde, Costa Rica son 
examinadas. Fitoquímicos de especies muestra fueron extraídos en metanol con concentraciones 
consistentes con el uso local, y probados contra Staphylococcus aureus y Escherichia coli 
usando el método de difusión de discos en agar.  Ninguna especie de planta medicinal mostró 
inhibición significativa en E. coli, a pesar de ser usadas como anti-bacteriales.  Zingiber 
officinale mostró una inhibición significativa en S. aureus.  Ninguna especie de planta fue tan 
efectiva en la inhibición del crecimento de bacterias como el control antibacterial, dexometasona.  
El análisis de este estudio sugiere que las plantas medicinales usadas por los locales como anti-
bacterianas no funcionan necesariamente contra sepas de laboratorio.  Esto puede significar que 
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estas operan primariamente como placebos, funcionan solamente a altas concentraciones, o que 
E. coli y S. aureus son ensayos pobres para su efectividad.  Es muy probable que estos 
antibióticos naturales funcionen de diferentes maneras, y que algunos sean más eficientes que 
otros contra ciertas sepas de bacterias.  Each plant tiene una composición única de fitoquímicos 
que pueden bloquear la sepa bacteriana de maneras diferentes. 

INTRODUCTION

Some plants are known to posses powerful medical properties and have been used in 
many cultures (Khan 2016). The World Health Organization estimates 2.5 - 3.5 billion people 
still use traditional medicine as part of their primary health care around the world (Balick et. all 
1997).  Synthetic drugs and some pharmaceuticals are expensive, hard to get in remote areas, and 
often cause harmful side effects (Karimi et al 2015). As the population continues to grow, it is 
important to evaluate and promote natural remedies as cheap, easy to obtain or grow, safe, and 
effective (Khan 2016), however some may be merely placebos or are not used most effectively.
Coupling historic uses to simple laboratory assays may be a cost-effective way of determining
the best uses for traditional medicines. This is particularly important as biodiversity loss
continues to rise and it is estimated that the Earth is losing at least one potential major drug per
year (Pimm et. al 1995).

Tropical countries tend to be less developed and have more limited access to 
industrialized medicine. Medicinal plants play a greater role in developing countries where they 
contribute up to 80% of peoples primary health care, as opposed to more developed countries 
where they only make up 25% of the total drugs used (Khan 2016).  Traditionally, common 
plants are consumed in a hot tea, or mixed with other oils for external use (Bernhardt 2004). It is 
important to study medicinal plants, and their application methods, in the tropics, because the 
tropics house the highest amount of medicinal plants (Mamedov 2012), and the local population 
rely on them as their main source of medicine.

All plants synthesize a variety phytochemicals to promote growth and respond to 
environmental stimuli such as herbivory attack, pathogens, and nutrient depravation (Kennedy 
and Wightman 2011). Plants have the ability to synthesize complex secondary metabolites that 
possess antimicrobial, anti carcinogenic, and antioxidant properties that can treat a variety of 
human health problems (Bhat and Al-Diahan 2014).Some plant metabolites inhibit 
bacteria(Nascimento 2000) and are used traditionally as antibiotics. Others used as antibiotics 
may be placebos. Testing the efficacy of traditional used with cheap, standard assays could 
greatly improve the selection and use of proper plants for bacterial ailments or billions around 
the world. 

Bacterial strains can be grouped into two categories: gram-positive and gram-negative. 
Gram-positive strains have a think cell wall while gram-negative strains have a thin, but very 
strong, outer membrane (Schaalje 2013). This difference gives the two types of strains different 
defense mechanisms. The thick cell walls of gram-positive bacteria are capable of absorbing a lot 
of foreign material while the thin cell wall of gram-negative strains are nearly impossible to 
penetrate (Schaalje 2013). A plant’s effectiveness against bacteria varies by both species of plant 
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and strain of bacteria. Thus standard assays should use gram-negative and gram-positive strains 
when testing plant extracts (Schaalje 2013).

In this study I test seventeen different species of plants used in a rural neotropical 
community against two strains of bacteria. I analyze nine species with reported antibacterial 
properties and eight species that have medical applications, but not against bacteria. The purpose 
of this project is to determine which local plants can be used to combat bacteria most effectively. 

MATERIALS AND METHODS

Plants

I selected nine plants with known anti-bacterial properties and eight plants that are common or 
have other medicinal properties. I chose the anti-bacterial plants based on “Tropical Medicinal 
Plants for Natural Health Care” (Bernhardt 2004), the UGA San Luis Botanical Garden 
Medicinal Plant list (Dominga 2004), and table 1 of “Plant Products as Antimicrobial 
Agents” (Cowan 1999). Anti-bacterial plants used for this study include: Aloe vera 
(Asphodelaceae; with and without gel), Chile pepper (Capsicum frutensens; Solanaceae), Ginger 
(Zingiber officinale; Zingiberaceae), gavilana (Neuroloena lobata; Asteraceae), dandelion 
(Taraxacum officinale; Asteraceae), rue (Ruta graveolens; Rutaceae), mint (Mentha spp.; 
Lamiaceae), allspice (Pimenta dioica; Myrtaceae), and snake plant (Sansevieeria trifasciata; 
Asparagaceae). Other plants include: Smilax ornata (Smilacaceae), Piper spp. 
(Piperaceae),Cecropia peltata (Urticaceae), Costus laevis (Costaceae), Melastoma candidum 
(Melastomataceae), passionflower (Passiflora quadrangularis; 
Passifloraceae), lemon grass (Cymbopogon citratus; Poaceae), and 
rosemary (Rosemarinus officinalis; Lamiaceae). Samples were 
collected from the UGA San Luis garden, Hotel Bel Mar 
greenhouse, Monteverde Biological Station garden, or purchased 
fresh at the market in Monteverde. At least two grams of young , 
healthy leaves were collected from each species. Water was used as 
a control, as well as ethanol and dexamethasone antibacterial 
drops.

Preparation 

All samples were weighed and placed in the attic of the 
biology station or a hot box to dry (Figure 1). The maximum 
recorded temperature was 42ºC. Leaf samples were weighed 
and recorded regularly to determine when they were fully 
dehydrated. Once dehydrated, 0.1 g of dried leaf was chopped 
up with scissors and combined with 20mL of 80% methanol 
solution in a beaker (1:2 sample to solvent ratio). 

FIGURE 1. Local medicinal 
plants being dried and later 
extracted to test for antibacterial 
activity
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Extraction

Beakers containing dried leaf matter and methanol solution 
were placed in a 60Hz ultrasonic bath for a total of 32 minutes. 
The ultrasonic bath was run in 8 minute treatment intervals. 
Between each ultrasonic treatment, the solution was stirred and 
the bath was allowed to return to room temperature. The 
maximum recorded temperature of the water was 40ºC. After 
extraction, contents of the beaker were double filtered through 
coffee paper to remove plant matter. This solution was then 
placed in the hot box at 37ºC until all methanol evaporated 
(Figure 2).  

Bacteria

Extracts were tested against gram-positive bacteria, S. aureus, 
and gram-negative bacteria, E. coli. S. aureus was grown on 
blood agar, and E. coli was grown on ATS agar. Bacterial 
cultures and agar plates were obtained from the University of 
Costa Rica, and refrigerated until ready to use. 

Antibacterial Screening

Antibacterial properties of each samples were evaluated using 
the agar-disk diffusion method (Balouiri 2016). Chemical 
residue in the beaker was resuspended with 1 mL of 99% 

ethanol and 10 sterile filter paper disks. Bacterial cultures and filter paper disks, soaked in the 
extracted chemicals and ethanol solution, were transferred to the petri dishes(Figure 3). Cultures 
were incubated for 36 hours out of direct sunlight at 28ºC. After incubation, cultures were 
examined under a microscope and the zone of inhibition (ZOI) was measured as average radii of 
inhibition around the disk (Figures 4 & 5). 

RESULTS

Mean ZOI was calculated for each medicinal plant species and controls with both strains 
of bacteria (Figures 6 & 7). Treatments differed in ZOI produced per strain (1 WAY ANOVA, F = 
34.24, df = 20, p < 0.0001), and total bacterial growth differed between the two strains( 1 WAY 
ANOVA, F = 129.26, df = 1, p < 0.0001). 

FIGURE 2. Dried extractions 
from each plant species. 
Once methanol solution is 
evaporated only the plants 
phytochemical are left. These 
chemicals are resuspended 
and then tested against 
bacteria to demonstrate 
effectiveness in inhibiting 
bacterial growth. 
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There were no significant inhibitory effects shown against E. coli, besides the 
antibacterial drop positive control.  Both antibacterial and non-antibacterial plants showed 
effective growth inhibition. Two antibacterial species showed no inhibition towards E. coli in any 
of the 10 trials. Aloe vera with gel showed the largest average ZOI, but was still not significant 
compared to water (Scheffe contrast,  p = 1).

FIGURE 3. Agar plates 
containing E. coli (white) and S. 
aureus (red). Growth of bacteria 
is tested against filter paper 
disks containing phytochemicals 
from medicinal plants.

FIGURE 4. E. coli growth 
after incubation. ZOI is 
measured for each individual 
disk to provide a comparison 
of the antibacterial 
properties of each plant.

FIGURE 5. S. aureus 
growth after incubation. 
ZOI is measured for each 
individual disk to provide a 
comparison of the 
antibacterial properties of 
each plant.
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FIGURE 6. Medicinal plants with reported antibacterial properties are on the left, and the non-
antibacterial plants are on the right with the three controls, antibacterial drops, ethanol, and 
water, their respective growth inhibitions of E. coli are shown,  +/- 1 SD. Inhibition was 
measured by the halo of no bacterial growth around the disk, and shows how effective the 
plant is at combatting bacteria. No statistically significant results were obtained against E. coli.
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Ginger and antibacterial drops both showed effective inhibition of growth from 
Staphylococcus aureus. Ginger has significant inhibition when compared to both water and 
ethanol (Scheffe contrast, p = 0; Scheffe contrast, p = 0.0032).  All species, except Rosemary, 
showed some sort of inhibition. There is not a visual difference between the effectiveness of 
antibacterial plants and the others. Aloe vera with gel showed the second largest average 
inhibition, but was not statistically significant from discs with water (Scheffe contrast, p = 
0.972).

Further, individual plant ZOI was different between the two test strains of bacteria (2 
WAY ANOVA, F = 7.80, df = 20, p < .0001). Of the 18 species and 3 controls, 8 species and 2 
controls ZOIs were significantly different (Scheffe contrast, p<.05). Each species inhibited 
growth differently between E. coli and S. aureus. 

DISCUSSION

All plants that were tested showed inhibition on E. coli or S. aureus, but not all were 
significant against the controls. This suggests that all sample plants contained some 
phytochemical that functioned in bacterial growth inhibition, although the ethanol resuspension 
could have aided the total inhibition. Inhibition zones of a species were different for the two 
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FIGURE 7. Medicinal plants with reported antibacterial properties are on the left, and the non-
antibacterial plants are on the right with the three controls, antibacterial drops, ethanol, and 
water, their respective growth inhibitions of S. aureus are shown,  +/- 1 SD. Inhibition was 
measured by the halo of no bacterial growth around the disk, and shows how effective the plant 
is at combatting bacteria. Both groups exhibited similar antibacterial properties; however, ginger 
showed significant inhibition (Scheffe contrast,   p = 0.0032, 0). 
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strains. This supports the prediction that a plants antibacterial effectiveness varies with species of 
bacteria. Sample species tended to inhibit the growth of S. aureus more than E. coli. This trend 
agrees with  Dahiya and Purkayastha’s research (2012). Gram-negative bacteria have a thin outer 
membrane that is tougher to penetrate and degrade. When assessing antibacterial activity, 
researchers should test plant species against a range of bacterial species.

No significant results were obtained against E. coli, and only ginger showed significant 
inhibition of S. aureus. Athiban et al (2012) conducted a similar experiment, but with a focus on 
Aloe vera, and obtained statically significant inhibition of both E. coli and S. aureus. Another 
study by Singh (2015) found significant inhibition of both  E. coli and S. aureus by mint, yet that 
was not evident here. The lack of significant results in my experiment could be attributed to 
methodological differences. Resuspension of dry chemical is recommended to be done at a 
concentrated ratio of 50 mg/mL or 100 mg/mL (Dahiya and Purkayastha 2012). I did not collect 
enough fresh plant samples for these concentrations. My resuspension was more dilute than 
recommend, though one that is more likely to be used by local people. I recommend collecting 
20+ grams of fresh leaves per sample, to get enough dry chemical residue to make comparable 
resuspension concentrations. Although my resuspensions were not at a laboratory recommended  
ratios, my tincture was similar to what is used in rural medicine. Testing plants at high 
concentrations may yield more results, but the results would not be applicable to local practices.

My results suggest ginger as an effective source of natural locally-available and 
inexpensive antibiotics. Because plants are likely to differ in their antibiotic activity with 
bacterial species, more assays with more bacterial strains are recommended. It is possible that 
some plants, including those tested here, act largely as placebos (Moreira et al 2014). Only 
further testing will tell. This also suggests it is best to maintain a variety medicinal plants in local 
gardens. As the price of pharmaceuticals continues to increase, and more harmful side effects and 
interactions are noted, I hope people in developed countries begin shifting their attention and 
funding towards natural medicine.  
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ABSTRACT 
 
Biological stations are centers of animal population studies, but stations may impact animal abundance.    
In this study I measure the effects of the Monteverde Biological Station on mammals in the neighboring 
forest. My study showed that agouti (Dasyprocta punctata) and other small mammals were more abundant 
within 250 meters of the biological station. There is also a general absence of large mammals within a 500 
meter distance. In fourteen days there were 161 mammal sightings on camera traps. In visual transects there 
were 26 mammal sightings. Out of the total 187 sightings there were 4 medium-large mammal sightings. 
There were 120 sightings of agouti (Dasyprocta puncata) out of the 187. The majority of the 187 sightings 
were within 250 meters of the station. There are a few possible explanations for why this occurrence has 
taken place, but will need to be studied further. In any case, studies of animal abundance should be done as 
far from biological stations as possible to avoid possible bias.    
 
RESUMEN 
 
Las estaciones biológicas son centros de estudio de poblaciones animales, pero las estaciones pueden 
impactar la abundancia de animales.  En este estudio medí el efecto de la Estación Biológica de 
Monteverde en los mamíferos en el bosque cercano.  Mi estudio muestra que la guatusa (Dasyprocta 
punctata) y otros mamíferos pequeños son más abundantes dentro de los 250 metros de la estación 
biológica.  Hay también una ausencia general de mamíferos grandes dentro de una distancia de 500 metros.  
En catorce días hubieron 161 señales de mamíferos  en cámaras trampa.  En transectos visuales hubieron 26 
avistamientos de mamíferos. Cuatro de los 187 avistamientos de mamíferos fueron mamíferos de medianos 
a grandes.  Hubieron 120 avistamientos de guatusas (Dasyprocta punctata) de los 187.  La mayoría de los 
187 avistamientos fueron dentro de los 250 metros de la estación.  Hay pocas explicaciones probables del 
por que se dan estas ocurrencias, por lo qu ese necesitan estudios futuros.  En cualquier caso, los estudios 
de abundancia animal deben realizarse lo más lejos posible de las estaciones biológicas para evitar posibles 
prejuicios. 
 
INTRODUCTION 
 
Humans are changing animal populations globally. For terrestrial vertebrates, 322 species 
have gone extinct since 1500, but most remaining populations show declines in 
abundance of 28%, on average (Dizro 2014).  A few species benefit from human impact:  
widely distributed species that are ecological generalists with high reproductive potential 
(Marzluff and Neatherlin 2005). Overall, the trend is toward human-caused defaunation 
that can lead to drastic changes in community composition, structure and function.  
Therefore, careful population studies are ever more important and urgent.  Biological 
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stations are centers for such research, but may have an impact on animal populations 
nearby.   

Changes in animal populations near research centers have been documented for a 
variety of ecosystems (Chwedorzewska and Korczak 2010, Santos et al. 2005, Stark et al. 
2003). A few biological stations in Antarctica have reported some changes in the 
ecosystem surrounding the stations. At the Polish Arctowski Antarctic Station bird and 
seal populations are lower near the station (Chwedorzewska and Korczak 2010). The 
Brazilian Antarctic Station, King George Island, has found heavy metal contamination in 
coastal sediments (Santos et al. 2005). And at the Casey Station in Antartica the soft-
sediment assemblages are markedly different than other areas of Antartica (Stark et al. 
2003). 

  
 The Monteverde Biological station in Monteverde, Costa Rica has nearly 30 years 
hosting researchers, many of who study animal populations.  The impact of researchers 
on local animal populations, however, remains unknown. Here, I report on the overall 
animal activity in the forest near with increasing distance from the biological station.  
 
MATERIALS AND METHODS 
 
To study this question I measured the abundance of mammals on or near the hiking trails 
in the vicinity of the station. I measured the distribution and diversity of the mammals 
commonly spotted on or near the trails by placing cameras on the trails and hiking the 
trails for visual population estimates. I used the biological station in Monteverde as my 
center hub. My main areas of interest were mammals. 
 
Camera Traps 
 
To study animal activity on trails I set up 13 camera 
traps (demonstrated in figure 1) equally distributed 
along four different trails surrounding the biological 
station. These cameras were set up for two weeks. 
Trails differed in varying degrees of human presence. 
The closest camera trap was 55 meters away from the 
station in an area with frequent human contact. The 
furthest was 508 meters away and received few 
human visits. Camera sites were chosen by 
availability of appropriate trees. Hiking trails were 
defined as paths that are regularly maintained and 
cleared for human use. Only photos where the animal 
could be identified were used for the experiment. The 
locations of the cameras are shown in Figure 2.  
 
 
 

Figure 1: Camera trap set to 
monitor the effects of the 
Monteverde Biological Station on 
animal populations in nearby forest.  
Traps were never more than 60 cm 
off ground, pointed along footpaths 
and were left for two weeks, from 
55 – 508 meters from the 
Monteverde Biological Station.   
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Figure 2: This map shows the location of the camera traps used to measure the abundance of 
mammals in the vicinity of the Monteverde, Costa Rica biological station. The green dots are the 
location of the cameras. The orange squares show the biological station. The camera traps were 
divided among trails of varying human presence.  The trails closer to the station had a higher 
presence of human activity while those further away had less. The cameras captured the mammal 
activity and how it differed further away from the station.  

!
Visual Transects 
 
I spent an average of three hours a day for two weeks dividing my time equally between 
six hiking trails. Each trail had approximately six hours of visual transects. I used a GPS 
to track my distance from the station. Every time I witnessed an animal on or near the 
trail I would record the species and its GPS location. I stayed within the range of my 
camera traps, never going past 508 meters from the station.  
!
Clay Eggs 
 
I placed 11 artificial nests of non-toxic clay eggs on the side of the trail (demonstrated in 
figure 3) equally distributed among four trails for one week. Each egg was approximately 
three centimeters long. There were three eggs per nest. The clay eggs were used to assess 
the distance and abundance of small mammals from the biological station. If an animal 
attempted to eat a clay egg they would bite into the egg and quickly realize it was fake 
and leave it alone. The marks left from the bite allowed me to examine the size of the 
teeth and other indicators (example in figure 3) to determine what preyed on them. I 
checked these eggs every day and recorded if they had been chewed or taken away from 
the nest. If they were taken away I would replace the egg with a new one.  
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Figure 3: Clay egg nests were placed periodically on the side of a trail, at increasing distance from the 
Monteverde Biological Station. These eggs were used to assess small mammal abundance with distance 
from the station. Teeth marks left in the clay showed this after an animal bit into it. I would record when an 
egg had been bitten and the type of animal based off the teeth marks. Second picture is an example of a 
bitten egg.  

!
RESULTS 

There were 187 mammal sightings between the cameras and visual transects. 161 of these 
sightings were from the cameras and 26 from visual transects. Table 1 shows a list of all 
the mammals caught and number of times seen. The mean distance of the total mammals 
seen was within 254 meters from the station. There were only four sightings of medium-
large mammals seen. These were the puma (puma concolor), margay (leopardus wiedii), 
and the ocelot (leopardus pardalis). The agouti (dasyprocta punctata) was the most 
abundant mammal. Out of the 187 sightings, 120 were agouti. The coati (nasua narica) 
were the next abundant with 34 sightings.  
 
Table 1: This is a list of all the animals spotted on cameras or visual transects. This table shows the 
abundance and diversity of mammals within 508 meters from the station. This table breaks down the total 
number of sightings for each mammal. The only big mammal is the puma (puma concolor) and there is two 
medium sized mammals-margay (leopardus wiedii) and ocelot (leopardus pardalis). The rest are small 
mammals with a high abundance of agouti (dasyprocta punctata) and coati (nasua narica).  

Animal' Species'Name' #'of'Camera'Sightings'
#'of'visual'transect'

sightings'
Agouti' Dasyprocta*punctata* 111' 9'

Armadillo'
Dasypus*
novemcinctus* 7'

'Coati' Nasua*narica* 26' 8'
Margay' Leopardus*wiedii* 1'

'

Field'mouse'
 Peromyscus 
mexicanus.  * 6' 2'

Ocelot' Leopardus*pardalis* 1'
'

Opossum'
Didelphys*
marsupialis* 2'

'Puma'' Puma*concolor* 2'
'
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Squirrel' Sciurus*granetensis* 3' 6'
Tayra' Eira*barbara* 2'

'Capuchin' Cebus*capuchin*
'

1'
' * ' '

 
 
Visual Transects 
 
I used the halfway point of 254 meters from the station (the furthest distance studied from 
the station was 508) and a one-sample T test on the most common mammals spotted to 
test if mammals tended to be closer or farther from the station. Most common was 
determined if they were seen more than six times during visual transects. If the mammal 
sightings had an average mean below 254 meters it was determined that the mammal 
preferred to be closer to the station. If the mammal sightings average mean was over 254 
meters they preferred to be further away. The most common mammals seen were agouti 
(d. punctata), coati (n. narica), and squirrel (sciurus granetensis). The T test results for 
the agouti (d. punctata) showed that they were generally closer to the station (mean = 158 
meters +/- 29.5 se, d.f. = 8, p value = 0.004). The coati (n. narica) also was more 
abundant closer to the station (mean = 124.1m +/-20.2 se, d.f. = 8, p. value = 0.0002). 
The Squirrel (Sciurus granetensis) showed no significant relationship to the station 
(mean= 253.8 m, +/- 71.1 se, d.f.= 5, p value = 0.99). There were no mammals that 
preferred to be further away from the station seen on the visual transects. Figure 4 shows 
the total number of mammals seen and their distance from the station.  
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Camera Traps 
 
I also ran a one-sample T test on the data from the camera traps to see whether the 
mammals were closer to the station or further away using the halfway point of 254 
meters. I ran three tests due to the abundance of agoutis caught on camera. There were 
111 sightings of agoutis and 50 sightings of other mammals (table 1 shows all sightings 
of mammals).  The first T test was done with the total number of mammals. It showed 
that generally mammals were closer to the station (mean= 155.5 m, +/- 7.8 se, d.f.= 175, 
p-value= 0.0001). Using agouti images alone, agoutis preferred to be closer to the station 
(mean= 135.4 m, +/- 8.9 se, d.f.= 111, p-value= 0.). The last test was with all other 
mammals excluding agoutis. It showed the same results (mean= 190.6 m, +/- 13.7 se, d.f. 
= 63, p-value= 0.00002). I also ran a linear correlation test to see if there was a 
relationship between distance from the station and the number of mammals caught on 
camera. I ran three tests: one with all the mammals, one with just agouti sightings, and 
one with non-agouti sightings. The linear correlation test showed that there is not a 
relationship between the animals and distance (shown in figure 5) (R= -0.34, t= -1.22, p-
value= 0.25).   
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Figure 4: The blue markers represent the total number of animals seen at that distance. The 
distance from the biological station determines its impact on animal abundance. To determine if 

the mammals preferred to be closer to the station, a one-sample t test was ran on the most 
common mammals and the distance they were seen. The agouti (d. punctata) and coati (n. 

narica) showed a preference to being closer to the station, while the squirrel (s. granetensis) 
had no relationship.   
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Figure 4: The blue markers represent the total number of mammals seen at that distance. A linear 

correlation test was run to see if there was a relationship between the number of mammals seen and the 
distance form the station. The test showed that there is no correlation between the number of mammals 

seen and the distance from the station. (R= -0.34, t= -1.22, p-value= 0.25).   

 

The test ran for just agouti showed no relationship (R= -0.35, t= -1.23, p-value= 0.24) 
shown in figure 6. 
 

!
Figure 5: The blue markers represent the total number of animals seen at that distance. A linear correlation 
test was run to determine whether there was a relationship between the number of mammals seen and the 

distance from the station. The test showed that there was no correlation (R= -0.35, t= -1.23, p-value= 0.24) 

 
The test ran for non-agouti gave the same result (R=-0.19, t= -0.64, p-value= 0.54) shown 
in figure 7. 
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!
Figure 6: The blue markers represent the total number of animal sightings at that distance. A linear 

correlation test was run to determine whether there was a relationship between the number of mammals 
seen and distance from the station. The test showed that there was no relationship (R=-0.19, t= -0.64, p-

value= 0.54). 

 
 
Experiment three 
 
For the clay eggs I ran a linear correlation test to see if there was a relationship between 
predator activity and distance. The test showed that there was a relationship (R= -0.69, t= 
-2.88, p-value= 0.02). The closer to the station the eggs were the more often they were 
preyed on. The clay eggs showed mice and other small rodents were more active near the 
station. 
 
Additional Observations 
 
Small mammals were the most often seen on my hikes and caught on the camera traps. 
The only big mammal that was caught was a puma (p. concolor) on two separate camera 
traps. Two medium sized mammals were caught once on the cameras. These were a 
margay (leopardus wiedii) and ocelot (leopardus pardalis). Table 1 shows the animals 
seen between the camera sightings and personal sightings. I noticed while spending time 
at the biological station that I had multiple sightings of coatis and agoutis multiple times 
a day. There were about 5 spots around the station that I saw either an agouti or a coati 
each day. These two species seemed very adapted to human presence and activity and 
preferred to be very close to the station, most often seen at just a few meters. Though 
these sites were not included in my study. The most active spot for these critters were 
around the compost pile. 
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DISCUSSION 
 
Common mammals sighted in forest within 500 meters of the station preferred to be close 
by. There was a high abundance of agouti (d. punctata) and coati (n. narica) within 250 
meters of the station. These two mammals seemed adapted to human presence. Some 
possible explanations for this abundance might be explained by a few studies done on 
coati behavior. In spring 2017 a study on coati behavior near eco-tourist sites showed that 
they actively seek out tourist areas to forage (Didier 2017). Another study showed that 
predator avoidance could be a likely reason that coati prefer touristic areas (Hidinger 
1996). At La Selva agouti populations increased attributed to reduction of predator 
populations (Timm 1994).  

An issue of having a high abundance of seed predators like agouti (d. punctata) is 
that it could have an effect on the ecosystem. A study done on seed removal on an island 
showed that the agouti (d. punctata) was the major seed predator of the island. This study 
showed that the agouti (d. punctata) removed 27% of the seeds. This was out of a total 
47% of removed seeds. (Taylor 2010). With a high abundance of agouti there is a chance 
that the ecosystem might suffer from over predation.  
 One possible error in my data might be contributed to one of my classmate’s 
research project. Her project was studying whether the use of dung would deter agoutis 
(d. punctata) from preying on seeds. She placed her research stations in nearby vicinity of 
two of the camera traps I set up on one trail. From the first camera I caught 54 pictures of 
agouti and on the second camera I caught 27 pictures of agouti. This accounts for 81 of 
the 111 sightings of agouti. However, agouti activity has been previously recorded in this 
area. This is an area where continued research would be beneficial. Even without the 81 
sightings, the abundance of agouti is still high with 30 other camera sightings. This still 
shows an abundance of agouti in the nearby vicinity of the biological station.  
 It is important to take this high abundance and bias of small mammals in the near 
vicinity of a biological station into account when doing studies concerning them. 
Especially if the study is on the abundance of said mammals.  
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