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Antibacterial activity in Tropical fungi 
 
Meyer, Sonya 
 
Department of Biology, University of Minnesota Morris 
 
ABSTRACT 

Fungi have historically been the source of many antibiotics, and with antibiotic resistant diseases increasing 
in number and severity (Davies and Davies 2010), new antibiotics are needed. This study surveys the antibiotic 
activity of fourteen species of tropical. Macrofungi were sampled from Costa Rican cloud forest, were dried and 
extracted with ethanol, and then tested for growth inhibition of Escherichia coli and Staphylococcus aureus. Large 
variation between culture dishes within species, as well as controls, did not allow detection of statistical differences. 
Multiple fungal species trended towards growth inhibition, and a few species appeared to actually promote growth, 
such that the results of this study support increasing research and funding into medicinal fungi, using more 
replications within species. 

 
RESUMEN 

Los hongos han sido históricamente la fuente de muchos antibióticos, y con el aumento y severidad de 
enfermedades resistentes a los antibióticos (Davies y Davies 2010), se necesitan nuevos antibióticos.  Este estudio 
evalúa la actividad antibiótica de catorce especies.  Macrohongos se colectaron del bosque nuboso de Costa Rica, se 
secaron y se realizaron extractos con etanol, para luego ser probados para la inhibición del crecimiento de 
Escherichia coli y Staphylococcus aureus. Una gran variación entre los platos de cultivo entre especies, así como los 
controles, no permitieron la detección de diferencias estadísticas.  Múltiples tendencias de los hongos en cuanto a la 
inhibición de crecimiento, y unas pocas especies que parecen promover el crecimiento, muestran que el resultado de 
este estudio apoyan el aumento en la investigación y el financiamiento en hongos con propiedades medicinales, 
usando más replicas entre especies. 

 
INTRODUCTION 

Worldwide, the conservative number of fungal species estimated to exist is 
approximately 1.5 million, with about 70,000 species currently described. While there is little 
empirical data for fungi, of the estimated 1.5 million species, approximately half of these species 
should be found in tropical areas, following trends observed in the plant and animal kingdoms 
(Hawksworth & Rossman, 1997).  

Fungi have a variety of pharmaceutical uses, including antibiotics and preventing 
rejection of human organ transplants (Hamlyn 1997). Worldwide, fungi have been recognized 
medicinally for centuries, especially in Asian cultures (Pennerman et al. 2015). In the past 80 
years, they have been integrated into western medicine with the discovery and widespread use of 
antibiotics such as penicillin, vancomycin, amoxicillin, and various cephalosporins, all of which 
are derived from fungi. In fact, most of the antibiotics discovered and approved for therapeutic 
use in the last 60 years have been derived from fungi, (primarily actinomycetes) and potential 
antimicrobial compounds in actinomycetes alone are estimated to exceed 105 (Peláez 2006). 
Given the abundance of tropical fungi, and the perpetual drive to improve medical care, more 
emphasis should be given to the studies surveying antimicrobial activities of tropical fungi. 

Despite the hypothesized potential of fungi, interest and funding in naturally derived 
antibiotics has decreased in recent, which, naturally has reduced the number of new antibiotics 
being introduced for therapeutic use (Davies & Davies 2010). This decline in the rate of 
discovery of new antibiotics is particularly concerning given the rise of antibiotic resistant 
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infections in hospitals, schools and communities increases as a direct result of over or improper 
use of existing antibiotics (Davies & Davies 2010). Antibiotic resistance has made relatively 
“common” infections such as Escherichia coli, are more difficult to treat and hospital-linked 
infections such as Staphylococcus aureus increasingly fatal while illnesses such as Clostridium 
difficile are recognized to be a direct consequence of antibiotic use (Davies & Davies 2010).   

Since antimicrobial activity has been shown in 30-80% of surveyed fungal species, 
(Pelaez, 2006), looking back to the tens of thousands of as-yet undiscovered fungi may provide 
the contemporary antibiotics modern medicine needs.  

In this study, fourteen fruiting bodies of morphologically unique macrofungal* species 
were sampled and tested for antibacterial properties against Staphylococcus aureus (S. aureus; 
gram positive) and Escherichia coli (E.coli; gram negative). The purpose of this experiment was 
to illustrate that, even in a small area, with a small sample size, tropical fungal antimicrobial 
potential can be observed. Ideally, the data obtained in this experiment can be used to illustrate 
the importance of tropical fungi in future medical advances while underscoring the importance of 
conservation of tropical areas so as not to wipe out potentially beneficial fungal species  
 

*In the context of this paper, “macrofungi” and “mushroom” shall be used 
interchangeably, with the understanding that both refer to the above-ground, fruiting body of a 
fungus. 

 
METHODS 
 
Field collection 

Fourteen morphospecies of macro-fungi were collected on July 25th on the property of la 
Estación Biológica in Monteverde, Puntarenas, Costa Rica, which is located in lower montane 
wet forest according to the Holdridge life zone classification (Nadkarni & Wheelwright, 2000).  

All mushrooms collected were accessible from the ground, conspicuous, and fruiting 
within ten feet of the trails. The majority of species were observed growing on fallen logs, with a 
few growing in leaf litter, dirt or at the base of live trees. Only large mushrooms (those which 
were estimated to be at least 1.5 grams once dehydrated) or those growing in large clusters (from 
which adequate individuals could be sampled so as to yield 1.5g once dry) without visible 
damage or desiccation were collected.  
  
Collection 

Prior to removing fungi from the substrate, digital photos were obtained of each fungus 
for future identification. Distinguishing features, as well as the diameter of the pileus, were 
recorded and each sample was assigned a number 2-15. The fungi were cut as close to their 
associated subject as possible and wrapped loosely in wax paper before being placed and sealed 
in a Ziploc bag.  
 
Fungal Extracts  

Prior to processing, which was done within four hours of collection, each sample was 
photographed against a black background with a ruler for size reference and subsequent 
identification. The mass of each sample was recorded and samples were placed on wax paper, 
cut into thin pieces as necessary and dried in a food dehydrator for fifteen hours. 
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Each fungus’ dry mass was recorded prior grinding with mortar and pestle. Particles were 
passed through a tea strainer to make a fine powder and a volume of 90% ethanol was order to 
create a 10% extract (Table 1). The solution was further disturbed using a mortar and pestle for 
two minutes before being filtered through a mesh screen. Extracts were stored in a refrigerator 
for no more than 48 hours before use.   
 
Making Bacterial Plates  
 The effect of each fungus on bacterial growth was tested using both Escherichia coli (E. 
coli) and Staphylococcus aureus (S. aureus). Three replicates of each bacterial species were 
made for each morphospecies of fungus. Bacteria were swabbed onto agar plates and 
immediately flooded with 1 ml of fungal extract before being closed. The plates were tilted to 
ensure uniform coverage with fungal extract. For both E. coli and S. aureus, respectively, five 
control plates were made with the bacterial smears being flooded with 1 ml of 90% ethanol. 
Additionally, for both types of bacteria, three plates were made with only the bacterial smear and 
were not flooded with any extract or ethanol. All plates were inverted and incubated for 72 hours 
at room temperature without exposure to sunlight.  
 
Determining Bacterial Coverage 

Markers were used to record bacterial growth on the underside of the plates at 72 hours. 
A transparent grid composed of 4 mm squares was placed over the plate, and bacterial coverage 
was counted and recorded in terms of the number of squares covered.  
 
Further comments 
 Due to the difficult nature of fungal classification, for the purpose of this paper, sampled 
species will be referred to as “morphospecies 2-15” with photographs (and binomial 
identification when applicable) of each morphospecies found at the close of the paper.  
 
  
RESULTS 
 Overall, fungal, ethanol control and bacteria only differed in the number of grid squares 
with bacterial cover for E.coli (ANOVA, F = 53.18, df = 15, p <  0.001; Figure 1).  Bacterial 
counts ranged widely from 4 in species 3 to 770 in the bacteria-only plates. Furthermore, 
bacterial counts varied widely within treatments, by as much as 206 in the ethanol controls.  A 
Scheffe’s multiple comparison test at p < 0.05 showed only differences between bacteria only 
plates and ethanol control, as well as all fungal species. However, species 15 was different from 
all fungal species as well as the ethanol control.   The mean of bacteria only plates was 750 ± 20, 
which was markedly greater than the next largest mean, belonging to species 15 (303 ± 
27.7).  Both were higher than the mean ethanol control, which was 68 ± 38.8 (Figure 
3).  Comparing other fungal species to the ethanol control, no species promoted growth other 
than 15, and multiple species (species 2 and 10) inhibited at least 75% growth on average. 
(Figure 3) 
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Figure 1. E. coli growth for each of the three plates on which ethanol extracts of tropical fungal 
morphospecies were applied. Five control (ethanol and bacteria only) plates were made instead 
of three. Additionally, three plates with only bacterial smear were made. Growth is illustrated 
using a logarithmic scale and was measured in squares of area 4 mm2. Of the morphospecies 
examined, morphospecies 3 exhibited the least bacterial coverage while morphospecies 15 
experienced the greatest bacterial coverage, exceeding the ethanol control.  

Treatments, including fungal, ethanol control and bacteria only plates also differed 
overall in grid squares with bacterial cover for S. aureus (ANOVA, F = 6.34, df = 15, p <  0.001; 
Figure 2).  In this species, bacterial counts ranged from 19 in species 9 to 570 in species 
15.  Additionally, within treatments, bacterial counts varied by as much as 406 (fungal species 
15). A Scheffe’s multiple comparison test at p < 0.05 showed differences between bacteria only 
plates and ethanol control, as well as all fungal species and the bacteria-only plates with the 
exception of fungal species 15.  Species 15 was significantly different from all fungal species 
and the ethanol controls, with the exception of fungal species 2 and 5.   The mean of bacteria 
only plates was 370 ± 18, very close to the mean for fungal species 15 (303 ± 133).  Both were 
higher than the ethanol control (90 ± 11.8) and all fungal species barring 2 and 5 (Figure 
3).  Comparing other fungal species to the control, no species inhibited 80% of bacterial growth 
as compared to the ethanol control, though some species did exhibit at least 45% lower on 
average, including species 10 and 12 (see Figure 3). 
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Figure 2. S. aureus growth for each of the three plates on which ethanol extract of tropical fungi 
were applied. Ethanol controls had five replicates and three additional plates with bacterial 
smears only were also made. Bacterial growth is shown using a logarithmic scale. 
Morphospecies are labeled 2-15 and bacterial coverage is measured in squares, each of a 4 mm2 
area. Of the morphospecies examined, morphospecies 12 exhibited the most inhibited growth of 
S. aureus, with morphospecies 15 promoting bacterial growth as compared to the ethanol control. 

 
 
 
 
 
 
 
 
 
 

1

10

100

1000
Sq

ua
re

s o
f b

ac
te

ria
l c

ov
er

ag
e

Morphospecies
plate 1 plate 2 plate 3 plate 4 (control only) plate 5 (control only)

S. aureus growth

 5 



 

 
 
 
Figure 3. Average bacterial growth and mean standard error for both E. coli and S. aureus. 
Variation within the three trials for each morphospecies/bacteria combination is illustrated by the 
error bars denoting mean standard error. Plates with bacteria only had a mean of 750 ± 20 for E. 
coli and 370 ± 18 for S. aureus, but were omitted from the figure to focus on the control. 
Bacterial coverage was measured in squares of area 4 mm. 
 
DISCUSSION 
 
 The differences between ethanol controls and bacteria-only were to be expected as 
ethanol is recognized as a disinfectant when used in concentrations from 60-90% (Centers for 
Disease Control and Prevention 2008). Extracts that trended towards inhibited growth increased 
the efficacy of ethanol, and while significance was not found, clear tendencies are suggesting 
some antimicrobial properties are seen. Lack of significance may be a result of too few 
replications and too much plate variation within each bacteria/fungal species combination.  
Despite few replications for each combination, however, comparison of the morphospecies using 
a one way ANOVA did show overall differences in growth patterns between treatments and 
controls in both bacterial species, indicating certain fungal species do have an effect on the 
extent to which these bacteria grow. The goal of this study was not to identify a specific species 
of fungus with specific antibacterial properties; rather, it was to emphasize the potential a wide 
range of fungi have in terms of antimicrobial properties. The mean bacterial growth of E. coli in 
this survey suggests that macrofungi sampled are more effective in inhibiting the growth of gram 
negative bacteria than gram positive. With sampling being relatively indiscriminate, selecting 
only for a healthy appearance and size adequate to yield sufficient extract, the rate of bacterial 
inhibition seen here may be cautiously representative of the percentage of regional macrofungi 
exhibiting antimicrobial properties. With approximately 29% of the fungal species sampled 
resulting in at least 50% growth inhibition in either E.coli or S. aureus, the results of this study 
are within reason, as previously mentioned  studies suggest 30-80% of fungi should exhibit 
antimicrobial properties (Peláez 2006). 
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 Even among the morphospecies sampled there are a range of potential applications that 
further studies and processing could result in. For instance, morphospecies 15, which promoted 
the growth of both gram positive and gram negative bacteria, may have industrial applications in 
situations where increased bacterial coverage is desired. For example, in a healthcare setting, 
growing bacterial cultures for diagnosis of disease may be yield more of the pathogenic bacteria 
if a fungus such as morphospecies 15 is added to the growth plate. Bacterial cultures are the gold 
standard for diagnoses of many illnesses and more rapid growth increases the likelihood that an 
accurate diagnosis is obtained. Furthermore, rapid, accurate diagnoses can slow the evolution of 
antibiotic resistant infections as the appropriate antibiotic treatment for the disease can be 
selected (Loonen et al. 2014). 

Fungal species that showed low average bacterial coverage, such as 2 and 10 for E. coli 
or 10 and 12 for S. aureus, may still have potential pharmaceutical value. Specifically, species 
10, which showed trends suggesting inhibition of both gram positive and gram negative bacteria, 
would be of great interest for further study because of its potentially wide application. Relatedly, 
species 2 would also be of interest as the bacterial growth patterns seen suggest it inhibits gram 
negative bacteria from growing while promoting gram positive bacterial growth. Further testing 
with greater trials and more targeted isolation of chemical compounds could result in the 
extraction of the specific compound(s) resulting in antibiotic activity in these and other fungi. 

If further examination of tropical fungi were to be completed using the methods outlined 
in this paper, the following adjustments would likely improve observed results. Firstly, a 
minimum of twenty fungal extract replicate plates should be made for any bacterial strain being 
examined. This would yield a more dependable mean for bacterial growth inhibition as well as 
identify outliers, resulting in reduced overall variation and more reliable measures of 
significance. Additionally, increasing the concentration of extract from 10% would lead to more 
drastically reduced bacterial coverage if the growth-inhibiting compound has been extracted 

The results of this study, however, validate further examination into biomedical 
applications of tropical fungi and their use as therapeutic tools in treating infection. With the 
trends found among just 14 species, further examination of a larger number of species could 
yield more pronounced results either or both S. aureus and E. coli. While the techniques 
employed in this experiment are applicable only to macrofungi, adjusting sampling and 
extraction to include habitat zones occupied by mycorrhizal and soil fungi would further increase 
the odds of therapeutic advancement as new antimicrobial compounds are found and isolated. 
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MORPHOSPECIES IDENTIFICATION (Mata et al. 1999) 
 

                                              
  
 

                  
 
 

                                                              
 
 

Morphospecies 7 
Marasmius sp.  

Morphospecies 8 
Clavulinopsis fusiformis 

Morphospecies 9 
Castoma cinnabarina 

Morphospecies 5 
Auricularia delicata 

Morphospecies 6 
Xylaria polymorpha 

Morphospecies 4 
Coprinus disseminatus 
 
  

Morphospecies 3 
Ganoderma applanatum Morphospecies 2 
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Artificial bioluminescence sheds light on 
the possible role of bioluminescence in 
cloud forest fungi 
 
Hannah Bade 
 
University of Colorado, Boulder 
 
 
ABSTRACT 
 
Bioluminescence is a fairly rare phenomenon in nature. For many taxonomic groups bioluminescence 
evolved as a form of communication. One puzzling group of bioluminescent taxa is fungi. In this group 
fruiting bodies and hyphae produce a blue, white, or green glow that’s purpose remains unknown. To date, 
four major theories have been proposed to explain bioluminescent fungi, one being that bioluminescence is 
utilized to attract insect spore dispersers. To test this hypothesis, green glow sticks, meant to mimic fruiting 
bodies of bioluminescent fungi,  were placed in the cloud forests of Costa Rica. In addition,  red glow 
sticks were placed in the forest to account for color variation and unlit glow sticks were employed as the 
control. Tangle foot, a sticky substance, was used to capture insects that were attracted to the glow sticks. 
The insects were collected, counted, and identified to morphospecies for each treatment.  Results show that 
more individuals and morphospecies were attracted to the color green, the natural glow of bioluminescence 
than the other two treatments. This data supports the idea that bioluminescence is an adaptation fungi 
posses to entice insects for spore dispersal. 
 
RESUMEN 
 
La bioluminiscencia es un fenómeno extraño en la naturaleza.  Para varios grupos taxonómicos la 
bioluminiscencia ha evolucionado como una forma de comunicación.  Un taxón misterioso bioluminiscente 
son los hongos.  En este grupo los cuerpos fructíferos y las hifas producen un brillo azul, blanco o verde 
cuyo propósito es desconocido. Hasta ahora, cuatro teorías se han propuesto para explicar la 
bioluminiscencia de estos hongos, una siendo que el brillo es utilizado para atraer insectos que dispersan las 
esporas.  Para probar esta hipótesis, glow sticks verdes, utilizados para imitar los cuerpos fructíferos de 
hongos bioluminiscentes, se colocaron en el bosque nuboso de Costa Rica.  Además, glow stick rojos se 
colocaron en el bosque para tomar en cuenta la variación de color y glow sticks sin activar se utilizaron 
como control.  Una sustancia pegajosa, Tanglefoot, se uso para capturer los insectos atraídos a los glow 
sticks.  Los insectos se colectaron, contaron, e identificaron a morfoespecies para cada tratameinto. Los 
resultados muestran que más individuos y morfoespecies fueron atraídos al color verde, el color de 
bioluminiscencia natural más que a los otros colores.  Estos datos apoyan la idea que la bioluminiscencia es 
una adaptación que poseen los hongos para tentar a los insectos que dispersan las esporas.!
 
INTRODUCTION 
 
Bioluminescence is a fairly rare phenomenon in nature. For many taxonomic groups 
bioluminescence evolved as a form of communication. One puzzling group of 
bioluminescent taxa is fungi. In this group fruiting bodies and hyphae produce a blue, 
white, or green glow that’s purpose remains unknown. To date, four major theories have 
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been proposed to explain bioluminescent fungi. Bioluminescence could be a by-product 
of an enzyme mediated oxidation reaction, aid in defense, result in beneficial fertilizers, 
or assist in spore dispersal. 
 Bioluminescence is an oxygen-dependent metabolic process making it subject to the 
harms reactive oxygen species (ROS) can inflict. Perhaps bioluminescence is no more 
than a by-product of an enzyme-mediated oxidation reaction that evolved over time to 
guard against the detriments of ROS. Considering this theory, fungal bioluminescence 
originated as a result of an advantageous biochemical process, possessing no ecological 
advantages itself. However, through time benefits of the light emitted by such fungi could 
have evolved. (Desjardin, et al. 2007). 
 Recent research suggests that there is most likely an adaptive purpose to 
bioluminescence. More specifically, recent studies have shown fungal bioluminescence is 
set to a circadian clock (Oliveria 2015). Circadian clocks are responsible for maintaining 
the internal rhythm of an organism, operating on a 24-hour period. They are in response 
to surrounding environment. Studies have found that fungal bioluminescence operates on 
a temperature controlled circadian clock (Oliveria 2015), implying an adaptive purpose 
for bioluminescence. The timing of luminous displays is suggestive of guiding nocturnal 
organisms that endow benefits (Sivinski 1981). Numerous species of fungi utilize odor 
and color to attract organisms for mutualistic or communalistic purposes (Sivinski 1981). 
This promotes the idea of bioluminescence as yet another enticement. 
 If indeed bioluminescence is adaptive it is still lent to the question why. Defense 
purposes are a plausible explanation for the presence of luminous fungi. Bioluminescence 
might entice carnivores by exploiting their “phototrophisms”. Carnivores lured 
potentially ward off fungivores, favoring the fungi (Sivinski 1981). Some bioluminescent 
fungi are unpalatable, difficult to digest, or even toxic. Attraction of fungivores to such 
fungi may lead to the consumption of adjacent competitors (Sivinski 1981). These 
hypotheses are difficult to prove because both carnivores and fungivores could be 
attracted by characteristics of the fungi such as odor instead of their bioluminescence 
(Desjardin, et al. 2007). Repulsion of negatively phototrophic fungivores is another 
conceivable defense. Light is known to repel arthropods, protozoa, and certain pathogens 
-- keeping fungi free of specific diseases (Sivinski 1981). Bioluminescence could serve as 
a warning sign to nocturnal fungivores. Particular luminous fungi possess purgatives, 
toxic hallucinogens, and deadly poisons. Fungivores might use bioluminescence as an 
omen to avoid destructive organisms (Sivinski 1981).  
 Fertilizers enabling rapid growth of fungi result from arthropod attraction. Some 
arthropods lured by luminous fungi excrete beneficial materials. Although this may be 
counterproductive to fungi as any nutritional gain must be balance by the metabolic 
expense of the signal (Sivinski 1981). 

Fungal spores are commonly dispersed by either wind or insect activity. A large 
proportion of organisms fascinated by luminous fungi are potential consumers of its 
spores (Sivinski 1981). Termites in the family Termitidae and attine ants cultivate fungi 
in “gardens” within their nest. Leaf-cutter ants procure a variety of plant material to fuel a 
fungal garden from which they feed. Some ants and fungi evolved from a common 
ancestral relationship, while other associations arose independently (Daly, et al. 1998). 
Fungi are the main food source of ambrosia beetles (Daly, et al. 1998). Spores develop 
after being discharged in insect feces, making consumption a valuable means of spore 
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dispersal (Sivinski 1981). Certain insects retain prime characteristics for spore transport. 
Adult females of ambrosia beetles possess specialized cavities called mycangia that 
function as means of safe carriage for fungal spores (Daly, et al. 1998). Other beetles are 
coated in sticky secretion, causing spores to latch onto them as a way of distribution 
(Daly, et al. 1998). Female wood wasps in the genus Sirex (Siricidae) harbor spores of 
fungi in mucus filled pouches along the genital tract to provide nourishment for wasp 
larvae (Daly, et al. 1998). This is mutualistic relationship, aiding in fungal survival and 
reproduction. Fungi are found within caecal pouches of wood-feeding beetles; an 
example of symbiosis thought to support digestion (Daly, et al. 1998).  

One point made against bioluminescence assisting spore dispersal in fungi is that 
nonsporulating mycelium can possess luminescence. If it were purely for spore 
dispersion, luminous nonsporulating mycelium would be futile (Desjardin, et al. 2007). 

Although there is speculation toward the hypothesis that fungal bioluminescence 
draws insects for spore dispersal there is significant verification for theory as well. 
Considering insects use light for navigation, causing instant attraction, (Labhart and 
Meyer 2002) insect spore dispersal is a likely reason bioluminescence occurs in fungi. 
Luminosity is strongest in the gills of fungi, where spores are produced (Weitz 2004). 
This denotes that insects drawn by the glow are guided to spores for dispersal. If 
bioluminescence does aid in spore dispersal, glowing green light -- similar to that emitted 
by fungi should attract spore-dispersing insects over other lights and controls. By 
mimicking bioluminescence I hypothesize that insects will come in great amounts. 
 
METHODS 
 
Study Site 
The study was conducted in the Monteverde Cloud Forest of Costa Rica. Five sets of  
glow sticks were studied on biological station property. Sets one and two were placed at 
the start of the Principal Path, an area of old growth forest. Sets three, four, and five were 
placed along the trail below the lower lab, a zone of secondary growth forest. All five sets 
occurred at an elevation of about 1530 meters in Lower Montane Wet Forest (Holdridge 
1967). Bioluminescence is rare but naturally existing in these ranges, particularly on the 
trail below the lower lab.  
 
Experiment 
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FIGURE 1. Every glow stick was shaped into a circle then placed on a plastic plate 
slathered in Tangle Foot. Tangle Foot is an extremely sticky substance great for trapping 
insects. The plates were stilted above the ground with three wire poles to keep the Tangle 
Foot free from debris and to catch insects that would be just passing by. Wire poles were 
crafted, each about eight centimeters tall with a hook to attach the plates. Three evenly 
spread hole punches were created on the rim of each plate for hooks to be inserted. Roofs 
were constructed to protect the contraptions from rain. Thin, wooden sticks, about 
twenty-five centimeters tall, were used as pillars for the square of black garbage bag that 
functioned as a roof.  
 

 
FIGURE 2. Three of these designs were placed two meters apart, forming a triangle. The 
angles of the triangle, where the designs were placed, are referred to as zones.  Out of 
these three contraptions existed one green treatment, one red treatment, and one control. 
This constitutes one set. 
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The traps were placed in the forest for a total of four nights. The first night only set five 
was placed in the forest. All five sets were placed on the second night. Each night 
following, treatments were rotated through the three zones. Placement of the design 
occurred at dusk and plates were retrieved in the morning to insure insects collected were 
drawn at the time of bioluminescent activity (nighttime). The next morning, the plates 
containing the attracted insects were gathered. Morphospecies found and quantity of 
individuals was counted and related to treatments. After recording data, plates were 
cleared of insects and new, brightly glowing experimental treatments were deposited. 
 
RESULTS 
 
In total 648 individuals were captured in 61 morphospecies. 18 morphospecies were 
found only among the green treatment, 5 morphospecies were found only among the red 
treatment, and 4 morphospecies were found only among the control. 

There were more individual insects caught on the green treatment than both the 
red and control (X2 = 261.509, df = 2, n = 648, p < 0.01). However, there was no 
difference in the number of morphospecies caught between the treatments (X2 = 3.101,df 
= 2, n = 648, p = 0.21). When these two variables were combined using the Shannon-
Wiener Diversity Index, I found that the diversity indices were similar (green H’ = 2.72, 
red H’ = 2.779, and control H’ = 2.537). This is also true across the evenness values 
(green e = 0.6954, red e = 0.8017, and control e = 0.7321). When the diversity indices 
were compared with each other no differences were found (green and red treatments: t = -
0.42364, df = 222.26, p = 0.67224, green and control treatments: t = 1.2022, df = 208.24, 
p = 0.23067, red and control treatments: t = 1.3746, df = 235.37, p = 0.17056). 
Composition of species captured in each treatment was compared with the Sorenson's 
Quantitative Index of Similarity and it was discovered that each treatment was 
approximately 40% similar (green and red treatments: 39%, green and control treatments: 
42%, red and control treatments: 42%). 
 The 61 morphospecies found during the study were most likely representatives of 
these seven arthropod orders: Diptera (24 sp), Lepidoptera (10 sp), Orthoptera (1 sp), 
Araneae (2 sp), Coleoptera (14 sp), Hymenoptera (2 sp) with the rest being unknown. 
 
DISCUSSION 
 
Those treatments, which resembled natural bioluminescent fungi, attracted a greater 
number of insects than that which emitted light of a different wavelength or no light at 
all. In the study, 16 potential spore-dispersing morphospecies were identified overall, 14 
amid the green treatment. These findings support the hypothesis that bioluminescence in 
fungi is an ecological adaptation to invite spore dispersing insects.  

The diversity indices indicated no difference between the three treatments. 
However, the possibility of spore dispersal has been shown to occur with 16 of the 
morphospecies caught, 14 of which were found in the natural treatment.  Only spore 
dispersing insects will benefit fungi, therefore only spore dispersing insects need to be 
charmed by bioluminescence. 
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This experiment did not provide evidence toward other motives explaining 
bioluminescence in fungi. The attraction of insects affords that bioluminescence is not 
merely a by-product of metabolic processes. No advantageous carnivores or fungivores 
were noted. Repulsion of detrimental organisms was also unobserved. Perhaps arthropods 
retaining fungal fertilizers were engrossed. It must be recognized that although these 
attractions were not seen, they were also not being monitored in this study. 

The investigation conducted determined how light and light color increase insect 
attraction. Considering the data, light itself does not seem to affect the amount of insects 
attracted. Red treatments had fewer individuals visit and the same amount of 
morphospecies visit as the controls. Color of luminescence had a greater effect on 
number of individuals and number of morphospecies. The green treatments had the most 
individuals and morphospecies visit overall. The reason red treatments exhibited little 
success may be because insects cannot detect red (Daly, et al. 1998). Through behavioral 
and electrophysiological studies, it was discovered that insects could perceive ultraviolet, 
violet to blue, and blue-green (Daly, et al. 1998). Most insects lose the ability to 
distinguish differences in wavelengths between 550 and 650 nm, causing the incapacity 
to see red (Daly, et al. 1998). This explains why the red treatments and controls had such 
comparable numbers. Insects could not distinguish the red treatments, making them as 
unnoticeable as the controls. This suggests that fungi have adapted to cater to the visual 
capacity of insects. Red luminescence in fungi is not yet known to exist, yet blue, white, 
and green – colors all in the optical range of insects -- are the only wavelengths of light 
fungi acquire. Perhaps bioluminescence evolved not just for light emission but for the 
color it signifies as well. 

In light of findings, the theory that fungal bioluminescence acts as a lure to spore-
dispersing insects is a highly probable ecological adaptation for the phenomenon. 
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FIGURE 3. Number of individual insects attracted to total studied green treatments, red 
treatments, and controls. 
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FIGURE 4. Number of morphospecies of insects attracted to total studied green 
treatments, red treatments, and controls. 
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ABSTRACT  
 
Intensifying patterns of weather and climate as caused by anthropogenic climate change 
have already caused extensive species extinctions, migrations, and range contractions in 
endemic species (Parmesan 2006), and pose the potential to induce substantial 
biodiversity loss on a global scale (IPCC 2014).  Such trends have proven exceptionally 
apparent in tropical montane forests, where the disappearance of range-restricted species 
indicates a lifting cloud base as caused by rising sea surface temperature (SSTs) (Pounds 
et al.1999).  Drake suggested that epiphylls could serve as a bioindicator of local climate 
change due to their heightened sensitivity to water availability (Drake 2005); this study 
investigates that hypothesis to determine if it may be confirmed.  Drying trends have 
continued and strengthened over the last ten years since Drake conducted his study – 
opening the possibility for epiphyll cover to have shifted accordingly.  An altitudinal 
transect of percent epiphyll cover was performed on Geonoma palms to study how 
epiphyll distribution has changed over the last ten years, replicating Drake’s (2005) 
methods. Significant difference in slopes found from 2005 to today. As climate change 
increases SSTs and propels moisture up mountains, epiphylls serve as an indication of 
what to expect in the very near future, where species disappear from lower elevations and 
follow the lifting cloud bank upwards.   
 
RESUMEN 
 
Los patrones intensificantes del tiempo y clima causados por el cambio climático 
antropogénico han causado una extensiva extinción de especies, migraciones, y 
disminuciones de rango en especies endémicas (Parmesan 2006), y tiene el potencial de 
producir una perdida de biodiversidad substancial a una escala global (IPCC 2014).  
Dichas tendencias se han mostrado muy aparentes en bosques montanos tropicales, donde 
las desapariciones de especies de rangos restringidos indican la elevación nubosa basal 
causada por el aumento de la temperatura superficial de los oceanos (SSTs) (Pounds et al. 
1999).  Drake sugiere que los epífilos pueden servir como bioindicadores del cambio 
climático global debido a su gran sensibilidad a la disponibilidad de agua (Drake 2005); 
este estudio investiga esta hipótesis para determinar si puede ser confirmada.  Tendencias 
de secado han continuado y se han solidificado en los últimos diez años desde que Drake 
condujo su estudio –abriendo la posibilidad de que la cobertura por epífilos haya 
cambiado de acuerdo a esto.  Un transecto altitudinal de porcentaje de cobertura de 
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epífilos se llevó a cabo en palmas del género Geonoma para estudiar como la distribución 
de epífilos ha cambiado en los últimos 10 años, replicando los métodos de Drake (2005).  
Diferencias significativas en las pendientes se encontraron entre 2005 y hoy en día.  Al 
aumentar la SSTs por el cambio climático y mover la húmedad más arriba en las 
montañas, los epífilos sirven como indicadores de que esperar en el futuro cercano, donde 
lase especies desaparecen de elevaciones bajas y siguen el movimiento de la nube basal 
montaña arriba. 
 
INTRODUCTION 
 
Global climate change has triggered atmospheric warming unparalleled in Earth’s 
history, ravaging natural habitats worldwide.  Anthropogenic activities have exacerbated 
historical patterns of global warming, in which rising sea surface temperatures (SSTs) 
now stimulate augmented evaporation and production of water vapor (Pounds et al.1999).  
When increased amounts of water vapor condense, atmospheric warming advances more 
rapidly, propelling widespread, long-lasting, and significant ramifications on the local 
climate of terrestrial ecosystems (Pounds et al.1999).  Though local climate patterns vary 
with elevation, climate change has unequivocally caused global atmospheric and oceanic 
warming; increased and more frequent warm temperature extremes; fewer cold 
temperature extremes; more frequent, more extreme weather events; greater seasonality; 
and non-uniform precipitation changes (IPCC 2014).  Effects of climate change are 
intensified in the tropics, which contain the highest terrestrial plant and animal species 
biodiversity on the planet, and relatively high endemism (Brown 2014).  Many species 
thrive within a narrow range of abiotic conditions and cannot survive in temperature and 
seasonal extremes that exceed or fall below those limits (Brown 2014).  Average annual 
temperature in the Caribbean has increased 0.5°C, a small change that may have (and is 
already having) monumental biological consequences.  Projections based on convection 
zones and rain patterns over the last 15 years expect drying weather patterns to continue/ 
worsen (Olaya et al. 2009).   

Climate change has already pushed climate and weather patterns outside of range-
restricted species’ tolerable ranges, a trend amplified at high elevations on tropical 
mountains (Pounds et al.1999).  Climate change has forced many terrestrial species to 
shift their geographical ranges (IPCC 2014).  The lifting-cloud-base hypothesis explores 
the negative relationship between rising SSTs induced by anthropogenic climate change, 
and patterns of dry season mist frequency on tropical mountains.  The striking increase in 
SSTs correlates with the decline in dry season mist frequency since the mid-1970s.  
Rising temperatures and decreased moisture at lower elevations propel moisture upwards 
and raise average altitude of the orographic cloud bank base (Pounds et al.1999).   

Such trends towards desiccation may influence the phenology, abundance, and 
distribution of tropical plants that thrive or rely upon consistently wet conditions.  In 
tropical montane cloud forests, changes in local drying patterns and dry-season mist 
frequency have been observed over the past few decades, exacerbating extinction rates of 
endemic species and causing shifts in local ranges to higher elevations (Pounds et 
al.1999).  Increases in local drying, quantified by the number of long dry runs of five or 
more continuous days, serve as an important stimulant for the upward migration or even 
extinction of certain plants.  Though annual, seasonal, and monthly precipitation in 
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Monteverde does not show significant trends from 1973 to 2012, dry days increased 
significantly in frequency and converged increasingly into runs, from 5 to 16 
continuously dry days up to the 2005 study (Pounds et al.1999). 

Epiphylls have shown promise as bioindicators of local mist and climate 
conditions in Costa Rican tropical montane forests (Drake 2005). Data has shown that 
epiphytes inhabit climate-defined ecospaces that encompass a narrower range of abiotic 
conditions in comparison to co-occuring species, such as the supporting tree or leaf. The 
unique mechanistic characteristics of epiphytes as well as their reliance on near-constant 
precipitation render them particularly sensitive to changes in climate, especially drying 
(Benzing 1998) and declining dry season mist frequency (Drake 2005).  Nonvascular 
epiphytes, or epiphylls, lose moisture and the capacity to perform photosynthesis 
promptly in dry atmospheric conditions; furthermore, their positive carbon budgets 
necessitate continual high humidity and persistent moisture (Benzing 1998).  In 
comparison to nutrient and light availability, water supply has the strongest influence on 
epiphyll growth and proves the most limiting growth factor.  Improved water supply 
increased relative growth rate (RGR) for all sizes of vascular epiphytes, and small and 
intermediate-sized bromeliad epiphytes demonstrated significant correlation between in 
situ growth rate and annual precipitation (Laube and Lotz 2003).  This trend would be 
exaggerated for nonvascular epiphytes, as their growth is more restricted to a consistently 
wet environment (Shofield 2001).  Increasingly, continual wetness is found only at higher 
elevations along tropical mountain ranges (Pounds et al.1999), beginning when Tropical 
Montane Wet Forest transitions to Rain Forest. Thus, past studies would support the 
prediction that epiphylls will be found at increasingly higher altitudes within the cloud 
bank, and will be more susceptible to extremes in growth limiting factors at lower 
elevations, below the lifting cloud base.   

If local drying trends cause epiphyll cover to migrate upslope, supporting Drake’s 
(2005) hypothesis, lower cloud forest ecosystems stand to lose important biological 
functions.  Widespread symbiosis between epiphylls and vascular plants suggest their 
evolutionary value in withstanding selective pressures over time.  Epiphytes play an 
integral role in influencing nearby biota and whole system processes, such as energetics, 
hydrology, and mineral cycling (Benzing 1998).  Epiphytic bryophytes’ unique ability to 
survive in environmental extremes intolerable to most other plants promotes their 
distribution on a global scale and in a wide variety of ecosystems.  This faculty plays an 
essential biological role in the formation of habitats home to most other terrestrial species 
(Shofield 2001).  Though epiphyllous bryophytes are constrained to a much narrower 
range of abiotic conditions due to lack of roots, stems, and water storage containers 
(Drake 2005), they may also play key biological roles in their respective ecosystems.    

Lichen-forming fungi produce phenolic substances, secondary chemicals 
anticipated to have three important biological roles: antimicrobial, allelopathic, and 
antiherbivore.  Though production of such functions expends high amounts of energy, 
they have evolved in many groups of lichen-forming fungi; past studies speculate their 
adaptive value and possibility for broader application (Lawrey 1986).  Lichens, slow-
growing forms of epiphylls that resist decay microorganisms (lending a protective 
function), may prove to have an antimicrobial capacity as clinically effective antibiotics.  
Additionally, they may play an allelopathic role in inhibiting vascular plant seed 
germination and spore germination of mosses and lichens (more research needed to 
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determine ecological significance).  Finally, the rarity of predation on lichen-forming 
fungi indicates probable antiherbivory traits to defend lichen thalli from predation, as 
supported by recent research (Lawrey 1986).    

Enhanced understanding of the unique secondary chemicals produced by lichens 
could gauge their ability to help solve current environmental problems.  Distribution of 
lichen chemotypes may have biogeographically significant distributions, as correlations 
between chemotype and habitat prompt evolutionary questions regarding sibling 
speciation, in which behavior, phenology, and/or cryptic discontinuities serve as 
important markers of different species (Culberson 1986).  Indeed, diversity of secondary 
compounds proves highest in “the most rapidly speciating lichen groups,” advancing the 
hypothesis that lichens produce secondary compounds to solve biological problems 
(Lawrey 1986).  Such problems have high probability of also impacting other plant 
species with relatively diminished capacities for rapid adaptation.  

Epiphylls possess the unique capacity to indicate from an early stage the effects of 
climate change on tropical montane forests (Benzing 1998). If Drake’s hypothesis proves 
unsupported by this study, ten years may serve as too short a timescale to measure 
significant elevational changes in epiphyll cover.  Such a finding would not negate Drake 
(2005) and other’s hypotheses, it would instead invite future research to quantify the rate 
of distribution change as caused by local drying to further evaluate the effectiveness of 
epiphylls as bioindicators.  Indeed, one may hope that in the span of just a decade, SSTs 
and cloud base do not rise so dramatically that they affect significant species extinctions 
and geographical range changes.  As an obvious and easily recognizable component of 
tropical ecosystems, epiphylls provoke the question, what other species are also being 
lost, hidden from view? 

This study examines if elevational change in epiphyll cover over the last ten years 
confirms its potential as a bioindicator of climate change (Drake 2005).  This study also 
investigates if decades of increasingly severe, climate change-induced local drying 
caused significant upward shifts and/ or change in type of epiphyll cover on a Costa 
Rican montane cloud forest.  
 
MATERIALS AND METHODS 
 
Study Site  
Data were collected at seven different altitudinal zone ranges along the principal trail at 
the Estación Biológica in Monteverde, Puntarenas, Costa Rica (10°18’ N, 84°48’ W).  
This site is classified as Lower Montane Wet Forest from 1450 to 1600 m, and Lower 
Montane Rain Forest from 1550 to 1850 m (Bolaños and Watson 1993, in Haber 2000).  
Lower Montane Wet Forest receives mean annual rainfall 1850-4000 mm, with meal 
annual temperature 12 to 17°C and canopy height 25 to 35 m.  Lower Montane Rain 
Forest receives mean annual rainfall 3600-8000 mm, with mean annual temperature 12 to 
17°C and canopy height 20 to 30 m.  The dry season lasts for 0 to 3 months for both life 
zones (Haber 2000).  Altitudinal transects were performed with an altimeter between 
1505 and 1817 m elevation during the wet season, from July 15th to July 30th, 2015.  
Though this study occurred during an El Niño, data indicate it was weak in strength and 
did not have significant or widespread effects on global climate and weather patterns 
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(NOAA 2015). The methods for this study replicated Drake’s (2005) experimental design 
to enable accurate analysis of epiphyll cover change over time.  
 
Study Organism 
This study focuses on epiphylls, in the form of bryophytes and lichens, growing on leaves 
of the common vascular understory palm, Geonoma spp (Aracaceae).  Division 
Bryophyta encompasses mosses and allies and is divided into three classes, liverworts, 
hornworts, and mosses (Shofield 2001).  As primitive plants, bryophytes have endured 
since the early fossil record and appear to share common origin with ferns, though their 
exact origin remains unknown.  Lichens also constitute a primitive group of organisms, 
originating from symbiosis between fungi and algae (Shofield 2001). 
    Epiphyllous bryophytes serve as promising organisms to study the effects of 
climate change (Drake 2005).  Epiphyllous bryophytes grow on living leaves and require 
continuous high moisture to avoid desiccation (Shofield 2001).  Drake (2005) analyzed 
biological response of epiphylls to changes in mist deposition and elevation on an 
altitudinal gradient. Past studies reveal epiphyllous bryophytes’ rapid generation times 
and high sensitivity to changing water availability and rain forest fragmentation render 
them potential markers for other plant responses to climate change on a short timescale 
(Drake 2005).  
 
Altitudinal Transect of Epiphyll Cover on Geonoma spp. Palms  
Leaflets were selected based on a simple visual analysis of epiphyll cover distribution. 
The youngest leaflets were located higher on each palm, and the older leaflets were 
lower, closer to the ground.  To control for height and age, because older fronds provide 
greater time for epiphyll colonization than younger fronds, the middle leaflet or leaflet 
that best represented average epiphyll cover was selected.  A fine chicken wire grid was 
placed over an area of the leaflet that demonstrated the palm’s average epiphyll cover, 
and a digital picture was taken 30 cm away.  Proportional rank, the ratio of frond number 
to total number of fronds, was recorded. This information then allowed calculation of 
frond age in weeks (Drake 2005) to select for fronds closest to 40 weeks old to replicate 
Drake’s selection bias (Drake 2005).  Restricting analysis to fronds aged only 35.726 to 
45.014 weeks with an average age 39.804 weeks controlled for the effect of frond age 
variation on epiphyll growth between 2005 and current data.  
 Pictures were analyzed on a computer to quantify percent epiphyll cover for 25 
grid cells.  A cell demonstrated significant epiphyll cover if epiphyll growth covered at 
least one third of the cell.  Percent cover constitutes the area occupied by epiphylls (the 
number of cells with significant epiphyll growth) divided by the total area (25 cells) 
sampled.  I transformed percent epiphyll cover to square root to replicate Drake’s (2005) 
analysis and enable equivalent comparison of data. 
!
RESULTS  
 
Epiphyll cover was obtained from 186 Geonoma spp.(Araceaea); identification did not 
discriminate between species of Geonoma as field guides did not lend comprehensive 
guidance on species composition within Monteverde cloud forest.  62 Geonoma palms 
contained zero percent epiphyll growth. An average of 26.6 Geonoma palms were 
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analyzed for each altitudinal zone, centering around 50 m increments from 1500 to 1800 
m elevation. To select for fronds closest to 40 weeks old, frond number was recorded by 
counting from newest, topmost frond to selected frond. The following equation quantifies 
frond age (in weeks) = -1.43 + (proportional rank * 83.6) (Daniels 1998 in Drake 2005).  
59 individuals found within about 35 to 45 weeks in age. 62 individuals found to have 
zero percent epiphyll cover.      

Type of epiphylls observed changed along an altitudinal gradient; dark blackish 
green epiphylls observed at lower altitude, whereas yellow and light green epiphylls 
occupied higher elevations.   
 

      
Lighter epiphylls, 1793 m              Darker epiphylls, 1611 m  
 
 
Altitudinal Transect  
Square root of percent epiphyll cover increased with increasing altitude (linear 
regression, p  <  0.05; R² = 0.52316, d.f. = 1; F = 202.96814 Figure 1). 
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Figure 1. Regression analysis of square root percent epiphyll cover on Geonoma spp. to altitude 
(meters). Percent epiphyll cover was calculated by dividing number of cells with significant 
epiphyll coverage (at least one third of cell covered) by total area (25 cells).  A) All data with all 
fronds (ages 12.503 to 82.17 weeks) and zeroes included. Average frond age = 44.83328131 
weeks. N = 186. Y = 0.0196x - 29.713.  R² = 0.52316. (ANOVA, p < 0.01; d.f. = 1; F = 
202.96814).  B) Only fronds aged 35 – 45 weeks with zeroes included. N = 59. Y=0.0242x -
37.303. R²=0.56633. Average frond age = 39.80421121 weeks. (ANOVA, p < 0.05; d.f. = 1; F = 
74.7467).  Difference between slopes, when controlling for frond age ~ 40 weeks old versus total 
data was not significant (ANCOVA).  C) Data with fronds of all ages included, excluding fronds 
with zero epiphyll cover.  N = 124.  R²  = 0.46175.  (ANOVA, p < .01, d.f. = 1, F = 104.66037). 
D) Only fronds aged 35 – 45 weeks included, excluding fronds with zero epiphyll cover. N = 34. 
Regression, R² = 0.48162. (ANOVA, p = 0.00001; d.f. = 1; F = 29.7315).  
 

Four versions of data presented to find the most suitable and exact comparison for 
2005 data, which examined fronds closest to 40 weeks old and lacked zero values for 
square root percent epiphyll cover.   As altitude increased, epiphyll cover on Geonoma 
spp. palms increased significantly for all four statistical analyses and slopes from all four 
versions of data did not differ.  

Figure 1a.  Data collected in summer 2015 during wet season, July 15th to 30th. 
Significant positive relationship between altitude and percent epiphyll cover (ANOVA, p 
< 0.01; d.f. = 1; F= 2-2.96814). 

Figure 1b. To control for frond age and time available for epiphyll colonization, 
Drake selected for fronds 40 weeks old (Drake 2005). To ensure that variation in frond 
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age did not influence data for this study, analysis was performed on palms from 35.726 to 
45.014 weeks in age, with an average equal to 39.804 weeks old.  In comparing the 
regression lines between total data and data restricted to 35 to 45 weeks old, statistical 
tests reported not significant (ANOVA, p = 0.8788), rendering total data valid for 
comparison.  Though the slope differed after controlling for frond age, the slope and 
positive relationship remained significant (ANOVA, p < 0.05; d.f. = 1) and in fact proved 
to have a stronger linear regression  (2015 Regression, R²  = 0.56633.; 2005 Regression, 
R² = 0.52316).  

Figure 1c. As Drake’s (2005) data did not report any zero percent epiphyll cover 
values, linear regression was run with all data excluding zeroes to verify if positive 
relationship remained after accounting for zeroes.  As Drake’s (2005) methods do not 
indicate preference for selecting only Geonoma palms with epiphyll cover, it would be 
assumed that Drake did not encounter any palms lacking epiphylls, but statistical tests 
were run to account for the possible bias. Linear regression reveals significant positive 
relationship still exists when 2015 data does not contain zeroes (ANOVA, p < 0.01).  

Figure 1d. When accounting for two important potential limitations to this study, 
frond age and absence of zero percent epiphyll cover data points, positive relationship 
still exists and remains significant (ANOVA, p = 0.00001).    
!

!
Figure 2. Regression analysis of percent epiphyll cover to elevation in 2005 versus 2015.  Solid 
line represents linear trendline for 2005 data, dashed line for 2015 data. 2005 data: N = 160. Y = 
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0.0131x - 18.483. R² = 0.49698. (ANOVA, p < 0.0001).  A) All data with all fronds (ages 12.503 
to 82.17 weeks) and zeroes included versus 2005 data.  2015: N = 186. Y = 0.0196x - 29.713. R² 
= 0.52316.  B) Only fronds aged 35 – 45 weeks with zeroes included versus 2005 data.  2015: N 
= 59. Y=0.0242x -37.303. R²=0.56633.  C) Data with fronds of all ages included, excluding 
fronds with zero epiphyll cover (ANCOVA, p = 0.026). D) Only fronds aged 35 – 45 weeks 
included, excluding fronds with zero epiphyll cover (ANCOVA, p = 0.005). Comparison of 2005 
versus 2015 graphs with all data, controlling for leaf age, and without zeroes remained significant 
(ANCOVA, p = 0.16).  

Lower altitudes contained greater percent epiphyll cover in 2005 than at present.    
Figure 2a. Over the past ten years, the slope of linear relationship between percent 
epiphyll cover and altitude has increased/ grown steeper, as the 2005 slope of .0131 < 
2015 slope of 0.0196.  Though both Drake (2005) and this study found significant results 
in the linear relationship (Drake found p < 0.0001), R² increased from 2005 to present 
data.  The data manually obtained from a print of Drake’s Figure 2 lent an R² = 0.49698, 
but Drake (2005) reported an R² = 0.517.  As this study found a stronger R² (Regression, 
R² = 0.52316) the difference between slopes and linear regressions is significant 
(ANOVA).  

Figure 2b. Though no significant difference existed between data with fronds of 
all ages versus data controlling for frond age, linear regression compared 2005 data with 
2015 data.  Slope remained significant, 2015 showed drastically steeper slope than 2005 
when accounting for frond age. 

Figure 2c.  Accounting for potential bias in 2005 methods for selecting only 
Geonoma palms with some epiphyll cover (to explain the lack of zeroes in 2005 graphs), 
2015 data excluding zero value data points was compared against 2005 data. ANCOVA 
compares different slopes at all levels to test for significance. ANCOVA (p = 0.026) 
found significant difference between slopes.  Following above trends, 2015 slope found 
more positive than 2005 slope, but surprisingly, it also contained equivalent or higher y 
coordinates at all altitudes.   

Figure 2d.  Linear regression between 2005 and 2015 data, controlling for frond 
age and omitting zero value data points, further proved significant difference between the 
data sets (ANCOVA, p = 0.026).  

Comparison of graphs of all different versions of data found significant difference 
between 2005 versus 2015 slope (ANCOVA, p = 0.016).  The significantly steeper slope 
found in 2015 as compared to ten years ago evidenced changing epiphyll cover and its 
decline from lower elevations. 
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Figure 3. Number of extended dry runs of five days or more per decade from 1970 to 2012 in 
Monteverde Cloud Forest Preserve, Puntarenas, Costa Rica. Number of long dry runs has more 
than doubled since the 1970’s, and can be attributed to local drying induced by climate change. 
Source: Alan Pounds (personal communication). 

Local drying trends continued with an increase in number of extended dry runs 
from 2005 to the present. The data correspond with rising SSTs and long-standing drying 
trends. Monteverde Cloud Forest Preserve has highly similar weather, climate, and life 
zone conditions as the Estación Biológica.   
!
Additional Observations 
At higher altitudinal zones, Geonoma spp. tended to grow larger and more abundant. 
Though the majority of Geonoma palms surveyed were trunkless, six palms surveyed at 
higher altitudinal zones contained trunks and one trunked palm in the lowest altitudinal 
zone was noted.  The relationship between trunk presence and epiphyll cover was not 
analyzed because a minority of seven palms classified as trunked, rendering further 
investigation of minimal, if any significance.    
!
DISCUSSION 
 
Key Findings  
Results indicate that percent epiphyll cover increases significantly at higher altitudes 
within the Lower Montane Wet and Rain Forest life zones.  The upward shift in epiphyll 
cover after ten years of increasing numbers of dry days supports the 2005 hypothesis that 
epiphylls serve as a good bioindicator of local climate change.  This also demonstrates 
the changing biological characteristics of tropical montane ecosystems, as abiotic 
conditions (namely, available moisture through rain and mist frequency) within Lower 
Montane Wet and even lower Rain forests prove insufficient to support highly climate 
sensitive species.  Data indicate significant positive relationship between altitude and 
epiphyll cover on Geonoma spp. palms with a stronger regression and slope (ANOVA 
Test) than ascertained in 2005 (Drake 2005).  While epiphylls are increasingly found at 
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higher altitudinal zones within tropical cloud forests, they have largely disappeared from 
lower elevations.  The upslope migration of epiphylls to higher altitudes with consistently 
cooler, wetter climates was supported by the significant difference in all versions of 
slopes from 2005 to today (ANOVA Test).  This trend may be attributed to local drying 
and declining dry season mist frequency as stipulated by the lifting-cloud-base hypothesis 
(Pounds et al.1999).  Weather data reporting the more than twofold increase in number of 
extended dry runs in Monteverde Cloud Forest Preserve from 1970 to 2012 reinforces the 
long-term trends of local climate desiccation as caused by rising SSTs (Figure 3).  

This study supports literature proposing that epiphyll cover may serve as a 
bioindicator of local climate change, based on epiphylls’ unique vulnerability to 
fluctuations in climate patterns.  Past studies show that water availability represents the 
most limiting factor for epiphyll growth; as dry season mist frequency declines with an 
increase in number of dry days that converge into longer dry runs, water becomes less 
available for a longer amount of time to nonvascular epiphylls. Humid tropical climates 
support greatest floristic and epiphyllous diversity (Shofield 2001); shrinking regions of 
high humidity thus restricts biodiversity potential in the tropics. Different types of 
epiphylls, in the form of bryophytes and lichen, generally prefer humid conditions with 
frequent wetness as rain or mist (Shofield 2001).  Results for this study suggest that 
intensification of local drying conditions over the past ten years have stripped lower 
altitudinal zones of adequate moisture to support nonvascular epiphyll growth on 
Geonoma palms.  If epiphylls migrate to higher elevations, they will leave behind 
ecosystems devoid of the antimicrobial, allelopathic, and antiherbivory defenses that may 
sustain the symbiotic relationship between epiphylls and most humid tropical vascular 
plants.  One would expect those plants to become more vulnerable to disease and 
herbivory when lacking those chemotypes produced by epiphylls (Culberson 1986).  

Total data did not have a significantly different slope from control data (ANOVA, 
p = 0.8788).  Hence, frond age did not significantly affect the positive relationship 
between altitude and epiphyll cover so comparison of total data versus Drake (2005) data 
remains valid (ANOVA).  When accounting for ideal frond age and omitting zero values 
of percent epiphyll cover (potential discrepancies that may have discounted accurate 
replication of 2005 methods and data analysis), the slope trajectory did not change and 
differences between slopes did not prove significant (ANCOVA).   Therefore, it may be 
concluded that frond age and lack of 2005 zero data points do not significantly affect the 
positive relationship between altitude and percent epiphyll cover.  The hypothesis is 
supported and withstands those aletnative variables.  Epiphyll cover on Geonoma spp. 
does serve as a bioindicator of local climate change in Neotropical cloud forest.  
Considering the symbiosis between epiphylls and most all vascular plants, loss of 
epiphylls at lower elevations (invoking a steeper positive relationship between altitude 
and percent epiphyll cover) may harken the decline of vascular plants that rely on 
biological roles played by epiphyll chemotypes. 
 
Potential Limitations and Further Research  
An interesting point to consider is the discrepancy between Drake’s (2005) 
measurements, taken from 1490 to1765 m along the principal trail, to this study site from 
1505 to 1817 m.  Though the data for this study start and end at higher elevations, the 
slope would remain consistent if limited to 1765 m.    
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Another limitation involves the difficulty in differentiating between Geonoma 
spp. and Calyptrogyne spp., an understory palm highly similar in appearance and often 
found to occupy the same area as Geonoma palms.  A comprehensive analysis of the 
physical attributes and differences between each genus was conducted to ensure correct 
identification in the field.  As field guides did not provide information on the two species 
of Geonoma studied by Drake, G. eludis and G. hoffmaniana, this study did not attempt 
to discriminate between Geonoma palms on a species level and only identified to the 
genus.  As Drake (2005) did not find significant difference in percent cover between G. 
eludis and G. hoffmaniana, his findings did not separate between host species and were 
reported to the genus level.  This enabled accurate comparison of data at the genus level, 
however a degree of uncertainty remains regarding accurate distinction between 
Geonoma versus Calyptrogyne palms.  Despite limitations, the methods for this study 
constitute a reliable way of measuring the change in percent epiphyll cover over seven 
altitudinal zones from 2005 to present.   

One alternative explanation that should merit notice regards the 
disproportionately high percentage of epiphyll cover found at elevations exceeding 1750 
m in 2015 than in 2005.  As Drake (2005) reports no percent epiphyll cover above 1760 
m, a plausible possibility involves the role of seasonal variation in mist frequency and 
deposition in promoting or inhibiting epiphyll growth.  As Drake (2005) collected data 
during the end of the dry season from April to May, reduced precipitation and continuous 
dry days provides a stark difference from wet season conditions.  This study, conducted 
in the wet season during the latter half of July, was based on long-scale local drying 
trends spanning decades, negating the impact of seasonal or year-to-year variations in 
weather patterns. Future studies would replicate altitudinal transect during the dry season 
to ascertain if high epiphyll cover at high altitudes persists throughout the year, or if it 
constitutes a more seasonal fluctuation that cannot be used to interpret effects of local 
climate change on bioindicator distribution over time. 

To account for the effect of gap dynamics and canopy height on sun exposure 
variation and light availability for photosynthesis, future research might compare epiphyll 
relative growth rates (RGR) in sun versus shade.  Past growth experiments conduced in 
Panamian tropical moist forest have proved ambiguous on vascular epiphyte RGR in 
different light conditions, favoring analysis of water availability as the most important 
attribute and the effects of nutrient availability dependent on water supply  (Laube and 
Lotz 2003). Despite prominent self-shading, Laube and Lotz (2003) unexpectedly found 
that increased light causes a decrease in RGR but difference was not significant.  High 
vapor pressure deficits induced under high light conditions cause stomata to partially 
close, decreasing RGR.  Further studies expanding on Laube and Lotz’s (2003) research 
might discern whether Geonoma spp. demonstrate the same trends as Vriesea 
sanguinolenta, a tank-forming bromeliad. As canopy height in the Monteverde cloud 
forest decreases transitioning from the Montane Wet Forest to the Montane Rain Forest 
(Haber 2000), epiphylls may also receive greater sun exposure at higher elevations.  
 Current climate change projections predict that SSTs will continue to warm, and 
the strongest warming will be observed in tropical and Northern Hemisphere subtropical 
regions (IPCC 2014).  As warming is predicted to affect precipitation patterns differently 
around the globe, future studies would ascertain whether patterns of intensified local 
drying continue in the Monteverde Cloud Forest Preserve, of conditions in comparison to 
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the Estación Biológica, and whether the positive relationship grows stronger if the 
highest radiative forcing scenario (RF 8.5) is manifested over time (IPCC 2014).   
 

Conclusion 
Overall, this study confirms the hypothesis that epiphyll cover serves as a bioindicator of 
local climate change in Neotropical cloud forest over ten years. This study suggests that 
the lifting cloud base, as caused by rising SSTs and local drying due to climate change, 
promotes this trend and will exacerbate decline in epiphyll cover at increasingly higher 
altitudes in future years.  The important biological roles played by epiphylls (and by 
extension all epiphytes) signals the potential loss of essential functions when bioindicator 
species disappear from tropical montane forests. 
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ABSTRACT 
Windbreaks and pasture trees have been widely recognized for their ecological value within agricultural landscapes.  
This study sought to compare the relative value of native windbreak trees, nonnative windbreak trees, and remnant 
pasture trees in epiphyte conservation.  The trunks and branches of twenty-five trees from each host category were 
sampled between 1.5 and 2 m off the ground for vascular epiphytes.  Mean abundance per tree and overall epiphyte 
diversity was significantly greater on native Montanoa guatemalensis and remnant pasture trees than nonnative 
Cupressus lusitanica.  There were no significant differences in orchid community diversity between the three host 
groups; however, pasture trees contained the highest mean number of orchids per tree.  This study shows that 
whether in a windbreak or isolated, native trees harbor more epiphyte diversity and therefore have a greater 
conservation value than nonnative tree species. 

RESUMEN 
Rompevientos y árboles en pastizales han sido extensamente reconocidos por su valor ecológico dentro de paisajes 
agrícolas. Esta investigación comparó el valor relativo de rompevientos nativos, rompevientos exóticos, y árboles 
remanentes en pastizales para la conservación de epífitas. Los troncos y ramas de veinticinco árboles de cada 
categoría de huésped fueron examinados buscando epífitas entre 1.5 y 2 metros del suelo. La abundancia promedio 
por árbol y total de diversidad de epífitas fueron significativamente mayores en la especie nativa Montanoa 
guatemalensis y en los árboles remanentes comparados con la especie exótica Cupressus lusitanica. No hubo 
diferencias significativas en la diversidad de las comunidades de orquídeas entre las tres categorías de árbol 
huésped; sin embargo, los árboles en pastizales tuvieron el mayor número promedio de orquídeas por árbol. Esta 
investigación muestra que, tanto en rompevientos o aisladas, las especias nativas albergan más diversidad de epífitas 
y por lo tanto, tienen un mayor valor en conservación que las especies de árboles exóticos. 

INTRODUCTION 

Since the 1980s, windbreaks have become a common feature across agricultural landscapes in 
Monteverde, Costa Rica (Burlingame 2000).  Long rows of Montanoa guatemalensis and 
Cupressus lusitanica were planted by land owners to reduce soil erosion and stress on livestock 
and crops (Burlingame 2000).  Montanoa guatemalensis is a fast growing tree native to Costa 
Rica with a high leaf volume (Zuchowski 2007) and deeply fissured bark (Graves 2008).  
Cupressus lusitanica is an exotic species that is also fast growing; however, this species has been 
shown to have allelopathic properties (Lisanework 1993).  Additionally, isolated pasture trees 
were left to provide shade for livestock and food for wildlife (Harvey and Haber 1999). 

In recent years, windbreaks and remnant pasture trees have been increasingly recognized 
for their value in conservation and maintaining biodiversity (Guevara et al. 1986; Harvey and 
Haber 1999; Harvey 2000a; Harvey 2000b; Harvey et al. 2000; Graves 2008).  These landscape 
features provide roosting sites for bats and birds (Harvey and Haber 1999), which leads to 
greater seed rain (Harvey 2000a).  The presence of trees also alters local microclimates, allowing 
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for increased native seedling recruitment (Harvey 2000b).  Previous studies have found that 
numbers of epiphytes in pasture trees and small forest patches were similar to undisturbed forests 
(Hietz-Seifert et al. 1996) which indicates that these sites could be important reservoirs for 
epiphyte diversity. 

Epiphytes are a characteristic feature of tropical rainforest plant communities (Gradstein 
et al. 1996); however, habitat loss through deforestation poses a huge threat to epiphyte diversity 
(Gradstein 2008).  These widely varied plant species have high conservation value as they add to 
ecosystem biodiversity, productivity, and nutrient cycling (Nadkarni 1992), provide food for 
pollinating animals (Murray et al. 2000), and can serve as indicators of climate change 
(Gradstein 2008).  All epiphytes are wind, bird, or bat dispersed (Murray et al. 2000) which 
allows them to colonize windbreaks and pasture trees in a fragmented landscape.  In addition, 
these plants show little host specificity (Zimmerman and Olmsted 1992); however, studies 
suggest they may prefer hosts with more textured bark (Zimmerman and Olmsted 1992) and that 
trees with allelopathic properties may deter epiphyte colonization (Frei et al. 1972). 

Orchids make up the largest and most diverse epiphyte family in Monteverde (Ingram 
2000) with over 500 recorded species (Atwood 2000).  This high species diversity is in part 
attributed to their narrow elevational distributions (Atwood 2000) which has allowed for the 
evolution of numerous highly specialized orchids.  This high specificity of habitat may make 
orchids more vulnerable than other epiphytic species to habitat alteration and destruction 
(Atwood 2000).  However, studies have found unusually high orchid diversity in pastures 
(Williams-Linera et al. 1995) which may indicate that pasture trees, in the form of windbreaks or 
isolated trees, play a critical role in preserving orchid biodiversity.  

This study examines the relative role of native and nonnative windbreak trees, as well as 
isolated pasture trees, in maintaining epiphyte diversity in a regenerating agricultural landscape.  
Additionally, a closer look will be taken at orchid communities to determine if host differences 
affect species abundance and diversity. 
 
METHODS 
Study Site 

The study took place during the wet season from July 27th-July 30th around the Monteverde 
Biological Station in Monteverde, Costa Rica.  The tree communities sampled were found at 
approximately 1535 m, in the Holdridge lower montane wet forest life zone (Haber 2000).  
Windbreaks consisting of nonnative Cupressus lusitanica and native Montanoa guatemalensis as 
well as isolated remnant pasture trees were surveyed for vascular epiphytes.  C. lusitanica and M. 
guatemalensis were sampled in the order they were found in windbreaks; however, trees 
surrounded by thick vegetation were not sampled.  Pasture trees were chosen from regenerating 
agricultural land within the study site and had a diameter at breast height (DBH) between that of 
C. lusitanica and M. guatemalensis.  All trees sampled were planted approximately 35 years ago 
as part of the Monteverde Conservation League’s reforestation project and land surrounding the 
windbreaks and pasture trees has been in regeneration for 25 years.  Twenty-five trees from each 
category were sampled, giving a sample size of 75 trees.   
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Epiphyte Sampling 

Since time constraints prevented whole tree epiphyte sampling, a portion of each tree was chosen 
as a representative sample of the whole tree.  To take into account the varied morphologies of C. 
lusitanica, M. guatemalensis, and pasture trees, survey area was restricted to the circumference 
of the tree between 1.5 and 2 meters.  For each tree, individual epiphytes were counted and 
assigned a morphospecies.  Photographs were also taken of each morphospecies to classify 
epiphytes according to family, genus, and species when possible. 
 
RESULTS 
Overall Epiphyte Diversity 

A total of 459 epiphytes representing 49 different species were found on the 75 trees surveyed.  
Orchidaceae was the most species rich family (19 species), followed by families of Pteridophyta 
(14 species), Piperaceae (4 species), Bromileaceae (4 species) and other families (7 species) 
(Figure 1).  Thirty species were found on M. guatemalensis followed by 25 and 18 species on 
pasture trees and C. lusitanica respectively.  There was no significant difference in species 
richness between the three host tree categories (χ2 = 3.832, p = 0.147, df = 2, N = 72) (Figure 2). 
Mean number of epiphytes per tree was significantly higher in M. guatemalensis and pasture 
trees than C. lusitanica (one-way ANOVA: p < 0.001; Figure 3).  In addition, overall epiphyte 
diversity was significantly greater on M. guatemalensis (H’ = 2.798) and pasture trees (H’ = 
2.667) than on C. lusitanica (H’ = 1.956) (diversity t-test: CL vs MG t = -5.529, df = 147.19, p < 
0.001; CL vs PT t = -4.956, df = 146.2, p < 0.001; MG vs PT t = 1.286, df = 365.07, p = 0.201; 
Figure 4).  Sorenson’s similarity index revealed a 22.2% species overlap between C. lusitanica 
and M. guatemalensis, 31.3% overlap between C. lusitanica and pasture trees, and a 42.4% 
overlap between M. guatemalensis and pasture trees (Table 1).  

 

 

Orchidaceae

Pteridophyta

Piperaceae

Bromileaceae

Other

FIGURE 1. Proportions of epiphyte families surveyed from 25 C. lusitanitca, M. 
guatemalensis, and remnant pasture trees.  Orchidaceae was the dominant family (S = 19), 
followed by families of Pteridophyta (S = 14), Piperaceae (S = 4), and Bromileacea (S = 4). 
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FIGURE 3. Mean number of epiphytes and orchids per tree (±SE) found on 25 C. lusitanica, M. 
guatemalensis, and pasture trees.  There were significantly more epiphytes on M. guatemalensis and 
pastures trees (one-way ANOVA, p < 0.05).  Mean number of orchids per tree was significantly higher 
on pasture trees than on C. lusitanica (one-way ANOVA, p < 0.05). 

 

FIGURE 2. Species richness of epiphytes and orchids found on 25 C. lusitanica, M. guatemalensis, and 
pasture trees.  There were no significant differences species richness between the three host categories 
for all epiphytes (χ2 = 3.832, p = 0.147, df = 2, N = 72) or orchid (χ2 = 4.571, p = 0.102, df = 2, N = 21). 

 

 36 



  

 
 

 

 

 

 

 All epiphytes Orchids 
 
C. lusitanica vs M. guatemalensis 
 

 
22.2% 

 
0.0% 

C. lusitanica vs pasture tree 
 

31.3% 3.2% 

M. guatemalensis vs pasture tree 
 

42.4% 21.4% 

 

Orchid Diversity 

In total, 78 orchids of 21 different species were identified.  There were significantly more 
orchids per tree in pasture trees than in C. lusitanica (one-way ANOVA, p < 0.05; Figure 2).  A 
chi-squared analysis revealed no significant difference in orchid species richness on C. 
lusitanica, M. guatemalensis, and pasture trees (χ2 = 4.571, p = 0.102, df = 2, N = 21).  In 
addition, no significant difference was found in Shannon-Weiner diversity index between C. 
lusitanica (H’ = 1.099), M. guatemalensis (H’ = 1.443), and pasture tree (H’ = 1.835) orchid 
communities (Diversity t-test: CL vs MG t = -0.841, df = 6.57, p = 0.43; CL vs PT t = -2.059, df 
= 3.97, p = 0.109; MG vs PT t = -1.449, df = 32.641, p = 0.156; Figure 3).  However, the 
composition of orchid communities differed greatly between C. lusitanica, M. guatemalensis, 
and pasture trees.  Sorenson’s similarity showed a 0.0% similarity between orchid communities 
in C. lusitanica and M. guatemalensis, 3.2% similarity between C. lusitanica and pasture trees, 
and a 21.5% similarity between M. guatemalensis and pasture trees (Table 1). 
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FIGURE 4. Diversity of epiphyte and orchid communities found on 25 C. lusitanica, M. guatemalensis, 
and pasture trees.  C. lusitanica had significantly lower epiphyte diversity (H’ = 1.956) than M. 
guatemalensis (H’ = 2.798) and pasture trees (H’ = 2.667) (Diversity t-test: CL vs MG t = -5.529, df = 
147.19, p < 0.001; CL vs PT t = -4.956, df = 146.2, p < 0.001; MG vs PT t = 1.286, df = 365.07, p = 
0.201.  There were no significant differences in orchid diversity between the three host tree categories. 

 
TABLE 1: Sorenson’s similarity index showing percent species similarity between epiphyte communities found on 25 C. 
lusitanica, M. guatemalensis, and pasture trees. 
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DISCUSSION 
The presence of windbreaks and pasture trees allows for epiphyte colonization in an agricultural 
landscape; however, host tree species has an effect on epiphyte abundance and diversity.  The 
nonnative windbreak tree, C. lusitanica, had significantly fewer epiphytes per tree and hosted 
less diverse epiphyte communities than native M. guatemalensis and pasture trees.  These 
discrepancies may be due to differences in bark texture (Graves 2008), tree morphology (i.e. 
branching patterns), or chemical properties of C. lusitanica (Lisanework 1993).   

As suggested by Graves (2008), the deeply fissured bark of M. guatemalensis may 
facilitate epiphyte colonization while the peeling bark of C. lusitanica could inhibit 
establishment; however, this does not account for the high abundance and diversity found on 
pasture trees which typically had smooth bark.  The differing morphologies of the three host 
categories may have played a role in epiphyte abundance.  Both M. guatemalensis and pasture 
trees begin branching out close to the ground which provides a flat surface for epiphyte 
colonization.  In contrast, C. lusitanica trunks tend to be more upright with smaller lateral 
branches that leave little room for epiphyte establishment.  The potentially allelopathic properties 
of C. lusitanica may be the most likely mechanism behind lower epiphyte establishment.  
Lisanework and Michelsen (1993) found that leaf extracts of C. lusitanica reduced germination 
of chickpea and teff crops; however, further research is needed to determine if the bark of C. 
lusitanica has similar allelopathic effects. 
 Remnant pasture trees had similar epiphyte abundance and diversity to M. guatemalensis; 
however, the epiphyte communities hosted by these two host categories was notably different.  
This is likely due to differing microclimatic conditions between the two tree types.  Isolated 
pasture trees have been shown to have hotter, drier, and sunnier microclimates (Holl 1999) which 
would favor the establishment of a species group of epiphytes—likely those which are more 
generalist species and can thrive outside of more forest-like conditions.   
 The overall orchid abundance and diversity found in this study supports previous findings 
that pastures are a key sites for regional orchid conservation (Williams-Linera et al. 1995).  
Looking at Sorenson’s similarity index for each category of host tree, we can see a unique 
composition of orchid species, which shows that any forest element in agriculture land can have 
value in hosting orchid diversity.  However, while all three landscape elements had similar 
orchid species diversity and richness, pasture trees, on average, contained greater numbers of 
orchids than C. lusitanica.  Differences in orchid communities were not as pronounced as 
expected due to the overall low abundance of orchids encountered in the study.  Whole tree 
surveys may have resulted in higher orchid counts, which may have led to greater disparities in 
orchid diversity between the three host categories. 

The findings of this study further emphasize the ecological value of native windbreaks 
and pasture trees in an otherwise treeless landscape.  As forest regeneration continues in this 
area, these trees are expected to help accelerate regeneration (Harvey 2000; Harvey and Haber 
1999).  Epiphytes found on windbreak and pasture trees serve as additional sources of 
biodiversity and may be able to colonize regenerating trees more rapidly than if these landscape 
elements were not present.  Future management plans should favor planting native M. 
guatemalensis windbreaks and leaving pasture trees as these allow for more numerous and 
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diverse epiphyte communities, harboring some of the biodiversity that would otherwise be lost in 
the agricultural landscape.  Nonetheless, these remnant forest elements are still no substitute for 
in-tact forests.  This study cataloged 49 different epiphyte species—a mere 19% of the species 
found in the permanent plots of the Monteverde Cloud Forest Reserve (Ingram et al. 1996).  
While part of this discrepancy in species richness is due to differences in sample size and 
sampling methods, it is clear that these regenerating agricultural areas lacking some of the vast 
epiphyte diversity typically encountered in a lower montane wet forest.   
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ABSTRACT 
 
One of the most common pigments found in plants are anthocyanins. Multiple hypotheses have been proposed to 
explain their role and function. This study tests the back-scatter hypothesis: that abaxial anthocyanins enhance 
photosynthesis by reflecting red/blue light wavelengths back through leaf mesophyll. Photosynthetic rate of 
Impatiens walleriana was measured as oxygen generated by an excised leaf. Four different individuals were used, 
each with a visually different degree of abaxial redness. Concentrations of four photosynthetic pigments:  
anthocyanins, chlorophyll a, chlorophyll b, and carotenoids were measured. Results showed that there was no 
relationship between photosynthetic rate and photosynthetic pigment concentrations, including anthocyanins. There 
were statically significant positive relationships between all photosynthetic pigment concentrations, except for 
between anthocyanins and chlorophyll a. These data do not support the back-scatter hypothesis. Instead, 
photoinhibition protection appears to be a more reasonable explanation for abaxial anthocyanins in I. walleriana.   
 
RESUMEN 
Uno de los pigmentos más comunes encontrados en las plantas son las antocianinas.  Múltiples hipótesis 
han sido propuestas para explicar su rol y función.  Este estudio prueba la hipótesis de retrodispersión: las 
antocianinas en la superficie abaxial mejoran la fotosíntesis al reflejar ondas de luz rojas/azules de vuelta 
a través del mesófilo de la hoja.  La tasa fotosintética de Impatiens walleriana se midió con el oxígeno 
generado de una hoja extirpada.  Se utilizaron cuatro individuos diferentes, cada uno con una diferencia 
visual en el grado de coloración roja de la superficie abaxial.  Las concentraciones de cuatro pigmentos 
fotosintéticos: antocianinas, clorofila a, clorofila b, y carotenoides se midieron.  Los resultados muestran 
que no hay relación entre la tasa fotosintética y las concentraciones de los pigmentos fotosintéticos, 
incluyendo las antocianinas.  Hay una relación estadísticamente positva entre la concentraciones de todos 
los pigmentos, excepto entre antocianinas y clorofila a.  Estos datos no apoyan la hipótesis de 
retrodispersión.  En cambio, la protección contra fotoinhibición parece ser una explicación más razonable 
para las antocianinas abaxiales en I. walleriana. 
 
INTRODUCTION 
 
Anthocyanins are flavonoid pigments found in all kinds of plants.  They absorb green-yellow 
light and reflect red-blue light, giving them a reddish color. Anthocyanins in flowers and fruits 
can enhance pollination and seed dispersal (Neill 2002).  Their presence in other plant parts is 
less well understood (Neill 2002, Hughes et al. 2008, Lee and Collins 2001). In leaves, 
anthocyanins may protect from photoinhibition and photooxidation (Hughes et al. 2014, Lee and 
Collins 2001, Hughes et al. 2008, Neill 2002), reduce herbivory (Neill 2002, Hertel 2010) and 
act as antioxidants (Neill 2002).  Accessory pigments, including anthocyanins, can also bounce 
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light energy to photosynthetic pigments and increase photosynthetic rate (Berg et al. 2002; Lee et 
al. 1979, Hughes et al. 2008, Neill 2002). 
 
Abaxial anthocyanins may enhance photosynthesis by reflecting light back through the 
mesophyll of the leaf (Lee et al. 1979). The majority of leaves with abaxial anthocyanin layers 
are found in the understory of tropical forests (Lee et al. 1979, Lee and Collins 2001) where light 
has less than 0.05% of the photon flux density in full sunlight (Rundell and Gibson, 1996).  As 
light passes through the tropical canopy, leaf chlorophylls absorb red and blue wavelengths of 
light (Berg et al. 2002).  For understory leaves, then, these photosynthetically active wavelengths 
are extremely low.  The back-scatter hypothesis, then, posits that reflectance of red-blue light by 
abaxial anthocyanins back through the leaf will enhance photosynthesis because more of these 
photosynthetically-active wavelengths  are bounced to photosynthetic pigments on their second 
pass through the leaf (Lee et al. 1979, Hughes et al. 2008).  
 
You were providing too much detail.  This is not a textbook and space is limiting.  You only 
need to provide enough detail that a general reader can follow the thread.  I have tried to strike a 
balance that simplifies the physiology and maintains the larger ideas. I hope you see that the 
main ideas are still there.  
 

In previous tests of this hypothesis (Neill 2002, Hughes et al. 2008, Lee at al. 1979), 
reflectance of leaf surfaces were measured to see if the abaxial anthocyanin layer increased 
reflectance of red light. Results varied; some showed the abaxial anthocyanic layer caused an 
increase in reflectance (Lee et al. 1979) while others showed that it had no effect (Neill 2002, 
Hughes et al. 2008). However, none of these studies looked specifically at the rate of 
photosynthesis. It would be more practical to test the back-scatter hypothesis by testing a leaf in 
as natural a light habitat as possible.  

 
The purpose of this study is to test the back-scatter hypothesis by measuring the rate of 

photosynthesis of leaves with different degrees of abaxial redness and to show that this red color 
is related to anthocyanin concentration. It is hypothesized that as the concentrations of 
anthocyanins increase, photosynthetic rate will also increase. Further, concentrations of 
photosynthetic pigments: chlorophyll a, chlorophyll b, and carotenoids, are tested to see how 
they correlate with anthocyanin concentration. Because a higher total chlorophyll concentration 
and lower chlorophyll a to b ratio are related to a higher emphasis on light capture (Hughes et al. 
2008), these values will also be calculated to determine anthocyanins’ importance in light 
capture. 

 
Intro needed to be simplified.  Without all of the detail, the logic of the study is clearer.  

Not sure I understand why more antho = more chloro, though.   
 
MATERIALS AND METHODS 
 
Study Organism  
In this experiment, four different cultivars of Impatiens walleriana (Balsaminaceae) were 
studied. In Costa Rica, I. walleriana is invasive and therefore grows in a large variety of places, 
from gardens to on houses (Zuchowski 2007).  They are not shade-tolerant and are not found in 
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tropical understory but have a range of redness in their leaf abaxial surfaces, making them 
convenient for this study.   
 
Each plant had a different level of redness to the abaxial surfaces ranging from none to very dark 
(see Figure 1). Plant one had no observable abaxial anthocyanins, plant two had a little more than 
one, three had a little more than two, and four had the most. All had similarly green adaxial 
surfaces.  All plants had been growing in full sun side be side for over a year.   
 
Photosynthetic rate  
Ten leaves from each plant were tested, forty in total. Each leaf was selected on the basis of 
health: young and old leaves were avoided as well as those that had a lot of holes. Leaves of 
approximately the same size were picked for all trials to partly control for area differences. A 
typical leaf had dimensions of approximately 7 by 4 centimeters and weighed approximately 
0.428 grams. Leaves weighing less than 0.200 grams and with dimensions smaller than 
approximately 4 by 3 centimeters were avoided so that there would be enough leaf surface area 
to provide a measurable amount of change in oxygen concentration. 

The leaf was picked off the plant, keeping as much petiole as possible. The petiole was 
wrapped in a damp paper towel to reduce water stress. A Vernier O2 sensor and Labquest 
interface were used to measure oxygen production. The leaf was placed within the 250 mL 
plastic chamber of the O2 sensor, a lamp with a 15 watt fluorescent bulb was placed in front of 
the chamber, and a water bath was placed between the leaf and the lamp to prevent heat 
interference. The water bath consisted of a 500 mL beaker filled almost completely and was 
placed as close to the bulb and O2 chamber as possible without touching either.  The leaf was 
arranged so that the light shone on the adaxial surface of the leaf. The sensor was allowed to 
adjust to oxygen levels in the chamber as the leaf was exposed to the light by waiting for three 
minutes before data collection.  Oxygen concentration was collected for each second for 600 
seconds in parts per thousand (ppt).  
 
Pigment concentrations  
After collecting oxygen concentration data, the petiole of the leaf was removed so that only leaf 
blade material remained. The leaf was weighed and ground up with a mortar and pestle. The 
ground leaf pulp was added to a solution of 2mL of 6.5 pH phosphate buffer and 7mL of 85% 
acetone (Hertel 2010). The buffer was to mimic chloroplast conditions and the acetone was to 
extract pigments. This mixture was allowed to sit for 15 minutes, and was shaken for 30 seconds 
every 5 minutes during this time. The solution was transferred to a centrifuge tube and 
centrifuged at 4000 rpm for 2 minutes. The solution was decanted and the purified volume was 
measured. 2mL of this solution was added to 8mL of 85% acetone. That solution was transferred 
to a glass cuvette and absorbance values at wavelengths of 470nm, 532nm, 646nm, 653nm and 
664nm were measured using a UV-200-RS spectrophotometer. Equations were used to determine 
concentrations of chlorophyll a, chlorophyll b, carotenoids, and anthocyanins from Lichtenthaler 
and Welbur (1983): 
 

Chlorophyll a (mg/g) = (12.21Abs(663)
 – 2.81Abs(646)) x Purified volume (mL) 
      200(leaf mass (g)) 

 
Chlorophyll b (mg/g) = (20.13Abs(663) – 5.03Abs(646)) x Purified volume (mL) 
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       200(leaf mass (g)) 
 

Carotenoids (mg/g) = (1000Abs(470) – 3.27[chl a] – 1049[chl b]) x Purified volume (mL) 
     45400(leaf mass (g)) 

 
Anthocyanins (mg/g) = Abs(532) – 0.25Abs(653) 

     2.45x104(leaf mass (g)) 
 
The rate of photosynthesis (O2 ppt/sec) was obtained by using the slope of a linear regression 
fitted to the most linear part of the graph of time vs. O2 concentration.  
 
 
RESULTS 
 
Leaf Pigments 
 
Anthocyanins: Plant one had the lowest concentration (0.00008 ±0.00002), plants two and three 
had similar concentrations (0.00076 ±0.00018 and 0.00075 ±0.00023, respectively), and plant 
four had the highest (0.0009 ±0.00024). Only plant one statistically differed from the other plants 
in their anthocyanic concentrations (plants one and two: Tukey B test, d.f. = 3, test statistic = 
3.675, P = 0.0486; plants one and three: Tukey B test, d.f. = 3, test statistic = 3.610, P = 0.0419; 
plants one and four: Tukey B test, d.f. = 2, test statistic = 4.429, P = 0.0104), however there was 
an observed decrease in concentration across the plants. Plant one’s concentration was 10.5% 
that of plant two’s, 10.7% that of plant three’s and 8.89% that of plant four’s. 
 
Total chlorophyll: Plants one and three had similar low concentrations (0.399 ±0.033 and 0.384 
±0.051, respectively); plant four had the next lowest concentration (0.453 ±0.051); and plant two 
had the highest (0.543 ±0.060). There was no statistically significant difference between the 
plants regarding total chlorophyll concentration (one-way ANOVA with group variable, df = 3, F 
= 2.100, P = 0.117). 
 
Carotenoids: Plant two had the highest concentration (0.219 ±0.019). Plants four and three had 
similar concentrations (0.172 ±0.014 and 0.184 ±0.017, respectively. Plant one had the lowest 
concentration (0.141 ±0.007). Only plants one and two were statistically different in carotenoid 
concentration (Tukey B test, df = 3, test statistic = 5.465, P = 0.0028). 
 
Additional relationships: Significant positive correlations were found between concentrations of 
all pigments (see Table 1), except between chlorophyll a and anthocyanins (Pearson correlation, 
R2 = 0.284, t = 1.823, P = 0.076), though there was a nearly statistically significant trend. 
 
Photosynthetic rate and pigments 
 
Photosynthetic rate did not correlate to any photosynthetic pigment concentrations (chlorophyll 
a: pearson correlation, R2 = -0.109, t = -0.673, P = 0.505; chlorophyll b: pearson correlation, R2 
= 0.122, t = -0.760, P = 0.452; carotenoids: pearson correlation, R2 = -0.145, t = -0.905, P = 
0.371; anthocyanins: pearson correlation, R2 = -0.055, t = -0.338, P = 0.737; total chlorophyll: 
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pearson correlation, R2 = -0.116, t = -0.722, P = 0.475; chlorophyll a to b ratio: R2 = 0.037, t = 
0.228, P = 0.821).  
 
Additional observations: A noticeable trend between plants was that as anthocyanic 
concentrations decreased, photosynthetic rate increased (see Figure 1). There was a slight 
negative correlation between photosynthetic rate and all pigments, though not significant (see 
Table 1).  
 

 
Figure 1. Effects of different mean levels of concentration of pigments (mg/g) in leaves from 
four different plants of I. walleriana on mean rate of photosynthesis (O2 ppt/sec), with standard 
error bars shown for each variable (photosynthesis: one = 0.00046; two = 0.00017; three = 
0.00017; four = 0.00012; anthocyanins: one = 0.00002, two = 0.00018, three = 0.00023, four = 
0.00024; total chlorophyll: one = 0.033, two = 0.060, three = 0.051, four = 0.051; carotenoids: 
one = 0.007, two = 0.019, three = 0.017, four = 0.014). No statistically significant difference of 
photosynthetic rate was found between the different plants. When comparing all of the plants, the 
only significant difference of anthocyanic concentrations was found between plant one and the 
others; plants two, three, and four were not statistically different from each other in anthocyanic 
concentration. See Table 2 for all values. 
 
 
Table 1. Correlations between photosynthetic rate (O2 ppt/sec) and concentrations of different 
photosynthetic pigments (mg/g) (chlorophyll a, chlorophyll b, carotenoids, anthocyanins, total 
chlorophyll, and the ratio of chlorophyll a to b) found in forty different leaves of I. walleriana 
from four plants differing in abaxial leaf redness. 
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Table 2. Mean concentration (mean conc.) and standard error (SE) of each variable measured is 
shown. There is a notable decreasing trend in anthocyanic concentration. 

  Anthocyanins (mg/g) Chlorophyll a 
(mg/g) 

Chlorophyll b (mg/g) Total Chlorophyll 
(mg/g) 

Carotenoids (mg/g) 

Plant Mean 
Conc. 

SE Mean 
Conc. 

SE Mean 
Conc. 

SE Mean 
Conc. 

SE Mean 
Conc. 

SE 

ONE 0.00008 0.00002 0.259 0.0232 0.139 0.0096 0.399 0.0327 0.141 0.0072 

TWO 0.00076 0.00018 0.326 0.038 0.217 0.0218 0.543 0.0601 0.219 0.0188 

THREE 0.00075 0.00023 0.239 0.033 0.145 0.0182 0.383 0.0513 0.184 0.0168 

FOUR 0.0009 0.00024 0.264 0.032 0.188 0.0203 0.453 0.0508 0.172 0.0141 

 
DISCUSSION 
 
The findings did not support the back-scatter hypothesis. Because there was no correlation 
between the rate of photosynthesis and anthocyanic concentration, the concentration of 
anthocyanins had no effect on photosynthetic rate. In fact, no change in any pigment had any 
effect on photosynthetic rate. Even when plants two, three and four were grouped together, there 
was still no significant difference. It is interesting to note that while the plants varied visually in 
the redness of their abaxial surface, they did not statistically, except for one. This suggests that 
the anthocyanins of plants two, three, and four vary in their positions throughout the leaf. This 
would be interesting to further study. 

When comparing rate of photosynthesis to anthocyanic concentrations, though not 
significant, there was a notable trend that as photosynthetic rate increases, anthocyanin 

 46 



concentration decreases. This suggests that anthocyanic concentrations may have a negative 
impact on photosynthetic rate, suggesting a tradeoff, explained later. Also, the highest rate of 
photosynthesis is associated with plant one, which had the lowest concentrations of all pigments 
except for chlorophyll a, of which it had the second lowest. This suggests that photosynthetic 
rate is increased as pigment concentration decreases. However, because I. walleriana is a sun-
loving plant and because full-light exposure was used in this experiment, light is not a limiting 
factor, and photosynthesis could have been maxed out with only a small amount of chlorophyll. 
There would have been no selection on these full-light plants to spend a lot of energy creating 
metabolically expensive molecules, like chlorophyll, when they could just utilize whichever 
pigments were available. However, light is more of a limiting factor in understory plants, where 
photosynthetic pigment concentration would probably be more related to photosynthetic rate. 
Photosynthetic pigment concentration in subcanopy plants compared to canopy plants is 
addressed more thoroughly in Wallentine’s study (2008).  
 The data that show a positive correlation between total chlorophyll concentration and 
anthocyanic concentration, and a negative correlation between chlorophyll a to b ratio and 
anthocyanic concentration support the claim that anthocyanins are associated more with light 
capture rather than light processing (Hughes et al. 2008). This suggests that anthocyanins are 
important in light capture in some aspect. 

The fact that concentrations of anthocyanins are positively correlated with concentrations 
of other pigments also suggests that the role of anthocyanins has something to do with light 
exposure. The hypothesis that anthocyanins provide protection from photoinhibition must 
therefore be considered (Neill 2002). As these leaves are exposed to more light, an increased 
concentration of anthocyanins could provide protection by absorbing the extra wavelengths 
(Hughes et al. 2014, Lee and Collins 2001, Hughes et al. 2008, Neill 2002). Adaxial 
anthocyanins are the most effective in protecting leaves from photoinhibition, however it has 
been suggested by Hughes et al. (2014) that abaxial anthocyanins are also effective in 
photoinhibition prevention without interfering with light capture. This is important in understory 
plants, in which abaxial anthocyanins are found frequently (Lee et al. 1979) because they need to 
be able to use as much light as possible since it is the limiting resource of understories (Hughes 
et al. 2014) Interestingly, data from this experiment showed that abaxial anthocyanins did have 
an effect on photosynthetic rate, though not significantly. It is possible that protection from 
photoinhibition is beneficial enough that the tradeoff between photosynthesis and protection 
from photoinhibition is worth it. The two other hypotheses previously mentioned regarding 
function of anthocyanins, herbivory protection (Neill 2002, Hertel 2010) and acting as 
antioxidants (Neill 2002), could also involve a tradeoff of these benefits and decrease in 
photosynthetic activity.  

Since there was no relationship between anthocyanic concentration and photosynthetic 
rate, the back-scatter hypothesis cannot be supported. However, the correlations between the 
photosynthetic pigments, between anthocyanic concentrations and total chlorophyll 
concentrations and between anthocyanic concentration and chlorophyll a to b ratios suggest that 
anthocyanins are related to light capturing processes of plants. Because there was an observed 
decreased in photosynthetic rate with an increase in anthocyanic concentration, it is probable that 
there is a tradeoff between whatever function abaxial anthocyanins provide and photosynthesis.  
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Maintenance of Mutualism in a Neotropical 
Fig: Ficus Pertusa and Its Wasp Symbionts 
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ABSTRACT 
The maintenance of mutualism is poorly understood, and as each member seeks to maximize its individual 
fitness, a coevolutionary arms race can alter the dynamics of the symbiotic relationship. Four hypotheses 
posit the maintenance of fig - fig wasp mutualism in the face of a generational discrepancy between the two 
organisms: 1. Ovipositor length 2. Parasitic wasp competition 3. Optimal foraging, and 4. Unbeatable 
seeds. This study evaluates these hypotheses with Neotropical fig species, Ficus pertusa.  Fate of ovules 
and the relationship of foundress number to syconium volume were determined. The results find that even 
with the ability to access all ovules, both the parasitic and pollinator wasp species inhabit the same long-
pedicelled ovule stratum—thus avoiding oviposition in ovules close to the syconium wall that largely 
become seeds. These findings reject the parasite-mediated and ovipositor-limited hypotheses of mutualism 
maintenance. This study also finds that there is high variation between individual trees of F. pertusa in 
foundress numbers and distribution, and resource partitioning by the host to pollinated syconia.  
 
RESUMEN 
El mantenimiento de mutualismos es poco entendido, y a como cada miembro busca to maximizar su éxito 
individual, una carrera evolucionista puede alterar las dinámicas de las relaciones simbióticas.  Cuatro 
hipótesis proponen el mantenimiento del mutualismo entre los higuerones y sus avispas de cara a la 
discrepancia generacional entre los dos organismos: 1. Tamaño del ovipositor, 2. Competición de avispas 
parasíticas, 3. Forrajeo óptimo, y 4. Semillas imbatibles.  Este estudio evalua estas hipótesis con la especie 
de higuerón neotropical Ficus pertusa. El destion de los óvulos y la relación entre el número de fundadores 
y volumen del sicono se determinaron.  Los resultados encontraron que aún con la capacidad de accesar a 
todos los óvulos, tanto las avispas parasíticas como polinizadoras habitan el mismo estrato de óvulos con 
pedícelos largos – evitando así la oviposición en óvulos cercanos a la pared del sicono que se convertiran 
en semillas.  Estos descubrimientos rechazan las hipótesis mediada por los parásitos y limitación de 
ovipositor para el mantenimiento del mutualismo.  Este estudio encuentra además que hay una gran 
variación entre individuos de F. pertusa en el número de fundadores y distribución, y la partición de 
recursos del hospedero de siconias polinizadas.!
 
INTRODUCTION 
Coevolution shapes mutualistic interactions.  As natural selection maximizes individual 
fitness for both members, each may pull the mutualism more in their favor.  This can 
push mutualisms into parasitism, tighter mutualisms, or even extinction of both parties 
(Jander et al. 2012). Furthermore, this coevolution may be altered by parasites that 
change fitness outcomes between the mutualistic partners (Bronstein 1991).  Thus, 
maintenance of the mutualism may not depend only on the mutualists.  
  One of the best-studied mutualisms is that of the fig tree and its obligate 
pollinator—Agaonidae wasps (Herre et al. 2008). In this system, the highly specialized 
inflorescence of the fig (syconium) provides access only to pollinator wasps. The fig 
provides a nursery for developing wasp offspring in the form of ovules while the wasps 
provide pollination services to the tree (Janzen 1979). This mutualism has existed for at 
least 50 million years, with the earliest fig wasp fossil found 25 to 35 million years ago 
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(Weiblen 2002). This interaction has proliferated to 750 species of figs across the world 
(Cook and Rasplus 2003), and these trees now act as keystone species in many of the 
areas they inhabit (Herre et al. 2008).   

One facet of this obligate mutualism is the incongruent generation times of the fig 
and pollinating wasp (Cook and Rasplus 2003). While fig trees have generation times of 
hundreds of years, the pollinating wasps generation time is several weeks (Weiblen 
2002). Therefore, natural selection to maximize fitness in the wasp could be faster than in 
the fig (Dunn et al. 2008).  This may result in the eventual capacity of wasps to exploit all 
ovules in the syconium (Cook and Rasplus 2003). How then, has this mutualism been 
maintained over the last 50 million years?!!

One!way!of!avoiding!this!is!to!restrict!the!number!of!pollinator!wasps!
entering!the!fig!(Janzen!1979).!!If!pollinator!wasps!are!eggAlimited,!this!alone!
assures!some!ovules!will!become!seeds.!!More!pollinator!wasps!entering!a!single!
syconium!would!likely!cause!more!ovules!to!become!wasps!(Dunn!et!al.!2008).!!This!
may!be!controlled!by!closing!the!syconium!opening!more!quickly!or!investing!more!
heavily!in!syconia!with!fewer!founding!wasps.!!Most fig species selectively abort 
syconia that have not been pollinated (Jander et al. 2012; Janzen 1979) and it could be 
that investment may also be limited for syconia with too many foundresses that would 
make fewer seeds (as found in 
yucca moth symbiosis) 
(Bronstein 1991).   
 Other means of control 
may happen once the 
pollinator is inside the 
syconium. To efficiently pack 
more ovules into the syconium 
there is variation in pedicel 
length (see figure 1; Weiblen 
2002). Normally, interior 
ovules are more likely to 
become wasps and ovules 
closest to the syconium wall 
are more likely to become 
seeds (Dunn et al. 2008; Herre 
et al. 2008; Janzen 1979; 
Weiblen 2002). There are 
several explanations for this.  
  
1. The unbeatable seed hypothesis suggests that long-styled ovules defend against 
oviposition or wasp development either through a physical barrier or biochemical attacks 
on recently laid eggs (Herre et al. 2008, Weiblen 2002).  
 
2. Ovipositor length may constrain pollinator wasps to the shorter styled ovules, leaving 
the long styled ovules for seed production (Herre et al. 2008). 
 

Figure 1. The spatial stratification of ovules 
within Ficus pertusa.  
Yellow ovules represent seeds, red galls contain 
parasites, and blue ones contain pollinators. 
Pedicel length acts as a proxy for style length.  
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3. Optimal foraging theory suggests foundresses should prefer short-styled flowers if 
eggs or time are limiting since these are easier to access (Dunn et al. 2008). 
 
4. Exploitation of long-styled ovules by parasites that oviposit from outside the syconium 
could be a direct threat to pollinator oviposition, causing pollinators to prefer short-styled 
flowers (Dunn et al. 2008; refer to Figure 1).  
 
 This experiment investigates maintenance of the fig-fig wasp mutualism by 
examining foundress numbers and syconium investment, as well as spacial stratification 
of ovule fate in a monoecious fig of Central America: Ficus pertusa. This fig has one 
pollinator (Pegoscapus silvestrii) and three parasitic Torymid wasp species (Idarnes sp., 
Aepocerus sp., and an un-described Species 3; Bronstein 1991). I examine if wasp 
overexploitation is controlled by limiting foundress numbers, limiting investment with 
foundress numbers, or limiting exploitation of certain ovules within the syconium. I also 
examine if parasites, which oviposit from the outside, are controlling ovule fate by 
causing pollinators to choose innermost ovules as a means to avoid them.   
 
METHODS 
Study Site 
F. pertusa is one of two common hemiepiphytic or freestanding tree in Central America 
(Bronstein 1991). Tolerant of both disturbed and undisturbed habitats from 0 to 2000 m, 
F. pertusa is a common tree in Monteverde, Costa Rica found along roadsides, in 
gardens, and in pastureland. Syconia were collected in Monteverde (100 12' N, 840 41' 
W, elevation 1350-1450m) in these disturbed areas. Undisturbed areas in the area are 
transitional between tropical lower montane wet and moist forest (Bronstein 1991) but 
disturbed areas are more arid and prone to strong winds. While thousands of trees exist in 
the area, due to staggered fruiting, only a few trees have syconia at a given stage at any 
one time (Bronstein 1991). 

Study Organisms 
Pollinating P. silvestrii enters the ostiole to oviposit in ovules (Herre et al. 2008) and has 
an ovipositor length of 1.03 mm ± 0.16, which is long enough to access all ovules  
(Bronstein 1991). Idarnes sp., the most abundant species of non-pollinating wasp 
(Bronstein 1991), has an ovipositor more three times longer than the ovipositor of P. 
silvestrii (3.28 mm ± 0.43; Bronstein 1991). It oviposits through the syconium wall from 
the outside and does not provide pollination services. Torymids actively seek out syconia 
that already have pollinators as figs abort unpollinated syconia and they rely on pollinator 
males to chew exit holes (Bronstein 1991, Janzen 1979). Non-pollinating species are not 
known to kill pollinator offspring within the gall or act as parasitoids on developing 
pollinators (Bronstein 1991); instead they reduce production of pollinator offspring by 
outcompeting for resources (Herre et al. 2008).  
 
Foundress Numbers 
Syconia from four fruiting trees in different stages of development were collected and 
immediately stored in 70% ethanol for later dissection. In the laboratory, stems of 
syconia were removed with a scalpel to easily measure the polar diameter. The largest 

 51 



equatorial diameter was recorded as well to calculate the volume of the syconia using a 
spheroidal model of V=(π/6)A2C where A= the equatorial diameter and C= the polar 
diameter. Each syconium was scored along the polar circumference for later opening but 
not cut to avoid damaging the wasps inside. Syconia were split open under a binocular 
dissecting microscope, and the number of foundresses was counted. The ostiole was 
inspected as well, for there were pollinators found crushed within the folds of the 
opening. If the females within the ostiole were found facing outward, they were counted 
as a foundress within, while pollinators that did not make it in were facing inward and 
therefore could not have pollinated.  
 
Ovule Fate 
Twenty syconia were collected from one F. pertusa tree. All syconia dissected were in 
middle to late male flower stage when male wasps had exited their galls to mate, but 
there was no visible exit hole in the ostiole and female wasps remained in their ovule 
galls. All syconia were immediately placed in 70% ethanol to halt further development 
and aid in ovule removal during dissection. In the laboratory, syconia were measured for 
diameter and polar diameter, and cut in quarters from ostiole to stem (Dunn et al. 2008). 
Ovules with intact pedicels were removed from one quarter and systematically measured 
under a dissecting microscope fit with an eyepiece graticule. The total ovule and pedicel 
length were measured excluding any remaining style or protruding wasp head. Pedicel 
and ovule length was combined because galls and seeds against the syconium wall lack 
pedicels (see figure 1).  

Ovules were then dissected to determine their fate and placed into five categories: 
(1) Seeds—successfully pollinated ovules which were firm and light yellow in color, (2) 
Male—either an exited gall or a gall with a male inside, (3) Pollinator— a gall containing 
a female P. silvestrii, (4) Parasite—a gall with one of the three Torymid species, or (5) 
Unpollinated Ovules—these consist of either darker soft seeds that will not develop 
further or empty shells that clearly have no exit or debris left by a wasp. Males could not 
be split between pollinators and parasites, and therefore are a combination of the two. In 
total, 605 ovules were measured and dissected and the data from all 20 syconia was 
combined.   
 
RESULTS 
Foundress Numbers 
For the four trees sampled, there was significant variation in the number of foundresses 
recorded per syconium within and between trees, ranging from 0-14 foundress pollinating 
wasps with an overall average was 1.85 ± 1.58 (s.d.) Trees differed in mean foundress 
number overall (ANOVA, F = 84.67, df = 3, p < 0.001). A Scheffe’s Multiple 
Comparison test showed that all trees differed by foundress number (p < 0.05), except 
trees Two and Four (p = 0.99).  Tree one had a mean of 2.12 ± 1.89 foundresses, tree two 
had a mean of 1.14 ± 0.74, tree three had a mean of 3.28 ± 1.64, and tree four had a mean 
of 1.10 ± 0.57. Tree two and tree four had no significant difference in the number of 
foundresses (p = 0.994) and both had the highest rates of single foundress syconium (See 
Table 1). Tree three had a high number of foundresses per syconium. While Trees one, 
two, and four had high rates of syconia containing only one foundress (44.40%, 67.50%, 
and 75.40% respectively), only 6.70% of syconia sampled from tree three had a single 
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foundress. 9% of all 547 syconia contained no pollinating female (though many had a 
female stuck in the ostiole). The mean volume of syconia from all four trees differed 
significantly (ANOVA, F = 119.5, df = 3 p = 0).  A Scheffe’s Multiple Comparison Test 
showed that all trees diffed in mean syconium volume (p < 0.001).  

Within the fig population of Monteverde there was observed variation in color, 
abundance, and size of syconia between trees. One observed ripe tree had large green 
fruits, while others were speckled green and red at maturity, and others were bright red. 
Furthermore, one tree’s mature infructescences were the size of developing syconia in 
another tree.     

In addition to overall foundress numbers, a Poisson Distribution Test rejected 
random distribution of foundresses within each set of syconia. For trees two, three, and 
four distribution is regular (I < 1, X2 > 25), indicating that the foundresses are distributed 
evenly throughout syconia. Tree one has a clustered or clumped distribution (I = 1.948, 
X2 = 61.90).  

Linear regressions correlating volume and number of foundresses per syconium 
for the four trees are found in figure 3. Each tree shows variation in volume between 
syconia, and for tree one and three (a and c) there is a significant positive correlation 
between syconium volume and foundress number (see figure 2), though they differ 
greatly in average number of foundresses (see table 1). Tree two (b) shows no correlation 
between syconium size and the number of foundress, and tree four has a slight negative 
correlation, though 3/4th of the syconia contain only one foundress.      
 
 
 
 

 
 
 
 
 
 
 

Table!1.!Comparisons!of!foundress!distributions!in!F.#pertusa#trees!sampled. A Sheffé Contrast among 
pairs of means shows significant difference in the average volume (mm3) between trees (p < 0.001). The same 
test for foundress numbers indicates that all are significantly different (p < 0.001) except for Tree 2 and Tree 4 
for which chi-square is rejected (p = 0.994). A!Poisson!distribution!shows!nonArandom!distribution!of!
foundresses!in!syconia!(p!>!0.05).!!
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Ovule Fate   
Data from each syconium (n = 20) were compiled to analyze the distribution of seeds, 
males, parasites, unpollinated seeds, and pollinators throughout the syconium. Pollinator 
offspring were infrequently found within the sampled sections of the syconia (n = 31) and 
were found closest to the center of the syconium in the tallest pedicel ovules (2.112 mm ± 
0.077). Parasites dominated the galls formed by wasps within each syconium (n = 182) 
and were found in longer pedicel ovules (1.867 mm ± 0.0378), in the same strata as the 
pollinators, unpollinated seeds (1.948 mm ± 0.0519), and males (1.802 mm ± 0.0594). A 
Scheffe’s Multiple Comparison Test showed that differences between these four groups 
were insignificant (see Figure 3; p > 0.05), though there is a trend of difference between 
pollinators and males (p = 0.0772).  
 
 

Figure 2. Correlation of foundress numbers and volume in the four F. pertusa 
sampled showing variation between trees, Tree 1 (a) shows a positive correlation 
between volume and foundress number (t = 3.059, p < 0.01, y = 0.0039x + 0.2828, 
R2 = 0.07125), Tree 2 (b) shows no correlation (t = 0.6315, p = 0.5286, y = 
0.0004x + 0.9806, R2 = 0.00247), Tree 3 (c) shows a positive correlation (t = 
6.751, p < 0.001, y = 0.0099x + 0.2828, R2 = 0.07125), and Tree 4 shows a 
negative correlation (t = -3.177, p < 0.01, y = -0.0023x + 0.2828, R2 = 0.07527). 
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 All four groups were found in significantly different strata than the seeds, which 
were found mainly directly against the syconium wall (recall figure 1 and the inclusion of 
ovule length) and lacked pedicels (1.355 mm ± 0.0313). Both parasites and pollinators 
can access these lower ovules as well as Figure 4 (a) illustrates in the case of the 
pollinator (minimum = 1.254 mm). Parasites were found in galls at the syconium wall as 
well (minimum = 0.8778 mm). Interestingly, three of the dissected ovules contained two 
maturing wasps—always a male and an Idarnes parasite (Figure 4 (b)). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The mean lengths (± s.e.) of the ovules that developed into seeds, 
exited or present males, parasitic wasps, unpollinated ovules, or pollinator 
wasps in the syconia of one F. pertusa sampled (n = 20). The line indicates 
insignificant differences (p > 0.05).  A Sheffé Contrast among pairs of 
means shows that the ovule length for seeds is significantly shorter than 
males, parasites, unpollinated ovules and pollinators (all p < 0.0001) while 
the difference between males, parasites, unpollinated ovules, and pollinators 
was not significant (F < 2.50, p > 0.05). Pollinators and males tended to be 
different, as well (F = 2.177, p = 0.0704). 
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DISCUSSION  
Ostiole-level limitations 
There is tree-to-tree variation in foundress number and the tree’s reaction to it.  There 
was no sign of investing less in figs with more foundresses (Jander et al. 2012) however, 
two trees had similar investment regardless of foundress number and two increased 
investment with more foundresses. Though figs were collected at varying stages of 
development, they were past the point of abortion and were estimated to be within a few 
weeks of development. Inter-tree variation in other aspects such as volatile production, 
syconium closing, and wall thickness, could influence the number of foundresses and the 
trees investment in these syconia.  

In other fig species, resource allocation is shown to act on the level of the 
inflorescence, and not at an individual flower basis and different individuals differed in 
their allocation of resources depending on pollination level (Jander et al. 2012). One or 
two foundresses may carry enough pollen to pollinate all ovules (Janzen 1979) and more 
foundresses will over exploit the available ovules (Dunn et al. 2008). Competition for 
oviposition sites, over-pollination, and over exploitation of ovules indicate that it may be 
advantageous for both the wasps and figs to limit the number of foundresses per 
syconium. Janzen found that in three Costa Rican fig crops (three species) that 93%, 
53%, and 52% of the figs had only one foundress (Janzen 1979). In F. pertusa, three of 
the trees tested had regular distribution— that is, an even distribution across syconia, 
suggesting that a form of control, either by the fig or wasp, allows the fewest number of 
foundresses per syconium.  

As far as the fate of ovules explaining the maintenance of the mutualism, it is 
clear that seeds are found on flowers close to the syconium wall and pollinators, parasites 
and males of both types are similarly in inner flowers, with a trend for pollinators to be 
even closer to the middle of the syconium.  This is consistent with reports of other figs 

Figure 4. (a) Pollinator offspring found in a gall with a long style. (b)  
Parasitic Torymid and an unidentified male inhabit the same gall. This occurred 
in three galls – 0.5% of all ovules sampled. 

(a) (b) 
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for seeds and pollinators, but not parasites (Dunn et al. 2008; Herre et al. 2012; Janzen 
1979).  Therefore, I revisit the four hypotheses for assuring seeds from the introduction in 
light of what is known for F. pertusa.   

1. Ovipositor length. Seeds may be assured if the ovipositor is too short to access 
long-styled flowers. Ovipositor length limitation was not supported by my data.  Both 
pollinator and parasitic species access short pedicelled ovules with some success. This is 
consistent with findings for new world pollinator wasp ovipositor lengths (Herre et al. 
2008). Pollinators can access all of the ovules but produce offspring mostly in the long 
pedicelled ovules.  

2. Egg or lifetime limitations may favor oviposition in ovules that are easier to 
access. While increasing the number of foundresses does increases the number of 
exploited short-pedicelled ovules, in other fig species foundress egg numbers exceed the 
number of ovules (Dunn 2008). Even so, these limiting factors should be selected for, 
allowing for increased ovule access over time. My data does neither confirm nor deny the 
influence of optimal foraging theory in F. pertusa. Further research should investigate its 
importance.  

3. Parasite avoidance. For the fate of the ovules within the syconium, the 
parasite maintenance hypothesis would predict that parasites and seeds should inhabit 
short-pedicelled ovules, while the pollinators would be in the tallest pedicelled ovules 
(Dunn et al. 2008). My data do not support this hypothesis, and instead show that both 
parasites and pollinators are found within the long pedicelled ovules.  

4. Unbeatable seeds. Instead, if parasitic wasps preferentially inhabit the same 
long-pedicelled flowers (as supported in F. pertusa), it may indicate that only a particular 
subset of ovules are suitable for gall formation, while ones close to syconium wall have 
protective measures to discourage active oviposition or abort eggs laid within (Cook and 
Rasplus 2003). This unbeatable seed hypothesis, either by biochemical or physical 
barriers, though unconfirmed by current research may be the most plausible hypothesis 
for the continued maintenance of the mutualism in the 750 species of fig in light of the 
large generational discrepancy between pollinator and the tree. 

It is also interesting to note the chance occurrence of Idarnes sp. with unidentified 
males in the same gall. Two possible explanations are that Idarnes sp. may accidentally 
oviposit two eggs in the same ovule, or that the parasite lays eggs in ovules already 
oviposited in by pollinators and would then be actively reducing the numbers of 
pollinator offspring.  

While review articles often attempt to generalize this diverse family of trees, an 
interesting possibility is that different systems have stabilized their mutualism by 
different mechanism, and one hypothesis does not explain all fig interactions (Herre et al. 
2008). While unbeatable seeds may be the underlying theory of this system, parasite 
competition, ovipositor length, and longevity of wasps may play important roles in 
different fig species. Further, inter-tree variation in foundress number, with mostly 
regular dispersion as an outcome, suggests that trees may try to limit foundress number 
but are not always successful, as number of available wasps and other factors may vary. 
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ABSTRACT 
 
Chemical signaling as a means of attracting pollinators has evolved to dominate many of the plant-
pollinator relationships throughout the tropics. Nocturnal dynastine Cyclocephala beetles are pollinators of 
numerous genera of Araceae plants hypothesized to locate their target aroid inflorescences using chemical 
cues (Goldwasser 1987). Thermogenic inflorescences of Xanthosoma undipes are one of many genera of 
Araceae that rely on beetles for pollination. I investigated the neighborhood effect of a powerful floral odor 
placed adjacent to or one meter away from receptive inflorescences of X. undipes and counted the number 
of Cyclocephala nigerrima, Cyclocephala sexpunctata, and insects of the family Miridae (mirids) present 
within the inflorescence the following day. No significant difference in the number of scarabs or mirids was 
detected for either treatment over ten days of observation (Adjacent Mean ± SE, One meter distant Mean 
±SE: C. nigerrima = 4.60±1.45, 4.20±2.05; C. sexpunctata = 0.40±0.22, 0.40±0.31; Total scarabs = 
5.00±1.47, 4.60±2.08; Mirids = 4.40±0.74, 5.80±1.05), though mean numbers of scarabs collected from 
inflorescences indicate a reduction in population size from other studies conducted within the area 
(Goldwasser 1987; Martin 2008). These results indicate that strong floral scents do not affect the ability of 
C. sexpunctata and C. nigerrima to locate X. undipes inflorescences and that the neighborhood effect of 
scent interference is more powerful on an intraspecific than interspecific level, as indicated by reduced 
beetle visitation to inflorescences in close proximity to other X. undipes inflorescences (Martin, 2008). 
 
Resumen 
 
Las señales químicas como medios de atracción a polinizadores han evolucionado para dominar varias de 
las relaciones planta-polinizador en los trópicos.  Los escarabajos nocurnos dinastinos Cyclocephala son 
polinizadores de numerosos géneros de plantas de la familia Araceae hipotéticamente utilizando señales 
químicas para encontrar sus blancos (Goldwasser 1987).  Las inflorescencias termogénicas de Xanthosoma 
undipes es uno de las muchas especies de Araceae que dependen de la polinización por escarabajos.  
Investigué el efecto del vecino de un olor floral poderoso colocado junto y a un metro de distancia de la 
inflorescencias de X. undipes y conté el número de Cyclocephala nigerrima, Cyclocephala sexpunctata e 
insectos de la familia Miridae (miridos) presentes dentro de las inflorescencias al día siguiente.  No existe 
diferencia significativa en el número de escarabajos o miridos para cada tratamiento a lo largo de los días 
de observación (Promedio Adjacente ± DE Promedio un metro de distancia ± DE: C. nigerrima = 
4.60±1.45, 4.20±2.05; C. sexpunctata = 0.40±0.22, 0.40±0.31; escarabajos totales = 5.00±1.47, 4.60±2.08; 
Miridos = 4.40±0.74, 5.80±1.05), aunque el número promedio de escarabajos colectados de las 
inflorescencias indican una reducción en el tamaño de población comparado a otros estudios realizados en 
el área (Goldwasser 1987; Martin 2008).  Estos resultados sugieren que las esencias florales fuertes no 
afectan la habilidad de C. sexpunctata y C. nigerimma de localizer inflorescencias de X. undipes y que el 
efecto del vecino de interferencia de esencias es más poderoso a nivel intraespecífico que interespecífico, 
indicado por la menor visitación de escarabajos a las inflorescencias cercanas a otras inflorescencias de X. 
undipes (Martin 2008). 
 
INTRODUCTION 
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Chemosensory cues in plants can play an important role in attracting mutualistic 
pollinators (Raguso 2008). Plants are capable of synthesizing and volatilizing numerous 
scents, creating a mosaic of odors that selectively attract preferred pollinators (Raguso 
2008; Hentrich 2010). Scent type can determine the animal that is attracted to the plant. 
For example, the scent of rotting meat or feces can attract flies to an inflorescence, while 
sweet and floral scents can attract bees (Raguso 2008; Hentrich 2010). These chemo-
attractants advertise rewards like food or housing to pollinators in exchange for 
facilitating outcrossing through pollination. The specificity with which a plant can attract 
a potential pollinator may serve to avoid hybridization and pollinator competition by 
creating a reproductive barrier within contiguous patches of closely related organisms 
(Hentrich 2010; Armengol 2015). As such, scent specificity in plant-pollinator 
interactions has driven both coevolution and sequential evolution through appropriation 
of insect chemical cues by plants (Schiestl and Dötterl 2012). 
 Strength, range and specificity of chemical attraction can therefore impact plant 
fitness, attracting and avoiding competition for pollinators on both an interspecific and 
intraspecific level. Previous studies on orchids found that investment in a more powerful 
scent without a food reward was often more successful in attracting the desired bee 
pollinators than mild scent attraction with a food reward, due to the mild scent being 
overwhelmed by the more powerful scent (Raguso 2008). Plants in close proximity have 
been known to exhibit a neighborhood effect of scent interference, wherein the number of 
viable offspring declines or increases with a greater number of similar individuals in the 
surrounding area (Raguso 2008; Yayoi et al. 2010). Seed maturation, survival, and 
seedling survival of the tropical tree Shorea laxa (Dipterocarpaceae) all decreased with 
increasing density of conspecifics (Yayoi et al. 2010). Araceae family plants rely heavily 
on chemo-attraction for attracting pollinators, spanning the range of scents from carrion 
to sweet and floral depending on the genus.  
 Xanthosoma undipes (Araceae) had fewer pollinating scarabs Cyclocephala 
sexpunctata and Cyclocephala nigerrima with increased proximity of flowering 
conspecifics, in keeping with the neighborhood effect (Martin 2008).  Low pollinator 
visitation with increased proximity of conspecifics could be indicative of intraspecific 
competition through scent. Many species in the animal kingdom use odor to demarcate 
territory and attract mates through pheromones. Red-backed salamanders (Plethodon 
cinereus) and the large syntopic centipede (Scolopocryptops sexspinosus) have been 
shown to display a heightened and prolonged aggressor response to the pheromones of 
distinct species and conspecifics (Hickerson et al. 2004). Scent competition for 
pollinators is evident in the invasive Solidago canadensis (Asteraceae) with confamilial 
species, demonstrating that mutualistic honeybees can be distracted by interlopers, 
reducing the reproductive viability of their mutualistic partners (Sun et al. 2012). 
 Like many aroids, X. undipes is thermogenic (Goldwasser 1987; Martin 2008; 
Young 1986).  X. undipes heats up to over 40° C to volatilize a sweet and spicy floral 
aroma easily detectable by the human nose (Goldwasser 1987). This aroma guides 
Cyclocephala to receptive flowers in complete darkness, suggesting that it is the primary 
means by which the beetles find the inflorescence (Goldwasser 1987). Furthermore, 
Cyclocephala scarabs are known to have low host fidelity, visiting the inflorescences of 
other genera of Araceae like Philodendron and Dieffenbachia (Goldwasser 1987; Young 
1986), suggesting that Cyclocephala scarabs are receptive to a wide array of floral 
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volatiles. If the non-obligate mutualism  between X. undipes and Cyclocephala beetles 
can be extended to other genera of Araceae, competition among Araceae for pollinators 
likely exists both within and between species and may be impacted by chemical 
interference between plants. 
 This study will test chemical scent interference and pollinator attraction using a 
strong floral scent placed either adjacent to or one meter from receptive inflorescences of 
X. undipes to determine if the neighborhood effect of strong scents interferes with 
location of receptive X. undipes inflorescences by C. sexpunctata and C. nigerrima. 
 
Methods 
 
Study Site 
 
Two separate study sites were used for data collection within the Lower Montane Wet 
Forest area of the Monteverde Cloud Forest Reserve (10.3˚W, 84.8˚W, 1600 m alt.). The 
primary study site was Finca Colibri, the property of Mills Tandy, Bill Calvert and Fred 
Morrison near Windy Corner, on the left before the last left turn on the main road before 
the Monteverde Cloud Forest Preserve and the secondary study site was located within 
the grounds of the reception area of the reserve. Annual rainfall there is 1850-4000 mm 
(Clark et al. 1993). All individuals of X. undipes were tallied at each site (N=406 for 
primary site; N=60 for secondary site). Data were collected from the 20th to 31st of July 
of 2015.  
 
Study Organisms 
 
Individuals of X. undipes stand two meters tall and have wide leaves 1 m long. Flowers 
emerge from the leaf axil and exhibit three stages of maturation over approximately two 
months. Newly dehisced flowers are in the receptive, female stage, heating up to 
temperatures of 40 to 42˚C during the early evening when Cyclocephala scarabs are 
active (Goldwasser 1987; Martin 2008). The base of the spathe never opens, creating a 
“kettle” that houses female flowers and entering scarabs.  Scarabs land on inflorescences 
and eat through a ring of sterile flowers to enter the kettle, then crawl in where the 
scarabs remain for a full day, feeding off of the viscous nectar secreted from the female 
flowers and also mating with other scarabs who remain in the kettle until the following 
evening (Goldwasser 1987). Inflorescences of X. undipes enter the secondary, male stage 
the following night. The inflorescence heats up once again to ~34˚C to coax the scarabs 
to leave and the anthers of the inflorescence dehisce, shedding pollen that coats the 
scarabs as they ascend the inflorescence to leave. Over the two months following 
successful pollination, the spathes rot and falls off while the fruits mature, at which point 
the spadix peels back to reveal the fruits, which are subsequently eaten and dispersed by 
bats (Goldwasser 2000). 
 Insects of the family Miridae are interlopers in the inflorescences of X. undipes. 
Though they are found in high numbers, are capable of carrying pollen, and visit multiple 
inflorescences in patches of conspecifics, they provide little to no pollination services 
during their daily activities of feeding on fluids of the spathe and pollen from male-stage 
inflorescence (Goldwasser 1987; Cochran 1997). 
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Scent Interference 
 
Plants with inflorescences that had not yet dehisced were marked. Stage of maturity of 
the flowers was determined by the coloration and conformation of the spathe, which 
would turn from green to white and its top would peel away from the inflorescence upon 
maturation. Female stage inflorescences were tallied and sorted into control and treatment 
groups each morning. Glade® Floral Perfection air fresheners were selected for scent 
interference because of their powerful floral aroma that lasted in excess of one week and 
was detectable to me from two to three meters away. For one group of inflorescences, a 
single air freshener open to its maximum was taped within 100 mm of the inflorescences 
and left overnight on the first night of X. undipes receptivity. 
 A second group of inflorescences were tested for floral scent interference further 
from the inflorescence by placing a single air freshener on a one meter long wooden post 
one meter away from the base of the X. undipes bearing the inflorescence.  Numbers of C. 
sexpunctata and C. nigerrima were counted the following morning for both experiments, 
as well as the number of predatory bugs (Miridae) per square centimeter in the spot of 
highest density.   
 
RESULTS 
 
Over 10 days of observation, a total of 29 inflorescences were marked, sorted into 
treatment groups, and removed in order to count scarabs and mirids. To the extent 
possible, I attempted equal numbers of controls and treatments each night. The number of 
inflorescences that dehisced on any given night ranged from one to six.  
 Mean numbers of scarabs in each inflorescence were generally 1-2 beetles higher 
for controls, a difference of 20 to over 30%, possibly suggesting scent interference.  
However, between inflorescence variation was too high to demonstrate this pattern 
statistically (Figure 1). Mirids exhibited the most stability in their populations across all 
treatments and showed no pattern. Neither scarabs nor mirid interlopers were found on 
the air fresheners during any of the collection times. It was found that the difference in 
observed C. nigerrima for either treatment was not significant (ANOVA, F = 0.54, df = 
2, p = 0.59; figure 1). The same was true for C. sexpunctata (df=2, F=0.10, P=0.91. C. 
nigerrima scarabs outnumbered C. sexpunctata by a ratio of 15.4:1. Numbers of C. 
sexpunctata recorded in any inflorescence were consistently low, with the highest 
recorded number in any one inflorescence being two. A period of six sequential days 
passed with no C. sexpunctata scarabs recorded in any inflorescence.  
 Total scarab count in each inflorescence similarly yielded no significant difference 
for either treatment (df=2, F=0.46, P=0.64), with a total of 10 C. sexpunctata and 154 C. 
nigerrima tallied over ten days. The number of mirids per square centimeter showed no 
significant difference between either of the treatments (df=2, F=0.62, P=0.54). 
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Figure 1. Effect of either adjacently placed (Adj, N=10) or one meter distant (1 M Int, 
N=5) interference from a Glade® Floral Perfection air freshener versus a control (N=14) as 
reflected in the number of Cyclocepha scarab pollinators and Miridae insects present in 
the inflorescence of Xanthosoma undipes after one night of exposure at sights near the 
Cloud Forest Reserve in Monteverde, Costa Rica (mean no. of individuals ± 1 SE). None 
of the counts of A) C. nigerrima, B) C. sexpunctata, C) Total Scarabs, or D) Mirids in 
inflorescences after either interfering scent treatment fluctuated to a significant degree.  
 Though mean numbers of organisms in each inflorescence for each treatment 
fluctuated (Table 1), it was not to a significant degree as all means were within one 
standard error of one another (Figure 1). Mirids exhibited the most stability in their 
populations across all treatments. 
 Inflorescences subjected to adjacent interference for in excess of 24 hours appeared 
to have a delayed process of maturity, dehiscing one to three days later than control 
inflorescences in some cases. Despite collecting data during the peak of X. undipes 
flowering, inflorescences were scarce and many X. undipes lacked inflorescences 
entirely. Inflorescences collected over the ten days of this study largely came from small 
clusters of X. undipes that consistently produced inflorescences, while many others did 
not flower at all. 
 
DISCUSSION 
 
The results presented were unable to demonstrate that strong floral scents placed nearby 
the inflorescences of X. undipes exert a significant effect on the ability of inflorescences 
to attract scarabs for pollination. This was also true for mirid bug interlopers. 
Cyclocephala scarab host fidelity to X. undipes persisted in the face of the strong floral 
scent, despite the low and non-specific host fidelity to the Xanthosoma genus (Young 
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1986, Goldwasser 1987). Scarab visitation to the variety of genera within Araceae may 
not be as random as once thought, or as easily thwarted. Several plants of the 
Annonaceae family and one of the Araceae family that several species of Cyclocephala 
are known to visit share 4-methyl-5-vinylthiazole volatilized by the heating process of the 
spadix (Maia et al. 2012). Specificity of chemo-attractants has been demonstrated for 
numerous species of Cyclocephala and many other genera of the family Scarabaeidae, 
though none have yet been demonstrated for C. sexpunctata and C. nigerrima (Vuts et al. 
2014). It is likely that a specific chemical cue attracts C. sexpunctata and C. nigerrima to 
the inflorescences during the receptive female stage and that the neighborhood effect of a 
strong floral scent did not succeed in masking or overpowering the volatilized odor of the 
inflorescences. Therefore, it would appear that the neighborhood effect of chemical 
interference and competition is not based solely on the strength of the chemical attractant 
but requires the scent to be identical or quite similar to elicit a biological response from 
the pollinator. Prior observations that beetle visitation declines with increased proximity 
indicate a negative relationship of reproductive viability with increased density of 
flowering X. undipes, which is evidence of intraspecific competition between 
conspecifics (Martin 2008). Because the scent used here was powerful, long-lasting, and 
as close to the inflorescence as possible, experimental parameters were optimized for 
observing any possible neighborhood effect. Despite the lack of a significant difference 
in the number of scarabs or mirids noted in the inflorescences of the treatment groups, a 
trend of lower visitation by scarab pollinators began to take shape (Figure 1A, 1C). I 
believe that expanding the sample size would give shape to this trend, as the number of 
scarabs in any inflorescence—including the control—was highly variable (Figure 1). 
 Though this study investigated the neighborhood effect as it related to the ability of 
Cyclocephala scarabs to locate and remain within inflorescences, it did not measure 
visitation. Scarabs that arrive at Dieffenbachia (Araceae) inflorescences lacking the 
staminodia food reward leave within a short period of arrival, often proceeding to 
neighboring inflorescences to seek out food and shelter (Young 1986). It is possible that 
because the scent interference utilized in this study lacked an associated food reward for 
scarabs, any that arrived at the competing scent quickly left in search of a nearby 
inflorescence due to a lack of incentive to stay. 
 One interesting result was the apparently lower proportion of scarabs since the 2008 
study conducted by Martin, which found an average of 4.67 C. nigerrima and 7.83 C. 
sexpunctata among six inflorescences, in stark contrast with the average of 6.21 C. 
nigerrima and 0.29 C. sexpunctata observed within fourteen control inflorescences. 
Because both this study and Martin’s study shared the same study site near the Cloud 
Forest Reserve, this could indicate fluctuations in the Cyclocephala community of 
Monteverde. However, the number of Cyclocephala that visit Dieffenbachia 
inflorescences from year to year have been demonstrated to be highly variable, which can 
be attributed to differing availabilities of inflorescences (Young 1986), so it is likely that 
fluctuations in the Cyclocephala population of Monteverde are normal. 
 I was unable to demonstrate that strong floral odors interfere with the plant-
pollinator relationship in this system. The specificity of other species of Cyclocephala for 
particular aromatic compounds leads me to believe that C. sexpunctata and C. nigerrima  
share a similar chemical specificity for Araceae inflorescences, which may account for 
the low host fidelity if such a chemical is common among Araceae genera (Goldwasser 
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1987; Maia et al. 2012; Vuts et al. 2014). Though sample sizes were small, a trend of 
lower visitation to X. undipes inflorescences subjected to floral interference began to 
appear. Expanding the sample size would shed light on this trend. Scent interference in X. 
undipes appears to be stronger on an intraspecific than interspecific level (Martin 2008). 
Repeating the process of scent interference with female-stage inflorescences of 
Dieffenbachia, Philodendron, or Dendrobates (Araceae) inflorescences in place of 
artificial floral scents would give credence to a particular chemo-attractant governing the 
system of scarab pollination of X. undipes. 
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ABSTRACT 
 
Flowers attract pollinators using rewards. Bat, bee, butterfly, and hummingbird pollinated flowers all have 
features that make them more attractive to their pollinators. These specific attractions are known as a 
pollination syndrome. Nectar concentration variability has been shown between the taxonomic groups of 
bat, bee, butterfly, and hummingbird flowers. This begs the question if this same relationship exists within 
a taxonomic group. Hummingbird pollinated flowers are characterized by tubular corollas that vary in 
length and are red, white, purple, orange, or yellow. Monteverde, Costa Rica is a great site to study this 
relationship because there are nine hummingbird species that vary in beak length. Monteverde also hosts 
many plants with a variety of corolla lengths. Fifteen species of hummingbird pollinated plants were 
analyzed for corolla length and nectar concentration. Corolla length ranged from 42.5 mm – 1.198 mm 
(mean = 15.767 mm +/- 0.5239). The nectar concentration ranged from 1.78% – 46.30% (mean = 18.79% 
+/- 0.0059). A linear regression determined that there was no statistical difference with the measured 
corolla lengths and nectar concentrations (p value > 0.05, p = 0.3094 with 13 degrees of freedom, n = 15, 
and R2  = 0.07924). Given that long billed hummingbirds tend feed from flowers with long corollas, this 
does not seem to be driven by higher nectar concentration but rather other concentration mechanisms such 
as greater nectar volume and lessened competition in long corolla flowers.  
 
RESUMEN  
 
Las flores atraen a los polinizadores usando recompensas. Las flores polinizadas por murciélagos, abejas, 
mariposas y colibríes todas tienen características que las hacen más atractivas a sus polinizadores.  Estas 
atracciones específicas son conocidas como síndromes de polinización.  La variación en la concentración 
del néctar se ha demostrado entre los grupos taxonómicos de flores polinizadas por murciélagos, abejas, 
mariposas, y colibríes.  Esto trae la pregunta se la misma relación existe dentro de un mismo grupo 
taxonómico. Las flores polinizadas por colibríes se caracterizan por corolas tubulares que varían en tamaño 
y son rojas, blancas, moradas, anaranjadas o amarillas.  Monteverde, Costa Rica es un gran sitio para 
estudiar esta relación ya que hay nueve especies de colibríes que varian en el largo del pico.  Monteverde 
además hospeda varias especies de plantas con variedad de tamaños de corolla.  Quince especies de plantas 
polinizadas por colibríes se analizaron para el largo de la corolla y la concentración de néctar.  El largo de 
la corola varía entre 42.5 mm – 1.198 mm (promedio = 15.767 mm +/- 0.5239).  Las concentraciones de 
néctar varian entre 1.78% – 46.30% (promedio = 18.79% +/- 0.0059).  Una regresión linear determinó que 
no hay diferencias estadísticas entre la medición de la corolla y las concentraciones de néctar (p value > 
0.05, p = 0.3094 con 13 gl, n = 15, y R2  = 0.07924).  Dado que los colibríes con picos largos tienden a 
alimentarse en flores de corola larga, esto no parece ser un resultado de las altas concentraciones de néctar 
si no más bien por otros mecanismos como mayor volumen de néctar y una menor competencia por flores 
de corola larga. 
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INTRODUCTION 
 
Pollination ecology is extremely important for the survival of many organisms. Many 
taxonomic groups act as pollinators. Bats, bees, butterflies, and hummingbirds all are 
nectarivores. Each of these cohorts is looking for something specific when visiting 
flowers. Fragrance, reward, flower color, and morphology are specialized to appeal to a 
certain pollinator. Many flowers offer nectar as a reward for pollinators. This relationship 
between pollinators and their flowers is mutualistic. The pollinator receives a nectar 
reward, and the flower becomes pollinated. Pollination syndromes shape the floral 
community in all forest ecosystems because of this mutualism. A pollination syndrome is 
a flower’s set of traits and rewards that make them attractive to specific animal pollinator 
(Fenster et al. 2004). Pollination syndromes exist within all cohorts of pollinators. 
Different flowers have different traits that make them attractive to bats, bees, birds, 
butterflies, and other insects. Within tropical rainforests, the large amount of 
specialization within pollinator-flower interactions point to strong pollination syndromes 
(Bawa 1990).  
 
It has been shown that nectar reward changes based on what syndrome is applied. Bat, 
bee, butterfly, and hummingbird pollinated flowers have been shown to give different 
concentrations of nectar (Percival 1974), and this is based on the fact that these flowers 
have individually adapted to be more attractive to their specific pollinators. Nectar 
concentration can also differ based on the time of day, plant age, and abiotic conditions 
(Corbet et al. 1979). The difference in nectar concentrations between taxonomic groups 
has been well documented, but this begs the question if there is a difference of nectar 
concentrations within a taxonomic group.  
 
Hummingbirds are important pollinators in tropical montane ecosystems. These animals 
are attracted to a very specific type of flower. Hummingbird pollinated flowers are 
generally red, but they can be white, purple, orange or yellow. These flowers often have 
bracts. The corollas of hummingbird pollinated flowers are often tubular. This tubular 
shape makes nectar easily accessible to hummingbirds (Wolf et al. 1976). Within the 
hummingbird pollination syndrome, there are flowers with long corolla, medium sized 
corollas, and short corollas. Hummingbirds have a variety of bill length. In Cerra de la 
Muerte, Costa Rica, hummingbirds with longer bills have been observed to take nectar 
from flowers with longer corollas (Wolf et al. 1976). Short-billed hummingbirds are 
unable to extract nectar from long corolla flowers due to morphological differences (Wolf 
et al. 1976). Long billed hummingbirds are able to drink nectar from any flower because 
their beak length allows them to do so. 
 
The morphology of long corolla length flowers requires more time and energy from 
hummingbirds (Wolf et al. 1976). Long billed hummingbirds can feed from flowers with 
any corolla length, yet they choose to do so from longer corollas (Wolf et al. 1976, 
Araújo et al. 2013). Some theories as to why this happens are greater nectar volume 
(Araújo et al. 2013), less competition (Percival 1974), and higher nectar concentration 
(Wolf et al. 1976). Foraging efficiency for the hummingbirds increases with increasing 
nectar concentration (Wolf et al. 1976). Selection favors individuals that use the least 
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amount of energy and find the largest reward in the shortest amount of time. Any 
individual using too much time or finding poor rewards will have to modify their 
behavior to survive (Wolf et al. 1976). 
 
In this study, nectar concentration of flowers with varying corolla lengths was measured. 
Variation has been found between taxonomic groups (Percival 1974), but this study 
focuses on this variation within the taxonomic group of hummingbird pollinated flowers. 
Based on studies showing that long billed hummingbirds visit long corolla flowers 
despite possible drawbacks (Wolf et al. 1976, Araújo et al. 2013), I hypothesize that there 
is greater nectar concentration associated with long corolla flowers.  
 
METHODS 
 
Study Sites 
Data was collected in the Tilarán Mountain Range in Monteverde, Puntarenas, Costa 
Rica. Data collection occurred for two weeks in July 2015, during Costa Rica’s wet 
season. Three native gardens were used as study sites. All of the gardens grow within the 
elevational living belt of nine tropical hummingbirds (7000 m-1500 m) 
(Neotropical.birds.cornell.edu 2015). Flowers were measured at the garden outside of La 
Estacion Biologica Monteverde. La Estacion Biologica Monteverde is 1450 meters and is 
classified as a lower montane wet forest by the Holdridge life zone system (Haber 2000). 
CIEE Centro de Sustainabilidad in Cerro Plano also had many measureable flowers, and 
is defined as premontane wet forest. The garden behind Whole Foods Market in 
Monteverde also hosted a large number of native hummingbird pollinated plants. This 
area is defined as a transitional zone between premontane wet and seasonal wet 
secondary forest (Haber 2000).  
 
Study Organisms 
Flowers in the field were measured if they were known to be both native and 
hummingbird pollinated. The species measured were flowering during late July during 
the wet season. The following 15 species (refer to Table 1) were measured: Hamelia 
paten (Rubiaceae), Stachytarpheta frantzii (Verbenaceae), Calathea crotalifera 
(Marantaceae), Heliconia latispatha (Heliconiaceae), Costus barbatus (Costaceae), 
Tetranema gamboanum (Plantaginaceae), Guzmania nicaraguensis (Bromeliaceae), 
Razisea spicata (Acanthaceae), Costus spp. (Costaceae), Lantana camara (Verbenaceae), 
Lantana hirta (Verbenaceae), Kohleria spicata (Gesneriaceae), Cavendishia 
melastomoides (Ericaceae), Columnea glabra (Gesneriaceae), and Besleria solanoides 
(Gesneriaceae).  
 
Procedure 
Flowers that were identified as both native and hummingbird pollinated were bagged at 
the study sites during the afternoon, and then unbagged and analyzed the next morning. 
Nectar volume changes throughout the day and night because of nectarivory. Bagging the 
flowers was necessary to ensure no nectar robbery would occur and that enough nectar 
would be available for analysis. The nectar was extracted using micropipets and the 
concentration of sugar was analyzed using a refractometer. No specific amount of nectar 

 69 



 

was extracted, only enough to get a reading from the refractometer. A pea-sized droplet 
was sufficient. For many of the smaller flowers, this meant more than one flower had to 
be used to be enough nectar. If this was the case, all of the flowers used for the nectar 
reading were measured for corolla length. The average of the corolla lengths was then 
recorded as the corresponding corolla length for the found nectar concentration. 
Additionally, some flowers were picked and then lightly squeezed to get all of the nectar 
out. This would be done lightly to avoid breaking the flower. Once enough nectar was on 
the refractometer, the nectar concentration was measured. After nectar concentration was 
determined, the refractometer was cleaned to avoid contamination. For each species of 
plant, I measured and averaged flowers from five separate plants.  
 
RESULTS 
 
Flowers from a total of 75 plants compromising 15 species were measured. Figure 1 
shows the graph of corolla length and corresponding nectar concentration. The corolla 
length for these flowers range from 1.198 mm – 37.278 mm (mean 15.767 mm ± 0.5239). 
The nectar concentration of these flowers range from 1.78% – 46.30% (mean 18.79% ± 
0.0059). Table 1 shows the average corolla length in millimeters and the standard 
deviation of corolla length within the species measured and the average nectar 
concentration as a percentage and the standard deviation of nectar concentration within 
the species measured. There was no relationship between flower corolla length and nectar 
concentration (linear regression p = 0.3094, df= 13, n = 15, and R2  = 0.07924). 
 

 
Figure 1. Corolla length and nectar concentration of 15 different species of hummingbird 
pollinated flowers found in native gardens in Monteverde, Costa Rica. Each point 
represents the average of all five plants measured within a species.   
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Table 1. Mean corolla length ± standard deviation and mean nectar concentration ± 
standard deviation of all 15 species of flowers. Five flowers of the same species on 
different plants were measured throughout the study sites. The mean corolla length is the 
average of the five measured flowers within the same species.   

Species 
Mean corolla length (mm) ± 
SD 

Mean nectar 
concentration (%) ± SD 

Hamelia patens 19.096 ± 0.399 15.3 ± 1.660 
Stachytarpheta frantzii 1.198 ± 0.022 12.06 ± 0.114 
Calathea crotalifera 22.514 ± 0.842 1.78 ± 0.259 
Heliconia latispatha 25.27 ± 1.029 9.02 ± 0.691 
Costus barbatus 20.256 ± 0783 6.28 ± 0.750 
Tetranema gamboanum 21.53 ± 0.498 26.96 ± 0.114 
Guzmania 
nicaraguensis 37.278 ± 0.728 46.3 ± 0.837 
Razisea spicata 18.386 ± 0.602 16.64 ± 0.820 
Costus spp. 1.414 ± 0.087 3.2 ± 0.453 
Lantana camara 2.14 ± 0.137 30.04 ± .865 
Lantana hirta 2.442 ± 0.310 29.38 ± 0.630 
Kohleria spicata 12.504 ± 0.368 19.92 ± 0.084 
Cavendishia 
melastomoides 15.268 ± 0.548 24.98 ± 1.099 
Columnea glabra 27.992 ± 0.762 27.12 ± 0.239 
Besleria solanoides 9.224 ± 0.743 12.92 ± 0.349 

 
ADDITIONAL OBSERVATIONS 
 
Some of the flowers with short corolla lengths were extremely difficult to extract nectar 
from. Short corolla length usually also meant a smaller flowers. Flowers with longer 
corollas were generally also bigger flowers and had greater nectar volume.  
 
DISCUSSION 
 
No relationship was found between corolla length and nectar concentration. The data 
collected for this study shows that there is no clear relationship between corolla length 
and nectar concentration within the hummingbird pollination syndrome. This differs from 
the findings of Plowright in 1987. Plowright’s study concluded that longer corolla 
flowers had greater nectar concentrations due to lower rates of evaporation due to corolla 
morphology. The flowers measured in this study were bagged and generally in very 
shady spots. These two factors could effectively reduced evaporation rates and lead to 
different results. Additionally, Plowright conducted his study in Bell Rapids, Ontario, a 
region with significantly less humidity than Monteverde. The humid conditions in 
Monteverde could have slowed evaporation rates as well. 
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In the Tilarán mountains in Costa Rica, the elevational belt contained in Monteverde 
hosts a large amount of hummingbirds and their pollinated flowers. Monteverde in 
particular is an excellent place to conduct this study because of the high amount of 
variation of both hummingbird beak length and flower corolla length.  There are nine 
hummingbirds that live in the Monteverde region that have a beak length range of 42.5 
mm – 14.35 mm.   
 
This study shows that there does not seem to be a pattern with corolla length and nectar 
concentration within hummingbird pollinated flowers. Hummingbird pollinated plants 
produce relatively the same nectar concentration regardless of corolla length. The 
findings of Plowright in 1987 found a significant relationship, but the different abiotic 
conditions could have lead to this conclusion. It appears as though there is no pollination 
syndrome based on beak length. A study conducted in Brazil found that hummingbirds 
simply visited flowers that had corolla lengths similar to their beak length, and that there 
was no relationship between nectar concentration and corolla length (Araújo et al 2013).  
 
There must be some other benefit for a long billed hummingbird to explain why it goes to 
long corolla flowers. One possible explanation is that flowers with longer corollas have 
less competition for their nectar. On flowers accessible by all types of pollinators, 
competition is high (Percival 1974). Long billed hummingbirds most easily access a 
flower with a longer corolla. Because of morphological differences, bees and butterflies 
cannot pollinate flowers with long corollas. Bees and butterflies do not have the body 
parts to be able to extract nectar from such a long distance. Even hummingbirds with 
short bills are unable to reach the nectar. The reduced competition for the nectar within 
these long corolla flowers could be why long billed hummingbirds are attracted to them. 
Less competition means that the hummingbirds can forage more efficiently, which is 
essential for survival.  
 
Another possible explanation for why long billed hummingbirds go to flowers with long 
corollas is that these flowers could be simply offering more nectar. This relationship has 
been studied and confirmed in a tropical dry forest in Mexico (del Coro Arizmendi and 
Ornelas 1990). This relationship was also confirmed in Brazil (Araújo et al 2013). This 
was shown in this study, as long corolla flowers also meant larger flowers in general, and 
the nectar volume noticeably was greater. This was most obvious by the ease that came 
with nectar extraction for long corolla flowers. Long billed hummingbirds could certainly 
be feeding from longer corolla flowers because they offer more nectar. Greater nectar 
volume would decrease the number of flowers a bird would visit and therefore would 
increase foraging efficiency.  
 
Increased corolla length does not does not lead to increased nectar concentration in 
hummingbird pollinated flowers in Monteverde, Costa Rica. More research would be 
helpful to determine exactly why long billed hummingbirds visit flowers with long 
corollas. Further studies should consider nectar volume when comparing flowers of 
differing corollas lengths. Research concerning competition and foraging strategy within 
this taxonomic group should also be considered. 
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ABSTRACT 
Tropical hummingbird communities exhibit a high degree of niche partitioning. Long billed birds could 
potentially forage from any flower, yet primarily forage from long flowers. Feeding from long flowers 
takes more time and energy than from short flowers.  It is likely that there is some reward from long 
flowers, such as increased amounts of sugar that attracts and keeps long billed birds. In natural situations 
corolla length and nectar concentration and/or abundance are positively correlated.  This study seeks to 
determine if sugar concentration could drive a preference for long-billed birds to feed from long-corolla 
flowers.  Hummingbird feeders were fitted with artificial corollas of varying lengths: 10 mm, 20 mm, and 
30 mm.  Each feeder type was filled with a different nectar solution: 25%, 30%, and 35% respectively for 
the first experiment, and 2.5%, 3.5%, and 4.5% respectively for the second. They were observed at 
differing concentrations and then at equal concentrations, 25% for the first experiment and 2.5% for the 
second.  At differing high nectar concentrations, birds preferred the medium, and small to long corollas, 
and small, medium, and then long at equal high concentrations.  For differing low concentrations they 
preferred medium, large, and finally small, and small, medium, then large for equal low concentrations.  
This suggests that birds are more selective when energetic rewards are smaller. Finally, this study suggests 
that nectar concentration could in part play a role in the niche partitioning of the hummingbird community. 
 
RESUMEN 
Las comunidades tropicales de colibríes exhiben un alto grado de partición de nicho.  Colibríes de pico 
largo pueden forrajear potencialmente en cualquier flor, aunque lo hacen primariamente en flores largas.  
Alimentándose de flores largas toma más tiempo y energía que hacerlo de flores cortas.  Es muy probable 
que hay alguna recompensa por parte de las flores largas, tal como aumento en la cantidad de azúcar que 
atrae y mantiene a las aves de pico largo. En condiciones naturales el largo de la corola y la concentración 
del néctar y/o la abundancia son correlacionados positivamente.  Este estudio busca determinar se la 
concentración de azúcar puede llevar a una preferencia por aves de pico largo a alimentarse en flores de 
corola larga.  Comederos de colibrí se colocaron con corolas artificiales de diferentes tamaños: 10 mm, 20 
mm, y 30 mm.  Cada comedero se relleno con soluciones de diferente concentración de néctar: 25%, 30%, 
y 35% respectivamente para el primer experimento, y 2.5%, 3.5%, y 4.5% respectivamente para el 
segundo.  Se observaron a diferentes concentraciones y luego a concentraciones iguales de 25% para el 
primer experimento y 2.5% para el segundo.  A diferentes concentraciones de néctar altos, las aves 
prefieren las corolas medianas y pequeñas sobre las las largas, y pequeñas, medianas, y largas a 
concentraciones iguales altas.  Para concentraciones bajas diferentes ellos prefieren mediano, larga y 
finalmente pequeñas, y pequeñas, medianas y largas para concentraciones iguales.  Esto sugiere que la 
concentración del néctar puede jugar en parte un rol en la partición de la comunidad de colibríes. 
 
 
INTRODUCTION 
Tropical hummingbird communities exhibit a high degree of niche partitioning.  Bill 
morphologies vary widely, and as a result birds feed from a multitude of flower types and 
sizes (Feinsinger and Colwell 1978). It is not fully understood what drives the niche 
partitioning within these communities.  Long-billed birds are not restricted to flowers 
matching their morphology in the same way that short-billed birds are.  A long-billed 
hummingbird can forage from flowers with long corollas and flowers with short corollas.  
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Short-billed birds, on the other hand, can only forage from flowers with short corollas.  In 
experimental settings, long billed birds preferred hummingbird feeders with short 
artificial corollas to artificial flowers with long corollas (Manglianesi et al 2014).  Thus, 
something other than purely morphology is driving the relationship between bird and 
flower.  It takes more time to feed from a long corolla than from a short corolla (Temeles 
1995), and therefore it should be easier for a long billed bird to feed from short flowers. 
And yet something in nature is driving the relationship between long corollas and long 
billed birds.   
 Ornithophilus flowers as a group vary in their morphologies and nectar 
concentrations and outputs.  Sugar concentrations in nectar can range from 8% to 43% 
(Hainesworth 1973) and corolla lengths can range from less than 10 mm to greater than 
40 mm (Bolten and Feinsinger 1978).  Flowers with longer corollas tend to have higher 
nectar concentrations and more sugar production than flowers with short corollas (Bolten 
and Feinsinger 1978; Ornelas et al 2007).  Thus long billed birds have an incentive to 
preferentially forage on long corolla flowers.  
 Birds must feed constantly in order to maintain their metabolisms. Hummingbird 
pollinated flowers excrete dilute nectars, averaging around 20% sugar concentration 
(Bolten and Feinsinger 1978). There are different physiological consequences to drinking 
nectar of varying concentrations, and there are tradeoffs involved between 
concentrations.  Birds will ingest a greater volume of low concentration nectar to 
maintain energy intake and this greater volume will require more energy to warm within 
the body (Nicholson and Fleming 2003).  On the other end of the spectrum, birds that 
drink concentrated solutions must supplement their nectar intake with drinking water 
(Nicholson and Fleming 2003). Hummingbirds are very sensitive to sugar concentrations 
in nectar, with the ability to differentiate by as little as 1% (Blem and Blem 2000).  In 
experimental settings birds prefer the highest sugar concentrations they can access (Stiles 
1976).  Thus, one wonders if flower choice is driven by sugar concentration and if birds 
choose differently depending on the levels of concentration.  
 This study seeks to determine the effect of nectar concentration on corolla length 
choice.  Much has been studied on nectar concentration preference (Stiles 1976; Blem 
and Blem 2000) and on corolla length preference (Maglianesi 2014) but no study has 
attempted to link them.  The underlying drivers of niche partitioning in the hummingbird 
community are still largely unknown, and this study aims to determine the role of sugar 
concentration.   Monteverde is the perfect location to study this system as many 
hummingbirds with a wide variety of floral preferences and bill sizes are found in the 
area.  Hummingbirds make many foraging choices within the span of an hour, and thus 
food preferences are easily recorded.  
  
METHODS 
 
Study Sites 
Research was conducted at the Hummingbird Gallery in the Cloud forest reserve and at 
the Curi-Cancha Reserve in Monteverde, Costa Rica. The Hummingbird Gallery is 
located at the edge of the Cloud Forest Reserve and at approximately 1530 meters above 
sea level is classified as lower montane wet forest. Feeders were hung outside of the Café 
Colibri coffee shop at the edge of a patio in the forest.  During experimentation, the birds 
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had access to the Café’s feeders.   The Curi-Cancha Reserve is located at 1420 meters 
above sea level and is classified as premontane wet forest.  During experimentation at the 
Curi-Cancha Reserve, the birds did not have access to any other feeders.  At both sites the 
feeders were hung and removed daily for experimentation.  Nectar was changed daily to 
assure the health of the hummingbirds.  Birds were habituated to feeders at both 
locations, and hummingbirds of varying bill lengths regularly visited the feeders.  
 
 
Feeder Construction and Sugar Concentration 
Experimental hummingbird feeders were constructed using straws of various lengths as 
artificial corollas.  Each straw was approximately 5 mm in diameter, and 10, 20, or 30 
mm in length.  The artificial corollas were positioned over the feeder holes requiring 
hummingbirds to insert their bills in order to access the nectar.  For each site, two of each 
type of feeder was constructed, resulting in two short feeders, two medium feeders, and 
two long feeders for each site. Additionally, each length of artificial corolla was marked 
with a color to help the birds associate length and color and to reduce errors due to 
inability to visually distinguish a length. The 10 mm corollas were blue, the 20 mm 
corollas were pink, and the 30 mm corollas were purple.  
 For the first experiment, feeders were initially filled with 2.5%, 3.5%, and 4.5% 
sucrose solutions. The three different treatments contained different nectars.  The 10 mm 
feeder contained 2.5% sugar, the 20 mm feeder contained 3.5% sugar, and the 30 mm 
feeder contained 4.5% sugar.  After five hours of observations, the sugar concentrations 
were equalized such that each feeder contained 2.5% sugar.  The second experiment was 
carried out in this same manner, but with 25%, 30% and 35% sugar concentrations.  As 
with the first experiment, the 10 mm feeder contained 25% concentration, the 20 mm 
contained 30% concentration, and the 30 mm feeder contained 35% concentration.  Once 
the first stage of this experiment was complete, the concentrations were equalized to 25% 
sugar concentration.  
 
Feeding Observations 
The feeders were hung at 7 am every morning and then left for the birds to habituate.  
The location of the feeders was changed every day so that they did not make spatial 
associations. The feeders were observed every day from 8 am until 10 am.  All feeders 
were observed simultaneously.  When a hummingbird made a choice, the species and 
feeder were recorded.  A choice was recorded if the bird inserted its bill into the artificial 
corolla. If a bird moved from an artificial corolla on a feeder to another artificial corolla 
on the same feeder, this was marked as two separate choices.  Birds were categorized into 
size classes based upon which corollas they could access. Those that could feed from all 
three were classed as large, while those that could only access the medium and the small 
were classed as medium.   The birds that could only feed from the short corollas were 
classed as small.   
 
 
RESULTS 
A total of 6058 feeding choices were observed over the course of the study, 3627 during 
the low concentration trials and 2431 during the high concentration trials.  All of the high 

 76 



concentration trials were carried out at the Curi-Cancha Reserve, while 2395 observations 
occurred at Curi-Cancha and 1232 observations at the Hummingbird Gallery for the low 
concentration trials.  In total, there were 2959 observations of large billed birds, 1334 
observations of medium billed birds, and 207 observations of small billed birds.  Of the 
long billed birds, 1518 observations were recorded for low differing concentrations, 227 
for low equal, 658 for high different, and 556 for high different. Nine species of 
hummingbirds were observed between the two sites with bills varying from 14.35 – 42.5 
mm (Figure 1).  
 
 
 
 

 
Figure 1. The average bill lengths (mm) of each hummingbird species in the study. Each group 
makes up a size class.  From left to right, the classes are large, medium and small.  Data taken from 
Cornell Neotropical Bird Lab (http://neotropical.birds.cornell.edu/portal/home). 

 
 
 
Experiment 1: High Concentration Preference 
A chi square goodness of fit was used to determine if the three feeders were equally 
preferred. At sugar concentrations of 25%, 30%, and 35%, long billed birds preferred the 
medium feeders with 30% sugar, then the short feeders with 25% sugar, and finally the 
long feeders with 35% sugar, (!!(2, N = 658) = 19.298, p < 0.0001 figure 2a).  At equal 
sugar concentrations of 25%, long billed birds preferred the short feeders, then the 
medium feeders, and then finally the long feeders (!!(2, N = 556) = 63.629, p < 0.0001 
Figure 2b).  
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a.)      b.) 

 
Figure 2.  Feeding preferences at high nectar concentrations (greater than or equal to 25% sugar) of 
a.) differing concentrations and b.) equal concentrations.  a.) At differing concentrations of 25%, 
30%, and 35%, birds preferred the medium corollas more than would be expected, then the short 
corollas about as much as expected, and finally long corollas less than would be expected.  b.) At 
equal concentrations birds preferred short feeders and then medium feeders more than would be 
expected, and then finally long feeders less than would be expected.     
 
 
Experiment 2: Low Concentration Preference  
A chi square goodness of fit was used to determine if the three feeders were equally 
preferred. At sugar concentrations of 2.5%, 3.5%, and 4.5% it was found that long billed 
birds significantly preferred different feeders to others, (!!(2, N = 1518) = 103.569, p < 
0.0001 figure 3a).  The class of large birds fed most at the medium feeders containing 
3.5% concentration, then at the long feeders containing 4.5% concentration, and finally at 
the short feeders with 2.5% concentration.  At equal sugar concentrations of 2.5%, long 
billed birds significantly preferred the short feeders (!!(2, N = 227) = 26.229, p < 0.0001 
figure 3b).   
 
 
a.)         b.) 

 
Figure 3.  Feeding preferences at low nectar concentrations (less than 10% sugar) of a.) differing 
concentrations and b.) equal concentrations.  a.) At differing concentrations of 2.5%, 3.5%, and 
4.5% the birds preferred the medium and the long more than expected, and then the short less than 
would be expected.  b.) At equal concentrations they greatly preferred short corollas, with medium 
and long choices being made less than would be expected.   
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DISCUSSION 
This study aimed to determine the impact of sugar concentration on corolla length 
preference among different species of hummingbirds. At high differing nectar 
concentrations, long billed birds significantly preferred medium corollas, then long, then 
finally short.  At high equal concentrations, long billed birds preferred short, then 
medium and long.  At low, differing nectar concentrations, long billed birds significantly 
preferred medium length corollas, then long, and finally short.  At low, equal nectar 
concentrations, long billed birds significantly preferred short corollas, then medium, and 
then finally long.  
 In natural situations with flowers of differing nectar abundances, concentrations 
and refill rates, hummingbirds prefer the flower morphologies that match their bill 
lengths and shapes (Maglianesi et al 2014).  However, for long billed birds, as corolla 
length decreases so too does the time it takes to access the nectar, also known as handling 
time (Temeles 1995).  This would explain the shift in preference in both conditions from 
the medium and long corollas to the short corollas.  When the nectar offers the same 
amount of sugar, there is no reason to expend the extra time and energy to forage from 
the long corollas.  
 Why don’t the long billed birds prefer the longest corollas and the highest nectar 
concentrations? For the high concentration experiment, we would expect that the long 
billed hummingbirds would consistently prefer the highest nectar concentration and the 
long corolla (Stiles 1976), and yet this feeder was their least favorite.  One likely 
explanation for this is the altitude.  As altitude increases and temperature decreases, the 
viscosity of sugar solutions increases (Ornelas 2007) and the nectar consumption by 
hummingbirds decreases (Hainesworth 1972). It would be beneficial to repeat this 
experiment either at a lower altitude or with lower nectar concentrations to determine if 
viscosity is in fact the driver behind this trend.  
 Another factor in this could be the colors chosen to mark the corollas.  A bright 
pink was chosen to mark the medium length feeders.  Hummingbirds show a strong 
preference for the color red, and since red and pink are closely related colors they may 
have had a stronger color preference for the medium feeders.  This could explain why 
they chose the medium feeders more than expected by chance in the high equal 
concentration experiment.  Taste is the more important factor in flower choice so it is 
unlikely that color influenced the choices when concentrations differed, but when there is 
no difference in taste color preferences plays a role in choice (Stiles 1976).   
 For the low concentration experiments, the influence of nectar on corolla choice 
was more apparent.  At differing concentrations, birds chose the medium and high 
feeders more than would be expected with a slight preference for medium over long.  
They chose the short less than would be expected.  When the nectar concentrations were 
equalized, they switched their preference to the short feeders, and chose medium and 
long feeders less than expected.  This study also shows that birds are apparently able to 
discriminate accurately between nectar at low concentrations. These findings are 
surprising in light of other studies that found at concentrations below 20%, a difference 
of 5% was required to differentiate (Blem and Blem 1999).    
 Taken together, these two experiments show that nectar concentration does 
influence corolla choice in large billed birds.  In both experiments, when nectar 
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concentration was the same, birds preferred the shortest corolla available to them.  These 
findings are in concurrence with others finding that birds do not choose flowers based 
simply on bill morphology (Maglianesi et al 2014).  However, when longer artificial 
flowers offered a better reward, birds switched their foraging strategy and foraged at 
these feeders.  At low nectar concentrations, this phenomenon was more readily apparent.  
This suggests that when resources are low, birds may be choosier.  They cannot afford to 
expend extra time and energy if the reward is the same in each flower.  This could also 
explain niche partitioning in the community.  Birds who are restricted to flowers with 
lower energy outputs would perhaps be more likely to defend their flowers from 
hummingbirds of other species (Feinsinger and Colwell 1978).   This would shift 
heterospecifics away from these flowers onto other species, driving niche partitioning 
over time. Future research should seek to compare territoriality with corolla size and 
nectar concentration to assess this hypothesis.  Finally, it is reasonable to assume that 
higher nectar rewards at flowers with longer corollas in part drives flower choice in long 
billed hummingbirds.   
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ABSTRACT 
 
Millipedes have developed a variety of strategies for dealing with decreased temperature 
at higher altitudes while also been shown to decline with increasing altitude. (Crawford 
1992). However it is not certain to what degree of success these strategies can have. This 
study was conducted due to the fact that relatively little research has been done on 
tropical millipede distribution and information on the natural history of Nyssodesmus 
Python in particular is sparse. In order to learn more about the habitat preference of 
millipedes (class Diplopoda), the abundance of Nyssodesmus python was observed along 
an altitudinal gradient along the Principal Trail in the Monteverde Cloud Forest of Costa 
Rica. 100 one square meter areas of leaf litter at five elevations starting at 1500 mts. 
(Lower Montane Wet Forest) and ending at 1800 mts (Lower Montane Rainforest) were 
examined. In each 1m2 quadrat, readings of soil temperature and soil humidity were taken 
to determine if millipedes selected microhabitats based on temperature and humidity, two 
variables expected to fluctuate as you move up an elevational gradient. No significant 
pattern was observed in microhabitat selection of millipedes at a given elevation and no 
measureable difference in abundance of millipedes was noted up an elevational gradient. 
The data suggest that millipedes are not constrained by the abiotic factors that change up 
an elevational gradient. 
 
RESUMEN 
 
Los milpies han desarrollado una variedad de estrategias para lidiar con las bajas temperaturas a 
elevaciones altas mientras también se ha demostrado un decline en sus poblaciones al aumentar la 
altitud (Crawford 1992).  Sin embargo no es cierto hasta que grado de éxito tienen estas 
estrategias.  Este estudio se condujo debido a la poca investigación que se ha realizado en la 
distribución e información  de los milpies neotropicales y la historia natural de la especie 
Nyssodesmus python es escaza.  En orden para aprender más acerca de las preferencias de hábitat 
de los milpies (clase Diplopoda), la abundancia de Nyssodesmus python se observó a lo largo de 
un gradiente altitudinal a lo largo del sendero Principal en el bosque nuboso de Monteverde, 
Costa Rica.  Se examinaron 100 áreas con hojarasca de un metro cuadrado a cinco elevaciones 
diferentes empezando a 1500 mts (bosque humedo montano bajo) y terminando a 1800 mts 
(bosque lluvioso montano bajo).  En cada cuadrante, medidas de temperatura y humedad del 
suelo se tomaron para determinar si los milpies seleccionan microhabitats basados en la 
temperatura y humedad, dos variables que se espera fluctuen al moverse hacia arriba en el 
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gradiente altitudinal.  Ningún patrón significativo se observo en la selección del microhabitat por 
los milpies a elevaciones específicas y no hay diferencias medibles en la abundancia de los 
milpies en el gradiente altitudinal.  Los datos sugieren que los milpies no están restringidos por 
los factores abióticos que cambian con el gradiente altitudinal!
 
 
INTRODUCTION 
 
With an estimated 80,000 species, and found on every content except the Antarctic one 
group of arthropods that have had tremendous success colonizing earth is the class 
Diplopoda or millipedes. When this is taken it to consideration it is surprising that each 
individual species will usually inhabit a relatively restricted and often times endemic 
range (Golovatch and Kime 2009). While much is known about the physiological 
limitations of millipedes, there is still little known about their distribution. As 
decomposers, millipedes are an important part of the nutrient cycle and knowing more 
about their distributions can only serve to give us a better understanding of ecosystem 
interactions associated with leaf litter and decomposers. 

Being ectotherms, meaning they lack the ability to internally regulate body 
temperature, like many arthropods, millipedes are forced to deal with varying regional 
and daily temperatures. Since temperature decreases as altitude increases, one would 
expect that temperature dependent organisms such as these would respond accordingly 
and decrease with increasing altitude in favor of more suitable warm habitats. However, 
In these higher altitudes, by seeking out more comfortable microhabitats, entering states 
of decreased activity or torpor, and or by being active seasonally accompanied with their 
long life spans millipedes do possess the ability to overcome this barrier. (Crawford 
1992).Along with temperature, the presence of moisture also has a large influence on 
millipede distribution (Crawford 1992). Unlike many arthropods, millipedes do not 
produce a waxy cuticle around their exoskeleton making them quite vulnerable to 
desiccation and therefore they tend to be found in moist or humid environments 
(Capinera 2008). Tropical millipedes in particular have been shown to be more abundant 
in rainy season but this is thought to be attributed to a coinciding increased fungal 
abundance.Though it should be noted that as long as there is sufficient moisture, 
millipedes have shown little to no preference for wetter environments (Crawford 1992). 

Given their inability to internally regulate body temperature and their 
susceptibility to desiccation, while simultaneously taking into account their ability to 
withstand lower temperatures, it was predicted that the abundance of millipedes would be 
greatest in the most moderate conditions and therefore be present in middle to high 
elevations where neither moisture nor temperature would be a limiting factor. It was also 
predicted that in higher elevations, millipedes would tend to be found in warmer leaf 
litter. 

Nyssodesmus python (N. python) is a large, easily identifiable, fairly common 
millipede of Costa Rica and Central America, known to inhabit both Caribbean and 
Pacific slopes. These characteristics made it an ideal species to gain more understanding 
on millipede abundance in relation to altitude. To determine whether or not there is a 
connection between altitude and abundance of millipedes, plots across an altitudinal 
gradient, along the Principal Trail in Monteverde cloud forest, were examined for the 
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presence of N python. Soil temperature and soil humidity readings were also taken to see 
if there was any preference for a particular soil type within each altitude. Since soil 
conditions play a role in determining millipede abundance, one would expect that they 
will choose optimal locations within each elevation. 
 
METHODS 
 
Abundances of N. Python in leaf litter at five sites varying in altitude (1530, 1695, 1660, 
1730, and 1800m), along the Principal Trail in the cloud forest of Monteverde were 
surveyed. At each site, 1m2 patches of leaf litter were partitioned with a quadrat and 
sifted through until a total of 100m2 had been checked for the presence of millipedes. 
Along with the number of millipedes found, soil temperature and soil humidity 
measurements were recorded for each area in order to see if N. Python had a preference 
for one temperature or humidity level at each site. Soil temperature was measured with a 
Moisture Meter and recorded on a scale from 1-10. Within each 1m2 plot the soil was 
probed with each device to get an idea of what the overall soil composition of that plot 
was like to ensure measurements were not being taken within an air pocket or abnormally 
dense section of soil. Due to the steepness and inaccessibility of many areas along the 
Principal trail, data was collected from 10-20m2 patches at a time. Millipedes found at 
each site were collected and placed in a terrarium, which was taken back to the 
Monteverde Biological Station, in order to determine sex, weight, length, and width; 
something which was not feasible while in the field. Millipedes were then released at the 
elevation they were found while going to the subsequent higher elevation; with the 
exception of the one individual found at 1800m who was relocated to a lower elevation. 
 
RESULTS 
In total 55 millipedes were found; 35 at 1530m, 15 at 1595m, 4at 1660m, 0 at 1730m and 
1 at 1800m. Overall temperature ranged from 15.1 to 17.9 Cº. Average temperatures were 
as follows; 17.3 ± 0.1992 at 1530m, 17.2 ± 0.1726 at 1595m, 16.1 ± 0.1450 at 1660m, 
15.9 ± 0.1410, and 15.5 ± 0.1173 Cº. Moisture measurements ranged from 1 to 9. 
Average moisture raters were as follows; 5.26 ± 0.1992 at 1530m, 5.85 ± 1.4517 at 1595, 
5.65 ± 1.2114 at 1660m, 5.81 ± 1.5145 at 1730m, and 7.03 ± 0.9429 at 1800m. The 
number of N. python did seem to decrease as altitude increased; no significant 
relationship was established between the two variables (df=3, F-stat=5.41, P=0.145).  
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Figure 1. Density of N. python reported in number of millipedes encountered per m2 with 
respect to altitude plus or minus the standard deviation. 
 
A significant difference in the means of the proportion of millipedes found at the lowest 
altitude and the highest altitude (Kruskal-Wallace one way ANOVA; p=0.003, n=500, 
H=15.79) but between consecutive altitudes no significant difference was observed 
(Mann-Whiteny U test). 
 
There was a statistically significant relationship between the average weights of N. 
python and altitude (df=2; F-Stat= 1117.95; P= 0.0190) but this can be attributed to the 
high number of juveniles found at lower elevations. No adult N. python were encountered 
until the second sample site at 1595m. 
 
No statistical test was run but soil temperature did decrease as expected. 
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Figure 3. The average of 100 soil temperatures at each elevation (+/- SD)  
 
DISCUSSION 
 
The data was limited in terms of sample size but did suggest a trend in lower abundance 
as elevation increased. These findings are similar to other studies that have noted this 
relationship. The soil temperature did decline by about 2 degrees C from the lowest 
elevation to the highest which would suggest that since millipedes are so temperature 
dependent they would be less frequent. The only problem with this measurement is that 
N. python is a relatively large species that crawls over or through the leaf litter which 
limits its actual physical contact with the ground. If there was a more finely tuned 
instrument that could get a reading on what the temperature is like in the layer of leaves 
that may provide better data that would allow for a trend to be seen if there was one. Soil 
humidity did not change significantly from one altitude to the next and at each altitude 
there seemed to be no preference for any particular soil humidity. This seemed to be the 
least limiting factor for millipedes in this forest that is sufficiently moist year round. At 
1530m the vast majority of millipedes were found at 17.4 degrees. However at 1595m 
millipedes were encountered at 17 Cº. Due to the low number of millipedes at the three 
consecutive locations no preference for a specific temperature was observed. 
 There were quite a few notable limitations to my study. Since sites were each only 
sampled one time there was no control for the effect that the weather likely had. The 
sunniest day of observations occurred when sampling the lowermost altitude, which may 
have had something to do with the great frequency of millipedes that was observed. 
Physical barriers, such as the steepness of the hillside along the trail, were also a big 
factor and oftentimes this dictated where I was able to record data.  

Though I think most notably was the decision to only sample leaf litter. I believe 
this accounts for the trend that was observed and was not the best indicator of species 
abundance. Since its composition changes greatly from low altitudes to high altitudes one 
would expect that millipedes still possessed the ability to survive in an only slightly lower 
temperature environment (especially during dry season). While at higher altitudes the 
dense, tightly compact, cold, waterlogged leaf litter was not suitable habitat for 
millipedes there are likely warmer microclimates at these elevations that likely support 
millipedes until conditions are favorable (Crawford 1992) and with the decision to 
sample leaf litter millipede abundance was likely undersampled. This is not to say that 
that the trend would necessarily be skewed further toward higher elevations but could 
have increased the number and diversity of specimens found at all sites giving a more 
accurate representation of the communities at each elevation. 

Another factor that was not taken into account was nutrient availability at higher 
altitudes. Millipedes are detritovores, meaning their primary food source is dead or 
decaying material, so they are generally found around logs and in the leaf litter. The soil 
quality in these habitats is generally lower due to lower temperatures and wetter 
condtions (Illig 2010) and millipede density has been correlated with soil nitrogen ratios 
(Warren and Xiaoming 2002). No research has been done to determining threshold 
amount or Nitrogen or soil quality that is necessary for millipede survival. This along 
with other thresholds such as humidity and temperature would also be useful information 
for making this connection between millipedes and altitude. 
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For future studies I would recommend that a more diverse areas than simple just 
leaf litter be searched in order to make certain that the populations at each site do not 
differ depending on habitat preference within each altitude. Multiple samples at each day 
to account for weather, which likely plays a big role in daily activity and therefore the 
frequency N. python is encountered. With more of these variables accounted for we may 
gain better insight on the distribution of N. python and millipedes in general. 
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ABSTRACT 
 
Morphological variability within a species due to influences of their environment is a fundamental topic of 
study in biogeography. For instance, Allen’s and Bergmann's rules are two of the most studied concepts -
involving species variability and elevation. Both rules have been extensively studied in the context of 
mammals and birds. Although these principles generally do not relate to insects, other trends in with 
morphology and environment have been noted. This study looks at the potential morphological changes in 
moths (specifically wing length, body mass, and coloration) along an elevation gradient in Monteverde, 
Puntarenas Costa Rica. 7 morphospecies of moths were identified and collected from two sites. One site 
located at 1510 m in lower montane wet forest and the other at 1830 m in lower montane rain forest. The 
lengths of wings, mass, and color variations were recorded for all individual moths studied. The means of 
ratios (wing length divided by mass) for each species from both the high and low sites were compared. No 
morphological differences were found in the 7 species. Nor was any notable color variation observed. 
Although moths have been shown to vary in these morphological characteristics up an elevational gradient, 
the elevational change in this study may not have been great enough to exert changes within a species. 
Patterns may emerge if moths were sampled closer to sea level and compared to moths up here, given that 
previous studies have found differences in 600 mts of elevational change. 
 
RESUMEN 

La variabilidad morfológica entre especies debido a las influencias del ambiente es un tópico fundamental 
del estudio en biogeografía. Por lo tanto, Las reglas de Allen y Bergmann son dos de los conceptos más 
estudiados --que envuelven la variabilidad de especies y elevación. Ambas reglas han sido estudiadas 
ampliamente en el contexto de aves y mamíferos. Aunque estos principios generalmente no se relacionan 
con insectos, otras tendencias en morfología y el ambiente han sido notadas. Este estudio se enfoca en los 
potenciales cambios morfológicos en polillas (específicamente largo del ala, masa corporal, y coloración) a 
lo largo de un gradiente altitudinal en Monteverde, Puntarenas, Costa Rica. Siete morfoespecies de polillas 
se colectaron e identificaron de dos sitios. Un sitio localizado a 1510 m de altura en el bosque humedo 
montano bajo y el otro a 1830 m de elevación en el bosque lluvioso montano bajo. El largo de las alas, la 
masa corporal y variación de color se tomaron para todos los individuos de polillas estudiadas. El promedio 
de la proporción (largo ala dividido por masa) para cada una de lase species de los sitios alto y bajo fueron 
comparados. No se encontraron diferencias morfológicas en las siete especies. Así como tampoco se notó 
ninguna variación en el color. Aunque se ha demostrado que las polillas varían en estas características 
morfológicas en un gradiente altitudinal, el cambio en elevación en este estudio puede no haber sido lo 
suficientemente grande para mostrar estos cambios entre especies. Los patrones pueden surgir si las polillas 
fueran estudiadas al nivel del mar y comparadas con polillas de esta área, dado que previos estudios han 
encontrado diferencias en cambios altitudinales de 600 mts.  
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INTRODUCTION 
!
All organisms display physical characteristics defined by their environment. Climate, 
nutrition, temperature, and elevation are just a few factors that cause intraspecies 
variation. Elevation and temperature in relation to morphological variation within a 
species has been thoroughly studied in biogeography. Two of the most prominent 
hypotheses are Allen's rule and Bergmann's rule. Allen's rule relates colder temperatures 
or high elevation to individuals in a species with smaller surface area; Bergmann's to 
individuals in a species with larger size. Majority of animals and birds support these 
hypotheses (Ashton et al. 2000; Daly 1985; Ray 1960; Symonds and Tattersal 2010). 
Insects have been found to show varying trends supporting and contrasting Bergmann's 
rule (Blanckenhorn and Demont 2004; Daly 1985). 
   Criteria other than heat loss are often attributed to why insects show variation in 
species. Insects are generally very small and do not maintain endothermy, so they are 
unlikely to be as affected by heat loss. A study has shown insects have darker coloration 
at higher elevations in order to absorb more heat (Hodkinson 2005). Intraspecies 
variation in insects also has been correlated to nutrition and flight. Flying insects such as 
moths and butterflies increase wing size with elevation (Hodkinson 2005). Increased 
wing size allows flying insects to better navigate in thinner air at higher elevations and 
have better stability in windy conditions that are often greater at higher elevations. Insects 
are good organisms to study on elevation gradients because they are very species rich and 
encompass a wide variety of physical features within the class. Investigator beetles were 
found to have more mass at higher elevations than lower populations (Smith et al. 2000)  
 Moths overall show variation for the same morphological features as species of 
insects. Members of Geometridae, a family of moths, decrease body size with increasing 
elevation in an Andean montane rainforest (Brehm and Fiedler 2004). Contrastingly six 
macromoth species (1 in Costa Rica and 5 in North Carolina) had larger bodies at higher 
elevations (Sullivan and Miller 2007). Other variations in moths have been observed 
related to many factors.  Helicoverpa punctigera, a species of Australian moth, varies 
morphologically when exposed to colder temperatures or pesticides (Hoffmann et al. 
2002). Additionally moth size fluctuates with nutrition and temperature (Danthanarayana 
1976).            
 This study focused on morphological changes in moths on an elevation gradient 
based on the previous observed variability in species of moths with elevation. 
Specifically wing length, body mass, and coloration were recorded. Moths may show 
become larger or have bigger wings as elevation. Their colors may become darker to 
absorb more heat. Overall differences should be expected in moths at different elevations. 
Understanding the variability of insects across elevation further current knowledge of 
insects and overall variation of animals with elevation. 

MATERIALS AND METHODS 
 
Study Sites 
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The first site was located 25 meters on the Principal Trail from its beginning near 
Biology Station in Monteverde, Puntarenas, Costa Rica. The study site was at 1510 m of 
elevation and is classified as lower montane wet forest by Holdridge Life Zone 
Classification (low site).  The second study site was located five meters to the right of the 
Continental Divide and Principal trail junction on the Continental Divide trail. The study 
site was at 1830 m of elevation and is classified as lower montane rainforest (high site). 
At both study sites a white sheet hung from a branch protruding over the trail allowing 
for maximum visibility in either direction. One vertical bar black light around 10 
centimeters long was used. The black light was tied to a branch above the sheet and hung 
so it was around 12 centimeters from the top of the sheet and centered. A standard 
flashlight was also projected onto the sheet. The flashlight was situated at ground level 1 
meter from the sheet and directed at its center. 
 
Moths were collected for four nights at the low site and for three nights at the high site 
from 5:30 pm - 9:00 pm. Moths were collected and brought to the lab for measurement. 
Moths were categorized into morphological species by the following characteristics; wing 
color pattern, antennae, wing shape, eye position and presence of hairs on the thorax or 
abdomen. The two sites shared seven morphological species in common. Wing lengths 
were recorded by hand with calipers to the nearest .01 in millimeters. Wing length was 
measured from the beginning of the costal margin (where the wing touches the body) to 
the apex (point on the end of the wing) (Figure 1). Only right wings were measured 
unless damaged (Sullivan et al. 2007). Mass was recorded to the nearest .001 in grams. 
Color was observed with the naked eye and no other method was used for color.  
 

 
Figure 1. Illustration of a moth wing for measurement. Wings were measured from the 
beginning of the red line (left to right), beginning of costal margin, to the apex  (end of 
the red line). 
 
Additional Observations 
 
After the first night of data collection at the low and high site a bias was established for 
catching moths. Only moths that reflected features of morphological species found in 
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both sites were captured. Though some moths were found later to not be of the same 
morphological species as previously caught.  
 
RESULTS 
 
Overall seven morphological species were recorded in the low and high sites. The sample 
sizes for each species was: Species 1: 3, 2 (low, high); Species 2: 2, 14; Species 3: 3, 8; 
Species 4: 3, 2; Species 5: 2, 2; Species 6: 6, 9; Species 7: 1, 2.  There was a range of 
11.07 - 32.27 millimeters for wing length (mean +/- sd = 16.93 ± 4.66) and a mass range 
of .012 - .344 (.058 ± .075) grams for all individuals.  
 
There was no significant differences in the wing ratio for any of the seven morphospecies 
(species 1: (df = 2.64 t = .45 P = 0.69); species 2: (df = 8.52 t = .56 P = .59); species 3: 
(df = 4.11 t = -1.17 P = .3); species 4 (df = 2.76 t = -1.06 P = .37); species 5 (df = 1.41 t = 
-2.4 P = .19); species 6 (df = 10.42 t = .78 P = .46); and species 7 (a t-test could not be 
performed due to the sample size of the low site). 
 
The mean ratios for wing length to mass for each species at both sites are: species 1 (low 
site mean +/- sd = 131.61 ± 77.76, 160.63 ± 64); species 2 (132.83 ± 9.85, 153.35 ± 
42.29); species 3 (395.38 ± 115.52, 311.61 ± 115.52); species 4 (457.74 ± 198, 240.65 ± 
198.13); species 5 (469.81 ± 147; 195.45 ± 67.81); species 6 (374.98 ± 250.96, 475.41 ± 
237.35); and species 7 (897.06, no standard deviation could be calculated because of one 
individual in the sample, 1868.75 ± 61.87) The following data has been illustrated in 
Figure 2. 
 
For all the moths collected at both sites including moths of the seven morphological 
species and other moths collected. 82 moths from the low site (724.62 ± 904.33) were 
slightly lower than 117 moths from the high site (731.1 ± 1102.54) and no significance 
(df = 192.1 t = .05 P = .96).  
 
No major differences were observed in coloration of the seven morphological species. In 
one species the individuals in the low site had a slightly different color. However the 
difference was not necessarily darker; low site individuals had a dark gray coloration 
while high site individuals had a more dark green coloration. Across all morphological 
species moths of all colors (white to black) were collected at both sites. 
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Figure 2. The mean ratio of wing length (mm) divided by mass (g) for all seven 
morphological species collected at both sites (low and high). No intraspecies comparisons 
were found to have significant difference. Error bars are one standard error. 
 
DISCUSSION 
 
None of the seven morphological species had significant differences between high and 
low populations for wing length to mass ratio or color. Also overall census of collected 
moths yielded no significant results. This differs from previous studies that found moths 
to be bigger at higher elevations (Sullivan and Miller 2007). The most likely cause of this 
difference is that elevation difference most likely was not enough to constitute variation 
within studied species of moth. Similar studies involving moths generally had a 600 m 
difference in elevation between populations of species of which significant differences 
were found (Sullivan and Miller 2007).  In this study there was a 320 m difference in 
elevation a little more than half the difference of other studies. Similarly moths show 
morphological differences with a temperature difference of 18 degrees Celsius (from 25º 
C to 7º C) (Hoffmann et al. 2002). In this study it is improbable that a 320 m elevation 
difference led to an 18 degree change in temperature.  
 The lack of elevation difference may have also meant the moths sampled 
consisted of the same population. The home range of individuals in the morphospecies 
may have overlapped. The overlap in home range implicates interbreeding between 
moths from both sites. Instead of observing high site populations and low sight 
populations, only one population for each species was observed.  
 No trends towards darker coloration at higher elevations were observed. Though it 
has been observed in other insects (Hodkinson 2005). Since most moths are nocturnal and 
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all moths in this study were nocturnal; they probably are not as exposed to selective 
pressures as much for darker coloration. Darker coloration is usually a strategy to absorb 
more heat from the environment and most heat comes from the sun during the day. 
Therefore nocturnal moths receive minimal if any benefit from darker coloration. 
 The data illustrate moths require strong selection to show variability within 
morphological species. Or possibly other influences negate the trend towards larger ratios 
at higher elevations. If the difference in elevation were greater for example sea level 
significant trends for larger moths would be expected. The ratio of wing length to mass 
would be expected to be greater. One possibility being cold temperature requires bigger 
wings to navigate thinner air (Hodkinson 2005). Therefore moths at this elevation should 
be significantly bigger than moths of sea level elevation. 
 Three morphological species (3, 4, and 5) had mean ratios greater at lower 
elevations than higher. Though still not significant, it is contrary to expected results of 
changes towards larger moths with higher elevations. The geometridae family of moths 
decreases size significantly with elevation in (Brehm and Fiedler 2004). Nutrition could 
be a factor in moth variation (Danthanarayana 1976). The nutrition available at higher 
elevations may be less causing smaller moths explaining the decrease in ratio observed 
for these species.  
 The sample size for this study was small and cannot be overlooked. However it is 
consistent with other findings of moths on elevation gradients where moth families 
showed not significant and inconsistent results (Brehm and Fiedler 2004). Overall the 
small sample size could have been a factor but not the most likely. Lack of elevation 
difference was the primary reason no significant variation was observed.  
 No support for Allen's rule or Bergmann's rule was found. As is generally 
expected with insects (Blanckenhorn and Demont 2004; Daly 1985). 
 No significance was found in the ratios of wing length to mass for any of the 
seven morphological species from low and high sites. No significant observations were 
made for coloration in the species. This indicates strong selection must occur for 
intraspecies variation in moths. The primary reason for the lack of significance could 
have been due to a lack in elevation difference in the sites. The low sample numbers also 
could have attributed but is not thought to be the primary reason. It is also a possibility 
other selective factors were working against the trend hiding it from observation.  
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ABSTRACT 

Amphibians have unique physiologies that often require specific habitat conditions. As a result, amphibians may not 
be spread uniformly throughout the environment, but instead are only found where conditions are suitable. In my 
research, I set out to study the variability in streams and how that might influence habitat selection in the glass frog 
Hyalinobatrachium fleischmanni. For stream characteristics, I measured dissolved oxygen, pH, total dissolved 
solids, conductivity and temperature, the presence of fecal coliform, as well as the canopy cover over the stream. I 
also qualitatively measured the human impact on streams by noting the odor and surface pollution at the sites. I 
measured these variables in 27 sites where no frogs were recorded and 19 sites where a total 31 frogs were found. I 
found that H. fleischmanni preferred habitats located near stream sources with lowered dissolved oxygen rates, 
lowered total dissolved solids, and higher percentages of canopy cover. Knowing the water quality habitat 
preferences of H. fleischmanni will give insight to possible future population censuses. 

RESUMEN 

Los anfibios tienen fisiologías únicas que regularmente requieren condiciones específicas del hábitat.  Como 
resultado, los anfibios pueden no distribuirse uniformemente a lo largo de su ambiente, y por el contrario 
encontrarse solo donde las condiciones son idóneas.  En mi investigación, estudié la variabilidad en las quebradas y 
como estas pueden influenciar la selección de hábitat en la rana de vidrio Hyalinobatrachium fleischmanni. Para las 
características de las quebradas, medí oxígeno disuelto, pH, sólidos totales disueltos, conductividad y temperatura, la 
presencia de coliformes fecales, así como la cobertura de dosel sobre la quebrada.  Además medí también 
cualitativamente el impacto de los humanos en las quebradas notando olores y contaminación por basura en la 
superficie.  Medí estas variables en 27 sitios donde no se encontraron ranas y en 19 sitios donde un total de 31 ranas 
se encontraron.  Encontré que H. fleischmanni prefiere hábitats con recursos localizados cerca de quebradas con 
tasas menores de oxígeno disuelto, bajos sólidos totales disueltos, y un mayor porcentaje de cobertura del dosel.  
Conociendo la calidad del agua preferidas por H. fleischmanni pude dar un una mejor percepción para futuros 
censos poblacionales de esta especie. 

INTRODUCTION 

Amphibians are a class of organisms that are very sensitive and vulnerable to their ambient 
environments. Amphibians are potentially more vulnerable to outside environments than other 
vertebrates as they have distinctive physiological and habitat requirements (Sparling et al. 2001). 
Supposed explanations to clarify why amphibians are sensitive include their porous skin, a basic 
immune system, and exposed aquatic and terrestrial stages of their life cycle (Kerby et al. 2010). 
Because amphibians have different life stages, they may also have different water criteria 
requirements for each life stage (Odum and Zippel 2008).  
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A variety of different measurements were conducted in my study to measure stream 
characteristics; these characteristics included measurements of dissolved oxygen, pH, total 
dissolved solids, conductivity, temperature, the presence of fecal coliform, as well as the canopy 
density above the stream. Odor and pollution were qualitatively measured to determine human 
impact on streams at every site.  

A dissolved oxygen probe was used to measure the amount of oxygen in the stream sites. 
Dissolved oxygen (DO) is a measure of how much oxygen is currently being used in the stream; 
if the DO rate is lower, there are usually more microorganisms or even bacteria occupying that 
part of the water source. DO tends to be lower in standing waters and higher in moving waters 
(Ryan et al. 2013). Many amphibian species prefer to breed in aquatic habitats with particular 
aquatic environmental characteristics including the current stream velocity (Sparling et al. 2001). 
Although DO rates tend to be lower in standing waters, frogs may choose to breed over these 
waters to avoid tadpole mortality in fast flowing streams (Sparling et al. 2001).  

I used a pH meter to measure the concentrations of hydrogen ions in the different sites. 
Low acidic pHs can alter the physiological ionic balance in amphibians and reduce their chance 
for survival (Boyer and Grue 1995). It can also prevent fertilization and embryonic development 
of frogs. Other studies have shown decreased embryo survival in various amphibian species due 
to the mobilization of aluminum from sediments which is caused by low pH (Boyer and Grue 
1995). Low pH is acidic and can be toxic to amphibians and other aquatic organisms; lethal pH 
limits vary widely among species though (Ryan et al. 2013). At low pHs (<4.5), ion exchange 
across the gill membrane in both fish and larval amphibians is negatively affected (Ryan et al. 
2013).  

Total dissolved solids (TDS) are any charged mobile ions including organic molecules 
and minerals that are dissolved within the stream (Weber-Scannell and Duffy 2007). TDS can 
either benefit or harm the stream and stream life; the organic molecules and minerals benefit the 
stream while there could be toxic metals and other organic pollutants that contaminate the 
stream. Water balance, atmospheric precipitation and the geology of water drainage are three 
factors that help define the composition of the TDS. TDS usually change in streams due to 
industrial effluents, water balance fluctuations, or by the intrusion of salt water (Weber-Scannell 
and Duffy 2007). There have been signs of salamander illness due to poor water quality and 
chemical exposure (Ryan et al. 2013). The overall concentrations of substances and suspended 
materials in the water source affect any organisms living in or near that particular water source; 
these substances and suspended materials include pH, inorganic salts, any organic compounds, 
metabolic waste products, dissolved gases and bacterial suspensions (Odum and Zippel 2008).  

Conductivity and temperature along with the presence of fecal coliform were measured at 
frog and non-frog sites. Conductivity provides insight into the basic properties of water which 
includes the electrochemical mobility of hydrogen and hydroxide ions in the water source (Light 

 97 



et al. 2005). Pure water tends to have very low electrical conductivity (Light et al. 2005). Fecal 
coliform tests detect any fecal matter in collected water samples.  

Canopy cover provides shade and lower temperatures to frog species. It may be favored 
as it defends against frog desiccation. It is possible that frogs choose to reside in these locations 
due to the impact diversity of other species of amphibians (Skelly et al. 2005). Canopy cover 
plays a large role during breeding season of frog species. Ponds frequently dry during the 
metamorphosis stages of tadpoles. Having a shaded canopy decreases the rate at which the pond 
or stream will dry out and increases the survival of tadpoles. A high percentage of canopy cover 
may be critical in tadpole development (Skelly et al. 2005). Because amphibians have narrow 
moisture and temperature tolerances, greater canopy densities are favored by amphibians as they 
have better-controlled humidity and temperature features (Bell and Donnelly 2006).  

I researched the water criteria requirements for habitat selection of Hyalinobatrachium 
fleischmanni, a common glass frog in the Monteverde area of Costa Rica. My study will give 
insight to future researchers on where to look for Hyalinobatrachium fleischmanni populations to 
conduct possible censuses.   

METHODS 

Study Sites 

I sampled a total of five different streams in Monteverde, Costa Rica in the Río Guacimal 
watershed during eight nights in July of 2015 (18, 21, 23, 24, 25, 26, 28, 29). These streams 
included the Santa Maria (1 frog site, 2 non-frog sites), Quebrada Rodriguez (2 frog sites, 3 non-
frog sites), Quebrada Sucia (8 frog sites, 11 non-frog sites), Quebrada Maquina (4 frog sites, 6 
non-frog sites), Quebrada Cuecha (4 frog sites, 5 non-frog sites). Figure 1 shows a map of the 
sampled streams along with the non-frog and frog sites marked.  The Río Guacimal is in a lower 
montane wet forest at 1360 meters (Holdridge 1967, Yacoe 2009). Five tributaries combine 
together to from the Río Guacimal. Before draining into the Gulf of Nicoya, the Río Guacimal 
begins in the Monteverde Cloud Forest Reserve and empties North of Puntarenas (Guswa et al. 
2007). 

Field Measurements 

I sampled from 6:30pm to 8:00pm on rainy nights and located frogs by their calls. I located any 
frog sites by walking down the stream, and I attached flagging tape to the tree on which H. 
fleishmanni was positioned. The following day between 11:00am and 12:00pm, I collected water 
samples where I had placed the flagging tape the night prior. I located 5 frogs in the Quebrada 
Sucia within 4 frog sites. I measured all stream characteristics at each site given that each site 
(non-frog or frog) was 20 meters apart from one another. I sampled water for dissolved oxygen 
(DO), total dissolved solids (TDS), pH, fecal coliform, conductivity, temperature, and canopy 
cover. I qualitatively analyzed any visible pollution and odor of the sampled streams.  
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Figure 1: Sites of where frogs were located (red) and where frogs were not located (yellow). Assume at least 
20 meters between each sampling location as samples were taken every 20 meters or until a frog was heard if 
further than 20 meters. 

RESULTS 

In total, I located and sampled 19 frog sites where a total of 31 H. fleishmanni individuals were 
found and 27 sites where there were no frogs. I used averages of each characteristic to base my 
results on which are shown in Table 1. Of nine tests performed, only three tests were significant.  
Six stream characteristics were non-significant. These non-significant characteristics included 
conductivity (non-frog 0.1 ± 0.0; frog 0.1 ± 0.0;), pH (non-frog 7.48 ± 0.1; frog 7.54 ± 0.1), 
temperature (non-frog 19.86 ± 0.3; frog 19.77 ± 0.3) and the presence of fecal coliform (all 
sources positive).Odor and visual assessments were also non-significant. Non-frog sites were 
88.89% clear of odor, and 84.21% of frog sites were clear of odor. Visual assessments are shown 
in Figure 2 below.   Dissolved oxygen (non-frog 7.96 ± 0.2; frog 7.79 ± 0.3; p=0.0304; df=44), 
total dissolved solids (non-frog 0.31 ± 0.0; frog 0.29 ± 0.0; p=0.00128; df=44) and canopy 
coverage (non-frog 81.93 ± 16.4; frog 90.04 ± 3.4; p=0.04032; df =44) were significant. Most 
frog sites were located above calm waters and non-frog sites were located over or near small 
waterfalls. Below, Figures 3, 4, and 5 represent the differences between dissolved oxygen, total 
dissolved solids, and canopy cover, respectively. 

 

Table 1: The averages of all nine tests performed along with which site 

Site DO pH Conductivity Temperature Fecal 
coliform 

TDS Canopy 
coverage 

Visual Odor 

Non-frog 7.955555556 7.477777778 0.1 19.85555556 1 0.310740741 81.93481481 1.148148148 0.148148148 
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site 
Frog site 7.789473684 7.536842105 0.1 19.77368421 1 0.288421053 90.03789474 1.210526316 0.157894737 

 

 

Figure 2: Qualitative assessment of visual characteristics of sampling sites 
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 Figure 3: The differences in dissolved oxygen between non-frog sites and frog sites 
 

 

Figure 4: The differences in total dissolved solids between non-frog sites and frog sites 
 

 

Figure 5: The differences in canopy coverage between non-frog sites and frog sites 
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DISCUSSION 

 Dissolved oxygen (DO) was higher in locations with no frogs and lower in locations with 
frogs. H. fleischmanni may prefer waters with lower DO levels as it provides better habitat for 
their tadpoles to develop in. Critically low and critically high DO levels can negatively affect the 
respiration of amphibian larval stages (Wassersug and Siebert 1975) so placing tadpoles in these 
suitable conditions will provide better development. Waters with lower DO levels are usually 
associated with standing waters (Ryan et al. 2013). Total dissolved solids (TDS) were also 
significant; TDS levels were higher where no frogs were present and lower where frogs were 
existent. Because frogs and salamanders both have permeable skins, it is only likely that the 
same poor water quality conditions will affect frog species negatively, too (Odum and Zippel 
2008). It is possible that H. fleischmanni avoids areas with higher TDS levels to prevent any 
illnesses that harmful TDS levels may cause. Canopy coverage was also significant. Frog sites 
were composed of a denser canopy cover compared to non-frog sites which had less dense 
canopy cover. Because H. fleischmanni has certain humidity and temperature tolerances, closed-
canopied forests contain suitable conditions for this particular species to select its habitat in 
(Gibbs 1998). 

Overall, I discovered that Hyalinobatrachium fleischmanni prefers and selects habitats 
near water sources with calmer water currents, lowered dissolved oxygen rates, lowered total 
dissolved solids, and higher percentage of canopy cover. The Río Guacimal watershed located in 
Monteverde, Costa Rica, meets H. fleischmanni’s minimal water criteria requirements for habitat 
selection. Because amphibians have such fragile lifestyles, every minimal requirement for water 
quality must be met. Without perfect habitat for H. fleischmanni or any amphibian, there can be 
harmful effects or even extinction. 
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ABSTRACT
Ecotouristic development in tropical rural areas puts tremendous pressure on local resources, including water.  In 
Monteverde, Costa Rica, over 200,000 tourists visit the town of 4,000 to experience its Cloud Forest reserves.  
While the reserves are tightly-controlled, the same cannot be said for wastewater.  In this study, hydrogen sulfide 
testing strips were used to indicate the presence of fecal coliform in four streams that begin in protected areas and 
pass through the Monteverde, Costa Rica human community. Sites were located on the river before and after human 
settlements. Results showed that there is a significant difference in pristine headwater sites as opposed to coliform-
containing downstream locations. They show that even a few human dwellings have an impact on delicate 
freshwater streams. In areas of high biodiversity, more care needs to be given to environmental degradation outside 
of reserves to assure high quality living standards for locals, tourists and biodiversity outside of reserves.   

RESUMEN
El desarrollo ecoturístico en áreas rurales tropicales pone tremenda presión en los recursos locales, incluyendo el 
agua.  En Monteverde, Costa Rica, más de 200,000 turistas visitan el pueblo de 4000 habitantes para experimentar 
las reservas del Bosque Nuboso.  Mientras que las reservas están altamente controladas, lo mismo no se puede decir 
de las aguas residuales.  En este estudio, tiras de prueba de sulfuro de hidrógeno se utilizaron para indicar la 
presencia de coliformes fecales en cuatro quebradas que comienzan en áreas protegidas y pasan a través de la 
comunidad de Monteverde, Costa Rica.  Los sitios de muestreo se localizaron antes y después de asentamientos 
humanos.  Los resultados muestran que hay una diferencia significativa entre el agua pristina en las nacientes, 
opuesto a las localidades quebrada abajo que contienen coliformes.  En áreas de alta biodiversidad, se necesita más 
cuidado contra la degradación ambiental afuera de las reservas para asegurar altos estándares de calidad de vida para 
los locales, turistas y biodiversidad afuera de las reservas.

INTRODUCTION

The ways in which humans impact the environment is an important field of study at the present 
moment. Our impact on natural environments can be seen in many ways, and their effects are 
widespread. Human development has caused degradation of the environment, including issues 
such as deforestation, huge losses in biodiversity and pollution of fresh water systems (Conserve-
Energy-Future 2014). These causes of concern are often the direct impact of development in an 
area (Conserve-Energy-Future 2014).  

Development for touristic purposes is something that has largely effected the community of 
Monteverde, Costa Rica. The small town of about 6,000 people sees an influx of over 200,000 
tourists every year (monteverdeinfo.com 2015). Tourism has a large impact on the local 
community and environment, both positive and negative. On the positive side is the large number 
of jobs tourist businesses create, as well as an increased quality of life for residents (Fernandez 
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Estrada 2015). But alternatively, it can negatively impact the air, water, soil, and biota of a tourist 
community (Fernandez Estrada 2015).  

Because of the large amount of preserved land around Monteverde, tourists flock here to take 
advantage of the preserved ecosystems (monteverdeinfo.com 2015). Ecotourists tend to visit 
Monteverde because the town and country pride themselves on their conservation efforts. There 
is a large amount of preserved land in and around Monteverde, but what the town lacks is proper 
waste water treatment facilities, roads and infrastructure, and enforcement of zoning (Wilkins 
2011). All of these flaws combined with the influx of people visiting the town every year makes 
for an environmentally harmful combination. Because of this, it is important that cities which are 
large tourist destinations have proper enforcement of laws to ensure the environment is not 
impacted. With ecotourism and development in mind, this study strove to test stream health of 
Monteverde.

The study conducted uses streams and measurements of hydrogen sulfide to indicate coliform 
presence and assess the overall impact of development in fresh water streams around 
Monteverde, Costa Rica. Since fecal coliform is found heavily in mammalian feces, this serves 
as a good indicator of how humans specifically have affected this environment. Headwater sites 
were chosen to contrast with sites further downstream, which are downstream from houses, 
hotels and businesses. Expected results would be to see headwater sights with little or no 
hydrogen sulfide, and increasing content as you go further downstream. Choosing sites before 
and after human settlements was vital to this study, as it is the best way to measure the stress that 
human communities put on local ecosystems. 

METHODS

Hydrogen sulfide (H2S) tests are simple, easy to interpret and have moderate to high accuracy 
when testing for fecal contamination (Wright et al. 2011). That is why hydrogen sulfide strips 
were chosen for use. The testing strips work by indicating whether hydrogen sulfide is present, 
and at what level. Hydrogen sulfide is produced by fecal coliform bacteria in the water (World 
Health Organization 2002). There are natural bacteria which exist in river systems and can 
produce H2S, so there is some margin for error (National Bureau of Economic Research 1994), 
but most often H2S comes from human sources (World Health Organization 2002). 

Study Sites 

Sites were chosen based on their location along the stream. Four sites were close to the 
headwaters of the streams in protected forest, and the other five downstream in deforested areas 
with at least some houses or businesses. One headwater sample site (labelled Sucia headwaters) 
was provided by Adam Stein and only contained 4 samples, but the data were collected in the 
same manner. Figure 1 marks the exact locations of each site and their corresponding labels. 
There are three streams in which samples were collected from, which are the Quebrada Sucia, 
Quebrada Maquina, and Quebrada Cuecha. 
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Along stream 1, Quebrada Sucia, Sucia Headwaters (SH) is the headwaters, Sucia Downstream 1 
(SD1) is the intermediate point along the stream, and Sucia Downstream 2 (SD2) is the furthest 
down this stream that samples were taken (see Figure 1). In stream 2, named Quebrada Maquina, 
the headwaters come from two smaller streams which merge together and are labelled Maquina 
Headwaters a (MHa) and Maquina Headwaters b (MHb), downstream samples are Maquina 
Downstream 1 (MD1), and Maquina Downstream 2 (MD2). Stream 3 is called Quebrada Cuecha 
and has only two samples, Cuecha Headwaters (CH) as the headwaters and Cuecha Downstream 
(CD) further downstream. 

Sites CH, MHa, MHb and SH were the headwater sites and located in heavily forested and 
protected areas, farther away from any development. Sites CD, MD1, MD2, SD1 and SD2 
(downstream sites) were in more developed areas. All had houses or stores nearby and for the 
most part were not surrounded by forest. Q. Sucia Downstream 1 was directly next to a Pizzeria, 
while Downstream 2 was down below an area of houses.Q. Sucia also has the largest amount of 
development along it (Rhodes et al. 2010). Quebrada Cuecha Downstream site is directly next to 
the Monteverde Cheese Factory and has homes on the other side of the stream. Maquina 
Downstream 1 is right near a hotel with 26 rooms, but only downstream from a few houses. 
Maquina Downstream 2 has houses on either side of the it. 

Samples were collected in two different Holdridge Life Zones: lower montane wet and pre-
montane wet forest. The four headwater sites were a part of the lower montane wet forest zone, 
and are between 1450 and 1600m in elevation. The other five samples are a part of the pre-
montane wet forest zone and are between 1300-1450m.  

Procedure 

Glass vials were cleaned and then marked with the name of the test site prior to visiting. 10mL of 
water was collected from the nine sample sites around the Monteverde, Costa Rica region. Ten 
samples were taken at each site, with the exception of site 9, which only had four. After 
collection, they were brought indoors to complete the rest of the procedure. 

Testing strips measuring sulfide content in parts per million (ppm) of the streams were used. For 
each site, ten vials of 10mL of stream water were collected. Ten drops of peptone and a testing 
strip were then added to the 10mL samples. Strips were then allowed a period of 26 hours to sit 
in the water peptone mixture. If the strips were positive for H2S, they will have turned a darker 
brown color. If the strips are negative, they will stay white. Strips will turn brown if H2S in the 
water reacts with the peptone (Wright et al. 2011). Strips are lastly taken out of the vials, 
identified and placed into one of five categories of ppm: 0, 0.3, 0.5, 1 or 2 based on the color of 
the strip and indicators on the side of the strips’ container. 

Additional Observations 

Most sites were clean of any trash, with the exception of SD1 and SD2. SD1 was next to a 
restaurant, and had a few pieces of trash in the stream. SD2 was below a number of houses, and 

 125 



had trash along the mountainside. Both streams also had a foul (sulfur) smell to them. MD2 had 
a sulfur smell as well. Water at CD, next to the Cheese Factory had cloudy water. All headwater 
sites had clear water with no foul smell. One last factor is that pipes were seen going directly into 
the stream systems from dwellings just upstream from SD1. It is presumed there are more of 
these located in other areas around the downstream sites. 

Figure 1. This map of the streams of Monteverde, Costa Rica shows the exact locations water 
samples were collected to look for coliform bacteria. The distance between Cerro Plano label and 
Monteverde labels is about one kilometer.  Houses are marked by black dots, sample sites by red 
dots. The numbered sites were labeled as follows. Sites along Quebrada Sucia are labeled Sucia 
headwaters (SH) and Sucia downstream (SD). Because there are two headwater sites for 
Maquina, they are labeled MHa, MHb and downstream site is MD1. Cuecha sites are CH, CD. 

RESULTS

A One-Way ANOVA was performed on the data. The results showed that there is significant 
difference between sites (ANOVA, between groups F = 15.53232, df = 8.00 , p =3.18634E-13). 
According to the Scheffe’s contrast among pairs of means test at the p , 0.05 level, there are two 
groups of sites that cluster: sites SH, CH, MHa, MHb and CD are one group, and sites SD1, SD2, 
MD1, MD2 and CD are a second group. Group one contains all headwater sites as well as 
Cuecha Downstream, and all in group two are downstream sites. Cuecha downstream was not 
significantly different from either group, with a mean standard error of 0.20987. All of the 
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headwater sites were not significantly different (p values>0.05). Figure 2 shows the coliform 
presence in water sampled at each site, represented in mean sulfide content in parts per million. 

 

Figure 2. Mean sulfide content in parts per million of each sample site with standard error bar for 
each. Line over bars indicate groups which were not significantly different based on Scheffe’s 
contrasts among pairs of means at p>0.05. 

DISCUSSION

Headwater sites were free of H2S, except for five samples from the MHb site which had trace 
amounts between 0.3 and 0.5 ppm.  This site is in the forest above the Biological Station.  Since 
there are no houses and the forest is intact, there is no good explanation for the source of 
coliform at this site.  As vials were not sterilized, there is always the possibility of contamination.  
Further, non-coliform bacteria are capable of producing H2S and they could be present even in 
pristine water.  Nonetheless, MHb was not significantly different from the water at other 
headwater sites that had no coliform bacteria at all.  

The Cuecha Downstream is one result that was unexpected. The CD sample was collected right 
next to the Monteverde Cheese Factory which makes cheese, butter and ice cream and deposit 
certain treated industrial waste into the stream (Welch 2008). The Cheese Factory was the first 
large voluntary wastewater treatment project in Monteverde (Welch 2008), and may explain this 
low result. The Quebrada Cuecha also has a higher stream flow, which could dilute the coliform 
(Water.epa.gov 2015). In addition, industrial waste treatment may include chlorine or other 
agents that could control coliform bacteria at this site.  

The Maquina Downstream 1 sample is also an outlier, as it was expected to test lower since it is 
near the headwaters with few houses nearby. The reason for the observed trend could be simply 
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that the homes upstream have no treatment and go unregulated, therefore dump all or most of 
their raw waste into the stream. These homes upstream from the MD1 sample are more isolated 
than the others (i.e. compared to those homes in the larger town of Santa Elena) which are 
clustered together and near more activity. The MD1 sample being right next to a Hotel could also 
help explain this result, as the large number of rooms could be dumping waste. It is possible that 
the large number of rooms is similar to having a lot of houses along this stream. This does seem 
unlikely, though, as the Hotel has been awarded the top 5 levels for sustainability and makes a 
commitment to sustainable practices (hotelbelmar.net 2015). This is not to say that it’s 
impossible, as corruption in the government has been shown to influence the so-called 
sustainable practices in which businesses conduct themselves (Miller 2010).  

In agreement with the data collected, studies have shown that plotting the sum of base cations 
against the sum of acid and salt anions in the stream samples collected along Q. Sucia show that 
pollution strongly effects the water chemistry (Rhodes et al 2010). While the area of forest cover 
upstream from the Cheese Factory protects it from extreme pollution, Q.Sucia has a larger 
density of people living there (Rhodes et al 2010). Along with this, a recent study showed that 
the macro invertebrate community was not compromised at the MD2 site, where the Cheese 
Factory is located (Schriemer 2015).  One suggested reason is the importance of forest Preserves 
in Monteverde, which limits the amount of pollution along the stream of MD2 (Rhodes et al 
2010). These studies correlate with results found, and may help to explain why MD2 tested so 
low.  

In general, as soon as streams left the forest and passed by even a few houses, H2S levels 
increased dramatically, suggesting the presence of coliform bacteria. Headwater sites were all 
significantly different from samples downstream, with the exception of CD. These results show 
that humans have an impact on the health of these freshwater systems. In the town of 
Monteverde, which is known for its pristine forests, it is odd that the streams are allowed to 
become so polluted so quickly. In 2007 it was shown that only three percent of blackwater in 
Costa Rica was being treated before going back into the system (Tico Times 2007). Furthermore, 
in a place which prides itself on environmental conservation efforts, it is irresponsible that 
sewage is not properly handled (Tico Times 2007).  

One solution to this issue would be to require septic systems. Dumping wastewater directly into 
streams is illegal in Costa Rica (Aresep.go.cr), so strict enforcement of this needs to happen in 
order to see clean water systems. In places where it is obvious of this activity, pipelines could be 
easily identified and operations could be shut down. Because Costa Rica does not have 
wastewater treatment plants, it is important that individuals have septic systems to keep waste 
out of the river system (Pollution Control 2015). With strict enforcement of this principle, it would 
tremendously help the amount of pollution seen in the streams of Monteverde. 

Regardless of the few outliers, I believe the trends observed still show significant evidence of the 
large effects that humans have on their surroundings. Altering the environment is something that 
humans have done for years, whether intentional or unintentional. River and ocean systems have 
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high resiliency, but can only deal with so much waste in the system. Fecal coliform has been 
shown to rise along with growth rates and income, which could correlate with the tourist 
community in Costa Rica (Shafik & Bandyopadhyay 1992). The large number of tourists that 
visit the Monteverde area every year puts pressure on all of its systems, including the streams. In 
a town which prides itself on sustainable practices, stream health should take a higher priority. 
The importance of stream health goes beyond the health of humans, as biodiversity can be lost 
when bacteria and other unnatural substances are added to freshwater systems. There should be 
more importance put on stream health outside of reserves, as the quality of the ecosystem affects 
locals and tourists alike. 
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ABSTRACT 
  
Study abroad provides opportunities for personal growth, language acquisition, 
intercultural development, academic and career enhancement. As shorter study abroad 
experiences become the norm, developing an efficient, concise, and academically 
rigorous curriculum is key, particularly for STEM disciplines. The Council for 
International Education Exchange (CIEE) is developing a three-week study abroad 
experience for high school science students. In the first week the students study 
biodiversity in Corcovado National Park, Costa Rica. This project modifies World 
Wildlife Fund’s (WWF) grades 8-10 biodiversity curriculum called Windows on the Wild 
(WOW) Biodiversity Basics. WOW examines four facets of biodiversity: What is it? 
Why is it important? What is the status? and How to protect it? This study modified the 
activities in WOW to focus on Costa Rican biodiversity, engage students in biology while 
studying abroad, and to allow students to apply lessons within the context of Costa Rican 
conservation efforts. The result is a current, professionally constructed and properly 
vetted curriculum with elements of both cultures that will bridge the gap and make even a 
short study abroad experience interactive and academically sound. After this process it 
was found that there is a lack or curricula development for short study abroad 
experiences, even though students are requesting these experiences at higher and higher 
rates.  
 
RESUMEN  
 
Estudios en el extranjero provee oportunidades para el crecimiento personal, adquisición 
de nuevos idiomas, desarrollo intercultural, y mejoramiento académico y de la carrera.  
Al ser ahora la norma estudios en el extranjero cortos, desarrollar un curriculum eficiente, 
conciso, y académicamente riguroso es esencial, particularmente para disciplinas de 
STEM (por sus siglas en ingles).  El Consejo para el Intercambio Educacional 
Internacional (CIEE por sus siglas en inglés) esta desarrollando una experiencia de 
estudio en el exterior de tres semanas para estudiantes de ciencia de colegio.  En la  
primera semana los estudiantes estudiaran biodiversidad en el Parque Nacional 
Corcovado, Costa Rica. Este proyecto modifica el curriculum del World Wildlife Fund 
(WWF) para estudiantes de 8-10 grado llamado Ventanas en lo Salvaje (WOW por sus 
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siglas en ingles) lo Esencial de la Biodiversidad, WOW examina cuatro aspectos de la 
biodiversidad: Qué es? Por qué es importante? Cuál es su estado? y Como protegerlo?  
Este estudio las actividades del WOW para enfocarse en la biodiversidad de Costa  
Rica, enganchar estudiantes en biología mientras estudian en el extranjero, y para 
permitir a los estudiantes aplicar estas lecciones dentro del context de los esfuerzos de 
conservación de Costa Rica. El resultado es un curriculum actual, construido 
profesionalmente e investigado adecuadamente con elementos de ambas culturas que 
cerraran el hueco y harán la experiencia de estudios en el extranjero más interactive y 
académica.  Después de este proceso se encontró que existe una falta de desarrollo de  
curriculum para las experiencias de estudio en el extranjero cortas, aunque los estudiantes 
están requiriendo estas experiencias a mayores tasas. 
 
INTRODUCTION 
  
Study abroad experiences provide opportunities for personal growth, language 
acquisition, intercultural development, academic and career enhancement, as well as 
many other benefits (Dwyer and Peters 2004). An important element is careful 
curriculum development that enhances and hones the experiences to meet these goals 
(Sammons et al. 1995). As 56% of all students who choose to study abroad participate in 
a short-term program (Cheleffo and Griffiths 2004), effective curricula becomes an even 
bigger challenge. Most high school students are choosing to study abroad for only a few 
weeks and their experience can often become a series of tours with no clear learning 
goals, outcomes, or curriculum (Hulstrand 2006). If it is a goal that high school students 
receive a meaningful global experience, even on short-term study abroad programs, an 
integral component will be a carefully constructed curriculum.      
 
Science, Technologies, Engineering, and Mathematics (STEM) education programs, 
generally, have a demanding curriculum. In the past STEM students have not studied 
abroad in as high rates because they cannot take time out of their structured, intense 
programs (Hulstrand 2006). In 2008, 3.2% of all students studying abroad were STEM 
majors. Although this number is small, it has increased from years past and is continuing 
to increase each year because of increased program offerings with STEM disciplines 
(Leggett 2011). For study abroad, this means that STEM study abroad programs must be 
as academically rigorous as their United States coursework.  
  
To fill this void, existing United States curricula can be modified to fit a study abroad 
context. Even in the United States curricula is constantly being modified to better suit the 
needs of educators while meeting state and national standards (Glatthorn et al. 2006). 
Glatthorn et al. (2006) gives suggestions as to how teachers can adapt curriculum to meet 
standards while ensuring quality. These ideas can be used in a global context as well. 
While modifying curricula for a global setting, it is still possible to meet STEM, state, 
and national standards. This study focuses on creating a high- quality, short-term study 
abroad experience for high school students by modifying an already existing curriculum.  
  
Here, I modify a biodiversity curriculum, by World Wildlife Fund (WWF) (Braus et al. 
1999) titled Windows on the Wild Biodiversity Basics (WOW). This curriculum is for 8th-
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10th grade and include activities that teach students about biodiversity. The goal of WOW 
is to introduce students to fascinating topics related to biodiversity, challenge students 
with thought-provoking questions, and encourage students to explore and analyze 
environmental issues from an informed position (Braus et al. 1999). WOW achieves this 
goal by framing four questions that divide the curriculum into four different themes. 
These themes are: (1) what is biodiversity? (2) why is biodiversity important? (3) what is 
the status of biodiversity? (4) how can we protect biodiversity? (Braus et al. 1999). The 
modifications for this study must fit into a three-week high school study abroad trip to 
Costa Rica led by Council on International Education Exchange (CIEE). The WOW 
curriculum needed to be updated and the activities adapted to highlight the unique 
ecological diversity Costa Rica. This paper presents how I was able to modify a 
curriculum published by WWF to better teach Costa Rican biodiversity to U. S. high 
school students studying abroad.  
  
METHODS 
 
Study Site 
 
The students spend the first week of the program learning about biodiversity in 
Corcovado National Park, Costa Rica. Corcovado National Park (CNP) is a fantastic spot 
to learn about biodiversity, as it is considered one of the most ecologically diverse spots 
in the country. Currently, there are 26 national parks in Costa Rica. They are managed by 
the Sistema Nacional de Areas de Conservacion. CNP is one of the largest parks, 
expanding over 42,451 hectares (Travelcostarica.nu 2015). According to the Holdridge 
Life Zone classification system, CNP is a tropical wet forest. Previous studies have 
shown tropical wet forests to have the highest diversity of species. This is because 
tropical wet forests host optimal conditions for high plant growth and high niche 
portioning among species (Kohlmann 2011).   
 
CIEE Program Structure and Goals  
  
In the duration of this study abroad trip, students will spend three weeks in Costa Rica. 
The first week students learn about biodiversity in CNP. The second week students spend 
on Isla Chira in the Gulf of Nicoya, where they study sustainability and the impact 
fishing has on the local economy. The third week students spend in Monteverde, Costa 
Rica at the Biological Station where they learn about ecotourism and human impacts on 
the environment. CIEE’s objectives for this program are that the students engage with 
topics related to biodiversity and biology. They allow students to apply lessons within the 
context of Costa Rican conservation efforts. They also hope to introduce students to 
elements of both cultures that will bridge the gap and make this program interactive and 
academically sound.  
 
Procedure 
 
WOW is funded by WWF, a leader in conservation efforts globally. An involved team of 
scientists, researchers, curriculum developers, educators, teachers, nature center directors, 
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environmentalists, zoo directors, and so many others contributed to the development of 
this well-rounded curriculum. Therefore, this curriculum echoes a wide variety of voices 
and opinions and tries to take an objective look at biodiversity so students can form their 
own opinions. Moreover, vast human resources were required and this has been 
appropriately tested/evaluated by teachers across the United States.  
 
To begin this study, every activity was critically examined to see if it would meet the 
criteria to be included for the high school students. Notes were taken on each part of the 
activity. Activities were assessed by sorting them into five categories: (1) good, needing 
no revisions, (2) good, needing updated information but no content revisions, (3) good, 
but needing revisions, (4) should be omitted with a replacement, (5) should be omitted 
with no replacement. Activities that were categorized as “good” were activities that were 
age-appropriate, outside, and focused on biodiversity in the Tropics.  
   
After every activity was reviewed, interviews were conducted with environmental 
education (EE) professionals that work in Monteverde. Carol Yang, the EE coordinator at 
the Cloud Forest School in Monteverde was interviewed to gain an insight about how she 
teaches high school students science with an environmental focus. Mercedes Diaz, an EE 
teacher with the Cloud Forest Reserve in Monteverde was interviewed as well. She gave 
a perspective about designing EE curricula for a wide variety of age groups and 
suggestions about how to get students outside and interacting with nature. These 
interviews helped to narrow down which activities should be included in the final 
curriculum and which activities need to be modified for CIEE purposes.  
 
Next, select WOW activities were modified while others were simply adopted as is. 
Some activities needed to be modified to teach Costa Rican biodiversity rather than 
biodiversity in the United States. These were small modifications. For example, the 
taxonomy activity used species native to the United States. I modified this to teach 
students about taxonomy with species native to Costa Rica. Some activities needed larger 
modifications that were more age-appropriate or increased the level of difficulty. Many 
activities also needed to be modified to adjust the location and setting because the 
suggested location is a classroom. I modified these activities to be outdoors or added a 
hike to go along with the activity. I also modified some activities to be indoor, rainy day 
activities, as it rains frequently in CNP. After all the modifications were made, I designed 
the new materials for certain activities. For example. I made cards and worksheets that 
demonstrated how the new Costa Rican focused would be performed.  
 
Finally, the last part of this study was looking at other EE curricula online. I researched 
teaching biology and biodiversity to high school students. From my research I was able to 
include extra or bonus activities that teach biodiversity within the WOW philosophy and 
framework. I made necessary modifications to these activities as well. Any activities that 
are not from WOW are noted in Appendix A.  
 
RESULTS  
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I present a booklet containing all of my suggested activities based on WOW (Appendix 
A). Each activity has a title, directions, a journal assignment for after the activity is 
finished, and game materials if necessary. This booklet contains an introduction and short 
description of each of the four sections. This format follows the format of WOW very 
closely and should be used in conjunction with educator and student materials of WOW.  
 
My suggested activities follow very closely to the original activities in WOW. Some of 
the activities did not change at all and that is noted in the booklet. Most of the activities 
were modified slightly to highlight aspects of biodiversity specific to Costa Rica. Some 
parts of the activity were completely omitted because they seemed too young for high 
school students. Some of the omitted parts were not replaced, while some parts of the 
omitted activity were replaced with a hike or more age-appropriate activity. Rain was 
considered when making other modifications so that some activities could be done 
indoors instead of outdoors. If activities can be adapted to be indoors that is noted in the 
booklet as well. There are a few activities that have been drawn from other curricula. 
These activities have been noted as well. Finally, the goal of this curriculum is to not use 
technology or rely on it for any sort of activity or lesson. There is little to no wifi 
connection at CNP so using technology is not reliable. Students today use so much 
technology in their personal life and at school that it is important for CIEE to expose 
students to learning without technology. It is important that CIEE staff can connect with 
students in ways that does not involve technology either.    
 
DISCUSSION 
 
Modification of an existing curriculum proved to be an effective way to develop a quality 
program for students studying abroad with limited time and resources. My modifications 
still met the goals of WOW, which are to introduce students to biodiversity, pose 
challenging questions, and encourage them to explore environmental issues (Braus 1999). 
My modifications also met the goals of CIEE by having students engage in an 
academically sound global experience that meets the standards of STEM. In these 
activities students had the opportunity to learn about Costa Rican biodiversity while 
comparing it to temperate forests similar to something they may have already been 
exposed to in the United States. In my modified WOW program, students are introduced 
to tropical biology and fieldwork in a short period of time and with academic rigor.  
 
My results also show that WOW met its intended goal of creating a curriculum that can 
work for a variety of situations. Another one of WOW’s main objectives was for 
educators to be able to tweak and use the curriculum to best fit their purposes (Braus 
1999). Since I was able to modify their curriculum to suit my needs, this proves they have 
met their goals too. Moreover, this indicates that WWF is effectively teaching 
biodiversity to students in the United States and now Costa Rica. However, issues, 
problems, and general information about biodiversity have changed over the past 15 
years. Students learning about biodiversity today have different needs. My results 
indicate that WOW’s curriculum should consider adapting to changes in biodiversity 
today and focusing more on current student’s needs. Many of the modifications I made 
were honing the activities to more accurately reflect the status of biodiversity. These 
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modifications more accurately inform students and open up more discussions about 
environmental issues. For example, climate change affects have drastically impacted our 
planet and biodiversity. In fact, many experts attribute climate change to the huge loss in 
biodiversity. Climate change is such a hot topic today and is barely discussed in WOW. 
Discussing the impacts of climate change would better serve the students studying 
biodiversity.   
 
In addition, my results conclude there is a lack of curricula development specifically for 
study abroad trips. As trends have shown, popularity in short-term study abroad trips has 
increased rapidly (Chieffo and Griffiths 2004). There is a high demand for these types of 
study abroad trips that still need to meet United States education standards. These 
curricula will not be the same as a traditional study abroad program that happens over the 
semester, it needs to be concise, hands-on, effective, and exciting.  
 
There needs to be more curricula development for organizations such as CIEE and other 
study abroad trip organizers because that is what educators need and want. Study abroad 
programs that are short-term should be exciting and fun, but not lack in educational rigor 
(Hulstrand 2006). Without the development of curriculum, teachers, faculty, and trip 
organizers have no resources and materials to draw from. The reason short-term study 
abroad experiences are associated with glorified vacations is because example curricula 
for these experiences are absent, thus instructors are at a loss for activities, readings, 
homework assignments etc. Therefore, they fall back on tourist attractions and the 
distinction between glorified vacation and short-term study abroad disappears. Educators 
and students should demand more from study abroad, requiring high quality academics in 
addition to logistics and lodging. Study abroad should respond with high quality curricula 
that take full advantage of the opportunities study abroad present. 
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ABSTRACT 

Environmental education is important all over the world, but particularly in areas with high 
biodiversity and accelerating environmental threats, like rural tropical communities. The tropics 
contain 50% of all species, which attract tourists, but face climate change and habitat destruction. It 
is vital for students in the tropics to learn to appreciate and protect biodiversity around them but 
resources to develop appropriate environmental curriculum are scarce. Here, I adapt professionally 
constructed and vetted curriculum from the United States for use by students at the Cloud Forest 
School in Monteverde, Costa Rica. The curriculum focuses on amphibians and reptiles for second 
grade emphasizing species and conservation concerns for Costa Rica and Monteverde. The 
curriculum has multiple lessons plans, including ones that explore climate change and conservation 
in Monteverde. The curriculum presented in this report shows how rural tropical communities can 
adapt curricular materials from industrialized economies to provide effective local environmental 
education using limited local resources.   

RESUMEN 

La educación ambiental es importante alrededor del mundo, pero particularmente en áreas con una 
gran biodiversidad y una aceleración a las amenazas al ambiente, como en las zonas rurales 
tropicales.  Los tropicos contienen 50% de todas las especies, lo que atrae turistas, pero se enfrenta al 
cambio climático y desturcción de hábitat.  Es de vital importancia para los estudiantes en los 
trópicos aprender a apreciar y proteger la biodiversisdad alrededor de ellos, pero los recursos para 
desarrollar un apropiado currículum ambiental son escasos.  Aquí, yo adapto un currículum 
profesional y estudiado de los Estados Unidos para el uso de los estudiantes de la Escuela Creativa 
en Monteverde, Costa Rica.  El currículum se enfoca en anfibios y reptiles para segundo grado 
enfatizando en las especies y preocupaciones de conservación para Costa Rica y Monteverde.  El 
currículum tienen mútiples planes para lecciones, incluyendo alguans que exploran el cambio 
climático y la conservación en Monteverde.  El currículum presentado en este reporte muestra como 
las comunidades tropicales pueden adaptar materiales curriculares de economías industrializadas 
para proveer educación ambiental local efectiva usando los limitados recursos locales.!
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INTRODUCTION 

Education is extremely important to youth. Through education, students become more 
knowledgeable and can take what they learn inside the classroom and apply it to their lives. With 
environmental education, students are becoming aware of the issues going on in nature. 
Environmental education lays a foundation for which environmental stewardship can be built upon. 
It is important for environmental educators to encourage the development of pro-environmental 
behavior (Kollmuss & Agyeman 2002). In multiple cases, behavior that is deemed environmentally 
appropriate was demonstrated by students outside of the classroom when they were instructed how 
to act (Hungerford & Volk 1990). Citizens who are aware, understand, and have concerns about the 
environment and its problems are environmentally responsible (Hungerford & Volk 1990). An 
individual who has an intention is more likely to take action, but that being said, the intention is 
dependent upon varying factors (Hines et al. 1987). One factor that influences intention is 
knowledge, because in order for action to be taken, there has to be an awareness that the issue is 
going on (Hines et al. 1987). Environmental education is important because it provides needed 
knowledge and awareness. 

Nowhere is the need for environmental education curriculum greater than in rural tropical 
areas. There is importance in providing people in the tropics with quality environment education 
because it is currently not there (Şekercioğlu 2012).  The tropics are a biodiversity hotspot, with an 
abundance of species (Brown 2013). It is important for people to know about the biodiversity within 
the tropics and the problems it faces. Environmental education in the tropics supports conservation. 
The conservation efforts that are missing local grassroots support and understanding do not work out 
(Şekercioğlu 2012). One reason this occurs is because the local people lack knowledge and 
appreciation of the biodiversity they have in their area (Şekercioğlu 2012). While conservational 
efforts are important and vital to the community, many fail to provide local people with knowledge 
about ecosystem services and biodiversity (Şekercioğlu 2012). If conservational efforts are not 
providing locals with the information they need, they will not understand why it is important these 
conservational efforts take place, and may therefore oppose them (Şekercioğlu 2012). Environmental 
education in schools must take on the task of educating students to be advocates for the biodiversity 
around them. 

While environmental education is important in the tropics it can be difficult to find. Research 
has shown the quality of education is still low in developing countries (Verspoor 1989). The quality 
of education is extremely important and greatly contributes to the success of the students and the 
institution. One of the universal goals of environmental education is to encourage citizenship 
behavior that is responsible (Hungerford & Volk 1990). In both developing and developed countries, 
environmental education objectives include awareness, sensitivity, attitude, skills, and participation 
(Hungerford & Volk 1990). While these objectives can be applied all over, there needs to be 
curriculum specifically for the tropics. There are a variety of topics that need to be discussed in 
tropical curriculum, such as species population declines. There has been a significant decline in 
density of amphibians and reptiles in primary forests of La Selva, Costa Rica (Whitfield et al. 2007). 
Animal population changes have been observed to occur as a response to climate change (Pounds et 
al. 1999). This is important information for students in tropical regions, such as Costa Rica, to know 
and understand. Environmental educators and teachers could work with biologists and 
conversationalists to adapt the curriculum to provide local information.  

Monteverde, Costa Rica is a rural tropical montane community whose Cloud Forest Preserve 
brings thousands of tourists per year (Burlingame 2000).  While protecting its biodiversity with a 
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system of private reserves of over 22,000 hectares, Monteverde has been impacted by a host of 
environmental problems including climate change, water contamination, unregulated development, 
overexploitation of its aquifers, acid rain, local pesticide use, light pollution, traffic and noise 
(Burlingame 2000).  There have been biological changes in the last 30 years, as well, including 
range shifts of bird species and loss of amphibians and reptiles (Pounds et al. 1999).  One response 
was the formation of the private non-profit Cloud Forest School to teach local children 
environmental stewardship of the Cloud Forest and the community around it (Burlingame 2000). 
Financially strapped since its inception, the school has struggled to build a high-quality 
environmental education curriculum.  Here, I adapt an environmental education curriculum from the 
United States to provide a second grade unit on amphibians and reptiles, building to an 
understanding of why local species declined or went extinct and what can be done locally to improve 
amphibian and reptile habitat.  
 

METHODS 

Study Site: In Monteverde, Costa Rica there is a school, el Centro de Educación Creativa, or the 
Cloud Forest School. The mission of the school is to provide students with environmental and social 
knowledge, values, and skills to make a difference in their community and the greater population 
(Cloud Forest School 2015). The Cloud Forest School is an example of an institution that is using 
the natural environment around it to create students who can go out and make a difference in society. 
The school strives to plant environmentalist roots in its students and provides them with knowledge 
about how to conserve biodiversity (Cloud Forest School 2015). The school uses its tropical location 
to contribute to the education of its students. 
 
Cloud Forest School Environmental Education Curriculum: The study started with contacting 
Carol Yang, the Environmental Education Coordinator at the Cloud Forest School, about creating a 
curriculum. A meeting was then conducted at the Cloud Forest School to discuss the school 
philosophy and what kind of curriculum they were looking for. The school has a spiral curriculum, 
meaning that each year the students build on what they learned in the previous school years. The 
school goes from kindergarten through 11th grade, so everything that the students learn is vital and 
used again. Carol presented the curriculum outlines for each grade. The school needed a curriculum 
for second grade. There was a selection on topics that needed attention. Each topic was discussed in 
extensive detail, including talking about what each curriculum unit would look like. 
 
Study Subject: After researching information on amphibians and reptiles in Monteverde, it was 
decided this study would involve the creation of a second grade curriculum about amphibians and 
reptiles. Amphibians and reptiles were chosen based on the opportunity to design part of the 
curriculum to specifically talk about amphibians and reptiles in Monteverde. To expand the 
curriculum, amphibians and reptiles provided a good opportunity to also discuss human 
environmental impacts, climate change, and conservation efforts in Monteverde. 
 
Experiment: The first step in designing the curriculum was reading two articles: Pounds et. al 
(1990) and Pounds et. al. (2006).  The next step was an outline of what the curriculum would look 
like. It would include multiple lesson plans and activities. Background information about 
amphibians, reptiles, life cycles, habitats, climate change, and conservation was researched online, 
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using scientific articles, and in textbooks. Previously created curriculum, called Amphibian Alert!, 
from the United States was found online and provided activities and background knowledge for the 
amphibian section of the curriculum (Foster & Graham n.d.). Numerous activities were modified to 
incorporate Costa Rican and Monteverde amphibians. Another curriculum, Related to Reptiles, 
found online, provided background information and activities, which were also modified (Fort 
Wayne Zoo n.d.). The first topic discussed would be amphibians. The lessons would go over their 
basic characteristics, the different species, and life cycles. This information would provide the 
students with background and understanding of amphibians. The next lesson plans would discuss 
reptiles. Like the amphibians, their basic characteristics, the different species, and their microhabitats 
were discussed. For general habitats, amphibians and reptiles were combined. Building upon 
information learned in these lessons, the next focus was on human environmental impact, followed 
by amphibians declines, the loss of the Golden Toad (Incilius periglenes) and ending with 
conservation. An assessment was created to understand what the students learned and a reflection 
activity was created to tie together any loose ends. 

RESULTS 
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Learning!Objectives!
!

This!curriculum!is!about!amphibians!and!reptiles!and!is!
designed!for!student!to!learn:!
!
1) Basic!characteristics!of!amphibians!and!reptiles.!
2) LifeGcycles!of!amphibians!and!reptiles.!
3) Habitats!where!amphibians!and!reptiles!can!be!found.!
4) Amphibians!and!reptiles!found!in!Monteverde.!
5) How!humans!impact!amphibian!and!reptile!environments.!
6) Specific!examples!of!how!humans!and!climate!change!have!
contributed!to!the!disappearance!of!amphibians!and!reptiles.!

7) Conservation!action!that!is!taking!place!globally!and!in!
Monteverde!to!protect!reptiles!and!amphibians.!

!
!

!
!
!
!
!
!
!
!
!
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Background!Information!for!the!Teacher!
!

Amphibians!
!
Amphibians:!The!word!Amphibian!is!derived!from!the!Greek!words!“amphi”!and!“bios”!which!
means!both!lives!and!refers!to!the!two!stages!of!the!amphibian!life.!They!are!bareGskinned!
vertebrates,!meaning!they!have!a!backbone.!Amphibians!are!“coldGblooded”!or!ectothermic,!
meaning!their!body!temperature!is!regulated!by!the!air,!soil,!or!water!temperature!around!
them.!They!have!smooth,!moist,!permeable!skin!through!which!they!breathe!and!absorb!water.!
In!colder!months!some!species!hibernate!and!do!not!eat.!Since!most!amphibians!spend!their!
time!hiding,!they!often!only!come!out!at!night.!In!general,!most!amphibians!have!two!major!life!
stages:!an!aquatic!(waterGdwelling)!larval!stage,!and!a!terrestrial!(landGdwelling)!adult!stage.!
!
Frogs:!!Frogs!occur!in!many!habitats!from!ponds!to!forests!to!deserts.!!Some!frogs!need!water!
at!some!stage!of!their!lives!in!order!to!breed!and!lay!their!eggs.!Other!frogs!reproduce!on!land!
through!something!called!direct!development.!The!eggs!develop!on!land!and!instead!of!coming!
out!as!tadpoles,!they!come!out!as!little!frogs.!Frogs!are!moistGskinned!and!need!to!be!near!
moist!habitats.!!All!frogs!are!hunters,!but!their!prey!ranges!in!size!from!tiny!ants!to!birds,!rats!
or!even!snakes.!Frogs!protect!themselves!from!predators!by!hiding!through!camouflage!or!by!
showing!“warning!colors”!that!advertise!they!are!poisonous!to!predators.!!
!

!
!
Salamanders:!!Salamanders!have!elongated!bodies,!smooth,!moist!skin,!limbs!without!claws,!
and!a!long!tail.!They!can!be!found!in!moist,!damp!habitats!and!breathe!through!their!skin.!Most!
salamanders!live!on!land!for!part!of!the!year,!returning!to!the!water!to!breed!and!lay!eggs.!
Salamanders!lay!their!eggs!in!or!near!the!water,!and!their!eggs!do!not!have!shells.!Baby!
salamanders!live!in!the!water!and!breathe!through!gills.!Adult!salamanders!may!keep!their!
gills!(aquatic!species)!or!lose!them!and!develop!lungs!so!that!they!can!live!on!land!(terrestrial!
species).!The!salamanders!found!in!Costa!Rica!breed!through!direct!development.!This!means!
that!the!salamanders!lay!their!eggs!on!land!and!the!offspring!come!out!as!small!salamanders.!
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!
Caecilians:!Caecilians!are!also!amphibians,!but!do!not!have!legs!at!any!stage!in!their!life.!Their!
skin!has!grooves!that!form!rings!around!the!body.!Like!all!other!amphibians,!their!lives!are!tied!
to!moisture.!They!are!only!found!in!tropical!regions!of!the!world.!Scientists!have!described!
about!160!different!types!of!caecilians,!and!think!there!are!many!more!species!they!have!not!
been!discovered!yet.!
!

!
!
!
Amphibian!Life!Cycle!
Amphibian!Life!Cycle:!!Most!amphibians!begin!life!in!the!water!as!an!egg!surrounded!by!a!
jellyGlike!substance.!These!eggs!are!not!covered!with!a!shell.!The!group!of!eggs!is!held!together!
with!a!clear!goopy!substance!that!helps!hold!in!water!and!keeps!the!eggs!safe.!Most!species!of!
amphibians!lay!lots!of!eggs!at!once,!but!some!only!lay!a!few!at!once.!We!call!the!hatched!
immature!amphibians!larvae.!During!the!aquatic!larval!stage,!the!baby!amphibian's!main!job!is!
to!eat!and!grow!and!not!get!eaten.!The!larval!amphibian's!body!is!specially!designed!for!this!
job.!Once!the!larva!is!big!enough,!it!changes/metamorphoses!into!the!adult!stage.!Some!
amphibians!complete!their!life!cycle!differently.!!For!example,!some!larvae!develop!entirely!
within!the!egg.!!This!is!called!direct!development!and!decreases!the!amphibian’s!dependence!
on!water.!!!
!
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Frog!Life!Cycle:!!During!breeding!season!male!frogs!call!to!attract!female!frogs.!The!calls!that!
frogs!make!are!different!for!each!species.!Females!find!the!calling!males!of!the!same!species.!
The!male!frog!then!grips!the!female!frog!from!behind!in!a!kind!of!hug.!Scientists!call!this!hug!
amplexus.!The!female!lays!her!eggs!during!amplexus.!The!male!frog!fertilizes!the!eggs!with!his!
sperm!after!she!has!laid!them.!Most!frogs!lay!eggs.!They!lay!their!eggs!in!long!strands!that!
wrap!around!aquatic!plants.!While!in!the!egg,!the!amphibian!is!called!an!embryo.!After!the!eggs!
hatch,!they!become!larvae!and!are!called!tadpoles.!When!a!tadpole!hatches!from!the!egg,!it!
does!not!have!any!legs.!Tadpoles!have!a!strong!tail!for!swimming!and!a!body!that!holds!a!big!
stomach!and!gut!for!eating!lots!of!food.!Tadpoles!eat!small!aquatic!plants!called!algae.!Some!
also!eat!small!aquatic!animals,!such!as!mosquito!larvae!or!even!other!tadpoles.!Tadpoles!first!
grow!hind!legs!and!then!grow!front!legs.!Their!mouth!and!eyes!begin!changing!and!they!start!
to!look!like!an!adult!frog.!At!this!point,!the!tadpole!quits!eating.!It!gets!its!energy!from!its!tail.!
The!tail!is!slowly!absorbed!into!the!body.!It!gets!adult!coloring!and!moves!onto!land.!Once!on!
land,!the!young!frog!begins!feeding!on!insects!
!
Salamander!Life!Cycle:!!Salamanders!do!not!call!to!attract!mates.!They!find!each!other!with!
their!sense!of!smell.!Amplexus!happens!under!water.!While!it!is!in!the!egg,!we!call!the!
amphibian!an!embryo.!When!the!egg!hatches,!the!embryo!is!called!a!freeGswimming!larva.!The!
feathery!things!on!its!face!are!gills!that!help!the!larva!breathe!in!the!water.!After!a!while,!most!
salamanders!absorb!their!gills!into!their!body!and!start!breathing!air!with!lungs.!This!is!part!of!
the!change!that!happens!to!the!larvae.!It!means!that!they!are!about!ready!to!move!onto!land!to!
live!their!adult!life.!
!
Caecilian!Life!Cycle:!!Some!caecilian!species!lay!eggs,!while!others!give!birth!to!live!young.!
The!babies!are!miniature!versions!of!the!adult.!
!
Amphibian!and!Reptile!Habitats!
!
Habitats:!!Amphibians!and!reptiles!live!in!almost!every!habitat!in!the!world,!except!oceans!and!
the!polar!ice!caps.!Most!of!the!world’s!frogs!are!found!in!tropical!forests.!Special!parts!of!a!
large!habitat!that!a!species!lives!in!are!sometimes!called!microhabitats.!Examples!of!
microhabitats!are:!in!trees,!on!leaves,!and!on!the!forest!floor.!Each!of!the!thousands!of!different!
types!of!amphibians!are!adapted!to!living!in!certain!habitats.!!
!
Tropical!Rainforest:!!The!temperature!remains!high!and!constant!throughout!the!year.!
Climate!in!tropical!rainforests!vary!less!than!in!any!other!zone!of!the!world.!Although!the!sun!
is!shining!brightly!above!the!trees,!the!web!of!branches!and!wide!leaves!only!allow!some!of!the!
light!to!penetrate!to!the!forest!floor.!Frogs!can!be!found!among!the!trees,!the!forest!floor,!and!
bodies!of!water.!The!redGeyed!tree!frog!can!be!difficult!to!find!during!the!day!since!it!tucks!its!
feet!with!its!body!to!become!all!green.!It!can!be!found!at!night!by!listening!for!its!call!or!
spotting!its!distinct!red!eyes.!
!
Tropical!Dry!Forest:!This!type!of!forest!has!high!temperatures!all!year!round.!This!type!of!
forest!has!a!more!pronounced!dry!season!than!tropical!rainforests.!The!canopy!coverage!is!less!
dense!due!to!droughts.!The!forest!floor!receives!a!large!amount!of!light!and!as!a!result!has!a!
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high!density!of!understory!plants.!Some!amphibians!you!can!find!here!are!tree!frogs!and!toads.!
Santa!Rosa!National!Park!is!an!example!of!a!tropical!dry!forest.!Marine!Toads!are!found!all!over!
the!area!and!thrive!in!the!dry!environment.!!
!
Tropical!Cloud!Forest:!This!forest!is!tropical!and!montane!with!frequent!or!seasonal!cloud!
cover.!There!is!a!high!presence!of!moss!in!the!forest!that!covers!the!ground!and!vegetation.!
LeafGlitter!frogs!can!be!found!in!the!understory.!Their!camouflage!colors!can!make!them!hard!
to!spot.!There!are!many!orchids,!ferns,!and!woody!climbers!in!the!forest.!They!have!a!high!
number!of!endemic!species,!which!means!they!only!occur!in!that!area.!Along!the!streams!there!
are!glass!frogs,!which!can!be!found!clinging!to!leaves!and!using!their!green!color!to!blend!in.!
!
Deciduous!Forest:!!Seasons!signal!changes!in!the!deciduous!forest.!As!the!temperatures!rise!
in!spring,!the!trees!and!shrubs!sprout!leaves!and!flowers.!The!spring!rains!will!leave!pools!of!
water!that!are!vitally!important!to!the!growing!tadpoles!for!the!amphibians.!At!the!end!of!the!
summer,!temperatures!begin!to!fall!in!the!forest,!as!do!the!leaves.!Salamanders!and!frogs!will!
burrow!into!the!mud!to!hibernate!over!the!winter.!When!winter!has!passed!and!spring!returns,!
the!cycle!begins!again.!
!
Pond:!!The!relatively!uniform!temperature!of!the!water!creates!a!haven!for!plants!and!animals!
alike.!In!the!spring,!mating!occurs.!The!warm!water!near!the!shore!is!an!ideal!nursery!for!
developing!tadpoles!that!will!feed!on!microscopic!animals!in!the!water.!In!late!fall!some!frogs!
hibernate!under!logs!and!loose!bark,!while!other!frogs!will!burrow!in!the!mud!to!wait!out!the!
impending!cold!of!winter.!
!
Grassland:!!Grasslands!traditionally!receive!less!than!20!inches!of!rain!per!year!and!are!home!
to!toads!and!frogs!that!have!adapted!to!the!drier!lifestyle.!They!dig!burrows!into!the!loose!dirt!
to!hide!in!during!the!day.!At!night!they!come!out!to!feed!on!insects!and!other!small!animals.!
After!a!rainstorm,!they!can!be!found!congregating!around!pools!of!water,!trying!to!find!mates!
with!which!to!lay!eggs.!The!tadpoles!must!develop!quickly!before!the!pool!evaporates!in!the!
next!few!weeks.!!
!
Swamp:!!An!abundance!of!plants!that!provide!the!frogs!a!place!to!hide.!Frogs!in!swamps!eat!
insects,!crayfish,!small!fish,!and!other!frogs.!Having!eyes!high!on!their!head!allows!them!to!
barely!break!the!surface!of!the!water!to!look!for!food!or!predators.!
!
!
Reptiles!
!
Reptiles:!!All!reptiles!have!a!backbone,!breathe!with!lungs,!are!coldGblooded!and!have!dry,!
scaly!skin.!Reptile!eggs!are!covered!with!a!leathery!shell!that!prevents!them!from!drying!out.!
Reptiles!must!shed!their!skin!in!order!to!grow.!This!also!helps!rid!the!reptile!of!parasites!and!
mites.!There!are!four!types!of!reptiles!living!today:!turtles,!lizards,!snakes,!and!crocodilians.!
Snakes!and!lizards!belong!to!the!same!Order!Squamata.!As!with!amphibians,!reptiles!have!four!
legs,!so!they!are!called!tetrapods.!!Colors!and!coat!patterns!protect!animals!by!helping!them!to!
blend!in!with!their!surroundings.!!Most!reptiles!retained!the!short!legs!of!their!amphibian!
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ancestors,!but!they!developed!more!powerful!muscles!for!walking!on!land.!Their!legs!are!

placed!closer!to!the!middle!of!the!body!to!support!their!weight!more!carefully.!!!Some!reptiles!

have!developed!larger!hind!limbs!than!forelimbs,!giving!them!greater!acceleration!power.!!

Some!have!lost!their!legs,!like!snakes.!

!!!

Crocodilians:!!Two!of!the!most!recognizable!species!of!crocodilians!are!crocodiles!and!
alligators.!These!animals!have!four!chambered!hearts,!teeth!in!bony!sockets!that!can!be!

replaced!during!the!life!span!of!the!reptile,!and!something!called!a!bony!palate!(we!call!it!the!

roof!of!our!mouth).!The!bony!palate!allows!these!reptiles!to!breath!with!their!mouths!closed,!

important!when!they!are!partially!submerged!in!water.!Most!reptiles!are!voiceless,!but!the!
crocodile!can!roar.!They!are!one!of!the!few!reptiles!that,!as!mothers,!care!for!their!young.!A!
mother!alligator!will!guard!her!nest!from!predators!and!protect!her!newly!hatched!young!by!

carrying!them!on!her!back.!

!

!
!
Lizards:!!Lizards!have!four!legs,!eyelids!that!move,!external!ears,!and!ability!to!change!colors!
to!blend!in!with!their!environment.!Changing!color!is!typical!in!lizards!as!a!form!of!protection!

allowing!them!to!adapt!to!their!environment!and!avoid!predators.!Most!lizards!eat!insects.!

Some!lizards!can!detach!their!tail!by!separating!the!tail!vertebrae,!which!allows!them!to!get!

away!from!predators.!Sometimes!the!tail!can!grow!back.!!Some!lizards!also!have!venom!or!

loose!skin!under!their!neck!that!rises!when!they!are!threatened.!

!

Snakes:!Snakes!have!no!legs!but!come!from!ancestors!that!did.!They!move!in!a!slithering!
pattern!and!their!tail!helps!move!them!forward.!They!are!carnivores!and!only!eat!meat.!Snakes!

feed!on!small!animals!such!as!rats,!mice,!and!rabbits.!They!strike!at!their!prey!and!kill!it!either!

with!poison!or!by!constriction.!The!quadrate!bones,!which!are!jawbones!in!the!head,!extend!to!

allow!these!reptiles!to!almost!unhinge!their!jaw!when!eating.!All!snakes!swallow!their!food!

whole.!!Some!snakes!are!dangerous!because!they!are!poisonous,!which!mean!their!fangs!

contain!poison!that!can!harm!living!things.!Snakes!have!a!special!organ!in!the!roof!of!their!
mouth!called!the!Jacobsen’s!organ.!Snakes!“smell”!molecules!in!the!air,!which!are!picked!up!by!

their!tongue,!and!transmitted!to!this!organ.!The!tongue!is!forked!to!provide!a!greater!surface!

area,!and!is!harmless.!Snakes!do!not!hear!as!we!do.!Their!entire!body!picks!up!vibrations!

through!the!ground.!Snakes!have!good!eyesight.!

!
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!
Turtles:!!Turtles!have!hard!shells,!lay!eggs,!and!the!ability!to!travel!easily!on!both!land!and!in!
water.!The!turtle!is!the!only!reptile!that!carries!its!“house”!on!its!back.!The!shell!is!soft!when!
the!turtle!hatches,!but!hardens!as!the!turtle!grows.!The!shell!is!mostly!made!of!bone,!covered!
by!keratin!(the!same!substance!that!makes!up!your!fingernails).!Most!turtles,!when!threatened,!
pull!their!limbs!and!head!into!their!shell!for!protection.!They!have!no!teeth,!but!they!have!a!
horny!beakGlike!structure!to!tear!their!food!apart.!The!word!“tortoise”!usually!refers!to!a!landG
dwelling!turtle,!most!of!which!are!slowGmoving!plantGeaters.!The!front!legs!of!sea!turtles!are!
modified!into!flippers!for!swimming.!
!
Microhabitats!of!Reptiles!
!
Snakes:!!Snakes!are!found!on!every!continent!except!Antarctica!and!are!not!found!in!the!
countries!Iceland,!Ireland,!Greenland,!and!New!Zealand.!They!can!live!just!about!anywhere!that!
has!warm!temperatures.!When!the!temperatures!do!become!cold,!the!snakes!can!slow!down!
their!metabolism!and!go!into!hibernation!so!they!can!survive.!Snakes!live!in!a!variety!of!
habitats!including!deserts,!forests,!prairies,!and!water.!Different!species!thrive!best!in!air!that!
is!cool!or!air!that!is!warm.!Arboreal!types!of!snakes!are!snakes!that!live!in!trees.!Their!
appearance!allows!them!to!blend!in!with!their!surrounding!and!surprise!their!prey.!Snakes!
that!live!in!mountain!terrain!live!on!the!ground!or!underground!in!tunnels!that!create.!They!
can!find!food!and!shelter!easily!by!doing!this.!Snakes!that!live!around!swamps!have!the!ability!
to!swim!and!use!the!land!and!water!for!shelter!and!food!resources.!Snakes!can!be!found!where!
there!is!an!abundance!of!food:!like!at!farms!where!there!are!insects!and!rodents.!
!
Crocodiles:!!They!are!on!every!continent!except!Antarctica!and!Europe.!They!are!abundant!at!
countries!that!border!the!equator!because!of!the!warm!climate!and!varying!wet!and!dry!
seasons.!Some!species!thrive!better!in!dry!climate,!while!others!are!active!in!wet!climates.!
They!live!in!both!freshwater!and!brackish,!or!slightly!salty,!environments!such!as!estuaries,!
grasslands,!rivers,!marshes,!streams,!rain!forests,!ponds,!and!lakes.!The!size!of!the!crocodiles!
can!influence!if!they!live!in!a!large!habitat!such!as!a!river,!or!a!smaller!one!such!as!grassland.!
Varying!water!levels!during!seasons!impacts!where!crocodiles!live!and!hunt.!Some!crocodiles!
dig!burrows!that!protect!them!from!weather!or!give!them!somewhere!to!rest!until!the!next!wet!
season.!Crocodiles!lay!in!the!sun!to!warm!their!body!temperature!up.!They!keep!their!mouth!
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open,!which!is!called!“gaping”!and!helps!their!body!stay!an!ideal!temperature.!Crocodiles!can!
get!into!the!water!when!they!become!too!warm.!They!sun!during!the!day!and!then!breed!and!
hunt!at!night.!
!
Lizards:!!Lizards!live!on!every!continent!except!Antarctica.!They!can!be!found!in!deserts,!
forests,!prairies,!marshes,!and!rocky!areas.!They!live!on!the!ground!or!in!the!trees.!Trees!can!
provide!protection!from!predators.!Small!lizards!will!live!under!rocks!and!in!crevices.!They!
bask!in!the!sun!and!can!be!seen!during!the!day.!Sandy!areas!and!dry!deserts!are!a!common!
place!for!larger!species!of!lizards.!They!are!big!enough!to!fend!off!predators!and!retain!water!
by!eliminating!salt!so!they!do!not!have!to!live!close!to!bodies!of!water.!
!
Turtles:!!They!can!be!found!in!temperate!and!tropical!regions!including!the!sea.!They!can!live!
in!lakes,!ponds,!salt!marshes,!rivers,!forests,!and!deserts.!Some!species!spend!majority!of!their!
time!in!water,!while!others!spend!majority!of!their!time!on!land.!There!are!species!that!spend!
time!in!both!habitats.!!
!
Some!Common!Species!of!Amphibians!and!Reptiles!in!Monteverde!
!
Tropical!Climbing!Salamanders!or!WebLFooted!Salamanders:!!They!are!arboreal!and!
terrestrial.!They!are!known!for!their!webbed!feet.!Their!webbed!feet!help!them!move!through!
water.!They!can!release!their!tail,!which!is!helpful!when!they!need!to!escape!a!predator.!Some!
species!are!poisonous!and!toxins!are!stored!and!released!through!their!skin.!
!

!!!!!!!!!!!!!!!!!!! !
!
!
!
!
!
Glass!Frogs:!!They!are!small!frogs!that!are!typically!green.!They!also!have!green!bones.!The!
skin!on!their!bellies!is!transparent,!meaning!you!can!see!through!it,!so!their!heart!and!stomach!
are!visible.!All!the!green!coloration!allows!them!to!blend!in!with!their!habitat!and!hid!from!
predators.!They!are!commonly!found!along!streams,!sitting!on!the!leaves.!They!lay!their!eggs!
on!the!leaves!and!the!adult!male!stays!and!protects!the!eggs.!When!the!eggs!hatch!they!land!in!
the!river!and!have!a!place!to!grow.!

RingGtailed!
Salamander!

Monteverde!Mountain!
Salamander!
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!
!
!
!
Anoline!Lizards:!!They!range!in!color!from!green!to!light!beige,!to!dark!brown.!Some!have!a!
spot!between!their!ears!and!shoulders,!while!others!do!not.!Some!will!also!have!a!stripe!on!
each!side!of!their!body.!The!dewlaps!on!the!males!range!in!color!from!yellow!to!dark!burgundy.!
The!males!will!display!their!dewlap!as!a!way!to!defend!their!territory!and!attract!females!
during!mating!season.!The!coloration!of!the!dewlap!is!dependent!on!the!species.!Most!anoline!
lizards!are!arboreal!or!semiGarboreal,!meaning!they!climb.!
!
!

!
 !
.!
!

Tree!Snakes:!!There!are!three!species!found!in!Monteverde:!BluntGheaded!Tree!Snake,!Dry!
Forest!Tree!Snake,!and!the!Plain!Tree!Snake.!All!of!them!are!arboreal,!which!means!they!like!to!
live!in!the!trees.!They!vary!in!color!from!beige!to!tan!to!pink.!Most!snakes!have!poor!eyesight,!
but!tree!snakes!have!better!vision!and!this!allows!them!to!see!their!prey.!
!

YellowGflecked!glass!frog!

Green!Tree!Anole!
!
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!
!

!
Human!Impacts!on!Amphibian!and!Reptile!Habitats!
!
There!are!several!global!impacts!from!human!activities.!We!have!depleted!atmospheric!ozone!
levels;!pollutants!are!accumulating!in!the!natural!systems!on!which!we!and!other!organisms!
depend;!we!are!altering!weather!patterns.!!!Humans!are!transforming!the!natural!environment!
to!farms!and!cities.!Humans!are!using!nonGrenewable!fossil!fuels!and!contributing!to!global!
warming.!Species!are!being!introduced!where!they!do!not!belong,!sometimes!with!bad!
consequences.!!We!are!also!causing!extinctions,!both!indirectly!and!directly.!!Such!fundamental!
changes!have!important!effects!on!ecosystems.!Extinction!of!a!species!impacts!the!food!web.!
Whatever!was!previously!eating!that!species!is!now!short!on!food!and!has!to!adapt!or!could!go!
extinct!also.!
!
Biological!response!to!climate!change!on!a!tropical!mountain:!!The!case!of!Monteverde.!!
Atmospheric!warming!has!contributed!to!a!lifting!cloud!base.!Warmer!temperatures!cause!
clouds!to!form!higher!than!they!used!to.!!In!Monteverde,!clouds!used!to!form!more!often!at!the!
top!of!the!mountain!but!increasingly!form!above!the!mountain!now.!!This!has!led!to!a!decrease!
in!mist!and!cloud!water.!Anoline!lizards!are!sensitive!to!rainfall!and!mist!variability!and!it!has!
been!noted!that!they!have!declined!with!declining!mistGfrequency.!This!is!significant!because!
lizard!and!bird!populations!have!been!noted!to!change!in!association!with!climatic!patterns!
and!can!be!indicators!of!climate!change.!!In!fact,!in!Monteverde,!many!bird!species!are!now!
higher!on!the!mountain!than!they!used!to!be.!!For!species!that!occur!only!on!the!mountain!
peaks,!there!is!nowhere!to!go.!!!
!
The!following!are!three!species!of!Monteverde!anoles!whose!abundance!and!distribution!has!
changed!in!the!last!30!years.!!This!has!been!attributed!to!global!warming!and!its!impact!on!
Monteverde’s!mist!frequency.!!!
!

Plain!Tree!
Snake!

BluntGheaded!Tree!
Snake!
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!
!

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

Montane!Anole:!!It!has!pale!yellow,!light!
beige,!or!brown!skin!with!small!
rectangular!spots.!Males!have!a!dewlap!
that!is!orange!to!yellow.!They!are!
terrestrial!with!a!tendency!to!climb.!
They!lay!eggs.!They!can!be!found!in!
Premontane!Moist!and!Wet!Forests!and!
Rainforests!and!Lower!Montane!Wet!
Forest!and!Rainforest!

Gray!Lichen!Anole:!!It!has!gray,!brown,!or!
creamGcolored!skin!with!white!scales!thave!
give!a!peppered!appearance.!Males!have!an!
ivory!white!dewlap.!They!are!terrestrial!
with!a!tendency!to!climb.!They!lays!eggs.!
They!can!be!found!in!Premontane!Moist!and!
Wet!Forests!and!Rainforest!and!Lower!
Montane!Wet!Forest!and!Rainforest.!

Cloud!Forest!Anole:!!They!
have!dark!brown!or!nearly!
black!to!gray!or!tan!skin!
with!a!cream!colored!belly.!
They!have!a!pale!yellow!or!
cream!facial!strip!going!
down!and!backwards!from!
the!eye.!Males!have!a!
dewlap!that!is!plum!to!dark!
burgundy!with!tiny!black!or!
white!spots.!They!are!
terrestrial!with!a!tendency!
to!climb.!They!lay!eggs.!They!
are!found!in!Lower!Montane!
Wet!and!Rainforests!and!
Premontane!Wet!Forest!and!
Rainforest.!
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Amphibians!and!Chytrid!Fungi!
!
Amphibian!and!reptile!extinction!and!population!declines!should!be!considered!a!warning.!!
Amphibians!are!very!sensitive!to!changes!in!their!environment.!When!harmful!changes!
happen,!amphibians!are!among!the!first!animals!to!suffer.!This!is!because!most!breathe!
through!their!skin.!!Over!the!last!30!years,!people!in!Monteverde!and!around!the!world!have!
seen!different!types!of!amphibians!that!were!once!common!become!rare.!Some!species!of!
amphibians!have!disappeared!completely.!The!current!global!loss!of!biodiversity!is!largely!due!
to!the!activities!of!a!single!species!G!human!beings.!!Scientists!and!other!people!are!also!
concerned!about!how!amphibian!extinctions!and!population!declines!will!affect!the!balance!of!
nature.!In!some!habitats,!including!Monteverde,!the!larger!biomass!of!amphibians!makes!them!
significant!prey!for,!and!predators!of,!other!species.!Disrupting!the!food!web!impacts!
numerous!species.!
!
Widespread!amphibian!extinctions!from!epidemic!disease!driven!by!global!warming:!!
Rising!temperatures,!a!result!of!climate!change,!can!trigger!outbreak!of!certain!pathogens.!In!
Monteverde,!harlequin!frogs!disappeared!after!a!particularly!warm!year.!It!has!been!thought!
that!this!is!a!result!of!an!increase!in!Chytrid!fungi.!Chytrid!fungi!likes!warmer!temperatures.!
Other!factors,!like!pollution!and!the!stress!of!less!mist,!might!make!amphibian!immune!
systems!weaker,!allowing!the!Chytrid!fungus!to!grown!on!their!skin.!!The!increased!presence!
of!Chytrid!fungi!might!be!a!cause!of!the!decline!and!disappearance!of!certain!amphibian!

populations.!
!
!

!
!

Harlequin!Frog:!!They!are!black!
with!a!pattern!of!either!spots!or!
lines!of!orange,!yellow,!green,!or!
blue!gray.!Their!belly!is!marbled!
with!white,!yellow,!orange,!or!red.!
They!are!terrestrial!and!along!
streams.!They!can!be!found!in!
areas!such!as!Lowland!Wet!Forest!
and!Premontane!Moist!and!Wet!
Forests!and!Rainforest!and!the!
lower!margin!of!Lower!Montane!
Wet!Forest!and!Rainforest.!
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!
Amphibians!and!Chyrid!Fungi:!!Amphibians!that!are!infected!by!the!fungi!typically!develop!
pronounced!skin!lesions.!Death!can!occur!when!the!fungus!makes!it!impossible!for!the!frog!to!
breathe,!since!they!breathe!through!their!skin.!Their!permeable!skin!makes!them!more!
susceptible!to!the!fungi.!
!
Conservation!in!Monteverde!
!
Monteverde!Conservation!League:!!The!Conservation!League!was!created!by!local!and!
international!scientists!in!1986.!Their!motto:!!Preserve,!conserve,!and!rehabilitate!tropical!
ecosystems!and!their!biodiversity.!In!1987,!money!was!raised!by!Swedish!schoolchildren!and!
it!went!to!buying!and!protecting!threatened!land.!It!helped!create!the!largest!private!nature!
reserve!in!Costa!Rica!through!land!acquisition!–!the!Children’s!Eternal!Rainforest.!It!organizes!
educational!opportunities,!reforestation!projects,!scientific!research,!sustainable!development,!
and!ecotourism.!The!Children’s!Eternal!Rainforest!has!22,500!hectares!of!forest.!
!
The!Tropical!Science!Center:!!It!is!a!nonGgovernmental!scientific!and!environmental!
organization!that!accepted!institutional!responsibility!for!ownership!and!management!of!part!
of!the!Monteverde!rainforest!to!protect!it!from!farmers!looking!to!expand!their!property.!The!
Monteverde!Cloud!Forest!Preserve!was!started!with!the!first!purchase!of!328!hectares.!It!now!
protects!and!preserves!10,500!hectares.!
!
Santa!Elena!Cloud!Forest!Reserve:!!It!is!permanently!leased!by!the!Santa!Elena!community!
high!school!for!agricultural!research!and!education.!The!farming!was!unsuccessful!and!the!
area!became!a!Cloud!Forest!reserve.!With!the!help!of!a!Canadian!nonGprofit!organization,!
Youth!Challenge!International,!the!community!created!an!ecotourism!reserve.!It!is!one!of!the!
first!community!administered!reserves!in!the!country.!!
!
Friends!of!Monteverde!Cloud!Forest!Preserve:!!It!is!a!United!States!nonGprofit!organization!
that!helps!preserve!the!biodiversity!of!the!Cloud!Forest!Preserve!and!supports!the!Tropical!
Science!Center.!
!
Children’s!Eternal!Rainforest:!!The!original!protected!watershed!of!Monteverde,!this!545!
hectare!patch!was!set!aside!by!Quaker!settlers.!!It!is!now!an!association!of!current!and!former!

Golden!Toad:!!The!males!are!
yellow!to!orange.!The!females!!are!
black!with!burgundy!red!spots!
surrounded!by!yellow.!!They!are!
terrestrial!and!can!be!found!in!
pools!of!water.!They!were!
previously!found!in!Lower!
Montane!Rainforest!but!has!not!
been!seen!since!the!1980s.!
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community!members.!!This!was!the!original!protected!Cloud!Forest!of!Monteverde!and!is!now!
administered!by!the!Tropical!Science!Center.!!The!Children’s!Eternal!Rainforest!gives!small!
grants!to!local!organizations!interested!in!protecting!Monteverde’s!water.!!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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Student!Curriculum!
!

Soak!it!Up:!Amphibian!Skin!!
!

When%is%an%egg%like%an%amphibians%skin?%Your%students%will%discover%in%this%activity%that%
demonstrates%the%concepts%of%permeability.%%
%
Objective:!To!understand!the!concept!of!permeability!and!how!different!body!coverings!can!
effect!how!much!of!and!how!fast!a!chemical!moves!into!an!animal’s!body.!

!

Vocabulary:!permeable,!toxic!
!

Background:!!!Amphibians!have!unique!body!coverings.!Along!with!being!moist,!amphibian!
skin!is!also!thinner!than!most!vertebrates,!which!allows!for!high!oxygen!exchange!with!blood!

vessels!close!to!the!surface.!Their!unique!skin!allows!them!to!do!things!birds,!mammals,!or!

reptiles!could!never!do.!This!may!also!be!one!of!the!factors!contributing!to!declining!

populations!and!extinctions.!

In!particular,!it!is!the!permeable!nature!of!amphibian!skin!that!may!put!them!at!risk.!

Permeability!relates!to!how!easily!particles!can!pass!back!and!forth!from!the!environment!into!

the!animal!or!from!the!animal!into!the!environment.!Typically,!the!larger!a!molecule!is,!the!

more!difficult!it!is!to!enter!the!animal!through!its!skin.!Amphibian!skin!is!much!more!

permeable!compared!to!other!vertebrates.!!

Many!amphibians!living!in!moist!habitats!can!actually!absorb!water!from!the!soil!around!them.!

Toads!can!do!this!by!pressing!their!bellies!against!the!moist!ground.!

Many!amphibians!use!their!skin!to!breathe.!Oxygen!dissolves!into!the!liquid!on!the!surface!of!

the!skin!and!then!is!picked!up!by!blood!moving!close!to!the!surface.!Frogs!hibernating!at!the!

bottom!of!ponds!can!get!all!the!oxygen!they!need!by!using!their!skin!as!a!giant!gill.!Some!

salamanders!are!so!good!at!breathing!with!their!skin!that!they!do!not!have!lungs.!

The!same!adaptations!that!allow!water!and!oxygen!to!move!through!an!amphibian’s!skin!and!

into!its!bloodstream!also!make!it!easy!for!harmful!chemicals!to!move!into!the!amphibian's!

body.!Toxic!substances!present!in!fog!or!rainwater!may!kill!frogs,!but!reptiles,!with!their!scaly,!

less!permeable!covering,!are!not!harmed.!

!

Related!Subjects:!science,!mathematics!
!

Materials:!HardGboiled!eggs,!food!coloring!(dark!colors),!clear!cups,!water!
!

Procedures:!
!
This!experiment!will!illustrate!what!“permeable”!skin!is.!

1.! Take!two!hardGboiled!eggs,!one!peeled,!one!not.!

2.! Measure!the!circumferences!of!both!eggs!first.!

3.! Put! both! eggs! into! 2! cups! of!water! that! has! 20! drops! of! red! or! orange! food! coloring!

added.!

4.! After!24!hours!measure!circumference!of!each.!

5.! Peel!the!egg!that!still!has!a!shell,!then!cut!both!of!them!in!half.!Have!the!kids!note!how!
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far!into!the!egg!the!food!coloring!has!moved.!
!
The! shell! of! an! egg! acts! like! a!mammal’s! or! reptile’s! skin.! It! is! less! permeable,! so! acts! as! a!
barrier!to!the!water!and!food!coloring.!The!water!did!not!penetrate!into!the!shelled!egg!as!far!
as!it!did!into!the!unshelled!egg.!
!
The! peeled! egg,!with! only! a! thin!membrane! surrounding! it,! absorbed!more!water.! The! food!
coloring!traveled!further!into!the!egg.!The!absorbed!water!made!the!egg!swell,!increasing!the!
circumference.!
!
Discussion!Starters:!
!
1.What!kind!of!results!did!they!see?!Do!they!think!human!skin!is!the!same!way?!
2.What!does!this!experiment!tell!you!about!the!susceptibility!of!the!unshelled!amphibian!egg!to!
water!pollution?!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
**%Adapted%from%and%used%with%permission%from%A%Thousand%Friends%of%Frogs,%Center%for%Global%Environmental%Education,,%Hamline%
University%Graduate%School.%

Amphibian!Alert!! !
All!Activities!and!Materials!used!with!Permission!of!Originating!Institutions!
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Frog!Puppet!
Have%the%student%make%a%paper%bag%frog%puppet%to%move%while%they%sing%the%song.%

1. Give!each!student!a!frog!part!cut!out!sheet!and!a!paper!bag.!
2. Color!the!big!circles!green!and!the!smallest!circles!black.!
3. Glue!the!green!circles!to!the!white!circles!then!the!white!circles!to!the!green!ones.!
4. Color!the!arms!green!and!color!the!bag!green.!
5. Glue!the!eyes!and!arms!to!the!paper!bag.!
6. Gather!the!kids!around!in!a!circle!and!sing!the!song.!

Five!Green!and!Speckled!Frogs!
Five!green!and!speckled!frogs!
Sat!on!a!speckled!log!
Eating!some!delicious!bugs!
YUM!YUM!YUM!
!
One!jumped!into!the!pool!
Where!it!was!nice!and!cool!
Then!there!were!
Four!green!speckled!frogs!
GLUB!GLUB!GLUB!
!
(repeat!in!descending!order)!
!

!
!

Sample!Frog!
Puppet!
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!

Sample!Frog!
Puppet!
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Tadpole!Twist!!
Growing%from%a%tadpole%to%adult%amphibian%isn’t%always%simpleH%your%students%will%experience%
some%of%the%challenges%in%this%active%game.%
Objective:!Students!will!learn!about!the!development!of!amphibians,!
from!egg!to!adult.!In!addition,!students!will!realize!the!many!hazards!
encountered!by!developing!amphibians;!both!natural!and!human!
induced.!

Vocabulary:!tadpole,!gills,!metamorphosis!
Related!Subjects:!science,!visual!arts,!language!arts,!math!
Materials:!carpeted!area,!crumpled!green!paper,!chalkboard!or!poster!paper,!coin,!“safe!zone”!
hula!hoop!or!taped!area,!and!game!cards.!
Procedures:!
1.Provide!a!“training!session”!on!how!to!look!like!different!stages!of!a!frog.!A!carpeted!area!will!
be!needed:!
Stage!1:!You!are!an!egg.!Tuck!into!a!ball!and!sit!very!still.!
Stage!2:!You!are!hatching!!Slowly!straighten!out,!belly!on!the!floor.!Put!the!palms!of!your!hands!
up!to!your!cheeks!and!wriggle!your!fingers!as!gills.!Stay!very!still.!You!have!just!hatched!and!
cannot!move!yet.!
Stage! 3:! Start! wriggling! around! as! you! develop.! Move! around! on! your! belly! and! look! for!
“plants”!to!eat.!“Plants”!can!be!crumpled!green!sheets!of!paper!that!can!be!collected!between!
your!chin!and!neck.!(Students!grab!a!“plant”!and!then!drop!it!and!find!another).!
Stage!4:!Your!hind!legs!are!growing.!Kick!your!legs!as!you!wriggle!around.!
Stage!5:!Now!your!front!legs!grow.!Use!your!arms!and!legs!to!“swim”!on!the!carpet.!(Explain!to!
the!students!that!even!though!they!have!taken!their!“gills”!away!from!their!faces,!the!tadpoles!
still!have!gills!at!this!stage).!
Stage! 6:! Now! that! you! have! all! four! legs! you! do! not! need! to! eat! any! more.! Swim! around!
watching! for! danger.! (Explain! that! the! tadpole’s! tail! is! being! resorbed! into! the! body! at! this!
time,!thus!providing!nutrients).!
Stage!7:!You!are!a!frog!!!You!hop!on!land!and!“eat”!insects.!(Have!the!students!tuck!their!legs!
under!to!hop!and!make!exaggerated!biting!movements!with!their!mouth).!
The!Game%
The!object!is!to!complete!growth!(metamorphosis)!in!an!aquatic!environment!and!hop!onto!
land.!
1.Hand!out!enclosed!student!instructions.!Encourage!teams!to!work!through!the!possible!fates!
together,!or!for!younger!students,!cover!this!as!a!class.!
2.Designate!one!student!to!be!the!turtle!The!turtle!moves!on!all!fours.!
3.Provide!one!or!more!“safe!zones”!–!areas! that! the!turtle!cannot!enter.!Safe!zones!are!to!be!
used!only!during!turtle!attacks.!
4.Divide! remaining! students! into! teams! of! 5.! List! each! team’s! number! on! a! chalk! board! or!
poster!paper!to!keep!track!of!stages.!Each!team!member!“grows”!at!the!same!time.!
5.The!consequences!of!each!card!outcome!are!listed!on!the!student!instructions.!
6.Continue!playing!until!all!teams!are!“dead”!or!“frogs”.!All!students!must!continue!moving!and!
while!other!teams!are!drawing.!They!continue!eating!at!all!times!between!stages!3!and!6.!
!
!
!
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Topics!for!Follow!Up!Discussion!
• How!many!tadpoles!metamorphosed?!What!fraction!survived?!

• Are!all!threats!to!tadpoles!natural?!

• Are!all!threats!to!tadpoles!from!humans?!

• What!if!all!tadpoles!survive?!

• Can!you!think!of!other!impacts!on!tadpoles?!

• What!about!metamorphosed!frogs?!Do!they!have!dangers!of!their!own,!or!do!they!share!some!

dangers!with!larvae?!

• What!can!people!do!to!lessen!impacts!on!frogs?!

• What!do!we!do!if!a!wetland!is! in!the!way!of!a!muchGneeded!factory!that!will!provide!jobs!and!

money!for!your!town?!

• Does!helping!frogs!benefit!anything!else,!or!just!the!frogs?!

• How!can!we!convince!people!that!frogs!are!important?!

!

Student!Instructions!
The!first!team!to!complete!all!eight!stages!of!development!is!the!winner.!Continue!playing!the!

game!though,!until!all!have!either!“croaked”!or!made!it!to!adulthood.!

!

!

!

!

Eat!and!Grow!!(grow!one!stage)!
Life!is!good.!Enjoy!it,!for!things!may!

change!soon.!

UV!is!Frying!Me!!(No!growth!or!dead)!
Some!of!the!sun’s!rays!are!called!Ultraviolet!(UV).!Pollution!has!hurt!the!

protective!ozone!layer!that!blocks!them.!This!UV!light!is!bad!for!frog!

larvae.!If!you!are!still!an!egg,!sorry!G!you’re!dead.!If!you!are!a!tadpole,!you!

don’t!get!to!develop!any!this!round.!

Super!Bonus!Eat!and!Grow!!(grow!2!stages)!
If!you!have!reached!stage!three,!you!can!eat.!You!have!30!seconds!to!

“eat”!(grab)!as!many!plants!as!you!can.!Each!plant!that!you!eat!allows!

you!to!grow!that!many!stages.!So,!if!you!eat!3!plants,!you!get!to!grow!

3!stages.!Have!a!great!dinner.!
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!
!

!
!

!
!

!

Algae!Bloom(grow!2!stages)!
Because!of!farm!and!city!waste!being!washed!into!your!pond,!tiny!

plants!called!algae!are!able!to!grow!more!than!usual.!This!is!great!

for!tadpoles,!as!it!provides!lots!of!easily!digested!food.!The!extra!

food!lets!you!grow!2!stages.!

Water’s!Just!Right!(grow!2!stages)!
When!you!go!swimming,!the!water’s!sometimes!too!cold!or!too!warm.!

But!every!now!and!then,!the!water’s!perfect.!The!perfect!temperature!

lets!tadpoles!grow!faster!than!normal.!Enjoy!your!swim!(and!rapid!

growth).!

!

Shaded!from!UV!(grow!one!stage)!
Ultraviolet!is!bad!news!for!amphibians.!Luckily,!you’ve!found!a!shady!spot!that!

protects!you!from!the!sun!(like!a!big!umbrella!at!the!beach).!

Turtle!Attack!(Swim!for!your!life!)!
Creatures!such!as!turtles!eat!tadpoles!gobbling!them!down!like!candy.!If!

you!are!at!a!stage!that!allows!you!to!move!quickly!(stage!6!or!7),!you!

might!make!it!to!safety!(the!designated!safe!zone).!If!you!are!a!stage!1!

through!5!tadpole,!though,!you!are!probably!going!to!be!a!turtle’s!dinner.!

If!you!live,!you!do!not!get!to!grow!this!round.!

Water!Pollution!(no!growth)!
Polluted!farm!and!city!water!is!being!washed!into!your!pond.!It!

contains!things!that!hurt!tadpoles,!like!bacteria,!fertilizer,!antiGfreeze,!

and!bug!spray.!You!are!so!ill!from!this!pollution;!you!do!not!get!to!grow!

at!all.!
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!
!
!
!
!
!
!
!

Amphibian!Alert!! !
All!Activities!and!Materials!used!with!Permission!of!Originating!Institutions!

Housing!Development!(stage!7!might!liveLno!growth,!stage!1L6,!
dead)!
Your!pond!is!being!drained!and!filled!with!dirt!so!that!houses!can!be!
built.!Tadpoles!cannot!live!in!dirt,!so!you!better!be!big!enough!to!survive!
on!land.!If!you!are!stage!7,!you!get!to!flip!a!coin!to!see!if!you!live!(heads!
you!are!dead,!tails!you!live).!If!you!are!stages!1G6,!you!did!not!make!it.!
Better!luck!next!game.!

Greenhouse!Gas!(Stage!7,!flip/no!growth;!Stage!1L6L!you’re!dead)!
Gases!released!from!factories!and!cars!are!helping!to!heat!up!our!
planet.!The!high!temperatures!have!caused!your!pond!to!dry!up.!If!you!
are!stages!1G6,!you!are!doomed.!Better!luck!next!game.!If!you!are!stage!
7,!you!get!to!flip!a!coin!to!see!if!you!are!developed!enough!to!live!
(heads!you!are!dead,!tails!you!live).!

Chytrid!Fungi!(no!growth)!
Oh!no,!after!a!year!of!warm!temperatures!there!has!been!a!
Chytrid!fungi!outbreak.!!The!frogs!in!your!pond!have!been!
affected!by!the!outbreak,!including!you.!The!symptoms!slowly!
hit!you,!but!the!future!looks!bad.!There!is!no!growth!for!you!in!
this!stage.!
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Caller!ID:!The!Frog!Mating!Game!!
Frogs%are%a%very%vocal%group%of%amphibiansH%your%students%will%
learn%how%frogs%find%each%other%and%how%scientists%use%these%calls%to%
study%populations.%
Objective:!To!have!students!understand!a!
variety!of!calls,!and!simulate!a!frog!chorus.!

Students!will!then!find!"mates"!based!on!calls!used.!

Vocabulary:!diurnal,!nocturnal!
Background:!This!is!a!sensory!experience!that!recreates!the!sounds!of!a!pond!at!night.!It!can!
serve!first!as!an!introduction!to!frog!communication!and,!second,!as!a!demonstration!of!the!

calling!system!used!by!frogs!during!breeding!season.!Each!species!of!frog!has!a!distinctive!

mating!call!that!allows!similar!frogs!to!find!each!other.!

Procedures:!
1.!Ask!your!students!if!they!have!ever!heard!the!frogs!calling!on!a!warm!spring!night.!You!may!

wish!to!play!some!sample!calls!from!the!links!below!each!picture.!Explain!that!you!are!going!to!

reGcreate!this!experience!in!the!classroom.!

2.Divide!the!group!into!four!teams.!Each!team!represents!a!different!species!of!frog.!Have!each!

team!practice!their!call.!

!

Team!1!–!Red!Eyed!Tree!Frog:!“peep”!

!

http://allaboutfrogs.org/files/sounds/redeye.au!

!

Team!2!–!Harlequin!Frog:!“!quack”!

!

http://costaricanfrogs.com/costaricanfrogs_sounds/VOCF_Tracks/Hyla_ebraccataGG

Hyla_loquax_44GG16.mp3!

!

!

!
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Team!3!–!Smoky!Jungle!Frog:!“jugGoGrum”!

!
http://amphibianrescue.org/amphibianwordpress/wpGcontent/uploads/2011/01/SmokeyG
Jungle.mp4!
!
Team!4!–!Cane!Toad:!“thrillllll”!

!
http://www.environment.nsw.gov.au/resources/pestsweeds/canetoad.mp3!
!
3.!Have!the!teams!start!their!calls!one!at!a!time.!Add!additional!teams!until!all!four!are!singing!!
Wow!!What!a!loud!pond!!
4.!Ask! the!class! “How!would!you!be!able! to! find!an! individual! frog!based!on!all! those!calls?”!
Explain! that! each! species! has! a! distinctive! call,! to! help! males! and! females! find! each! other.!
During!the!spring!mating!season!male!frogs!call!to!attract!females.!
5.!Have!the!class!pair!up!for!the!next!activity.!Ask!each!pair!to!create!their!own!unique!sound!
pattern,! for! example! “snap,! snap,! clap.”! Encourage! them! to! use! other! parts! of! their! bodies!
besides!their!mouths.!
6.After! each! pair! has! demonstrated! its! sound! pattern,! explain! that! each! pair! represents! a!
different!species!of!frog!and!they!need!to!use!their!sound!pattern!to!find!each!other.!
7.Move!the!class!to!a!large,!unobstructed!space!(a!classroom!without!desks,!or!the!all!purpose!
room).!Depending!on!the!size!of!your!group,!have!6G8!pairs!put!on!blindfolds!or!close!their!
eyes!to!become!the!“frogs”.!The!remaining!students!will!serve!as!monitors!to!
make!sure!the!“frogs”!don’t!run!into!walls!or!each!other.!The!monitors!should!take!the!frogs!by!
the!elbow!to!guide!them!away!from!hazards.!
8.Ask!all!the!students!to!be!quiet.!The!monitors!should!move!their!frogs!away!from!each!other!
and!spin!them!once!or!twice.!At!your!signal,!the!frogs!should!start!making!their!sound!patterns!
and!walking!around!the!room.!Continue!play!until!all!the!pairs!have!found!each!other.!The!
players!need!to!be!quiet!until!the!end!of!the!game.!Now,!switch!pairs!so!the!monitors!become!
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the!“frogs.”!Play!the!game!until!all!the!students!have!been!calling!frogs.!
9.Discuss!the!students’!impressions!of!how!difficult!the!activity!was.!Even!though!the!natural!
tendency!is!to!laugh!a!lot,!the!task!of!finding!each!other!is!harder!than!they!may!think.!
10.Listen!to!some!real!frog!calls,!provided!in!the!links!above.!There!is!the!name!and!picture!of!
each!frog!along!with!an!online!mp3!file!of!their!sound.!Do!any!of!the!calls!seem!familiar?!If!your!
students!are!really!talented,!see!how!well!they!can!imitate!the!calls!(but!not!all!at!once)!!
11.Have!2!students!leave!the!room.!These!will!be!the!“scientists”!monitoring!the!frog!
population.!Have!the!class!decide!how!many!frogs!of!each!species!will!be!calling.!Bring!the!
blindGfolded!scientists!return!to!the!room.!Ask!them!to!estimate!how!many!frogs!of!each!
species!are!calling.!Change!the!roles!and!number!of!frogs!calling!and!conduct!several!trials.!
Discuss!the!challenge!of!this!task.!What!methods!did!the!“scientists”!use!to!estimate!
populations?!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
**%adapted%from%“Spring%Chorus”%activity%from%Roger%Williams%Park%Zoo%

Amphibian!Alert!! !
All!Activities!and!Materials!used!with!Permission!of!Originating!Institutions!
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Stripes!and!Spots,!Lines!and!Dots!!
Amphibian%skin%may%be%brightly%patterned%or%dully%colored.%Your%students%will%learn%how%
colors%and%patterns%help%an%amphibian%survive%in%this%simple%“camouflage”%game.%
Objective:!To!identify!various!coloration!patterns!(stripes,!spots,!
dark!colors,!and!disruptive!patterns)!and!understand!the!function!

of!these!patterns!as!a!survival!technique,!serving!to!help!animals!

blend!into!their!environment.!

Vocabulary:!camouflage,!cryptic!coloration,!disruptive!coloration!
Related!Subjects:!science,!visual!arts,!language!arts!
Materials:!Books!and!magazines!with!color!pictures,!two!large!bed!sheets!(one!single!color,!
one!bold!color!pattern),!numerous!copies!of!a!frog!outline!to!trace,!watch!with!second!hand!for!

timing!game,!paper!and!pencil!for!taking!notes!

Procedures:!
1.Introduce!the!concept!of!coloration!patterns!to!students.!Ask!them!to!discuss!and!give!

examples!they!can!think!of.!Look!around!the!room!and!find!examples!of!patterns!that!draw!

attention!or!hide!the!item.!

2.Divide!the!class!into!teams!to!explore!the!room/library/school!yard!to!find!patterns!in!

nature!and!manGmade!articles.!These!can!be!patterns!that!help!the!animal!or!item!stand!out,!or!

blend!into!their!surroundings.!Provide!magazines,!books!to!look!through.!Allow!10!minutes!to!

gather!data.!

3.ReGgather! the!group!to!present! findings! to! the!rest!of! the!class.!What! types!of!patterns!did!

they!find?!Discuss!definitions!of!camouflage,!disruptive!coloration,!cryptic!coloration.!

4.!Introduce!some!examples!of!frogs.!In!Costa!Rica,!the!poison!dart!frog!uses!its!bright!

coloration!as!a!way!to!tell!predators!that!is!it!toxic!and!they!should!stay!away.!RedGeyed!tree!

frogs!use!camouflage!as!a!way!to!protect!themselves!during!the!day.!They!lay!motionless!and!

cover!their!sides,!which!are!blue,!with!their!legs!and!tuck!their!feet!under!their!stomachs.!After!

they!close!their!eyes,!they!appear!all!green!and!blend!in!with!the!foliage!in!the!forest.!!

!

!

!
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!
!
5.Pose!the!question!“How!do!amphibians!hide!in!their!environment?”!Solicit!answers!and!ideas!
from!students.!Keep!list!on!board.!
6.Have!class!prepare!the!pieces!for!the!game.!Have!each!student!draw!a!chosen!frog!from!
above.!They!need!to!color!it!and!cut!it!out.!
7.You!are!now!ready!to!play!“Stripes!and!Spots,!Lines!and!Dots!”!Spread!two!large!bed!sheets!
(or!pieces!of!poster!board)!on!the!classroom!floor!or!outside!in!the!yard.!Have!the!class!turn!
their!backs!(or!close!eyes)!while!you!spread!the!frogs!over!the!two!sheets.!The!colors!on!the!
frogs!should!match!the!colors!on!the!bright!pattern!cloth.!Class!members!have!only!10!seconds!
to!pick!up!as!many!frogs!as!they!can!see!from!where!they!are!standing.!They!can!only!pick!up!
one!frog!at!a!time,!not!scoop!up!a!handful!!
8.Discuss!the!results!of!the!game.!Which!sheet!background!successfully!hid!which!frogs?!Which!
frogs!were!harder!to!find?!When!did!the!frogs!seem!to!“disappear?”!
9.Now,!turn!the!class!discussion!back!to!amphibians.!How!could!various!patterns!be!helpful!for!
frogs,!toads,!and!salamanders!in!the!wild?!Discuss!definitions!of!predator!(hunting!animal)!and!
prey!(animal!that!is!hunted).!Which!animals!might!want!to!hide!from!others?!What!types!of!
patterns!can!they!think!of!on!animals!they!have!seen?!Whether!striped,!spotted,!or!a!flash!of!
color,!the!patterns!on!an!animal's!body!serve!a!vital!function!in!nature.!These!body!patterns!
are!a!survival!technique,!helping!to!hide!predators!and!prey!from!each!other.!Animals!that!are!
hunters!or!predators!want!to!hide!from!their!prey!for!as!long!as!possible.!Prey!animals!also!
want!to!hide!from!predators!or!at!least!make!it!difficult!to!catch!them!quickly.!When!a!body!
pattern!looks!like!something!else,!it!is!called!camouflage.!
10.Play!another!round!of!the!game,!but!this!time,!the!brightly!colored!frogs!are!toxic.!Predators!
that!catch!them!may!become!sick!or!even!die.!The!bright!colors!serve!as!a!warning!G!as!if!to!say,!
“watch!out!”!In!nature,!the!most!common!warning!colors!are!patterns!of!red,!orange,!yellow,!
and!black,!but!dart!poison!frogs!come!in!all!colors.!A!predator!may!never!know,!so!it!is!best!to!
find!something!with!duller!colors.!After!the!game,!discuss!the!results!with!the!students.!How!
did!they!change!from!the!first!round?!
11.Pose!the!question…!“If!a!habitat!changes!drastically,!how!could!that!affect!the!amphibians,!
or!any!animal?”!What!types!of!habitats!do!amphibians!live!in?!Scientists!have!seen!dramatic!
declines!in!certain!amphibian!populations.!Can!the!class!think!of!some!reasons?!List!their!
answers!on!the!board,!or!a!sheet!of!paper!that!can!be!kept!for!later!activities.!
**%Activity%from%"Zoo%Clues"%Series,%Zoological%Society%of%Florida,%Miami%Metrozoo%

Amphibian!Alert!! !
All!Activities!and!Materials!used!with!Permission!of!Originating!Institutions!
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Creating!Your!Own!“Salamander!Room”!!
Your%students%will%transform%your%classroom%into%a%“natural%habitat”%
fit%for%an%amphibian%in%this%onHgoing%art%project.%
Objective:!To!illustrate!knowledge!of!animal!
habitats!and!their!key!factors!by!creating!an!

amphibian!habitat!in!the!classroom.!

Vocabulary:!habitat,!salamander!
Background:!In!this!activity!you!and!your!students!will!turn!your!classroom!into!an!
amphibian!habitat!!Create!your!own!classroom!mural!with!plants,!animals,!and!all!the!

important!habitat!features!that!help!the!residents!survive!and!thrive.!This!activity!should!be!

onGgoing,!allowing!for!students!to!add!or!change!items!as!their!knowledge!increases.!What!

better!indicator!of!comprehension!then!to!have!a!student!quickly!draw!a!new!source!of!water!

then!thoughtfully!add!it!to!the!mural!just!where!they!think!it!should!be?!Or!to!have!a!student!

move!a!stretch!of!roadway!because!they!think!it!is!harmful!to!the!animals?!Note:!This!activity!

will!take!multiple!class!periods!and!involves!research!that!can!be!done!between!sessions.!Since!

this!is!primarily!an!art!project,!some!students!may!feel!hesitant!about!fully!participating.!

Drawing!ability!is!not!necessary.!Students!should!feel!free!to!“pool!their!skills.”!

Related!Subjects:!science,!art,!literature,!research!skills!
Materials:!
coloring!book!outline!drawings!of!animals!and!plants!*!Peterson%Field%Guide%Coloring%Books%are%
an%excellent%source%of%accurate%drawings.!
large!sheets!of!butcher!paper!for!background!*These%will%be%used%for%the%background%of%trees,%
sky,%clouds,%etc.!
WaterGbased!craft!paint!crayons,!markers!

glue!or!tape!

Procedures:!
1.Talk!about!what!kinds!of!things!a!salamander!needs!in!their!habitat!to!survive.!Write!their!

ideas!on!the!board.!!

!

2.Tell!students!that!they!are!going!to!turn!their!classroom!into!an!amphibian!habitat!!Decide!

which!type!of!habitat!you!want!to!create!in!the!room:!

tropical!rain!forest! pond! Swamp!

deciduous!forest! grasslands! cloud!forest!

!

Ask!students!to!gather!information!from!the!library!or!Internet,!including!photos!or!images!

that!can!serve!as!models!for!the!background.!

3.Prepare!the!habitat!background.!This!is!going!to!take!lots!of!room,!so!you!may!want!to!find!

an!open!room,!or!move!desks!to!the!side.!The!students!are!going!to!draw,!and!then!if!possible!

paint!the!background!(or!you!could!do!this!in!advance).!The!background!does!not!need!to!be!

highly!detailed!to!start.!Depending!on!the!size!of!your!room,!you!may!want!to!start!with!just!

one!wall,!then!allow!the!habitat!to!“grow”!as!time!and!interest!allows.!

4.!While!the!background!is!drying,!the!students!can!continue!their!research!on!the!plants!and!

animals!that!live!in!their!habitat.!Ask!them!to!think!about!a!salamander!need!in!their!habitat.!

Do!they!have!those!items!included!in!their!habitat?!

5.Based!on!the!students’!skills,!locate!illustrations!or!have!the!students!draw!the!animals!and!

plants!to!be!added!to!the!habitat.!Keep!a!master!list!of!all!the!animals!and!plants!that!can!be!
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updated!as!the!habitat!becomes!richer!and!more!diverse.!Remind!them!that!the!animals!and!
plants!should!be!accurate!G!so!color!choice!counts!!
6.Keep!updating!your!classroom!habitat!as!your!class!progresses!through!the!curriculum.!They!
may!want!to!improve!the!habitat!based!on!new!knowledge!they!acquire,.!
7.Invite!neighboring!classrooms!to!come!on!a!“field!trip”!to!your!new!classroom!habitat!!The!
students!can!act!as!guides,!helping!point!out!some!of!the!amazing!and!important!factors!in!
their!habitat.!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Amphibian!Alert!! !
All!Activities!and!Materials!used!with!Permission!of!Originating!Institutions!
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!Frog!Leg!Theater!!
Your%students%will%create%plays%that%depict%scenes%from%an%amphibian’s%life%in%
a%variety%of%habitats.%
Objective:!To!explore!and!reinforce!learning!and!
observations!on!animal!behavior!and!adaptations!of!
amphibians.!

Vocabulary:!habitat,!predator,!prey!
Related!Subjects:!science,!visual!arts,!drama,!public!speaking!
Materials:!Amphibian!habitat!descriptions,!arts!and!crafts!materials!for!making!masks,!
costumes!and!props!
Procedures:!
1.The!students!will!create!short!plays!about!the!habitats!that!amphibians!live!in.!Divide!the!
class!into!six!groups!(one!per!habitat).!Use!the!descriptions!on!amphibian!habitats!in!the!
teacher’s!background!information,!and!have!the!students!design!their!own!plays.!The!plays!
should!include!the!following!components:!

• !a!narrator!
• “star”!amphibians!
• typical!predators!
• typical!prey!
• changes!to!the!environment!
• weather!
• and!lots!of!drama!!

2.Give!the!students!enough!time!to!develop!their!storyline.!If!there!is!enough!time,!encourage!
them!to!develop!props,!masks,!costumes!or!even!a!backdrop!for!their!play.!Let!them!be!as!
creative!as!they!wish,!as!long!as!the!portrayal!is!accurate.!
3.Make! an! event! of! the!plays!!Rehearse! the!plays,! and! then! invite! other! classes! to! come! see!
them.!After! the! plays! are! presented! to! the!whole! class,! discuss!what! happened! in! each! one.!
What! adaptations! did! they! chose! to! highlight! in! their! predators! and! prey?!What! amphibian!
characteristics!did!they!emphasize?!
*If!the!performances!are!good!enough,!you!may!even!choose!to!hold!your!own!Oscars!for!“Best!
Predator,”!“Best!Prey,”!and!“Best!Portrayal!of!a!Tadpole!”!
!
!
!
!
!
!
!
!
!
!
!

Amphibian!Alert!! !
All!Activities!and!Materials!used!with!Permission!of!Originating!Institutions!
!
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What is a Reptile? 
 
Name______________________________________________________________ 
 
A reptile has dry, scaly skin, a backbone, breathes air through lungs, and is cold-
blooded. Turtles, lizards, and snakes are reptiles. Crocodiles and alligators are also 
reptiles. 
 
Look at the pictures of the animals below. Circle the pictures of animals that 
are reptiles. 

 11 
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Cut out the reptiles below. Glue them in the correct box on the 
"Classifying Reptiles" chart. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Alligator 
American River Turtle 

 
 
 
 
 
 
 
 
 
 
 
 
Smooth-head Gecko 
 
 
 
 
 
 
 
 
 
 
 

Box turtle 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Rattlesnake 

Iguana 

Boa Constrictor 
Crocodile 
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Crocodilian Snake 

Lizard Turtle 

 
 
!
!

Classifying!Reptiles!
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Amphibians and Reptiles in Monteverde 

 
Name 

________________________________________________________________  
Find the names of the following reptiles in the puzzle below. 
CANE TOAD 
COMMON GROUND ANOLE 
DRY FOREST TRUE FROG 
GREEN SPINY LIZARD 
MEADOW TREE FROG 
NEOTROPICAL RATSNAKE 
PYGMY RAINFROG 
RING-TAILED SALAMANDER 
TROPICAL KINGSNAKE 
 

Q Z G M B H T B I U M J I J E F J S E O 
E C O M M O N G R O U N D A N O L E K G 
K K X I Q N J J D J G Z Z F U H M S K O 
F G A R I E N E V V C A P V Q E L T U R 
G O T N K E X B E Z H L G D W R R A U F 
J R I G S W X P W B N J T Y O O M B J E 
N F D Q C T F V T R Z D Z P P L G N S U 
R E D N A M A L A S D E L I A T G N I R 
D E G N W R C R W Q D K C B U O X P J T 
T R W D L M Y M L C S A A J K E R R Z T 
F T N Z K A F F J A L C P D M Q T Y M S 
O W Q Z V N X Y U K C B A B D G X D M E 
X O H H E Q U A I M I I A N O Q W U I R 
E D D S U L P N O O K C P I E U N P H O 
O A F O N Y G G H I X M R O I T R Y D F 
O E K C X S R W I J X R U U R R O L F Y 
H M Y P N L C K W T W H U R O T E A P R 
A F D A D P Y G M Y R A I N F R O G D D 
F H K E D R A Z I L Y N I P S N E E R G 
O E R B U J R H X U G G B J Q X S T N S 
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Solution 
 

+ + + + + + + + + + + + + + + + + + + + 
E C O M M O N G R O U N D A N O L E + G 
+ K + + + + + + + + + + + + + + + + + O 
+ G A + + + + + + + + + + + + + + T + R 
+ O + N + + + + + + + + + + + + R + + F 
+ R + + S + + + + + + + + + + O + + + E 
+ F + + + T + + + + + + + + P + + + + U 
R E D N A M A L A S D E L I A T G N I R 
+ E + + + + + R + + + + C + + + + + + T 
+ R + + + + + + L + + A + + + + + + + T 
+ T + + + + + + + A L C + + + + + + + S 
+ W + + + + + + + K C + A + + + + + + E 
+ O + + + + + + I + + I + N + + + + + R 
+ D + + + + + N + + + + P + E + + + + O 
+ A + + + + G + + + + + + O + T + + + F 
+ E + + + S + + + + + + + + R + O + + Y 
+ M + + N + + + + + + + + + + T + A + R 
+ + + A + P Y G M Y R A I N F R O G D D 
+ + K + D R A Z I L Y N I P S N E E R G 
+ E + + + + + + + + + + + + + + + + N + 

(Over,Down,Direction) 
CANETOAD(12,11,SE) 

COMMONGROUNDANOLE(2,2,E) 
DRYFORESTTRUEFROG(20,18,N) 
GREENSPINYLIZARD(20,19,W) 
MEADOWTREEFROG(2,17,N) 

NEOTROPICALRATSNAKE(19,20,NW) 
PYGMYRAINFROG(6,18,E) 

RINGTAILEDSALAMANDER(20,8,W) 
TROPICALKINGSNAKE(18,4,SW) 
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Coloring!Activity!!
Students%have%the%chance%to%color%a%frog%that%is%found%in%Costa%Rica.%

%

Red Eyed Tree Frog 

 

 

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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Draw!a!Monteverde!Amphibian!or!Reptile!
Display%the%four%pictures%to%students%and%have%them%draw%one%of%their%own.%

%

!!!!!!!!!!!!!!!!!!! !
Monteverde!Mountain!Salamander!

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

YellowGflecked!Glass!Frog!
!
!
!
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!
!

!
 !
!

!
!

Green!Tree!Anole!
!

BluntGheaded!Tree!
Snake!
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Back!to!the!PondL!Habitat!Fragmentation!!
In%this%largeHscale%simulations%game,%your%students%will%learn%firstHhand%the%
challenges%that%amphibians%face%on%a%daily%basis%as%their%habitats%are%fragmented.%
Objective:!Students!will!look!at!the!challenges!amphibians!
face!when!their!habitat!is!fragmented,!particularly!the!
challenge!of!migration.!
Vocabulary:!habitat!fragmentation,!habitat!degradation,!
migration!
Background:!All!species!need!adequate!space!for!dayGtoGday!
living,!feeding,!and!migration.!Most!species!are!sensitive!to!changes!in!their!habitat!brought!
on!by!human!activity.!Habitat!fragmentation!occurs!when!large!areas!of!woods,!grasslands,!
riversides,!or!other!habitats!become!separated!into!smaller!pieces,!usually!from!human!
activity!such!as!building!roads,!cutting!large!blocks!of!trees,!building!homes,!etc.!Without!
corridors,!these!“islands”!of!animals!become!isolated!from!each!other.!This!reduces!their!
chances!to!choose!mates!and!breed!and!can!ultimately!cause!extinctions.!When!you!think!of!
habitat!destruction,!you!may!picture!mass!extinction!in!far!away!places.!However,!habitat!
fragmentation!is!occurring!in!our!own!backyard.!Although!scientists!are!researching!causes!
of!amphibian!declines!in!seemingly!undisturbed!habitats,!the!cause!for!most!amphibian!
(and!other!animals)!declines!is!easily!identified!G!habitat!degradation!and!fragmentation.!
Related!Subjects:!physical!education,!geography,!math!
Materials:!newspaper,!newsprint!sheets,!or!construction!paper,!markers!or!crayons,!large!
playground!balls!(soccer,!volley,!basketball,!etc.)!
Procedures:!This!game!can!be!done!outside!in!the!schoolyard!or!inside!in!a!large!room.!
1.Divide!class!into!two!teams!and!explain!their!roles:!the!“amphibians”!and!the!
“disturbance.”!The!goal!of!the!game!is!for!the!“amphibians”!to!travel!from!water!to!land!
then!back!to!water!without!being!hit!by!a!passing!“people,!horses,!or!cars”,!depending!on!
the!round.!A!ball!that!is!gently!rolled!down!the!roads!at!a!safe!speed!represents!these!
things.!“Amphibians”!have!to!walk!heelGtoGtoe!slowly!across!their!habitat!or!the!imaginary!
disturbance.!“People,!horses,!or!cars”!will!roll!a!ball!gently!back!and!forth!in!straight!lines!
down!the!road.!“Amphibians”!are!not!allowed!to!leap!out!of!the!way,!but!must!keep!going!
across.!They!can!stop,!or!back!up,!but!not!leap.!
2.Create!the!habitat!using!large!pieces!of!newspaper,!newsprint!or!construction!paper.!Half!
of!the!sheets!will!become!“water”,!half!of!which!become!“land.”!You!can!mark!them!with!
blue!for!water!and!green!for!land.!If!your!class!is!feeling!extra!creative,!they!can!draw!these!
features!on!the!paper.!During!the!four!rounds!of!the!game!various!pieces!of!paper!will!be!
removed!and!replaced!with!roadways!and!stores.!
3.The!game!will!be!played!for!4!rounds,!following!the!grids!as!outlined.!Each!round!creates!
a!more!fragmented!habitat!in!which!the!“amphibians”!can!live.!The!rounds!should!last!
about!3!minutes.!Remember,!the!“amphibians”!must!move!from!water!to!land,!then!back!to!
water!without!getting!hit.!The!“people,!horses,!or!cars”!can!only!roll!in!a!straight!line!once!
an!area!has!been!cleared.!As!the!game!begins,!the!“people,!horses,!or!cars”!can!only!roll!on!
the!outside!of!the!habitat.!The!students!on!the!“people,!horses,!or!cars”!team!should!pair!
up,!so!they!are!rolling!the!ball!from!one!partner!to!the!other.!Review!the!rules:!
Two!“amphibians”!cannot!occupy!the!same!space.!
If!an!“amphibian”!doesn’t!move!during!the!round,!they!are!out.!
“People,!horses,!or!cars”!cannot!aim!for!“amphibians”!in!their!habitats.!If!they!do,!they!are!
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out.!The!game!is!over!at!the!end!of!the!4th!round.!How!many!“amphibians”!are!left?!
!
!
!
Opening!set!Lup!for!game:!

W L W L W L W L 
L W L W L W L W 
W L W L W L W L 
L W L W L W L W 
W L W L W L W L 
L W L W L W L W 
W L W L W L W L 
L W L W L W L W 

 
 
 
 
Round One - add a few trails through the forest: 

W   W L W     W   L 
L   L W L     L   W 
W   W L W     W   L 
                            
W   W L W     W   L 
L   L W L     L   W 
W   W L W     W   L 
L   L W L     L   W 
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Round Two – add some horse trails to the forest: 
W     L     W L 
            

    
L     W     L W 
            

    
            

    
            

    
W     L     W L 
            

    
L     W     L W 
            

    
W     L     W L 
            

    
L     W     L W 
                

!
 
Round Three - add a few dirt roads: 

      
                    

        L                 
  

                      
  

        W         L W 
  

                      
  

                      
  

                      
  

        L         W L 
  

                      
  

L       W         L W 
  

                        
    

W       L                 
  

                        
    

L       W                 
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Round Four – add some paved roads now: 

                
      W     L   
                
                
      L     W L 
                
                
W     L         
L     W         
        
                

!
4.At!the!end!of!the!game,!discuss!the!results!with!students.!How!many!“amphibians”!were!
left! at! the!end!of! the!game?!How!did! they!manage! to! survive?!Can! they! think!of!ways! to!
change!the!results?!How!could!the!trails!and!road!have!been!built!differently?!
How!can!scientists!determine!“how!much!habitat!is!enough?”!for!the!amphibians!and!other!
animals?!What!problems!might!automobile!noises!pose!for!frogs!that!rely!on!calling!to!find!
mates?!
!!

!
!
!
!
!
!
!
!
!
!
Amphibian!Alert!!
All!Activities!and!Materials!used!with!Permission!of!Originating!
Institutions!
!

!
!
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Where!in!the!World!are!Amphibians!Going?!!
Amphibians%are%facing%problems%around%the%world%in%nearly%every%type%of%
habitat.%Your%students%will%discuss%these%problems%and%look%for%any%patterns%in%
this%geography%activity.%
Objective:!Students!will!seek!to!find!connections!
between!habitat,!geographical!location,!and!potential!

reason!for!current!amphibian!declines!around!the!world.!
Vocabulary:!habitat!loss,!predator,!toxic,!pollution,!bioGindicator!
Background:!
Amphibians!throughout!the!world!are!in!decline.!In!the!last!decade,!more!than!200!species!
have!been!documented!to!be!in!decline!and!about!20!species!are!presumed!to!have!gone!
extinct.!The!most!alarming!thing!is!that!most!of!these!species!in!trouble!have!declined!or!
disappeared!from!habitats!that!are!protected!from!destruction!and!are!located!far!from!
pollution!sources.!Species!have!been!disappearing!in!protected!parks!and!lands!in!the!
United!States,!Puerto!Rico,!Costa!Rica,!Honduras,!Panama,!Venezuela,!and!Australia.!No!
single!cause!has!been!identified!which!can!explain!this!largeGscale!pattern,!but!various!
factors!have!been!implicated.!Below!is!a!list!of!possible!reasons!for!decline:!

• General!habitat!alteration!and!loss!
• Habitat!modification!from!deforestation,!or!logging!related!activities!Intensified!agriculture!

or!grazing!
• Urbanization!
• Disturbance!or!death!from!vehicular!traffic!
• Prolonged!drought!Floods!
• Mining!
• Secondary!succession!
• Drainage!of!habitat!Dams!changing!river!flow!and/or!covering!habitat!
• Subtle!changes!to!necessary!specialized!habitat!(habitat!fragmentation)!
• Local!pesticides,!fertilizers,!and!pollutants!LongGdistance!pesticides,!toxins,!and!pollutants!

Predators!(natural!or!introduced)!
• Introduced!competitors!Disease!G!fungal!and!other!
• DeformityGcausing!parasitic!worm!(trematode)!larvae!
• Loss!of!genetic!diversity!from!small!population!phenomena!Barriers!to!movement!and!

accidental!traps!
• Intentional!mortality!(overGharvesting,!pet!trade!or!collecting)!Loss!of!distinctiveness!

through!hybridization!
• Weakened!immune!capacity!
• Climate!change,!increased!UVB!or!increased!sensitivity!to!it,!etc.!

!
Related!Subjects:!geography,!science!
Materials:!copies!of!Amphibian!Loss!cards!(one!for!each!student),!large!world!map,!open!
area!for!students!to!form!groups!
Procedures:!
1.Make!copies!of!the!Amphibian!cards!included!in!this!lesson!plan.!There!should!be!enough!
for!each!student!in!the!class.!Please%note:%these%cards%are%only%a%partial%list%of%the%amphibian%
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species%in%decline%around%the%world,%and%are%not%representative%of%the%total%range%of%issues%
affecting%amphibians.!
2.Distribute!cards!to!students.!Each!card!has!an!amphibian!whose!population!has!declined!

recently.!Further!information!on!the!card!includes!the!region!of!the!world!and!specific!

country!in!which!the!amphibian!can!be!found,!the!type!of!habitat!it!lives!in,!and!one!of!the!

reasons!that!scientists!believe!may!be!causing!the!decline.!Give!the!students!a!minute!or!so!

to!study!their!cards.!

3.Sort!or!group!the!students!according!to!Region!of!the!world:!Australia,!Asia,!North!

America,!South!America,!Europe,!Central!America,!and!the!Caribbean.!Ask!the!students,!

“Are!amphibians!declining!in!each!of!these!regions?”!

4.Sort!or!group!the!students!according!to!the!Habitat!type:!Mountain!Forests,!Rain!Forests,!

Wooded!areas,!Streams!or!Rivers,!Ponds!or!Lakes,!Wetlands,!Caves!or!Underground.!Ask!

the!students,!“Are!amphibians!declining!in!each!of!these!habitats?”!

5.Finally,!sort!the!students!according!to!Suspected!Reason!for!Decline:!habitat!loss!or!

destruction,!pesticides!or!chemicals,!fungus!or!virus,!predators,!for!food!or!medicines,!

weather!changes,!catastrophic!events.!Go!around!the!room!discussing!each!of!the!suspected!

reasons,!by!asking!the!students!to!read!their!card!out!loud.!

6.Discuss!what!conclusions!the!class!can!draw?!Do!similar!habitats!have!similar!problems?!

Do!certain!regions!of! the!world!have!certain!problems?!Using!a! large!world!map,!ask!the!

students!to!locate!their!animal’s!home!region.!

7.Share!the!list!of!potential!causes!listed!in!the!Background!section!of!this!lesson!plan.!

Worldwide!amphibian!declines!seem!to!be!caused!by!a!variety!of!causes,!and!scientists!

from!every!region!are!studying!local!populations!to!pinpoint!problems.!It!is!an!onGgoing!

issue!with!no!clear!answers.!!

!

!

!

!

!

!

Region:!Australia/Oceania!

Country:!New!Zealand!Habitat:!mountains!!

Amphibian:!Archey’s!Frog!

Suspected!Reason!for!Decline:!multiple!

Region:!Asia!

Country:!Sri!Lanka!Habitat:!cleared!forests!!

Amphibian:!Tree!frog,!Green!frog!!

Suspected!Reason!for!Decline:!herbicides!
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Region:!North!America!
Country:!Canada!Habitat:!St.!Lawrence!river!system!!
Amphibian:!Mudpuppy!!
Suspected!Reason!for!Decline:!pesticides!

Region:!North!America!!
Country:!western!United!States!!
Habitat:!Yellowstone!National!Park!
!Amphibian:!Columbia!Spotted!frog!
!Suspected!Reason!for!Decline:!climate!change!

Region:!Europe!!
Country:!England!Habitat:!wetlands!on!the!Isle!of!Jersey!!
Amphibian:!Agile!frog!
!Suspected!Reason!for!Decline:!unknown!

Region:!North!America!
!Country:!western!United!States!!
Habitat:!mountain!forests!!
Amphibian:!Northern!Leopard!frog,!Spotted!frog!
Suspected!Reason!for!Decline:!unknown!

Region:!Central!America/Caribbean!
Country:!Costa!Rica!!
Habitat:!cloud!forest!!
Amphibian:!Harlequin!frog!!
Suspected!Reason!for!Decline:!dry!climate!conditions,!fungal!disease!
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!
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!

Region:!South!America!!
Country:!Venezuela!Habitat:!wooded!areas!near!cities!!
Amphibian:!Painted!frog!!
Suspected!Reason!for!Decline:!unknown!

Region:!Australia/Oceania!!
Country:!Australia!!
Habitat:!forests!of!Queensland!!
Amphibian:!multiple!species!!
Suspected!Reason!for!Decline:!fungus!

Region:!North!America!!!
Country:!western!United!States!!!
Habitat:!Yellowstone!National!Park!!!
Amphibian:!Columbia!Spotted!frog!!
!Suspected!Reason!for!Decline:!introduction!of!nonGnative!fish!

Region:!Eurasia!!
Country:!Former!Soviet!Union!!
Habitat:!forests!!
Amphibian:!Marsh!frog!!
Suspected!Reason!for!Decline:!deforestation!

Region:!Central!American/Caribbean!!
Country:!Puerto!Rico!!
Habitat:!streams!
!Amphibian:!Schmit’s!frog!!
Suspected!Reason!for!Decline:!loss!of!habitat!
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Region:!Central!America/Caribbean!
Country:!Costa!Rica!!
Habitat:!cloud!forest!!
Amphibian:!Golden!toad!
Suspected!Reason!for!Decline:!unusual!warm,!dry!weather!pattern!

Region:!Central!American/Caribbean!!
Country:!Puerto!Rico!
!Habitat:!rain!forest!
!Amphibian:!Puerto!Rico!liveGbearing!frog!!
Suspected!Reason!for!Decline:!loss!of!forests!

Region:!Central!American/Caribbean!
Country:!Haiti!!
Habitat:!rain!forest!!
Amphibian:!Tree!frog!!
Suspected!Reason!for!Decline:!loss!of!forests!for!firewood!

Region:!Asia!
Country:!Philippines!!
Habitat:!island!caves!with!high!humidity!
!Amphibian:!Negros!cave!frog!!
Suspected!Reason!for!Decline:!loss!of!habitat!caves!

Region:!North!America!!
Country:!NW!United!States!!
Habitat:!wetlands!adjoining!farmlands!!
Amphibian:!Oregon!Spotted!frog!!
Suspected!Reason!for!Decline:!nitrate!fertilizer!runGoff!
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!

Region:!North!America!!
Country:!western!United!States!!
Habitat:!Nevada!desert!!
Amphibian:!Amargosa!toad!!
Suspected!Reason!for!Decline:!habitat!destruction!

Region:!North!America!
Country:!western!United!States!
Habitat:!mountains!in!Nevada!
Amphibian:!Mountain!yellowGlegged!frog!
Suspected!Reason!for!Decline:!fish!predator!

Region:!Asia!!
Country:!Russia!!
Habitat:!rivers!of!Ekaterinburg!
Amphibian:!Marsh!frog!!
Suspected!Reason!for!Decline:!thermal!pollution!

Region:!Europe!!
Country:!Italy!!
Habitat:!forests,!streams!!
Amphibian:!European!fire!salamander!!
Suspected!Reason!for!Decline:!unknown!
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Region:!Asia!!
Country:!mainland!China!!
Habitat:!streams,!wooded!areas!!
Amphibian:!salamander!Suspected!
Reason!for!Decline:!collected!for!traditional!medicines!

Region:!Europe!!
Country:!Spain!!
Habitat:!forests,!wooded!areas!
Amphibian:!Common!MidGwife!toad!!
Suspected!Reason!for!Decline:!fungus!

Region:!Asia!
Country:!Tibet!!
Habitat:!lakes!!
Amphibian:!Green!frog!!
Suspected!Reason!for!Decline:!loss!of!habitat,!lakes!drained!for!farms!

Region:!southern!Asia!
Country:!Bangladesh!
Habitat:!wetlands!!
Amphibian:!China!frog!!
Suspected!Reason!for!Decline:!loss!of!habitat!and!agricultural!chemicals!

Region:!Central!America!!
Country:!Peru!!
Habitat:!high!elevation!forests!!
Amphibian:!Harlequin!toad!!
Suspected!Reason!for!Decline:!fungus!
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Amphibian!Alert!!
All!Activities!and!Materials!used!with!Permission!of!Originating!Institutions!

Region:!Europe!!
Country:!Great!Britain!
!Habitat:!streams,!wooded!areas!!
Amphibian:!Great!Crested!newt!
Suspected!Reason!for!Decline:!fish!predation!

Region:!North!America!
Country:!western!United!States!
Habitat:!streams!
Amphibian:!Tiger!salamander!
Suspected!Reason!for!Decline:!iridiovirus!

Region:!Caribbean!
Country:!island!of!Montserrat!!
Habitat:!upland!forests!!
Amphibian:!Mountain!Chicken!frog!!
Suspected!Reason!for!Decline:!volcanic!fallout!polluting!water,!use!as!food!
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Lost!Your!Montane!!Salamanders!Board!Game!!
Your%students%will%experience%the%challenges%faced%by%a%Central%American%amphibian%species%in%
this%simple%board%game.%
!
Objective:!Students!will!understand!that!amphibian!populations!are!
threatened!by!a!number!of!different!factors.!

!
Vocabulary:!habitat,!disturbance,!human!impact!
!
Background:! !!!
Monteverde’s!!Mountain!Salamander!is!found!in!the!mountains!of!Costa!Rica!and!western!
Panama.!They!can!be!found!in!humid!cloud!forests!at!moderate!to!high!elevations.!They!are!
terrestrial,!arboreal,!and!can!be!found!in!bromeliads.!!They!are!brown!or!black!with!small!
blotches!of!brown,!tan!or!orange.!!They!are!experiencing!habitat!loss!and!fragmentation!as!
a!result!of!agriculture.!
!
Related!Subjects:!math,!language!arts!
!
Materials:!game!board,!game!cards,!game!pieces!
%
Please%note:%This%game%is%best%played%with%2H4%players,%so%this%is%not%a%whole%class%activity.%
The%game%should%be%explained%to%the%entire%class,%then%be%available%for%small%groups%to%play%as%
the%schedule%allows.%
!
Rules!of!the!“Lost!Mountain!Salamanders”!Board!Game!are!similar!to!“Candy!Land”!G!each!
player!draws!a!card!and!moves!forward!as!directed!by!the!card.!Play!continues!until!one!
player!reaches!the!finish!line.!Two!to!four!players!can!play!at!once.!If!all!the!cards!are!used!
before!there!is!a!winner,!shuffle!the!cards!and!continue!play.!Enjoy!the!game!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
**This%information%is%provided%as%a%public%service%by%the%Savannah%River%Ecology%Laboratory%Outreach%office.%

Amphibian!Alert!!
All!Activities!and!Materials!used!with!Permission!of!Originating!Institutions!
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Color%the%Frog%
Have%the%students%color%the%frog%and%then%use%their%imagination%to%add%what%they%think%chytrid%fungi%would%look%like.%
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Nature is My Neighbor  
Nature is all around us- your students will explore their neighborhood and schoolyard for 
evidence of amphibians and other wildlife. 
Objective: to increase awareness of, and familiarize students with, 
nature in their surrounding region (i.e. schoolyard, back yard, local 
parks). 
Related Subjects: science, language arts, art 
Materials: local field guide books, copies of "Nature is My Neighbor" 
Field Guide Notes handout, paper and pencils, paper for additional 
drawings 
Procedures: 
1.Introduce the unit by discussing basic needs of all life. Solicit answers from students. All 
animals need food, water, and shelter in the appropriate configuration. These are all part of an 
animal’s habitat. Nature is all around us, in our schoolyards, playgrounds and backyards. In this 
activity, we are going to look closely to find evidence of animal presence. 
2.Take the students on a “nature hike” in the schoolyard for signs of animal life. Divide the 
students into pairs or teams to search the school yard for evidence that animals have been around 
- spider webs, nests, burrows, feathers, tracks, and droppings. Be sure not to disturb anything! 
Allow teams to explore for 10 minutes. Students should keep notes on what they find, sketching 
or describing it and naming it if they can. Provide copies of the “Nature is My Neighbor” Field 
Guide Notes form provided. 
3.Re-gather the class to share their findings. What types of evidence did they find? Encourage 
the students to use new vocabulary terms to describe their animals, i.e. mammal, bird, reptile, 
amphibian, or invertebrate. Ask if they observed any features on the animals that would be 
considered an adaptation. Are there any adaptations that help the animal to find and eat food? 
Are there any adaptations that help it to hide from other animals? 
4.Compile the students’ completed observations into a classroom Field Guide. Have students 
conduct research about the diets and behaviors of the animals for which they saw evidence on 
their “nature hike.” Making a Field Guide takes a long time, lots of patience, and is often a team 
effort. The more eyes and minds helping on the project, the better the final product will be. Once 
it is completed, your Field Guide can be shared with other classes as they explore the schoolyard 
habitat. 
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Nature is My Neighbor  
Field Guide Notes 

 
 
 
 
 
 

 
Habitat (be sure to note locations or sources of water) 
 
Name of Animal/Plant 
 
Description or Evidence 
 

Circle One:      Mammal     Bird     Amphibian     Insect or Spider      
!
Behavior:!!
___________________________________________________________________________________________
___________________________________________________________________________________________
___________________________________________________________________________________________!
!
Calls/Sounds:!
___________________________________________________________________________________________
___________________________________________________________________________________________
___________________________________________________________________________________________!
!
Drawing/Sketch!of!Location!
!

      

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Amphibian Alert!  
All Activities and Materials used with Permission of Originating Institutions 
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Assessment 
 

The purpose of this is to see what the children learned and tie the curriculum together. These 
questions can be asked after the appropriate lessons and also at the end of the unit to assess what 

the children learned. This is intended to be student guided. 
 

• Have the students share a story about a time they encountered an amphibian. 
• Ask them what the characteristics of amphibians are. 
• Have the students share a story about a time they encountered a reptile. 
• Ask them what the characteristics of reptiles are. 
• Ask them why they think it is important to consider the habitats of amphibians and reptiles. 
• Make a connection between habitats and conservation. 
• Ask if they have ever been to any of the reserves in town? 
• How did they feel if they’ve been there? 
• Discuss humans and climate change. 
• What kinds of things are happening to amphibians and reptiles in Monteverde? 
• Discuss small things they can do to have less of an impact on the environment. 
• If the weather is nice, go outside and see if you can find any amphibians or reptiles. 

 
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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Resources:!
Amphibian!Alter!:!

https://www.aza.org/uploadedFiles/Conservation/Commitments_and_Impacts/Amphibia

n_Conservation/Amphibian_Resources/AmphibianAlertCurriculum.pdf!
!

Reptile!Activity!Packet:!
http://kidszoo.org/wpGcontent/uploads/2011/12/related2reptiles.pdf!

!

List!of!Amphibians!and!Reptiles!in!Monteverde:!
https://dar.uga.edu/costa_rica/index.php/site/species/G/campus!

!

Amphibians!of!Costa!Rica!Video:!
http://www.anywherecostarica.com/floraGfauna/amphibian#video!

!
Costa!Rican!Amphibian!Research!Center:!

http://cramphibian.com/!

!
Reptiles!of!Costa!Rica:!

http://www.anywherecostarica.com/floraGfauna/reptile!

!
Video!on!Costa!Rican!Wildlife:!

https://www.youtube.com/watch?v=DNLxW9RSOc0!
!

Costa!Rican!Frogs:!

http://costaricanfrogs.com/PoisonGDart_Frogs.html!
!

!
!

!

!
!

!

!
!

!
!

!

!
!

!
!

!

!
!

!
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DISCUSSION  

The study created a curriculum for second grade students at an environmental education 
focused school. The main focus of the curriculum is amphibians and reptiles, with subparts that 
contribute to give a well-rounded knowledge of the species. Being in the tropics, part of the 
curriculum involves climate change and conservation, which is important for students in the 
tropics to learn about. In! regards! to! the! creation! of! quality! environmental! education!
curriculum,! there! are! limitations.! One! of! these! limitations! is! resources.! The! quality! of!
curriculum!is!extremely! important.!Some!developing!countries!do!not!have!the!resources!
or! opportunities! to! provide! strong! curriculum! for! their! students.! There! are! a! number! of!
resources! for! these! institutions! to! use.! There! is! a! large! amount! of! curriculum! available!
online.! Some! of! this! curriculum! comes! from! developed! countries! who! have! strong!
educational! systems.! This! can! be! extremely! useful! to! countries! that! are! building! their!
educational! programs.! A! creation! of! an! electronic! library! of! highly! developed! curricula!
available! to! teachers! all! over! the! world! could! be! extremely! beneficial.! They! can! share!
lessons,!activities,!and!ideas!with!each!other!and!incorporate!new!strategies!into!their!own!
curricula.! These! electronic! libraries!would! need! to! be! updated! yearly! by! the! teachers! or!
environmental!educators.!!

The Cloud Forest School could also create a Curriculum Advisory Board for the school. 
The board could consist of senior teachers, curricular experts from other countries, and local 
scientists. These board members would review the curriculum and make sure there is a thread 
from year to year and topic to topic. The senior teachers on the board could focus on evaluating 
the quality and flow of the lessons within the curriculum. The curricular experts from other 
countries could provide new resources and ideas. These experts could also come from countries 
where the quality of education is higher, and help the school raise its standards for education. 
Using local scientists and their knowledge could improve the quality of the curriculum. They 
would be able to provide information about the local environment and help with designing 
activities and lessons that accurately portray the concepts. These scientists would provide a new 
outlook on the curriculum. This will also help when trying to make curriculum specific to an 
area. A person on the board could also be responsible for making sure that the curricula meets 
the country standards. They can review the overall quality of the education and assess that each 
grade is teaching students the appropriate information. 

This study emphasized the need for a curriculum for a young age group, second grade. 
Some of these environmental issues are hard to break down for younger students to understand, 
but it still needs to be done. The most influential experiences children and young adults have are 
nature based (Kollmuss & Agyeman 2002). Childhood experiences stay with people forever. 
Nature-based education at an early age can provide people with a love and appreciation for the 
outdoors. The need to have environmentally aware citizens is vital. Developing countries need 
environmental education in their school to provide insight into the seriousness of these issues.   
When people in poor countries were asked the severity of environmental issues, they ranked it 
low (Kollmuss & Agyeman 2002). The developing countries in the tropics need to understand 
the importance of protecting their land. 

In conclusion, environmental education that focuses on broad and specific regions can 
provide students with a well-rounded knowledge. Further support for environmental education is 
needed, along with resources and support to make the programs as effective as possible. Using 
resources such as previously made curricula and local scientists can enhance the quality of the 
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education. Environmentally responsible citizens are built on an understanding of the environment 
and the issues it is facing. Children have the opportunity to contribute greatly to society as they 
grow up. It is important to make them as environmentally conscious as possible. 
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ABSTRACT  
 
Sustainable tourism is an environmentally centered approach to travel. However, few studies discuss 
the effect it has on local communities from the perspective of members in the community. Local 
conservation efforts helped create a healthy ecotourism economy for Monteverde, Costa Rica.  In this 
project, the impacts of ecotourism on Monteverde were examined and the perspectives of residents 
were documented through video interviews and questionnaires.  Two populations were represented:  
those that had lived in Monteverde over 30 years and those that who had not.  In general, conservation 
was important to all participants interviewed. Since the start of ecotourism, locals have become 
engaged and have an increased gratitude for biodiversity protection.  Ecotourism led to notable positive 
change in economy, environmental education and conservation programs. Ninety percent of 
participants agreed that ecotourism had positively impacted their lives. However, when asked to 
differentiate between positive and negative impacts of conservation, residents voiced a concern about 
the upsurge in trash and sought government programs to help offset effects of increased trash and 
recyclables. Concern over loss of community and culture was recorded in 89% percent of surveys. The 
presence of drugs and crime was mentioned in 54% of surveys, though many were reluctant to talk 
about crime.  Businesses expressed interest in donating to conservation programs if they received 
certification for their participation and, all of those who agreed said they would donate more if they 
were recognized.  
 
 
RESUMEN 
 
El turismo sostenible es ambientalmente un enfoque central al viajar. Sin embargo, pocos estudios 
discuten el efecto que tiene en las comunidades locales desde la perspectiva de los miembros de la 
comunidad. Esfuerzos locales de conservación ayudaron a crear una saludable economía ecoturista en 
Monteverde, Costa Rica. En este proyecto, los impactos del ecoturismo en Monteverde fueron 
examinados y las perspectivas de locales fueron documentadas mediante video-entrevistas y 
cuestionarios. Dos poblaciones fueron representadas: personas que han vivido en Monteverde por más 
de 30 años y las que no. En general, la conservación fue importante para todos los entrevistados. Desde 
el inicio del ecoturismo, los locales se han comprometido y aumentado su gratitud con la protección de 
la biodiversidad. El ecoturismo lleva a un notable cambio positivo en la economía, educación 
ambiental y programas de conservación. Noventa por ciento de los participantes aceptan los impactos 
positivos y negativos de la conservación, los residentes mostraron preocupación por el aumento en 
basura y solicitan programas gubernamentales para ayudar a controlar los efectos de la basura y 
reciclables. Preocupación por la pérdida de cultura comunal se obtuvo en 89% de las entrevistas. La 
presencia de drogas y crimen fue mencionado en 54% de las entrevistas, a pesar que muchos no 
quisieron hablar del tema. Los comercios expresaron interés en donar a programas de conservación si 
reciben certificación por su participación y, todos concordaron que donarían más si fueran reconocidos. 
 
 
 
 
 
 
 
 
 
INTRODUCTION  

 206 



 
 
Monteverde is Costa Rica’s most progressive and successful eco-tourist destination 
(Aylward et al.1996).  Monteverde which translates to “green mountain” attracts 
tourist interested in Monteverde’s protected areas.  Ecotourism is intended to 
minimally impact communities by contributing to economic and infrastructure 

development; increase in biodiversity and natural 
resources;  while promoting local involvement in 
the generation of capital and environmental 
appreciation (see figure 1) (Boza 1993; Ross and 
Wall 2015).  As most destinations are remote, 
often small supporting communities can be 
swamped by tourists who may strain 
infrastructure and impact the local culture.  
 
In the 1970s, Costa Rica established a national 
park system that eventually spawned an 

ecotourism industry (Aylward et al.1996).  
Now, over 25% of Costa Rica is protected in 
some way (Sánchez-Azofeifa et al. 2003) and 
receives over 2 million tourists annually (ITC 
2013).  Given its population of just over 4 
million, Costa Rica’s environment and culture 
are likely to change as a result.  There may be 

positive and reinforcing aspects as ecotourism can underscore the need for 
biodiversity conservation (Vivanco 2001).  Negative impacts might include likely 
environmental degradation and possible loss of local culture (Vivanco 2001).   
 
Most protected areas in Costa Rica are rural, like the private Monteverde Cloud 
Forest reserves.  Conservation in Monteverde is linked to the Quakers.  In 1951 they 
set aside a protected area of Cloud Forest as a watershed. The small piece of protected 
land later became the foundation of the Monteverde Cloud Forest Preserve. The 
Monteverde Cloud Forest Preserve was created when the local population was under 
500.  It has now grown to over 6,000.  Tourists began arriving in large numbers in the 
early 1990s (Aylward et al.1996).  Currently, the Preserve receives over 60,000 eco-
tourists a year (Guswa and Rhodes 2007).  Several other reserves and tourist 
attractions have been created since, and Monteverde now receives over 200,000 
tourists a year (Guswa and Rhodes 2007; Haley 2006).  
 
In addition to eco-touristic attractions, Monteverde has created the Monteverde 
Conservation League, the Cloud Forest School (dedicated to environmental 
education), reforestation projects, language institutes and organizations that host 
student groups studying abroad to learn about tropical ecology, conservation and 
sustainability.  Around all of its economic and educational opportunities, however, the 
local community must cope with conserving the biodiversity at the base of these 
activities.  It must also provide goods and services and protect the environment while 
doing so.  Finally, so many visitors to such a small community can impact the local 
culture.   
 

Figure 1. Ecotourism protects socio-
economic development and promotes 
sustainability.	Adapted	from	“Ecotourism:	
towards congruence between theory and 
practice,”		by	Sheryl	Ross	and	Geoffrey	Wall,	
Tourism Management, 20, p. 124. Copyright 
1999  

 207 



Here, I study the impact of ecotourism on the Monteverde community. I interview 
Monteverde residents in two groups:  those living in Monteverde longer than thirty 
years, who knew the community before ecotourism, and those who knew Monteverde 
only after ecotourism. Some of those interviewed also owned local businesses and 
answered additional related questions.  This study aims to understand the effect 
ecotourism has on the Monteverde community in three ways:  1. Attitudes, 
understanding and support of local conservation, 2. Environmental impact on the 
human community, and 3. Sociological and cultural changes. 

 
MATERIALS AND METHODS  
 
Monteverde Demographics 
 
Monteverde is a small town located in Puntarenas, Costa Rica. With a population size 
of approx. 6,750 people (Monteverde Info 2015). Before the roads were improved 
Monteverde was occupied by farmers, families and visiting researchers.  
 
 
Construct of Questionnaire 
 
A questionnaire was constructed to assess local resident’s attitudes and knowledge of 
ecotourism’s impact on economy, conservation and community welfare. There was 
also a section in the questionnaire regarding participation in eco-friendly activities, 
donations to conservation programs and visitation of protected areas (see appendix 1). 
The same questionnaire was given to residents of Monteverde in two groups:  those 
living in Monteverde longer than thirty years who knew the community before 
ecotourism (n = 21), and those who knew Monteverde only after ecotourism (n = 15). 
Some of those interviewed also owned local businesses and answered additional 
related questions (n = 8). Individuals living and working in Monteverde (including 
residents of contiguous Cerro Plano and Santa Elena) were given the survey to 
complete. After collecting completed questionnaires, each packet was separated by 
the amount of time spent in Monteverde.  
 
In-person Interviews 
 
Data were collected by individuals who witnessed the transformation of Monteverde 
or whose families played a key role. A series of questions similar to the questionnaire 
were asked during in-person interviews. Each interviewee was asked information 
regarding the change they’ve experienced. Bob Law, Pedro Belmar, Marlena and 
Marvin Rockwell were interviewed.  
 
Interview structure   
 
Participants were handed surveys if they owned a business and agreed to be 
interviewed. Participants were surveyed in a variety of settings: restaurants, grocery 
stores, government buildings, households and public sidewalks.  Participants were 
handed a survey with questions written in Spanish and were asked to complete the 
first portion, if they were business owners then they were asked to complete the 
second part that only applied to business owners. The questions for business owners 
were similar to the questions for individuals but applied only to their company.  
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RESULTS  
 
Questionnaires  
 

 
Table 1 Percentage of participants that answered yes on the questionnaire and average eco-friendly activities 
(our of 7) 

 
 Statistical Analysis 
 
Chi square tests were conducted to identify the difference in responses between each 
group (>30 years, <30 years). Analysis of variance was used to calculate the P values 
to see if there was significant difference. There was a significant difference in the 
percent of proceeds donated depending on group, the average of donated income for 
>30 group is 2.5% and the average of <30 was 1%. However, no other category 
differed in response.  
 

 
Figure 2 Statistical Analyses of questionnaire questions. 
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Figure 3 Statistical Analysis of participation in Eco-Friendly activities and average  per person in each group 

 
Eco-friendly Activities  
 
The amount of greater than 30 and less than 30 residents that participate in 
environmental sound activities is not significant (p = 0.91, t = 2.03, df = 34).  
Residents were given seven choices to quantify their environmentally sound 
choices. The average of activities were calculated for each group (>30 = 2.85, <30 
= 2.93). Overall, the participation is similar with a slight increase in activities 
from the less than 30 group.  
 

 
Figure 4  Average visits to Monteverde Cloud Forest Preserve per person in each group. 

 
Cloud Forest Visits 
 
The amount of residents that visited the Monteverde Cloud Forest was higher 
amongst the group of resident here longer than 30 years, but the results were 
not significant. ( p = .42, x = 0.65, df = 1).  Ninety-five percent of Greater than 30 
group visited the Monteverde Cloud Forest compared to 74% of the less than  
30% group.  
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Conservation 
 
Residents were asked questions about their participation in conservation 
programs (<30 = 74%, >30 = 95%). They were asked about their awareness of 
local discounts (<30 = 53%,>30 = 67%)  and to rate the importance of 
conservation, all participants interviewed classified conservation as the most 
important aspect of ecotourism.  Both groups defined conservation as the 
protection of plants, forests, insects and animals- in one case as the, “greatest 
word after God”.    
 
There was a section in the questionnaire that asked about the percentage of earnings 
donated to conservation, and while a percentage donated (<30 = 33%, >30 = 48%), I 
found that those that donated 0% did not have the means to donate more. One 
response was particularly heartwarming, she wrote that she would donate to 
conservation but she did not have the resources to. Which is why it was important to 
ask the same question to business that were profiting from the resources available. 
Eighty-two percent of the establishments interviewed said they would donate more to 
conservation efforts if they were certified by the government and recognized for their 
participation.  
 
 
Background  
 
Residents completed sections regarding their background, a large majority of 
participants were from Costa Rica (<30 = 80%, >30 = 90%). In the greater than 
30 group a larger percentage of individuals were from Monteverde (71%) 
compared to (<30 = 40%) largely because, Monteverde Natives over the age of 
30 were the target group. I sought individuals who could document the change in 
Monteverde. Therefore this result is biased and it is not needed to compare the 
difference in amount of Natives. 
 

Majority of individuals work in the 
ecotourism industry (<30 = 67%, 
>30 = 52%). Eighty percent of 
individuals from both groups said 
eco-tourism had impacted the 
economy and improved 
conservation efforts (environmental 
education and protection). However, 
concern over loss of community and 
culture was recorded in 89% percent of 
surveys; the presence of drugs and 
crime was mentioned in 54% of 
surveys, residents also vocalized 

concern for increased trash and lack of management. When asked whether the 
benefits outweighed the negatives, participants overwhelmingly agreed (<30 = 87%, 
>30 = 90%).  
 

Figure 5 Amount of participants that work in eco-tourism 
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In- person Interviews 
 
Bob Law is a Quaker that came to Monteverde on a birding trip just out of 

college and started teaching at the Monteverde Friends School. Law contributes to aid 
reforestation projects in conjunction with The Conservation League and connected 
related projects (Children’s Internal Rainforest- Bajo el Tigre).  Bob Law is a 
founding member of the Monteverde Conservation League and a current board 
member.   

Marvin Rockwell is 92, one of 
the original Quaker settlers who 
remembers the decision to protect 
their source of water. In 1951 they set 
aside a piece of Cloud forest that 
became the foundation of the 
Monteverde Cloud Forest Preserve 
(see figure ). He was the first guide to 
give tours and continues to share the 
history of Monteverde with tourists.  
Marvin also created and ran one of 
Monteverde’s earlier hotels, the 
Flormar, that is no longer operating. 
While generally positive about the impacts of tourism, he cautioned that tourism also 
brought an increase in crime and drugs.  

Marlene works at the Candy Shop in town and her family has been in 
Monterverde as long as some of the Quakers. Her father arrived in Monteverde 50 
years ago when there was only one car (owned by a Quaker) and helped construct the 
first road in town. She stated that ecotourism has greatly improved the quality of 
education and has permitted economic progress.  However, she vocalized concerns 
against the tourist influences that have promoted a loss in Costa Rican traditions and 
has encouraged the transition to American traditions such as Halloween and 
Thanksgiving. While tourism has improved the economy of Monteverde, she claimed 
that it altered family structure and forces parents to work longer hours. Additionally, 
she stated that tourist consume unnecessary products (bottled water) and prefer 
exports from their respective countries.  

Pedro Belmar, the son of the family that owns Hotel Belmar, the first Hotel in 
Monteverde, grew up in Monteverde as ecotourism was emerging. He felt that 
ecotourism has changed Monteverde. He sees an improvement in education, living 
standards and opportunities. On the other hand, he noted a lost legacy of agriculture 
knowledge and simplicity. Pedro Belmar noted that since the opening of Hotel Belmar 
the type of tourist has changed from grateful nature enthusiast to high-class travelers 
in search of comfort. While he is appreciative of both guest, the demands for comfort 
have overpowered the appreciation of nature and all that it comes with (spiders, 
limited air conditioning and scarce technology).  
 
 
 
 
 

Figure 6  Monteverde Community Watershed protection Reserve since 
1951. Published with Permission from Bob Law 
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DISCUSSION 
  
The purpose of this study was to understand the affect ecotourism has on the 
Monteverde community in three ways:  1. Attitudes, understanding and support of 
local conservation, 2. Environmental impact on the human community, and 3.  
Sociological and cultural changes.  
 
I found the majority of residents to be exceptionally supportive of conservation efforts 
in Monteverde. They vocalized their appreciation for conservation by way of their 
understanding and participation in conservation based programs. Participants who 
could afford to give back were extremely interested in donating. I noticed a deep 
sense of gratitude concerning economic opportunities and improved education. 
Residents have been able to profit from an industry structured around the protection 
of their community, Eco-tourism in Monteverde has supported research regarding 
biodiversity (Vivanco 2001).  While improving the living standards of a large 
percentage of a community.  
 
Increase in preserved land is an important aspect of ecotourism, however, the 
presence of trash and lack of trash management may be detrimental to the success of 
conservation efforts in Monteverde. I suggest that in the years to come, the 
Community of Monteverde implement programs that protect waterways, encourage 
recycling and provides adequate trash management objectives.  
 
Eco- tourism in Monteverde impacted community members and encouraged 
sustainable living. However, the loss of culture and community were expressed in a 
large percentage of interviews. This is worrisome since in some cases, the amount of 
tourist can overpower residents. Costa Rican traditions ought to be preserved much in 
the same way as the surrounding biodiversity. Tourist that visit Monteverde should 
respect the community they are visiting and refrain from overpowering community 
member with their own national pride. Celebrating nation specific holidays in foreign 
countries is similar to transporting invasive species around the world, simply because 
they are cute. I suggest that tourist visit Monteverde, Costa Rica with the hopes of 
observing and established culture and admiring without destroying, the same mindset 
applies to nature.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 213 



 
 
 
 
ACKNOWLEDGEMENTS  
 
I would like to thank Alan Masters for helping me with the framework and structure. I would also like 
to thank him for providing me with a list of people to interview and for being so supportive. I would 
like to thank Kathy Rockwell for giving me a list of people to interview and a descriptive map to find 
them. I would like to thank Aditi Pai my GSTEM mentor from Spelman College for advisement and 
guidance. Thank you for visiting and taking pictures during all of the interviews. I would like to thank 
Jose “Moncho” Calderon for translating my questionnaire and printing them for me. I would like to 
thank Spelman College and GSTEM for sending me here. I would like to thank all of the amazing 
people of Monteverde and the businesses that were respectful and helpful. Finally, I would like to 
thank all of the amazing CIEE students and staff for all of the support and love.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 214 



 
LITERATURE CITED  
 
 
          
Aylward, B., Allen, K., Echeverría, J., & Tosi, J. (1996). Sustainable ecotourism in   

Costa Rica: the Monteverde cloud forest preserve. Biodiversity & 
Conservation, 5(3), 315-343.  

 
Boza, M. A. (1993), Conservation in Action: Past, Present, and Future of the National 

Park System of Costa Rica. Conservation Biology, 7: 239–247. doi: 
10.1046/j.1523-1739.1993.07020239.x 

 
Chiutsi, Simon et al. 'The Theory And Practice Of Ecotourism In Southern Africa'. 

Journal of Hospitality Management and Tourism 2.2 (2015): 14-21. Web. 4 
Aug. 2015. 

Guswa, A. J., & Rhodes, A. L. (2007). Ecohydrology and Water Resources of 
Monteverde, Costa Rica: Implications of a Changing Climate 

 
Haley, C. (2006). The price we pay: Ecotourism’s contribution to conservation in 

Monteverde, Costa Rica. CIEE, Fall. 
 
Instituto Costarricense de Turismo (2013) Annuario Estadistico 2013  (and other 

volumes). San Jose: ICT.  
 
Monteverdeinfo.com,. 'Monteverde Costa Rica Cloud Forest – Info/ N.p., 2015. Web. 

5 Aug. 2015. 
     
Ross, Sheryl, and Geoffrey Wall. 'Ecotourism: Towards Congruence Between Theory 

And Practice'. Tourism Management 2015: 123-133. Web. 4 Aug. 2015. 
 
Sánchez-Azofeifa, G. A., Daily, G. C., Pfaff, A. S., & Busch, C. (2003). Integrity and 

isolation of Costa Rica's national parks and biological reserves: examining the 
dynamics of land-cover change. Biological Conservation, 109(1), 123-135. 

 
Vivanco, L. A. (2001). Spectacular quetzals, ecotourism, and environmental futures in 

Monte Verde, Costa Rica. Ethnology, 79-92 
 
Nadkarni, N. M., & Wheelwright, N. T. (Eds.). (2000). Monteverde: ecology and 

conservation of a tropical cloud forest. Oxford University Press 
 
 
 
 
 
 
 
 
 
 

 215 


