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Cloud Forest Bryophyte and Epiphyte Diversity with 
Elevation 
 
Bret E. Pilkington 
CU Boulder: Ecology and Evolutionary Biology 
	
	
ABSTRACT 

Bryophytes, mosses, and vascular epiphytes rely on mist, so their composition and 
biomass may be changing as cloud banks rise with climate change.  Here, I study bryophyte and 
associated epiphyll communities on tree trunks in Neotropical Cloud Forest from 1550 to 1800 
meters.  The relationship between elevation and bryophyte cover as well as number of vascular 
epiphyte individuals is not statistically significant, however the thickness of moss showed a 
positive exponential relationship with elevation (R2=0.876). This increased thickness of 
bryophyte mats lead to an increase in vascular epiphyte abundance.  Three morphospecies of 
bryophytes and mosses were not seen below the average cloud base suggesting that these 
morphospecies in particular might be at a greater risk of extinction due to a rising cloud base.  
Bryophytes, mosses, and vascular epiphytes are likely changing with rising cloud banks and 
observations of such changes should be documented as indicators of changes in the composition 
of the atmosphere and the clouds in it. 
 
RESUMEN 

Las briófitas, musgos, y epífitas vasculares dependen de la niebla, así que su 
composición y biomasa pueden estar cambiando al subir el banco de nubes 
debido al cambio climático. Aquí, yo estudio las briófitas y comunidades de 
epífitas asociadas en los troncos de árboles en un bosque nuboso tropical de 
1550 a 1800 metros. La relación entre la elevación y la cobertura de briófitos, 
así como el número individuos de epífitas vasculares no es estadísticamente 
significativo, sin embargo el grosor del musgo muestra una relación exponencial 
positiva con la elevación (R = 0.876). Este aumento en las masas de briófitos 
lleva a un aumento en la abundancia de epífitas vasculares. Tres morfoespecies 
de briófitos y musgos no se observan debajo de la base de nubes promedio 
sugiriendo que estas morfoespecies en particular, pueden estar a un mayor 
riesgo de extinction debido al aumento de la base de las nubes. Las briófitas, 
musgos, y epífitas vasculares están probablemente cambiando con el aumento de 
la base de las nubes y observaciones de estos cambios deben ser documentados 
como indicadores de cambios en la composición atmosférica y las nubes en ella. 
 
INTRODUCTION 

Climate change alters rainfall and temperature due to an increase in greenhouse gases.  This, 
in turn, potentially impacts species composition (Göransson 2017).  Tropical montane areas are 
particularly prone (Frei et al. 2010) to negative effects of climate change.  How these ecosystems 
respond is complex, and dependent on how directly and quickly organisms respond to changing 
abiotic conditions (Nadkarni & Wheelwright 2000).  Bryophytes and vascular epiphytes that rely 
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on ambient mist for water balance are expected to change as mist frequency declines with 
climate change (Barnes 2017). These imbalances in greenhouse gases have many affects, one of 
them being the Rising-Cloud Base hypothesis. 

 
The Rising-Cloud Base hypothesis describes how rising sea surface temperatures associated 

with climate change are expected to increase the elevation where adiabatic cooling, or changing 
of temperature through change in air pressure, causes cloud formation (Pounds et al. 1999).  
Many montane organisms may be affected as the lifting cloud base pushes historical mist 
frequency upward (Pounds, et al. 1999), the abundance of cloud water becomes depleted (Frei et 
al. 2010). Frei et al. (2010) also states that as temperatures rise, humidity will decline.  These are 
all necessary climate aspects for a healthy moss base in tropical forests (Gotsch et al. 2017). The 
most important change is a decline in mist frequency for a given elevation, as has been 
documented for the Monteverde Cloud Forest Preserve (Pounds, et al. 1999).  As consequence, 
some species move up in elevation, some acclimate or suffer at their current elevation, while 
others go extinct (Noris 1990).  

 
Many arboreal mosses, other bryophytes, and vascular epiphytes are affected by this 

phenomenon (Nadkarni 2002).  These species are good indicators of climate change because they 
are climate-sensitive, responding to specific temperatures and moisture (Benzing 1998).  While 
some have adaptations to withstand desiccation (long dry periods) between mist events (Butler 
2012), overall declining mist frequency is expected to alter moss and epiphyte communities in 
extremely negative ways (Nadkarni 2002, Benzing 1998). Nadkarni (2002) tested the effects on 
epiphytic plants when moving them from areas of high mist frequency to lower elevations where 
naturally they would be exposed to less cloud water.  Effects included higher leaf mortality, 
lower leaf production, and reduced longevity.  This study shows that a decrease in mist 
frequency can have large effects on the tropical forests and all its plant inhabitance.  

 
This study aims to use the elevational gradient of the Monteverde, Costa Rica TMCF to 

evaluate the changing cloud base and its effects on the bryophytes and vascular epiphytes in the 
area.  Traits such as species richness, abundance and moss thickness will be recorded and 
evaluated to investigate the current trends in the forest to make predictions about how these are 
likely to change with global warming.   
 
METHODS 
Study Site 

The study was conducted above the Estación Biológica in the Montane Cloud Forest 
(MCF) of Monteverde, Costa Rica from July 15th through July 29th 2018.  Altitudes of the area 
range from 1500 meters to 1850 meters.  There are two Holdridge Life Zones present in the area: 
Tropical Lower Montane Wet Forest and Tropical Lower Montane Rain Forest with the division 
of the two being around 1700 meters.  Monteverde lies in a vegetation type loosely termed as a 
Tropical Montane Cloud Forest (TMCF) which consists of dense trees with compact crowns and 
is dense in Epiphytic diversity and richness (Nadkardi and & Wheelwright 2000).  The study 
took place in a private reserve consisting of mostly old growth forest.  As elevation increases, 
tree height and diameter at breast height decrease and at 1800m the forest is termed an Elfin 
Forest.  This zone is typical of a TMCF due to its wind-blown mist and cloud cover allowing 
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dense vegetation especially in bryophyte mats and epiphyte diversity.  This life zone is restricted 
to high peaks near the Continental Divide (Barnes 2017). 

 
Species Identification 
	 To identify my morphospecies I would use traits seen in mosses such as their structure 
when looking at them from above, presence of a stem, reproductive spores, and leaf structure.  
For instance, mosses look like a Christmas tree from above while liverworts and other 
bryophytes have two or three flat plainer stems splitting from their main stem.  When a species 
was recognized as a previously labeled morphospecies a sample was taken to compare both 
under a dissecting microscope.  Vascular epiphyte individuals were counted for abundance 
within the quadrat.  If a grouping of stems was present it was considered one individual however 
if it was clear that the stems lead to two different individual vascular epiphytes, they would be 
counted separately.  Lianas and vines growing through the sample area were counted as vascular 
epiphytes. 
 
Sample Site Selection 

Samples were taken from living tree trunks having a single face of 20cm or wider and 
having bryophyte and moss cover of at least 70% at breast height.  At each site a 30x70cm 
quadrat was used to determine percent cover of each moss and bryophyte morphospecies and 
individual vascular epiphytes were counted if their stems were inside the quadrat.  Moss 
thickness was measured by placing a ruler perpendicular to the tree and recording how far out 
moss hung off the tree.  Averaging the thickness of 6 of the 21 sub-quadrats gave me an average 
per site thickness.  Bryophyte morphospecies were identified by leaf size, leaf characteristics, 
presence of a stem and presence of spores.  Vascular epiphyte abundance was counted by 
individuals including vines and lianas growing within the testing areas.  A regression test was 
used to find significance of bryophyte and vascular epiphyte species richness as a factor of 
elevation.  Statistical regressions were used to find significance in the data. The average of all 
elevations was 1691.6m. An average of 3.875 morphospecies were identified in the lower region 
of the altitudinal gradient and 4.25 morphospecies were identified in the upper section of the 
altitudinal gradient.  There was not a difference in morphospecies number or vascular epiphyte 
abundance between relative low and high elevation. 
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Figure 1. A 30cm x 70cm quadrat being placed on each trunk with a minimum 20cm face and 
70% bryophyte cover.  Vascular epiphytes were counted within the grid and bryophyte percent 
cover was calculated by the morphospecies being present in a section and then dividing that by 
the total 21 sections of the quadrat. 
 
Additional Observations 
 As I was hiking I also noticed various factors feeding into moss thickness, diversity and 
richness.  I noticed that on different days, depending on the weather, the cloud base would go up 
or down in elevation.  I also noticed that many bryophytes preferred to grow on horizontal wood 
substrates such as branches as opposed to the vertical tree trunk.   
	
RESULTS	

Bryophyte species richness did not increase with elevation (Figure 2; R2=	0.06631, 
DF=14, P-value=0.7993).  The most bryophyte morphospecies (5) was found at elevations of 
1607, 1705, 1730 and 1800. The lowest number of morphospecies (2) was found at an elevation 
of 1652.  There were on average 4 morphospecies of bryophytes per site. When looking at 
abundance of morphospecies, three individuals were present at almost all elevations.  
Morphospecies A1 was seen in 12 of the 16 sites with a percent cover of at least 40%, B1 was 
seen in 11 of 16 sites with at least 40% cover and C1 was seen in 10 sites with at least 30% 
cover.  Three morphospecies: D1, I1, and J1 were seen in higher elevations only (Table 1).  

 
The greatest number of vascular epiphyte individuals found in a single location was 29 at 

1785m in elevation.  The least found was 0 at the base elevation of 1538.  The data showed 
relation between elevation and vascular epiphyte individuals (R2=0.0025, DF=14, p-
value=0.3254, Figure 3). It was observed that as moss thickness increased so did the abundance 
of vascular epiphytes (R2=0.3173, p-value=0.0972, Figure 4).   
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Moss and bryophyte thickness was recorded at various elevations as well and the data 
show a correlation between moss thickness and elevation. The average moss thickness within the 
elevation gradient was 3.75cm with a range of 1cm to 8cm from low to high elevation 
respectively as shown in Figure 5. Moss showed an exponential increase with an increase in 
elevation (R2=0.7607, df=14, p-value=6.471e-6, Figure 5). 
 

 
Figure 2. Bryophyte species richness along an altitudinal gradient from 1536m to 1850m 
examining effects of mist frequency and climate change on species diversity and richness.  
Samples collected from trees with proper requirements N=16; P=0.7993 
 
Table 1. Display of all morphospecies seen at both above average cloud-base and below cloud-
base average.  This implies that the species only seen in higher elevations are more dependent on 
moisture and could at greater risk of extinction when more dominant species move up. 

Morphospecies Below Average Cloud Base Above Average Cloud Base 
A1 X X 

A2 X X 

B1 X X 

B2 X X 

C1 X X 

D1   X 

E1 X X 

F1 X   

G1 X X 

H1 X X 

I1   X 

J1   X 
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Figure 3. Vascular epiphyte individuals along an altitudinal gradient from 1536m to 1850m used 
to examine the relationship between mist frequency and climate change on vascular epiphyte 
range on wood substrates with the required parameters along an altitudinal gradient N=16; 
P=0.3254.  
 

 
Figure 4. As bryophyte thickness increased so did the abundance of individual vascular 
epiphytes in the area.  This supports the findings of previous studies that state vascular epiphytes 
are dependent on a bryophyte mat for both water and nurturance for their success (R2=0.3173, p-
value=0.0972). 
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Figure 5. Moss thickness along an elevational gradient ranging from min 1cm at 1545m to max 
8cm at 1844m.  Evaluating the moss thickness is an indicator of mist frequency and cloud cover 
(R2=0.7607, df=14, p-value=6.471e-6) 
 
  
 
DISCUSSION 
 The mist frequency and cloud density increases as elevation increases allowing for 
moister air conditions which allows thicker moss mats to develop.  Vascular epiphytes use these 
moss mats as a host to start growing in their seedling stages and the moist air conditions of the 
high elevation as a source of water and nurturance.  Although moss matts were thicker, species 
richness showed no significant data when elevation increased.  Other studies have been 
performed suggesting bryophyte thickness acts as a foundation for epiphyte communities 
(Heitler-Klevans 2015) and mat thickness contributes to epiphytic nurseries (Nadkarni 2002). A 
study conducted by King (2016) also found that elevation is a secondary factor by testing if 
epiphyte abundance, richness, and diversity increased with bryophyte cover at a fixed elevation.  
Previous studies also showed that an altitudinal gradient is less influential on vascular epiphytic 
abundance than bryophyte thickness, mist frequency, and increased moss and bryophyte cover 
(Barnes 2017).  My study supports these findings because there was no difference between 
individual abundance of vascular epiphytes along the tested altitudinal gradient however there 
was a large trend between bryophyte and moss thickness.  These previous studies support the 
theory that bryophytes are climate-sensitive and thus a good indicator species for climate change.  
 
 The lifting cloud base hypothesis states that mist frequency will decrease (Pounds, et al. 
1999), favoring bryophytes with adaptations to desiccation between rains.  This could affect the 
epiphyte diversity because the mats may become thinner influencing the amount of nutrition and 
water available for vascular epiphytes trying to grow on the mat. As well, if bryophytes decrease 
so will the overall water retention of the rainforest itself (Norris 1990, Gotsch et al. 2017), 
driving many species upward in elevation (Still et al. 1999).  Although my results were not as 
expected by the theory of the lifting cloud base, there were multiple variables unaccounted as 
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previous weather anomalies and selected substrate that could influence the study results.  
Hurricane Nate came through the Monteverde area recently causing wind speeds never seen by 
this portion of the forest.  Many vascular epiphyte and bryophyte old growth communities were 
disturbed and this could have caused only a few pioneer species of mosses and bryophytes to 
have the most regrowth.  This would also apply to the number of vascular epiphytes seen.  
Because wind speeds are greater at the tops of the mountains the vascular epiphytes would have 
more dispersion chances than in the low lands however, many wind tunnels exist from fallen 
trees in the lower areas accounting for the spikes seen in lower elevations. It was also noted that 
the cloud base would vary between 1620m and 1747m depending on the weather conditions that 
day. Most days that data was collected the weather conditions were cloudy or raining.  Selected 
testing substrate was another limitation.  I was testing on solely trunk substrates meaning that 
species that grow as slower or better on horizontal platforms would not be accounted for in this 
study.  This is also a harder habitat for many vascular epiphytes seeing as they prefer the 
horizontal nature of branches on taller trees with specific bark types and nutrient availability 
(Boelter, et al. 2014).   
 
 Implications of the Rising Cloud Base hypothesis include species extinction, warming 
and drying of the forest, and changing habitats of many plants.  Three species seen only grew in 
the higher elevations where there is greater mist frequency so these specialists will be the ones 
most greatly affected by other mosses moving upward.  As these morphospecies that exist in 
lower arias move up they will either replace or coexist with the mosses at higher elevations.  The 
three dominant morphospecies will most likely move upward with availability of habitat and 
may out compete the specialists. While mosses and bryophytes might be greatly affected 
vascular epiphytes might not be affected as much.  Rising Cloud Base isn’t necessarily going to 
lead to decrease in vascular epiphytes seeing as they can grow on any mat regardless of what 
moss and bryophyte species are present.  
 
 In conclusion, the study showed that bryophyte and moss mats get thicker as elevation 
increases.  Vascular epiphytes respond to this thickness in a positive manor. As climate change is 
becoming an increasing issue in today’s biological world, we can expect to see changes in both 
groups of various proportions.  Because some morphospecies were only documented in the 
higher elevations they must allocate resources to compete with the dominant lower elevation 
moss as they move up in elevation.  This might not effect vascular epiphytes as much seeing as 
they didn’t discriminate based on type of moss mat, so much as if it was a thicker mat they liked 
it better.   
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Stomatal Density Along an Elevational Gradient in a 
Neotropical Cloud Forest 
 
Natalie Lord 
 
Department of Chemistry and Biochemistry, California Polytechnic State 
University, San Luis Obispo 
 
 
Abstract 

 
Leaf stomata open to allow gas exchange with transpiration.  Stomatal density generally 

increases with photosynthetic potential, including more light, CO2 and water. On tropical 
mountains, stomata density of understory plants should increase with elevation, as shorter 
canopies let in more light and adiabatic cloud formation creates wetter conditions. Four 
Neotropical understory plant species were studied from 1500-1800m in primary Monteverde 
Cloud Forest.  Stomatal densities of abaxial leaf surfaces showed no consistent change with 
elevation.   Further, stomata density did not correspond to direct measures of light and 
temperature at the leaf.  This could result from wind and resultant desiccation at higher altitudes 
in Monteverde Cloud Forest.   
 
Resumen 
 

Los estomas se abren para permitir el intercambio de gases a través  de la transpiración.  
La densidad de estomas generalmente aumentan con el potencial fotosintético, incluyendo más 
luz, CO, and water. En las montañas tropicales, la densidad de estomas de las plantas del 
sotobosque debería aumentar con la elevación, al reducirse la altura del dosel lo cual permite la 
entrada de más luz y la formación adiabática de nubes crea condiciones más humedas.  Cuatro 
especies de plantas del sotobosque Neotropical se estudiaron entre los 1500 y 1800 metros en el 
bosque nuboso primario de Monteverde.  Las densidades de los estomas en la superficie abaxial 
de las hojas no muestran un cambio consistente con la elevación.  Además, la densidad de 
estomas no corresponde con medidas directas de luz y temperatura en las hojas.  Esto puede ser 
el resultado del viento y la desecación a altitudes mayores en el bosque nuboso de Monteverde. 
 
Introduction 

 
As climate changes and temperature warms, species acclimate, move or go extinct 

(Marris 2007). Higher elevations in the Tropics are generally cooler and wetter below treeline, 
however, as the surface of the ocean warms, it causes the cloud bank to rise, meaning that higher 
elevations begin to resemble conditions previously found at lower elevations (Marris 2007, 
Nadkarni and Wheelright 2000). Without the mist from the clouds, plants may not get the 
amount of moisture they need to survive, and they will have to either adapt to drier conditions or 
move up in elevation (Haber 2000).  
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Stomata respond to a wide variety of environmental and physiological signals and 
regulate the size of the pore to optimize the water use efficiency and photosynthetic capacity of 
the plant. Water use efficiency is the maximization of carbon dioxide uptake and minimizing of 
water loss (Davies, et al. 2002). Water loss occurs more when it is warmer, drier, and windier, so 
as elevation increases, you would expect to see more stomata on the leaf (Collatz, et al 1991).  
Many studies have shown that plants that grow in the sun versus the shade have higher stomatal 
density (Gay and Hurd 1975). Plants are also likely to have higher stomatal density in windy 
conditions because the humid stagnant aid is carried away, and the transpiration rate increases 
(Gokbayrak, et al. 2008). When a plant has a lot of stomata, there is a risk of desiccation so 
plants may adapt to have less or keep their stomata closed, but when there is high water 
availability, this is not a problem (Xu and Zhou 200). Therefore, one would expect to see a 
higher stomatal density at high elevation where more water is available to the plant. 

The Monteverde cloud forest encompasses several different canopy types along the 
elevational gradient. The beginning of the Sendero Principal is a typical lower montane moist 
forest with a tall dense canopy. There are gaps, of course, along the trail, where trees have fallen, 
and along rivers which allow more light to reach the canopy. At approximately 1650 m in 
elevation, the elfin forest begins which has a lower canopy, and, thus, emits more light to the 
understory (Nadkarni and Wheelright 2000). Finally, at the top of the trail, at the continental 
divide, there is little canopy cover and therefore more extreme conditions for the plants. The top 
of the mountain receives more direct sun exposure, more direct precipitation, and higher wind 
intensity.   

The purpose of this study is to see if there is a difference between stomata density along 
the elevational gradient. It is assumed that along the elevational gradient, the stomata density will 
increase due to the increased wind, light, and water.   
 
Methods 
 
Study Site 
 

This study was conducted at the Estación Biológica in Monteverde, Costa Rica along the 
Sendero Principal from 1530 m-1835 m in elevation. This trail at the Biological Reserve spans a 
Tropical Lower Montane Wet Forest and a Tropical Lower Montane Rain Forest. The study was 
conducted during the rainy season in July, however, samples were collected only on days when it 
was not pouring rain. Each day, sampling was conducted between 12:00 p.m. and 3:00 p.m. 
 
Study Organisms 
 

Four different species of plants were collected along the gradient. Heliconia latispatha 
(Heliconiaceae), Peperomia polybotrya (Piperaceae), Begonia involucrata (Begoniaceae), and 
Alsophila firma (Cyatheaceae) (Figure 1). All of these species are found along the elevational 
gradient and easy to identify, making them ideal for this study.  
 
Experimental Design 
 

First,  the altimeter was set to the known altitude of the Biological Station at 1535 m. 
Samples were taken at 50 m intervals along the trail, and at each stop the exact elevation and 
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temperature were measured with an altimeter. The altimeter had a tendency to lag so before the 
data were recorded, it was left on the ground for a few minutes to equilibrate. Light intensity 
(lux) was measured with the iPhone application Light Meter Pro by holding the iPhone just 
above the sampled leaf. The app uses the camera of the iPhone to measure the light intensity and 
when you press “capture” it gives a number for Lux. Pressing it more than once gives an 
average, so it was pressed many times and average lux was record. This was an attempt to 
account for passing clouds which would alter the lux number drastically.  

One leaf was collected from each individual, and two individuals from each site were 
used. The leaves were collected from the same location within each of the plants. For H. 
latispatha, samples were taken from the middle of the leaf on the right side of the central vein. 
For A. firma, I took leaflets from the middle of the branch on the highest leaflet that I could 
reach. For P. polybotrya and B. involucrata I collected leaves that were approximately the same 
size as each other and in the same growth stage. For each species, I did not select excessively 
damaged and withered leaves, with holes or signs of herbivory, or new growth leaves. All of the 
samples were collected within three meters from the trail.  
In the lab, I used a compound microscope at 100x magnification to examine the underside of the 
leaves in a section adjacent to the central vein. Any visible stomata were included in the total 
amount for a given section. Three different locations along the central vein were examined for 
stomata, then the number was averaged.   Several multiple linear regressions were performed to 
compare different combinations of environmental variables and their relationship with the 
stomata number. Finally, to see if the lux alone affected stomata density, a linear regression was 
used. 

 

 
 
 
 

Figure 1. a) Peperomia 
polybotrya (Piperaceae) b) 
Heliconia latispatha 
(Heliconiaceae) c) 
Begonia involucrata 
(Begoniaceae) d) 
Alsophila firma 
(Cyatheaceae) e) Close-up 
of A. firma 

a) b) c) 

d) e) 
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Results 
 

First, to see if temperature and light really do change with elevation a linear regression 
was run for each (Figure 2). There was a reliable decline in temperature with elevation, but the 
lux did not have a clear pattern.  

 

a) b)  
Figure 2. Lux (a) and temperature (b) versus elevation. 

 
The number of stomata ranged from 14-65. B. involucrata consistently had the lowest 

number of stomata, while H. latispatha typically had the highest numbers. There was no 
relationship between stomata density versus light intensity and temperature (f=2.047, df=22, 
p=0.153). The number of stomata did not have a relationship with light intensity and elevation 
(f=0.5105, df=22, p=0.6072). Once again, there was no relationship between stomata density 
versus elevation and temperature (f=2.052, df=22, p=0.1523). There was no relationship between 
lux and stomata density, either (f=0.2248, df=23, p=0.6399) (Figure 3).   
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c)  
 
 
Discussion 
 
Studies have shown that stomata number is affected by a number of environmental factors such 
as sun exposure, wind exposure, and temperature (Gay and Hurd 1975; Gokbayrak, et al. 2008; 
Xu and Zhou 200; Nadkarni and Wheelright 2000). Nonetheless, I did not find a such pattern in 
my study.  

It has been found that plants in the shade generally have lower numbers of stomata 
compared with plants found in the sun because they do not experience the same amount of stress 
from radiation (Fetcher 1994). I took all of my samples from within three meters of the trail from 
a place which has the canopy partially cleared because of the trail. In a way, this standardized the 
sun exposure of the leaves which could explain why the stomatal densities did not show a 
distinct pattern.  

One factor that could influence stomata density aside from light and temperature is CO2, 
which is an environmental parameter that globally and predictably changes with elevation 
(Kouwenberg et al., 2004). Since CO2 is one of the main reactants of photosynthesis, it would 
cause an increase in number of stomata on leaves as CO2 partial pressure decreases with altitude 
(McElwain, 2004). Perhaps the elevational gradient studied was not drastic enough for CO2 
levels to be different, which could homogenize the stomatal densities along the gradient.  

Another confounding factor could be leaf age. Leaves produced in the dry season when it 
is sunnier, there is more light availability, and there is less precipitation have more stomatal 
density (Becklund 2006). This suggests that there is an advantage to having high stomatal 
density on leaves while there are optimal conditions for photosynthesis, as opposed to the darker 
and conditions during the wet season. While I tried to standardize the age of leaf I chose in the 
study, it is possible that I chose some leaves which formed in the dry season and some which 
formed in the rainy season which would affect the stomatal density on the leaf.  

Ultimately, I have concluded that stomata density does not depend solely on elevation but 
rather a combination of many environmental factors. The average light and wind exposure that 
the plant receives certainly has a larger effect on the stomata number, however these variables do 
change along the gradient to a certain extent. Perhaps if the samples were taken farther from the 
path, a stronger relationship between elevation and stomata density would arise due to the 
changing forest type and canopy structure along the elevational gradient. 
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Figure 3. Relationship between stomata 
density and various external variables. 
a) Stomata density versus temperature. Note 
that the x-axis (temperature) goes from 15-
25 degrees Celsius. b) Stomata density 
versus elevation c) Stomata density versus 
light intensity  
It is clear from the graphs that the number 
of stomata did not have a strong negative or 
positive relationship with any of the 
variables  
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ABSTRACT 
 Understory plants may alter leaf morphology in response to sunlight. While there is evidence on how 
temperate understory species grow in differing light conditions, such as an increase in above ground biomass with 
an increase light, there is significantly less knowledge on the growth patterns of understory plants in similar light 
environments. Generally, throughout the tropical forest, we see understory species have leaves with a large area and 
a high length to width ratio in comparison to leaves in the canopy. It is not known, however, how understory species 
leaf biomass responds to disturbances such as deforestation and canopy tree gaps. Thus, this study examines if 
tropical understory leaf morphology is affected by light intensity. Leaf weight, thickness, and length were measured 
for top and bottom leaves of Costus woodsonii. No significant difference was found in leaf length, weight or 
thickness along the light intensity gradient, thought there was a very small trend that showed an increase in weight 
and thickness of bottom leaves as light increased. These results suggest that there is not a large impact on the overall 
growth of C. woodonsii individuals in areas of high sunlight in comparison to areas with low sunlight.  

RESUMEN 
Las plantas del sotobosque pueden alterar su morfología foliar en respuesta a la luz solar.  Mientras hay evidencia en 
como las especies de sotobosque en la zona templada crecen en diferentes condiciones de luz, tal como un aumento 
en la biomasa con el aumento de la luz, hay un conocimiento significativo bajo en los patrones de crecimiento de 
plantas de sotobosque en condiciones de luz similares.  Generalmente, a través de los bosques tropicales, vemos 
especies de sotobosque que tienen hojas con un área amplia y una proporción alta de largo a ancho en comparación 
con las hojas del dosel. Es desconocido, sin embargo, como la biomasa de las especies de sotobosque responden a 
disturbios tales como deforestación y aberturas del dosel.  Así, este estudio examina si la morfología de las hojas del 
sotobosque en espcies tropicales se ve afectada por la intensidad lumínica.  El peso de las hojas, grosor, y largo, se 
midieron para hojas arriba y abajo de la planta en Costus woodsonii. No se encontraron diferencias significativas en 
el largo, pero y grosor a lo largo del gradiente de intensidad lumínica, aunque hay una tendencia menor que muestra 
un aumento en el peso y grosor de las hojas de más abajo en la planta al aumentar la luz.  Estos resultados sugieren 
que no hay un largo impacto en el crecimiento en general de los individuos de C. woodsonii en áreas con alta luz 
solar en comparación con áreas de poca luz. 

 

INTRODUCTION 
Natural disturbances, like treefall gaps, as well as human-caused deforestation, and forest 
fragmentation, alter abiotic conditions for many forest species (Laurance, et. al 2014). Some 
disturbances are essential to maintain forest biodiversity and species interactions, as it allows 
species of differing competitive abilities, such as pioneer plants to being growth due to the 
excess of resources. This competition can cause understory plants to either succumb to the 
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competition, or acclimate to the new environment with changes in leaf morphology or 
photosynthetic processes (Costa, et. al 2002). 

Sunlight is crucial for the growth of all plant life, and in the understory it is a highly 
sought after resource, as the average light availability is only about 540 lux. Typically, leaves in 
the understory have a large area and a large width to length ratio, but as the canopy is 
approached, leaves are smaller and have more mass (Rundel & Gibson 1996). When the forest 
canopy is disturbed by incidences such as falling trees, or deforestation, understory plants and 
pioneer species are suddenly exposed to a wealth of sunlight. A sudden change in light 
availability can alter the photosynthetic and growth processes of many plants (Ruban 2009). 
Adaptations to sun irradiance can include photosynthetic response and biochemistry, 
morphology such as leaf mass, area and thickness, and reproductive effort (Givnish 1998). Some 
studies have shown that understory leaves in low light settings had a reduced leaf area but had a 
consistent leaf mass throughout (Santiago & Wright, 2007). 

The main goal of this study was to determine if the leaf growth patterns in tropical 
understory plants. In order to capture how these plants grow in areas of forest with differing light 
availability, the light intensity at the site of each individual was measured. This technique has 
been used in several other past studies. One study measured the growth patterns of organisms in 
the understory of a temperate forest and focused on how the above-ground biomass of several 
species responded to light availability, very similar to the methods used within this experiment 
(Messier & Nikinmaa 2000).  

This study is important because we can gain insight into the growth responses and the 
possible acclimations of understory plants in areas of differing light intensity and compare these 
growth responses with the plants’ natural growth patterns in shaded forest areas. With this 
knowledge we can further understand the implications of deforestation and other forest 
disturbances on the growth of these plants. 

 

METHODS 
Research Site 
 Research was conducted at the Biological Station in Monteverde, Costa Rica between the 
altitudes 1510 meters and 1539 meters. The site was selected because it contains open areas as 
well as secondary, and primary forest. The forested areas within this region are categorized as 
premontane wet forest and low montane rainforest with an average canopy height of 25 to 40 
meters (Holdridge, following Bolaños, et. al 1999). The site was visited between July 14, 2018 
and July 29, 2018.  

Study Species Description 

I chose the organism Costus woodsonii (Costaceae) as the understory plant species for 
this study, as it was easily identifiable and abundant within the research site. This species is 
characterized by its leaves spiraling around the stem, with the leaves at the bottom of the plant 
being the largest and progressively decreasing in size as they approach the inflorescence at the 
top of the plant (Kirchoff & Rutishauser 1990). This pattern in leaf size was considered when 
examining patterns in plant growth.  
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Experimental Design 

When C. woodsonii was located, the altitude was recorded using an altimeter, followed 
by light intensity. Light intensity was measured using the Lux Meter app. The app was set to 
measure light in lux units (lx), and was placed on the outdoor setting. The app used the front 
facing camera of an iPhone 8 to capture light and interpret the light intensity. The iPhone was 
placed in a horizontal position with the front camera facing upwards near the inflorescence of the 
plant. This was done to measure the light intensity reaching the top of the plant. The light 
intensity measurement was recorded, and then leaves from the plant were collected. The third 
leaf from the top of the plant and the third leaf from the bottom of the plant were collected. The 
top leaf was marked with in order to differentiate between the top and bottom leaves during the 
massing and drying processes. Data was collected between the hours of 10:30 a.m. and 12:00 
p.m. Throughout the experiment, the cloud cover remained very constant, however, if it was 
raining data was not collected as the cloud cover was greater during these times. Each of these 
precautions were taken so that there would be the least amount of variation in sunlight due to 
conditions other than canopy cover. Age of the plants was also taken into consideration. Leaves 
were not collected from individuals that no longer possessed an inflorescence, as that indicated 
an older plant. Leaves were also not collected if the leaves appeared too weathered, as this could 
alter the measurements taken.  

 Once the leaves were collected the wet weights were taken using a scale, as well as 
measurements of leaf length and thickness using a ruler and caliper. After these initial 
measurements were taken, the leaves were then dried at 46ºC for 24 hours. Following the drying 
process, the leaves were re-weighed and their dry weights were recorded.  

Statistical Methods 

 Several linear regressions examined the relation of leaf morphological variable with 
increasing light intensity. In addition, a two tailed, two sample unequal variance Student’s t-test 
was used to test differences in the morphology in high light versus low light. The less light and 
more light categories were established by finding the mean of all light intensity measurements 
and categorizing each individual based on whether the light intensity at the collection site was 
higher or lower than the mean light intensity.  

 

RESULTS 
A total of 90 individuals were found. Individuals were found in areas within a light 

intensity range of 276 lx to 7500 lx.  There was no effect of light intensity on most of the 
morphological variables measured. Both the bottom leaf mass (LR, R2=0.04, F=4.441, df=88, 
P=0.04) and the bottom leaf thickness (LR, R2= 0.05, F=5.437, df=88, P= 0.02) showed a trend 
of change along the light gradient (Table 1). 
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The data overall showed variance at each morphological variable even in plants growing 
in similar light environments. There were also several outliers such as with top leaf thickness 
(Figure 1). This could be due to a variety of factors, such as the amount of water available in the 
area, or other environmental factors other than light availability. 

 

Table 1. This table contains the important statistical information from the linear regression tests used to compare 
each morphological trait measured. This table contains the F-statistic (F), degrees of freedom (df) and p-value (p).   

Trait F df p 
Top Length 0.8069 88 0.3715 
Bottom Length 2.148 88 0.1463 
Top Thickness 2.671 88 0.1058 
Bottom Thickness 5.437 88 0.022 
Top Wet Weight 0.07599 88 0.7834 
Bottom Wet Weight 4.441 88 0.03793 
Top Dry Weight 0.04914 88 0.8251 
Bottom Dry Weight 3.401 88 0.06852 

 

None of the morphological variables showed significant difference between low light and 
high light categories except for live bottom mass (T-test = -1.74, df=88, , P=0.04) and bottom 
thickness (T-test=-1.98, df=88, P=0.03) (Table 2).  

 

 

Figure 1. Measurements of observed morphological variables from C. woodsonii individuals with light intensity. 
Each data point represents measurements of an individual versus the light intensity at which it was found. Light 
intensity measured in lx, mass measured in g, and length measured in cm. These graphs show how morphological 
traits were affected by light intensity.  
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Table 2. This table contains the statistical information from the t-tests performed on each morphological trait. This 
table contains the t-test value (T), degrees of freedom (df) and the p-value (p).  

Trait T df p 
Top Length 2.019528 88 0.976763 
Bottom Length -1.5742 88 0.059515 
Top Thickness -0.66393 88 0.254218 
Bottom Thickness -1.98419 88 0.025175 
Top Wet Weight -0.09114 88 0.463796 
Bottom Wet Weight -1.73768 88 0.042883 
Top Dry Weight 1.099865 88 0.862805 
Bottom Dry Weight -1.51445 88 0.066748 

 

The t-test once again supported a slight trend in bottom leaf wet weight and bottom leaf 
thickness (Figure 2).  

 

 
Figure 2.  Effects of light intensity on the averages of each measured morphological variable. Averages of each 
measured variable were divided into less light and more light categories. Error bars represent the standard deviation 
of each data set. Weight was measured in grams, thickness and length were measured in centimeters.   

Both statistical tests showed a slight positive increase in mass and thickness as light 
intensity increased. These two trends, however, were extremely slight. Only about 4% of the 
variation for bottom leaf mass and 5% for bottom leaf thickness was due to a change in light 
intensity (Table 1). The range of error on the t-test also reduced the statistical significance of the 
relation of the morphological traits to light intensity, as they overlapped greatly between the 
categories of less light and more light (Figure 2).  
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DISCUSSION 

 Light intensity only slightly affected the growth patterns of the measured C. woodsonii 
plants.  Bottom leaf wet weight and bottom leaf thickness were the only measurements that 
showed any trends with increasing light intensity. While there were trends noticeable in these 
traits in both statistical tests, the trends were so small that we can’t conclude that the traits were 
affected by light intensity. It is also possible that, because wet weight and thickness were both 
measured before the leaves were dried, an environmental factor such as water availability in the 
regions where these leaves were collected could have affected the size of these leaves.  

 We cannot discount the possibility that light availability has an effect on the growth of 
Costus individuals, however. Other studies on light and Costus plants have shown trends in leaf 
area, rather than leaf weight and thickness. A study using Costus spicatus showed an increase in 
leaf area as light intensity increased, as well as other impacts on the growth of the plant such as 
height, and leaf number that alternatively increased with a decrease in light intensity (Campos, 
et. al 2008). A different study measured the reproductive success of several species of Costus in 
differing light intensities and found that rates of germination in areas of high sunlight were much 
higher than in areas of low sunlight, and over the course of a year found plants with an overall 
greater biomass in areas of high sun (Schemske 1983). 

 Although these data show a slight increase in leaf biomass in areas of high sun, this does 
not indicate that the plants can always continue to grow in deforested areas. One study showed 
that in open areas of tropical humid forests, Costus were some of the most prevalent species in 
the region. However, in a similar open area with lasting damage from logging equipment, none 
of these plants were present due to a decreased ability for seeds to germinate (Frederickson & 
Pariona 2002). This supports the result that while sunlight does not greatly affect the growth of 
C. woodsonii, other aspects deforestation can still greatly affect the presence of these plants.  

 The morphological variables measured in this study were not affected greatly by the 
amount of light available. Nonetheless, we cannot discard that light does not affect the leaf 
biomass of individuals of C. woodsonii, as it is very possible that these individuals were affected 
in other ways that were not measured in this study, such as height, and reproductive success. The 
results from this study verify that, overall, biomass in the leaves of C. woodsonii are not greatly 
affected by light intensity and stay consistent in mass, length and thickness across individuals in 
a variety of light environments. While the amount of light intensity created by human 
disturbances like deforestation may not alter the leaf biomass of C. woodsonii greatly, there 
could be other implications to this plant that are still unknown and need further investigation.  
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ABSTRACT 
 
Nectar robbing occurs when organisms create/use holes in petal tissues to remove nectar without pollinating the 
flower. The consequences of nectar robbing extend beyond the immediate damage of tissues and the lack of a 
potential pollination event. For instance, previous studies have shown that robbed flowers have fewer and shorter 
visits from future pollinators, suggesting that nectar robbery may change the quantity or quality of nectar produced. 
This study examined if nectar robbing changes nectar volume and/or sugar concentrations. Specifically, I measured 
nectar volume and sugar concentration in a tropical hibiscus flower, Malvaviscus sp., before and after a simulated 
nectar robbery event. Mean sugar concentrations of robbed flowers were found to decrease while they stayed the 
same for untouched flowers. Mean nectar volume decreased in both robbed and not robbed flowers. The decrease in 
sugar concentrations in robbed flowers helps explain why pollinators spent less time at these flowers. Since nectar 
production is very costly, plants may allocate less sugars to these robbed flowers and invest their resources 
elsewhere. Nectar volumes were highly variable and may be a product of flower age.  
 
RESUMEN  
 
El robo de néctar ocurre cuando organismos crean/usan huecos en tejidos del pétalo para remover néctar sin 
polinizar la flor. Las consecuencias del robo de néctar se extienden fuera del daño inmediato de tejidos y la falta de 
un evento de polinización. Por ejemplo, estudios previos han demostrado que flores robadas tienen menos visitas y 
visitas más cortos de futuros polinizadores, sugiriendo que el robo de néctar puede cambiar la cantidad o calidad del 
néctar producido. Este estudio examinó si el robo de néctar cambia el volumen y/o la concentración de néctar. 
Específicamente, evaluó el volumen de néctar y la concentración de néctar en una flor de hibisco tropical, 
Malvaviscus sp., antes y después de un evento simulado de robo de néctar. La concentración de azúcar media de 
flores robadas fue menor mientras se mantuvo el mismo para flores no robadas. El volumen de néctar medio 
disminuyó tanto en flores robadas y no robadas. La disminución en las concentraciones de azúcar en flores robadas 
ayuda explicar por qué los polinizadores pasaron menos tiempo en estas flores. Puesto que la producción de néctar 
es muy cara, las plantas pueden asignar menos azúcares a estas flores robados e invertir sus recursos en otra parte. El 
volumen de néctar era muy variable y puede ser un producto de la edad de la flor.  
 
INTRODUCTION 
 
Pollination is a mutualistic process which rewards pollinators with nectar for assisting plants 
with reproduction (Landry 2010). However, some organisms have evolved ways to cheat this 
process by robbing nectar from flowers. Nectar robbing occurs when organisms create/use holes 
in petal tissues to remove nectar without pollinating the flower. Primary robbers make holes in 
the flower, while secondary robbers use holes already present. Insects, birds, and some mammals 
have been observed robbing nectar. In the Neotropics, flowerpiercers (Diglossa spp.) are the 
most common primary nectar robbers. They use their hooked beaks to pierce a hole in the corolla 
of flowers and extract the nectar. Short-billed hummingbirds are another common primary 

23

23

23

23

23



  

robber while insects, long-billed hummingbirds, and passerines are common secondary robbers 
(Irwin et al. 2010).  
 
 The effects of nectar robbing are generally negative. Nectar robbers can damage 
reproductive organs, cause changes in floral resource allocation, floral longevity, and pollen 
production, and lead to less visitations by pollinators (Irwin et al. 2010). There are several ways 
that a plant can adapt to robbery. Thicker flowers can make it more difficult for robbers to make 
holes, extra floral nectar can attract ants which defend the plant from attack, and secondary 
metabolites can be used to dissuade robbers from taking nectar (Irwin et al. 2010). However, 
Adler et al. (2016) found that traits which make a plant resistant to nectar robbing may also 
lessen the plants’ ability to attract legitimate pollinators and reproduce. This raises the question 
of how plants can respond to nectar robbery to deter thieves while still attracting pollinators. One 
possible response is changes in nectar production.  
 

A previous study with Pitcairnia angustifolia (Bromeliaceae) did not measure any 
differences between flowers with and without artificial nectar robbery with respect to nectar 
volumes or sugar concentrations (Fumero-Cabán and E.J. Meléndez-Ackerman 2012). In 
addition, Oserhaus (1997), failed to find a difference in sugar concentrations between 
Malvaviscus flowers that were naturally robbed of nectar and those that were not. However, 
Fumero-Cabán and Meléndez-Ackerman (2012) showed that there were less legitimate pollinator 
visits to flowers that had been artificially robbed and Oserhaus (1997) showed that naturally 
robbed flowers of Malvaviscus sp. had shorter visitation times for hummingbird pollinators than 
flowers that did not show signs of robbery.  

 
This study explored why pollinators show a preference for not robbed flowers by 

determining if simulated nectar robbing changes nectar volume and sugar concentrations in 
Malvaviscus sp. The study on P. angustifolia did not reveal changes in nectar volume or 
concentration; however, the experimental nectar robbing did not involve causing damage to the 
flower, but simply removal of nectar at multiple intervals throughout the day (Fumero-Cabán and 
E.J. Meléndez-Ackerman 2012). Nectar robbers commonly damage flowers in order to extract 
nectar and damaged flowers have been shown to have lower nectar volumes (Gonzalez-Gomez 
and Valdivia 2005). In the current study, nectar robbing was simulated by piercing a hole 
through flower tissues to mimic the damage inflicted by true nectar robbers. While the previous 
study of Malvaviscus sp. did not show differences in nectar concentrations, measurements were 
only taken on a single day in robbed and not robbed flowers so change in nectar concentration 
within individual flowers was not considered (Oserhaus 1997). However, nectar concentrations 
have been shown to vary significantly among plants (Hodges 1993). Here, changes in nectar 
volume and concentration among individual flowers were measured to take into account 
individual variation in nectar production among flowers. It was expected that flowers that were 
artificially robbed would produce less nectar with a lower sugar concentration because the plant 
would recognize that the flower was being cheated and devote less resources to nectar production 
in that flower.  
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METHODS 
 
Study Site 
 
This study was conducted from July 17th to July 28th, 2018. The study sites were located in 
Monteverde, Costa Rica. The mean annual temperature and precipitation in Monteverde are 17ºC 
and 2.5 m, respectively. The elevation of the study sites ranged from 1400-1500 m. Sites for data 
collection included multiple Malvaviscus sp. patches located at Hotel Bell Bird, Casa Jungle 
Monteverde B&B, Escuela Cerro Plano, and near the Frog Pond. 
 
Study Organism 
 
Malvaviscus is a genus of ornamental flowering plant in the hibiscus family (Malvaceae) which 
can be recognized by its bright red color and closed petals. Malvaviscus sp. produces a 
substantial amount of nectar making it a good study organism for experiments requiring nectar 
extraction (Webb 2012). The nectar is located at the bottom of the long corolla between the base 
of the petals and the staminal column.  
 
Nectar Extraction  
 
Flowers that had a visible stigma and were not visibly damaged had a mesh bag placed over 
them to prevent visitations by potential pollinators and robbers. Approximately 24 hours after 
bagging the flowers, a micropipette was used to extract the nectar. The amount of liquid in each 
micropipette was measured in centimeters and this was converted to volume. For samples with 
sufficient amounts of nectar (>5 microliters), a drop was placed on a handheld refractometer and 
the sugar concentration was recorded. A small hole was created through the receptacle of half of 
the bagged flowers, after the initial nectar volumes and concentrations were taken, to simulate 
damage made by nectar robbers. Flowers were bagged again for another 24-hour period after 
which nectar was once again extracted so final volumes and concentrations could be determined.  
 
Data Analysis 
 
To convert nectar measurements from centimeters to microliters, the amount of nectar collected 
in centimeters was divided by the total length of the pipette and then this proportion was 
multiplied by the total volume held in the pipette (Morrant et al. 2009). Non-parametric 
Wilcoxon matched pairs tests were performed to compare the change in nectar volume and sugar 
concentrations in flowers that were artificially robbed and those that were not.  
 
Additional Observations 
 
Overall appearance and viability of the plants at the different study sites were noted, including 
factors such as plant health and leaf herbivory. 
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RESULTS 
  
58 flowers were bagged in total: 10 at Hotel Bellbird, 19 at Casa Jungle Monteverde B&B, 17 at 
Escuela Cerro Plano, and 12 near the Frog Pond. 30 were selected for artificial nectar robbing: 5 
at Hotel Bellbird, 10 at Casa Jungle Monteverde B&B, 8 at Escuela Cerro Plano, and 7 near the 
Frog Pond.  
 
Nectar Volume 
 
In not robbed flowers, nectar volumes ranged from 1.73 µL to 90.38 µL (Mean ± SD; 23.07 µL ± 
25.56 µL) the first day and from 0.00 µL to 48.85 µL (5.87 µL ± 11.18 µL) the second day. The 
mean change in nectar volume for not robbed flowers was -17.20 µL ± 29.18 µL. Percent change 
ranged from 14.29% to 2722.22% with 23 flowers decreasing and 5 increasing in nectar volume. 
The mean nectar volume in not robbed flowers decreased (Wilcoxon matched pairs test, N=28, 
Z=3.44, p<0.05; Fig. 1). In robbed flowers, nectar volumes ranged from 0.96 µL to 113.46 µL 
(23.44 µL ± 26.32 µL) the first day and from 0.00 µL to 24.17 µL (2.84 µL ± 5.02 µL) the 
second day. Mean change in nectar volume for robbed flowers was -20.60 µL ± 28.03 µL. 
Percent change ranged from 3.13% to 188.89% with 26 flowers decreasing and 4 increasing in 
nectar volume. The mean nectar volume in robbed flowers also decreased. (Wilcoxon matched 
pairs test, N=30, Z=4.06, p< 0.05; Fig. 1).  
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Nectar Concentration  
 
In not robbed flowers, nectar concentration ranged from 7.0% to 22.0% (17.07% ± 5.30%) the 
first day and from 10.0% to 35.5% (18.07% ± 8.29%) the second day. The mean change in nectar 
concentration for not robbed flowers was 1.00% ± 8.05%. Percent change ranged from 50.00% 
to 210.00% with 3 flowers decreasing and 4 flowers increasing in concentration. In not robbed 
flowers, the mean nectar concentration did not change between the two days (Wilcoxon matched 
pairs test, N=7, Z=0.34, p=0.74; Fig 2). In robbed flowers, nectar concentrations ranged from 
16% to 22.5% (20.42% ± 2.31%) the first day and from 11% to 17.5% (14.08% ± 2.15%) the 
second day. Mean change in nectar concentration for robbed flowers was -6.33% ± 4.25%. 
Percent change ranged from 9.38% to 48.84% with 5 flowers decreasing and 1 increasing in 
nectar concentration. In robbed flowers, the mean nectar concentration decreased (Wilcoxon 
matched pairs test, N=6, Z=1.99, p=0.046; Fig. 2). 
 
 

 
 
 
Additional Observations 
 
The Malvavisus sp. patches at Casa Jungle Monteverde B&B and a single plant near Escuela 
Cerro Plano were noted as being of bad health. Leaf cutter ants were observed harvesting nearly 
all of the leaves from the single plant near the school and most leaves showed signs of herbivory 
from weevils at the B&B patches. Nearly all of the flowers in these sites had no nectar 
production for day two.  
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DISCUSSION 
 
This study demonstrated that nectar robbing leads to decreased nectar concentrations in 
Malvaviscus sp. This finding elucidates why pollinators avoided and spent less time at robbed 
flowers in previous studies. Specifically, hummingbirds may have realized that the robbed 
flowers had less sugar inside and left to find flowers with higher sugar concentrations, which 
they have been shown to prefer (Tamm and Gass 1986). From the plant’s perspective, nectar 
production could be very costly. For instance, up to 37% of the sugars produced when a plant is 
flowering are devoted towards nectar (Southwick 1984). A successful pollination will 
compensate the plant for this investment, but nectar robbers cheat the plant of this mutualistic 
interaction. In addition to the flower missing out on pollination when the robber visits, it also has 
been shown to lead to higher levels of secondary robbery by otherwise legitimate pollinators 
(Fumero-Cabán and Meléndez-Ackerman 2012). To conserve energy, plants may allocate less 
resources to these robbed flowers and invest their sugars in flowers that would result in more 
pollination. 
 

Osterhaus (1997) did not find differences in the concentrations between robbed and not 
robbed flowers of Malvaviscus sp. However, that study took measurements for a single day on 
flowers that showed signs of natural nectar robbing and those that did not. In the current study 
nectar robbing was artificially induced and the change in nectar concentration within the same 
flower was recorded to take into account the variability of nectar production within individual 
flowers. Fumero-Cabán and Meléndez-Ackerman (2012) found no changes in nectar 
concentration between robbed and not robbed flowers, but they did not induce damage to the 
plant when experimentally robbing the flower. In this study, I pierced a hole through the 
receptacle to simulate robbery; the damage to the flower could have caused the reduced nectar 
concentration and explain this discrepancy in results.  

 
 Nectar volumes decreased in both flowers that were robbed and those that were not 
robbed. This is most likely the result of another factor unrelated to nectar robbery. Nectar 
volume appears to be heavily determined by the age of the flower and significantly varies from 
day to day. For instance, Malvaviscus aurboreus was found to only produce nectar for a single 
day (Webb 2012). The Malvaviscus sp. studied in this experiment sometimes did produce nectar 
both study days, but many flowers had no nectar the second day. This imposed a challenge 
because while these data could be recorded for nectar volume analysis, it limited the ability to 
study changes in nectar concentrations because it was impossible to determine sugar 
concentration in these flowers. Additionally, when small amounts of nectar were collected (<5 
microliters) the refractometer could not measure nectar concentrations. This resulted in a small 
sample size of only 13 flowers that had sufficient nectar produced to allow for nectar 
concentration determination both days.  
 

Nectar volume also seemed to be associated with the physical state of the plant. Samocha 
and Sternberg (2010) found that leaf herbivory decreased the amount of nectar produced by 
flowers. Many of the flowers that had no nectar the second day were growing on plants that 
appeared to be of ill health, with most of the leaves having been harvested by leaf-cutter ants or 
eaten by weevils. While these factors were not considered in analysis, it would be worth studying 
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how the health of plants and factors such as the amount of herbivory affect nectar production in 
this genus.  

 
 In this study, nectar volumes in Malvaviscus sp. were found to be extremely variable 
between flowers. Webb (2012) found that Malvaviscus aurboreus had similar nectar volumes in 
flowers of the same and different plants. The species of Malvaviscus used in this study was 
undetermined and it cannot be said with certainty whether these contradictory observations are 
the result of being different species, or caused by other factors such as location, season, or 
climate. Regardless, the results of this study suggest that nectar volume is not a reliable tool for 
comparative studies on the effects of nectar robbing in Malvaviscus sp. because it is so variable 
within the same flower on different days and between flowers on the same day. Nectar 
concentration was much less variable and did decrease as a consequence of nectar robbery.    
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Fungal bioluminescence as an insect attractant   
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ABSTRACT 

Bioluminescence is widely distributed and has many functions, however its role in fungi is not well understood. 
There are several hypotheses to explain why some fungi have bioluminescence. In this study, I explore whether 
fungal bioluminescence helps attract insects that may assist spore dispersal.  Glow sticks of four colors in soapy 
water traps were used to sample insects attracted to low intensity cool light from 1495 to 1515 m elevation in 
tropical Cloud Forest, in both open and closed areas.  Results show that there was no difference in the number of 
morphospecies or number of insects caught between the color treatments.  Each color treatment had a higher 
diversity of insects than the control treatment, which contained no light.  No insect species showed a particular color 
preference, however, my data suggests that artificial light acting as bioluminescence does attract insects that may aid 
in spore dispersal.   

RESUMEN 

La bioluminiscencia está ampliamente distribuida y tiene varias funciones, sin embargo su papel en los hongos no 
está entendido muy bien.  Hay varias hipótesis para explicar el por que algunos hongos tienen bioluminicencia.  En 
este estudio, exploro si la bioluminiscencia en los hongos ayuda a atraer insectos que pueden ayudar a la dispersión 
de esporas. Luces químicas de cuatro colores se usaron en agua con jabón para muestrear los insectos atraídos a luz 
de baja intensidad a una elevación entre 1495 y 1515 en un bosque tropical nuboso, tanto en áreas abiertas como 
boscosas.  Los resultados muestran que no hay diferencia en el número de morfoespecies o número de insectos 
atrapados entre los tratamientos de diferente color.  Cada color tiene una mayor diversidad de insectos que el 
tratamiento de control, el cual no contiene ninguna luz.  Ninguna especie de insectos muestra una preferencia 
particular por ningun color, sin embargo, mis datos sugieren que la luz artificial que actua como bioluminiscencia 
atrae insectos que pueden ayudar a la dispersión de esporas. 
 
INTRODUCTION  

Many living organisms emit light or bioluminescence.  Some organisms have the ability emit 
light as a result of a biochemical reaction (Kahlke & Umbers 2016).  These light systems, 
specifically found in fungi, produce light through the chemical oxidation of a substrate called 
luciferin, catalyzed by an enzyme, luciferase (Kahlke & Umbers 2016).  Light production in 
organisms has a wide range of emission patterns and is emitted in wavelengths between 400 and 
720 nm (Kahlke & Umbers 2016).  Bioluminescent organisms emit blue, violet, green, yellow, 
orange, and white light. The color of light emitted is correlated with the optical characteristics of 
the environment (Kahlke & Umbers 2016).  Organisms give off a certain color of light 
depending on where they are located in the environment.  For example, the majority of 
bioluminescent marine organisms emit blue light.  The color of the light may vary, even though 
the same luciferin is within it (Hastings 1995).  Although these bioluminescent organisms are 
diverse and widely distributed, little research has been conducted on them, especially on fungi.  
As of 2012, of the 100,000 described species in Kingdom Fungi, only 71 species are 
bioluminescent (Oliveira et al. 2012).  Green, blue, and white are the only known luminescence 
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that fungi inhibit, including speculation over yellow (Stephenson 2010). 
Mate recognition, prey attraction, camouflage, and aposematic warning signals to 

nocturnal fungivores are some of the proposed functions for bioluminescence (Marek et al. 
2011).  Another hypothesis suggests that the role of light is to lure insects to assist in spore 
dispersal (Weitz 2004).  There limited evidence to support these hypotheses but overall, they 
remain unproven (Weitz 2004). Bioluminescence in fungi could merely be a byproduct of the 
enzyme luciferase or of another metabolic function.  
 In dense forests, such as Lower Montane Wet Forest, humidity and spore germination are 
high and there is little to no wind (Holdridge 1967, Bechara 2015). For this reason, nocturnal 
movement of spores by insects could be advantageous for fungal dispersion in Lower Montane 
Wet Forest (Bechara 2015).  The objective of this study was to evaluate if the bioluminescence 
in fungi helps attract insects.  Open and closed forest were used to test the insect attraction 
because a previous study showed that the distribution of bioluminescent fungi across 
successional and soil gradients differed between old-growth and secondary forests (Seas-
Carvajal & Avalos 2013). I predicted that insects would be most attracted to blue, green, and 
yellow light because those are the color emitted by natural bioluminescent fungi, while they 
would be less attracted to red light which is not emitted by bioluminescent fungi and the control 
which emitted no light.  

To test this hypothesis, I used several artificial colors similar to the colors emitted by 
fungi and compared the morphospecies and abundance of insects attracted to each color against a 
control and red light treatment.  Light and temperature are dependent on biological oscillators 
(Oliveira et al. 2015), therefore, glow sticks were used. These artificial forms of light offer a 
great substitute for natural bioluminescence, emitting low intensity light and a continuous glow 
without giving off heat.  Bioluminescent fungi can be difficult to spot in nature and are not 
necessarily common.  They can grow in patches or can be scattered in certain environmental 
conditions and seasons.  Because of this, sticky traps were not used around the natural 
bioluminescence, instead this study is more focused on the colors and the possible attraction 
towards insects.  
 
METHODS 

Study Site  

The study took place July 21-July 29, 2018 in the Monteverde Cloud Forest of Costa Rica.  Data 
were collected from four elevational zones on Monteverde Biological Station property.  I used 
four colors of glowing sticks: red, blue, green, and yellow.  Each set of glow sticks were placed 
in open and closed forest.  Sets one and two were placed along the trail below the lower lab, a 
zone of closed forest.  Sets three and four were placed in open areas; set three was placed below 
the station and set four was along a trail above the laundry room.  All four sets were placed 
between 1495 and 1515 m in Lower Montane Wet Forest (Holdridge 1967). Even though 
bioluminescence is a rare phenomenon in nature, I observed examples of it within this 
elevational range around the station suggesting that the insects here could be naturally attracted 
to bioluminescence.  

Insect Traps 
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Every glow stick was bent into a circle and placed on a plastic plate that contained a few drops of 
soap and water (Figure 1).  The soap acted as a trap for the bugs, breaking the surface tension of 
the water so when bugs landed in it, they could not escape.  The plates faced each other, one 
acted as the trap for the bugs and the other acted as a roof to repel water.  The holes were secured 
with glue to insure there was no leakage.  Each plate was placed about one meter apart.  Each of 
the sets included one red treatment, one blue treatment, one green treatment, and one control.  
The first two sets also included a yellow treatment.  The four colors and control constitute to one 
set. 

The traps were set up in the forest for a total of four nights: two nights in closed forest 
and two nights in open areas.  The first two nights included every color treatment and were 
placed in the closed forest below the lower lab (Figure 2).  The third and fourth night were 
composed of each color treatment except yellow and were placed in the open areas.  Placement 
traps occurred at dusk and were retrieved the next morning around 7am to insure the insects 
trapped were due to the bioluminescent glow sticks.  In the morning, the insects were poured into 
a container and picked out of the plates to further examine in the lab.  The insects were identified 
to order and morphospecies.  After identifying the insects, plates were cleaned and new glow 
sticks were distributed for the next experiment.  A chi square and Shannon Wiener Diversity 
Index were used to compare groups.   

 

Figure 1.  Insect trap containing red glow stick. Each glow stick was bent in a circle to imitate 
the fungi and included soapy water to trap the insects. 
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Figure 2. Study site at 1500 m. Each treatment was placed within one meter of each other.  
Bioluminescent fungi grow at this elevation in Costa Rica in both open and closed areas. 

RESULTS 

A total of 268 insects were captured representing 26 morphospecies.  Of the 26 morphospecies 
identified, the most abundant were Collembola 1 (130 individuals), Hymenoptera 1 (23 
individuals), and three morphospecies of Diptera: Diptera 1, Diptera 2, and Diptera 5 (50 
individuals) (Table 1, Figure 3). 
 
Table 1. Number of morphospecies found for each treatment categorized by color.   

Morphospecies Red Blue Green Yellow Control 
Coleoptera 1 3 2 2 4 0 
Coleoptera 2 2 2 0 0 0 
Heteroptera 1 2 0 2 0 0 
Heteroptera 2 0 0 4 0 0 
Diptera 1 4 1 4 2 1 
Diptera 2 0 6 18 0 2 
Diptera 3 0 4 3 4 0 
Diptera 4 0 1 0 2 0 
Diptera 5 4 6 1 0 1 
Diptera 6 1 4 4 1 0 
Strepsiptera 1 0 1 2 0 0 
Strepsiptera 2 0 1 0 0 0 
Hymenoptera 1 2 4 9 7 1 
Hymenoptera 2 0 0 2 7 1 
Lepidoptera 1 0 2 0 1 0 
Lepidoptera 2 0 0 1 1 1 
Collembola 1 7 29 32 1 61 
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Collembola 2 1 4 2 0 1 
Collembola 3 0 2 0 0 0 
Dermaptera  0 0 1 0 0 
Mecoptera 0 0 0 1 0 
Grylloblattodea 0 0 0 1 0 
Thysanura 0 0 0 1 0 
Orthoptera 0 1 1 0 1 
Homoptera 0 0 0 1 0 
Diplura 1 1 0 0 0 

 
The number of individuals had a lot of variation between the artificial colors and the 

control (X2 = 28.44, df = 4, n = 268, p < 0.001, Fig 4). Treatments including blue, green and the 
control had nearly equal numbers of insects at between 60-70 total, while yellow and red had 
about half that abundance, with 32 individuals captured at red glow sticks and 35 at yellow.   

 
 

Figure 4. Number of individual insects drawn to total red, blue, green, yellow, and control 
treatments. Blue, the control, and green accounted for the largest number of individuals attracted 
to the plates.  
 

There were more insect orders caught in the artificial color traps than in the control 
treatments (X2 = 0.001419, df = 4, n = 41, p < 0.001).  However, there was no difference in the 
number of morphospecies caught between treatments (X2 = 1.382, df = 4, n = 55, p = 2.389).   
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Figure 5. Number of morphospecies drawn to total red, blue, green, yellow, and control 
treatments. Artificial light sources attracted significantly more morphospecies than the control 
but there were no significant differences between colors.  
 
Figure 3. Pie chart of all morphospecies found. Collembola 1 was found in the highest 
abundance.  
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I found the diversity indices were similar, with each color treatment being more diverse 

than the control (red H’ = 2.104, blue H’ = 2.237, green H’ = 2.134, yellow H’ = 2.251, and 
control H’ = 0.6464). There are no differences between the treatments.   
Table 2.  
Comparison   t df p 
Red vs Blue -0.6501 80.93 0.5174 
Red vs Green -0.1559 72.47 0.8764 
Red vs Yellow -0.6971 58.98 0.4884 
Red vs Control 6.798 86.53 < 0.01 
Blue vs Green 0.5337 150.75 0.5943 
Blue vs Yellow -0.06906 83.87 0.9451 
Blue vs Control 7.304 140.2 < 0.01 
Green vs Yellow -0.5865 75.06 0.5592 
Green vs Control 7.283 139.8 < 0.01 
Yellow vs Control 7.142 89.82 < 0.01 

 
 

 When the diversity indices were compared to each other, no differences were found among the 
colored treatments.  However, there was a difference between all the colored and the control 
treatments (red and control treatment: t = 6.798, df = 86.53, p = < 0.001, blue and control 
treatment: t = 7.304, df = 140.23, p = < 0.001, green and control treatment: t = 7.283, df = 
139.83, p = < 0.001, and yellow and control treatment: t = 7.142, df = 89.82, p = < 0.001).  

DISCUSSION 

The number of individuals had a lot of variation between the artificial colors and the control (Fig 
3), however, the number of morphospecies mostly accounted for green (Fig 4). This could be an 
indication that fungal bioluminescence does help in spore dispersal and fungal dissemination.  
The blue and green treatments which resembled natural occurring bioluminescent fungi, attracted 
a greater number of morphospecies than the red, yellow, and control treatments.  The red 
treatment and controls had similar numbers of insects. This could be explained by the fact that 
many insects lose the capability to distinguish differences in low wavelengths, so maybe they 
have a harder time to distinguish red and the control compared to the green, blue and yellow 
colors.  Most insects have short wavelength receptors sensitive to ultraviolet range, medium 
wavelength receptors sensitive to blue, or long wavelength receptors susceptive to green or 
yellow (Zaccardi et al. 2006). This could explain why more morphospecies were found in the 
blue, green, and yellow traps. Green, blue, and white are the only known luminescence that fungi 
inhibit (citations).  This suggests that fungi have adapted to the different filters in ommatidia 
(Zaccardi et al. 2006).  

Most of the insects were nearly all Collembola, with 61 total individuals combined from 
each trail found at the control (Table 1).  Most of the Collembola found at the control account to 
one individual trail, which also had several Hymenoptera, or ants.  Ants were also only found in 
Trial 2, which could have created curiosity to other insects, possibly acting as a lure.  Collembola 
play an important role in leaf litter decomposition and in soil microstructure.  They are small in 
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size so they can move around easily in the soil and are wingless.  Coleoptera are known to be 
great spore dispersers, however they accounted for 15 individuals out of the 268 insects (Park et 
al. 2014).  The different soil types and distribution of the plates across successional and soil 
gradients also need to be taken into consideration (Seas-Carvajal & Avalos 2013).  Past research 
of ghost fungi show that Diptera and Hymenoptera accounted for the most orders insects were 
attracted to by the green bioluminescent fungi (Weinstein et al. 2016). 

The diversity indices indicated that each colored treatment was more diverse than the 
control treatment. This indicates that a higher diversity of insects was attracted to the light and 
that bioluminescence may aid in attracting a wider variety of insects. When the indices were 
compared among one another, there was no difference between the colored treatments, 
suggesting that the color of light emitted does not influence the diversity of insects attracted.  

Past studies indicate green treatments attracted more individuals over a red and control 
treatment (Bade 2015).  The number of morphospecies were similar, the red and control 
treatments consisted of approximately 32 and the green treatment had the most morphospecies 
with 45 (Bade 2015).   

In conclusion, these results do not support the hypothesis that fungal bioluminescence 
may be an ecological trait used to lure insects because as the control group contained as many 
insects as treatments. However, bioluminescence could help attract a wider variety of insects as 
more morphospecies were found in the blue and green treatments. This research did not provide 
insight to mate recognition, prey attraction, camouflage, aposematic warning signals to nocturnal 
fungivores, a possible byproduct of the enzyme or another metabolic function. More extensive 
studies following similar methodology should continue to be implemented as more knowledge is 
found on bioluminescent organisms, specifically fungi. 
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ABSTRACT 
 

Mites can share a mutualist, commensalist or parasitic relationship with their hosts. The 
nature of the relationship between mites and the millipede Nyssodesmus python remain 
understudied. I explored this relationship by looking at mite preference in relation to millipede 
sex and comparing the chemical defense response of millipedes with and without mites. 
Specifically, of 33 total millipedes, I examined 8 females and 25 males for mites to determine if 
a sex preference was being exhibited. I also manipulated 17 of these 33 millipedes with mites 
and 16 without mites in attempt to elicit a chemical response. I found that mites did not display a 
preference for the sex of their host. I did find that millipedes with mites did not secrete defense 
chemicals, while those without did. The lack of sex preference is likely because Nyssodesmus 
python do not produce testosterone or have prolonged contact with their young. The data also 
suggests that mites inhibit Nyssodesmus python’s use of chemical defense; whether by 
genetically altering the ability to produce HCN in the body, blocking the secretion glands or even 
by ingesting the HCN before secretion is possible. There is still much to be discovered about the 
specifics of this relationship, so we can understand the potential effects these mites could have 
on the population of Nyssodesmus python. 
 
RESUMEN 
 
 Los ácaros pueden compartir una relación mutualista, comensalista o parásita con sus 
hospederos. El tipo de relación entre los ácaros y el Milpies Nyssodesmus python es poco 
estudiada. Exploré esta relación para ver la preferencia de los ácaros relacionada al sexo de los 
Milpies, y comparar la defensa química que tenían los Milpies con y sin ácaros. Específicamente, 
de 33 Milpies en total, examiné 8 hembras y 25 machos por ácaros a ver si una preferencia de 
sexo estaba exhibida. También, manipulé 17 de los 33 Milpies con ácaros y 16 sin ácaros para 
provocar una reacción química. Encontré que los ácaros no tienen una preferencia para el sexo de 
sus hospederos. Encontré que los Milpies con ácaros no secretaron químicos de defensa, 
mientras los Milpies sin ácaros los secretaron. La ausencia de preferencia es probablemente 
porque Nyssodesmus python no produce la testosterona ni tiene contacto prolongado con sus 
juveniles. Los datos también sugieren que los ácaros inhiben el uso de la defensa química de 
Nyssodesmus python; por alterar genéticamente su capacidad de producir HCN en sus cuerpos, 
bloquear sus glándulas de secreción o por ingerir el HCN antes de que la secreción sea posible. 
Hay mucho por descubrir de la especificad de esta relación, para que podamos entender los 
efectos potenciales los ácaros podrían tener para la población de Nyssodesmus python.  
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INTRODUCTION 
 

Mites tend to have one of three types of relationships with their host animal: mutualist, 
commensalist or parasitic (Krantz, Walter, Behan-Pelletier, Cook, Harvery, Keirans, Lindquist, 
Norton, OConner and Smith, 2009). For example, mites have been known to seek refuge in the 
leaf domatia of certain plants, where they receive shelter from harsh environmental conditions, 
and in return protect the plant from other predatory arthropods, in a mutualistic relationship 
(Alba, Schimmel, Glas, Ataide, Pappas, Villarroel, Schuurink, Sabelis and Kant, 2014). Other 
relationships are parasitic, like the mites that can only reproduce within a bee hive and infect 
many honey bees with the deadly disease varroosis (Sammataro, Gerson and Needham, 2000). 
Different species of mites are known for a wide variety of relationships with their hosts, and it 
can often be difficult to define the relationship at first glance (Krantz, et al. 2009). For instance, 
it was commonly thought that feather mites had a parasitic relationship with the birds they 
inhabited, but the true relationship is commensalist, as the mites feed off of the birds’ gland 
secretions and do not impact their hosts in any way (Galván, Aguilera, Atiénzar, Barba, Blanco, 
Cantó, Cortés, Frías, Kovács, Meléndez, Møller, Monrós, Pap, Piculo, Senar, Serrano, Tella, 
Vágási, Vögeli and Jovani, 2012). 
 

The original ambiguity surrounding the nature of these mite-host relationships extends to 
the relationship with the millipede Nyssodesmus python. The mites found on N. python are red-
colored and approximately one millimeter in size. They tend to be located where the underbelly 
of the millipede joins the legs and are evenly distributed among all 20 segments. However, not 
every individual N. python is host to mites. Very little is known about the natural history of N. 
python, though one of its prominent features is the secretion of hydrogen cyanide (HCN) from 
special glands called ozopores as a chemical defense against predators, and the sex-specific use 
of this chemical by males to attract a female with which to mate (Heisler, 1983).  
 

The very little research that has been conducted with mites and other millipedes have 
only found parasitic relationships. Specifically, the parasitic mite found on millipede host 
Ommatoiulus moreletii was discovered to be castrating male hosts and hindering the 
development of mature eggs within female hosts (Baker, 1985). However, since this study is 
only one of the very few studies that examine a relationship between mites and millipede hosts, it 
is unfair to assume that all mites found on millipedes exhibit a parasitic relationship, since these 
mites can be found exhibiting a range of relationships with other arthropods (Krantz, et al. 2009).  

 
Several mites have sex preferences for their hosts, for example the water mite Unionicola 

foili shows a preference for female water midge hosts, likely because of their contact with their 
eggs, which the mites could also inhabit (Edwards and Smith, 2003). Other studies have 
supported this finding, as an ectoparasitic genus of mites (Spinturnix spp.) favors female mouse-
eared bat hosts over males (Alba, J.M., B.C.J. Schimmel, J.J. Glas, LM.S. Ataide, M.L. Pappas, 
C.A. Villarroel, R.C. Schuurink, M.W. Sabelis and M.R. Kant, 2014). The implications of a sex 
preference by mites in the context of N. python are interesting, as the millipedes have a sex-
biased use for the HCN that they produce (Heisler, 1983). 
 

I wanted to explore the mites and their host, N. python, in more detail to examine if their 
relationship is mutualist, commensalist or parasitic. Specifically, I wanted to examine if the mites 
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were actively exhibiting a sex bias in their hosts to begin to study the implications of what that 
might mean for the reproductive success of N. python. I also wanted to see if the mites 
influenced the timing or release of the defensive compound HCN in a situation of artificial 
predation. If the relationship between the mites and N. python is of mutualism or commensalism, 
all millipedes would release HCN in defense, regardless of the presence of mites. However, if the 
relationship between the mites and millipedes is parasitic, the millipedes without mites would 
likely release HCN as normal while the infected millipedes would likely have some issue or 
alteration in their release. Additionally, if there is a sex preference on top of a parasitic 
relationship with the millipedes, the mites could have huge effects on the reproductive success of 
the N. python population.  
 
MATERIALS AND METHODS 
 
Study Site 
 

I collected N. python from the forest around the Biological Station in Monteverde, Costa 
Rica in the following Holdridge Life Zones: lower montane wet forest and lower montane rain 
forest, from 1350 to 1842 meters in elevation (Holdridge 1971). I collected millipedes from July 
16 - July 25 of 2018.  
 
Study Organisms 
 

N. python range from 6 to 10 centimeters in length, have twenty segments and have 
bright yellow-colored patterns which make them distinct from both other species and the forest 
floor (Heisler, 1983). Both juvenile and adult millipedes have twenty segments, though juveniles 
lack some of the yellow coloration that adults have (Heisler, 1983). Male millipedes can be 
distinguished from females via their seventh segment: it is modified to be genitalia, and has two 
small protruding members that females lack, each about two to three millimeters in length 
(Heisler 1983). N. python have many forms of defense against predators: their calcified 
exoskeleton, a physical defense involving curling into a tight ball to expose this hard exoskeleton 
to the predator and protect their head and soft underbelly, and the release of HCN which has an 
unpleasant taste to predators (Heisler, 1983). I kept the millipedes in terrariums with moist 
leaves, dirt and wood. I left each millipede in a terrarium for two days to acclimate before I 
began testing to ensure that the condition in which I found each millipede would not impact their 
responses to the simulated predations. Because it has been found that being kept in larger group 
sizes can decrease the HCN released by individual N. python, I made sure that each terrarium 
only had ten millipedes in it at any given time to control this (Taylor, 2016). When millipedes 
mate, the male remains on top of the female for around six days, which would have been 
detrimental to my experiment (Heisler, 1983). To avoid this, I kept males and females in separate 
tanks until experimentation was over. 
 
 The mites that inhabit N. python are red-colored and very small; around a millimeter 
long. The mites are located along the underbelly of the millipedes, where the legs attach to the 
underside (Figure 1a). 
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Experiment:  
 

To determine if and when a millipede released HCN, I created a filter paper that would 
change from orange to yellow when in contact with this chemical. To do this, I made sodium 
picrate by dissolving 2.4 g of picric acid and 12.5 g of sodium carbonate into 500 mL of 
deionized water (Taylor, 2016). I poured this into a brown bottle and let it sit overnight to ensure 
the solute had dissolved entirely. Then, I soaked circles of filter paper about 8 cm in 
circumference in the yellow sodium picrate solution and allowed them to dry completely.  
 
 For each trial, I placed a piece of filter paper soaked in sodium picrate solution into a 
Tupperware container (Figure 1b). I removed one N. python from the terrarium and placed it on 
top of the filter paper, giving it two minutes to acclimate, as sometimes the act of moving them 
caused them to curl up. During these two minutes, I noted whether the millipede had mites on it 
or not by watching its legs as it crawled. After two minutes, I began roughly aggressing the 
millipede with tweezers: prodding it to curl into a ball and then forcing it to straighten out again 
to simulate an avian predator. I did this for five minutes or until it released HCN, whichever 
occurred first. The presence of HCN was noted when the yellow color of the sodium picrate 
turned orange, and by the sweet smell given off that resembles the scent of almond (Figure 1c). 
After this level of experimentation, I noted the sex of the millipede by looking for the modified 
seventh segment. Each millipede was released post trial. 
 

RESULTS 
 

In total, I tested 33 individual millipedes, 8 females and 25 males. 17 millipedes 
possessed mites and 16 did not possess mites. Millipedes with mites did not use cyanide defense 
compared to those without mites (X2 = 29.219, DF+1, p < 0.01; Figure 2). None of the host 

Figure 1: Experimentation on the millipedes. a) an individual N. python in curled, defensive position. The location of the mites is indicated with a 
blue arrow. The mites appear red / orange and are small, round spheres. b) the lab setup shows a circular piece of filter paper that has already been 
soaked in sodium picrate and dried. The sodium picrate appears yellow. The filter paper is placed into a Tupperware container. c) the filter paper 
after experimentation has finished. Spots of orange appear against the yellow backdrop where the HCN came into contact with the sodium picrate. 
Feces from the millipede can also be seen. 

a) b) c) 
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millipedes to the mites used the HCN chemical defense, while all but one millipedes without 
mites used HCN (Figure 2). This means that the difference between millipedes that used HCN 
and those that did not regarding the presence of mites is significant. 

 
Figure 2: Use of HCN as chemical defense by N. python millipedes. HCN was compared after five minutes of predation 
simulation on the millipedes and compared between millipedes hosting mites and millipedes without mites. 

 
 Of the 8 female millipedes, 4 were found with mites and 4 did not have mites (Figure 3). 

And of the 25 males, 13 had mites and 12 did not (Figure 3). There was no difference between 
the sexes with those that hosted mites and those that did not (X2 = 0.0097, DF+1, p > 0.05; 
Figure 3). This means that the difference between males and females regarding the presence of 
mites was not significant.  

 
Figure 3: Presence of mites on N. python millipedes by sex: males and females. Mites were located toward the upper leg of the 
millipedes and look like small red spheres attached to the host. 
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Additional Observations 
 

During the experiment, I noticed that some N. python defecated while being aggressed. I 
also noticed that while females tended to curl up and remain curled the duration of the 
experiment, male millipedes would initially curl but soon straighten out and try to move away 
from the perceived danger. Additionally, during the experiment, sometimes the mites that were 
on the millipedes would run off it, which is why I always noted the presence of the mites before 
the experimenting began. Finally, many millipedes still curled up when the experiment had 
ended, and I was simply looking at their seventh segment, so I made sure to check the sex of the 
millipedes after the experiment ended and not before, so this perceived danger would not impact 
the results and skew the data. 
 
DISCUSSION 
 

Millipedes without mites were more likely to produce HCN than those with mites, 
indicating high likelihood of a parasitic relationship. This relationship inhibits the millipedes’ 
chemical defense. The suppression of a host’s defense by mites is uncommon, though not 
unheard of. Several species of herbivorous spider mites of the genus Tetranychus have the ability 
to genetically suppress induced defenses of tomato plants (Alba, Schimmel, Glas, Ataide, 
Pappas, Villarroel, Schuurink, Sabelis and Kant, 2014). While feeding, these mites inhibit the 
pathways of the plant’s elicitors, which in turn inhibits the plant’s ability to mount a defense 
response, so the plant does not recognize that it is being eaten (Alba, et al. 2014). Similarly, the 
parasitic itch mite Sarcoptes scabiei, which seeks out and infests human hosts, feeds on human 
epidermal protein within the host, and inhibits the body’s complement system—which is 
responsible for the removal of foreign pathogens from the body (Bergström, Reynolds, 
Johnstone, Pike, Buckle, Kemp, Fischer and Blom, 2009). These mites have a protein known as 
SMIPP that naturally occurs in their gut and feces, which is then recombinantly expressed and 
excreted into the human epidermis and inhibits the host’s ability to expel the mite (Bergström, et 
al. 2009). It is possible that the mites infesting N. python have developed their own genetic 
inhibition of the pathways responsible for either HCN production or secretion in these 
millipedes. Polydesmidan millipedes, including N. python, produce HCN in a process known as 
cyanogenesis (Shear, 2015). Cyanogenesis involves the enzyme-catalyzed dissociation of 
mandelonitrile into benzaldehyde, a waste product, and HCN to be stored and secreted (Shear, 
2015). Since many mites are known to genetically block certain pathways in their hosts, it is 
possible that the mites infecting N. python inhibit the genes responsible for expressing the 
enzyme used in cyanogenesis so that HCN cannot be produced. Another possibility refers to the 
excretion of HCN instead of its production. HCN is secreted from N. python via ozopores, and 
the secretion relies on vapor pressure, meaning smaller apertures will be more effective in 
ejecting the liquid (Shear, 2015). It is possible that instead of inhibiting a pathway genetically, 
the mites simply block the ozopores altogether, so the millipede is still capable of producing 
HCN, but incapable of utilizing it as a chemical defense. Additionally, there are two species of 
the parasitic phorid fly of genus Megaselia that are attracted to the scent of HCN secreted by N. 
python, and upon finding the millipede the chemical was sourced from, will feed on the 
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secretions (Hash, 2014). This lends itself to a third explanation of the behavior of the mites, that 
they neither inhibit the production nor the excretion of the HCN, but merely feed on the toxin, 
depleting it before the millipede has the ability to use it. Regardless of the specifics, the mites 
exhibit a parasitic relationship with their host N. python by inhibiting the millipedes’ ability to 
chemically defend themselves. This in turn makes each infected millipede more susceptible to 
predation and decreases its likelihood of survival during an attack. Since there is so much left 
undiscovered about this mite-millipede relationship, it is unclear how much of a concern these 
mites are to the N. python population as a whole. However, it is possible that, if enough 
individuals played host to these mites, both populations could be put into danger, as the 
millipedes would fall victim to predation at a higher rate, taking the mites with them.  

 
There was no difference in mite presence between sexes, indicating that there is no active 

choice on the part of the mite to seek out a specific N. python individual. Parasitic mites that seek 
out male or female hosts do so usually as a product of testosterone; certain species seek out the 
hormone while others avoid it (Matthee, McGeoch and Krasnov, 2009). Instances where a sex 
preference behavior is exhibited in the mite generally involve vertebrate hosts, as invertebrates, 
like N. python, do not produce testosterone (Matthee, et al. 2009). The lack of testosterone in this 
species of millipede can likely account for the nonsignificant trend found by the study. However, 
some mites show preference towards female hosts in invertebrates, likely because they have 
prolonged contact with their eggs, which can provide more hosts for the mites (Edwards, et al. 
2003). N. python, by contrast, has no contact with its eggs after birth, so the mites have no access 
to more hosts by infesting females over males (Heisler 1983). There is no benefit to choosing 
one sex of N. python over the other, so the mites do not make an active choice between 
individuals. This is a preferable outcome in terms of the survival of N. python populations; if the 
mite population was actively choosing one sex of millipede over another and eradicating it, it 
would be increasingly difficult for the other sex to find a mate and reproduce. However, since the 
mite has no preference in the sex of its host, the overall N. python population may be impacted, 
but the male-female ratio will remain the same and the rate of reproduction likely will not be 
drastically altered. 
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Abstract 
It is critical for the human population to know where each genus of Culicidae, commonly known as mosquitoes, are 
most common in order to understand and predict the threat of re-emergence of certain vector-borne diseases. The 
best solution to the world-wide problem of mosquito spread diseases (e.g. Zika virus) is to find the root cause of the 
arising pathogens. To do so, preferred aquatic habitats of the species should be the primary source of study in order 
to prevent the vectors from reproducing. This study was developed with the intention to provide more information 
about the favored conditions of mosquitoes related to altitude, temperature, pH and dissolved oxygen levels. These 
four factors were tested on water samples that were collected in Monteverde, Costa Rica from still-standing bodies 
of water, such as small ponds and bromeliads. The factors tested, except for pH, did not seem to affect the presence 
and abundance of the mosquitoes. Perhaps, the low density of populations could have been due to seasonal dynamics 
or the water’s internal productivity. Overall, it is important to find the most favored habitat for mosquitoes in order 
to implement actions of control to stop the spread of vector-borne diseases. 
 
Es critic para la población humana entender donde cada género de Culicidae, comúnmente conocidos como 
mosquitos, están para entender y predecir el riesgo de ciertos vectores de enfermedades que están resurgiendo. La 
mejor soluciíon ha este problema mundial de enfermedades transmitidas por mosquitos (como el virus de Zika) es 
encontrar la raíz de la causa de los patógenos. Para esto, los hábitats acuáticos preferidos de la especie deben ser la 
fuente primaria de estudio en orden para prevenir la reproducción de los vectores. Este estudio se desarrollo con la 
intención de proveer más información a cerca de las condiciones favorables de los mosquitos relacionados con 
altitud, temperatura, pH, y oxígeno disuelto. Estos cuatro factores se probaron en muestras de agua que se colectaron 
en Monteverde, Costa Rica de cuerpos de agua estancada, tales como charcos pequeños y bromelias. Los factores 
estudiados, excepto pH, no muestran un efecto en la presencia y abundancia de los mosquitos. Quizás, la baja 
densidad de las poblaciones se pueden deber a las dinámicas temporales del agua o la productividad interna. En 
general, es importante encontrar el hábitat más favorable para los mosquitos en orden de implementar acciones para 
controlar y detener el avance de los vectores de las enfermedades. 
 
 
 
 
 
 
 
 
 
 
 

48

48

48

48

48



Hurkmans  
 

 

Introduction 
We share a planet with species that have a sharp focus on survival. As part of a population, each 
individual has a drive to beat natural selection, in some cases leading to greater defense 
mechanisms for self-protection in order to outcompete members of the community. These 
evolutionary advancements include the gain or loss of traits—in order to keep up with the ever-
changing environment. Therefore, within a community, predation, competition, and parasitism 
occur at extensive rates depending on the species to species interaction. Some species 
interactions are a root cause of large outbreaks of vector borne, health-threatening diseases. 
Vector borne diseases are transferred from one host to another by vectors, commonly 
mosquitoes, ticks, and fleas, if they are carriers of an infective pathogen, such as a virus (Vector-
Borne Diseases 2015).  

As climate changes, there are long-term and short-term effects on vector-borne diseases 
that fluctuate with the rising and falling of temperature and precipitation. This affects disease 
outbreaks since changes within population sizes, survival rates, host availabilities, and pathogen 
reproductive rates are altered by the biological variables (Vector-Borne Diseases 2015). With 
global warming, as temperatures continue to rise, biological processes will accelerate because 
heat increases the developmental processes and can even re-establish or introduce species to the 
environment (Vector-Borne Diseases 2015). It is still difficult to determine what variable in the 
complex interactions is the main source of vector-borne diseases because it can vary between 
anything from pathogen adaptability to human behavior (Vector-Borne Diseases 2015).  

Mosquitoes (Culicidae) are major contributors to health problems, such as the spreading 
of the Zika virus (ZIKV), Dengue fever, West Nile Virus (WNV), Malaria, and Chikungunya 
Fever (CHIKV). While seeking blood meals, infective pathogens get passed to a new host by this 
vector. Aedes mosquitoes are the most prominent genus in the spreading of a variety of diseases, 
including ZIKV, Dengue fever and CHIKV (Mosquito Diseases 2018). The WNV is spread by 
the Culex mosquito vector and can cause major inflammation of the spinal cord and brain, known 
as meningitis or encephalitis, in humans (Mosquito Diseases 2018).  

This study will determine what species of mosquito are most common in differing 
standing water environments of Monteverde, Costa Rica. I evaluated environmental variables as 
altitude, pH, temperature and dissolved oxygen (DO), to determine which affect the type of 
species and their abundance in the habitats. Samples will be taken from still-standing waters, 
such as ponds and bromeliads, as mosquitoes are unable to reproduce otherwise. Knowing the 
species and amount present through random sampling will help determine what standing water 
conditions the mosquitoes that spread human disease prefer. It is critical for the human 
population to know where mosquitoes are most common in order to understand and predict the 
threat of re-emergence of certain vector-borne diseases (Vector-Borne Diseases 2015).  
 
Materials and Methods 
 
Study Site 
Samples were taken from the Monteverde area in Puntarenas, Costa Rica, ranging in altitudes 
from 1390 to 1795 meters. Small, still-standing bodies of water in disturbed and isolated 
environments were used for data collection, including ponds and bromeliads. The study was 
conducted the last two weeks of July 2018, during the rainy season.  
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Study Organisms 
Culicidae family members are more commonly known as the 
mosquito and belong to the Order Diptera. Mosquito eggs laid 
hatch into larvae within a week, known as ‘wigglers’ which can 
only take place in an aquatic environment. The name wigglers 
came about due to the lashing movements of the abdomen that 
displaces the less than two centimeters long larvae under the 
water’s surface (Mosquito Information 2010). Displacement is 
needed for feeding since they act as filter feeders when they 
consume particles, shredded leaves, and other larvae while 
breathing through a rear air tube (Mosquito Information 2010). 
Mosquito species have a wide distribution and are found 
throughout most parts of the world, excluding areas that have 
extreme weather patterns, such as long periods of freezing 
temperatures, since the eggs would not have access to liquid water for hatching.  
 
Data Collection 
Fifteen-centimeter water samples were collected with a pipette from still-standing bodies of 
water, including small ponds and bromeliads. The sample was then tested for its temperature 
with a thermometer and pH levels using a VAT1011 digital pen-type pH meter (V&A Instrument 
Co.)—an electric device used to measure hydrogen-ion activity. Additionally, measurements for 
altitude using a Nylon watch (Casio SGW300HB-3AVCF) and dissolved oxygen (Milwaukee 
Dissolved Oxygen Meter MW600) were taken. Finally, back at the lab, each larva was 
distinguished under a dissecting microscope and recorded accordingly (Littig & Stojanovich 
2003). To analyze the data multiple regressions were conducted to evaluate which environmental 
variable(s) (altitude, temperature, pH, and DO) affected the abundance of mosquitoes. This 
included one with 4 variables (altitude+temperature+ph+DO), one with three variables 
(temperature+ph+DO) and one with two variables (ph+DO). In addition, an ANOVA test was 
calculated for each factor to determine the analysis variance for each distinguished Culicidae 
species. 
 
Results  
 
Observations 
There was an effect in the number individuals of Wyeomyia in relation to the pH and DO 
variables (F-statistic=2.857, df=2 and 16, p=0.08691, R2=0.171). Therefore, the two factors were 
plotted individually, with a positive correlation for DO (R2=0.0918) and a negative correlation 
for pH (R2= -0.0517) (Figure 1). The multiple regression tests with the other factors and the other 
two species showed no statistically significant data.  

Additionally, an ANOVA test for the abundance of the three mosquito genera (Aedes, 
Culex, and Wyeomyia) was conducted to find potential differences in each specific 
environmental condition in which their larvae were found (Figure 2). For pH, Aedes and Culex 
preferred a median of approximately 7.7 and Wyeomyia a pH median of 6.5 (Df=2, F=15.458, 
p=8.594e-07, Figure 2C, Table 1). The other environmental factors did not have changes in 
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preference by the Culicidae spp. (F altitude=2.12, p=0.11, F temperature=0.43, p<0.68, Figure 
2).  

 
Figure 1.  Relation of abundance of Wyeomyia individuals and environmental factors dissolved 
oxygen (A) and pH (B) plotted due to multiple regression significance. 
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Figure 2. The Box and Whisker graphs for altitude (A), temperature (B), pH (C), and dissolved 
oxygen (D) show the analysis variance for each distinguished Culicidae species.  
 
Discussion  
Altitude, temperature, pH and DO do not seem to be significant factors for the development of 
Culicidae larvae in this study. Maybe other factors not measured in this study such as internal 
productivity of the aquatic environment, which affect the food webs, are the ones that could be 
influencing the abundance of larvae in the standing water habitats studied (Washburn 1995). This 
productivity can be influenced by aquatic plants, emergent vegetation, algal mats, and plankton 
since they can impact the biological development rates of the larval states (Washburn 1995). 
Perhaps, internal productivity could have led to the absence of larvae in the samples at higher 
altitudes instead of the low temperatures observed. On the other hand, reason for the lack of 
mosquitoes at the high altitudes could not have been due to the pH levels (6.2-6.4) because 
preferred levels are between 4 and 11 (Clark 2004).  

In Ethiopia, a study of Culex concluded that seasonal dynamics were seen within the 
density of the population, which was suggested to be associated with the availability of water 
(Dejenie et al. 2011). Following long rainy seasons, high densities of Culex larvae can be 
detected, whereas a short, heavy rainy period results in lower quantities since the eggs and larvae 
have a greater chance of being washed away by floods (Dejenie et al. 2011). Rainfall in Costa 
Rica, wet and dry season, might lead to a higher number of a certain species of Culicidae during 
the month of November (dry season) compared to July (rainy season) since there are great 
fluctuations in amount of rainfall throughout the year.  

To prevent a mosquito vector outbreak, countries have gone through certain extremities 
of control. Extermination of mosquitoes, specifically Aedes aegypti, has been one of the 
complete cases of control in the USA by the introduction of Aedes albopictus to rid the human 
population of contracting undesired pathogens (Washburn 1995). Rather than making a situation 
better, the introduced agent turned out to be as bad, or worse, of a pest than the original mosquito 
(Washburn 1995). Precautions taken should be well planned since some mosquitoes, such as the 
Wyeomyia, do not pose a threat to the human population, therefore with the knowledge of habitat 
preference the genus of mosquito can be identified and exterminated properly if necessary.  

Wyeomyia is a neotropical species that is found throughout the entire forest canopy at 
temperatures that allow for mosquito development, but it is not associated with any vector 
disease (Harbach 2008). Since it has been proven to be found at higher altitudes (Harbach 2008), 
this could explain why DO levels have an effect on the number of Wyeomyia present. This 
positive trend, however, is common for mosquitoes since a more sufficient supply of oxygen is 
necessary for growth and development. Additionally, the negative trend of Wyeomyia found in 
increasing pH levels (R2= -0.0517) was surprising since mosquitoes tend to reproduce anywhere 
between 4 and 11 at a consistent rate (Clark 2004). As found by Clark (2004), mosquito 
development is threatened by pH levels below 4 or above 11, this suggests that the decrease 
could be due outside factors, such as higher pupation rates in lower pH waters, which can 
influence the preference of one aquatic environment over another. Overall, mosquitoes have a 
specific preference for pH, but altitude, temperature and dissolved oxygen do not have 
significant impacts on habitat selection.  
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Abstract  
Visual cues and learning mechanisms can determine the foraging behavior of hummingbirds in the wild. A time-
place learning strategy is a concept used to study hummingbird’s ability to navigate to the same area for foraging 
resources. It has been proposed that species of hummingbirds can use spatial memory to locate food sources. This 
study aims to examine the learning behaviors of hummingbirds as they forage for nectar resources in feeders with 
high and low nectar concentrations. Café Colibri, at the entrance of the Monteverde Cloud Forest Reserve, has 
eleven feeders that have been utilized by nine native species of hummingbirds for over 30 years. The most common 
visitors at the feeders were Campylopterus hemileucurus (Violet Sabrewing), Heliodoxa jacula (The Green-crowned 
brilliant) and the Colibri thalassinus (Lesser Violetear) species. For this study, feeders with a higher sugar 
concentration then the other feeders were introduced to see if these hummingbirds would change their feeding 
strategies to obtain higher nectar concentrations. For two out of three trials there was a difference of the 
hummingbird’s visitation rates at specific feeders in varying locations for repeated trials for consecutive days, 
regardless of the low or high nectar concentrations. For three trials the GCB hummingbirds did not prefer higher 
nectar concentrations over the location of feeder three. This suggests that there could be a spatial preference of 
specific hummingbird species to visit feeders repeatedly, however this was not proven to be true for each species. 
An explanation for this could be that feeders with more perches provide safety from predators and causes behavioral 
differences among species. 

Resumen 
Las pistas visuales y los mecanismos de aprendizaje pueden determinar los comportamientos de forrajeo de los 
colibríes silvestres.  La estrategia de aprendizaje de tiempo-espacio es un concepto usado para determinar la 
habilidad de los colibríes para navegar la misma área por recursos de forrajeo.  Se ha propuesto que las especies de 
colibríes pueden usar la memoria para localizar el alimento.  Este estudio busca examinar los comportamientos 
aprendidos de los colibríes a como ellos forrajean por los recursos de néctar en comederos con concentraciones altas 
y bajas.  El café Colibrí, a la entrada de la Rserva del Bosque Nuboso, tiene once comederos que han sido utilizados 
por nueve especies nativas de colibríes por más de 30 años.  Los visitantes más comunes de los comederos fueron 
Campylopterus hemileucurus, Heliodoxa jacula, yColibri thalassinus.  Para este estudio, los comederos con una alta 
concentración de azucar fueron introducidos para ver si estos colibríes cambian sus estrategias de forrajeo para 
obtener una mayor concenración de nectar.  Para dos de los tres tratamientos hay una diferencia en la tasa de 
visitación de los colibríes a comederos específicos en varias ubicaciones para tratamientos repetidos en días 
consecutivos, a pesar de la coneentración del néctar.  Para tres tratamientos los colibríes de la especie Helidoxa 
jacula no prefieren altas concentraciones sobre la posición del comedero tres.  Esto sugiere que puede haber una 
preferencia espacial de los comederos por especies específicas que visitan los comederos repetidamente, sin 
embargo esto no se provó para cada especie.  Una explicación para esto puede ser que los comederos con más 
perchas proveen mayor protección contra depredadores y causan una diferencia en el comportamiento entre 
especies. 
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Introduction 

Hummingbird studies have shown that birds can combine visual cues as information to 
develop memories of foraging resources (Jelbert et al. 2014). However, there is less research 
about hummingbirds that use memory in the wild to obtain rewards of nectar solutions from 
hummingbird feeders (Jelbert et al. 2014). A learning mechanism found in animals is time-place 
learning, which means that species will return to areas that have foraging resources that can 
regenerate over time (Tello-Ramos et al. 2015). While there are data in laboratory settings that 
have been collected regarding the ability of mammals to navigate and remember a foraging 
source at a specific location, this is not fully understood for animals in the wild (Pritchard et al. 
2016). There is insufficient research on hummingbirds that can potentially use spatial memory to 
locate artificial feeders with higher or lower nectar concentrations. Due to hummingbird’s 
ecology they are likely to display adaptive specialties in foraging mechanisms because of spatial 
abilities (Hurly 1996).  

In addition to spatial and temporal recognition of nectar sources, hummingbirds present 
aggressive behaviors to compete and obtain food sources. The theory of optimal foraging model 
can be applied to hummingbirds to explain why their behaviors are influenced by risks and 
rewards that coincide with the food sources they obtain. This can be evaluated in the wild 
through degrees of aggressive dominance that can be influenced by body size, and wing span of 
hummingbirds (López et al. 2018). In my investigation I chose to focus on the three largest and 
most dominant species at the study site. By doing this I reduced competition as a determining 
variable that would affect the visitation of feeders with varying concentrations. It could be 
suggested that if these species visit feeders with low concentrations, competition would not be a 
limiting variable in this study. 

There are more than 300 species of hummingbirds around the world that have evolved 
complex dynamic abilities to adapt to multiple food sources. Variations of species differ with bill 
dimensions, habitat preference, and dominance hierarchies. These factors influence ecosystem 
structures and allow for resource portioning among hummingbird species in the wild. In addition, 
hummingbird morphology affects flower choice in tropical communities. Due to high metabolic 
needs of hummingbirds, species have specialized their foraging behaviors to exploit flowers with 
high nectar production in the wild. Because of this pollination syndrome, I expected 
hummingbirds to visit feeders that I provided with higher nectar concentrations compared to 
lower concentrations (Stiles 1976). When I observed the community of nine species at the study 
site I recorded the behaviors and interactions among the three most common hummingbird 
species; Violet Sabrewing, Green-crowned brilliant and the Lesser Violetear. From the three 
most common species at the hummingbird gallery, I expected for there to be mechanisms of 
spatial recognition of the four feeders to determine higher nectar rewards from varying 
concentrations.  
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Materials and methods 

Study site 

From July 16th to July 28th of the year 2018 between the hours of 8:00 a.m-2:00 p.m. I observed 
the behavior of nine hummingbird species at the Café Colibri hummingbird gallery near the 
Monteverde Cloud Forest Reserve in the Puntarenas Province. This site is in the low montane 
wet forest located at 4,724 feet (1,440 m) above sea level. The hummingbird gallery has placed 
eleven feeders on the perimeter of the café daily for over 30 years. Each of the café’s feeders 
contain a sucrose content of 20%. During the beginning of the experiments I temporarily 
removed four of the eleven feeders and replaced these with four feeders that each contained 
either a concentration of 20% or 50% sucrose solution. At this site there is a community of nine 
hummingbird species that are familiar with this constant nectar source. The nine-species located 
here are the Violet Sabrewing, the Green-crowned brilliant, the Lesser Violetear, the Green 
hermit, the Stripe tailed hummingbird, Coppery-headed emerald, Brown Violetear, Purple-
throated mountain gem, and the Magenta-throated wood star. There appears to be a large 
population of Green-crowned brilliant species and Lesser Violetears that fed at each of the 
feeders at the same time, compared to the other seven species. In contrast, there are very few 
Brown Violetear species and Green hermits. Also, during this experiment, I did not record any 
visitations by the Magenta-throated wood star. There are approximately less than ten Violet 
Sabrewings at this site.  

Study organisms 

Hummingbirds differ in their foraging behaviors based on their individual bill 
morphology. This allows for variations in the energetic efficiency for nectar from different 
flowers (Wolf et al. 1972). For a hummingbird to sustain energy, they must eat about half of their 
body weight in sugar throughout the day. Studies have found that the birds can eat every ten 
minutes if there are enough resources for this. There have been studies that show that within an 
eight-hour period, a hummingbird could potentially eat forty-eight small meals. A 
hummingbird’s diet consists of insects for proteins and minerals for their diets. For more energy 
consumption, they practice “gleaning” or picking insects off leaves and trees. Also “hawking” is 
when hummingbirds will catch fruit flies and other small insects while flying. A hummingbird 
may consume hundreds of fruit flies in one day (Dr. Biology 2014). At my study site there were 
little to no flowers in bloom daily that could provide enough nectar for energy to sustain the 
community of nine species of hummingbirds. Among the nine species at my field site, I found 
greater visitation rates at all feeders from the Violet Sabrewing, the Green-crowned brilliant and 
the Lesser Violetear. I chose to focus on these three species as they were the most abundant and 
active foragers. Also, these three species were the largest and most aggressive, thus responses to 
nectar concentrations could be more controlled while the pressures of intraspecific competition 
could be reduced.  

The Violet Sabrewing is 14.9 cm. long and the male weighs 11.5 g., and the female 
weighs 9.5 g. The Violet Sabrewing Figure 1-A is one of the largest hummingbirds in Costa 
Rica. The Sabrewing is not very aggressive and is rarely defensive at flowers when foraging as a 
trapline species. At hummingbird feeders it is the most dominant hummingbird; this can be due 
to the species large body size. It is common that when the Sabrewing approaches the feeders, all 
the species evacuate before there is any aggressive interactions. The Green-crowned brilliant 
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seen in Figure 1-B is 12-13 cm long in males and 10.5-12 cm in females, the GCB weighs 7.39 
g. The male GCB rarely defends its common nectar source of Marcgravia plants in nature. This 
species is a trapline species that prefers to feed while being perched (Birdlife International 2018). 
The last species that I recorded observations for was the Lesser Violetear Figure 1-C. This 
species is a territorial bird that perches in tall trees near a food source. Male Lesser Violetears 
often defend their food source from other species of hummingbirds and species of Violetears 
(The Cornell Lab International Ornithology 2018).  

 

Experimental design 

For this experiment I hung two feeders 1.5 meters apart on the cafes ropes. I repeated the 
same procedure 3 meters away from the first pair of feeders. Thus, providing me with 2 pairs of 
feeders. I allowed ten minutes before beginning my observations on the first pair of feeders to 
give the hummingbirds an adequate time to identify and use the feeders as a food source. I 
watched each pair for twenty-minutes each before switching feeder concentrations/locations. I 
conducted three trial types: For the first trial, each feeder contained a 20% sugar concentration. 
For second trial, one feeder contained 20% sugar concentration and the other had 50% sugar 
solution. The third trial, sugar concentrations were the same as the second trail, but the feeders 
were placed in the opposite orientation then trial 2.  In total each trial was replicated twice for 
each pair of feeders. For each trail and each pair of feeders, I performed a chi-square analysis for 
each of the three-focal species to see if a preference for one of the two feeders that were visited 
more frequently. 

Data collection 

For each observational period, I recorded data in twenty-minute intervals. For the time, I 
recorded the number of times a hummingbird visited the feeder. I defined a visitation as an 
insertion and removal of the bird’s bill from the feeder. I would consider multiple visits when a 
hummingbird would leave the feeder to perch nearby or fly further from the feeder and then 
return for another visit. I recorded the interactions of birds during a visit and whether a bird 
chased away another species as an aggressor or whether a species was chased off the feeder by a 
separate bird. I also recorded the specific species and sex of the birds observed.  

 

 

A B C 

Figure 1: The three most common hummingbird species observed at the four feeders were A) Campylopterus 
hemileucurus, B) Heliodoxa jacula and C) the Colibri thalassinus 

 

 

 

Heliodoxa jacula 

A) Colibri thalassinus        
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Results 

In the first pair of feeders I had a total of 446 visits by all three focal hummingbird species over 
the three trials. Specifically, Violet Sabrewing’s visited 93 times, Green-crowned brilliants 247 
times and Lesser Violetears 106 times. Within trials, I observed 7 visits to feeder 1 and 12 visits 
to feeder 2 by Violet Sabrewings; 45 visits to feeder 1 and 40 visits to feeder 2 by Green-
crowned brilliants; and 19 visits to feeder 1 and 18 visits to feeder 2 by Lesser Violetears in trial 
1. In trial 2, I observed 9 visits to feeder 1 and 32 visits to feeder 2 by Violet Sabrewings; 28 
visits to feeder 1 and 19 visits to feeder 2 by Green-crowned brilliants; and 15 visits to feeder 1 
and 13 visits to feeder 2 by Lesser Violetears. And lastly in trial 3, I observed 5 visits to feeder 1 
and 28 visits to feeder 2 by Violet Sabrewings; 57 visits to feeder 1 and 58 visits to feeder 2 by 
Green-crowned brilliants; and 22 visits to feeder 1 and 19 visits to feeder 2 by Lesser Violetears. 

In the second pair of feeders I observed the following visitations by all three species. In 
the first pair of feeders I had a total of 537 visits by all three-hummingbird species over the three 
trials. Specifically, Violet Sabrewings visited 59 times, Green-crowned brilliants 389 times and 
Lesser Violetears 89 times. Within trials, I observed 10 visits to feeder 3 and 8 visits to feeder 4 
by Violet Sabrewings; 46 visits to feeder 3 and 35 visits to feeder 4 by GCB; and 6 visits to 
feeder 3 and 9 visits to feeder 4 by LV in trial 1. In trail 2, I observed 9 visits to feeder 3 and 10 
visits to feeder 4 by Violet Sabrewings; 79 visits to feeder 3 and 19 visits to feeder 4 by Green-
crowned brilliants; and 11 visits to feeder 3 and 23 visits to feeder 4 by Lesser Violetears. And 
lastly in trial 3, I observed 5 visits to feeder 3 and 7 visits to feeder 4 by Violet Sabrewings; 166 
visits to feeder 3 and 44 visits to feeder 4 by Green-crowned brilliants; and 11 visits to feeder 3 
and 29 visits to feeder 4 by Lesser Violetears. 

When analyzing the visitation rates for Violet Sabrewing for trial 1 with feeders 1, 2, 3 
and 4 at 20% nectar concentrations I recorded more observations for feeder 2 overall. Between 
feeders 1 and 2 there was a statistical difference in visits; feeder two had more visits (chi 
squared= 16.030, df=1, p=0.0001). For the feeders 3 and 4 there were more visits to feeder 4 (chi 
squared=6.545, df=1, p=0.0105). For trial 2 with feeders 1, 2, 3 and 4 there were more visits to 
feeder two overall. Between feeders 1 with 20% and feeder two at 50% there was a difference in 
visits, more visits were recorded at feeder two (chi squared=12.902, df=1, p=0.0003). And lastly 
for trial 3 with the feeders 1, 2, 3 and 4 at nectar concentrations of 50% and 20% there was an 
overall preference for feeder 2 with 20% nectar concentration. Between feeder 1 with 50% and 
feeder 2 with 20% there were more visits at feeder 2, but not enough to show a statistical 
difference (chi squared=1.316, df=1, p=0.2513). For feeder 3 with 50% and feeder 4 at 20% 
there was no difference in the number of visits by each species (chi squared=0.222, df=1, 
p=0.6374).  

For the visitation rates of the Green-crowned brilliant for trial 1 with feeders 1, 2, 3 and 4 
at 20% nectar concentrations there were variations of visits per sets of feeders. For feeder 1 with 
20% and feeder 2 with 20% there was no difference in visits per feeder (chi-squared=0.009, 
df=1, p=0.9257). For trial 2 with feeders 1 and 2 and 3 and 4 at nectar concentrations of 20% and 
50% there was an overall preference for feeder 3 with 20% nectar concentration. For feeder 1 at 
20% nectar concentration and feeder 2 with 50% nectar concentration there was no difference in 
number of visits per feeder (chi squared= 1.723, df=1, p=0.1893). And lastly for trial 3 with the 
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feeders 1, 2, 3 and 4 at nectar concentrations of 50% and 20% there was no overall preference for 
any feeder. For feeder 1 with 50% and feeder two with 20% there was no difference in number 
of visits at each feeder (chi squared=0.294, df=1, p=0.5876). Also, for feeder 3 with 50% and 
feeder 2 with 20% there was no difference in the number of visits (chi squared= 1.494, df=1, 
p=0.2216).  

When analyzing the visitation rates for the for the Lesser Violetear for trial 1 with the 
feeders 1, 2, 3 and 4 at 20% nectar concentrations each, there was an overall preference for 
feeder 4. For feeder 1 and 2 at 20% nectar concentration there was no difference in the number 
of visits per feeder (chi squared=0.220, df=1, p=0.6394). For trial 2 with feeders 1 and 2 and 3 
and 4 at nectar concentrations of 20% and 50% there was an overall preference for feeder 4 at 
50% nectar concentration. For feeder 1 at 20% and feeder 2 at 50% there was no difference in 
the number of visits at either feeder (chi squared=0.143, df=1, p=0.7055). And lastly for trial 
three with the feeders 1, 2, 3 and 4 at nectar concentrations of 50% and 20% there was no 
difference in visits at any feeder. For feeder 1 with 50% and feeder 2 with 20% there was no 
difference in the number of visits between the two feeders (chi-squared=0.027, df=1, p=0.8694). 
For feeder 3 with 50% and feeder 4 with 20% there was not a difference in the number of visits 
per feeder (Chi-squared=0.600, df=1, p=0.4386).  

 

 

59

59

59

59

59



 

 

 

Figure two:  These six graphs represent three trials of feeders with the same or varying nectar concentrations. The 
3-hummingbird species (Green-crowned brilliant, Violet Sabrewing and the Lesser Violetear) visited the feeders 
with 20% or 50% nectar concentrations. A chi-square test was performed for each species at each pair of feeders to 
test if there was a difference in visits per species and feeder concentration.  
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Discussion 

The data suggests that for trial 1 for the Violet Sabrewing species, all 4 feeders contained the 
20% nectar concentration but with a wide variation of visitation numbers at each feeder. This 
could infer that there was no preference in nectar content or spatial location for a specific feeder. 
This data could represent how the Violet Sabrewing randomly selected the feeders for foraging 
resources, regardless of nectar concentrations. For trial two between feeder 1 with 20% and 
feeder 2 with 50% there were more visits to feeder 2 with the higher concentration. However, 
this correlation was not reflected in the second pair of feeders 3 and 4 with the same nectar 
concentrations. For one pair this could mean that the Violet Sabrewing preferred a higher nectar 
concentration to low, or this could be a spatial preference and prediction as this trend was not 
seen in the 2nd pair of feeders. For trial 3 there was no correlation with visits and nectar 
concentrations. This could suggest that the Violet Sabrewing overall does not have a nectar 
preference because this species may not need to obtain the highest nectar concentrations, but 
rather could forage more frequently with longer visit times, which could benefit this species.  

By reviewing the data for the Green-crowned brilliant species for trial 1 with all four 
feeders at a 20% nectar concentration there is not a nectar preference but potentially a high 
spatial preference for feeder 3 which had significantly more numbers of visits then the other 
three feeders. This uneven number of visits could be due to a spatial preference for this feeder, 
which had a common perching spot to rest before and after foraging. Perching is a common 
behavioral habit for the GCB. This feeder was surrounded by parallel lower branches growing 
from two trees that surrounded the feeder. The two trees branches were located under the feeder. 
A juvenile GCB was the only species to perch on these lower branches and continue to return to 
this perching spot before and after chasing other species off the feeder. This species would often 
perch under feeder 3 for 10 days of observations. For trial 2, feeder 3 had the most visits from all 
the feeders.  A potential reason for this could be that this feeder was in the safest location from 
predators, therefore the most comfortable place to forage for this species, resulting in higher 
numbers of visits. However, for trial 3 there was not a difference between all four feeders, yet the 
number of visits were nearly even and high at each feeder.  

After assessing the data for the Lesser Violetear for trial 1 there were more visits to 
feeder 4. Each feeder contained a concentration of 20%. This could suggest that there was not a 
preference for nectar concentration, but rather a specific preference to the locations of feeders. 
The feeders 3 & 4 were surrounded by hospitable perches that could have influenced more 
visitation rates. For trial 2 feeder 4 was visited more often by this species. This trial had a higher 
nectar concentration for feeder 4 but, I suggest that this could have potentially been due to a 
spatial preference for the location of this feeder as trial 1 had similar visitation rates to this 
feeder. This could imply a time-place learning or cognitive skill that could develop for locations 
of feeders for this species, despite nectar concentrations. And for trial 3 with the varying nectar 
concentrations I found that there was no feeder with a large difference of visitations. This makes 
it difficult to confirm that there is a constant preference in feeders located in specific areas.  
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Conclusion 

From completing this experiment, I found that in all three trials there was a spatial preference for 
feeders 3 & 4 that were placed in specific locations, regardless of the nectar solution in the 
feeders for one species. This occurred for the Green-crowned brilliant suggesting that there may 
be a memory of specific feeders that are in safer areas due to the availability of many perching 
spots. However, this trend was not true for each species. It can be noted that nectar preference 
was not a strong determinant for why species chose one feeder over the others. After reviewing 
the trials of the Violet Sabrewing I could conclude that feeder two was visited more often than 
any of the other feeders. This could suggest a spatial preference for this feeder over the others, 
despite nectar concentrations. Overall each species appears to have spatial or cognitive abilities 
that aid in the differentiation of feeders in certain locations. In lab studies on mammals such as 
rats, pigeons and other tests on hummingbirds, these species are successful in locating food 
resources in two-dimensional areas. For these experiments, hummingbirds favor the horizontal 
over vertical directions. This spatial preference may be due to cognitive abilities that can occur 
because of the use of locomotor skills in hummingbirds (Flores et al. 2014). Also, signals can be 
used by hummingbirds to learn about foraging rewards that depend on spacing scales in 
horizontal dimensions. At 30 cm flower spacing, birds can learn where an absolute location is in 
nature (Flores et al. 2013). It can also be proposed that hummingbirds chose the same nectar 
sources not only for foraging rewards, but for protection from nearby predators and from attacks 
from the same or different species of hummingbirds. At the hummingbird gallery the community 
of hummingbirds constantly compete for their food sources, the spatial memory of feeder 
locations and nearby perches can serve as a safe place for common species at this study site.  

Hummingbirds energy is limited, but in this environment, they can often obtain high 
amounts of nectar constantly and therefore they do not need to take the risk of foraging 
frequently. When hummingbirds are not constantly foraging, they tend to perch to save energy, 
or they use this time to hide while resting for foraging efforts. Resting at a protective perch area 
was a common practice by all three of the study organisms. Perching behavior can make 
observations unclear for dominance and or support or negate spatial recognition. This behavior 
should be analyzed further to find how this coincides with foraging behaviors and predator 
avoidance. In future experiments it would be beneficial to choose a site where hummingbirds had 
less opportunities to rest and essentially protect themselves while foraging to isolate spatial 
recognition and aggressive behaviors in these species. However, overall it was clear that there 
was a spatial preference for certain hummingbird feeders over others regardless of the nectar 
concentrations. 
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Intoxication of Morpho peleides compromises anti-
predatory response 
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ABSTRACT 
 
Many tropical butterflies feed on the juice of fermenting fruit containing alcohol. This study observes the anti-
predatory response behavior of Morpho peleides butterflies after feeding on varying concentrations of alcohol. In a 
greenhouse in the Monteverde Butterfly Garden, five trials were conducted with butterflies feeding on solutions of 
mango juice mixed with different concentrations of alcohol (0%, 0.5%, 1%, 2%, and 3%). After feeding, butterflies 
were systematically poked until they flew. Subsequent flight distance, flight time, and flight pattern were recorded. 
The number of pokes needed to evoke the individual into flying away slightly increased throughout the trials as the 
percent of alcohol concentration increased. A decrease in flight time, as well as flight distance was found as alcohol 
levels increased. In addition, flight patterns became less direct and more circular as alcohol content increased. The 
results indicate that intoxication after feeding decreases flight distance and time, potentially compromising predator 
avoidance in M .peleides.   
 
RESUMEN 
 
Varias mariposas tropicales se alimentan del jugo de frutos en fermentación que contiene alcohol.  Este estudio 
observa el comportamiento de respuesta anti-predatoria en las mariposas Morpho peleides después de alimentarse en 
varias concentraciones de alcohol.  En un invernadero en el Mariposario de Monteverde, cinco tratamientros se 
llevaron a cabo con mariposas alimentándose con soluciones de jugo de mango con diferentes concentraciones de 
alcohol (0%, 0.5%, 1%, 2%, and 3%).  Después de alimentarse, las mariposas fueron sistemáticamente empujadas 
hasta que volaron.  La distancia de vuelo subsecuente, el tiempo de vuelo, y el patrón de vuelo fueron medidos. El 
número de empujes necesitados para provocar el vuelo en las mariposas aumenta ligeramente a través de los 
tratamientos al aumentar la concentración de alcohol.  Una disminución en el tiempo de vuelo, así como de la 
distancia de vuelo se encontró al aumentar los niveles de alcohol.  Además, los patrones de vuelo se vuelven menos 
directos y más circulares al aumentar el contenido de alcohol. Los resultados indicant que la intoxicación después de 
alimentarse disminuyen la distancia y el tiempo de vuelo, potencialmente comprometiendo la evación de 
depredadores en M. peleides. 
  
INTRODUCTION  
 
The tropics are home to many animals that feed on fallen fruit that is often rotting or fermenting. 
The rotting fruit likely contains 2.36% alcohol (Omura & Honda 2003). There are consistent 
accounts of mammals and birds feeding on fermented fruits and becoming intoxicated (Levey 
2004). Animals are thought to have three choices when it comes to alcohol: avoid it, quickly 
metabolize it, or suffer reduced performance. Evidence of animal avoidance of alcohol appears 
in a study that concluded frugivorous animals favor non-rotting fruits over rotting fruits, 
suggesting that they do not prefer ethanol-rich fruits (Levey 2004). The way animals process 
alcohol plays a role in the degree that the alcohol affects them. It has observed that populations 
of flies in different regions of the world process alcohol differently. There is evidence that faster 
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ethanol catabolism by European flies makes them more resistant to ethanol poisoning (Fry 2014). 
There are numerous studies that demonstrate animals suffering from behavioral changes after 
alcohol consumption. With elephants, alcohol was shown to decrease feeding, bathing and 
exploration, and the elephants presented an increase in ataxia and lethargy (Siegel et al. 1984). 
Birds feeding on rotting fruits are found to be more susceptible to being captured (Janzen 1977).  
Owl butterflies were shown to be disoriented and have a decrease in reaction time when 
intoxicated (Ellison 2017). However, not all fruit feeding species exhibit effects of alcohol 
consumption. Phyllostomid bats showed no behavioral change or decline in performance when 
consuming fermenting fruits (Orbach et al. 2010) 

Fruit feeding butterflies are attracted to the juice in fermenting fruit or tree sap. Morpho 
peleides like to feed on the forest floor in patches exposed to sunlight at times when sun 
exposure is maximized (Young 1979). Other animals are also attracted to fallen fruit to feed on 
insects or for dispersal purposes, posing threats to the M. peleides. Predators of the iridescent 
blue butterfly M. peleides include lizards and birds that typically attack while the butterflies are 
feeding on the ground (1979). Morphos have several adaptations to avoiding predations while 
feeding.  They remain motionless and feed with their wings closed, exposing only cryptic wing 
undersides (Young 1979). Eyespots on the undersides of their hindwings look like the eyes of the 
enemies of their predators, frightening a predator trying to attack. The eyespots can also deflect 
attacks to non-vital areas of the body due to their location on the wings (Stevenes 2005). In 
addition, the brightly colored blue iridescence on the dorsal wing surface may startle predators 
when flashed (Murali 2018). 

Butterfly species have been known to exhibit intoxicated behavior from alcohol of the 
rotting fruit they feed on (Young 1979). It is predicted that intoxication can impact species 
activity including, predator avoidance, reaction time, spatial orientation, and mobility, which 
may lead to reduced survival. Another study done on M. peleides showed that after extended 
periods of feeding on rotting bananas, butterflies were unable to fly away after being disturbed 
(Young 1979). At locations where the feeding was at a lower intensity, the M. peleides had 
difficulty flying away, making them an easy target for predators (Young 1979). The longer the 
individuals are left feeding undisturbed, the greater the degree of impairment in escape behavior 
(Young 1979). After substantial feeding, the observed behavioral tendency for the butterfly was 
to remain motionless and then attempt to fly away (Young 1979). These changes in behavior 
could be caused by overfeeding, making the butterfly too full of heavy to fly away, or the 
behavioral changes could be due to intoxication from the alcohol. There are currently no 
published studies that have documented reduced performance in butterflies from alcohol, and 
this experiment looks to tie these behaviors directly to alcohol.  
  This study looks at how alcohol affects the anti-predatory response of M. peleides. The 
butterflies are fed differing concentrations of alcohol to determine how their reaction to 
disturbance, behavior, flight time, and flight distance are affected. Butterflies with higher levels 
of intoxication should decrease the reaction time, so they will need more touching stimulus 
(pokes) to respond. In addition, they would have a shorter flight time, and fly shorter distances 
from the disturbance, compared to butterflies that are less intoxicated.  
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Figure 1. M. peleides butterfly with wings spread, showing brightly colored iridescent wings. 
Color of wings can be used as protection to stun predators. (Left) Cryptic coloration on the 
underside of the wings. Eyespots on the underside of the wings can scare predators. (Right).  
 
METHODS 
 
Study Site 
The experiment took place from July 17th to July 27th 2018 in the Monteverde Butterfly Garden 
in Santa Elena, Costa Rica. The Butterfly Garden was a 12m x 40m x 5m stiff mesh greenhouse 
exposed to Lowland Wet Forest conditions of warm humid temperatures. Inside the garden, there 
were three feeding stations containing rotting bananas (Musa acuminate) that were added daily at 
8:00 in the morning. The garden was filled with 30 M. peleides, as well as several other butterfly 
species including Caligo memnon (Nymphalidae:Brassolininae). The butterflies studied were 
hand reared M. peleides purchased by the Monteverde Butterfly Garden as chrysalises. Each 
evening at around 5:30 P.M, I put ten butterflies into a mesh cage for testing the following day 
(Figure 2). The butterflies needed to be kept in the cage overnight to ensure they were hungry 
and had no contact with alcohol for at least 12 hours. The feeding stations consisted of petri dish 
with a pink 3cm x 3cm x 1cm sponge used to simulate a piece of fruit for easy consumption (see 
figure 2). The sponge was soaked in solution of 50 mL of mango nectar juice mixed with alcohol 
concentrations of 0%, 1%, 0.5%, 1%, 2% or 3%.  
 
Procedure  

I tested ten butterflies per day over the course of five days. Each day the butterflies were 
given a solution of differing alcohol concentrations. I would remove one butterfly at a time from 
the mesh cage starting around 9:00 A.M. and place it on the saturated sponge. Then, I would 
hold the butterfly to the sponge until proboscis uncoiled and the butterfly began feeding. 
Typically, the butterflies began feeding immediately when placed on the sponge, but if they 
resisted I would use a paper clip dipped in solution to uncoil the proboscis and initiate feeding. I 
allowed them to feed for eight minutes. After eight minutes, I poked the butterfly near the 
abdomen to imitate a disturbance from a predator. I counted the number of pokes, distance they 
flew when they finally took flight, and how long they flew before alighting on some substrate. I 
also recorded other observations of flight behavior such as landing location (tops of trees or near 
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the ground), speed, and if the butterfly glided directly to a landing site or if it circled or flew in a 
zig zag before deciding on a landing site.   

 

 
Figure 2. M. peleides butterfly feeding on a sponge soaked in a 50 mL solution of mango juice 
mixed with 2% alcohol mixed with mango juice. This individual was allowed eight minutes for 
feeding before being disturbed by a series of pokes. (Left). Mesh cage that ten M. peleides were 
put in each night before testing for the following morning. They were kept in the cage over night 
to ensure sobriety prior to testing. (Right).  
 
 
 
RESULTS 
  
Response to Pokes 
 

The number of pokes required to elicit flight in the M. peleides slightly increased throughout the 
varying alcohol concentrations (Fig. 3). As the butterflies fed on solutions with greater 
concentrations of alcohol, the reaction time of the butterfly became slower, and they could be 
poked more times before flying away (ANOVA, F=3.77, df=48, p<0.058). The average number 
of pokes and standard error for 0 to 3 percent were as follows, 1.2±0.39, 1.2±0.38, 1.6±0.51, 
1.9±0.6, 2.3±0.73. There was a significant difference in number of pokes between trails with 
solutions of 0% alcohol compared to trails of 2% (p<0.024), and 3%(0.022).  
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Figure 3. Number of pokes, intended to disturb the M. peleides butterflies after feeding on 
various concentrations of ethanol. Butterflies were poked while still on the sponge after feeding 
for eight minutes. The number of pokes observed as intoxication levels increased from the 
alcohol concentrations (ANOVA, F=3.77, df=48, p<0.058). 
 
Flight Time  

 There was a difference was between flight time after the butterflies were poked at varying 
levels of intoxication (ANOVA, F= 15.24, df=48, p<0.0003). Flight time was shorter with 
increasing levels of alcohol concentrations (Fig. 4). The average flight time and standard error 
for 0 to 3 percent were as follows, 15.3±4.84, 14.6±4.62, 11.9±3.76, 7.7±2.44, 6±1.9.  There 
were differences in flight time between the trails with less alcohol and more alcohol, and not 
between trail with similar levels of alcohol (trial 1=0% alcohol, trial 2 =0.5%, trial 3 = 1%, trial 
4 = 2%, trail 5 = 3%). There was significant difference between trial 1 and 4 (p<0.014), trial 1 
and 5 (p<0.003), trial 2 and 4 (p<0.026), and trial 2 and 5 (p<0.006).  
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Figure 4. Average flight in seconds of M. peleides after feeding on various alcohol 
concentrations of alcohol in the Monteverde Butterfly Garden. Butterflies were poked after 
feeding for eight minutes, and the length of flight time in response to poke was recorded. A 
statistical decrease in flight time was observed as intoxication levels increased (ANOVA, F= 
15.24, df=48, p<0.0003). Error bars represent standard error.  
 
 
Flight Distance  
 There was a difference between the flight distance of individuals of M. butterflies feeding 
on varying levels of alcohol concentrations (ANOVA, F= 8.38, df=48, p<0.0057). Flight 
distance was shorter with increasing levels of alcohol concentration (Fig. 5). The average flight 
distance and standard error for 0 to 3 percent were as follows, 365.76±115.5, 274.32±86.71, 
320.04±101.28, 161.54±51.12, 158.49±50.16. There were differences in flight distance between 
the trails with less alcohol and more alcohol, and not between trail with similar levels of alcohol 
(trial 1=0% alcohol, trial 2 =0.5%, trial 3 = 1%, trial 4 = 2%, trail 5 = 3%). There was significant 
difference between trial 1 and 4 (p<0.015), trial 1 and 5 (p<0.003), trial 2 and 4 (p<0.026), and 
trial 2 and 5 (p<0.006).  
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Fig 5. Average flight distance in meters of M. peleides after feeding on different concentrations 
of alcohol in the Monteverde Butterfly Garden. Butterflies were poked after feeding for eight 
minutes, and the distance of the flight in response to the poke was recorded. A statistical 
decrease in flight distance was observed (ANOVA, F= 8.38, df=48, p<0.0057). Error bars 
represent standard error.  
 
Additional behaviors  
 Some general behavioral and flight patterns were observed. Butterflies feeding on the 
lower alcohol concentrations, 0% and 0.5%, would fly in a more direct and steady path to a 
landing spot near the tops of trees or beams on the celling of the greenhouse. Individuals that fed 
on higher concentrations typically flew in circles above the food source before finding a perch 
closer to the ground. These butterflies would also have a more sporadic and disoriented flight 
path. These patterns looked like rapid flight in small circles, flight path in a zig zag, flying into 
trees or the ceiling.  
 All of the butterflies feeding on lower alcohol concentrations managed to keep their 
wings closed and display their cryptic coloration throughout the entire eight minutes feeding. 
About half of the butterflies feeding on higher concentrations of alcohol tended to slowly flap 
their wings open and closed throughout the eight minutes, exposing the blue color of their wings.  
 
DISCUSSION 
 

M. peleides show a considerable difference in behavior after consuming higher 
concentrations of alcohol. Flight time and flight distance decreased after the butterfly had fed on 
solutions containing higher alcohol percentages. There was a significant decrease in flight 
distance between trials with 0.05% alcohol and 1%, indicating that butterflies became 
sufficiently intoxicated at concentrations of 1% alcohol.  The Morphos that had solutions with 
2% and 3% alcohol flew in circular patterns, suggesting disorientation. Flight time also 
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decreased significantly with intoxication, as disturbed butterflies spent less time escaping and 
flew a shorted distance away from the predators. Between the trials with no alcohol and the trail 
with the greatest amount of alcohol, the butterflies on average flew for 9.3 seconds less 207.36 
cm shorter. Occasionally the butterflies would circle and fly back and even land on me when 
disturbed, which emphasized their confusion and disorientation. A few butterflies that fed on 
concentrations of 2% and 3% flew directly to the ground, making them very easy targets for 
vertebrates. The reaction time to disturbance of the butterflies also decreased. After they had fed 
on high alcohol concentrations they were able to be poked more times before flying away. If a 
predator were to disturb or attack the butterfly it would be crucial for their survival to have a 
quick reaction to fly away. Drinking alcohol heightened Morpho’s susceptibility to predation, 
which may lower their fitness level in the wild.  
 The fitness of the M. peleides individuals could be negatively impacted with the 
consumption of alcohol. In experiments testing Morpho’s predator response to sound provide 
similar results. The butterflies experience a decreased in their ability to effectively avoid 
predators when intoxicated, and also flew in erratic patterns when disturbed (Heitzman 2016). In 
contrast to my results, a study conducted on the C. memnon butterfly found that the individual 
could be poked up to 60 times before flying away at solutions of high ethanol concentrations. 
One reason for this huge difference in reactions between the two types of butterflies could be that 
the C. Memnon were able to feed for longer amounts of time, increasing their intoxication. This 
also could propose an evolutionary response in the M. peleides. The Morpho butterflies might 
have adapted to have a higher tolerance to alcohol compared the C. Memnon, because their 
reaction time was substantially less affected. There is some evidence that a bat species has 
adapted to their diet of fermenting fruit and are unaffected by the alcohol content (Orbach et al. 
2010). It is also important to note that in this study, the butterflies were only allowed to feed for 
eight minutes, but in the wild they can feed as long as desired. In the wild M. peleides may 
encounter a tradeoff between fitness and feeding (Farkas 2012). They might limit the length of 
feedings to avoid becoming overly intoxicated, allowing themselves to be more alert of predator 
threat and have better chance of escape.  
 This study has shown that M. peleides behavior and flight patterns are affected by 
alcohol. Greater alcohol levels lead to reduced predator avoidance and could suggest lowered 
fitness levels. While Morpho’s possess adaptations to protect themselves from predators like 
their cryptic wing coloration, their ability to camouflage is compromised when they are 
intoxicated because they tend to be unable to keep their wings completely closed for the duration 
of feeding. Revealing the blue coloration on their wings does have the potential to flash and 
scare away predators, but if they are sitting still with their wings open it could expose their 
location to a predator and make them an obvious target. If alcohol effects their anti-predatory 
response, it could also inhibit success of other behavior, like territory defense and mating 
(Hietzman 2016). Further research into how alcohol and diet effect M. peleides could positively 
influence conservation efforts in protecting the species.   
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Associating color and alcohol content: Learning in the 
butterfly, Morpho peleides 
Elizabeth Nichols 

Department of Biology - Purdue University 

ABSTRACT 

Learned behavior is allows us a better look into the cognitive processes that take place in an animal’s mind. Certain 
butterflies possess the ability to correlate colors of food sources to different nutrient levels. Fruit-feeding butterflies 
have a diet consisting mainly of fermenting of fruit, which provides them with nutrients including sugar and ethanol.  
Here, I investigate the fruit-feeding butterfly, Morpho peleides, ability to associate colors with different levels of 
alcohol. For five days butterflies were given bananas of three different colors, each corresponding with a different 
alcohol level. The colors were then assigned a different alcohol level for another five days of observation. Visitation 
to red bananas, corresponding with the highest level of alcohol, was highest in the first set of trials. Red continued to 
receive the most visits in the second trial, although not statistically higher than the other colors. The results from the 
first trial suggest that butterflies can associate a color with a higher reward, but in the second trial, however, a 
preference for blue (highest alcohol content) was not witnessed. The results of the second trial could have stemmed 
from several factors including 1) learning takes time in butterflies, 2) there may be an inherent preference for certain 
colors (e.g. red), or 3) they have a preference for a feeding location. This possibility that Morpho butterflies are 
capable of learning to adapt and associate different colors with different levels of nutrients gives insight into the 
nature of their foraging behavior. 

RESUMEN 

El comportamiento aprendido nos permite una mejor mirada en el proceso cognitivo que tiene lugar en la mente del 
animal.  Ciertas mariposas poseen la habilidad de correlacionar colores con fuentes de alimento con diferentes 
niveles nutricionales. Las mariposas que se alimentan de frutas tienen una dieta que consiste mayoritariamente de 
frutas en fermentación, lo cual le provee nutrientes como azúcares y etanol.  Aquí, investigo la mariposa que se 
alimenta de frutas, Morpho peleides, y su habilidad para asociar colores con diferentes niveles de alcohol.  Durante 
cinco días se les dio a las mariposas banana de tres colores diferentes, cada uno correspondiente con un nivel 
diferente de alcohol.  Los colores fueron asignados con otros niveles de alcohol por otros cinco días de observación. 
La visitación a los bananos rojos, correspondiente a los niveles más altos de alcohol, fue la mayor en el primer 
tratamiento.  El rojo continuo recibiendo la mayoría de las visitas en el segundo tratamiento, aunque 
estadísticamente no fue mayor que los otros colores.  Los resultados del primer tratamiento sugieren que las 
mariposas pueden asociar un color con una recompense alta, pero en el segundo tratamiento, sin embargo, la 
preferencia por el azul (con el mayor contenido de alcohol) no fue evidenciado.  Los resultados del segundo 
tratamiento pueden deberse a diversos factores incluyendo 1) toma tiempo el aprendizaje en las mariposas, 2) puede 
existir una preferencia inherente por ciertos colores (ej. rojo), o 3) existe una preferencia por el sitio de alimentación.  
Esta posibilidad de que las mariposas Morpho son capaces de aprender para adaptarse y asociar diferentes colores 
con los diferentes niveles de nutrientes da una vision en la naturaleza de su comportamiento de forrajeo. 

INTRODUCTION 

Learned behavior allows us to make advances in the comprehension of animal’s minds, because 
it gives a glimpse into the behavioral capacities of certain organisms (Bennett, G.G. 1984). 
Insight into the cognitive processes in which animals’ minds take part in will expand the 
knowledge on foraging behaviors, mate choices, species interactions, and much more 
(Shettleworth 2001).  
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The role learned behavior plays in foraging behaviors is particularly important; being 
able to distinguish between food sources to obtain the amount of nutrients needed to survive is an 
important adaptation an organism needs to survive (Kamil and Roitblat 1985). Plants have 
evolved to include adaptations such as different olfactory cues, leaf size, and color to try to lure 
pollinators to increase their fitness (Dell’Algio et al. 2006). Recognizing the difference between 
nutrient dense vs. plants who lack the needed nutrients is an important quality for the many 
organisms who rely on plants as a source of food.  

 Multiple studies have elucidated butterflies’ ability to associate color with different 
densities of nectar (Weiss 1997, Blackiston et al. 2011). Monarch butterflies are shown to have 
innate color preferences when foraging for nectar, but when presented with different colors that 
have rewards of higher sugar concentrations, the butterflies quickly learned to associate these 
colors with a reward (Blackiston et al. 2011). The ability for Monarchs to recognize and respond 
to these changing levels of nectars is an adaptation that helps to understand their foraging 
behavior while traveling migratory routes (Blackiston et al. 2011). The capability to shift a 
preference in response to a more nutrient rewarding flower has also been seen in the swallowtail 
butterfly (Weiss 1997). Despite having innate preferences for certain colors, the swallowtails 
recognized certain colors to have higher levels of nectar. As the butterflies continued to gain 
experience they improved their ability to distinguish the color with the biggest reward of nectar 
(Weiss 1997). 

 Fruit-feeding butterflies such as Morpho peleides feed off fermenting fruit, which 
produce ethanol (Sourakov et al. 2012). These butterflies receive energy from both the ethanol 
and sugar produced by ripened fruit (Beaulieu et al. 2017). It has been suggested that tropical 
fruit-feeding butterflies have evolved a tolerance for ethanol and gain reproductive benefits from 
ingesting the substance (Beaulieu et al. 2017).  Butterflies have also been demonstrated to have a 
higher survival rate when digesting more ripe fruit, containing higher levels of ethanol, 
compared to when feeding on unripe fruit (Beaulieu et a. 2017). Taking into account the 
Morpho’s inclination to consume fruits containing ethanol, I tested the Morpho butterfly’s 
capability of correlating different levels of alcohol with different colored fruits. Butterflies’ color 
vision is proposed to be trichromatic, with blue, green and ultraviolet sensory receptors 
(Stavenga and Arikawa 2006). Screening pigments within the eyes of the butterfly can modify 
the sensitivity of the photoreceptors, allowing for the sight of violet, yellow, and red (Stavenga 
and Arikawa 2006). Researching the Morpho peleides ability to recognize colors and learn and 
adapt its foraging behavior would give insight into the cognitive capabilities of this butterfly and 
contribute to further knowledge of learning capabilities of invertebrates 

METHODS AND MATERIALS 

Study Organisms 

The Morpho peleides butterflies being observed in this study have been bred and then purchased 
by the Monteverde Butterfly Garden. These organisms have a lifespan of around three weeks. 
The Morphos’ diets consisted of rotting bananas, which were placed in various feeding stations 
located within their exhibit. Their feeding habits were kept consistent throughout the experiment; 
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I placed 50mL of bananas at each feeding station with only the alcohol content and color being 
altered. I used the colors reds, green, and blue to reflect the trichromatic vision spectrum 
butterflies are proposed to have (Stavenga and Arikawa 2006).  

Study Site 

This experiment was conducted in the Morpho room of the Monteverde Butterfly Garden 
in Monteverde, Costa Rica. Over the course of the experiment temperatures varied from 63 to 82 
degrees Fahrenheit. The Morpho room was a greenhouse inhabited by Morpho peleides and four 
additional butterfly species. Approximately 30 Morpho peleides live within the enclosure. The 
conditions of the greenhouse mimicked the environment of a lowland wet forest with warm, 
humid temperatures when sunny, and the dimensions of the enclosure were 12m x 40m x 5 m. 
Three feeding stations were evenly spread across the exhibit at approximately 5m intervals. Each 
station was elevated around 1 meter off the ground, with bananas being placed on a plate on top 
of the posts. 

Preparation of the Food 

Each of the 3 feeding stations contained 50 mL of bananas having an alcohol content of 
either 2%, 2.5%, or 3%. These numbers were chosen based off the average alcohol content of a 
fermenting fruit being approximately 2.4% (Omura and Honda 2003). Using a solution 
containing 30% alcohol, I calculated the 3 variations to have the following ratios: 2%=3.3mL, 
2.5%=4.13mL, and 3%=5mL. I added the alcohol to corresponding amounts of banana to make a 
solution containing a total of 50mL and used food dye to assign a color to each concentration 
(Figure 1). 

Experiment Design 

From July 18th – July 29th, I conducted choice trials. This experiment took place over 
the period of 10 days. The first trial, the first five days, each color was assigned a different 
alcohol content, with red having 3%, blue 2.5%, and green 2%. Each prepared solution was 
placed at a different food station, with the locations of each color staying consistent throughout 
the entire experiment. I observed the Morphos feeding for 2 hours each morning (from 9 A.M. to 
11 A.M.) and recorded the number of visits to each food station (Figure 4). After making 5 days 
of observations, the colors were switched to correspond with different alcohol levels: red having 
2%, green 2.5%, and blue 3%. For 5 more days I made observations during the same time frame 
and recorded the number of Morphos visiting each station.  
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RESULTS  

In total 112 visits were recorded (Trial 1 with 65 visits and Trial 2 with 47). For Trial 1 I 
observed between 9-20 visits per day (13±4.53). For Trial 2 I observed between 6-16 visits per 
day (9.4±3.85). Trial 1 (Figure 3) showed red having the highest number of visits with 31 out of 
65 total (47.6%), followed by green with 20 (30.8%), and blue with 14 (21.5%). In Trial 2 
(Figure 4), red still showed the highest number of visits with 22 out of 47 total (46.8%), then 
green with 13 (27.7%), and blue with 12 (25.5%). Red was the most preferred in Trial 1, 
showing a significant difference between preference of red over blue (chi-squared=6.86, df=2, p-
value=0.03). In Trial 2 red still was the most preffered. There was a slight shift towards a 
preference in blue, however this proved to not be significant (chi-squared=3.87, df=2, p-
value=0.14).  
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Figure 1. Bananas being colored with food dye to correspond with different alcohol 
concentrations. 

Figure 2. A pair of Morphos feeding on colored banana at a food station. 

 

Figure 3. This graph represents the results from trial 1. 65 visits were 
recorded, and red had the highest number of visitors. There was a significant 
difference in the preference of red over blue. (Chi-squared=6.86, Df=2, P-
value=0.03) 
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Figure 5. This graph shows the visitors to each color of banana in proportion to the total amount of 
visitations during each trial. Blue represents trial 1, while orange represents trial two. Red had 47.8% of 
visitors in trial one and 46.8% in trial 2, followed by green with 30.7% in trial 1 and 27.7% in trial 2, and 
blue with 21.5% in trial one and 25.5% in trial two. (Df=1, Red: chi-squared=0.0002, p-value=0.9887, 
Green: chi-squared=0.002, p-value=0.9643, Blue: chi-squared=0.34, p-value=0.5598) 
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Figure 4. This graph represents the results from trial 2. 47 visits were recorded, with the 
red banana still having the highest number of visits, even with the lowest level of alcohol. 
There is also a slight shift towards preference of the blue banana, however this shift is not 
statistically significant. (Chi-squared=3.87, Df=2, p-value=0.14) 
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DISCUSSION 

Results from Trial 1 demonstrated that Morpho peleides preferred the color red, which 
corresponded with the highest alcohol content. This is congruent with other studies that have 
shown Morpho butterflies prefer higher alcohol contents (Beaulieu et al. 2017). However, when 
the highest alcohol content was shifted to blue color in trial 2, no clear preference for color was 
noted. Although there were higher visits to blue than in trial 1, there was still a high number of 
visits to red. This could be a result of several factors such as, 1) Morpho’s take a while to adapt 
to rapid shifts in associations, 2) Morpho’s may have an innate preference for red color, or 3) 
They have a preference for a feeding location. 

In previous research, it was shown that multiple different species of butterflies studied 
had a strong preference to the red food over other colors set out (Sourakov et al. 2012). This 
predisposed preference could be a result from red being a common color of fruit. When looking 
at red fruits compared to other colored fruits, it is shown that it is the most common color for 
bird-dispersed fruits, with it and black having a higher frequency than other colors (Willson and 
Whelan 1990). This points to red playing a larger role in fruit coloration than green or blue, 
which would suggest a more innate preference towards red. 

The ability for the Morpho to associate red with a higher alcohol content is another 
possible explanation of the strong preference towards the red bananas. This would support the 
original hypothesis that Morphos are able to recognize color and correlate it with a certain 
nutrient density. Fruit-feeding butterflies are attracted to ripe bananas, which provide two 
sources of energy: sugar and ethanol (Beaulieu et al. 2017). Ripening fruit produces ethanol 
through the process of fermentation, meaning more ripe fruit will contain higher amounts of 
ethanol (Dudley 2004). These higher levels of ethanol will provide more nutrients to the 
butterfly, therefore the Morphos should be attracted to the banana containing the most alcohol. 
Trial one supported this hypothesis; the red banana contained the highest concentration of 
alcohol had 31 out of the 65 total visits. In Trial 2, the red also contained the highest number of 
visits (22 out of 47), even though it contained the lowest concentration of alcohol. There was 
also a slight shift in preference to blue, which had the highest level of alcohol, suggesting the 
Morphos possibly figured out they were not gaining the highest amount of nutrients from red. If 
this is the case, it suggests Morphos are unable to rapidly shift associations and need more time 
to learn a behavior. The study done with Monarch butterflies supports this theory; it was 
observed that the Monarchs all learned at different rates and it took a full 8-day period for all the 
butterflies to be able to associate a color with a reward of higher nectar levels (Blackiston 2011). 

The location of the food within the enclosure could have also played a strong role in the 
butterflies’ decision of where to feed. The feeders were each located approximately 5m apart 
from each other in the greenhouse, which could have resulted in different amounts of sunlight 
exposure at each feeding station. Butterflies prefer sunnier conditions; dispersal rates of 
butterflies have been seen to increase with higher temperatures and solar radiation (Kuussaari et 
al. 2016). In addition to sunlight, certain areas of the greenhouse could have been more 
vulnerable to wind, which is known to deter butterflies due to their fragile wings and inability to 
withstand extreme weather such as high wind speeds (Kuussaari et al. 2016). 
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While watching the Morphos feed, I discovered another factor that influenced the 
butterflies’ foraging habits. I observed that Morphos have the tendency to feed in groups (Figure 
8). The foraging habit of feeding in groups has been proposed to be a way to lower risk of 
predation; the larger group of butterflies creates a dilution effect, giving better odds of avoiding 
capture to each individual butterfly (Burger and Gochfeld 2001). When observing the feeding 
habits of the Morphos, I noticed a butterfly was more likely to land on a food station if another 
Morpho was already present. This resulted in a bias towards food stations that were already 
occupied by a butterfly. 

Further research into the butterfly’s ability to learn certain behaviors could result in a 
huge leap into the field of invertebrate psychology. Understanding the capability of butterflies to 
learn certain behaviors can lead to a broader knowledge of the capabilities of all invertebrates, 
which play valuable roles in the preservation of ecosystems (Sharma and Sharma 2017). 
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ABSTRACT 
Anthropogenic global warming causes organisms to migrate to adapt to changing conditions. In the tropics, plants 
and animals are migrating to higher elevations to avoid warming. This migration leads to novel species interactions. 
One of these potential species interactions is a predator-prey relationship. I studied a tropical bird predator-prey 
interaction in the cloud forest of Monteverde, Costa Rica. I studied the Gray-breasted Wood-Wren’s (Henicorhina 
leucophrys) response to a known predator, the Brown Jay (Psilorhinus morio), and a novel predator that is moving 
into its range due to climate change, the White-throated Magpie-Jay (Calocitta formosa). Using a playback 
experiment, I found that Gray-breasted Wood-Wrens (H. leucophrys) responded significantly more often with a 
conspecific alarm call used to defend their nest to the familiar predator than to the unfamiliar predator, suggesting 
that they can distinguish between the calls of two phylogenetically similar predator species. Failure to respond to the 
novel predator by the Gray-breasted Wood-Wren (H. leucophrys) indicates a decrease in their fitness as predator 
ranges change in response to climate change. The implication of my study could be extrapolated to not just other 
tropical birds, but all species of tropical flora and fauna that will be affected by new species interactions due to 
elevational migration to avoid warming environments. 

RESUMEN 
El calentamiento global antropogénico hace que los organismos migren para adaptarse a las condiciones cambiantes. 
En los trópicos, las plantas y los animales migran a elevaciones más altas para evitar el calentamiento. Esta 
migración conduce a nuevas interacciones entre especies. Una de estas potenciales interacciones de especies es la 
relación depredador-presa. Estudié una interacción depredador-presa tropical en el bosque nuboso de Monteverde, 
Costa Rica. Estudié la respuesta del Cucarachero Pechigrís (Henicorhina leucophrys) a un depredador 
conocido, Píapía (Psilorhinus morio) y un depredador nuevo que se mueve en su variedad debido al cambio 
climático, la Urraca Hermosa Cariblanca (Calocitta Formosa). Usando un experimento de repetición de llamados 
(playback), encontré que el Cucarachero Pechigrís (H. leucophrys) respondieron más con una llamada de la alarma 
de los conespecíficos, usada para defender su jerarquía, al depredador familiar que al depredador desconocido, 
sugiriendo que pueden distinguir entre las llamadas de dos especies del depredador filogenéticamente similares. La 
falta de respuesta al depredador nuevo por el Cucarachero Pechigrís (H. leucophrys) indica una disminución en su 
condición física a medida que cambian las zonas de distribución de los depredadores en respuesta al cambio 
climático. La implicación de mi estudio podría ser extrapolada no sólo a otras aves tropicales, sino a todas las 
especies de flora y fauna tropicales que se verán afectadas por las nuevas interacciones de especies debido a la 
migración por elevación para evitar ambientes de calentamiento. 

INTRODUCTION 
Anthropogenic climate change is heating the world at a rate that will likely increase global 
temperature by 3.5-degrees Celsius by 2100 (Şekercioğlu et al. 2012). Plants and animals have 
many strategies to adapt to warming. Two of these strategies are migrating further toward the 
poles or moving up in elevation. In tropical organisms, migrating up is especially common, as 
moving further north or south away from the equator generally does not significantly reduce 
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mean annual temperature in the tropics (Forero-Medina et al. 2011). Endothermic species, such 
as birds, are thought to be more tolerant of temperature changes, although studies on temperate 
endotherms have found that they are already responding to global warming through migration 
(Forero-Medina et al. 2011). Also, because of the unique stability of abiotic conditions in the 
tropics, species there are even more vulnerable to changes in temperature (Şekercioğlu et al. 
2012). This leaves species in the tropics to move up in elevation much faster than they would in 
a world with no warming (Şekercioğlu et al. 2012). Although elevational migration is common 
among all species, it occurs at differing rates (Forero-Medina et al. 2011). This creates novel 
combinations of species that may disrupt coevolved species interactions, such as pollination, 
seed dispersal, competition and predation (Saul & Jeschke 2015).  In predator-prey interactions, 
novel predators may lower prey fitness if prey lack coevolved traits to detect and avoid them 
(Magrath et al. 2009).  In birds, prey detection is often auditory and recognizing such threats may 
be innate or take time to learn (Magrath et al. 2009), putting avian prey species at risk. 

Tropical birds are increasing their elevational ranges to find their preferred temperature 
and mist conditions, which are changing due to climate change (Forero-Medina et al. 2011). 
Though in general, all species of tropical birds are moving up, some are moving up more 
quickly. This is especially true of widespread generalists, like the Brown Jay (Psilorhinus morio) 
and the White-throated Magpie-Jay (Calocitta formosa), which are nest predators of many 
smaller bird species, including the wren family, Troglodytidae (Stiles & Skutch 1989). As 
generalist species overlap in range with new species, novel interactions occur. These new 
interactions disrupt complex, coevolved interactions between the species of a given ecosystem. 
As new predators are introduced, existing prey species in an area may not be equipped to deal 
with these novel predators. This can decrease the fitness of the prey species, which leads to 
decreased population size. Shifts in population have further consequences in disrupting the food 
web and community structures (Saul & Jeschke 2015) 

Birds use and recognize predator calls to defend themselves and their nest.  In some 
species, predator call recognition requires learning, while in some species it does not (Magrath et 
al. 2009). In species that require learning to recognize predator calls, it is unclear if birds only 
remember the specific calls of their natural predators, or if general experience with predators is 
sufficient to trigger defense mechanisms (Magrath et al. 2009). Whether birds can recognize 
novel predatory bird calls is not fully understood; in some cases, birds can recognize novel 
predator bird calls as threats (Johnson 2007) and in other cases they cannot (Carlson et al. 2017). 
If birds recognize a predator call, they respond in different ways. One of these defense 
mechanisms is a conspecific warning call to other members of a group. This mechanism is 
prevalent in the wren family, Troglodytidae. Members of this family use warning calls to alert 
members in a family group to defend against nest predation (Stiles & Skutch 1989). A study 
found that three species of wren (Troglodytidae) do not distinguish between familiar and novel 
predator calls (Johnson 2007). This study used the Mottled Owl (Strix virgata) as the familiar 
predator and the Spectacled Owl (Pulsatrix perspicillata) as the novel predator. These two 
predator species share similar call characteristics. 

In Costa Rica, the White-throated Magpie-Jay is rapidly increasing its elevational range 
from a maximum of 1200 m in 1992 to over 1400 m currently (The Cornell Lab of Ornithology).  
The closely-related brown jay occurs up to 2300 m (Stiles & Skutch 1989).  Both are nest 
predators of many birds, including wrens (Stiles & Skutch 1989).  The Gray-breasted Wood-
Wren occurs in Monteverde from 1500 m to 1800 m (Robert Dean, pers. comm.).  While both 
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species of jays prefer open habitat, they will enter secondary forest and forest edge, a shared 
habitat of the Gray-breasted Wood-Wren (Stiles & Skutch 1989).  My study examines if Gray-
breasted Wood-Wrens react more to the calls of their sympatric Brown Jay predator than their 
currently allopatric but likely future predator, the White-throated Magpie-Jay. I used a playback 
experiment to simulate the predator calls. I expected to see more responses of the Gray-breasted 
Wood-Wren to the familiar predator, the Brown Jay, than to the novel predator, the White-
throated Magpie-Jay due to the Gray-breasted Wood-Wren’s unfamiliarity to the call of the 
White-throated Magpie-Jay.  

METHODS 
Study Site 

The study took place in Monteverde, Costa Rica from July 21 to July 29, 2018. Study sites 
included the following trails near the Biological Station: Sendero Principal, Sendero Cariblancos, 
Sendero Jilguero, Sendero el Potrero, Sendero Cerro Amigos, Sendero Division, and Lower Lab 
Trail. These seven trails comprised two Holdridge life zones: Lower montane wet forest and 
lower montane rain forest. The elevational range of these trails is 1535 m to 1842 m. 

Bird Species 

My focal species was the Gray-breasted Wood-Wren (H. leucophrys; Fig 1). This species is 
common in Monteverde. A known predator of Gray-breasted Wood-Wren eggs and nestlings is 
the Brown Jay (P. morio; Fig 2). This species was used as the “familiar” predator of the Gray-
breasted Wood-Wren as it is also common in Monteverde. Another species from the same 
family, Corvidae, that exhibits a similar behavior of predating on the eggs and nestlings of 
smaller birds is the White-throated Magpie-Jay (C. formosa; Fig 3). This species is not found 
around the Biological Station in Monteverde, which is over 1535 m in elevation (Stiles & Skutch 
1989). In lowland Costa Rica, White-throated Magpie-Jays and Brown Jays occasionally form 
mixed flocks while foraging, and hybrids of the two species have been found in Mexico (Lawton 
1983). Globally, the Gray-breasted Wood-Wren and the White-throated Magpie-Jay are currently 
geographically isolated by elevation. Because of this, the White-throated Magpie-Jay was used 
as the “novel” predator. Despite the close relation of the Brown Jay and the White-throated 
Magpie-Jay, their vocalizations are very distinct (see Fig 2; Fig 3 for audio). 
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Figure 1. The Gray-breasted Wood-Wren 
(H. leucophrys). Used as study organism 
and control group call. Average adult 
length: 11 cm. Call: https://www.xeno-
canto.org/species/Henicorhina-leucophrys 

Figure 2. The Brown Jay (P. morio). 
Common in Monteverde. Used as familiar 
predator call. Average adult length: 39 cm. 
Call: https://www.xeno-
canto.org/species/Psilorhinus-morio 

Figure 3. The White-throated Magpie-
Jay (C. formosa). Not currently found in 
Monteverde but could be in the future 
due to climate change. Used as the 
novel predator call. Average adult 
length: 46 cm. Call: https://www.xeno-
canto.org/species/Calocitta-formosa 
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Playback Experiment 

To determine how gray-breasted wood-wrens would react to both familiar and novel predator 
calls, I used a Bluetooth speaker to simulate the bird calls. Every 100 m on the trail, I played the 
calls of the Gray-breasted Wood-Wren, the Brown Jay, and the White-throated Magpie-Jay. 
Each call was played for 30 seconds, with 15-second breaks between calls. I interchanged the 
order in which each call was played for each measurement. A measurement is defined as playing 
all three 30-second bird calls with 15-second breaks while watching and listening for a response 
in the same location. A response is defined as a vocalization (either a call or song), or at least one 
visible gray-breasted wood-wren within 10 m. If neither of these observations were made, the 
measurement was noted as a non-response. These response criteria are based on the defensive 
behavior of gray-breasted wood-wrens to predators, which is vocalizing or approaching the 
potential predator (Stiles and Skutch 1989). To compare the responses of the gray-breasted 
wood-wren to the control group, the familiar predator group, and the novel predator group, I used 
a Chi-square test. 

RESULTS 
Playback Experiment 

A total of 88 measurements were made. For the conspecific call (control group), 37 responses 
and 51 non-responses were recorded. For the familiar predator group, 30 responses and 58 non-
responses were recorded. For the unfamiliar predator group, 11 responses and 77 non-responses 
were recorded. The Gray-breasted Wood-Wrens responded more frequently to the control group 
and the familiar predator than the unfamiliar predator when considering number of responses 
alone (χ 2 = 0.00190; df = 2; p = 0.000948). When considering responses as well as non-
responses, the Gray-breasted Wood-Wrens responded more often to the control group and the 
familiar predator and had fewer non-responses to these groups than the unfamiliar predator (χ 2 = 
0.000102; df = 2; p = 0.00000511; Fig 4).  
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Figure 4. Observed number of responses and non-responses of the control, familiar, and novel 
predator groups. The gray-breasted wood-wren had fewer responses and more non-responses to 
the unfamiliar predator than the control and familiar predator (χ 2 = 0.000102; df = 2; p = 
0.00000511) 

 

Additional Observations 

Besides number of responses, other behaviors were noted in the field. Most responses by the 
Gray-breasted Wood-Wren were calls made by multiple individuals within a small territory. Few 
individuals were seen; they were more often heard. The calls of Gray-breasted Wood-Wrens 
were louder and more aggressive-sounding to the call of the familiar predator than to the control 
or novel predator group calls. There were two occasions where multiple Brown Jays approached 
and audibly responded to their own conspecific call. 

DISCUSSION 
The Gray-breasted Wood-Wrens responded significantly more often to the control and familiar 
predator groups than the novel group. These data suggest that Gray-breasted Wood-Wrens 
recognize the call of the Brown Jay as a threat, which initiates a reaction to defend their nests. 
My results show that Gray-breasted Wood-Wrens are not as equipped to recognize the call of the 
White-throated Magpie-Jay as a threat. The data also suggest that Gray-breasted Wood-Wrens 
can distinguish between predator calls and conspecific calls, as the responses of control group 
and unfamiliar predator were significantly different. The high number of conspecific responses 
are likely due to the highly territorial behavior of Henicorhina and the behavior of this genus of 
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using their calls for numerous communicative functions (Stiles and Skutch 1989). Even though 
the novel predator invoked the least amount of responses of the three groups, the Gray-breasted 
Wood-Wrens did perceive the call as a threat 11 times. This suggests that they might not be 
entirely defenseless against this possible future predator. When I saw responses to the stimuli, 
the Gray-breasted Wood-Wrens were nearly always in groups. This shows the importance of 
using alarm calls as communication for defense in this species (Stiles & Skutch 1989). 

My results are inconsistent with a similar study that focused on the Troglodytidae family 
which found no difference in response to familiar and novel predators (Johnson 2007). That 
study found that three species of wren responded to the Mottled Owl (S. virgata) and the 
Spectacled Owl (P. perspicillata) at about the same rate (Johnson 2007). The author of that study 
contributed this lack of difference to a shared acoustic quality due to phylogenetic similarity of 
the two predator species (Johnson 2007). However, both predators in my study are very 
phylogenetically similar, given that they have produced offspring in the wild (Lawton 1983). 
Nonetheless, when considering the calls of the two predator species in my study, they are 
considerably different audibly. This suggests that phylogenetic similarity does not necessarily 
have a direct effect on call similarity. Ornithologists have found that genetic similarities are only 
one of many factors contributing to sonic attributes of bird calls between species (McCracken 
and Sheldon 1997). Another factor of interspecific vocalization similarity is the physical 
environment. For example, birds living in dense vegetation have lower frequency calls with 
narrower frequency ranges. This can lead two distantly related species living in the same habitat 
having more similar calls than two closely-related species living in different habitats 
(McCracken and Sheldon 1997). However, both the Brown Jay and the White-throated Magpie-
Jay prefer open, disturbed habitat (Stiles and Skutch 1989). Perhaps there is another explanation 
or evolutionary mechanism for why the Brown Jay and the White-throated Magpie-Jay have 
such different calls. 

My data suggest that in a possible future scenario in which the ranges of the Gray-
breasted Wood-Wren and the White-throated Magpie-Jay overlap due to climate change, Gray-
breasted Wood-Wrens may not be sufficiently prepared to defend their nests against predation. 
They do not currently perceive the call of the White-throated Magpie-Jay as a threat. However, 
what is not known is how many generations would be required for Gray-breasted Wood-Wrens 
to learn and recognize a new predator’s call as a threat. It has been shown that learning is 
essential in recognizing acoustic cues of danger in the Superb Fairywren (Malurus cyaneus), 
which is in the closely-related Maluridae family (Magrath et al. 2009). It could also then be 
implied that learning the call of the White-throated Magpie-Jay could be an important survival 
mechanism for the Gray-breasted Wood-Wren in the future. 

As climate change drives tropical bird species up in elevation, new biological interactions 
will take place as species who may never have been in contact see range overlap. My study 
suggests that species interactions may shift with range changes as new species are introduced. 
Elevational migration as a result of climate change will have adverse effects on tropical bird 
diversity (Forero-Medina et al. 2011). Birds that are already living in very high elevations, such 
as the Costa Rican páramo, are especially vulnerable, as they have nowhere to go (Forero-
Medina et al. 2011). Future tropical biodiversity and species richness due to the consequences of 
elevational migration are still unknown. Life on Earth has shown that it will survive through the 
harshest conditions, but not without losing biodiversity and ecosystem function. The rate at 
which the climate is changing is likely higher than it has ever been in the history of our planet 
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(Şekercioğlu et al. 2012). This rapid change will cause a compromise in ecosystem functions, 
composition, and structure (Malhi et al. 2014). Observing how organisms react to this change 
will allow us to understand the best methods of conserving biodiversity. 
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ABSTRACT 
 
The ecology of fear shows that predation is an important driver of animal behavior. Individuals can be more 
vulnerable to predation, so they use strategies like group foraging and vigilance to reduce predation risk. This study 
aims to find the impact of open and disturbed habitats on giving up times (GUT) and vigilance behavior of 
individuals and groups. Camera traps were placed in open and forested habitats for 10 days, and food plots were 
used to find GUT and vigilance of individuals and groups at the Estación Biológica Monteverde. In open habitats, 
there was a difference in the GUT and vigilance between groups and individuals. Forested habitats show no 
difference in the GUT and vigilance of individuals and groups. The difference occurring in open habitats has 
implications for the fear ecology of omnivorous animals good at adapting to multiple habitats. Animals can alter 
their foraging strategy to balance the threat of predation with gaining enough food from patches. 
 
RESUMEN 
 
La ecología del miedo muestra que la depredación es un conductor importante en el comportamiento animal. Los 
individuos pueden ser más vulnerables a la depredación, así que ellos usan estrategias como forrajeo en grupo y 
vigilancia para reducir el riesgo de depredación.  Este estudio busca encontrar el impacto de hábitats abiertos y 
cerrados en los tiempos de renuncia (GUT por sus siglas en inglés) y el comportamiento de vigilancia de individuos 
y grupos.  Trampas cámara se colocaron en bosque abierto y cerrado por 10 días, y cuadrículas de comida se usaron 
para encontrar el GUT y la vigilancia de los individuos y los grupos en la Estación Biológica de Monteverde.  En las 
áreas abiertas, hubo diferencias en el GUT y vigilancia entre grupos e individuos.  Los bosques no mostraron 
ninguna diferencia en el GUT y la vigilancia de los individuos y los grupos.  La diferencia que ocurre en los hábitats 
abiertos tiene implicaciones para la ecología del miedo de animales omnivoros que de adaptan bien a hábitats 
múltiples.  Los animales pueden alterar sus comportamientos de forrajeo para balancear el riesgo de depredación al 
ganar suficiente comida de parches. 
 
INTRODUCTION 
 
The ecology of fear, how prey and predators interact with each other and optimize their 
behaviors within a population or community, is an important driver of animal behavior (Brown 
et al. 1999). Predation influences prey feeding behavior, especially vigilance. Animals tend to 
use vigilant behaviors to stay safe while foraging. How an individual uses vigilance depends on 
the probability of being hunted by a predator; the predation probability decreases with an 
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increasing vigilance level (Brown et al. 1999). However, an individual may have to sacrifice 
food to maintain vigilance and can be more vulnerable to predation. Group foraging is a strategy 
to alleviate the risks of foraging alone. Benefits of group foraging include an increase in fitness 
per individual due to decreased predation risk and a better chance of finding food (Stanford 
1995). Group foraging comes with its own set of challenges, mainly intraspecific competition. 
Individuals each get less of the food resource because of intra-specific competition, whereas solo 
animals may be able to obtain more of the food resource (Beauchamp 2003). Additionally, 
groups can also be more conspicuous to predators. 

One way to measure the effects of predation on fauna is with giving up time (GUT), which is 
part of the Marginal Value Theorem (MVT). MVT is an optimal foraging model where an 
animal makes decisions about how long to stay in a patch depending on the patch quality and 
travel time (McNair 1982). GUT focuses on how long an organism stays in the patch without 
considering quality and travel time. Predation fear can drive animals to spend different lengths of 
time in various habitats. Mule deer in Idaho have shown different GUTs between forested and 
open habitats due to the presence of predators like Mountain lions (Brown et al. 1999). Studying 
the GUT of tropical fauna, such as the White-nosed Coati, could give insight into how fear 
ecology works in tropical systems.  

Nasua narica (White-nosed Coati) has a wide geographic distribution, including Costa Rica 
where they are considered common (Cuarón et al. 2016). While not much is known about their 
MVT or GUT, there is information on their general foraging behavior. White-nosed Coatis are 
generalists good at adapting to a range of habitats simply by swapping their foraging strategy 
(Beisiegel 2001). They are omnivores who typically eat small vertebrates, invertebrates, and 
fruit, but have been known to seek food waste or food offered by humans when near urban areas, 
making them opportunists as well (Ferreira et al. 2013). Individuals are males over two years old 
and forage alone, while groups consist of females and their juvenile offspring that forage 
together in groups of up to 30 individuals (Cuarón et al. 2016, Beisiegel 2001). The ability to 
switch foraging strategies and being an opportunistic omnivore makes the White-nosed Coati an 
interesting subject for GUT. 

Studying the GUT of White-nosed Coatis in Costa Rica can show how changing habitats 
alter foraging behaviors and fear responses. This can give insight into how other omnivores with 
similar foraging behaviors may adapt to changing predator threats in tropical locations. I expect 
to see individuals and groups spending less time foraging in open areas than in forested areas, 
individuals showing a higher number of vigilance than groups, and open areas having a higher 
number of vigilance behavior than forested areas. 
 
MATERIALS AND METHODS 
 
Study Site 
 
Estación Biológica Monteverde is located 1500 m above sea level and is classified as lower 
montane wet forest in Monteverde, Costa Rica (Nadkarni and Wheelwright 2000). For the 
purpose of this study open areas are defined as void of trees, and forested areas were defined as 
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having vegetative cover (Figure 1). Open habitat sites were located near a man-made pond, and 
forested habitat sites were located in the forest 0.5 m to 5 m off of existing trails. 
 

 
Figure 1: Study sites at the Estación Biológica Monteverde. The open habitat (A) and forested 
habitat (B) are both classified as lower montane wet forest. 
 
Study Organism 
 
The White-nosed Coati is a diurnal omnivore with a geographic distribution from Arizona and 
New Mexico in the United States of America down through Central America to the northernmost 
part of South America (Cuarón et al. 2016). Coatis can be found near humans and are often 
drawn to them as a food source but are unable to live only in urban areas. Natural predators of 
the White-nosed Coati include: Boas, White-faced capuchins, Mountain lions, Ocelots, Jaguars, 
and Ornate hawk-eagles (CABI 2018., Stein, pers. comm.). White faced capuchins are the 
biggest threat to juveniles, while the adults are threatened more frequently by the other listed 
predators. White-nosed Coatis are diurnal while felids such as the Mountain lion, Ocelot, and 
Jaguar tend to be nocturnal which means these Coatis may not feel as threatened by those 
predators as they may with Boas and White-face capuchins. In Monteverde, Ornate hawk-eagles 
frequently predate White-nosed Coatis from the sky (Stein, pers. comm.). 
 
Measuring Feeding Response 
 
From July 17 to July 26, I set up 10 camera traps (five in open habitats and five in forested 
habitats). I set each camera trap one foot off the ground, and at least 10 m away from other 
camera traps. Camera traps were set with intervals of five seconds and a video length ranging 
from 30 seconds to three minutes depending on the camera brand (30 seconds for Stealth Cam, 
90 seconds for Spy Point, and three minutes for Abask). One cup of dry dog food was placed 1.5 
m from the front of each camera. Camera memory, battery life, and food plots were replaced 
each day. Camera checks took place at various times between 9am to 3pm to prevent feeding 
habituation in the White-nosed Coatis. 

For this study I defined a feeding bout as the time from when a White-nosed Coati begins 
eating to the moment it leaves the food plot. Single animals were counted as individuals and two 
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or more animals were counted as groups. Individuals who were kicked out of the food plot, either 
by other individuals or by groups, were not counted in this study. Additionally, if the same 
individual or group left and came back to the food pile in less than five minutes It was not 
counted. If the individual or group had five or more minutes between feeding bouts, or a new 
individual or group came to feed after another had left, their time was recorded. In addition, I 
recorded the vigilance behavior of both individuals and groups as well as number of individuals 
in the group. Vigilance was defined as the number of times an individual looked up from the 
food plot divided by the time spent at the food plot; for groups it was the number of times any 
individual looked up divided by the number of individuals divided by the time the group spent at 
the food plot.   
 
RESULTS 
 
Individuals spent between 10 seconds and 590 seconds (AVE SD = 133.68 +/-141.62) in open 
habitat and between 8 and 757 seconds (177.09 +/- 190.25) in forested habitat. There was no 
difference in foraging times between individuals feeding in open and forested habitats (t test, df 
= 107, t = 1.37, P > 0.05, n = 109).  Groups spent between 20 and 455 seconds (233.63 +/- 
118.07) in open habitat and between 110 and 1146 seconds (318.09 +/- 306.68) in forested 
habitat. There was no difference in foraging times between groups feeding in open and forested 
habitats (t test, df = 25, t = 1.01, P > 0.05, n = 27). There was a difference between individuals 
and groups in open habitats (t test, df = 76, t = 2.60, P < 0.05, n = 78). There was no difference 
between individuals and groups in forested habitats (t test, df = 56, t = 1.95, P > 0.05, n = 58). 
 

 
Figure 3: Mean foraging bout times between individuals and groups in open and forested 
habitats. There was a significant difference in the open habitat between individuals and groups (t 
test, P < 0.05). 
 

-100

0

100

200

300

400

500

600

700

Individual Group Individual Group

Open Forested

Ti
m

e 
in

 S
ec

on
ds

95

95

95

95

95



 Individuals had between 0 and 74 vigilance behaviors (10.66 +/- 0.04) in open habitats 
and between 0 and 53 vigilance behaviors (10.83 +/- 0.14) in forested habitats. There was no 
difference in vigilance behaviors between individuals in open and forested habitat (t test, df = 
107, t = 0.05, P > 0.05, n = 109). Groups had between 8 and 42 vigilance behaviors (14.56 +/- 
0.07) in open habitats and between 7 and 101 vigilance behaviors (30.55 +/- 0.05) in forested 
habitats. There was no difference in vigilance behaviors between groups in open and forested 
habitats (t test, df = 25, t = 1.86, P > 0.05, n = 27). There was a difference in vigilance behavior 
between individuals and groups in open habitat (t test, df = 76, t = 7.28, P < 0.01, n = 78). There 
was no difference in vigilance behavior between individuals and groups in forested habitat (t test, 
df = 56, t = 1.81, P > 0.05, n = 58). 
 

 
Figure 4: Mean vigilance behavior occurrences between individuals and groups in open and 
forested habitats. There was a significant difference in the open habitat between individuals and 
groups (paired t test, P < 0.01).  
 
DISCUSSION 
 
I found that there is a difference between groups and individuals in open habitats for both GUT 
and vigilance behavior. This may be due to predation risk; groups can be less vigilant and spend 
more time foraging than individuals since they have more eyes to watch for predators. A study 
on bighorn sheep in California showed similar tendencies. Time spent foraging increased with 
group size and solitary sheep spent more time on vigilance than groups did (Berger 1978). While 
there was no significant difference between individuals and groups in forested habitats, there was 
still a trend. Groups spent more time foraging and had fewer occurrences of vigilance than 
individuals in forested habitat. This reinforces what I found in the open habitat; group size 
reduces the need for vigilance and groups spend more time foraging in general than individuals.  

Results between groups and individuals in forested habitat may not have been as 
significant as open habitats because White-nosed Coatis are able to climb tree trunks (Beisiegel 
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2001). In the forest, individuals may use trees to escape terrestrial predators and therefore could 
spend more time foraging and less time being vigilant. Furthermore, it would be easier for 
Ornate hawk-eagles to predate in open habitats. This could be a possible reason as to why there 
was no difference in forested habitat between groups and individuals, but there was a difference 
in the open habitat. Individuals need to have a higher vigilance in the open due to the Ornate-
hawk eagle whereas groups do not, but in forested habitats both individuals and groups are safer 
from the eagle and can have similar vigilance and giving up times.  

White-nosed Coati groups at the Estación Biológica Monteverde appear to use a ‘safety 
in numbers’ tactic to protect against predators while foraging. This follows a general biological 
trend that as group size increases vigilance decreases (Brown et al. 1999). However, due to their 
social structure this may not be completely true. Adult males kill juveniles, especially right after 
they are born, to impregnate females with their offspring instead of allowing other males’ 
offspring to survive (Gompper 1995).  Females forage in groups where adults form rings around 
juveniles, so an increase in group size may also be to protect juveniles from infanticide instead of 
traditional predators like Ornate hawk-eagles and White-faced capuchins. 

Future research on White-nosed Coatis could take the social structure of male versus 
female foraging since they naturally split into individuals and groups. In addition, future research 
could study the effects of nocturnal versus diurnal predators on this or other tropical species. 
This study has given important insight into the ecology of fear for an omnivorous habitat 
generalist. The ecology of fear is a useful tool for prey behavior and could have implications as 
to why some animals choose to forage solo or in groups. It is especially important to study the 
feeding behavior of animals that span several countries or continents, like the White-nosed Coati, 
so that we can track how behaviors fluctuate over differing habitats. 
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ABSTRACT 

Mycoremediation is the process of applying live mycelial samples to polluted sites in order to breakdown 
and remove harmful environmental contaminants. In a growing body of research, white-rot fungi have emerged as 
having the highest potential for use in mycoremedial applications. These basidiomycetes have been shown to 
possess lignin peroxidases that allow them to develop on woody substrates and ultimately digest the lignin that they 
contain. These enzymes enable decomposition of lignin molecules through cleavage of bonds in the many aromatic 
rings that they possess. Lignin peroxidases do not exhibit selective action on any particular type of aromatic 
compound. Therefore, the same mechanisms that allow the breakdown of lignin also allow the decomposition of 
many persistent and ecologically disruptive contaminants, including anthropogenic pollutants and even fecal 
coliform bacteria. In this experiment, white-rot fungal samples were collected from Monteverde Cloud Forest and 
used to treat contaminated runoff collected from a nearby agricultural site. Levels of pH, turbidity, and the 
concentration of nitrogen and E. coli were then measured to determine the initial water quality of the sample 
obtained. Fungal samples were then applied to the contaminated water and monitored over the following 11 days to 
determine if any changes in water quality could be observed. By the end of the experiment, no significant patterns 
were drawn from changes in pH, nitrogen, or turbidity, but the concentration of E. coli from all treated samples was 
significantly reduced. The achievement of these results has substantial implications for the efficacy of white-rot 
mycoremediation. Due to the simple and inexpensive nature of the experimental design and the reduction in E. coli 
concentration achieved, the widespread implementation of similar mycofiltration techniques offers promising 
potential for reducing the impacts of agricultural pollution on aquatic ecosystems. 
 
RESUMEN 

La micoremediación es el proceso de aplicación de muestras de micelio vivo a sitios contaminados para 
romper y remover contaminantes ambientales dañinos.  En un campo de investigación creciente, los hongos de 
pudredumbre blanca han emergido como candidatos con un gran potencial para el uso de aplicaciones micorrizicas. 
Estos basidiomicetes han mostrado poseer lignina peroxidasa lo que les permite desarrollarse en sustratos de madera 
y últimamente digerir la lignina contenida en estos sustratos.  Estas enzimas ayudan a la descomposición de las 
moléculas de lignina a través de los enlaces de varios anillos aromáticos que ellos poseen.  Las lignina peroxidasa no 
exhiben ninguna acción selective por ningún tipo particular de compuesto aromatic. De ahí, el mismo mecanismo 
que permite la destrucción de la lignina también permite la descomposición de varios contaminantes disruptivos 
ecológicos, incluyendo contaminantes antropogénicos y también bacterias de coliformes fecales.  En este 
experimento, muestras de hongos de pudredumbre blanca se colectaron en el bosque nuboso de Monteverde y se 
usaron para tratar correntías de agua colectadas de un sitio agrícola cercano.  Los niveles de pH, turbidez, y la 
concentración de nitrogeno y E. coli fueron medidos para determinar la calidad inicial del agua de las muestras 
obtenidas.  Las muestras de hongos se aplicaron a las aguas contaminadas y monitoreadas por los proximos 11 días 
para determinar si se observan cambios en la calidad del agua.  Al final, las concentraciones de E. coli de todos los 
tratamientos fue reducida significativamente.  El logro de estos resultados tiene implicaciones substanciales para la 
eficacia de la micorremediación. Debido a la simpleza y lo barato del diseño de este experimento y la reducción de 
las concentraciones de E. coli logradas, la amplia implementación de técnicas de microfiltraciones similares 
ofrencen un potencial promisorio para la reducción de los impactos de los contaminantes agrícolas en los 
ecosistemas acuáticos. 
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INTRODUCTION 
 

Fungi have played an important role in human societies for several millennia and have 
been used for a wide variety of purposes during that time. As the world’s most abundant 
decomposers, they provide vital ecological services through their ability to decompose plant 
materials such as cellulose and lignin. Fungi are also capable of absorbing toxic materials and 
releasing minerals from various compounds, which facilitates nutrient cycling and can aid in 
bioremediation of contaminated sites (Sánchez, 2009). When applied to the treatment of 
anthropogenic wastes, this process is known as mycoremediation. While the remedial properties 
of fungi have been well-observed for the past few hundred years, scientific exploration and 
refinement of mycofiltration technology has primarily taken place over the past few decades. 
Since that time, white-rot fungi have emerged as having some of the most useful properties 
(Singh, 2006).  

White-rot fungus is a type of basidiomycete that can be found growing on coarse woody 
detritus throughout the world. Many white-rot fungi produce shelf or conch structures, but these 
are also common to many other types of fungi. Fortunately, white-rot fungi can be easily 
identified by visually confirming the presence of wood bleaching. This loss of color occurs as 
mycelial enzymes (primarily, lignin peroxidase) fully mineralize lignin and decompose a number 
of other organic compounds, leaving only the lighter colored cellulose behind. Ligninolytic 
bleaching is typically not visible from the exterior layers of bark, but since mycelial networks 
grow into deeper layers of wood, removal of outer layers will reveal a white or light yellow 
coloration with a more dry and splintered texture. The same enzymes that cause this bleaching 
effect have also been shown to have antimicrobial properties, and have been useful in the 
elimination of fecal coliform bacteria such as E. coli from contaminated soil and water (Moore et 
al., 2011).  

Monteverde was historically established as a farming community and large areas of forest 
were initially cleared for use as pasture land. Farming remains an important part of the local 
economy today, and contaminated waters and runoff from animal wastes regularly make their 
way into local streams and eventually to larger bodies of water ( Raby, 2017) . Contaminants from 
these waters can include a wide range of compounds detrimental to both human and ecological 
health. Some of the most common of these contaminants are fecal coliform bacteria, excessive 
quantities of nutrients such as nitrogen and phosphorous, antibiotics and toxic agrochemicals.  

Ligninolytic enzymes are useful in remediation of these compounds because they are 
capable of breaking down chemical bonds that exist within aromatic rings. These mechanics are 
not specific to any particular type of aromatic complex, and many agricultural contaminants are 
difficult to remove from the environment because they contain these chemical structures. The 
enzymatic ability to break-down aromatic compounds is also believed to kill bacteria and other 
microbes. Ligninolytic enzymes either act upon microorganisms directly or cause them indirect 
damage by releasing free radicals from other compounds( Djurhuuns et al., 2016) .  
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If various wild-collected samples of white-rot fungi are found to kill fecal coliform 
bacteria and to reduce concentrations of excess nutrients in agricultural runoff, this could have 
major implications for the further development of mycoremediation and mycofiltration 
technologies and their applications in agrarian communities. In regions dominated by agriculture, 
aquatic ecosystems often suffer from anthropogenic inputs, but if simplistic and inexpensive 
techniques can be found for the removal of environmental pollutants and contaminants, potential 
exists for many of the problems related to agriculture to be resolved. In many areas of high 
biodiversity (such as tropical forests) agriculture is also rapidly expanding. If human beings are 
to maintain the world’s precious stocks of biodiversity and sustain vital ecological services that 
all life depends on, finding viable mechanisms for reducing the impacts of agriculture must be 
made one of our top priorities.  

Previous studies on white-rot mycoremediation have primarily focused around shelf 
mushrooms such as Trametes versicolor  and Phanerochaete chrysosporium (University of 
Hawaii, 2018). However, all white-rot fungi contain lignin peroxidases and are believed to share 
similar remedial properties (University of Hawaii 2018). So my objective in this experiment was 
to test the capabilities of randomly selected samples of white-rot fungi found in the cloud forest 
of Monteverde, Costa Rica and determine if bioremedial properties could be demonstrated on 
agricultural waste waters.  
 
METHODS AND MATERIALS 
 
Study Site 

Fungal samples for this study were removed from fallen logs or dead trees in Monteverde 
Cloud Rainforest in Costa Rica. All samples were found at approximately 1500 m in elevation in 
the Estaci ón Biológica’s forest property. This region is dominated by lower montane wet forest 
and receives approximately 2.5 meters of precipitation as rain and an additional 0.675 meters as 
mist. The duration of the experiment was carried out in the laboratory at Estaci ón Biológica.  

 
Study Organisms 

Organisms were selected by first locating various species of shelf mushrooms growing on 
fallen or decaying wood around the Estaci ón Biológica forest property. In order to determine if 
white-rot was present, it was necessary to dig into the wood using a hammer and a metal 
flat-edged chisel. Sometimes inner layers of wood are naturally a lighter color than exterior 
layers of bark, so once apparent bleaching was found surrounding a fungal fruiting body, I also 
dug an equal depth into the same log in a region that had no visual sign of mycelial growth to 
compare the color between both locations. I located and confirmed three different species of 
white-rot fungi in total. 

Due to limitations on time and available resources, I was not able to determine the 
individual species of each fungus. Fortunately, visually confirming the presence of bleaching is 
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sufficient to establish that ligninolytic enzymes are being produced (Moore et al., 2011). Since 
mycelial networks grow throughout the wood, it was also necessary to remove a sizable piece of 
intact wood directly below the location where the fruiting body was attached. I dug into the 
wood a few centimeters distance from the edge of each fruiting body to try to avoid damage, and 
removed a piece of wood to a depth of about 2 inches for each sample. Variation in the overall 
size of each individual organism also yielded a difference in the size of each fungi/wood sample, 
but all three were small enough to fit into a 5 7 inch plastic tub.×   
 
Experiment  

Once fungal samples were collected, they were immediately brought back to the 
laboratory and placed into separate 5 7 inch plastic tubs filled with 48 oz of contaminated water×  
runoff collected from a pig farm in Monteverde. Four experimental tubs were prepared in total 
and labeled from 1-4. Tubs 1-3 all contained mycelial wood samples and their intact fruiting 
bodies while the 4th tub only contained water. A second tub was placed on top of each sample 
and edges were sealed with duct tape to ensure that evaporation did not occur.  

Water quality tests were then conducted to determine the base levels for the water’s pH, 
nitrogen concentration, and turbidity (level of water clarity). All tests were conducted using a 
Vernier LabQuest Pro, Water Quality with Vernier (laboratory procedure guidebook), and 
Vernier sensors. Sensors included the Vernier Turbidity Sensor, Nitrate-Ion Selective Sensor, 
and GoDirect® pH Sensor, and each was calibrated every day before beginning water quality 
tests.  

Then 30 mL of water was collected and placed into a 50 mL beaker in order to conduct 
each test. One test tube was also filed with 10 mL of water from each sample to test for 
concentration of E. coli present. Only one test tube was prepared on the first day since all water 
came from the same sample, and 4 test tubes were prepared each day thereafter. Afterwards, 10 
mL of distilled water was mixed with 4 g of peptone and mixed until uniform. Finally, 10 drops 
of the mixture were added to each test tube, and a Water Works  hydrogen sulfide test strip was 
placed into each. Test tubes were covered with corks and left to sit for two days to develop. At 
that time, results were recorded and a new set of E. coli samples were prepared. All tests were 
conducted on every other day of the experiment (days 1, 3, 5, 7, 9, and 11) and results were 
recorded along with any additional observations.  
 
Additional observations  

After the water sample was divided on the first day of the experiment, it was necessary to 
ensure that cross-contamination did not occur between water samples so that E. coli results were 
accurate. In order to prevent this from happening, separate syringes and beakers were used to 
remove and test water samples from each tub. Although all materials used were thoroughly 
washed at the end of each day, the same beaker and syringe were used for each corresponding 
tub every day thereafter. Beginning on day three of the experiment (the second day of testing), it 
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was also necessary to stir the water samples before removing a portion for conducting tests to 
ensure a homogeneous mixture for each. Finally, while the E. coli tests were originally 
anticipated to take 7 days for full results, high enough concentrations of E. coli were initially 
present that bacteria was detectable after only two days. It was also observed that each strip 
would exceed the maximum reading that could be obtained through this testing mechanism (80 
ppm) by the 3rd day. Therefore, it was determined that data would be recorded for each E. coli 
test strip two days after preparation.  
 
RESULTS 
 

While all samples showed changes in each of the metrics measured throughout the 
experiment, no strong patterns were found for pH, nitrogen or turbidity. However, all treatment 
samples showed a significant decrease in E. coli concentration when compared against the 
control (as determined through a Chi-Square test). The final concentration of E. coli after 11 
days was found to be only 5 ppm in sample 1( 2 = 2.67 10-31, df = 1, p<0.0001), 5 ppm inχ ×  
sample 2  ( 2 = 2.67 10-31, df = 1, p<0.0001) and 20 ppm for sample 3 ( 2 =  5.48 10-12, df =χ × χ ×  
1, p<0.0001).  

The expectation of the null hypothesis was that the outcomes of E. coli tests would be 
similar between the control and treatment samples. For samples 1 and 2, the expected outcome 
was approximately 42.5 ppm of E. coli for both the treatment and the control. For sample 3, 55 
ppm was the expected result for each. However, while the original E. coli concentration was 
found to be 40 ppm for the untreated sample of water, the concentration found in the control 
sample increased throughout the duration of the experiment and exceeded 80 ppm by the 7th day. 
Due to the high level of significance found when analyzing the E. coli concentrations between 
the treatment and control samples, the null hypothesis can be rejected.  
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Figure 1: Graphs showing how the recorded levels of pH, nitrogen (in mg/L), turbidity (in NTU), 
and E. coli (in ppm) changes throughout the duration of the experiment.  
 

        

    
 
Figure 2: Bar graph comparison of the outcomes of final E. coli concentrations numbers for each 
sample compared against that of the control and the expected outcomes for each.  
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DISCUSSION  
 

While it was originally anticipated that the levels of nitrogen would substantially 
decrease for only the water samples treated with mycelium, the control also showed a substantial 
decrease over the duration of the experiment. Since fungi require nutrients to carry out metabolic 
processes ( Rodriguez et al., 2013) , it was anticipated that only fungal treatment samples would 
experience a decrease in nitrogen levels. However, nitrogen can be a limiting factor of growth 
for many forms of life, and I had not anticipated that the bacterial concentration in the control 
sample would increase (much less that it would exceed the test strip’s maximum reading by only 
the 7th day of the experiment). Since bacteria also utilize nitrogen for growth and metabolism, 
the fact that they were also multiplying would explain the simultaneous decrease in nitrogen 
observed in the control sample ( Raby, 2017) . Nitrogen for sample 3 also continued to climb 
above the base level throughout the duration of the experiment. I believe this is because the 
wood substrate that the mycelial sample was growing on began to disintegrate into the water. As 
shown in the above tables, the turbidity for sample 3 sharply increased by the third day of the 
experiment and then steadily declined each day after. These results match up with the observed 
color change of the water that occurred in sample 3, which quickly turned to a darker brown.  

I thought it was interesting that E. coli growth had actually increased slightly for samples 
1 and 3 by the 3rd day of the experiment, but that they decreased steadily with each additional 
test. This most likely the result of a delayed reaction in the effectiveness of the antimicrobial 
properties of ligninolytic enzymes ( Department of Ecology and Biodiversity, 2001) . This 
indicates that the rate of bacterial growth was initially exceeding the rate of enzymatic action, but 
was ultimately overtaken. The significant reduction achieved between all treatment samples also 
demonstrates the effectiveness of the antimicrobial properties of ligninolytic enzymes. Therefore, 
these results strongly suggest that white-rot fungi are useful in bioremediation of agricultural 
runoff, and especially that contaminated by the fecal coliform bacteria E. Coli. 

This experiment had a number of limitations, including the duration of time and resources 
available, which made isolation and control of all variables as well as identification of each 
fungal species impossible. However, while previous studies have inoculated their own wood 
chips and grown their own white-rot fungi of a known species, the design of this study can be 
thought of as more closely modeling bioremedial mechanisms that would occur in nature. If a 
broken tree or downed piece of wood that was host to a white-rot fungus had fallen into a body 
of water, it is likely that a similar system would have developed. Most previous experiments 
have also had water samples circulating throughout the woody substrates, which would increase 
the rate and effectiveness of filtration ( Mir-Tutusaus et al., 2014) . This was also not feasible in 
my experiment, but regularly stirring each water sample did ensure a higher rate of mixing than 
would occur in an undisturbed still-water pond.  
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Despite the limitations, there are wide-reaching implications to the results obtained with 
my mycofiltration study. The most important of which is the potential for a “do-it-yourself” 
application of environmental contamination cleanup. One of the biggest concerns with 
mycoremediation is cost and overall efficacy of large-scale filter implementation and design 
( Rodriguez et al., 2013), but t he method I used shows that simple and inexpensive designs are 
effective in removing harmful fecal coliform bacteria from contaminated waters. As agriculture 
continues to dominate our global landscape, and the maintenance of biodiversity and ecosystem 
functions continues to become a bigger challenge, the value placed on simple solutions to 
environmental contamination becomes substantially greater. Human societies will always have 
some sort of environmental impact, and as the global population continues to grow, our only 
hope of obtaining a sustainable food system is by finding a way to remedy some of the pollution 
that we will inevitably create. Mycoremediation shows great promise for leading us to that kind 
of future, and as we continue to explore the potential of this biotechnology, I believe we will 
ultimately realize that fungal filtration mechanisms that already exists within nature are among 
our greatest environmental assets.  
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ABSTRACT 

 
Plants and plant extracts have been used for medicinal purposes throughout history and are still being used 

today. With the rising cost of drug production, it is becoming increasingly important to target certain plant types for 
their medicinal uses by bioprospecting. This study examined the antibacterial properties of gap plants, which have 
been studied in the past for their secondary metabolites. The phytochemicals of six species of gap plants were 
extracted and applied to filter paper disks. These disks were used to measure the zone of inhibition (ZOI) of bacteria 
on agar plates to see which solutions had the most effective bacterial inhibition. The six species of gap plants did not 
have significant inhibition compared to the controls, distilled water (DI) and methanol. There were observations, 
however, that suggested that some plants may inhibit fungal activity. This study implies that common gap plants of 
the Monteverde cloud forests may not be the most effective choice for potential bioprospectors.  
 

RESUMEN 
 
 Las plantas y los extractos de estas se han usado con propósitos medicinales a través de la historia y todavía 
se usan hoy en día. Con el aumento de la producción de medicamentos, se esta volviendo muy importante apuntar a 
cierto tipo de plantas por sus usos medicinales por medio de la bioprospección. Este estudio examina las 
propiedades antibacterianas de plantas de claros de bosque, las cuales han sido estudiadas en el pasado por sus 
metabolitos secundarios. Los fitoquímicos de seis especies de plantas de claros de bosque se tomaron y aplicados a 
discos de papel filtro. Estos discos fueron usados para medir la zona de inhibición (ZOI por sus siglas en inglés) de 
bacterias en platos de agar para ver cuales soluciones tienen una inhibición hacia bacterias más efectiva. Las seis 
especies de plantas de claros de bosque no muestran una inhibición significativa comparada con los controles, agua 
destilada (AD), y metanol. Hubieron observaciones, sin embargo, que sugieren que algunas plantas pueden inhibir la 
actividad fúngica. Este estudio implica que las plantas comunes de los claros de bosque del bosque nuboso de 
Monteverde pueden no ser la opción más efectiva para una bioprospección potencial. 
 

INTRODUCTION  
 
 The use of plants and plant extracts for medicinal purposes has been traced back five 
millennia, and still remains important today. 25% of the world’s bestselling drug products are 
natural or naturally derived (Hamburger and Hostettmann 1991, Balunas and Kinghorn 2005). 
However, modern pharmaceutical companies have focused less on plants for drug discovery 
because of the steep costs and time consumption involved with plant identification and 
collection, drug production, clinical trials, and improvements later on (Balunus and Kinghorn 
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2005). On average, more than 10 years and 800 million dollars are spent on the drug discovery 
process, with most funding dead-ends (Balunus and Kinghorn 2005). Another hindrance is the 
low yield often produced by these natural products, causing companies to turn to artificial drug 
production (Skirycz, et al. 2016). Cutting down costs and time spent identifying plants with 
medicinal properties is imperative to the continuation of drug discovery using natural products. 
One major way to expedite this process is through bioprospecting, or studying biodiversity to 
target species for genetic and biochemical uses (Knudsen and Haug 2015). 
 Of the 250,000 to 500,000 plant species in the world, it is estimated that only 1 to 10% of 
these species are utilized as food or medicinal sources by humans or animals (Cowan 1999). To 
spend less time sorting through thousands of plant species with unknown properties, it will be 
useful for pharmaceutical companies to bioprospect so they can target certain types of plants. 
Species containing secondary metabolites are most commonly used for medicinal purposes, so it 
is helpful to find generalizations among these species, such as structure or location, to narrow 
down options for drug development (Skirycz, et al. 2016). The major classes of secondary 
metabolites, which are compounds that help plants adapt to the environment, include phenolics, 
terpenoids, essential oils, alkaloids, lectins, polypeptides, and polyacetylenes (Cowan 1999, 
Bourgaud, et al. 2001). 

Three different structural groups found in Monteverde, Costa Rica were previously 
studied for the presence of secondary metabolites. Of the three groups, gap plants and medicinal 
herbs had the highest presence of secondary metabolites, namely alkaloids, terpenoids, 
flavonoids, and saponins (Maylahn 2014). Gap plants are species of plants that grow in gaps in 
the canopy where a tree has fallen. They are not taxonomically related but share common 
characteristics such as fast growth rate and early age of reproductive maturity (Rundel and 
Gibson 1994). However, like many screened plants in Central and South America, the 
phytochemicals of these gap plants were never tested for antibacterial properties. Phytochemicals 
are examined because they are the biochemical extracts containing secondary metabolites, and 
the antibacterial properties are what allow the extracts to inhibit bacterial growth and function as 
medicine (Burt 2004).  

Because gap plants tend to have higher levels of phytochemicals, similar to those of 
traditional medicinal herbs, perhaps the gap plants will exhibit high levels of bacterial inhibition. 
This study examined the antibacterial properties of the phytochemicals extracted from gap plants 
common to the Monteverde cloud forest by measuring the zone of inhibition (ZOI) of bacteria on 
agar plates.  

 
MATERIALS AND METHODS 
 
Species and Study Site 
 
 I worked with six species of gap plants. Five of these species were previously shown to 
have secondary compounds and possibly medicinal effects: Piper sp (Piperaceae), Cecropia 
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obtusifolia (Urticaceae), Bocconia frutescens (Papaveraceae), Solanum sp (Solanaceae), and 
Senecio arborescens (Asteraceae) (Maylahn 2014). The other species studied was chosen for its 
chemical defense, the inhibition of plant pathogens in the seeds, as a pioneer plant in the 
Monteverde cloud forest: Phytolacca sp (Phytolaccaceae) (Veldman, et al. 2007). Samples were 
collected in the garden and along the beginnings of trails outside of La Estación Biológica de 
Monteverde, with an approximate elevation of 1530 m. At least two leaflets of each species were 
taken, with a preference for younger leaves.  
 
Preparation and Extraction 
 
 The six leaf samples were dried in a food dehydrator for 22 hours at 160 degrees 
Fahrenheit. To extract the phytochemicals, 0.1 g (+/- 0.10 g) of each species were placed in a 
beaker with 20 mL of methanol. These mixtures were crushed and swirled, and then placed in an 
ultrasonic bath for thirty-two minutes. Every eight minutes, I swirled the solutions and switched 
their position to ensure equal distribution. After this cleanse, the solutions were poured through 
filter paper to remove the excess leaf pieces. These solutions, now containing only the 
phytochemicals and methanol, were placed in a dry box overnight to evaporate the methanol, 
leaving only the phytochemicals. 
 
Antibacterial Screening 
 
 18 sterile agar plates were prepared with Oxoid agar No. 1 (bacteriological) and wrapped 
in Parafilm, setting overnight. 
 Agar plates were divided into six sections each. Three controls were used: distilled water 
(DI), 100% methanol, and Dexametasona Neomicina (DN), an eyedrop solution with known 
antibacterial properties, and each plate had a section for each control. Nine of the plates had 
sections for species one through three (Piper sp, C. obtusifolia, B. frutescens) and nine of the 
plates had sections for species four through six (Solanum sp, S. arborescens, Phytolacca sp). 
Filter paper disks were dipped in a solution and placed in the corresponding section. The plates 
were left unlidded for 1.5 hours to expose them to bacteria, and then were wrapped and left to 
grow for seven days (Figure 1). 
 After seven days of growth, the plates were examined under the microscope. The closest 
bacterial group was marked for each section and measured using a micrometer. The radius from 
disk to bacterial group, ZOI, was recorded in lines, with 15 lines equaling 1 mm. The mean ZOIs 
were graphed in millimeters. To ensure complete bacterial growth, the plates were again 
measured after nine days of growth and graphed. 
 
Additional Observations 
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 In addition to bacterial groups, some plates grew fungal groups, as the plates were 
exposed to the air and naturally were inoculated with both. Although not the primary purpose of 
the study, antifungal properties were also observed through the measurement of the ZOI of 
fungal groups when present on sections of plates. 
 

 
  
RESULTS 
 
Antibacterial Screening 
 
 After seven days of growth, the ZOI of DN ranged from 1.800 mm to 12.400 mm (mean 
= 7.070 mm, SE = 0.591) which was the highest by far. The ZOIs of DI ranged from 0 mm to 
3.000 mm (mean = 0.274 mm, SE = 0.040) and the range of ZOIs of methanol was 0 mm to 
2.533 mm (mean = 0.922 mm, SE = 0.055). The other six solutions had averages ranging from 
0.148 mm to 1.919 mm, with an overall range from 0 mm to 7.333 mm. However, bacteria 
growth was not complete until nine days, which provided more complete results. 

After nine days of growth, the mean ZOIs showed clear results for the nine solutions (DI, 
methanol, DN, Piper sp, C. obtusifolia, B. frutescens, Solanum sp, S. arborescens, and 
Phytolacca sp) (Figure 2). Of the three control solutions, DI showed no inhibition on any of the 
18 plates (mean = 0 mm, SE = 0), and methanol was largely free of inhibition (seven out of 18 
plates), but had a range of 0 mm to 3.400 mm (mean = 0.622 mm, SE = 0.243). DN showed the 
greatest inhibition, ranging from 0 mm to 10.333 mm (mean = 4.341 mm, SE = 0.622). Of the 
plant phytochemical solutions, Piper sp exhibited the greatest inhibition with a range of 0 mm to 
1.467 mm (mean = 0.230 mm, SE = 0.159), while B. frutescens and Phytolacca sp showed no 
bacterial inhibition after nine days (mean = 0 mm, SE = 0). C. obtusifolia had ZOIs ranging from 
0 mm to 0.800 mm (mean = 0.089 mm, SE = 0.084), Solanum sp had ZOIs ranging from 0 mm 
to 0.133 mm (mean = 0.015 mm, SE = 0.014), and S. arborescens had ZOIs ranging from 0 mm 
to 0.867 mm (mean = 0.096 mm, SE = 0.091). 

_____________________________________ 
Figure 1. Example plate with disks dipped in 
solutions, growing bacteria. 
_____________________________________ 
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 An ANOVA test was performed to test the difference in mean ZOI between the groups, 
and there was significant difference between the solutions (ANOVA, F = 20.0455, d.f. = 8, n = 9, 
p = 0). The significant difference was found between DN and the rest of the solutions (Tukey-
Kramer, p < 0.001), and the mean ZOI of DN was much greater than the control DI and all of the 
other solutions (Figure 2). There was no significant difference found between the control DI and 

the six plant species (Tukey-Kramer, p = 0.99996), which means that the plant phytochemicals 
did not inhibit bacteria more than distilled water. There was also no significant difference found 

between the control methanol and the six plant species (Tukey-Kramer, p=0.9584), meaning that 
the plant phytochemicals did not inhibit bacteria more than the methanol. Therefore, the only 
significant differences in ZOIs were found between DN and the rest of the solutions. DN was the 
only solution with effective bacterial inhibition. 
 
Additional Observations 
 

Fungal growth was found on all but one of the 18 plates. When present in a section, the 
mean zone of inhibition ranged from 2.400 mm to 7.550 after 9 days. This suggests that there 
could be antifungal properties in the phytochemicals of some gap plants. However, the plant 
phytochemical solutions did not differ from the control solutions for fungal inhibition. 
 
 

 
______________________________________________________________________________ 
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Figure 2. The mean zone of inhibition for each of the nine solutions studied after nine days of 
growth. The bars represent standard error. The ZOI was measured as the radius from the filter 
paper disk to the nearest bacterial group. The six gap plant species were compared to three 
controls: distilled water (DI), methanol, and DN, which is an eye drop solution with known 
antibacterial properties. 
 
DISCUSSION 
 

After nine days of growth, the phytochemicals of six common gap plant species showed 
no significant inhibition of bacteria compared to the negative control DI or the positive control 
methanol, but all showed a difference from the positive control of DN. This great bacterial 
inhibition of DN was expected because the DN eye drop solution has known antibacterial 
properties and is used for medicinal purposes. Although gap plants common to the Monteverde 
cloud forest contain phytochemicals similar to medicinal plants, they do not exhibit antibacterial 
properties.  

It is possible that the phytochemicals were not in a great enough concentration to inhibit 
the bacterial growth. Flavonols, which are the monomer that makes up many phytochemicals, 
were found to only be effective at concentrations greater than 200 μg/mL (Schofield, et al. 2001, 
Tsuchiya, et al. 1996). Concentration of phytochemicals were not measured in this study but 
could have been too low to allow for effective inhibition. Also, when comparing the inhibition of 
different phytochemicals, it was found that flavinoids, essential oils, and tannins are most 
successful (Nascimento, et al. 2000). The gap plants studied here were found to contain 
flavinoids but were not tested for tannins or essential oils (Maylahn 2014). It is likely that 
essential oils exhibit the most antibacterial properties because tannins are in the same family as 
flavinoids (Cowan 1999).  

When bioprospecting for natural products with medicinal properties, the gap plants found 
in the Monteverde cloud forest may not be an effective choice. Although some phytochemicals 
are beneficial to humans, this is not true for all species of plants. The main purpose of 
phytochemicals in plants in general is to increase the plants’ fitness, in some cases acting as 
herbivore defense (Kennedy and Wightman 2011). It is interesting to note the presence of 
antifungal properties in the gap plants. The phytochemicals acting to inhibit fungi are similar to 
those of lectins, which are proteins that defend the plant from herbivores (Peumans and Damme 
1995). Here, there is support for the concept that the phytochemicals in gap plants, while not 
being useful to humans as antibacterial agents, are serving as protection with their antifungal 
properties. 
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ABSTRACT 
 
Artificial light has been suggested to threaten the health and biodiversity of freshwater and riparian ecosystems. 
Aquatic insects provide important nutrient cycling functions that allow organic matter to quickly and efficiently 
return to the ecosystem from which it came. Artificial lights, and their ability to distract large amounts of aerial 
aquatic insects from their usual behavior such as dispersal and reproduction, could erode these ecosystems. Here, I 
attempt to elucidate the effects artificial light have on particular aquatic families. To address this, I placed light traps 
near a tropical creek in addition to direct creek sampling.  I found little overlap in families within the creek sampled 
and the adults that were captured in the light-traps during the night, supporting the vacuum cleaner theory which 
describes the lure of many insects from a large area to a given light source. Larger diversity of insects within the 
light-traps suggests a disproportionate accumulation of aquatic insects than are present in a given portion of stream. 
This study provides some of the foundation to the understanding of the destructive effects of artificial light in an 
increasingly illuminated world on aquatic insects, which have been historically neglected in scientific literature.  
 
RESUMEN 
 
La luz artificial ha sido sugerida como una amenaza para la salud y la biodiversidad de los ecosistemas de agua 
dulce y riparios. Los insectos acuáticos proveen funciones importantes en el reciclaje de nutrientes que permiten a la 
materia orgánica volver rápida y eficientemente a los ecosistemas de los cuales vienen. Las luces artificiales, y su 
capacidad de distraer grandes cantidades de insectos acuáticos de su comportamiento usual como dispersión y 
reproducción, pueden perturbar estos ecosistemas. Aquí, yo trato de elucidar los efectos de la luz artificial en 
familias particulares de insectos acuáticos. Para lograr esto, coloqué trampas de luz cerca de una quebrada tropical 
junto con muestreos directos en la quebrada. Encontré poco traslape en las familias entre la quebrada muestreada y 
los adultos capturados en las trampas de luz durante la noche, apoyando la teoría de la aspiradora la cual describe la 
atracción de ciertos insectos de un área amplia hacia cierta fuente de luz. Una amplia diversidad de insectos entre las 
trampas de luz sugiere una acumulación desproporcionada de insectos acuáticos que están presentes en una 
proporción dada de la quebrada. Este estudio provee algunos de los fundamentos para entender los efectos 
destructivos de la luz artificial en un mundo ampliamente iluminado en los insectos acuáticos, lo cual ha sido 
historicamente negado en la literature. 
 
  
INTRODUCTION 
 
With the introduction of artificial light in the form of fire a few thousand years ago, and the 
eventual invention of the first light bulb in 1875, the age of fabricated light is relatively young by 
evolutionary standards. It is only in the last 20 years that the possible ecological effects of this 
tool have been considered (Longcore & Rich 2004). Occurring in nearly every permanent human 
settlement, light pollution interferes with the day-night cycle, depended on by both flora and 
fauna. Interference with the phenology of organisms exposed to this artificial light can have 
adverse effects on behavior, feeding and reproduction (Gaston et al., 2013). Even more, 
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attraction to these light sources, as described by the vacuum effect (Eisenbeis 2006), can remove 
organisms from their natural habitat and increase their likelihood of being preyed upon. 
Evidently, invertebrates have proven to be especially vulnerable to artificial light (Wilson et al. 
2018, Perkin et al. 2014). European moth populations were found to be in serious decline due in 
part to increases in artificial light use (Wilson et al. 2018, Langevelde et al. 2018), and scorpion 
foraging behavior was found to significantly decrease in highly illuminated environments 
(Skutelsky 1996). While understanding of the effects of this light on many terrestrial 
invertebrates exists, few have quantified a response from freshwater and riparian ecosystems and 
their aquatic inhabitants. Despite the fact that there is a tendency to build near freshwater sources 
causing illumination to be disproportionately high near running water compared to forests, 
meadows, and pastures (Kummu et al. 2011), freshwater ecosystems are relatively poorly 
represented in current literature. In addition, the high biodiversity within freshwater ecosystems 
has shown to be especially sensitive to species loss (Perkin et al. 2011), only increasing the need 
for an understanding of the implications of this light. 
 The diversity of aquatic insects within freshwater ecosystems is immense (Wallace & 
Webster 1996). They are responsible for much of the nutrient cycling that takes place within a 
given river system, breaking down large pieces of detritus into smaller particulates that can be 
cycled back into the environment from which they came (Wallace & Webster 1996). The 
majority of aquatic insect species are benthic during their juvenile stages of development, 
eventually becoming aerial once they reach adulthood. This allows for aerial dispersal, along 
with terrestrial copulation, and the eventual return of offspring to the water (Eisenbeis 2006, 
Perkin et al. 2011). During benthic habitation, many aquatic insects can be categorized into 
specific functional groups, distinguished by their acquisition of food (Covich, Palmer & Crowl 
1999). The unique functional groups that make up a freshwater insect community allow for a 
highly efficient decomposition process that is imperative for the health of a river and the 
eventual output of nutrients into larger bodies of water (Cummins & Klug 1979). In turn, 
unanticipated changes in freshwater ecosystems are often due to an alteration in the composition 
of benthic species followed by their overarching food-webs (Covich, Palmer & Crowl 1999). 
Benthic insects are quite sensitive to environmental conditions. The biocomplexities of 
freshwater habitats can create great contrast in the species distribution of aquatic insects within a 
body of water, due to such factors as differential flows, sediment depositions, and chemical 
gradients (Groffman and Bohlen 1999, Colwell 1998). It can be expected that this fragility would 
pertain to other environmental conditions such as light exposure, however, where this becomes 
most crucial is during the aerial adulthood of these insects.  
 Arguably one of the most significant portions of an aquatic insect’s life history is its 
adulthood, where both dispersal and reproduction occur. Flight allows many of these insects to 
spread to other bodies of water for reproduction, promoting genetic variation. However, this can 
be impeded by artificial light sources during the night (Perkin et al. 2011). Fixation, settling 
behavior, and even barrier effects have been witnessed with the interaction of insects and a given 
light source (Eisenbeis 2006). This interferes with normal behavior, and can have detrimental 
effects on a species’ ability to disperse. Along with the direct loss of individuals due to increased 
predation and greater mortality, light could in theory create an evolutionary force with damaging 
outcomes (Perkin et al. 2011). 
 In this study, I sampled aquatic insects with the use of both light traps and direct 
sampling from a creek that is not regularly exposed to artificial light. In order to investigate 
which insect families and their pertaining functional groups are most effected by artificial light at 
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night, the proportions of each family were compared to determine whether there is a 
disproportionate effect on certain families or functional groups within a given creek. 
 
 
METHODS 
 
Study Site 
Sampling was conducted along a 40-meter stretch of the Quebrada Máchina, a creek located 
near the Monteverde biological station in the cloud forests of Monteverde, Costa Rica 
(10.3168°N, 84.8077°W). Surveys were performed from July 18th to July 25th, at an elevation of 
approximately 1,525 meters above sea-level. Located within a reserve, the nearest building to 
this site was approximately a kilometer away. Four traps were placed within 2 meters of the 
creek in pairs, one on either side of the creek. The distance between the traps was chosen based 
on the topography of the creek, with the pairs of traps distanced as to not influence the data 
collected by the opposing pair. Light traps were hung from existing structures e.g. tree branches 
at a height of approximately a meter above the ground. 
  
Light trap sampling 
 The light traps consisted of a white light lantern with two intersecting boards of 
Styrofoam to act as the insect flight interceptors, attached vertically from the bottom of the lamp. 
A funnel and catchment container were then hung from this in order to collect aerial insects that 
collided with the above flight interceptors (figure 1). Within the catchment container was a 
scentless soap-water solution, acting as a killing agent. Sampling took place over the course of 
four days, from 6:00 pm to 10:00 pm respectively. For each sampling taken, two of the light 
traps were lit, and two were left dark in order to act as controls. Any insects that were prevalent 
in the unlit traps were omitted from the data as they were not attracted to the light, but rather the 
traps themselves. The lit traps were randomly chosen using a random number generator and the 
assignment of a number to each trap. Once the catchment containers were collected, insects were 
identified by their family and placed in specimen jars containing 70% alcohol solution. Insects 
identified as terrestrial in origin were separated by order only. 
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Figure 1: diagram of light trap, with white light lamp above and flight interceptor, funnel, and catchment container below. 

 
Direct creek sampling 
Samples of the aquatic insects within the creek itself were taken over the course of four days in 
addition to the light trap samples. With the implementation of a dip net, strainers, and sifting 
trays, four samples were taken from the creek from the lotic, rocky, and leaf debris ridden 
portions of four different two-meter stretches of the creek. Each sampling location was decided 
based off the location of the light traps, with two surveys taking place between each pair of 
lanterns, and two approximately ten meters inwards. Sampling was split into three portions, each 
with a duration of three minutes. Lotic zones were dip netted, rocks were examined, and leaf 
matter was placed in strainers, with the contents from each sample transferred to the sifting trays 
for further inspection. All macroinvertebrates were collected and later identified to family 
(lehmkuhl 1979). Averages and relative abundances were later calculated using R and Rstudio. 
The installed packages of “dplyr”, “tidyr”, and “ggplot2” were used for all calculations and 
figures excluding the Shannon-Weiner Diversity Index, which was calculated with the use of 
PAST3.  
 
RESULTS 
 
Light trap 
In total 440 individual insects were captured, 155 by light trap, and 385 by direct creek sampling. 
Within the light traps, I collected an average of 3.5 +/- 2.1 insects per trap per night. The insects 
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collected in the light traps spanned 11 taxonomic families.  Only two aquatic families overlapped 
between the light trap samples and those that were taken directly from the creek. These were 
Simuliidae and Chironomidae, with Chironomidae having the greatest abundance within the light 
samples at 45 individuals with a relative abundance of 29%. Simuliidae had a total abundance of 
1 individual within the light trap with a relative abundance of 0.6%. Five other dipteran families 
were represented in the light traps. Culicidae had a total of 7 individuals with a relative 
abundance of 4.5% and Psychodidae had a total of 4 individuals with a relative abundance of 
2.6%. Chaoboridae totaled 27 individuals with 17.4 % abundance, Ceratopogonidae totaled 34 
individuals with a relative abundance of 21.9%, and individuals belonging to Dixidae totaled 2 
with a relative abundance of 1.3%. Coleopteran families were also present. In total, 29 
individuals belonging to Ptilodactylidae were present, with a relative abundance of 18.7%, and 2 
individuals belonging to Staphylinidae with 1.9% abundance were also present. In addition, two 
families belonging to the order Trichoptera were found within the light traps. Philopotamidae 
totaled 2 individuals with a relative abundance of 1.3%, and Phryganeidae had a single 
individual and 0.6% abundance.  
 
Creek 
Of the 385 total individuals collected from the creek, an average of 6.0 +/- 3.1 individuals were 
collected per sample per day. The insects collected spanned 14 taxonomic families. Three 
dipteran families were collected from the creek, Chironomidae, Simuliidae, and Tipulidae. 14 
total individuals with a relative abundance of 3.6% belonged to Chironomidae, 238 individuals 
with a relative abundance of 61.8% belonged to Simuliidae, and 4 individuals with a relative 
abundance of 1.0% belonged to Tipulidae. Elmidae was one of two Coleopteran families present, 
with two larval individuals and a relative abundance of 0.5%. One individual from the family 
Hydrophilidae was also present, giving this family a relative abundance of 0.25%. Trichopteran 
families were also apparent within the creek samples. In total, 65 individuals belonging to 
Hydropsychidae were present with a relative abundance of 17.0%, and nine individuals 
belonging to Rhyacophilidae with 2.3% abundance were also present. In addition, four families 
belonging to the order Ephemeroptera were found within the creek. Ephmerellidae was the most 
abundant with a total of 39 individuals and relative abundance of 10.1%. Leptophlebidae totaled 
2 individuals with a relative abundance of 0.52%, and two individuals belonging to Caenidae 
were also present, with a relative abundance of 0.52%. Finally, two members of Baetidae were 
present with a relative abundance of 0.52%. Two members of the order Plecoptera were found 
within the samples, both belonging to the family Perlidae, therefore having a relative abundance 
of 0.5%. Two families originating from Odonata were present, Libellulidae and Agrionidae. 
Libellulidae had a total of two individuals and a relative abundance of 0.52%, and one individual 
Agrionid was present with a relative abundance of 0.25%. a single member of the order 
Hemiptera was present in the samples, belonging to the family Veliidae with a relative 
abundance of 0.25%. Blaberidae, a family belonging to Blattodea, was represented by a single 
individual within the creek samples, with a similar relative abundance of 0.25%. 
 
Statistical analysis 
 A significant difference was found in the Shannon-Wiener diversity index between the light trap 
(H’ = 1.798) and the creek (H’ = 1.311) (Modified t-test, df = 435, P < 0.05, Table 1). Diurnal 
and terrestrial insects collected were omitted from the data, but their order and abundances can 
be found in appendix I.  
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Table 1: Total abundances of light trap samples (left) and creek samples (right) with calculated Shannon-Wiener 
diversity index, P value and degrees of freedom (left, below). 

 

 
Figure 2: Relative abundances of all families found from light trap sampling (blue) and direct creek sampling (red) 

arranged from greatest to least abundant. 
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DISCUSSION 
 
Over the course of the sampling period, 155 individual aquatic insects from a total of 11 families 
were captured using the light traps. Aquatic orders seen within the creek samples such as 
Plecoptera, Ephemeroptera, and Odonata were not represented within the traps, but rather, these 
samples were composed of orders Diptera, Coleoptera, and Trichoptera. It is not understood why 
adult plecopteran individuals were not seen within the light samples, as they were observed 
frequently at the study site and are active during the night. However, this may imply that 
artificial light has an unequal effect on different aquatic orders. 
 The disparity between the species compositions found through the direct and light trap 
sampling of the Quebrada Máchina raises many questions. Provided that there are aquatic 
insects that do not fly during the night, it is understandable to find a lack in adult individuals of 
the Odonata order, while still finding larval members of this order within nearby water sources. 
Both families Libellulidae and Agrionidae were present in the creek samples, however, they 
were not within the light traps. While Odonata are benthic in their early development and aerial 
during adulthood, they are diurnal, removing them from those species that are directly threatened 
by artificial light. Ephemeroptera larvae can be found nearly year-round while adults are highly 
seasonal, often leaving their watery abode for a mast breeding event during certain seasons. 
Within the tropics, the lowest seasonal flux of adult mayflies occurs within July, the season that 
this sampling took place (Masteller 1993). In turn, while larval Ephemeroptera families Baetidae, 
Caenidae, Ephemerellidae, and Leptophlebiidae were present in creek samples, it would be 
expected to find little to no adults within the light traps. This would be a different case however, 
if sampling were to take place year-round.  
 Stunningly, the only families that were present in both sample sets were Chironomidae, 
and Simuliidae, both of the order Diptera. Many other families within this order were present in 
light trap samples, but lacked in the creek where surveying took place. A study in 2018 found 
that Dipteran diversity within Costa Rica is much greater than previously expected. Over the 
course of one year of sampling, Borkent et al. 2018 captured 4,332 species of Diptera with the 
use of multiple sampling methods, including light traps. 51% of all described Central American 
species were collected within one location of Costa Rica, a staggering 2.7% of the worlds 
dipteran diversity. Further, the vacuum cleaner effect, as described by Eisenbeis (2006), permits 
that insects from a wide radius can be attracted to a given light source. This coupled with 
immense dipteran diversity would create a data set that is not only more various, but one that 
contains insects emerging from multiple locations, rather than straight from the stream, such as 
other nearby water sources e.g. bromeliads. To truly test the accuracy of this hypothesis, the 
dispersal of these insects needs to be better understood (Perkins et al. 2011). However, combined 
with the minute sampling size that was acquired within four days of sampling during this study, 
the probability of collecting multiple members of the same family is low. Dispersal is a 
necessary behavioral strategy of aerial aquatic insects in order to reproduce with individuals of 
genetic variance. But with the lack of current literature on this subject, it is challenging to 
quantify the likelihood of collecting individuals from nearby water sources versus those from 
afar (Perkins et al. 2011).  
  The greater overall diversity of the light trap samples, as shown by the Shannon-Wiener 
Index, implies that many families, with corresponding functional roles in the environment, are 
attracted to artificial light, therefore keeping them from fulfilling their ecological roles. An adult 
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insect that expires due to light fixation is unable to produce offspring. With these juvenile insects 
now missing from their freshwater environment, functional roles that would usually be at 
capacity are now missing individuals (Masteller 1993). In the case of Ptilodactylidae, a family of 
beetles with an aquatic larval stage, 29 adult individuals were collected throughout the light trap 
sampling process. During their larval stage, these beetles act as shredders, breaking down leaves 
that fall into the creek to be cycled back into the ecosystem as nutrients (Iñiguez-Armijo et al. 
2018). A lack of shredders, as would be the case if artificial light were to continue to remove 
adult beetles from their environment, could lead to a build-up of leafy debris, which will take 
longer to break down into small enough particulates to be consumed by collectors such as larval 
Simuliidae (Wallace & Webster 1996). Greater debris within a creek obstructs lotic 
environments, allowing for algae and other lentic organisms to dominate. Alga removes much 
needed oxygen from the water, and such shifts in the chemical makeup of freshwater can have 
dire consequences for many other aquatic inhabitants, eventually leading to shifts in species 
composition of both freshwater and riparian ecosystems (Wallace & Webster 1996). Unforeseen 
consequences can also arise when individuals such as members of the order Plecoptera are less 
impacted by an introduced light source. Larval Plecoptera, commonly referred to as stoneflies, 
furnish an important role within their ecosystems. Preying on less agile larvae living within 
creeks and streams, this order influences the allele frequencies and abundances of other aquatic 
populations, similar to other predators (Wallace & Webster 1996). With a disproportionate 
increase in their population, stoneflies could ultimately place even greater pressure on light-
susceptible populations, compounding the negative effects that may already be taking place.  
 This study provides a small piece of the foundation of research into the effects of 
artificial light on freshwater and riparian ecosystems. While much focus has been placed on 
other anthropogenic factors such as chemical pollution, deforestation, and the introduction of 
invasive species, there is still little understood about the consequences of disrupting the day-
night cycle that organisms are accustomed to. Insects are often overlooked in conservation, as 
they may not be as charismatic as many vertebrates are perceived to be. The significance of these 
lesser organisms must be acknowledged in order to protect complex food-webs that insects often 
lie near the foundation of. 
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ABSTRACT 
This experiment studied the impact of light pollution on insectivorous bats in Monteverde, Costa 
Rica. Bat echolocation calls were recorded at six paired-sites, with and without artificial light. 
Three had LED lights and three had sodium-vapor lights. Spectrograms of the recorded 
echolocation calls were used to identify species of bats. There was no difference in bat activity 
for light versus dark areas or for different types of lights (X2 = 0.1229, p = 0.2740, df = 1). Some 
bat species were only recorded in the dark. For example, Myotis spp tend to avoid artificial light. 
Myotis nigricans and Myotis oxyotus were recorded in the dark and sodium-vapor light but were 
not recorded in the LED light. These species may be more vulnerable to habitat destruction and 
fragmentation. Nonetheless, some species of bats were found in sources of LED light which 
indicates that they may be more light tolerant and could adapt well to a changing light 
environment. The impact of lights and light type on specific species of bats is important for 
conservation of biodiversity as urbanization and development is increasing globally and the 
illuminance of the nocturnal sky increases with light pollution.  
 
RESUMEN 
Este experimento estudia el impacto de la contaminación lumínica en los murciélagos 
insectivoros de Monteverde, Costa Rica. Los llamados de ecolocalización de los 
murciélagos fueron grabados en seis sitios pareados, con y sin luz artificial. Tres 
tenían luces LED y tres luces de vapor de sodio. Espectogramas de las llamadas 
grabadas se usaron para identificar las especies de murciélagos. No hay diferencia en 
la actividad de los murciélagos en las áreas con luz y oscuras o por los tipos de luces 
diferentes (X 2  = 0.1229, p = 0.2740, gl = 1). Algunas especies de murciélagos se 
grabaron solo en las áreas oscuras. Por ejemplo Myotis spp fueron grabados en las 
zonas oscuras o con luz de vapor de sodio pero no en las áreas con luces LED. Estas 
especies pueden ser más vulnerables a la destrucción del hábitat y la fragmentación. 
Sin embargo, algunas especies de murciélagos se encontraron en zonas con luces LED 
lo cual indica que pueden ser más tolerantes y se pueden adaptar bien a ambientes de 
luz cambiantes. El impacto de las luces y el tipo de luz en especies específicas de 
murciélagos es importante para la conservación de la biodiversidad al aumentar 
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globalmente la urbanización y el desarrollo y al aumentar la iluminación del cielo 
nocturne con contaminación lumínica. 
 
INTRODUCTION  
 
Global increase in human population has increased the use of artificial lights and the intensity of 
light pollution. Light pollution has brightened the nocturnal sky 20% (Stone et al. 2015). The use 
of artificial light poses a threat to nocturnal taxa, such as bats (Lewanzik & Voigt 2016). 
Increased light pollution may impact their foraging, reproduction, and communication behavior 
(Stone et al. 2015) and allow diurnal taxa to be active for part of the night, leading to more 
interspecies competition (Lewanzik & Voigt 2016). Light-emitting diodes (LEDs) are 
increasingly replacing sodium-vapor lamps because of their higher energy efficiency; however, 
their impacts on nocturnal taxa are not well known (Stone et al. 2015, Lewanzik & Voigt 2016).  

Insectivorous bats are considered indicator species of changes in biodiversity as a result 
of anthropogenic activity (Azam et al. 2018). Studying how bats change their behavior and 
respond to light can provide insight on how light pollution may be impacting biodiversity and the 
behavior of other nocturnal species. Bats provide vital ecological services such as seed dispersal 
and pest control, making them important species to conserve for the health of the entire 
ecosystem (Azam et al. 2018). LEDs may have a greater anthropogenic impact on insectivorous 
bats found in urban areas than sodium-vapor lamps because of their higher illuminance and 
larger spectrum of light emission. The use of LEDs could eventually affect the resilience of bats 
found in urban areas (Lewanzik & Voigt 2016).  

Bats with roosts near artificial light have a later emergence time and are foraging later, 
causing them to miss the peak abundance of insects at dusk (Stone et al. 2015). LED street lights 
reduce bat activity of slow-flying bats, such as Myotis spp., but have no effect on fast-flying bats 
(Stone et al. 2012). Some species of bats actively forage near street lights to take advantage of 
the high densities of insects that are attracted to the light, resulting in less competition among 
light-tolerant bats and creating more competition for light-averse bats (Stone et al. 2015, 
Lewanzik & Voigt 2018).  
 This study looks at the impacts of light pollution on insectivorous bats in Monteverde, 
Costa Rica by comparing the activity of bat species near LEDs and sodium-vapor lamps. 
Understanding how increasing the use of LEDs is impacting and changing bat behavior is 
important for bat conservation efforts and protecting biodiversity. Some species of bats, such as 
slow-flying bats, may be more sensitive to LEDs and other types of artificial light and therefore 
change their behavior. My study hopes to investigate the impact of light pollution on bat activity 
and specific species of insectivorous bats in Monteverde, Costa Rica.   
  
METHODS AND MATERIALS 
 
Study Site 
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This study was conducted in Monteverde, Costa Rica on nights between July 18th, 2018 
and July 28th, 2018. This time of the year is considered the rainy season in Costa Rica. Study 
sites were located in disturbed areas of secondary premontane wet forest and secondary lower 
montane wet forest with street lights present.   

Bat echolocation calls were recorded at six paired-sites around Monteverde. Each paired-
site consisted of one light and one dark area that were within 60 meters of each other; three 
paired-sites were located near light-emitting diodes (LEDs) street lights while the other three 
were located near sodium-vapor street lights. Dark sites were located by walking away from the 
street light until I could no longer see with my eyes. LEDs were identified by the type of light 
bulb as well as the white-light that they emit. Sodium-vapor lamps were identified by their 
orange glow. Each night I recorded at one paired-site for a total of six nights of recording. I 
began recording calls around 8:00 pm each night. Recording was not done during heavy rain or 
high wind because this has shown to interfere with insectivorous bat activity in Monteverde 
(Andreini 2018).  

 
Bat activity  
 Bat echolocation calls were recorded using the original model of Echo Meter Touch 
(EMT) plugged in to an iPad Mini 2 and using the EMT application. The EMT microphone was 
restricted to recording frequencies between 15 kHz and 100 kHz; all known bat species in 
Monteverde have echolocation calls that fall within these frequencies. At each paired-site, I 
recorded in the dark for 30 minutes and in the light for 30 minutes for a total of one hour of 
recording each night. At the light sites, I stood within 5 meters of the base of the street light. For 
both dark and light sites, I stood in areas with little to no canopy cover.   
 Recordings were uploaded from the EMT application as .wav files. These .wav files were 
then converted to zero crossing files with the program Kaleidoscope. This program also filtered 
out any noise that was unlikely to be a bat echolocation. AnaLook software was then used to 
view the recordings as spectrograms. I analyzed each spectrogram to identify bat passes and the 
species of bat that passed based on the frequency and structure of the waveforms. I was able to 
identify the species of bat with the help of Dr. Richard LaVal, as well as a library of 
spectrograms of identified species in Monteverde. I counted the number of bat passes in each 
light and dark site as well as identified the species of bats that passed through the site. I observed 
whether these species passed through light sites only, dark sites only, LED light only, sodium-
vapor light only, or both light and dark sites.  
 
Statistical Analysis  
 A Chi-squared test was ran on the data to determine if there was a significant difference 
between the observed and expected values of the number of bat passes in the light and the dark 
and the type of light.  
 
RESULTS 
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Bat activity  
 There was a total of 214 bat passes and 13 species of insectivorous bats (Table 1) 
identified during the six nights of recording. There were more bat passes in the LED light than in 
the sodium-vapor light and more bat passes in the dark near the sodium-vapor lamps than dark 
sites near the LEDs (Figure 1).  The presence of light and specific light type, however, did not 
have a significant impact on the number of bat passes (X2 = 0.1229, p = 0.2740, df = 1).  
 

 
Figure 1. Number of insectivorous bat passes recorded at LED light and sodium-vapor lamp 
light and the number of bat passes at the paired dark sites in Monteverde, Costa Rica. There were 
57 bat passes at the LED light sites and 50 passes at the sodium-vapor light sites for a total of 
107 bat passes in the light. There were 47 bat passes at the dark sites that were paired with the 
LED light sites and 58 passes at the dark sites paired with the sodium-vapor light for a total of 
108 bat passes at the dark sites. The number of bat passes were determined by examining 
spectrograms in AnaLook software. There was no significant difference between the number of 
bat passes in the light and the dark or between the type of light (X2 = 0.1229, p = 0.2740, df = 1).  
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Figure 2. Number of insectivorous bat species recorded and identified in the light and the dark at 
six paired-sites located around Monteverde, Costa Rica. Recordings of bat echolocation calls 
were examined as spectrograms to identify the species of insectivorous bats that passed through 
dark and sodium-vapor light sites (sites 2, 5, and 6) and LED light sights (sites 1, 3, and 4).  

 
 All three sodium-vapor light sites had more bat species pass in the dark than in the light 
(sites 2, 5, and 6) (Figure 2). The LED light sites were inconsistent with the number of species 
that passed in the light and the dark (sites 1, 3, and 4). One LED site had an equal number of bat 
species pass in the light and dark (site 1), one site that had more species of bats pass in the dark 
than the light (site 4), and one site that had more species of bats pass in the light than the dark 
(site 3) (Figure 2).  
 
Table 1. Species of insectivorous bats recorded and identified in the light (LED and sodium-
vapor light) and in the dark in Monteverde, Costa Rica. Species were identified by analyzing 
waveform and frequencies of the spectrograms.  

Species found Found in dark Found in LED Found in sodium-vapor 
light 

Dasypterus ega X X X 

Dasypterus intermedius X   

Diclidurus albus X   

Espectus brasiliensis X X X 

Eumops auripendules  X X 

Lasiurus blosseville X X  
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Lasiurus species X X  

Molossus molossus X X X 

Myotis nigricans X  X 

Myotis oxyotus X  X 

Myotis pilosatibialis X   

Myotis riparius  X   

Tadarida brasiliensis  X   

 
Dasypterus intermedius, Diclidurus albus, Myotis pilosatibialis, Myotis riparius, and 

Tadarida brasiliensis were all recorded in dark sites but not light sites (Table 1). Most species 
that were recorded in the light were recorded in both LED and sodium-vapor light, but Myotis 
oxyotus was only recorded in sodium-vapor light and not LED light (Table 1). More bat species 
were recorded at dark sites than at light sites.  
 
 
DISCUSSION   
  
 Insectivorous bat activity was not different between light and dark sites and types of 
light. The presence of light and light type did have an impact on the species of insectivorous bat 
that was recorded at the site. Dasypterus intermedius, Diclidurus albus, Myotis pilosatibialis, 
Myotis riparius, and Tadarida brasiliensis were all recorded in the dark but not in the light. 
Myotis nigricans and Myotis oxyotus were recorded in the dark and sodium-vapor light but were 
not recorded in the LED light. These species of bats may be light-averse and sensitive to habitat 
fragmentation and alteration. (Azam et al. 2018).  
 Slow-flying bats rarely forage near artificial lights because their slower speeds make 
them more vulnerable to predators; therefore, they tend to stay near vegetative cover rather than 
fly near lights (Rowse et al. 2015). They also tend to emerge only after dusk when it completely 
dark, making them more likely to be light-averse (Lewanzik & Voigt 2016). Myotis spp are 
slow-flying bats and are light-averse. This study recorded M. pilosatibialis and M. riparius only 
in dark areas and recorded M. nigricans and M.oxyotus in both dark areas and areas lit by 
sodium-vapor light. This supports that Myotis spp are light-averse because they were not 
recorded in areas of high-intensity LEDs which emit a larger spectrum of light than sodium-
vapor light. High illuminance levels of lights can impair orientation of slow-flying bats 
(Lewanzik & Voigt 2016). Light-averse bats change their commuting behavior in order to avoid 
lights; this causes habitat fragmentation (Stone et al. 2012). Extinction risk is highest in bat 
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species that show aversion to artificial lighting because their geological range is shrinking and 
becoming fragmented with increasing light pollution (Rowse et al. 2015).    

Increased awareness of the ecological impacts of light pollution on nocturnal species as 
well as the need to reduce greenhouse gas emissions and anthropogenic impact on climate raise 
the need for the development of technologies that meet both demands (Stone et al. 2009). 
Conservation of light-averse bats is important for conserving biodiversity in areas of increasing 
light pollution.  
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ABSTRACT 

 
Ecotourism has often been touted as the economic savior that will protect the last remaining 

pristine ecosystems. However, there is an increasing body of evidence suggesting that ecotourism may have 
large impacts on these ecosystems.  For instance, studies have shown that the presence of humans in the 
environment may have adverse effects on wildlife. This study aimed to examine if increased numbers of 
tourists would alter the Flight response Distance (FRD) in white-nosed coatis. To address this, I recorded 
the approach distance for coatis in three reserves that receive different volumes of tourists. I found that 
white-nosed coatis in the reserve with the highest volume of tourists had the smallest FRD, while coatis in 
the reserve with the lowest volume had the highest FRD. This finding supports other studies that have 
found altered behaviors in wildlife exposed to humans suggesting that ecotourism may be more harmful to 
wildlife than previously thought. 

 
RESUMEN 
 

El ecoturismo se ha promocionado como el salvador económico que protejerá los últimos 
remanentes de ecosistemas pristinos.  Sin embargo, hay un incremento en la evidencia que sugiere que el 
ecoturismo puede tener un largo impacto en estos ecosistemas.  Por instancia, los estudios han mostrado 
que la presencia de humanos en el ambiente puede tener efectos adversos en la vida silvestre.   Este estudio 
busca examinar si el aumento en el número de turistas alteran la Distancia de Respuesta de Reacción (FRD 
por sus siglas en inglés) en los pizotes.  Para lograr esto, tomé la distancia de aproximación a pizotes en tres 
reservas que reciben diferentes volumenes de turistas.  Encontré que los pizotes en la reserva con el mayor 
volumen de turistas tiene el menor FRD, mientras que los pizotes en la reserve con el menor volumen tiene 
el mayor FRD.  Estos resultados apoyan otros estudios que han encontrado comportamientos alterados en la 
vida silvestre expuesta a los humanos sugiriendo que el ecoturismo puede ser más dañino a la vida silvestre 
de lo que se pensaba previamente. 
 
 
INTRODUCTION 
 
Deforestation and habitat destruction is occurring rapidly around the world, especially in 
the Tropics. One way to combat this destruction of precious habitats is to utilize 
ecotourism. Ecotourism is a way in which to bring in income to aid in preserving these 
habitats and protecting them from future destruction. Specifically, ecotourism should 
protect natural habitats as well as empower local peoples (Stem et al. 2003). Indeed, 
ecotourism has proven to play an important role in the conservation of wildlife 
biodiversity (Newsome and Hughes 2016) as well as bringing awareness to wildlife and 
promoting environmental mindfulness. While bringing awareness, ecotourism can also 
negatively impact the environment. With high influxes of tourists comes the possibility of 
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soil erosion from constant traffic, vegetation destruction, and noise pollution (Butarbutar 
and Soemarno 2013). One of the most disruptive aspects of ecotourism is the possibility 
of human habitutation.  The consequences of habituation include changes to behavioral 
patterns such as altering distribution, activity patterns, and flight responses (Stankowich 
2008, Stankowich and Blumstein 2005).  

A common method for quantifying habituation is to measure an animal’s flight 
response distance (FRD) which measures how close a predator can get to prey before it 
flees (Stankowich 2008). Studies have shown that humans can illicit flight responses in 
animals. Stankowich (2008) found that ungulates with more human contact had smaller 
flight response distance than those in areas with little human contact. In addition, Recarte 
et al. (1998) found similar results with fallow deer at the Buzet Forest in France. 

In this study, I wanted to see if habituation, as measured by FRD, varied with 
varying numbers of ecotourists, or if just the presence of tourists would lead to similar 
habituation. To address this, I focused on white-nosed coatis (Nasua narica). Coatis are 
highly adaptable diurnal mammals that have been known to become habituated to 
humans (Beisiegel 2001). I expected white-nosed coatis to show reduced FRDs in the 
area of high ecotourism and larger FRDs in the area with low ecotourism. They are also 
found in many protected areas in Central America that are also ecotourism destinations 
(Iriarte et al. 2005). The study took place at three reserves in Monteverde, Costa Rica 
with varying levels of ecotourism.  

 
METHODS 
 
Study Sites 
The Biological Station, a 100 hectare research station located in lower montane wet 
receives the lowest amount of visitors with about 325 students and researchers per year 
(Caldas 2009). There is a relatively low amount of human traffic on the trails and around 
the main building. Santuario Ecológico, a 48 hectare private reserve located in 
premontane wet forest, receives approximately 3600 visitors per year (Palm 2017). 
Santuario has four different trails along with coffee and banana plantations. The 
Monteverde Cloud Forest Preserve is a 5,000 hectare reserve in lower montane wet forest 
which receives the largest amount of tourists with nearly 80,000 people per year (Caldas 
2009). They have ten different trails, a large parking area, a hummingbird sanctuary, and 
multiple shops and cafes. My experiment lasted for 12 days, 4 days at each site. At each 
site I stayed on the trails, in the parking lots, near shops, and in any other human 
accessible area.  
 
Study Species 
White- nosed coatis are medium- sized members of the raccoon family Procyonidae 
ranging from Arizona and New Mexico to South America (Janzen 1983). They are a 
common, widespread species found throughout almost all of Costa Rica (Cabi 2018). 
They are primarily diurnal and can occupy a variety of habitats ranging from deserts to 
forests of up to 3000 meters (Janzen 1983). Adult males are solitary whereas females and 
juveniles live in groups ranging anywhere from 2- 26 individuals (Gompper 1995). The 
territory size of coatis ranges from .17 to 32 km2  (Cabi 2018). Coatis are omnivorous and 
adapt their diet to the habitat they are in (Cabi 2018). Like their raccoon relatives, they 
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have the ability to become adapted to the presence of humans (Cabi 2018). 
 
Measuring FRD 
Coatis were approached with a slow and steady walk from variable start distances. I 
recorded the distance the coati could be approached before it ran a minimum of one meter 
from its starting spot. Coatis were not marked or tagged, giving way to the possibility that 
an individual could have been approached more than once at each site. To minimize this 
potential, I observed no more than twenty coatis in one day at each site, did not follow 
coatis after they were used, and made note of distinct features on different coatis such as 
darker or light fur, distinctive ringed tails, large scars, etc. Coatis were approached at 
each site on alternating days from July 16 to July 29 for 3-4 hours every day between 
8:00 AM and 1 PM. Data was analyzed using a one-way ANOVA in the StatsPlus.   
 
RESULTS 

 
In total I approached 113 coatis during the study period (33 in the Station, 40 in the 
Santuario, 40 in the Preserve). In the Station I encountered between 2-16 coatis with FRD 
ranging from 1.1 to 15.92 m (mean +/- sd= 6.69 ± 2.77). At Santuario Ecológico I 
encountered between 2- 18 coatis with FRD ranging from 1.61 to 7.91 m (3.66 ± 1.48). 
Coatis were never found in the parking area or near the main office. They remained in the 
forested areas and spent more time in the trees than coatis at the other sites. Female 
groups were recorded most often, and the few males recorded were found further into the 
reserve, further away from where the female groups inhabited. At the Monteverde Cloud 
Forest Preserve 6- 13 coatis were observed with FRD ranging from .24 to 7.52 m (1.32 ± 
1.28). Coatis were found commonly in the parking area, in the main area of the Preserve, 
and around the hummingbird sanctuary. Only one coati was found on the trails. Coatis at 
the Preserve were well habituated with humans. They would go up to people on their 
own, and occasionally take or receive food from people. The coatis also frequently went 
to the hummingbird sanctuary and took the nectar from the feeders.  

 
FRD was different at all three test sites (df=2 , P=0.E+0 , n=113, Figure 1). The flight 
response distances were greatest at the Station, lowest at the Preserve and intermediate at 
Santuario showing a significant difference between the coati responses at the three. A 
Tukey- Kramer Test showed there was also a significant difference in the flight responses 
between the Preserve and Santuario (P=.00001, n= 80), the Preserve and the Station 
(P=.00001, n=73), and Santuario and the Station (P=.00001, n=73).  
 
 
 
 
 
 
 
 
 
 

135

135

135

135

135



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Average FRD of white-nosed coatis at Monteverde Cloud Forest Preserve, 
Santuario Ecológico, and the Biological Station. Coatis showed different flight response 
distances at each of the sites (one-way ANOVA, P<0.05). 
 
DISCUSSION 
 
Coatis did show varying levels of habituation, as quantified with the FRD, between the 
three study sites. These findings are consistent previous findings in lizards (Cooper et al. 
2003), fallow deer (Recarte et al. 1998), and ungulates (Stankowich 2008). These all 
show how human presence can affect the behaviors of wildlife. This study additionally 
showed that not only can human presence affect wildlife behaviors, but that behaviors 
can vary with varying amounts of people. It was found that behaviors are more greatly 
affected in areas with high amounts of human presence such as parks, reserves, and 
sanctuaries. At Santuario and the Station they are found mostly in or near forested areas. 
This is likely due to them actively foraging and not having direct access to human waste. 
At the Station, when coatis were found closer to human establishments such as the main 
building they were typically foraging for food waste. At the Preserve, coatis were rarely 
found deep into the forested areas and often stayed in areas of high human traffic where 
food is easier to access. I observed the coatis, on multiple occasions, being given food 
directly by tourists. This could explain why the FRDs of white-nosed coatis were greatly 
reduced at the Preserve.  

Coatis being given food by tourists regularly could begin to alter more than just 
their flight response distances, potentially leading to coatis at the Preserve to deviate from 
their natural behaviors such as lessening their foraging skills (Orams 2002). This 
deviation could lead to more behavioral and physical changes such as aggression, 
decreased activeness, and lowered health which has been documented in macaques, 
kangaroos, bears, and in raccoons, a close relative of coatis (Laroche et al. 2007, Orams 
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2002). However, with these negatives there are potential benefits to these close 
interactions with wildlife that some ecotourism can offer. People feel a closer connection 
to nature when they can closely interact with them. This could thus attract more people to 
reserves and bring in more money. Vickermann (1988) found that nearly $14 billion was 
made from photography, viewing, and feeding of wildlife in the 1980s. This amount can 
go towards enhancing the ecosystem and further protecting it from destruction, or directly 
towards the wildlife in providing funding for research.  

Various studies have shown other affects tourism can have on wildlife. Boat 
tourism has had an affect on bottlenose dolphins ranging behaviors in New Zealand 
(Lusseau 2004). Social behavioral changes have been documented in pygmy marmosets 
in Ecuador showing decreased time playing and less use of vocalizations in areas of high 
human contact (de la Torre et al. 2000). These studies all show the harmful effects 
ecotourism can have on wildlife, and must be taken into consideration when examining 
whether ecotourism is as beneficial to the environment as it appears to be. Unfortunately, 
ecotourism can only be economically maintained if enough people come to areas. 

There are a multitude of opinions on whether or not ecotourism is beneficial for 
wildlife. Many believe it to be the best option for conservation of wildlife whereas others 
see no advantages for wildlife at all, just for people (Orams 2002, Gauthier 1993). 
Various other studies have shown the negatives impacts of ecotourism on wildlife. With 
this, there are still positives to ecotourism. Ecotourism has helped protect natural habitats 
that had the potential of being destroyed and used for other uses (Isaacs 2000). Tisdell 
and Wilson (2002) found that ecotourism has had a positive impact on sea turtle 
populations by providing funds to protect hatchlings and prevent urban development in 
sea turtle habitats. It has spread awareness for the protection of wildlife and has shown to 
be beneficial in maintaining or increasing biodiversity (Newsome and Hughes 2016).  

Overall, this study concludes that white-nosed coatis flight response behaviors are 
largely affected by the increased presence of humans. This shows the possibility of other 
wildlife to be affected as well, and addresses the adverse effects ecotourism can have. 
Ecotourism should be further examined to determine what other harmful effects can 
occur in order for it to be truly effective. 
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APPENDIX 
 

 
Figure 2: White-nosed coati being fed by tourists at the Monteverde Cloud Forest 
Preserve. 
 
 
	

139

139

139

139

139


