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ABSTRACT 
Phenotypic plasticity is a trait that may allow plants to have varied morphology in different environmental 
conditions. One of these varied morphological traits are drip tips, which are used to drain water from the leaf surface 
through the tip of the leaf. Drip tips may be more advantageous in areas with more precipitation due to their water 
shedding ability. In Costa Rica, the Atlantic slope receives more rainfall year-round and has less seasonality than the 
Pacific slope. This study examines drip tip length and proportion of drip tip area to total leaf area in Peperomia 
hernandifolia on the Pacific and Atlantic slopes of the Continental Divide. It was found that P. hernandifolia 
displayed phenotypic plasticity in their leaf morphology depending on environmental conditions, as its leaves had 
longer drip tips and a greater proportion of drip tip area to total leaf area on the Atlantic slope than on the Pacific 
slope. Since drip tips are a method of water removal, having larger drip tips on the Atlantic slope is likely due to the 
increased precipitation on the Atlantic slope versus the Pacific slope.  

RESUMEN 
La plasticidad fenotípica es un rasgo que puede permitir a las plantas una variedad morfológica en diferentes 
condiciones ambientatles. Una de estos rasgos con variaciones morfológicas son las puntas de goteo, las cuales son 
usadas para drenar agua de la superficie de la hoja a través de la punta de la hoja. Las puntas de goteo pueden ser 
más ventajosas en áreas con más precipitación debido a la capacidad de derramar agua. En Costa Rica, la vertiente 
Atlántica recibe más lluvia a lo largo del año y es menos estacionaria que la vertiente Pacífica. Este estudio examina 
el largo de las puntas de goteo y la proporción del área de la punta de goteo con respect al área de la hoja en 
Peperomia hernandifolia en las vertientes Pacífico y Atlántica en la división continental. Se encontró que P. 
hernandifolia muestra plasticidad fenotípica en la morfología de sus hojas dependiendo de las condiciones 
ambientales, al tener las hojas puntas de goteo más largas y una mayor proporción del área de la punta de goteo al 
área total de la hoja en la vertiente Atlántica que en la Pacífica. Dado que las puntas de goteo son un método para 
remover agua, el tener una punta de goteo larga en la vertiente Atlántica puede deberse al aumento en la 
precipitación en la vertiente Atlántica con respect a la vertiente Pacífica. 

INTRODUCTION 
Phenotypic plasticity occurs when “a single genotype can produce different phenotypes in 
different environments”, and plants have been shown to be phenotypically plastic for a variety of 
traits (Sultan, 2000). In plants, leaf morphological features may change in different 
environmental conditions, such as leaf size, toughness, and petiole length (Chambers, 2001). 
Another trait that can be phenotypically plastic under varying environmental conditions are drip 
tips. Drip tips are long, narrow tips of leaves which provide a channel for the removal of water 
from the leaf surface. They are common in tropical rain and cloud forests due to the high rainfall 
and humidity (Lightbody, 1985). There are multiple hypotheses for the evolution of drip tips. 
First, water accumulating on leaves may reduce transpiration which reduces the rate of nutrient 
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uptake from the roots, making drip tips favored (Lightbody, 1985). Second, water on leaves may 
also promote epiphyll growth, which can be damaging to the plant as it reduces transpiration. 
Third, on terrestrial plants with drip tips, they are thought to prevent splash erosion around the 
base of the plant by reducing water drop size (Williamson et al., 1983). Due to their improved 
water shedding ability, drip tips are common in areas with high precipitation such as 
Monteverde, Costa Rica.  

A previous study at the Estaciόn Biolόgica Monteverde used Begonia sp. leaves and 
found that drip tip length increased with increasing elevation (Massa, 1993). This was thought to 
be because there is increasing precipitation with increased elevation in the cloud forest. A study 
conducted in Monteverde, Costa Rica in 2006 focused on the precipitation and weather patterns 
on either side of the Continental Divide and found that the Atlantic slope exhibits higher 
precipitation and less seasonality than the Pacific slope (Rhodes, Guswa, & Newell, 2006). The 
rain shadow reduces precipitation on the Pacific slope during the dry season, and there is also 
less precipitation on the Pacific slope than on the Atlantic slope during the wet season. The 
Atlantic slope receives higher annual rainfall than the Pacific slope and is perpetually wet, while 
the Pacific slope has seasonal fluxes in moisture. This difference in precipitation could influence 
differences in plant phenotype expressions, such as varying drip tip sizes, because the negative 
effects that excess water on the leaf surface has on plant function may select for leaves with 
different morphological traits in wet areas to reduce excess leaf surface water (Goldsmith et al., 
2016).  

Peperomia hernandifolia is a member of the Piperaceae family that has broad, succulent 
leaves, with round bases and an elongated, pointed drip tip. It is an epiphytic or terrestrial vine, 
usually found between 1000 to 2300 m.a.s.l. in wet forest understories in Central America 
(Gargiullo, Magnuson, & Kimball, 2008). P. hernandifolia is abundant in the Estaciόn Biolόgica 
forest in Monteverde, Costa Rica. A study by a former CIEE student found that leaf morphology 
in Piper sp. (Piperaceae) varied along an elevational gradient (Chambers, 2001). Given that other 
members of the Piperaceae family have been shown to have phenotypic plasticity and that drip 
tip size has been found to increase with increasing elevation and therefore increasing 
precipitation, this study examines if P. hernandifolia exhibits phenotypic plasticity under 
different environmental conditions determined by watersheds: Atlantic and Pacific. This study 
investigates the size of drip tips in P. hernandifolia, both in length and area, on the Pacific and 
Atlantic slopes. Since drip tips reduce excess water on the leaf surface, larger drip tips may be 
selected for on the Atlantic slope due to increased precipitation and leaf wetting. 

METHODS 
Study Sites 

This study took place at the Estaciόn Biolόgica Monteverde forest in July 2019. Data was 
collected between 1670 and 1730 m.a.s.l. on the Pacific and Atlantic sides of the continental 
divide, at the forest from the Estaciόn Biolόgica Monteverde, which is defined as a lower 
montane rain forest.  
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Sample Collection 

Samples of 30 plants of P. hernandifolia were collected between 1670 and 1730 m on the Pacific 
and Atlantic slopes. Three leaves were sampled per plant, resulting in a sample size of 90 leaves 
per slope. On each slope, samples were collected at a variety of elevations within this elevational 
belt. The selected P. hernandifolia plants were at least 1 m off the trail to avoid alterations from 
human trail use, and if they presented epiphytic growth, I selected plants that were less than 1 m 
from the ground. P. hernandifolia grow with underground rhizomes, so these rhizomes were 
followed to ensure that three leaves were taken from the same plant. Each plant selected was also 
at least 2 m away from other selected plants to avoid plant repetition. For plants with leaves of 
varying sizes or heights from the ground, the three leaves sampled from each plant aimed to be a 
representation of the variations present within that plant. The leaves of P. hernandifolia were 
placed on a white piece of cardstock alongside a ruler as a scale, and a photograph was taken 
from directly above (see Figure 1). The elevation was also recorded for each plant that was 
sampled. 

 
Figure 1. Image of a sample leaf of P. hernandifolia on white cardstock with a ruler for scale.  

Image Processing 

Images taken of the P. hernandifolia leaves were processed using ImageJ. The drip tip length, 
total leaf area, and drip tip area were measured on ImageJ. The drip tip was defined as the excess 
pointed leaf area after the leaf would appear to round off if the leaf were an oval shape and no 
drip tip was present. The drip tip length and proportion of drip tip area to total leaf area were 
calculated. 
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Statistical Analysis 

A t-test was used to compare the drip tip lengths between the Pacific and Atlantic slopes, and 
another t-test was used to compare the proportion of drip tip area to total leaf area between the 
Pacific and Atlantic slopes. Regression analyses were used to analyze the relationship between 
drip tip length and the proportion of drip tip area to total leaf area in the small elevation gradient 
sampled on the Pacific and Atlantic slopes. 

RESULTS 
After measuring drip tip length for P. hernandifolia leaves on each side of the Continental 
divide, it was found that longer drip tips are present on the Atlantic slope than on the Pacific 
slope (T = 1.973, p < 0.00001, df = 178; Figure 2). Furthermore, P. hernandifolia leaves have a 
larger proportion of drip tip area to total leaf area on the Atlantic slope than on the Pacific slope 
(T = 1.973, p < 0.00001, df = 178; Figure 3). These results show that the drip tips of P. 
hernandifolia are generally larger on the Atlantic side of the Continental divide. 

 

 
Figure 2. Average drip tip length of P. hernandifolia on the Pacific and Atlantic slopes (T = 
1.973, p < 0.00001, df = 178). 
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Figure 3. Average proportion of drip tip area to total leaf area of P. hernandifolia on the Pacific 
and Atlantic slopes (T = 1.973, p < 0.00001, df = 178). 

 

The regression analysis of the small elevation range selected for this study (1670 to 1730 
m.a.s.l.) and the possible influence over the drip tip measured features of P. hernandifolia 
showed that for drip tip length on both the Pacific and Atlantic slopes, there was a very slight yet 
not significant positive trend between drip tip length and elevation (Pacific: R2 = 0.0585, P = 
0.0216, n = 90; Atlantic: R2 = 0.0282, P = 0.113, n = 90; Figure 4). However, there was a lot of 
variance in the data and the data did not fit well to the regression line on either slope. The 
relationship between proportion of drip tip area to total leaf area and elevation yielded similar 
results. On both the Pacific and Atlantic slopes, there was a very slight positive trend between 
the proportion of drip tip area to total leaf area and elevation (Pacific: R2 = 0.0317, P = 0.0933, n 
= 90; Atlantic: R2 = 0.0733, P = 0.0098, n = 90; Figure 4). There was also a lot of variance in this 
data and it did not fit well to the regression lines. These results dictate that between 1670 and 
1730 m, there is very little relationship between drip tip size and elevation on either side of the 
Continental divide (see Table 1). 
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Figure 4. Relationship between P. hernandifolia drip tip length and elevation on the Pacific and 
Atlantic slopes.  

 

 
Figure 5. Relationship between P. hernandifolia proportion of drip tip area to total leaf area and 
elevation on the Pacific and Atlantic slopes. 
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Table 1. Regression analyses for Peperomia hernandifolia drip tip length and proportion of drip 
tip area to total leaf area with relation to elevation on the Pacific and Atlantic slopes. There is a 
very weak relationship between drip tip size and elevation within this elevational belt and the 
data does not fit well to the regression lines.   

 Drip Tip Length Drip Tip Area/Total Leaf Area 
 Pacific Slope Atlantic Slope Pacific Slope Atlantic Slope 

Equation 
y = 0.0086x - 

12.882 
y = 0.0046x - 

5.4267 
y = 0.0002x - 

0.3006 
y = 0.0003x - 

0.4526 
R2 0.0585 0.0282 0.0317 0.0733 
F 5.4722 2.5571 2.8785 6.9623 
P 0.0216 0.1134 0.0933 0.0098 
n 90 90 90 90 

 

DISCUSSION 
In this study, Peperomia hernandifolia was found to show phenotypic plasticity in leaf 
morphology with varying environmental conditions on the Atlantic and Pacific slopes.  
Phenotypic plasticity allows plants to adapt their physical characteristics to best suit their 
environmental conditions. In P. hernandifolia, this was seen in an adaptation of leaf morphology. 
A previous study showed that other members of the Piperaceae family have also exhibited 
phenotypic plasticity with altered environmental conditions, as they displayed altered leaf 
morphology with increasing elevation (Chambers, 2001). That study found differences in leaf 
size, leaf toughness, and petiole length, so it is possible that P. hernandifolia also displays 
plasticity in ways other than the size of drip tips, which was the focus of this study. 

P. hernandifolia leaves were found to have longer drip tips and a larger proportion of drip 
tip area to total leaf area on the Atlantic slope than on the Pacific slope. Since drip tips are a 
method to remove water from the leaf surface, larger drip tips are likely more advantageous in 
areas with higher precipitation. The Atlantic slope receives higher levels of precipitation and 
exhibits less seasonality than the Pacific slope (Rhodes, Guswa, & Newell, 2006). The varied 
morphology in P. hernandifolia is likely due to the fact that there are higher levels of 
precipitation on the Atlantic side of the Continental Divide, and therefore larger drip tips are 
favored. However, there are also other abiotic factors that vary between the Atlantic and Pacific 
slopes which were not measured in this study, such as temperature and wind, that may also 
influence morphological variations.  

The drip tip size on P. hernandifolia did not exhibit a significant relationship with 
elevation. However, this study used a small elevational range on each side of the Continental 
Divide (1670 to 1730 m). In a previous study on drip tips of Begonia sp., longer drip tips were 
found with increasing elevation, but that study was done on an elevational gradient over twice 
the size of the one used for this study and Begonia is a member of the Begoniaceae family while 
P. hernandifolia is a member of the Piperaceae family (Massa, 1993). After conducting this 
study and knowing that P. hernandifolia displays phenotypic plasticity and knowing that there 
was a slight positive but nonsignificant trend, it is possible that if samples of P. hernandifolia 
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were taken from a larger elevational belt, a more significant relationship between drip tip size 
and elevation might be seen. 

Besides drip tips, another approach that plants have for draining water from the leaf 
surface is to increase leaf inclination angles. Leaf angle was not measured in this study, but it has 
been found that shade adapted species will have larger drip tips and smaller inclination angles 
because a greater angle may reduce their ability to capture sunlight (Meng et al., 2014). Given 
this logic, it makes sense that an understory plant such as P. hernandifolia uses drip tips as their 
method of water removal and that their leaves appear to be very horizontal. 

This study found that P. hernandifolia displays phenotypic plasticity in its leaf 
morphology in different environmental conditions, and this is seen in its drip tip length and area. 
The larger drip tips found on the Atlantic slope of the Continental divide suggests that P. 
hernandifolia uses this varied morphology to overcome the year-round higher levels of 
precipitation on the Atlantic slope. 
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Niche overlap and microhabitat differences in Monstera 
dissecta and M. tenuis 
Madeline Beale 

Department of Geology & Environmental Sciences, State University of New York at Fredonia 

 

Abstract 
Organisms that are more closely related tend to have similar niches in the community, making understanding of their 
microhabitat preferences more nuanced. Monstera tenuis and Monstera dissecta are two closely related and 
morphologically similar species that grow in sympatry. Differences in elevation, open canopy cover, and size of the 
host trees were analyzed between and within the species of Monstera found. After comparing the results from 122 
individuals, the only variable that showed a mean difference between the species was the percentage of open canopy 
cover, 16.03 +/- 12.61 for M. tenuis and 12.11 +/- 5.39 for M. dissecta. However, a relationship between the 
elevation and the canopy cover in M. dissecta was also significant. This difference in light exposure between the two 
species shows that they may be exhibiting microhabitat preferences within their niche, facilitating their coexistence 
in the same forest. If the study site was extended outside of the limited elevational range in this study, I would 
expect these patterns in canopy cover to continue.  

 

Resumen 
Los organismos que están más cercanamente relacionados tienden a tener nichos más similares dentro de la 
comunidad, haciendo el conocimiento de sus preferencias de microhábitat importantes.  Monstera tenuis y Monstera 
dissecta son dos especies relacionadas y morfológicamente relacionadas que crecen simpátricamente.  Diferencias 
en elevación, cobertura del dosel, y tamaño del árbol hospedero se analizaron entre si mismas y entre diferentes 
especies de Monstera encontradas.  Después de comparar los resultados de 122 individuos, la única variable que 
mostró diferencias entre las especies fue el porcentaje de la cobertura de dosel, 16.03 +/- 12.61 para M. tenuis and 
12.11 +/- 5.39 para M. dissecta.  Sin embargo, una relación entre la elevación y la cobertura del dosel en Monstera 
dissecta fue también significativa.  Esta diferencia en la exposición de luz entre las dos especies muestra que pueden 
exhibir preferencias de microhábitat dentro de sus nichos, facilitando la coexistencia en el mismo bosque.  Si el sitio 
de estuidio hubiese sido extendido fuera de los límites del rango altitudinal en este estudio, yo esperaría la 
continuidad de estos patrones en la cobertura del dosel. 

 

Introduction 

Through the process of natural selection, species can find their niche by exploiting areas in the 
community that have varying environmental conditions including differing degrees of light, soil 
moisture or quality, etc. (Silvertown 2004). These differing conditions present the species with 
tradeoffs of which they must adapt to, eventually causing speciation. It has been suggested by 
Burns & Strauss that the more phylogenetically related species are the more similar they are 
ecologically, i.e. occupying very similar niches. They agree that stable coexistence in the tropics 
requires species to occupy their own niches but go on further to say that if species are too 
similar, they will not be able to coexist in the same community. By studying the niche patterns of 
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32 native species in their native soil, they were able to see that those species that were the most 
closely related competed more than with those of distant relation, concluding that niches and 
species interactions shape community structure (Burns & Strauss 2011). This study attempts to 
identify the microhabitat differences that may allow two closely related species to live in 
sympatry. Specifically, aiming to see if two species with resembling morphology can survive in 
similar, overlapping niches, or if they are more often found in different niches, supporting their 
claims for the requirements of coexistence in the tropics. 

Monstera spp. are a common group of herbaceous climbing plants that are found throughout 
much of Panama and Costa Rica often in overlapping ranges (Figure 1. a, b) This is a good genus 
to study because these epiphytes tend to occupy trunks of trees for support but do not actually 
feed off the trees nutrient supply, making their survival based solely on their environment. 
Madison, (1977), stated that the main diversification within the genus has been in relation to the 
kinds of trees they grow on and the way the species grow on them. To test for differences in 
microhabitat preference, I measured three variables 1) the elevation at which each species 
occurred 2) the size of the host tree, using DBH 3) the percent of open canopy cover. I chose 
these parameters because I felt that they would give me the best idea of the way each species 
preferred to grow on the tree. 

If microhabitat preferences are present within these parameters, that could support Madison’s 
claim about the way they diversify (Madison 1977). Considering many species are found within 
similar ranges of elevation, testing whether one species prefers a particular elevational belt when 
in the presence of a related competing species is of interest. A recent study on parapatric 
speciation across an elevational gradient showed an example of how local adaptation to a 
disruptive element can lead to diversification and thus microhabitat differences in closely related 
species (Linck, Freeman & Dumbacher 2019). In addition, the size of the trees the plants occupy 
and consequently the amount of sunlight penetrating through the tree canopy are important 
aspects to understanding these potential differences. Madison has documented that there have 
been benefits in the size of the plant for those hosting on a larger tree, as well as differences in 
occurrences of species with different canopy habits (Madison 1977). Based on this, I expect that 
these parameters will provide the evidence necessary to support the possibility of microhabitat 
preferences in these closely related Monstera spp.  

Methods 

From July 15 to July 29, 2019, Monstera spp. were located within the unaltered Lower montane 
wet cloud Forest, within the Estacion Biologica Monteverde, between 1500 and 1660 meters. 
When a Monstera was encountered I took the following measurements;  1) species of Monstera 
2) the elevation, using ???, 3) diameter at breast height (DBH) of the host tree, and 4) the 
percentage of open canopy cover above the Monstera using a densiometer. Trees that were 
measured were marked with tape to avoid repetition. The differences in elevation, DBH, and 
percent of open canopy cover between the species were all assessed using an independent t test. 
Additionally, the relationship between elevation and either DBH or percent of open canopy was 
tested within each species using a simple linear regression. 
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Study Organisms 

Both species are known to be found on trees from sea level to 1800, but M. dissecta can reach up 
to 2000 m (Gargiullo, Magnuson & Kimball, 2008).Two separate locations within the forest 
were observed. The two species were distinguished by visually assessing the width and number 
of fenestrations in the leaves. M. tenuis has more of a fern-like appearance with more frequent 
and narrow fenestrations, or perforations, as well as a more narrow leaf itself. M. dissecta 
generally has only 2-7 lobes per side with a much wider base (Gargiullo, Magnuson & Kimball, 
2008).  

 

Results 

The total sample size was 122 instances of Monstera, (n=61 for each species). The mean 
elevation of M. tenuis ranged from 1500-1660 m (x = 1588.12 +/- 43.05) , while that of M. 
dissecta ranged from 1500-1645 m (x = 1573.77 +/- 32.66) and this difference was significant 
(df = 120 , t = 2.073, p = 0.040, Figure 2). M. tenuis also showed a higher maximum elevation, 
1660 m, than M. dissecta which stopped being seen after 1645 m, however both species were 
found throughout the study area and showed a peak abundance between 1550-1575 m. The DBH 
of the host trees for M. tenuis ranged from 3.8-100.1 cm (x = 23.64 +/- 18.81) and M. dissecta 
ranged from 2.6-68.5 cm (x = 19.74 +/- 16.92) and the difference between the means showed no 
significance (df = 120, t = 1.204, p = 0.231). The percent of open canopy cover in M. tenuis 
ranged from 3.5-75% (x = 16.035 +/- 12.62) and M. dissecta ranged from 4.25-40% (x = 12.111 
+/- 5.39) the mean difference did show significance (df = 120, t = 2.234, p = 0.027).  

All tests for the differences within each variable for M. tenuis showed no significance, as well as 
with the elevation and DBH for M. dissecta. However, the percent of open canopy for M. 
dissecta was shown to increase significantly with increased elevation (df = 59, t = 5.243, p = 
2.24x10-6, Figure 3).  

Discussion 

Of the three variables measured, only canopy cover above where each species were found 
differed. In addition, canopy cover showed a strong, positive relationship with elevation when 
assessed using a simple linear model. This may be due to the canopy becoming more open as 
elevation increases, but it was interesting to notice that a pattern emerged in this species rather 
than the M. tenuis. This leads me to believe that this difference in canopy cover may enough to 
facilitate a microhabitat difference between the two species.   

The data show that the elevation and percent of canopy openness were significant factors in 
determining habitat preferences between the species. While there were not many differences 
within the species, it is important to note that when comparing percent of canopy to elevation in 
M. dissecta there was difference. This could be due to the smaller range of M. dissecta compared 
to M. tenuis, but this could also be a pattern that could continue with more observations at higher 
elevations. I am not surprised that there is no difference in the elevation within each of the 
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species because they have such wide ranges, but I did expect to see a difference between the two 
species resulting in them occupying their own microhabitat within the shared niche. A limitation 
of this experiment was the range at which the data was collected.  Both Monstera species are 
found from sea level to nearly 1800 m and I would expect to see more significant results between 
the species with an increased sample size at a wider range (Gargiullo, Magnuson & Kimball, 
2008). 

These findings are interesting based on Madison’s previous observations reviewing the genus. 
He was able to state that there are clear differences between these species but with the 
elevational range I studied, I was only able to see relevant evidence of differences in canopy 
cover. In his studies, he stated that M. tenuis were usually found on larger trees because of their 
inherently larger size of leaves (Madison 1977). I did not see this reflected in the data for DBH, 
but with samples from a wider range, it is possible that this pattern could emerge. Based on the 
differences that were found however, the data support Burns & Strauss’ claim that more 
phylogenetically related species will occupy very similar roles in the community. The averages 
in elevation were less than 15 m apart and both species showed a peak abundance between 1550-
1575 m, implying that both species have very similar elevational niches. Although the difference 
between the two species in elevation showed significance, I do not believe that it is biologically 
relevant because of the normal distribution shown in Figure 2. Additionally, the small difference 
in the mean percentage of open canopy cover shows that the species occupy a similar niche, but 
also suggests a microhabitat preference that may not have been noticed without this study.  

Plants in the tropics use these differences in environmental conditions to exploit different niches, 
and thus facilitating their coexistence with the millions of other species trying to survive around 
them (Silvertown 2004). These varying environmental conditions causing the microhabitat 
preferences in the genus Monstera could be one of the reasons for adaptive radiation in the 
species, other than genetic variability (Madison 1977). Environmentally induced variation may 
play a larger role than genetic mutations in evolution considering mutations only affect one 
individual at a time, whereas environmental pressures can affect multiple generations of a 
population, leaving a higher chance for divergence to occur (West-Eberhard 2005). These 
differences canopy cover where each of the species were found, may be enough to have caused 
niche partitioning into microhabitats and potentially be the reason for the diversification of these 
morphologically similar species. 
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Figures 

Figure 1. a) (left) Geographic range of M. dissecta, b) (right) Geographic range of M. tenuis in 
outlined rectangle (Madison 1977). 

 

a) b) 
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Figure 2. Number of occurrences of M. tenuis and M. dissecta in 25 m intervals of elevation in 
the Monteverde Cloud Forest.  

 
 Figure 3. Relationship between elevation and percent of open canopy cover in M. dissecta 
(n=61, df=59, t=5.243, p=2.24x10-6).  
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ABSTRACT 

Tilapias are a largely cultured fish species throughout the world and play a large role in the economy surrounding 
aquaculture. I aimed to study the parasite communities between tilapia ponds in Monteverde, Costa Rica and 
consider the correlation between water quality and parasite load. Two tilapia ponds were sampled from, one in San 
Luis (Pond A) and one in Cerro Plano (Pond B). Factors such as dissolved oxygen, pH, temperature, density, and 
turbidity were considered. 156 Trichodina, 50 unknown organisms, and 10 non-parasitic bdelloid rotifers were 
found in the pond that was more dense with a lower water quality (Pond A) as opposed to the 15 unknown 
organisms and lack of Trichodina and rotifers in the less dense pond with better water quality (Pond B). Pond B’s 
abiotic conditions and lower density were discovered to be more optimal for the success of tilapia than Pond A’s, 
which could possibly indicate why the parasitic richness and load were significantly lower. 
 
RESUMEN  
 
Las tilapias son una especie de peces ampliamente cultivadas a lo largo del planeta y juegan un papel importante en 
la economía rodeada por la acuacultura.  Busqué estudiar las comunidades de parásitos entre estanques con tilapia en 
Monteverde, Costa Rica y considerer la relación entre calidad del agua y la carga de parásitos.  Dos estanques con 
tilapias se muestrearon, uno en San Luis (Estanque A) y otro en Cerro Plano (Estanque B).  Factores como el 
oxígeno disuelto, pH, temperature, densidad, y turbidez se consideraron.  156 Trichodina, 50 organismos 
desconocidos, y 10 rotíferos bdelloideos no parásiticos fueron encontrados en el estanque más denso con una menor 
calidad del agua (Estanque A), opuesto a 15 organismos desconocidos y la ausencia de Trichodinia y rotíferos en el 
estanque menos denso y con una major calidad del agua (Estanque B).  Las condiciones abióticas del estanque B y la 
menor densidad muestran ser más óptimos para el éxito de las tilapias que en el estanque A, lo cual puede indicar 
por que la riqueza de parásitos y la carga fueron significativamente menores. 

 
 
INTRODUCTION 

Aquaculture represents a large part of the global economy and supports many 
communities. In 2012, 144.4 billion US dollars of income was generated globally from the 
aquaculture industry (Tavares-Dias & Martins, 2017). Tilapia, for instance, are the second most 
cultured fish in the world because they are fairly resistant to parasitic and bacterial infection. 
However, they can still be impacted by parasites. One study published an estimated 84 million 
US dollar loss due to mortality from parasite and disease infection in Brazil annually (Tavares-
Dias & Martins, 2017). This phenomenon can dramatically impact the economies that surround 
aquaculture industries. Getting a better idea of the role aquaculture plays in the global economy 
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further supports the importance of studying the parasites and diseases that can affect quantity and 
quality of the stock. As the global human population increases, expecting to reach 11 billion 
within this century (Laurance, Sayer, & Cassman, 2014), the necessity for a secure food source 
grows. For this reason, producers resort to intense farming methods that involve an increase in 
density of stocked fish. This level of intensity is far different than what is found in nature and the 
close proximity of the fish to each other can facilitate the spread of diseases (Ellison et al., 2018) 
and parasites associated with them. The tilapia fish I will be studying are sampled from ponds 
such as this, so I must consider density as a factor to compare between ponds.  
 The cause for mortality in fish can result from a few different problems brought on by 
parasites. The gills, for instance, are vital but sensitive organs that are often impacted by 
ectoparasites. This can impede functions of respiration and ion exchange (Akoll et al., 2012). 
Parasitic infection can also increase susceptibility to co-infections (Akoll et al., 2012).  

Trichodinids, for instance, are microscopic protozoan ectoparasites commonly found on 
the gills, fins and skin of wild and farmed fish (Tantry et al., 2016) and can reach a high 
prevalence in intensive farming conditions at high densities. Though most are not pathogenic, the 
high quantity of these organisms can result in lethargy, ulcers, discoloration of the skin, excess 
mucus, and secondary disease outbreaks (Popma & Masser, 1999; Tantry et al., 2016).  These 
signs manifest themselves mostly under conditions that are sub-optimal and create a stressful 
environment for the fish. Other common parasitic protozoan organisms that present signs similar 
to those of Trichodinids include Chillodonella, Cryptobia, and Amyloodinium genera and are 
also commonly found on gills, skin, and fins of brackish and freshwater fish (Martins et al., 
2015). Endoparasites like helminths that include nematodes, trematodes, and cestodes can also 
be detrimental to tilapia health, as they are often found in the intestines and can interfere with 
digestion (Amaechi, 2015). 
 Although few known fish ectoparasites have impacted human health in the past (Adams, 
Murrell, & Cross, 1997), it is still important to understand the risks in farming largely consumed 
fish like Tilapia species and implement prevention methods. In Monteverde, there have not been 
any studies that quantified the parasite load in Tilapia. Having more knowledge of these aquatic 
communities could prevent sickness and preserve public food safety, besides helping the 
aquaculture farmers develop a better environment for a successful stock. In this study, I will 
investigate tilapia parasite diversity and abundance between two ponds in Monteverde and 
examine the relationship of environmental conditions including dissolved oxygen, pH, 
temperature, turbidity, and pond density.  These parameters will be measured to better 
understand if the water conditions are suitable for tilapia or not. 
 

MATERIALS AND METHODS 

Study Site 

The sampling took place at two tilapia ponds in the lower montane wet forest region of 
Monteverde, Costa Rica during July. Pond A was located in San Luis at the CIEE Global 
Institute campus with an elevation of 1000m. The unfiltered system layout consisted of a tarp 
barrier between the ground and the water, was about 1.5m deep, and had a 23m circumference. 
The pond contained an estimate 200 large tilapias. Pond B was located in Cerro Plano and was a 
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cement enclosure about 1m deep and 18m in circumference with a filtration system. It contained 
about a dozen large tilapias and roughly a hundred smaller tilapia fish.  

 
Study Organisms 

 Tilapias are a fresh to brackish water fish that were first cultured in Africa. They typically 
prefer pH levels between 6 and 9, water temperature around 26°C, and dissolved oxygen higher 
than 1 mg/L (Popma & Masser, 1999). These hardy fish are among the most cultured in the 
world because of their general resistance to disease and are typically resistant to parasitism. 
However, common parasites in large quantities can still impact the health of the individuals and 
of the population. 
 

Sampling and Examination for Parasites 

Dissolved oxygen, pH, and temperature were recorded in each pond at four different 
points before collection. Fifteen tilapia fish were sampled randomly from Pond A in San Luis 
using a net constructed from two PVC pipe poles and a plastic netting material. Once caught, 
each fish was visually examined for clinical signs of parasitism. Next, microscope coverslip was 
scraped across the skin from just after the gills until before the start of the caudal fin in the 
direction of scale growth until enough skin mucus was obtained. The coverslips were placed on 
labeled slides and stored in humidity chambers for microscopic analysis. The length of each 
individual was then measured in centimeters from the mouth to the end of the caudal fin (Figure 
1) and a corner of the fin was snipped to ensure that there was no recapture. The same procedure 
was repeated at Pond B once all equipment was cleaned with diluted ethanol. From Pond B 18 
total fish were sampled from. 
 I examined the slides within the same day they were collected since they would only be 
viable for a few hours after collection before they dehydrated, and the integrity of the parasites 
would be compromised. The samples were kept in a humidity chamber until examination to 
preserve the integrity of the mucus smears and potential parasites within them. Using a zig-zag 
pattern, I scanned each slide beneath the microscope and photographed any organism and noted 
if it could potentially be a parasite.  
 A chi-square goodness of fit test was run to determine if the total number of organisms 
found and the total number of unknown organisms found between both ponds was different than 
the expected amount. 

 

Figure 1: Tilapia fish measured from mouth to the end of the caudal fin in a container. 
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RESULTS  

 15 large fish longer than 9cm were sampled from Pond A and 9 small fish shorter than 
9cm and 9 large fish were sampled from Pond B. The average length of the total large fish 
caught was 27cm (±6.6) from the mouth to the end of the caudal fin, and the average for the 
smaller fish caught was 6cm (±2.2).  

In Pond A: the dissolved oxygen level was 3.75 mg/L (±0.25); pH was 6.28 (±0.05); 
temperature was 22.1°C (±0.05). In Pond B: the dissolved oxygen level was 16.48 mg/L (±0.33); 
pH was 6.6 (±0.07); temperature was 25.2 (±0). 

There were significantly more organisms total on the tilapias’ skin in Pond A than in 
Pond B (X2=165.07; d.f.=1; p= <0.0001) and more unknown organisms in Pond A than in Pond 
B (X2=18.85; d.f.=1; p=<0.0001). 156 Trichodina, more unknown organisms that could 
potentially have been parasitic, and 10 non-parasitic rotifers of the class Bdelloidea were found 
in Pond A. There were no Trichodina individuals found in Pond B (Figure 2), nor were there any 
rotifers encountered, only 15 unknown organisms were observed.  

 Pond A was at an elevation of 1000m visibly more turbid than Pond B which was at 
1300m in elevation. No clinical signs of parasitism in the organisms sampled were evident in 
either of the ponds. 

 

 

Figure 2: Number of microscopic aquatic organisms in the San Luis pond (Pond A) and the 
Cerro Plano pond (Pond B). The y-axis presents the number of individual organisms counted. 
The orange bars represent the number and proportion of unidentified or unknown organisms 
counted while the blue bar represents the number and proportion of Trichodina found.  
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Figure 3: Trichodina parasite at 40x magnification.  
 

DISCUSSION   

 It is not surprising that Trichodina were found in higher quantities as compared with the 
other organisms. Another study conducted in Costa Rica in the Guanacaste region noted 
Trichodina as one the most prevalent genera in the tilapia pounds they sampled from (Arguedas 
C., Ortega S., Martínez C., & Astroza C., 2017). 

More unknown organisms were found in Pond A as well as far more Trichodina (Figure 
3) than in Pond B. Although some organisms were unidentified, there is a possibility that they 
could have been different species of parasites, so it is worth noting their presence. The quantity 
of organisms and ectoparasites found in Pond A correlates with the suboptimal conditions of the 
water. The lack of a filtration system and higher density of fish could account for the greater 
prevalence of the organisms found, as these conditions allow for easier transmission. No clinical 
signs of parasitism were observed, potentially because the parasite load may not have reached a 
lethal level at that point.   
 The presence of bdelloid rotifers could also be attributed to the environmental conditions 
of the San Luis pond. These non-parasitic aquatic organisms can survive in a multitude of 
conditions but in some cases have been known to prefer highly vegetated ponds with a lower 
macrophyte load, which typically suggests lower oxygen levels of the water (Kuczyńska-Kippen, 
2018). 

Fish that live in suboptimal conditions release higher levels of cortisol, an indicator of a 
stressed system (Ellison et al., 2018). This leaves individuals vulnerable to the contraction of 
parasites and diseases associated with them and can result in heightened fish mortality. The 
dissolved oxygen levels were much higher in the Pond B, and the temperature of that pond was 
closer to what is ideal for tilapias than the lower temperature of the Pond A. It is important to 
note that Pond A dissolved oxygen levels were suitable for the fish but the higher levels of Pond 
B could be better for the health of the fish. The pH levels of both locations were within suitable 
limits. Endoparasite infection has been known to create damage that may leave fish more 
susceptible to ectoparasite infection, so the potential presence of these organisms could have 
been another factor affecting parasitic load (Peek, 2012). 

Understanding how these differences in water quality and density impact parasite load 
could aid producers in the future. This can allow for the proper management of parasite-related 
issues and help put into place measures of prevention. Few studies concerning parasite load and 
diversity of tilapias have been conducted in Costa Rica, so future initiatives to better understand 
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species richness and diversity of these aquatic communities surrounding tilapias could further 
support the efforts of food safety. 
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ABSTRACT 
Differences in growth-rates among conspecific amphibians is often dominated by environmental factors. Frogs 
under different environmental conditions such as freshwater acidity, water volume, dissolved oxygen, and predation 
rates have been shown to have different growth rates. Frogs in the families Ranidae and Hylidae breed in ephemeral 
pools that can be as small as tire indentations, so they are naturally predisposed to high variability and can easily 
adapt to fluctuating conditions. Studies have shown that the Rana temporaria, in the family Ranidae, adapt to larval 
density by increasing their rate of metamorphosis and react to increased freshwater acidity with a reduced size at 
metamorphosis while taking longer to reach adulthood. Isthmohyla pseudopuma, in the family Hylidae, is well 
known for differential growth rates when exposed to environmental factors such as the drying of their habitat. I 
observed the growth rates under low density and high density of individuals, to see if density affects the growth rate 
of I. pseudopuma. I quantified growth rate by taking three measurements: weight, body length and total length 
(including tail) of 238 I. pseudopuma larvae over the course of 14 days. My results concluded that I. pseudopuma 
tadpoles grown in low density have higher growth rates, quantified by percent change in size, than the individuals 
grown in high density. This suggests that density is an important factor in the growth rate of I. pseudopuma larvae. 

RESUMEN 
Diferencias en la tasa de crecimiento entre anfibios conespecíficos es a menudo dominado por factores ambientales. 
Las ranas bajo diferentes condiciones ambientales tales como la acídez del agua, volumen de agua, oxígeno disuelto, 
y tasas de depredación han mostrado diferentes tasas de crecimiento.  Ranas de las familias Ranidae y Hylidae se 
reproducen en charcos efímeros tan pequeños como hendiduras de llantas, así que están naturalmente predispuestos 
a aumentar la variabilidad y se pueden adaptar fácilmente a condiciones fluctuantes.  Estudios han demostrado que 
Rana temporaria en la familia Ranidae, se adapta a la densidad de larvas aumentando su tasa de metamorphosis y 
reaccionando al aumento en la ácidez del agua teniendo un tamaño menor a la metamorfosis mientras que les toma 
más tiempo llegar a adultos. Isthmohyla pseudopuma, en la familia Hylidae, es bien reconocida por las tasas de 
crecimiento diferenciales cuando se exponent a factores ambientales como el secado de su hábitat.  Observé las tasas 
de crecimiento de individuos en baja y alta densidad, para determinar si la densidad afecta la tasa de crecimiento de 
I. pseudopuma. Medí la tasa de crecimiento tomando tres medidas, peso, largo del cuerpo, y tamaño total 
(incluyendo la cola) de 238 larvas de I. pseudopuma a lo largo de 14 días.  Mis resultados concluyeron que los 
renacuajos de I. pseudopuma creciendo en bajas densidades tienen una mayor tasa de crecimiento, cuantificada 
como el cambio porcentual en tamaño, más que los individuos creciendo en altas densidades.  Esto sugiere que la 
densidad tiene un efecto importante en la tasa de crecimiento de las larvas de I. pseudopuma.  

 

INTRODUCTION 
There are many environmental factors that are known to change the growth rates of amphibians 
such as pH, water removal, dissolved oxygen and predation rates (Cummins, 1989). Population 

23



density is another environmental factor that affects growth rate. Richter (2009) found that there 
was an accelerated metamorphosis at higher larval densities of Rana sphenocephala. 

Red-eyed tree frogs grown in low density as tadpoles result in a higher biomass at 
metamorphosis indicating the importance of the effect larval density has on the growth rate of 
some amphibians (Van Allen et al., 2010). This could inhibit growth rates by increasing 
competition for food and psychological stress (Murray, 1989). Another study carried out by 
Cummins (1989) focused on the effects of pH and density on the growth rate of the Rana 
temporaria species and found that their larvae increase their rate of metamorphosis in order to 
cope with this increase in population density. I wanted to see if density-dependent growth was as 
important in the Hylidae family as it is in the Ranidae family (Cummins, 1989). 

This study tested to see if the same inhibition of growth that is witnessed in these other 
species effects Isthmohyla pseudopuma. I. pseudopuma is a frog in the Monteverde cloud forest 
that breeds in ephemeral polls. These ephemeral pools often exemplify high population densities, 
which makes  I. pseudopodia good candidate for looking at the density dependence that has been 
seen in other species. It is important to clarify how environmental cues can affect the rate of 
amphibian’s metamorphosis because there are many different studies that present divergent 
conclusions (Cummins, 1989). I wanted to test how the growth rate of I. pseudopuma is affected 
by larval density, and to do this I grew tadpoles in two different densities, high density and low 
density over a two week period.  

MATERIALS AND METHODS 
  
STUDY SITE  
From July 15, 2019 to July 29, 2019, I monitored the development of wild born Isthmohyla 
psuedopuma tadpoles in the lab of the Monteverde Biological station, Monteverde, Costa Rica. 
The tadpoles were collected on July 15, 2019, from a single ephemeral pool in upper montane 
rainforest approximately 1800 meters in elevation. 

STUDY ORGANISM 
Isthmohyla pseudopuma frogs take 57-81 days to reach metamorphosis after hatching (Duellman, 
1970).  I. pseudopuma breeds in large numbers after the first heavy rains in the wet season, 
starting in April and on through May. Their breeding habitats include flood pastures, roadside 
ditches and temporary rain pools, similar to the Rana t. species. It is unlikely that my study 
organisms all originated from the same clutch or egg mass due to the explosive breeding 
tendencies of the meadow tree frog. Due to life in small ephemeral pools, I. pseudopuma 
tadpoles are naturally predisposed to increased variability and have adapted to develop rapidly 
(Leenders, 2016). These temporary rain pools often have varying amounts of diversity, which 
alludes to the adaptability of these animals. Tadpoles, which grow in dynamic environments, like 
I. pseudopuma, have been shown to have plasticity in their growth rates (West-Eberhard, 2005). 
Adaptation to high and low density environments would be a strong indicator of the flexibility of 
the I. pseudopuma species. There is information regarding the fact that these tadpoles sometimes 
respond to the drying of their ephemeral pools by accelerating their development and, at times, 
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metamorphosing earlier, with a reduced body size. It is not known, however, how the 
adaptability of meadow tree frog, I. pseudopuma changes its growth rate with varying densities. 
Consistently having a high density of individuals in their breeding ponds could be an explanation 
for compromised and smaller adults. With regards to the adaptability of the I. pseudopuma 
species, studies show that if there is a shortage of plant matter in the temporary rain pool to feed 
the tadpoles, these larvae may become cannibalistic and feed on their own or other species 
among them (Crump, 1983). I. pseudopuma tadpoles eat plant matter and detritus in the wild 
(Crump, 1990). The tadpoles were fed fish food once a day in captivity. 

EXPERIMENTAL DESIGN  
In order to test the growth rate of I. pseudopuma, tadpoles were placed in one of two treatments: 
high density or low density. Seven replicates of each treatment were made, for a total of 14. Each 
container for the treatments was 9”L x 5 ½” W x 5”H and filled with two liters of tap water. For 
the low density treatments, one tadpole was placed in each container and for the high density 
treatments 16 tadpoles were placed in each container. Since the hatch date of tadpoles were 
unknown, I chose individuals that were similar in size to keep starting size constant in the 
experiment. To quantify the growth rate of tadpoles between these two treatments, I took three 
measurements of size: 1) weight of tadpole – to the thousandths, 2) body length of tadpole, the 
length of the tadpole minus the tail – to the hundredths, and 3) length of tadpole including tail – 
to the hundredths. The first measurements were taken after the individuals were in containers for 
three days, and again 11 days later. I kept three replicates of my two treatments in case of tadpole 
mortality. When a tadpole died in one of the experimental treatments, I removed it and replaced 
it with an individual that had been living under the same conditions in the respective treatment. I 
divided the initial measurement by the final measurement and derived the percent change in 
measurements. On the 14th day of my experiment I measured the pH of the 14 treatments. 

STATISTICAL ANALYSIS 
The percent change in growth between the two treatments were compared using Independent T-
tests. To obtain a single value for the high density treatments, the values of the 16 individuals 
were averaged and the average change was used. 

RESULTS 

GROWTH RATE (BODY MASS)  
The initial body mass for the low density treatment ranged from 0.049 – 0.980 g (0.144 ± 0.240) 
and the initial average body mass for the high density treatment ranged from 0.059 – 0.067 g 
(0.064 ± 0.007). The final weight for the low density treatment ranged from 0.215 – 0.385 g 
(0.293 ± 0.051) and the final average weight from the high density treatment ranged from 0.126 
– 0.143 g (0.130 ± 0.013). 
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The percent change in weight for the low density treatment ranged from 62.220% change 
– 83.103% change (72.026 ± 6.108) and the percent change in weight for the high density 
treatment ranged from 36.510 % change–99.033 % change (53.928 ± 14.277).  

There was a difference between the percent weight change in the tadpoles growing in low 
and high densities (T-test; n= 28, df = 26, P < .0001). 

GROWTH RATE (MOUTH TO VENT) 
The initial average measurement from mouth to vent for the low density treatment ranged from 
6.45–9.56 mm (7.84 ± 0.88) and the initial measurement from mouth to vent for the high density 
treatment ranged from 6.76 –7.55 mm (7.170 ± 0.249). The final average measurements from 
mouth to vent for the low density treatment ranged from 11.16 – 12.97 mm (11.98 ± 0.59) and 
8.49–9.58 mm (9.00 ± 0.33) for the high density treatment. 

The percent change in average growth rate of mouth to vent measurements for the low 
density treatment ranged from 19.60 % change–42.20 % change (34.54 ± 6.81) and the percent 
change in average growth rate of mouth to vent measurements for the high density treatment 
ranged from 14.97% change–28.11% change (20.24 ± 3.38).  

There was a difference between the percent change in body length(mouth to vent) in the 
tadpoles growing in low and high densities (T-test; n= 28, df = 26, P < .0001). 

GROWTH RATE (MOUTH TO TAIL-TIP) 
The initial average measurement from mouth to tail-tip for the low density treatment ranged from 
14.06 – 20.67 mm (17.76 ± 1.83) and the initial average measurement from mouth to tail-tip for 
the high density treatment ranged from 15.80–18.20 mm (16.80 ± 15.72). The final average 
measurements from mouth to tail-tip for the low density treatment ranged from 27.76–32.77 mm 
(30.22 ± 1.90) and the final average measurements from mouth to tail-tip from the high density 
treatment ranged from 20.35 –34.29 (22.38 ± 3.54). 

The percent change in average growth rate of mouth to tail tip measurements for the low 
density treatment ranged from 33.36 % change–50.61 % change (41.186 ± 5.445) and the percent 
change in average growth rate of mouth to tail tip measurements for the high density treatment 
ranged from 14.18 % change–48.12 % change (23.88 ± 7.69).  

There was a difference between the percent change in total length(mouth to tail-tip)in the 
tadpoles growing in low and high densities (T-test; n= 28, df = 26, P < .0001) 

pH 
pH for treatment one containers ranged from 6.5 to 6.9 (6.69 ± 0.12). pH for treatment two 
containers ranged from 6.2 to 7.1 (6.73 ± 0.23). There was no difference between treatments in 
the pH(n=28, df=26, p=0.547).  
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"  
 Figure 1. Isthmohyla pseudopuma tadpoles on day 14. The left is one from the  

high density, and the one on the right is from the low density. Tadpoles in the low density 
treatment grew, on average, larger than those in the high density. 

"  
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Figure 2. The percent change in weight of the Meadow Tree Frog tadpoles was higher in 
the low density treatment than in the high density treatment over the 14-day experiment. 

"  

Figure 3. The percent change in body length (mouth to vent) of the Meadow Tree Frog 
tadpoles was higher in the low density treatment than in the high density treatment over 
the 14-day experiment.  

28



"  
Figure 4. The percent change in total length (mouth to tail-tip) of the Meadow Tree Frog, 
tadpoles was higher in the low density treatment and lower in the high density treatment 
over the 14-day experiment. put in appropriate section 

DISCUSSION 
The “crowding effect” is a mechanism of competition whereby larger tadpoles excrete a 
substance that inhibits the growth of the smaller tadpoles in the population. This phenomenon 
has been found to affect the survival of Rana tigrina tadpoles. The “crowding effect” is often 
present when space and food availability decrease, as is the case with high density environments 
(Dash, 1980). R. tigrina has a very similar adaptability and growth plasticity as the I. 
pseudopuma species. Averages were used for all variables, but there is a chance that there could 
be a large disparity between the sizes of the 16 individuals in treatment two that could be 
explained by the “crowding effect.” This “crowding effect” could be an explanation for why the 
average growth rate, whether percent change in weight, body length or total length, of the I. 
pseudopuma tadpoles in treatment two occurred.   

I think that it is interesting that in other studies the main environmental factor that 
affected growth rate was pH levels in the water (Cummins, 1989). There have been many studies 
that find significant effects of pH on growth rate limitation (Pierce, 1985). I did not notice a 
change in pH, but there was a still a signification in growth. I. pseudopuma tadpoles in treatment 
one, low density, had a larger percent change in body mass, larger percent change in body length 
(mouth to vent), and a larger percent change in total length (mouth to tail-tip). This means that 
the crowding that occurred in treatment two, at higher densities, decreased the growth rate of 
these individuals.  
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The decrease in growth rate due to increased larval density that I observed in my study  is 
likely to perpetuate as climate change ensues. While ephemeral pools decrease in size due to the 
lifting cloud base, the growth rate of these I. pseudopuma will decrease. This slow growth rate 
may leave these individuals more vulnerable to predation and desiccation, but is also may be an 
advantage. Statistically, laying your eggs in an ephemeral pool with a very high density of 
individuals is safer than laying your eggs in an area with very few individuals. It is less likely 
that genes will be passed down if eggs are laid in an ephemeral pool with a very low density, as 
because they are more likely to be eaten. Additionally, if a male I. pseudopuma decides to find to 
a very discreet, low density ephemeral pool to breed where his offspring will have the optimal 
growth rate, there may not be any females to mate with. The females are most likely going to 
breed at the highly populated pools where she has a high probability of finding an opportunity to 
pass her own genes down with a male.  

I. pseudopuma do show environmental variability due to the information I gathered 
pertaining to their growth rates under my two treatments. This species is endemic to an area that 
has seen the detrimental effects of the Anthropocene epoch. Isthmohyla pseudopuma is currently 
not a threatened species, but climate change could disrupt that stability. Some possible 
ramifications for I. pseudopuma are smaller and less abundant ephemeral pools for breeding and 
varying water quality. The lack of breeding sites may force more meadow tree frogs to lay their 
eggs in crowded temporary rain pools and therefore the density of these ephemeral pools will 
increase.  
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ABSTRACT 
There has been little research done with Tengella radiata and the kleptoparasites that inhabit the web of T. radiata. 
The location preference of the kleptoparasites have never been recorded. T. radiata is a species of spider that weaves 
a permanent web, this attracts many kleptoparasites (Cangialosi, 1990). Hemiptera: Plokiophilidiae and 
Mysmenopsis sp. are both found on the web of T. raidata. These kleptoparasites steal food from the host spider, but 
the kleptoparasites are comparably smaller to the host spider and do not take a substantial amount of food per 
kleptoparasite (Thornhill, 1975). There has been little research done on the abundance of kleptoparasites and what 
elements effect abundance. This has driven me to observe if there is an elevation change or if urban and forested 
areas make a difference in abundance. I was able to study this by having two sperate study sites, Cerro Plano which 
is more of an urban area and the Monteverde Biological Station which is more of a forested area. I also wanted to 
investigate if there was a significant difference between day and night when looking at abundance. I was able to do 
this by observing webs during the day, as well as webs during the night. I also wanted to see if kleptoparasites prefer 
a specific size of web to inhabit. Which I was able to do by categorizing the hosts’ spider web and tunnels in four 
different categories. Lastly, I want to observe the location abundance of each kleptoparasite species. This was able 
to be observed by distinguishing the web into three different zones. While observing the webs it was decided to 
record the difference of abundance of juvenile and adult Plokiophilidae, due to the fact that the coloration between 
the two life stages was very noticeable. The adults are dark and black, while the juveniles are a bright red color. 
Juveniles and adults observe the same preference of web location. All of these trials gives more knowledge about 
these two specific species of kleptoparasites on T. radiata webs. More knowledge that is known about these 
kleptoparasites could give more opportunities for research in the future. 
  
RESUMEN 
Existen muy poca investigación hecha en Tengella radiata y los cleptoparásitos que habitan las telas de las mismas.  
La preferencia de ubicación de los cleptoparásitos nunca se han estudiado. T. radiata es una especie de araña que teje 
una tela permanente, esto atrae cleptoparásitos (Cangialosi, 1990). Hemipteros: Plokiophilidae y Mysmenopsips se 
encuentran ambos en las telas de T. radiata. Estos cleptoparásitos roban alimento de la araña hospedera, pero son en 
comparación más pequeños que la misma y no toman una cantidad sustancial por cleptoparásito (Thornhill, 1975).  
Existe muy poca investigación hecha con la abundancia de cleptoparásitos y que elementos afectan la abundancia. 
Esto me ha llevado a observer si han un cambio altitudinal, o si las áreas urbanas o boscosas hacen una diferencia en 
la abundancia.  Estudié esto con dos colonias separadas, Cerro Plano que es un área más urbana y la Estación 
Biológica de Monteverde que es más boscosa.  También quería investigar si hay diferencias significativas entre el 
día y la noche al observer las abundancies.  Determiné esto observando telas de 8 am a 3 pm, durante el día, así 
mismo como telas entre las 6 pm y 10 pm, durante la noche.  Así como mirando si los cleptoparásitos prefieren un 
sitio específico dentro de la tela que habitan.  Lo cual fue posible categorizando las telas y tuneles en cuatro 
diferentes categorías.  Últimamente, observé la ubicación y abundancia de cada cleptoparásito.  Esto fue posible al 
divider la tela en tres zonas diferentes .  Mientras observa las telas decidí medir las diferencias en la abundancia de 
juveniles y adultos de Plokiophilidae, debido a que la coloración entre los dos estadíos es muy notable.  Los adultos 
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son negros y oscuros, mientras que los juveniles son rojo brillante.  Se observó que los juveniles y adultos tienen 
preferencias por los mismos sitios en las telas.  Todos estos ensayos dan un mayor conocimiento acerca de estas dos 
especies específicas de cleptoparásitos en las telas de T. radiata.  Un mayor conocimiento del que se tiene ahora 
acerca de estos cleptoparásitos puede dar mayores oportunidades para investigaciones en el future. 
 
INTRODUCTION  
Kleptoparasites are species that consume prey that is originally caught by another species, 
kleptoparasites demonstrate food theft (Shealer et al., 2004). Kleptoparasites come in all shapes 
and sizes, but the ones that were focused on for this experiment was Plokiophilidiae and 
Mysmenopsis sp. These kleptoparasites are found generally on different species of Araneae 
(Higgins, 1998), but the one focused on for this study is Tengella radiata. Kleptoparasites 
benefit in many different ways from living with host spiders, these benefits are distinguished in a 
study done by Canaiglosi (1990). The primary benefit is that the kleptoparasites do not need to 
forage for prey, because the prey is caught in the web. The kleptoparasites do not need to make 
their own web or shelter when they live with a host spider. Host spiders also provide a certain 
form of protection against predation. The kleptoparasites are preyed on by many different 
organisms, but when inhabiting the host web predators will not risk being stuck on the web and 
being consumed by the host spider. 
  The host spider used in this experiment was Tengella radiata, which is an endemic 
species of spider located in Costa Rica, Honduras, and Panama (Leister et al., 2013). T. radiata 
webs are permanent and strong webs which attracts other species to live on or near the 
permanent web. These webs are described as a sheet due to the fact that they are flat and 
horizontal (Eberhard et al., 1993). T. radiata is known to create webs on dirt walls, tree 
buttresses, or any edge available that has an anchoring point (Buxton, 1994). Two species that 
are abundant and observed often around T. radiata are kleptoparasites Hemiptera: 
Plokiophilidiae and Mysmenopsis sp. 
 With this in mind, I want to observe if there is a difference in abundance between 
forested and urban areas, and also see if a difference of elevation effects abundance. I also want 
to investigate if location of kleptoparasites on the web differs when observing webs at night vs 
day. I want to find out if kleptoparasites have a preference of the size of web they inhabit. Lastly, 
I want to see if juveniles and adults of Plokiophilidiae share similar or different preferences on 
the web.  

I expect to see more of an abundance of kleptoparasites in forested areas due to the fact 
that there might be more prey available in elevated forested areas. I also expect to see a 
difference of web location when looking at day vs. night. There should also be a preference seen 
in the size of web kleptoparasites inhabit. Plokiophilidiae juveniles should show a similar 
preference of web location as adults. 

  
METHODS 
Study Sites 
Two separate locations were chosen to study possible differences between elevation together 
with urban areas and forested areas. Cerro Plano was used as the urban area with lower elevation, 
with an elevation of 13,000, while the Monteverde biological station was used as the non-urban 
area, with an elevation of 15,000.  
Methodology 
A total of 28 T. radiata webs were sampled, 17 webs in the forested area around the station, and 
11 webs in the urban area of Cerro Plano. Observations for all the webs occurred during the day 
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and during the night. For each host web, I recorded how many kleptoparasites of each species 
were present and in which zone of the host web they were located in. The sections were 
predefined as tunnel, center, and edge based on Figure 1. When looking at these webs, the 
number of adult and juvenile of Plokiophilidiae were also recorded.  

 
Figure 1. Depiction of a horizontal sheet web of Tengella radiata and the division of zones 
within the web: tunnel, center, and edge. These different zones were useful to distinguish where 
kleptoparasites were occupying in the host web. 

After the web was located and visibly divided, the amount of kleptoparasites was counted 
and recorded. 15 webs were observed during the day at different times from 8 am to 3 pm, and 
13 webs were observed during the night, from 6 pm to 10 pm. The size of the web was also 
taken, which was distinguished in tiny, small, medium, or large. To make sure to report all 
kleptoparasites present, I touched the bottom of the web to cause a disturbance, so that the 
kleptoparasites would move and become more visible. This was necessary since the 
Plokiophilidiae and Mysmenopsis sp. are very well camouflaged. The juvenile Plokiophilidiae 
were more evident because of their bright red coloration, whereas the adult Plokiophilidiae and 
Mysmenopsis sp. are dark and hard to distinguish.  
 
RESULTS 
Elevation/ Urban and Non-urban Area Difference  
In total 28 webs were observed, 17 in the Monteverde biological station and 11 in Cerro Plano. 
There is no difference of average of individuals present in a web between two sites, which had 
different elevations and were forested vs. urban areas. With Plokiophilidiae there is no difference 
between Cerro Plano and the Monteverde biological station, a Mann Whitney test was used to 
find the U and P-values, U= 75, P= 0.3842. This is similar to Mysmenopsis sp. when looking at 
Cerro Plano and the biological station (Mann Whitney, U= 92.5, P= 0.9625). Similar amount of 
individuals was found for the Mysmenopsis sp. at both locations (P= 0.9625) and for the 
Plokiophilidiae (P= 0.3842). 
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Figure 2. Abundance of Mysmenopsis sp. when looking at the Monteverde biological station and 
Cerro Plano 
 
Location on Web During the Day and Night 
Data from 28 webs were observed, while 15 of the webs were during the day and 13 webs were 
during the night. When looking at the presence of Plokiophilidiae in the web during the day and 
during the night, there is not a significant difference between the two times of the day (X2= 
4.1215; df= 1; P=0.0423). Also, when analyzing if there was an effect of the time of the day on 
the location on the web, there was also a significant difference (X2= 7.8334; df= 1; P=0.0005). 
There was a total of 107 Plokiophilidiae observed, 43 were observed during the day and 64 
during the night.  

As for the Mysmenopsis sp. there was not a significant difference when looking at two 
different times of day (X2= 2; df= 1; P=0.1573). When analyzing the effect of time of day and 
web location there was no significant difference (X2= 21.2636; df= 2; P<0.0001). There was a 
total of 18 Mysmenopsis sp. in total recorded, with 6 observed during the night and 12 observed 
during the day.  
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Figure 3. The abundance of Plokiophilidiae during two different times of day: night and day. As 
well as the preference of zone of Plokiophilidiae during the day and night.  

 
Figure 4. The abundance of Mysmenopsis sp. during two different times of day: night and day. 
As well as the preference of zone of Mysmenopsis sp. during the day and night. 
 
Web Size 
In the 28 host spider webs of different sizes analyzed, the amount of kleptoparasites does not 
depend on the size of the web. The Plokiophilidiae total abundance was similar in different host 
web sizes (X2= 4.1393; df= 3; P= 0.2468), and also the total abundance of Mysmenopsis sp. was 
similar in different host web sizes (X2= 6.2556; df= 3; P= 0.0998).  There was 107 
Plokiophilidiae observed in all four different sizes of host webs, and 18 Mysmenopsis sp. 
observed in total in all sizes of host webs.  
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Both juveniles and adults are seen more abundant on the edge and tunnel of the web, rather than 
the center. Although there was a preference seen for the edge and tunnel, there was no significant 
difference between juveniles and adults of Plokiophilidiae (X2= 65.8489; df= 2; P<0.0001). 
There was a total of 28 host webs observed, which was divided into 62 juveniles and 45 adults in 
total.  

 
Figure 5. The abundance of Plokiophilidiae juveniles and adults in the three different zones of 
the Tengella radiata host web.  
 
DISCUSSION  
My study showed that there was no difference between elevation and forested and urban areas 
when looking at abundance of kleptoparasites. Plokiophilidiae did not show a difference of 
abundance when looking at two different times of day, but the zone that the Plokiophilidiae 
inhabit did change with a change of day. As for Mysmenopsis sp. there was no difference seen in 
the difference of day and night, nor was there a difference when looking at time of day and zone 
abundance. Neither one of the kleptoparasites seem to inhabit a specific size of web more than 
the other. Lastly, there was a significant preference when it came to zones when looking at 
juvenile and adult Plokiophilidae.   
 The results seen from elevation and urban vs. forested area could be due to the fact that 
the study sites used were not that different in terms of elevation. Or it could be due to the fact 
that a small sample size was taken, more research can be done with a greater difference in 
elevation and larger sample size. Study sites with a larger difference could be used, as well as 
picking study sites that are not disturbed by humans at all.  
 When looking at day vs. night results, there could be multiple biological explanations. 
Mysmenopsis sp. could be seen more during the day in the tunnel because there is more 
protection near the tunnel during the day. It has been studied that the species of Tengella radiata 
is timid and spends most of the day inside of the tunnel (Eberhard et al., 1993). It would be 
beneficial for Mysmenopsis sp. to stay near the zone of the tunnel to decrease chances of 
predation, since the host spider can act as a protector to the kleptopsider. Although this might 
make sense, it also makes sense for Plokiophilidiae to stay near the edge during the day. This 
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might be because prey are more likely to be ignored or rejected by the host spider, because the T. 
radiata only forages during the night mostly (Cite). Being in the center is probably less popular 
within the kleptoparasite populations because it could be dangerous, due to the fact that they are 
out in the open on the web for predators to get them.  
 There was no significant difference of the abundance and the size of host web inhabited. 
Which I believe is interesting, because I thought that the kleptoparasites would choose larger 
webs. I predicted this because larger spiders are known to be more selective with the size of prey 
consumed, this is because there is more energy spent on foraging for the prey than the gain of a 
small prey consumption. So, it would make sense if larger host webs ignored more prey because 
the gain is small, which would leave more prey for the kleptoparasites to consume. There is also 
research done explaining that only spiders that are older than a year can create criberllate threads, 
which are threads that are sticky and catch prey with more success (Barrantes and Madrigal-
Brenes, 2008). This would mean that tiny and small spiders would capture less prey due to this 
inability to create criberllate threads, and the fact that there is less surface area of the sheet web.  
 The results seen from the juveniles vs adults of Plokiophilidiae are understandable when 
thinking about behaviors. The juveniles probably follow and mimic what the adults do to learn to 
survive. There was a small portion of juveniles that were seen in the center of the web, which 
was comparably more than the adults, this could be due to the fact that the juveniles have not 
learned about the vulnerability of the center zone of the web.  

This study is significant because it shows the abundance of kleptoparasites on Tengella 
radiata looking at day and night as well well as elevation and urban and forested area chnages. 
The study I have done can explain where kleptoparasites will be found through out the web. In 
the future this research can be used to do further in depth research with elevation changes, 
foraging techniques, and prey preference with kleptoparasites. This could be also used at looking 
at different host spider species and the preference of kleptoparasites on the webs of different 
hosts. 
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ABSTRACT 
 
Colonialism in spiders is a somewhat rare phenomenon in which spiders share a mutual web 
framework but create and maintain their own individual webs. The colonial spider Metabus 
gravidus lives in colonies over streams that are considered to have fairly permanent members. In 
order to test the movement dynamic between colonies and individuals’ relocation, I studied what 
would happen when these spiders are displaced from their original colonies. Twenty spiders were 
collected, marked, and released. From the twelve spiders that were found after initial relocation, 
six created webs by themselves, four found a nearby colony and built their webs in that colony, 
and two found a nearby colony and later decided to leave. Out of the six spiders that created solo 
webs, four of these spiders were later found with other smaller spiders, forming a new colony. 
The data suggests that M. gravidus individuals are not likely to move very far to find a colony 
and that colonies might be more flexible than once was thought.  
 
RESUMEN 
 
El colonialismo en arañas es un fenónmeno raro en el cual las arañas comparten un marco de la 
tela mutuo pero crean y mantienen sus telas individuales. La araña colonial Metabus gravidus 
vive en colonias sobre quebradas y se consideran que tienen miembros bastante permanentes. 
Para determinar la dinámica del movimiento entre colonias e individuos recolocados, estudié que 
pasaría cuando estas arañas son removidas de sus colonias originales. Veinte arañas se 
colectaron, marcaron y soltaron. De las doce arañas que se encontraron después de su 
recolocación inicial, seis crearon telas por si mismas, cuatro se encontraron en colonias aledañas 
y construyeron sus telas en esas colonias, y dos se encontraron una colonia cercana y luego 
decidieron irse. De las seis arañas que crearon telas en solitario, cuatro se encontraron con otras 
arañas más pequeñas, formando una nueva colonia. Los datos sugieren que los individuos de M. 
gravidus no muestran una tendencia a moverse largo para buscar una colonia y que las colonias 
pueden ser más flexibles de lo que se piensa. 
 
INTRODUCTION 
 

Colonial spiders have long been a popular topic among researchers as colonialism is not 
often found in spiders, raising evolutionary questions about the reasons these spiders choose to 
live in groups (Avilés, 1997). These spiders create a collective framework of anchor webs but 
create and maintain their own individual webs inside this framework, collecting prey for 
themselves only (Choe & Crespi, 1997). Colonies frequently have low levels of genetic diversity 
and dispersal, implying that spiders often stay in the colonies they are born in and do not tend to 
travel to new colonies (Salomon, et al., 2010).  

Since colonial spiders do not tend to move frequently, how these spiders move due to 
disturbance or otherwise is not particularly well studied. There have been studies of movement in 
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other spiders such as the wolf spider that resides near freshwater; after capturing, marking, and 
releasing wolf spiders, researchers found that the individuals were not likely to move very far 
from the initial release point (Ahrens & Kraus, 2006). However, this does not mean that the same 
will be true of other species.  

Metabus gravidus is an orb-weaving spider that lives in colonies over streams found 
primarily in Monteverde, Costa Rica (Buskirk, 1975). M. gravidus individuals generally spin 
new webs every day and the structure of their web varies (Buskirk, 1986). Despite variance in 
webs, colonies have been shown to stay relatively the same with few spiders coming in or 
leaving (Buskirk, 1975). Since colonial spiders have relatively permanent colonies, this means 
that the social connection between spiders of the same colony is stronger than that of non-colony 
spiders (Salomon et al., 2010). This could provide a reason for the lack of movement in M. 
gravidus as it is likely difficult to join a new colony without facing some sort of social 
repercussion. Additionally, orb-weaving spiders such as M. gravidus tend to have poor eyesight, 
meaning the ability to find other colonies once displaced might be difficult, leading them to 
prioritize building a web over traveling to find a colony (Gajbe, 2003). For this reason, I decided 
to test to see whether M. gravidus individuals were more likely to create individual webs or join 
a colony by displacing the spiders from their original colony.  
 
METHODS 
 
 I studied the movements of M. gravidus individuals over the course of two weeks in a 
lower montane wet forest stream near the Biological Station in Monteverde, Costa Rica. I 
selected individuals that were either the largest or one of the largest in their colony since size is 
determined by age and I wanted to control for differences in behavior due to age. Individuals 
were captured by holding a jar underneath their web and gently tapping on the web to destabilize 
them and cause them to fall in the jar. To mark each spider, I used fluorescent orange paint and 
painted the legs of each spider in order to see them better post-release. After waiting a minute for 
the paint to dry, I released the spider and watched their initial movements to see if they reached 
another colony or started a web by themselves. I also observed them after 24-48 hours to record 
the final result of their web site location which was defined as either joining a colony or 
establishing a web on their own. Twenty individuals were marked and released but I was only 
able to identify ten individuals upon returning the following day(s).  
 
RESULTS 
 
Web location of M. gravidus individuals depending on whether they did or did not find a colony 

 
 Solo Joined colony Didn’t join colony 

Found colony 0 4 2 

Didn’t find colony 6 --- --- 

 
 
 

41



	
	

From the ten spiders I relocated, six formed webs on their own and four joined a colony (Table 
1). Two spiders which I was not able to find again did manage to make it to a colony (Table 1). 
However, since I could not find them afterward, it is safe to conclude that they did not join that 
colony.  
 
DISCUSSION 
 

Out of the twelve spiders I observed, half of the spiders chose to create webs on their 
own. Those that did manage to find another colony were usually very close to said colony when I 
released them. Almost all the spiders I released initially moved quickly away from the release 
point but then found a spot to remain stationary at for a long time before creating any threads and 
moving further. Some spiders were quicker at establishing anchor threads, taking only five to 
twenty minutes to start. When they did begin to travel via threads, they generally did not move 
more than a meter away from their original release point. This implies that M. gravidus 
individuals are unlikely to travel very far to establish new webs or join colonies after a 
disturbance such as being picked up which could be similar to being picked up by a predator. 
This could be because they have very little experience with traveling anywhere besides their 
home colony; in general, colonial spiders in stable colonies have low genetic diversity and low 
levels of dispersal, implying that many colonial spiders might hatch in colonies and remain there 
for the rest of their lives (Johannesen et al., 2012).  

However, this might not be the case in M. gravidus considering “new” colonies seemed 
to appear around four out of the six solo webs only a day or two after the initial web creation by 
the solo spider. It is worthy to note that the spiders in these “new” colonies were generally quite 
small in comparison to the original solo web-spinner, suggesting that large M. gravidus 
individuals are possibly what other smaller spiders look for when trying to seek out a new 
colony. In the two spiders that found colonies but then were not found on those same colonies 
the following day(s), the resident colonies were made up of only a few small spiders. This could 
mean that while small spiders find large spiders to live with successfully, large spiders that find 
colonies of small spiders figure they can do better elsewhere and thus decide to leave. It could 
also be that these large spiders that left those colonies did not like the habitat that the colonies 
were located in and therefore searched for better habitat location. 

Additionally, there were noticeable changes in the visible abundance of colonies two 
days after a major storm had caused water levels to rise; I found far fewer colonies than I had on 
previous days. One large colony in particular that had a huge framework of anchor threads was 
noticeably absent until I realized that the spiders had taken cover in a leafy plant that was 
hanging over the stream. A couple days later the colony had recreated its large framework of 
webs over the water but it’s not definite that these were the same spiders. This seems to insinuate 
that as the stream is an ever-changing environment, M. gravidus are accustomed to variance in 
their habitat and can adapt accordingly.  

After displacement, M. gravidus individuals tend to move very little before either finding 
a colony or instead creating their own individual web. This suggests that the creation of a web 
outweighs the need to find a colony, at least within the first few days of displacement. 
Furthermore, although M. gravidus have previously been thought to have permanent members, 
the creation of “new” colonies around individual spiders seems to indicate flexibility in the 
makeup of colonies and that smaller individuals might naturally gravitate towards large 
individuals who have created a strong framework. However, this study was only able to capture 
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the web site locations of spiders over the course of a few days. Further studies in this system 
could do a similar experiment over a longer period of time in order to gain a better understanding 
of the long-term habitat selection decisions of M. gravidus individuals. 
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Abstract 

In certain species, individuals can display a striking array of color morphs. It is assumed that 
certain color morphs are associated with particular benefits or costs. In the freshwater crab 
(Ptychophallus sp.), there are four color morphs known from a single stream. I tested if there was 
a higher cost to being one color morph over another in terms of predation. To study this, I 
generated a total of 36 clay models (nine of each color morph) and placed them within suitable 
habitats in the stream. The clay models were monitored over the course of 7 days for indications 
of predation. At the end of the study period, 7 went missing and 20 showed marks from potential 
predators. A chi square analysis revealed that no color morph was disproportionately attacked 
indicating that each color experienced the same rate of predation (Chi-square: 0.698, df: 3, P-
value: 0.87).  

Resumen 

En ciertas especies, los individuos pueden presenter una matriz llamativa de colores.  Se assume 
que ciertos colores están asociados con beneficios y costos particulares.  En el cangrejo de agua 
dulce (Ptycophallus sp.), hay cuatro coloraciones conocidas en una misma quebrada.  Probé si 
hay un mayor costo de ser de un color sobre otro en términos de depredación.  Para estudiar esto, 
generé un total de 36 modelos de plasticine (nueve para cada coloración) y los coloqué en los 
hábitats adecuados en la quebrada.  Los modelos de plasticina fueron monitoreados en el 
transcurso de 7 días por indicios de depredación.  Al final del período de estudio, 7 modelos 
desaparecieron y 20 mostraron marcas de depredadores potenciales.  Un análisis de Chi-
cuadrado relela que ninguna coloración fue desproporcionadamente más atacada, indicando qeu 
cada color experimenta la misma tasa de depredación (Chi-cuadrado: 0.698, gl: 3, p: 0.87). 

Introduction 

Multiple color morphs within species sharing the same geographical range have long puzzled 
evolutionary biologists because novel, especially conspicuous, colorations that are introduced 
into a population in theory should be selected out of the population quickly (Endler J. A. 1980). 
Some explanations for the proliferation of novel color morphs include; The theory of dietary 
conservatism is that due to variability of energy expended versus nutritional content of different 
prey species, predators may be wary of novel colorations of prey, especially conspicuous ones, 
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and because of this allow color morphs that would normally be selected out quickly to instead 
eventually go to fixation within the population. (Marples N.,et al 1998). Previous studies have 
shown that in certain ecosystems, the presence of multiple color morphs has a positive 
correlation with number of predators with a conserved diet (Thomas R., et al 2004). Other marine 
members of Brachyura along coastlines have demonstrated morph variance that are influenced 
by ecological selective pressures rather than separate novel genotypes being expressed 
phenotypically (Reuschel S. & Schubart C. D. 2007). In this case highly variable colorations 
were due to phenotypic plasticity when molting from juvenile to adulthood forms and coloration 
variability was maintained by ecological pressures. 

Maintenance of color morphs within a population is regulated by several factors that allow 
persistence of novel morphs and continued existence of multiple morphs within the population; 
sexual selection via female preference requires females to have larger genetic variance in 
preference than the rate of genetic variance in male coloration when assuming that all morphs 
have an equal rate of fitness value. Alongside this is ‘coupled drift’ a theoretical model of 
combined evolutionary mechanisms that utilizes a ‘leader’ trait and ‘follower’ traits. A 
simultaneous sexual selection takes place alongside genetic drift acting on these traits in an 
uneven distribution. The leader trait is selected upon by genetic drift and the follower traits by 
sexual selection. These forces coupled with natural selection can increase polymorphism in 
populations and eventually reach an equilibrium where multiple polymorphism can exist within 
the same geographical region (Tazzyman, S. J. & Iwasa Y. 2009).  Habitat richness and 
complexity are theorized to play a role in polymorphic stability where higher complexity habitats 
with greater resources have positive correlation with higher color polymorphisms among prey 
species. Greater predator species richness is also hypothesized to be a large determining factor 
(Thompson C. W. & Moore M. C. 1991).  

Negative frequency-dependent selection is a theoretical evolutionary model where in a 
population with polymorphic colorations is maintained by commonly occurring colorations being 
predated disproportionately compared to less common ones. As these colorations increase in 
frequency within the population they decrease in fitness, this fluctuation allows less common 
colorations to increase in frequency until they in turn are effected in a fluctuating cycle within 
the population. This model allows for the high potential of maintaining larger numbers of alleles 
on single or dynamically coupled loci (Punzalan D. et al 2005). Studies of this model have 
yielded an effect called “protective polymorphism” where polymorphic colorations of prey 
species are maintained by negative frequency-dependent selection regardless of cryptic 
colorations or not (Glanville, P. W., & Allen, J. A. 1997). In an organism with no sexually 
dimorphic coloration these processes can be likely explanations for color morph abundance and 
variations within a population.  

Based on these theories and models using equally sized clay models and placing them in similar 
environment we can simulate selective predation pressures upon different color morphs. By 
determining  rates of predation between color morphs we can hypothesize further about 
mechanisms within this specific population that allow multiple color morphs to persist. Little is 
known about the place of these organisms within the local food web and with markings on clay 
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models the potential for identification of predator species of this organism can be achieved as 
well. Identification of predator species can further our understanding of selective pressures on 
these organisms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Four color morphs of Ptychophallus sp. observed within the Quebrada Maquina stream system, 
photographed in previous studies (Rigler, M. 2012) (Garlick-Ott, K. 2017) A.) dorsal  view of ‘orange’ morph 
specimen. B.) dorsal view of ‘black’ morph specimen. C.) dorsal view of ‘brown’ morph specimen. D.) dorsal view 
of ‘purple’ morph specimen. E.) Clay models of each color morph created for this study.  
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Study Sites 

 

Figure 2. Map of sample site area. Estacion Biologica landholdings including Quebrada Maquina stream system 
Monteverde, Puntarenas, Costa Rica.  

Study area was located on the Pacific slope of the Monteverde Cloud Forest, a lower montane 
wet forest, within the Quebrada Maquina stream system that ranges from 1450 m to 1600 m in 
elevation. 

Study Organism 

Freshwater members of the infraorder Brachyura (crabs) are species that are solely found 
in tropical and subtropical regions throughout the globe and in Costa Rica range in elevations 
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from 0 to ~1600 m (Cumberlidg, N. 2016). These species are distinct from other members of 
Brachyura by their sole residency within freshwater habitats as opposed to other terrestrial, 
brackish or saltwater members of the infraorder. Freshwater species are largely nocturnal 
omnivores primarily feeding on leaf detritus and opportunistically hunt small vertebrates and 
macroinvertebrates they have also exhibited cannibalistic behavior in certain circumstances 
(Wehrtmann I.,et al 2019). Located on the Pacific slope of the Monteverde Cloud Forest, the 
Quebrada Maquina stream system has four color morphs, (Fig. 1) of species most likely in the 
genus Ptychophallus sp. sharing the same habitat (Rigler M. 2012). However, in this 
understudied ecosystem many aspects of these organisms are unknown in relation to natural 
history, sexual dimorphism or taxonomy. No phylogenetic studies have been conducted to 
confirm phylogeny or speciation amongst morphs.  

Methods & Materials 

From 7/22 to 7/29 clay models were placed along the Quebrada Maquina stream system (Figure 
2.). Models were formed from a 2.2 cm wide clay sphere to create similar sized models. The 
stream was subdivided into 3 sections for rotational monitoring purposes; Northeast stream 
section, Northwest stream section and lower stream section. Placement of models in the stream 
was guided by a previous study that showed substrate complexity was positively correlated with 
abundance of Ptychophallus sp. (Garlick-Ott, K. 2017). With this models were placed in sections 
of the stream sharing the following similar characteristics; 1) seven cm or deeper basin 2) 
abundant leaf litter 3) clear to slightly rippled surface from water current speed 4) presence of 
multiple large rocks or pieces of wood 5) a benthic area that was characterized by varying sized 
pebbles/rocks. Suitable pools were not evenly spaced but had to be a minimum distance of 2 m 
apart. Models were placed in suitable habitats in sequential order of black, brown, purple and 
orange with thirty six being placed total, nine of each color morph. One stream section was 
checked everyday for seven days with models missing via predation being recorded without 
replacement and all models were collected the last day of data collection. Once collected models 
were examined for signs of predation, with location of predation marks being recorded. 
Predation via markings and being missing were subdivided by color morphs with predation rates 
between colorations being compared via chi-square analysis. Locations were also compared 
using a chi-square analysis. Throughout model placement observations of live specimens were 
recorded in terms of coloration and capturing specimens to determine size and sex were also 
attempted, observation times were conducted between 9 A.M. and 4 P.M. 

Results 

Out of a total of 36 models placed along the stream system 27 models showed markings of 
predation or were missing entirely; 8 black, 7 brown, 5 purple and 7 orange (Figure 5). There 
was no difference between predation rates of different color morphs (Chi-square value: 0.698, 
degrees of freedom: 3, P-value= 0.87). Locations of the predation marks on the individual clay 
models were as follows; 12 individuals were attacked on the claws, 15 on the legs, 8 markings on 
anterior of carapace and 9 with markings on the posterior of the carapace (Figure 6). When 
compared via chi-square analysis there was no statistically significant difference between 
locations of predation on models (Chi-square value: 2.71, degrees of freedom: 3, P-value= 0.43). 
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A total of eleven living crabs were encountered in the stream during the study period. 45.6% 
were orange morphs (5 individuals), 27.2% were black morphs (3 individuals), 27.2% were 
purple morphs (3 individuals) and zero brown morphs were encountered (Figure 7).  

 
Figure 4. example of clay model showing marks of predation.  

 

 
Figure 5. Total number of models that were predated upon by color morph. No distinction was made between 
individuals predated upon via markings or via being missing. Comparisons between color morphs showed no 
significant differences in predation rates between coloration and were compared using a chi-square analysis (Chi-
square value: 0.698, degrees of freedom: 3, P-value: 0.87) 
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Figure 6. Comparison of the locations of predation marks on clay models. Location ,but not the total number of 
marks, on individuals was analyzed using a chi-square analysis (Chi-square value: 2.71, degrees of freedom: 3, P-
value: 0.43) 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. percentages of color morphs of Ptychophallus sp. individuals observed or captured during study, 
percentages were calculated based on total observations and captures with no distinction made between the two.  

Additional Observations 

After a large storm system that changed stream topography, the stream system became on 
average deeper and narrower than previously. More crabs were observed in this time frame and 
were noticeably larger than those previously seen and were also seen frequently in basins of 
small waterfalls (<2 m in height) with sandy bottoms. The day following the storm several 
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detached body parts of crabs were found on stream banks throughout the system, possibly 
indicating a severe drop in population.  

Discussion 

The high levels of predator markings and missing clay models suggest that predation is high in 
these organisms and that no color morph was better at evading predation. It is worth noting that 
living crabs spend the day under debris and hidden from sight, only coming out to forage in the 
evening. Observed findings support previous studies that freshwater crabs have predominantly 
nocturnal behavior (Wehrtmann I. et al 2019). A total of eleven primarily diurnal observations 
were smaller than previous studies observations of this stream system where >60 specimens were 
observed in each study in corpuscular and diurnal conditions. Since my models were exposed 24 
hours a day – it’s possible they were visible to novel predators that would not normally be 
encountered. Novel predator encounters suggest a possible explanation for seeing no differences 
between predation marking locations as novel predators would be more likely to have the ability 
to overcome crab’s primary defense of claws. Based on examinations of predation markings 
likely primary predators of these organisms are birds, small mammals and other crabs. Models 
that were missing entirely from placement sites would align with small mammal feeding habits 
where acquisition and feeding locations are often separate order to avoid theft of catch by 
competitors (Chazdon R. L. & Whitmore T. C. 2002). 

Subsequent studies could look into testing for a correlation with levels of conservatism in diets 
of predator species in the area. A positive correlation would offer an explanation for multiple 
colorations arising in this stream system via the dietary conservatism theory (Marples N.,et al 
1998). With no difference in predations rates upon color morphs we can assume that other 
mechanisms are maintaining these polymorphisms within the population. In the case of coastal 
crab species it was found that phenotypic plasticity driven by ecological pressures maintained 
color polymorphisms within the population as opposed to novel genotypes, this is a possible 
explanation for results within this study (Reuschel S. & Schubart C. D. 2007). Results of 
observed morphs within this study represented a small sample size however if combined with 
previous study data in this area on Ptychophallus sp. analysis could be done to observe absence 
or presence of fluctuating patterns of color morph ratios within the population. If presence of 
fluctuations was found, it would lead credence to the negative frequency-dependent selection 
model of explanation for continued maintenance of color morphs within a population.  
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ABSTRACT 
 Forest disturbance can cause a loss of biodiversity, even on a small-scale. However, large-scale 
disturbances are more frequently studied, but disturbance on a small-scale are just as important to acknowledge the 
biodiversity loss. Arthropods were used in this study to determine the impact of forest disturbance in a small 
clearing. The arthropods were collected over the course of 14 days from pitfall traps in a cleared area and a forested 
area and then identified at least to Order, and Family was determined if possible. The individuals collected were also 
separated into morphospecies to aid in identification. The diversity of arthropods in each location and the diversity 
of the Orders in each site were determined and compared using the Shannon-Weiner Diversity index. The results 
show more overall diversity of arthropods in the forest area. However, although there was more diversity in the 
forest, there were morphospecies that were present only in the cleared area. The loss of biodiversity in the forest 
could lead to a loss of species that are essential for supporting other forms of life, including humans. But the 
presence of many morphospecies found only in clear areas means that not all biodiversity is lost beacuse of forest 
disturbance, but these species are more likely to be generalists.  
 
RESUMEN 

Los disturbios pueden provocar perdidas en la biodiversidad, aún en pequeña escala. Sin embargo, los 
disturbios a gran escala son más frecuentemente estudiados, pero los disturbios a pequeña escala son tan importantes 
en determinar la perdida de biodiversidad. Los artrópodos fueron colectados en el transcurso de 14 días en trampas 
de caída en un área abierta y boscosa e identificados al menos a orden, y familia cuando era posible.  Los individuos 
fueron recolectados y separados en morfoespecies para identificarlos.  La diversidad de artrópodos en cada localidad 
y la diversidad de ordenes en cada sitio se determinaron y compararon usando el índice de diversidad Shannon-
Weiner.  Los resultados muestran una mayor diversidad de artrópodos en las areas boscosas. Sin embargo, aunque 
hay una mayor diversidad en el bosque, existen morfoespecies aque solo fueron encontradas en el área abierta.  La 
perdida de biodiversidad en el bosque puede llevar a la perdida de especies que son esenciales para sobrellevar otras 
formas de vida, incluyendo humanos. Pero la presencia de varias morfoespecies se encuentra solo en el área abierta 
significa que no toda la biodiversida esta perdida debido a los disturbios en el bosque, pero estas especies tienden a 
ser más generalistas. 
 
INTRODUCTION 
 Habitat disturbance caused by deforestation can have detrimental effects on biodiversity. 
The clear-cutting of trees creates loss of many niche habitats, food, and other resources necessary 
for the survival of species. On a large scale, deforestation can create matrices that are impassable 
for some animals, causing populations of these species to be separated and ultimately leading to 
a decrease in population. Forests provide many resources that are essential to support human life, 
but many of the tropical forests across the world have been over-exploited for human use, 
causing populations of many species that reside in these forests to dwindle or go locally extinct 
(Anderson, et. al. 2014). This fragmentation of forests is caused by deforestation for lumber, 
agricultural land, and road construction. However, this study takes place on a much smaller 
scale. The effects of small disturbances of forests must be taken into account, as they can also 
alter the biodiversity of the surrounding region. Determining the impacts of small disturbances of 
forests is essential to understanding the overall impact of habitat disturbance.  
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 Fewer studies of the impact of habitat disturbance on invertebrates have been conducted 
in comparison to vertebrates. However, the studies that have focused primarily on invertebrates 
show that they are also negatively impacted by forest degradation. For example, the diversity of 
species of Diptera decreases with a decrease in forest cover (Smith and Mayfield 2015). 
Additionally, the dispersal of insects is largely impacted by forest patches 50 m to 1 km apart, 
which has led to a decrease in the richness of herbivorous insects and pollinators (Reno, et. al. 
2016). This can have detrimental effects on the forest ecosystem, since herbivorous arthropods 
prevent the overgrowth of plants, and pollinators ensure that plants are reproducing. A decrease 
in either of these arthropod guilds would have a significant impact on the complex ecology of the 
forest, as they are likely keystone species and can cause a chain reaction on the stability of many 
other species. For these reasons, it is important to study how invertebrates, specifically 
arthropods in the case of this study, are affected by forest disturbances. 
 This study focuses on how the diversity of arthropods is impacted by small-scale forest 
disturbance. The small disturbed area used for this study was about 1,250 m^2 and the forested 
area used for the study was directly next to the disturbed area. Ten Orders of arthropods were 
used for the purpose of this study: Acari, Araneae, Blattodea, Collembola, Coleoptera, 
Dermaptera, Diptera, Hemiptera, Hymenoptera, and Opiliones. The clear-cut area consists 
mainly of grasses, so the area is more homogenized than the forested area. Because there are 
more habitat locations and food resources found in a forest, it is expected that more overall 
diversity of the previously mentioned Orders of arthropods would be found in the forested area.  
 
METHODS 
 This study was conducted at two sample sites, a forested area and an open/clear-cut area 
in Monteverde, Costa Rica. The clear-cut area surrounded a pond near the entrance to the 
Monteverde Biological Station. This sample site was characterized by short to medium grasses 
with very few trees. The forested area was adjacent to the clear area, and was characterized by 
dense tree cover. Both locations were at the same elevation (~1500m) so that elevation was not a 
confounding variable in this study.  
 Pitfall traps were used to collect the arthropods. The traps consisted of a plastic cup, 
buried so that the top of the cup was at ground level, and a plastic plate held up by skewers to 
prevent rainwater from getting in the traps. They were filled with a solution of water, 80% 
ethanol, and unscented soap. The purpose of the ethanol was to preserve the arthropods, and the 
unscented soap altered the suface tension of the water so that the arthropods would not be able to 
swim and escape the trap. Nine traps were set up at each site for a total of 18 traps. At each 
sample site, arthropods from five traps were collected after 24 hours. This initial collection was 
to ensure that the traps were successful. Then, arthropods from all nine traps were collected three 
times: once after 24 hours, once after 48 hours, and once after 72 hours. At each site there was a  
total of 32 collections within 168 hours (7 days) at each site, or 64 collections within 336 hours 
(14 days) overall.  
 After each collection, the arthropods were placed in plastic jars along with the solution 
that was in the trap. They were transported to the laboratory and placed in 80% ethanol to 
prevent the arthropods from decomposing. A dissecting scope was used to assist in identifying 
the arthropods, which were identified to Order and, if possible, Family. They were then classified 
into morpho-species so that there was an accurate count of total species, and so that species that 
were shared between locations were easily identifiable. Once the arthropods were identified, the 
Shannon-Weiner Diversity index was used to determine the overall diversity in each study site 

54



 

 

and the diversity of each Order of arthropods at each study site. Then, a t-test was used to 
determine if the differences in diversity were significant. 
 
RESULTS 
 Twelve Orders of Arthropoda were present in the pitfall traps, however, only ten were 
used for the purpose of this study. These Orders include: Coleoptera, Hemiptera, Dermpatera, 
Blattodea, Hymenoptera, Collembola, Diptera, Opiliones, Araneae, and Acari. Orthoptera and 
Crustacea were excluded from this study. Additionally, Dermaptera was not found in the clear-
cut area, so this Order could not be statistically analyzed. In the forest, 289 individuals were 
collected, and 264 individuals were collected from the clear area. In total, 97 morphospecies of 
arthropods were found- 63 of which were found in the forested area and 45 in the clear-cut area. 
Only 11 morphospecies were shared between each study-site.  

There was overall more diversity in the forest than in the open area. The diversity of the 
forest (H’) was equal to 3.124, and in the clear area H’=2.611 (t=4.068, df=550.43, p<0.001). 
Table 1 presents the diversity of each Order at each study site. Out of the eleven Orders, four 
were significantly more diverse in the forested area (Hymenoptera, Opiliones, Diptera, and 
Coleoptera), and one was significantly more diverse in the clear-cut area (Collembola). The 
differences in the diversity of the remaining five Orders were found to be statistically non-
significant. Figures 1 and 2 show the distribution of diversity of all Orders in both locations. 

Hymenoptera had the highest difference in diversity out of all the Orders. Hymenoptera, 
which includes ants and wasps, only, in this study, was more diverse in the forested area, 
however there were more individuals of hymenoptera found in the open area. More ants (113 
individuals from five morphospecies) were present in the open area, whereas in the forested area, 
only 13 individuals from five morphospecies of ants were found. Two of these ant 
morphospecies were shared in both locations. On the other hand, more wasps were found in the 
forested area (14 individuals from seven morphospecies) compared to the open area, which only 
had one wasp. No morphospecies of wasp were shared. 

From the Class Arachnida, the only Order that had statistically significant results was 
Opiliones. This Order had the second highest difference in diversity between each study site, and 
there was more diversity in the forest than in the clear-cut area. In the forest, there were 121 
individuals from four morphospecies of Opiliones. In contrast, in the open area only one 
morphospecies was found with 24 individuals.  

Diptera had the third highest difference in diversity, with more diversity present in the 
forest. Eleven morphospecies with 16 individuals of Diptera were found in the forest area, and 
11  morphospecies with 45 individuals were found in the clear area. Four morphospecies of 
Diptera were present in both forested and clear-cut areas. One morphospecies (morphospecies 
Diptera G, 33 individuals) in the clear area dominated over the other morphospecies, which only 
had one morphospecies each- this aspect caused the diversity in the clear area to decrease. 

Coleoptera had the lowest significant difference in diversity, with more diversity found in 
the forest than in the open area. In the forest, 19 morphospecies were present with 72 total 
individuals. However, in the open area only five morphospecies were found with a total of six 
individuals. One morphospecies of Coleoptera was shared between each study site. 

Collembola was the only Order that was significantly more diverse in the open area than 
the forested area. Only one morphospecies of Collembola was present in the forest with six 
individuals, and this morphospecies was also found in the clear-cut area. In the clear area, four 
morphospecies of Collembola with a total of six individuals were found. 
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Morphospecies in Orders that could be identified to Family are represented in the 
following pie charts. These include Coleoptera (Figures 3 and 4) and Hemiptera (Figures 5 and 
6), and the distribution of Families of both Orders in each study site is shown. Additionally, 
distribution of the Orders in the phylum Arachnida (Figures 7 and 8) in both locations are also 
represented in pie charts. 

 

Order H’ forest H’ open t df p 

Hymenoptera 2.302 0.946 7.809 56.10 <0.001 

Opiliones 0.913 0.0 14.71 121.0 <0.001 

Diptera 2.197 1.181 3.307 6.0 0.006 

Coleoptera 2.452 1.561 3.017 8.457 0.016 

Collembola 0.0 1.243 -4.097 6.0 0.006 

Acari 1.243 0.451 1.945 11.86 0.075 

Hemiptera 1.561 0.940 1.514 15.74 0.150 

Blattodea 0.377 0.0 1.544 8.0 0.161 

Araneae 1.386 1.314 0.196 8.443 0.849 
Table 1: The diversity of each Order in both study-sites. Hymenoptera, Opiliones, Diptera, and 
Coleoptera were statistically more diverse in the forest area (p<0.05). Collembola was the only order 
more diverse in the clear area. The difference in the diversities of the remaining Orders (Acari, 
Hemiptera, Blattodea, Araneae) were statistically non-significant. 
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Figure 1: Distribution of the total amount of individuals in each Order in the forested area. Opiliones 
makes up nearly half of the diversity in the forest with 121 individuals out of the total 289 individuals 
found in the forest. Coleoptera follows with about a quarter of the diversity represented in the forest.  
 

 
Figure 2: The individuals of each Order distributed throughout the clear area. Hymenoptera makes up the 
majority of the individuals collected, with 54% of the total diversity of the clear area. Following 
Hymenoptera, Diptera makes up about a fifth of the diversity of the clear area. 
 

 
Figure 3: The distribution of Families of Coleoptera found in the forested area. Ten families were present 
in the forest, with Carabidae (ground beetles) being the most abundant. Two morphospecies with 
unknown Families are included. 
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Figure 4: Families of Coleoptera found in the cleared area. Elateridae, or click beetles, were the most 
abundant Family found.  
 

 
Figure 5: The distribution of Orders of Arachnida in the forest. This was dominated by Opiliones, as over 
120 individuals of Opiliones were collected. The next most abundant was Acari, or mites, followed by 
Araneae, or spiders. 
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Figure 6: The distribution of Orders of Arachnida in the cleared area. Araneae were found most 
frequently, followed by Opiliones and Acari. 

 
Figure 7: The distribution of Families of Hemiptera in the clear area. More Families (4) of Hemiptera 
were found in the cleared area than in the forested area. Gelastocoridae was the Family that dominated 
over the other Families, making up 70% of Hemipterans.  
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Figure 8: The distribution of the Families of Hemiptera in the forested area. Only three Families of 
Hemiptera were found, with Myridae making up half of the Hemiptera that were present, followed by 
Cydnidae and and unknown Family. 
 
DISCUSSION 
 The results show that there was overall more diversity in the forest than in the clear area, 
which supports my hypothesis. This was also true for four of the ten Orders that were studied: 
Hymenoptera, Opiliones, Diptera, and Coleoptera. An interesting result was that Dermaptera was 
the only Order that was found solely in the forest- no individuals of Dermaptera were found in 
the clear area. Furthermore, the only Order that was significantly more diverse in the open area 
was Collembola.  
 Tropical forests are some of the oldest and most diverse ecosystems on the planet because 
of the predominantly tropical climate over geological time (Romdal, et. al 2013). Because of this 
relatively stable climate, species have had more time to evolve and adapt to specialize in certain 
aspects of the forests, whether that is where the species lives or their source of food. This is 
important in understanding why there is more diversity found in the forest, and why it is 
important to limit the amount of forest habitat disturbance. The results of this study show that the 
diversity of several Orders is lost in clear-cut areas, and this is only on a small-scale- a much 
larger disturbance would likely have an even more significant impact on the diversity of 
arthropods. 
 Hymenoptera were the most affected Order that was studied. Although there were more 
individuals of Hymenoptera found in the open area, there was more of a variety of Hymenoptera 
morphospecies present in the forest. The number of ants found in the open area contributed to the 
large amount of individuals found, and as ants travel in colonies it is unsurprising that where 
there was one ant, there were usually plenty more ants that followed. However, there were more 
morphospecies of wasps in the forest than in the open area. This is due to the fact that wasps 
prefer to habitate in woody areas, and there is more prey abundance in forests (Schuepp, et. al. 
2010). In the open area that was studied, there were few trees present which reflects why only 
one individual wasp was found, as opposed to 14 wasp individuals found in the forest.  
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 The higher diversity of Opiliones in the forest can also be attributed to the feeding 
techniques and the location of their habitats. Many species of Opiliones live in leaf litter, trees, 
or both. Likewise, Opiliones forage for food in the leaf litter then climb trees to eay their prey 
(Proud, et. al. 2011). The clear area was devoid of leaf litter and, again, few trees were present, 
so there was a lack of locations for habitats and areas for hunting and foraging for the Opiliones. 
 It has been proven that the diversity of Diptera increases with an increase in forest cover 
(Smith and Mayfield 2015). The results of this study support this finding, with 46 individuals 
from 11 morphospecies of Diptera found in the forest. However, Diptera also had the most 
shared species- four morphospecies were present in both study sites. This could be due to the 
motility of Diptera- species that can fly are likely to move across open areas more easily. 
 Coleoptera was one of the most prominent Orders found in the forested area. Ten 
Families were found in the forest and four were found in the open area. One morphospecies from 
the family Elateridae was shared in both locations. Since Coleoptera is one of the most species 
rich Orders on the planet, many studies have been conducted on the effects of fragmentation or 
disturbance on Coleoptera. The diversity of Coleoptera is highest in continuous patches of forest, 
and this diversity decreases with a decrease in the size of the patch (Jung, et. al. 2016). 
Additionally, Coleoptera are more diverse in the forest because there are more habitat niches in 
the forest (Cajaiba, et. al. 2018). The habitats of Coleoptera are highly variable depending on the 
species- some can live on the forest floor, in trees, and some are even aquatic. Therefore, the lack 
of habitat locations in the open area is likely correlated to the small number of morphospecies 
that were found in that area. 
 The only Order that was more diverse in the clear area than the forest was Collembola. 
Collembola are soil species and have been proven to prefer soils of clear areas over forest soil 
(Auclerc, et. al. 2009). One morphospecies of Collembola was present at each study-site, and it 
was the only morphospecies found in the forest. The Collembola preference study supports these 
findings, because although more species prefer open-area soil, they can still be found in forested 
areas, as well.  
 The remaining four Orders of this study were more diverse in the forest area, however 
this difference in diversity was not statistically significant. This means that there was no 
prominent, adverse effects on these Orders in general. However, this does not mean that specific 
species are not affected by disturbances. In fact, out of these four Orders, only three 
morphospecies were found in both the forest and clear area. Furthermore, although nearly all of 
the Orders were more diverse in the forest, there were 34 morphospecies that were found only in 
the clear-cut area. This means that there are some arthropods that are specializing in open areas. 
However, these arthropods are likely to be generalist species because of the more homogenized 
landscape and the lack of niches in the open area. Overall, forest disturbance does create a loss in 
the biodiversity of the ten Orders presented in this study- even a small clearing of forest can have 
an impact on arthropod diversity. 
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ABSTRACT:  
          All living organisms have an ideal range of temperatures that they can function and be 
active within. Most butterflies use their wings to absorb solar radiation while basking, in order to 
thermoregulate, but that might not be possible if their wings are transparent due to the 
transparent areas being devoid of light capturing scales and pigments. Greta annette butterflies 
(Nymphalidae: Ithimiini) found in Monteverde Costa Rica that display this unusual trait. My 
objective was to study whether or not their activity varies under normal sunlight exposure, given 
their clear wings may not be as efficient at absorbing solar energy. Individuals of G. annette 

were tested first to see if flight was physiologically possible for them in the dark. Second, if 
these butterflies required light to be active, and third, which parts of the light spectrum they used 
to thermoregulate. The butterflies were tested for activity at night, during the day, in a daytime 
dark room, under visible light and UV to answer these questions. It was determined these 

individuals did have energy to take off while deprived of the sun, but their activity and agility 
were reduced without light. A pattern in activity level was found when exposed to different 
spectra of light although data was statistically non-conclusive. Due to this it is unable to be 
concluded which types of light G. annette uses to thermoregulate although it was proven that 
they do solar-thermoregulate. This indicates that, although transparent, these peculiar butterflies 
manage to absorb enough radiation to meet their needs.  

 
 
RESUMEN: 

Todos los organismos vivos tienen un rango ideal de temperaturas en las que ellos pueden 
funcionar y estar activos.  La mayorías de las mariposas usan sus alas para absorber la radiación 

63



solar mientras toman el sol para termoregular, aunque esto no puede ser possible si sus alas son 
transparentes, ya que las áreas transparentes carecen de escamas y pigmentos que capturan la luz.  
Las mariposas Gretta annette (Nymphalidae: Ithimiini) encontradas en Monteverde, Costa Rica 
muestran esta inusual característica.  El objetivo de mi estudio es ver si la actividad varía bajo la 
exposición a condiciones normales de luz, dado que las alas transparentes pueden no ser tan 
eficientes en absorber la energía de la luz solar.  Individuos de G. annette se probaron primero 
para ver si el vuelo es fisiológicamente posible en la oscuridad, segundo, si estas mariposas 
requieren de luz para estar activas, y tercero, que partes del especto de luz usan para 
termorregular.  Las mariposas fueron estudiadas para la actividad en la noche, durante el día, en 

el día en un cuarto oscuro, bajo luz visible y UV para contestar estas preguntas.  Se determinó 
que estos individuos pueden tomar energía cuando no tienen acceso a la luz solar pero su 
actividad y agilidad son reducidas sin luz.  Un patrón en los niveles de actividad se encontró 
cuando se exponen a diferentes espectros de luz aunque los datos no son estadísticamente 
concluyentes.  Debido a esto no se puede concluir que tipos de luz usa G. annette para 
termoregular aunque se prueba que ellas usan termorregulación solar.  Esto indica que, aunque 
transparentes, estas mariposas en particular manejan la absorción de radiación suficiente para 
satisfacer sus necesidades.   

 
 
INTRODUCTION: 

Homeostasis is a vital process that ensures that the organism's physiological needs are 
being met in order to operate efficiently and survive (Ocilla and Sharma, 2019). It is the process 
of maintaining a dynamic equilibrium of internal conditions within an organism. While 
endothermic organisms maintain this equilibrium through metabolic processes that generate heat 
to maintain a constant internal temperature, ectothermic organisms have to seek out ideal 
external conditions to maintain an ideal body temperature. Ectotherms have developed a set of 
habits to seek out these ideal conditions such as burrowing to prevent overheating, sun-basking 
to absorb heat directly from the sun, and by contact with other warm surfaces. The methods by 
which an organism obtains the energy to maintain constant body temperature is called 
thermoregulation. Thermoregulation habits are important phenomena in ectothermic organisms 
because without ideal temperatures their ability to move is hindered.  
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Insects are ectothermic and rely on a variety of thermoregulation strategies to achieve 
ideal internal conditions. Butterflies, for instance, have been shown to bask in the sun, using their 
wings to absorb as much solar radiation as possible. This is common if not universal in butterfly 
species (Clench, 1966). The increased surface area to volume ratio intrinsic to the presence of 
relatively large membranous wings can raise a butterfly’s body temperature by as much as 30 
percent (Wasserthal, 1975). This is quite a significant increase in internal temperature given that 
it has been shown that only about 15 percent of the wing is used in heat exchange (Wasserthal, 
1975)  

There are a multitude of tropical butterfly species from different genera in the subfamily 

Ithomiini (Nymphalidae) that are commonly known as the glass wing butterflies. They are 
named after their identifying characteristic of having translucent or transparent portions of their 
wings that appear as windows. These parts of the wings are clear because they do not contain the 
scales or pigments that other butterfly wings do, instead the membranes contain small microhairs 

(Hölscher, 2017). Butterfly scales and pigments often interact with light and serve to capture 

photic energy and aid in solar thermoregulation (Roush, 1995). The lack of these light harnessing 
structures could affect the how efficient their wings are at capturing solar energy to 
thermoregulate. This could have greater impact on these butterflies than on those of larger stature 
because it has been shown that larger body mass in butterflies reduces the amount of time spent 

basking (Heinrich, 1986). It has been shown that the less massive and slender butterfly body type 
shown in G. annette tends to require basking opportunities more often to achieve optimal 
temperatures for flight (Heinrich, 1986).  

If the wings of G. annette are inefficient at capturing solar radiation their body size and 
stature may then intensify heat loss and make it even more difficult for these butterflies to 
maintain their optimal temperature. The altered wing traits of G. annette must mean that their 
success as a species must come from elsewhere. the minimal scales that are present could be 
sufficient to warm the organism or they have found other ways to thermoregulate. Without some 
ability to make up for this the species would not have been able to survive and become as 
prominent neotropical forests. Furthermore, they have to have some ability to make up for 
minimal scale coverage because their ancestors possessed these scales. This derived trait would 
not have gone to fixation from natural causes if it was harmful to the species so their colorless 
transparent phenotype must provide an edge in their environment despite possible disadvantages.  
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Given their colorless and transparent characteristics, I wondered: how is glass wing 
butterflies’ activity effected by the presence of light and varying wavelengths, given their 
peculiar attributes? Greta annette is a common species of glassing butterfly found in 
Monteverde, Costa Rica, and served as our test species to test the effect of daylight exposure on 
the butterfly’s activity. G. annette is one of the most transparent species of glassing that has very 
little pigmented or scale laden wing regions Due to the peculiar characteristics of their wings, 
and their possible effect on thermoregulation, several more questions arose. Do these butterflies 
require solar radiation for activity as many other butterflies do? Do they have enough energy 
without sunlight to be active? Lastly, if the daylight affects their usual behaviors probably due to 

thermoregulation, what parts of the light spectrum do they utilize? To test this, individuals of G. 

annette were observed at different times of the day for the ability to takeoff and activity levels of 
three basic behaviors.  
 

 
METHODS AND MATERIALS: 
 
Species of Study: 
 Greta annette is a species of neotropical butterfly in the lepidopteran family 
Nymphalidae and tribe Ithomiini. They are characterized by nearly transparent and colorless 
wings with thin, pigmented, and scaled regions around both the mesothoracic and metathoracic 
wing margins. The majority of the wing area is completely transparent, and venation is visible in 
the transparent regions of the wings. Individuals are also known for white spotting on both the 
wing margin and soma. When perched, wings are typically closed and held vertically over the 
body.  They are a diurnal species found from Mexico to Panama. Individuals were kept in 
captivity for a maximum of two days to prevent fatalities and altered activities.  
 
Study Site: 
 The G. annette butterflies were caught and studied at the Monteverde Biological Station 
garden in Monteverde, Costa Rica. The station is located in the Cordillera de Tilarán Mountains, 
at 1530m of elevation, in an area surrounded by premontane wet forest. The weather conditions 
are variable given its elevation. It experiences both a wet and dry season annually. Its tropical 
status comes with a wide variety of localized diversity and warm temperatures. The small garden 
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is located on the campus where Ageratum conyzoides flowers are present. Male G. annette 

butterflies are attracted to these flowers by a mutualistic relationship. Specimens were captured 
in the garden and transferred indoors where of wind, rain, and other environmental influences 
would be tempered. Because of site conditions it is likely that, most G. annette specimens were 
male. All individuals were kept in an enclosure large enough for flight. The enclosure was 
roughly half a meter in diameter and one meter tall. The enclosure was made of mesh to provide 
breathability and allow the butterflies to climb. All specimens were presented with branches and 
leaves as a perching substrate along with assorted fruits, jams, and sugar water as food sources.  
 
 Is G. annette Able to Fly at Night: 
 In order to determine if G. annette required solar radiation to be active this set of tests 
were performed. Incited flight tests were performed during the day and at night. The presence of 
light was limited at night to a small red LED that was used to observe the butterflies. To test each 
individual butterfly, individuals were transferred from the group enclosure to a solitary enclosure 
in the same room. The butterflies were given five minutes post-transfer to allow for a rest period.  

Each butterfly was used for three consecutive trials with one minute in between each 
trial. Each trial consisted of a series of “taps” (rapid and short touch stimulus directly next to the 
butterfly on the outside of the enclosure to incite flight) administered in five-second intervals up 
to a maximum of 20 taps. The number of taps required for the butterfly to take off in flight was 
recorded. If an individual didn´t take off in flight after the 20 taps, it was recorded as a non-
flight.  All trials were performed within 24 hours of capture time to limit the effects of captivity 
of the activity or health of individuals. The tests were performed day and night to determine 
difference in eagerness to take off.  
 
Is Their Activity Effected by Time of Day or Presence of Light? 
 To isolate the light as the variable for activity and not their circadian pattern, activity 
observations in three different treatments were performed during the day, at night, and during the 

day in a dark room, which I will call from now on dark day. In the dark day treatment, the 
butterflies were captured during the day and then placed in a dark room at night until midday the 
following day. This ensured that their circadian rhythms were in a state where they would 
typically be active, but they had been deprived of sunlight to thermoregulate. All observations 
were done within the first 24 hours in captivity to once again limit the effects of captivity on 
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activity potential. The butterflies were transferred from the group enclosure to a similar solitary 
enclosure, attempting to minimize stress in the process. A five-minute rest period was given 
post-transfer to limit the impact of a shock period on activity. After the rest period, the activity 
observations consisted of monitoring each butterfly for  two-minute trials with one minute of rest 
time in between each trial. During each trial, the amount of time (in seconds) perching, walking, 
and flying was recorded to determine the amount of activity within each respective treatment. A 
minimum of three trials were performed per butterfly in each respective photo-temporal 
treatment in order to ensure enough data was taken. 
 

Does Wavelength of Light Effect Behavior? 
 These tests were used to determine if they did in fact needed light to be active, then how 
do varying wavelengths of light effect activity.  A different set of G. annette individuals were 
exposed to different spectra of light to test if different parts of the spectrum cause a difference in 
observed activity. The same methodology was used in the photo-manipulation tests as in the dark 
day observations in the previous set of tests. The butterflies were kept in a dark room overnight 
and deprived of sunlight in the morning. This time the individuals were subjected to different 
light conditions from the beginning of the day, when the sun would normally be up. Natural light 
conditions were substituted with either white Led light of about 5700 kelvin, or UV Black Light. 
These conditions provided light in the visible spectrum, ultra-violet light respectively. Neither of 
these artificial light treatments emitted infrared light as is found in natural light so the activity 
data found was then compared to the data found during the day.  Three two-minute trials were 
performed with one-minute break in between. Within each trial activity was measured by 
observing how much time was spent perching, walking, and flying. This was performed for each 
butterfly.  
 

 
RESULTS: 
 
Incite Flight Tests Results: 
 In total 24 G. annette butterflies were studied during the daylight flight tests and 22 
individuals were subjected to the night time incite flight tests. In order to analyze the results a    
Chi-squared test was performed. A difference was shown in the percent of butterflies taking 
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flight within 20 tap limits.  During the day all individuals took off (100%) whereas only 38% of 
the individuals in the night time flight tests took off (X2= 98.4211, df=1, p<0.00001) (Fig. 1). 
This shows that the ability to takeoff is present in both treatments but eagerness to takeoff is less 
at night. This also indicates that the majority (72%) of G. annette individuals will not take off at 
night unless given greater stimulus. From the butterflies that did take off in flight, a t-test was 
performed in order to demonstrate the “eagerness” to fly which was measured by how many taps, 
on average, were required to cause the butterflies to take flight. There was an observed 
difference in the average number of taps administered to incite takeoff (p<0.00001, U=5049.5, 
day time sample size = 125, night time sample size= 42). The tests showed that it requires an 

average of almost nine times as many taps to cause take off at night as required during the day 
(Day time average of 1.072 taps, night time average of 9.16667) (Fig. 2). The difference in 
number of stimuli required to cause flight means that the butterflies that did take off at night 
were less eager to do so. Lessened eagerness to take flight coupled with a smaller probability of 
taking flight means that, overall, G. annette individuals are less active at night than during the 
day.  
 

Figure 1. The eagerness to takeoff at different times of the day of G. annette. The percentage of 
individuals that took flight when stimuli was administered until flight takeoff, for a maximum of 
100 seconds. 100% of individuals took flight under daytime conditions, whereas only 38% of 
individuals took flight under nighttime conditions. (p<0.00001, U=5049.5, df=1) 
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Figure 2. Average number of taps required by G. annette individuals to incite takeoff fly for both 
day and night treatments. daylight treatment n=125, and N= 42 individuals under night 
conditions. Only trials that produced a takeoff were considered. The observed difference shows 
they more readily take off during the day (p<0.00001) 

 
 
Chronological Activity Observations Results: 
 Fifteen butterflies were subjected to each treatment within the chronological activity 
observations, and each observed for three trials for a total sample size of 45 in each treatment. 
An REML (linear model) test was performed to find significance between each respective 
activity in each treatment cross-referenced with all activities in every treatment. (Fig. 3) There 
was a difference in behavior during the day, the night, and the dark day (p<0.0001, F 
Ratio=63.3616, df=4). And there was also a difference in behavior observed between treatments 
(p<0.0001, F Ratio= 900.1192, df=2). The difference between time spent still, walking, and 
flying was not statistically different between the night and dark day treatments. There was a 
significant increase in the amount of time walking in the daylight trials as compared to the other 
treatments, and a significant decrease in the amount of time spent still. The amount of time spent 
flying in daylight was comparable to the amount of time spent flying and walking in the other 
two treatments (Fig. 3). These patterns show increased activity in the daylight trials as opposed 
to the night and dark day trials. In all trials the largest portion of time was spent still in a perched 
manner. Activity was not always constant and often came in short bursts.  Butterflies were also 
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observed congregating in the direction of the light source consistently throughout all times where 
light was present. 

Figure 3. Total counts of time spent still, walking, and flying of G. annette were measured under 
different photo-temporal treatments of day, night, and dark day. Colored lines represent each 
response variable and height represents the amount of time spent. The day treatment, with 

sunlight present, was the most active out of all 3 treatments (p<0.0001, F Ratio= 63.3616, df=4) 
whereas the other two were statistically similar.  
 
Photo-Manipulation Tests Results: 

Nine butterflies were subjected to each treatment within the photo-manipulation tests, and 
each observed for three trials for a total sample size of 27 in each treatment. An REML (linear 
model) test was performed to find significance between each respective activity in each 
treatment cross-referenced with all activities in every treatment. There was a difference in the 
behavior performed between the three treatments during the sunlight, the white light and the UV 
light (p<0.0001, F Ratio=8.3459, df=4) (Fig. 4). There was also a difference in behavior 
observed between treatments (p<0.0001, F Ratio= 28.8459, df=2). The day treatment produced 
the lowest total duration of flight and the highest duration of stillness. (Fig.4). All categories 
were statistically related to, at minimum, one other category and therefore no activity was 
statistically unrelated to the duration spent doing another response variable in the same or 
different treatment. In this data which treatment causes higher activity levels cannot be 
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determined but the ratio of time spent walking as opposed to flying goes down from the daylight 
treatment, to the white light treatment, and then again to the UV treatment as percent UV light 
increases. Total time spent flying also increased in this same pattern. Butterflies were also 
observed to not necessarily congregate in the direction of the light source under white light and 
UV conditions, as they did with daylight. Butterflies were also observed to be readily and 
frequently flying in the group enclosure, which was subjected to light treatment but was not 
located directly under light source, under both white light and UV treatments. This was not 
observed frequently under day light conditions.  
 

 
 
 
 
 
 
 
 
 

Figure 4. Total counts of time spent still, walking, and flying of G. annette were measured under 
different photo treatments of day, white light, and UV. Colored lines represent each response 
variable and height represents the amount of time spent. The activity distribution was significant 
between treatments (p<0.0001, F Ratio= 8.3422, df=4) but relation of type of light to highest 
activity cannot be made due to statistical patterns in the relations.  
 

 
 
DISCUSSION: 
 This series of tests performed on members of the G. annette species shed some light on  
the activity habits of this species of glass wing butterflies. The ability of takeoff in both day and 
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night indicated that G. annette is physiologically capable of flying in the absence of light. The 
flight tests showed a difference in both the amount of stimulus, on average, it takes to cause 
takeoff, and in the percentage of butterflies that will readily take off between day and night. This 
means that they do not go into a state of torpor or other suspended state, that are unable to awake 
from when stimulated, in the absence of light. Light is then not needed for the occurrence of 
some activity. The significant increase in the required stimulus at night as opposed to the day 
does show that G. annette is less eager to be active at night.  

The Chronological activity observations provide more insight into how light effects G. 

annette’s activity. The butterfly’s activity is significantly decreased when deprived of solar 

radiation. The similarity of the dark day and night treatments rules out either stage of circadian 
rhythm or night time temperature drop as the determining factor for why G. annette’s activity is 
lessened. The dark day treatments took place at the same time of day as the day time treatments 
so that their circadian rhythms would not cause them to be as inactive as at night given that they 
are a diurnal species. The dark day treatments also took place in mid-day ambient temperatures 
that G. annette would experience during the day while not in the sun. The statistical similarity of 
these two treatments and their contrast with the day treatment leaves only the opportunity to sun-
bask as the determining factor for activity. This omits the possibility that G. annette might not 
solar thermoregulate and instead thermoregulate in some other manner. These tests also showed 
that, under natural conditions, butterflies do spend more time stagnant than active, a pattern 
shown in similar-bodied butterflies as they have to frequently bask to maintain proper body 
temperature and cannot rely on flight alone to keep them going after ideal conditions are 
achieved (Heinrich, 1986). This is also supported by the butterflies spending the greatest amount 
of any activity being still. If the butterflies relied on muscular energy, through flight, to maintain 
body temperatures after they were initially achieved, I would have expected the butterflies to 
spend less time still and more time flying than they did. Even though these butterflies had greatly 
reduced activity in the absence of sunlight it was possible for them to be active without it. Under 
all treatments activity was observed so although sun is required for elevated amounts of activity 

it is not required for the presence of activity.  
           The photo-manipulation tests did show a difference in the relation of the type of activity 
taking place in relation to the type of treatment but, given the nature of how the couplets are 
related to each other which treatment leads to the highest amount of activity cannot be 
determined. The amount of time spent flying in the UV treatment is statistically different from 
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the amount spent flying in the sunlight and is significantly more. This would, on its own, imply 
that the greater amount of UV present increases energy and activity levels, but the relation of the 
time spent flying in the white light treatment is related to both flight quantities in other 
treatments and therefore prevents this conclusion. It bridges the gap between the two other 
treatments and since it is similar to both, the difference between the other two treatments cannot 
be defined. It is still possible that G. annette utilizes primarily UV radiation to solar-
thermoregulate, but it is unable to be concluded. If this was the case it could mean that the 
transparent parts of the wings could be interacting with the light and aid in thermal acquisition as 
scaled regions do in many other butterflies. This would help G. annette compensate for the lack 

of scales in the transparent regions of the wings. Their transparency could be caused not by the 
lack of interaction with light but the lack of interaction with visible light wavelengths and instead 
interaction with wavelengths of light that we cannot detect with the eye.  
           There are several other ways that G. annette could use the sun to thermoregulate without 
the presence of the scales and pigments that make other butterflies opaque. There is a chance that 
the slight interaction with the light, by the transparent part of the wing, that produces the 
reflective iridescence could be used to solar thermoregulation. It has been proven that thin films, 
such as the scales on their wings, in butterflies can absorb between 95 and 65 percent of the 
incoming solar radiation (Miaoulis and Heilman, 1998). Even though these tests have been 
applied to the wing scales the same thin-film effects could apply to the thin film structure of the 
transparent wing membrane. The iridescence in thin films is caused by the reflection of light off 
of the upper and lower thresholds of the membrane that causes the superposition of the 
wavelengths that can be seen by the eye (Tada et. al, 1998). This iridescence means that the 
transparent film is somewhat interacting with light and therefore could be absorbing some of the 
energy from the light rays. This refraction of light within the membrane is the same mechanism 
by which butterfly wing scales are able to dissipate photic energy throughout the organism. This 
would also render the transparent regions thermally relevant that wouldn't be the case if the 
translucence is caused by the wing’s minimal interaction with light. The thickness of the thin 

film can vastly alter the amount of energy that it is able to absorb (Roush, 1995), due to varying 
thicknesses interacting with wavelengths with different energies in varying ways, so if the 
thickness of G. annette wings is more optimal for energy absorption than the thickness of the 
scales on other butterflies, the thin film may be efficient enough to allow G. annette to solar-
thermoregulate without the use of scales.  
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           There are other ways that the transparent regions could be adapted structurally to absorb 
solar energy. Glass wing butterflies have been shown to have randomly arranged, pillar-like 
structures on their wings that cause translucence by randomness. Surfaces similar to this have 
been utilized in the renewable energy business to maximize the light that can be used to generate 
energy in solar cells (Hölscher, 2017). These structures refract the light in a way that it can be 
used and not reflect off immediately. Light is manipulated similarly in energy harvesting 
windows. The light is scattered in the direction of cells that are able to absorb and transport the 
energy while maintaining the transparency of the window because no light is absorbed or 
reflected in the transparent windowpane, only refracted (Clench, 1966). The presence of these 

randomized pillars on glass wing wings could serve a similar purpose. Butterfly wing venation 
transports thermal energy throughout the body (Cocilovo et al, 2015). As the energy already has 
to be directed to the venation regardless of methodology, because the circulatory system is the 
mechanism disperses heat throughout the body, the solar energy could be refracted towards G. 

annette’s dark wing veins that could act to absorb the energy directly. This would act very 
similar to films on windows that manipulate light but maintain translucence.  
           It is also possible that the transparent parts of the wings are an effective way to allow for 
solar absorption in the wing margins but not allow too much to be absorbed as would be by a 
fully scaled wing. Wing patterns do affect their capacity to absorb sunlight (Clench, 1996). 
Tropical species tend to have narrow thermal tolerances (Polato et. Al, 2018). G. annette may 
have a thermal range that requires a low variance in average temperature. Although G. annette 

does require solar input to reach activity potential it is possible that too much sun could cause 
overheating. The potentially limited absorption of energy by the translucent wings could aid in 
maintaining constant body temperatures by not causing peaks in temperature while G. annette is 
in the sun. this would be supported by their tendency to perch with their wings in a tent-like 
configuration, closed over the body. This configuration tends to be less effective at collecting 
solar energy than other wing configurations (Kemp and Krockenberger, 2002). Their setaceous 
bodies could help maintain required relatively constant temperatures that are neither too high nor 

too low. The prominent and numerous setae on the thorax of the butterfly probably help prevent 
heat loss to mitigate dips in body temperature below ideal parameters. Seta are known to be used 

in insect thermoregulation (Cardé and Resh, 2003) and do so by increasing the size of the 

boundary layer around the insect. A boundary layer is the zone of minimal fluid movement 
around an object that, in thermoregulation, lessens the amount of heat that is whisked away from 
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the organism’s body as the fluid passes around the organism. the seta and translucent wings 
could work in tandem to prevent G. annette’s internal temperatures from straying outside of its 
ideal levels.  
           

Conclusion: 
 Like most other butterflies G. annette does thermoregulate using the sun. although the 

method and wavelengths of light the species utilize to accomplish this cannot be said but a 
multitude of strategies could be possible. Their activity was greatly diminished in the absence of 
light that is caused by the lack of light and not their diurnal nature. G. annette is able to be active 
under the presence of all parts of the spectrum tested (natural sunlight, visible white light, and 
UV light) although which part of the spectrum this species uses most, to be active, is unsure.  
This is important in understanding adaptation of the clade as all researched species in this group 

practice the same or similar methods for energy acquisition even though they may have 
phenotypes that make predicting this a daunting process.  Although they do practice solar-
thermoregulation It is possible, given their peculiar characteristics, that G. annette’s strategies 
could slightly differ from those of other butterflies. The reason that many conclusions can’t be 
drawn may be due to small sample sizes or because of the actual nature of the solar-
thermoregulation. Even after this study, G. annette remains a complex and mysterious species 
with more secrets that have yet to be revealed.  
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ABSTRACT 
Insects ability to learn allows them to respond to their environment and change their behavior to optimize resource 
use. Learning ability has especially been seen in pollinating insects that readily learn to associate floral 
characteristics such as color, shape, and patterns with rewards such as nectar. Morpho peleides, a fruit feeding 
butterfly, is shown to actively seek out fermenting fruits for sugar and ethanol. The learning ability of M. peleides 
was investigated to determine if they could learn to associate a certain alcohol concentration with a specific color. 
To determine their ability, a mixture of banana, food coloring dye, and alcohol was offered to M. peleides over the 
span of ten days. The study was split into two sets of trials with each trial having a different combination of alcohol 
and color, and the number of visits to each station was observed. The results from both trials suggest that there was 
no significant difference when looking at color and alcohol concentration. These results could have been caused by 
effects of ethanol on learning, variability of temperature and weather, low sample size, innate color preference, or 
the use of different environmental cues besides vision. However, there was a significant difference in number of 
visits at certain location. Each station had a varying amount of sunlight and leaf coverage, making one station more 
appealing than the others. It was also noted that if there was already one Morpho feeding at a station, others were 
likely to feed at that same station. 

RESUMEN 
La capacidad de los insectos para aprender les permite responder a su ambiente y cambiar su comportamiento para 
optimizar el uso de los recursos. La capacidad de aprender se ha visto especialmente en insectos polinizadores que 
aprenden fácilmente a asociar características florares como el color, la forma y los patrones de recompensa como el 
néctar. Morpho peleides, una mariposa que se alimenta de frutas, busca activamente frutas fermentadas para recibir 
azúcar y etanol. La capacidad para aprender en M. peleides fue investigada para determinar si podían aprender a 
asociar una determinada concentración de alchol con un color específico. Para determiner su capacidad, se ofreció 
una mezcla de banana, colorante de comida, y alcohol a M. peleides en el transcurso de diez días. El estudio se 
dividió en dos conjuntos de ensayos con cada ensayo teniendo una combinación diferente de alcohol y color y se 
observó el número de visitas a cada estación. Los resultados de los dos ensayos sugieren que no hubo diferencias 
significativas al observar el color y la concentración de alcohol. Estos resultados podrían haber sido causados por los 
efectos del etanol en la capacidad de aprender, la variabilidad en temperatura y el clima, el bajo tamaño de la 
muestra, la preferencia de color innato o el uso de diferentes señales ambientales además de la visión. Sin embargo, 
si hubo una diferencia significativa en la cantidad de visitas en un lugar determinado. Cada estación tenía una 
cantidad variable de sol y cobertura de hojas, lo que hacía que una estación fuera más atractiva que las otras. 
También se observó que si ya había una Morpho alimentándose en una estación, era probable que otros se 
alimentaran en esa misma estación. 

 

INTRODUCTION 

There are more than 1.8 million species of insects that live across the world. Each insect displays 
a variety of sophisticated behaviors that are adapted to their environment. These adaptive 
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behaviors are usually categorized as instinctive behavior, as they occur without memory or 
learning (Kanzaki, 1996). Learning ability allows insects to respond to their environment and 
change their behavior to optimize resource use in their environments (Rodrigues et al. 2010). By 
studying their ability to learn, we can gain insight on their cognitive processes such as 
perception, memory, and decision making, which can play an important role in foraging behavior 
(Shettleworth, 2001, Bracis et al. 2015).  

 The role of learned behavior on foraging behavior can be seen when looking at 
pollinating insects that readily learn to associate floral characteristics, such as color, shape, or 
patterns, with rewards such as nectar (Rodrigues et al. 2010). Learning has already been 
demonstrated in a range of arthropods including social insects and predators which can learn to 
associate odors with the occurrence of prey (Glinwood et al. 2011). Bees have been shown to use 
flower color to find rewards in various foraging contacts. Multiple studies have also shed light on 
butterflies’ ability to associate colors with different rewards. Butterflies rely on light in a variety 
of behavioral settings, and their range of light perception extends from ultraviolet to red 
(Blackiston et al. 2011). Their trichromatic vision contains a basic set of blue, green, and 
ultraviolet sensory receptors and additional screening pigments also allows them to perceive 
violet, yellow, and red (Stavenga, 2006). Danaus pleippus and heliconius charithonia were both 
revealed to overcome their innate color preferences, and rapidly learn to associate colors with 
sugar rewards (Sourakov et al. 2012, Cepero et al. 2015). 

 Although butterfly foraging is usually associated with feeding on nectar or pollen, 
many butterfly species, especially in the tropics, are attracted to nitrogen-rich substances, such as 
decaying animals, feces, fermenting fruit, tree sap and other less colorful, but odorous substrates 
(Sourakov et al. 2012). These food sources contain different attractants than nectar, and species 
that feed on them are expected to use different cues for feeding behaviors. Morpho peleides, or 
the blue morpho, is one species of butterfly that is known to feed on the sugars and ethanol 
produced by fermenting fruit and is thought to have evolved a tolerance to ethanol (Beaulieu et 
al. 2017) as well as a preference of 2.4% alcohol concentration (Nicols, 2018). Considering that 
this fruit feeding butterfly actively seeks out ethanol, can the M. peleides learn to associate colors 
with a higher reward using color vision? 

 The chemical composition of rotting fruits and the effect on butterfly feeding behavior 
have rarely been studied. To date, there has been one study conducted on the M. peleides ability 
to associate color with a certain concentration of alcohol. The previous study failed to address 
site preference as a possible variable when running the study. In this study, I further investigate 
this to disentangle color association to site preference, while also examining the learning ability 
of M. peleides using concentrations of alcohol that are a bit lower, higher and close to the 
average alcohol concentrations they are accustomed to. 

METHODS AND MATERIALS 

Study Organism 

 The M. peleides butterflies used in this study were all propagated in captivity from a 
chrysalis at the Monteverde Butterfly Garden. Each butterfly was at least one-week post-
metamorphosis at the start of the study. The M. peleides has an average 3-week lifespan. They 
are native to neotropical rainforests in Central and South America. Their diet in captivity usually 
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consists of rotting bananas, mangoes, and papayas. For the purpose of this experiment, their diet 
was changed to only bananas during the observation. 

Study Site 

 This experiment was conducted at the Monteverde Butterfly Garden in Santa Elena, 
Costa Rica. The M. peleides were housed in a greenhouse that measured 12m x 40m x 5m and 
was made to mimic the conditions typically found in a lowland wet forest. Over the course of the 
study, the temperatures varied from 64 to 79 degrees Fahrenheit. The greenhouse contained a 
total of ten M. peleides, as well as approximately 15 other butterflies from four other butterfly 
species. The greenhouse had three previously installed feeding stations that were one meter 
above the ground available and spaced approximately five meters apart. These feeding stations 
were used in the experiment. 

Preparation of Food  

 During the experiment, each of the three feeding stations contained 50 mL of bananas 
with a 2%, 2.5% or 3% concentration of alcohol. Using a solution with 30% alcohol, the 
following ratios were used: 2%= 3.3 mL, 2.5%=4.13 mL, and 3%=5mL. The corresponding 
alcohol to each ratio was then added to banana to make a 50mL solution and food coloring dye 
was used to assign a color to each concentration. Because fruits naturally produce ethanol, I used 
bananas that had the same level of ripeness to control the concentrations of naturally produced 
ethanol. 

Experimental Design 

 From July 19th to July 29th, 2019, two sets of trials were conducted. In the first set of 
trials, the alcohol concentrations and colors were assigned as followed: red was associated with 
3%, blue was associated with 2.5%, and green was associated with 2%. Each prepared mixture 
was placed at different stations, and the location of each colored mixture was changed every day. 
The mixures were also taken away once the observations were done to ensure that the butterflies’ 
diet was not changed dramatically. I observed M. pelides every morning for two hours from 
10:30 a.m. to 12:30 p.m., when their activity was at its highest, and recorded the number of visits 
seen at each station and at each colored mixture. After five days of observation, the colors and 
concentrations of alcohol were changed. In the second set of trials, the alcohol concentrations 
and colors were assigned as followed: red had 2%, blue had 3%, green had 2.5%. I then observed 
M. peleides for another five days. The data was analyzed using a chi-squared test. 

RESULTS 

 A total of 89 visits were recorded throughout the entire study, with 43 visits in the first 
trial and 46 visits in the second trial. For trial 1, I observed 3-14 visits per day (8.6±5.03). For 
trial 2, I observed 3-21 visits per day (9.2±7.69). In trial 1, blue had 0-10 visits per day 
(2.8±4.09), green had 0-8 visits per day (2.8±3.11), and red had 0-6 visits per day (3±2.45) 
(Figure 1). There was not a significant difference in the color that M. peleides visited (x2=0.031, 
df=2, p=0.98). Station 1 had 0-10 visits per day (5.2±4.15), station 2 had 0-2 visits per day (1±1), 
and station 3 had 1-5 visits per day (2.4±1.67) (Figure 3). There was a significant difference in 
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the location that M. peleides visited (x2=15.95, df=2, p<0.001).  In trial 2, blue had 1-8 visits per 
day (3.6±2.88), green had 1-4 visits per day (2±1.14), and red had 0-12 visits per day (3.2±5.07) 
(Figure 2). There was not a significant difference in the color that M. peleides visited (x2=1.21, 
df=2, p=0.55). Station 2 had 1-12 visits per day (5.2±4.66), station 2 had 0-4 visits per day 
(2±1.58), and station 3 had 0-5 visits per day (2±1.87) (Figure 4). There was a significant 
difference in the location that M. peleides visited (x2=11.12, df=2, p=0.004). In trial 1, the 
visitations per station was as follows: station 1 received 60.5% of visits, station 2 received 11.6% 
of visits, and station 3 received 27.9% of visits.  In trial 2, the visitations per station was as 
follows: station 1 received 56.5% of visits, station 2 received 21.7% of visits, and station 3 
received 21.8% of visits (Figure 5). 

  

 

Figure 1: The total number of visits in the first trial by color. In total, 43 visits were recorded. 
Red had the highest concentration (3%), followed by blue (2.5%), and green (2%). There was no 
difference in the preference of a certain concentration of alcohol and color (X2=0.031, df=2, 
p=0.98).  
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Figure 2: The total number of visits in the first trial by color. In total, 46 visits were recorded. 
Blue had the highest concentration (3%), followed by green (2.5%), and red (2%). There was no 
difference in the preference of a certain concentration of alcohol and (X2=1.21, df=2, p=0.55). 

 

Figure 3: The number of visits at a specific location in trial one. Station one experienced the 
most visits, with a total of 26 visits. This result was statistically significant (X2=15.95, df=2, 
p<0.001). 
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Figure 4: The number of visits at a specific location in trial two. Station one experienced the 
most visits, with a total of 26 visits. This result was statistically significant (X2=11.12, df=2, 
p=0.004). 

 

Figure 5: The percentage of visits per trial at every station. 
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  There was no significant difference in the number of butterflies that visited each tray 
of food in both sets of trials. This is contradicted by a previous study that found that although 
mature bananas did receive a large amounts of feeding visits, fruit-feeding butterflies tended to 
visit overripe and fermenting bananas, which produce higher concentrations of ethanol, more 
frequently (Molleman et al. 2005). These results were surprising because regardless of 
concentration of alcohol, previous studies have shown that there is an innate preference towards 
some colors. Not many studies have specifically been done on the color preference for M. 
peleides, but previous studies on the Batus philenor (pipevine swallowtail) can give us insight on 
their behavior. In a study looking at innate color preference and flexible color learning in the B. 
philenor, it was shown that young butterflies showed an innate color preference for yellow, blue, 
and purple (Weiss, 1997). However, I did not see any preference in color throughout both trials 
of the experiment. Additionally, if we are ignoring color and focusing on alcohol concentration, 
we should have seen the most visits for the 2.5% alcohol concentration because it is closest to the 
average concentration that they consume (2.4%) (Nicols, 2018). The lack of results may have 
occurred due to a variety of factors including: effects of ethanol on efficiency of learning, 
variability of temperature and weather and low sample size, or the use of different environmental 
cues besides vision.  

 Studies have shown that when alcohol is present, species ability to learn is inhibited. A 
study on the effects of reversal learning in honey bees revealed that manipulation of ethanol 
dosage lowered responses, and overall suppressed general behavior (Abramson et al. 2015). 
Another study on honeybees, who have been shown to make decisions concerning which patch 
of flowers to visit based on the caloric value of the reward, where under the effect of alcohol, 
they no longer followed the species typical behavior of selectively choosing a higher reward 
(Abramson et.al. 2005). 

  Another factor could have been the wide variety of temperature and weather. Because 
the Morphos were contained in a greenhouse and it was the wet season, the temperature varied 
from 64-79 degrees Fahrenheit and from windy and wet days to warm and sunny days. As 
ectotherms, adult butterflies depend on both warm air and direct sunlight to maintain normal 
activity (Turner, 1987). Low sample size could have also skewed the results. Compared to 
previous years, the Monteverde Butterfly Garden had an unusually small amount of Morphos in 
its greenhouse. 

 Any of the factors listed above could have influenced the results of the study, but it is 
also possible that M. peleides might not rely as heavily, or not at all, on visual cues compared to 
nectar- feeing butterflies. Since M. peleides feed on rotting fruit whose color and shape can 
dramatically change in the decaying process, visual cues may not provide reliable information 
for foraging adults (Tang et al. 2013).  In a study on Kallima inachus, another species of 
butterfly that feeds on rotting fruit and sap, color was not a foraging cue and did not stimulate 
feeding behavior, suggesting that there is not an innate color preference. On the other hand, the 
odors produced by fermenting fruit juices stimulated a strong feeding behavior. It was concluded 
that K. inachus rely more heavily on olfactory cues than visual ones (Tang et al. 2013). 
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 When looking at the number of visits to specific locations in both trials, there was a 
significant difference. This indicates that M. peleides actively sought out and had a preference on 
which feeing station they fed on. Although the feeding stations were all located in the same 
greenhouse and were evenly spaced 5 m from each other, there was a varying amount of 
sunlight, wind, and leaf coverage seen at each station. In general, dispersal rates increase with 
increasing temperature, sun, and butterfly density (Kussaari, 2016). Station 1 had both leaf 
coverage from wind as well as sunlight, while station 2 and station 3 had less foliage cover, less 
sunlight, and higher wind activity. Beside these factors, it was also more likely for a M. peleides 
to land at a certain station if there were already others present. This behavior is thought to be an 
adaptation against predation by lowering the possibility of being eaten (Burger and Gochfeld, 
2001). Another study on the M. peleides demonstrates that the M. peleides quick response to 
experimentally- placed bait, such as bananas, is indicative of a stressful environment (Young, 
1975). If changes in environmental conditions of a habitat result in a reduction of a food source, 
M. peleides would switch to an alternative food that is available, or risk extinction or emigration 
of that certain environment (Young, 1975). However, because the M. peleides in this experiment 
were kept in a greenhouse without threats of predation or lack of food, it is possible that the M. 
peleides did not need to change its preferred location of food, despite higher rewards being 
present elsewhere. 

 In summary, despite having the same trichromatic vision and screening pigments as 
other butterflies, M. peleides did not demonstrate the same flexibility in learning behavior and 
showed more of a preference in regards to location than color. This study provides further insight 
on the cognitive capabilities of M. peleides and a look at how their learning behavior may differ 
from nectar-feeding butterflies. As a non-migratory species, this information can allude to how 
M. peleides will suffer because of increasing deforestation rates and loss of habitat.  
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ABSTRACT 
The biological species concept (BSC), posits reproductive isolation as a main determining factor delineating species. 
Often, populations of species are separated and develop in ways that make them unable to breed together, making 
them a new species under the BSC. In birds, divergence of song can prevent breeding and lead to new species 
formation. It is possible that this is happening in the isolated populations of Grey-breasted Wood-wrens (GBWW) in 
Central America. This study tested for evidence of song discrimination in GBWW’s of Monteverde, Costa Rica to 
an allopatric population from Mexico (Henichorina leucophrys mexicana). There is a significant difference in the 
number of responses to and the time it took to respond to the allopatric song (Wilcoxon Matched Pairs Test; N = 14; 
Z = 3.17021; P = 0.00152). For those birds that did respond, there was no difference in the intensity of reactions to 
the Mexican population in comparison to the native one (Wilcoxon Matched Pairs Test; N = 3; Z = 1.34164; P = 
0.17971). This provides evidence of song discrimination between the GBWW’s of Monteverde and that of the 
GBWW’s in Mexico. 
  
RESUMEN 
El concepto de especie biológica (BSC por sus siglas en inglés), postula que el aislamiento reproductivo es un factor 
importante en determinar la delineación de especies. A menudo, las poblaciones de especies están separadas y se 
desarrollan en formas que los hacen imposibles de reproducirse juntas, haciéndolas nuevas especies bajo el concepto 
de BSC. En aves, la divergencia del canto puede prevenir la reproducción y llevar a la formación de nuevas 
especies.  Es posible que esto pase en poblaciones aisladas del Soterre de Selva Pechígris en Monteverde, Costa 
Rica a una población alopátrica de una población en México (Henichorina leucophrys mexicana).  Hay una 
diferencia significativa en el número de respuestas hacia y en el tiempo que tomó responder al canto alopátrico 
(Prueba Pareada Wilcoxon N=14; Z=3.17021; P=0.00152). Para las aves que respondieron, no hay una diferencia en 
la intensidad de la reacción a la población mexicana en comparación con la nativa (Prueba Pareada Wilcoxon; N=3, 
Z=1.34164, P=0.17971).  Esto provee evidencia de la discriminación de canto entre las poblaciones de Soterre y de 
Monteverde y México. 
  
INTRODUCTION 
Bird song is a sexually selected trait that commonly diverges across populations (Price, 1998). 
Birds are known to discriminate between heterospecific and conspecific calls in order to prevent 
attending to calls or songs that are not from a possible mate or a trespassing individual with in 
their niche (Baker, 1991; Janni, et al., 2008). Strength and tone of songs can provide other birds 
with a variety of information, including mating potential as many songs are often sung during the 
breeding season (Price, 1998). 

Divergence in bird song can be a form of reproductive isolation, which often occurs when 
populations are separated from breeding by a form of either behavioral, physiological, or 
geographical barrier. Overtime, populations of species differentiate in a multitude of ways, 
including divergence of sexually selected traits, like bird song, for each population. If a certain 
population’s sexual traits differentiate enough that another population will no longer view them 
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as potential mates, they could be considered a different species under the biological species 
concept. In birds, if a population of a species begins to change its song, this can prevent 
hybridization or mating with other populations (Cadena, et al., 2016). Once a difference in song 
begins to be recognized and discriminated against by another population, mating between those 
populations will occur less and less often. Eventually, the two populations may become 
reproductively isolated and one will branch off into a new species (Dingle, et al., 2010).   
Gray-breasted wood-wrens (GBWW) exist in multiple naturally isolated populations throughout 
the mountains of central and south America. These wrens rely heavily on song to both defend 
territories and attract mates in their understory habitat. The role of song in pre-mating isolation 
and the speciation process in these wrens has been intensively studied (Dingle, et al., 2008). 
Recently, Burbidge, et al. (2016), determined that one subspecies of GBWW, the Hermit Wood-
wren, warranted elevation to species status, based heavily on its response to other wood-wren 
populations’ songs. To date, however, not all populations of wood-wrens have been tested to see 
how they respond to all other allopatric populations. In this study, I wanted to explore the 
response of the Costa Rican population of wood-wrens to see if they discriminate against the 
songs of another isolated population in Mexico. To address this question, I exposed wrens of this 
population to playbacks of the songs of their own local population, the population in Mexico, the 
Hermit Wood-wren, and the House Wren. Since speciation between populations is common 
when they are isolated and speciation has already been shown to occur amongst these wrens in 
other locations, it may be possible that the GBWW’s of Monteverde have also become their own 
reproductively isolated species. 
  
METHODS 
  
Study Site 
Playbacks were conducted between the hours of 0700 and 1300 from 15 July 2019 to 28 July 
2019, in Monteverde, Costa Rica. Specifically, in lower montane wet forest between the 
elevation of 1500- 1600 m at the Biological Station and in Curi-Cancha Reserve. 
Territories were identified by walking along the trails and playing a native H. l. collina song 
every 10-20 meters. Once a response was heard, the territory was marked as close to the 
responding individual as possible to ensure placement inside the territory. Birds responding 150 
meters or further from a previous response were assumed to be a different pair in a different 
territory. 
  
Study Organisms 
Grey-breasted wood-wrens, Henichorina leucophrys (Family: Troglodytidae), are found in 
isolated populations throughout Central and northern South America (Bird Life International, 
2019). They are found in the understory of highland forests between the elevations of 800 – 1100 
m. To date, there are 31 known allopatric populations from southern Mexico to north-western 
Bolivia (Bird Life International, 2019). One of these isolated populations was recently declared a 
new species, the hermit wood-wren, Henichorina anachoreta (Cadena, et al., 2016). It is 
assumed that grey-breasted wood-wrens maintain small (<1 ha) year-round territories similar to 
many other members of Troglodytidae (Hick, et al., 2015). Vocalizations within these wrens are 
important in finding mates and defending territories. They have been shown to be very 
responsive to playbacks during experiments (Dingle, et al, 2010). 
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Playback Experiment 
Four songs were played to each territory over the course of the study: 1) a local, conspecific call, 
H. l. collina; 2) an allopatric population in Mexico, currently recognized as H. l. mexicana; 3) 
another allopatric population that has recently been elevated to species status, H. anachoreta; 4) 
and the distantly related House Wren, Troglodytes aedon.  The conspecific call, H. l. collina and 
the House Wren served as the positive and negative controls, to see how local GBWW would 
respond to an allopatric population recently recognized species and one still considered a 
subspecies. Only one song from each group was used for the playbacks. All song recordings used 
in the playbacks were obtained from xeno-canto.org (song files; XC235800, XC192256, 
XC65753, and XC460967). 

A small speaker (Techvilla S01) was placed approximately 0.5-1 m above the ground and 
hidden in leaves and branches so that it would not be detected by the birds. The volume of each 
call was kept constant throughout all trials to prevent any possible alteration in response simply 
based on volume. Calls were randomly assigned each day to each territory. After approaching 
and placing the speaker, the observer sat for five minutes to allow the birds to become 
accustomed to their presence. After the five-minute silent period or until no vocalizations had 
been heard for at least two minutes, the song was played for a maximum of two minutes. If a bird 
responded to the playback during the two minute play period, the playback was immediately 
stopped. 

Five variables were used in this experiment to quantify a response: 1) the time it took for 
the bird to respond after the call began; 2) the length of the response;  3) the closest distance 
between the GBWW and the speaker; 4) whether the individual responded with a call or song; 
and 5) a subjective rating of intensity. 

Bird response was recorded for five minutes after the playback stopped. In the case where 
there was no response to the playback of any of the non conspecific songs, before this five 
minute period, the time to respond was recorded as 420 seconds. In addition, the observer then 
played the conspecific call, to ensure that the birds were present. If there was no response to the 
conspecific call after two minutes, the trial was disregarded. 

The observer scored their perception of the intensity of the response based on this 
scale;  An intensity score of one reflected what the observer considered merely curious-sounding 
vocalizations with little intention to threaten, while an intensity score of four was a response seen 
as very threatening in its volume and rates of flying around and movement. 
  
Statistical Analysis 
A Wilcoxon Matched Pairs Test was used to compare the time to respond, length of response, 
distance to the speaker, and intensity. A Chi-Squared test was used to analyze the difference in 
the number of territories that responded to the separate calls. All analyses were run using 
Microsoft Excel. 
  
RESULTS 
In total 14 GBWW territories were tested with playbacks of all four song types. There was a 
difference in the number of territories that responded to each of the four calls (Chi-Square Test; 
X2 = 11.71; df = 3; p-value = 0.006). Birds in the territories responded to different numbers of 
songs ranging from responses of no songs other than the conspecific to a response to all four 
songs (Fig. 1).  All territories responded to the conspecific song, 3 out of 14 territories responded 

90



to the allopatric song, 8 out of 14 territories responded to the Hermit Wren song, and 3 out of 14 
territories responded to the House Wren Song (Fig. 2). 
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Time to Respond 
Time to respond to the conspecific song (Fig. 3) ranged from 10-108 seconds (mean +/- sd = 
54.5 ± 31.87) and for those pairs that did respond to the other calls, time to respond for the 
allopatric song ranged from 12-117 seconds (71.33 ± 53.82). Time to respond to the Hermit 
Wren song ranged from 10-117 seconds (55.50 ± 33.88). Time to respond to the House Wren 
song ranged from 57-87 seconds (69.67 ± 14.19). 
It took significantly longer for GBWWs to respond to the call of H. l. mexicana than it did for 
them to respond to the conspecific call (Wilcoxon Matched Pairs Test; N = 14; Z = 3.17021; P = 
0.00152). Response times to H. l. mexicana were significantly higher than response times to H. 
anachoreta (Wilcoxon Matched Pairs Test; N = 14; Z = 2.07322; P = 0.03815). Responses to H. 
anachoreta songs happened significantly faster than responses to T. aedon (Wilcoxon Matched 
Pairs Test; N = 14; Z = 2.5205; P = 0.01172). There was no significant difference between the 
response times for the T. aedon and H. l. mexicana songs (Wilcoxon Matched Pairs Test; N = 14; 
Z = 0.26968; P = 0.78741). 

  
  
Response Length 
Ranges in response length were 10-102 seconds (33.36 ± 30.53) for the conspecific song, and for 
those pairs that responded to the other calls, 13-20 seconds (16 ± 3.60) for the allopatric song, 5-
33 seconds (18.71 ± 9.84) for the Hermit Wren song, and 5-10 seconds (7.67 ± 2.52) for the 
House Wren song. 
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Differences in response length were compared based on responses to different songs 
within the same territory (Fig. 3). There was no significant difference found in response length to 
the conspecific song with the allopatric song (Wilcoxon Matched Pairs Test; N = 3; Z = 1.60357; 
P = 0.10881). There was also no significant difference in response to the Hermit song and 
conspecific song (Wilcoxon Matched Pairs Test; N = 8; Z = 1.26025; P = 0.20758). Response 
lengths between the House Wren song were not significantly different from the length of 
response to the conspecific call (Wilcoxon Matched Pairs Test; N = 3; Z = 1.60357; P = 
0.10881).          
  
Response Distance to Speaker 
Distances to the speaker ranged from 1-30 m (10.86 ± 10.02) in response to the conspecific song, 
5-40 m (20 ± 18.02) in response to the allopatric song, 2-30 m (10 ± 9.16) in response to the 
Hermit Wren song, and 20-40 m (30 ± 14.14) in response to the House Wren song. 

No significant difference was found in a comparison of distance to the speaker in 
response to the conspecific song and the allopatric song (Wilcoxon Matched Pairs Test; N = 3; Z 
= 1.60; P = 0.1088). There was also no significant difference between the distance to the speaker 
between the conspecific song and Hermit Wren song (Wilcoxon Matched Pairs Test; N = 8; Z = 
1.07; P = 0.29) nor between the conspecific song and the House Wren song (Wilcoxon Matched 
Pairs Test; N = 2; Z = 1.34; P = 0.180). 
  
Intensity 
Response intensities ranged from 2-4 (2.79 ± 0.89) for the conspecific song, 1-2 (1.33 ± 0.58) for 
the allopatric song, 1-3 (2 ± 0.93) for the Hermit Wren song, and 1 (1 ± 0) for the House Wren 
song. 
         No significant difference was found between the intensity of responses between 
conspecific and allopatric songs (Wilcoxon Matched Pairs Test; N = 3; Z = 1.34164; P = 
0.17971); the conspecific and Hermit Wren songs (Wilcoxon Pairs Test; N = 8; Z = 1.67726; P = 
0.09349); nor the conspecific and House Wren songs (Wilcoxon Matched Pairs Test; N = 3; Z = 
1.60357; P = 0.10881). 
  
DISCUSSION 
  
The results support the hypothesis that the GBWW’s of Monteverde discriminate against the 
song of the Mexican allopatric population as the GBWW’s treated this song very similarly to the 
call of the House Wren in their responses. They took a much longer time to respond to the 
allopatric song and the House Wren song, often not responding at all. This is unique because the 
House Wren is a taxonomically different species and thus poses little to no threat to a GBWW, 
thus often not eliciting any response. Song discrimination between subspecies indicates a trend 
of reproductive isolation (Gordinho, et al., 2016). For them to discriminate against the allopatric 
song in the same way as a completely different species shows that they do not recognize either as 
a threat or potential mate. 

When looking at wrens that did decide to respond, there were no large differences in the 
way they reacted to each call. In the few responses the allopatric, Hermit Wren, and House Wren 
songs received, the reactions were not different than reactions by the same territory to the 
conspecific song in terms of response length, distance, and intensity. This is interesting because 
reactions to conspecific songs tend to be stronger than reactions to heterospecific song (Baker, 
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1991). It may be concluded that even though they reacted similarly to conspecific songs as well 
as the other three songs, they may be very defensive territories who are threatened by any 
newcomer in their territory. This result could also be due to a small sample size as only three of 
the fourteen territories elicited a response to the allopatric or House Wren song and eight of them 
elicited a response to the Hermit Wren song. 

The results of this study parallel with the song discrimination that helped to determine the 
new species of Hermit Wood-wren. Burbidge, et al. determined song discrimination is a form of 
reproductive isolation when they used song playbacks in their 2015 study on the speciation of the 
Hermit Wood-wren, H. anachoreta. In their study, H. anachoreta did not respond to the call of 
the GBWW sub-species H.l. bangsi, indicating that H. anachoreta truly is a different species and 
no longer a subspecies of H. leucophrys. It is interesting that the birds discriminated against the 
Hermit Wood-wren song less often than they did the Mexican allopatric song or the House Wren 
song. This reaction to a closely-related species that was previously a subspecies may represent 
less of a barrier between those two populations than was previously thought. Their higher 
discrimination against the Mexican allopatric song than that of the Hermit Wood-wren provides 
more evidence that the GBWW’s of Monteverde are a separate species of Henichorina. 

Discrimination by H. l. collinsi to the call of subspecies H. l. mexicana is representative 
of the song discrimination needed to prevent hybridization and breeding. This likely occurred 
due to their isolation and lack of gene flow (Dingle, et al., 2010). With these results, it is possible 
that the H. l. collinsi of Monteverde or the H. l. mexicana of Mexico will no longer reproduce. 
Under the biological species concept, two populations which do not interbreed are separate 
species. Studies show that song discrimination is a form of reproductive isolation in other species 
of birds as well, like Mourning Warblers and Reed Buntings (Pitocchelli, 2014; Gordinho, et al., 
2016). Therefore, the GBWW’s of Monteverde and Mexico may be on their way to becoming or 
already are separate species. This conclusion opens up the possibility that other GBWW’s across 
Central America have also begun branching off into reproductively isolated populations or new 
species. 
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Long-tailed manakin (Chiroxiphia linearis) response to 
stranger toledo calls at close and far distances outside the 
peak breeding season. 
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ABSTRACT 
Territoriality is a common phenomenon in animals; however, many organisms have yearly cycles where 
physiological and behavior changes occur: such as molting, breeding, and migration. These cycles can affect their 
response to territorial threats. Seasonal variation in response to playback in birds has mostly been studied in 
temperate species. Despite the more uniform climate, tropical birds still undergo phenological changes throughout 
the year. This study takes a look at the response to playback of stranger toledo calls by the long-tailed manakin 
(Chiroxiphia linearis) to simulate a new neighbor in late July, after what is considered the peak breeding season at 
both 5-10 meters and 25 meters from manakin display perches. I found the manakins did not change their response 
to toledo playback with their own calls in any treatment. A second analysis that focused at the intercall intervals did 
find a nonsignificant trend to suggest that the birds slow their calling frequency when calling alongside a stranger’s 
playback. These results indicate that long-tailed manakins react similarly to stranger toledo in late July as they do in 
the peak breeding season. 
 
RESUMEN  
La territorialidad es un fenómeno común en los animales; sin embargo, muchos organimos tienen ciclos anuales 
donde ocurren cambions fisiológicos y de comportamiento: tales como la muda, reproducción, y migración.  Estos 
ciclos pueden afectar sus respuestas a amenazas territoriales. La variación estacionaria en respuestas a los llamados 
de grabación en las aves ha sido mayoritariamente estudiada en especies de zonas templadas. A pesar de tener un 
clima más uniforme, las aves tropicales también sufren cambios fenológicos a través del año.  Este estudio examina 
la respuesta a llamados de grabacion de un toledo extraño por el Toledo (Chiroxiphia linearis) para similar un 
vecino nuevo a finales de Julio, después de lo que es considerado el pico de la época reproductive tanto a distancias 
de 5-10 y 25 metros de las perchas de los Toledos.  Encontré que los Toledos no cambian sus respuestas al llamdo 
de toledo con sus propios cantos en ningún tratamiento.  Un segundo análisis que se enfoca en los intervalos entre 
llamados encuentra ninguna tendencia no significative que sugiere que las aves disminuyen la frecuencia de sus 
llamados cuando responden al llamado de un extraño.  Estos resultados indicant que los Toledos reaccionan 
similarmente a toledos extraños a finales de Julio así a como lo hacen en el pico de la época reproductive. 
 
 
INTRODUCTION 
Territoriality is common in a wide range of taxonomic groups and allows organisms to protect 
limited resources such as food or mates. Territories are fixed geographically, so a territory often 
has the same neighboring territories over time. This means neighbors have some level of 
interaction over and over, which leads to what is known as “The Dear Enemy Effect”, where an 
organism distinguishes and acts differently to a territory neighbor than to a complete stranger. 
Known neighbors are often treated with less harsh responses because they viewed are less of a 
potential threat than a completely novel competitor (Temeles, 1994).  

In birds, territorial songs and calls are used to indicate territorial boundaries. A common 
way to study and demonstrate the “The Dear Enemy Effect” is with the use of playback. The 
effects of stranger calls versus those of neighbors are commonly studied with playback (Maynard 
et al., 2012). A less studied area of the “The Dear Enemy Effect” is how birds respond when 
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presented playback at different distances. Carolina wrens have been shown to alter how they 
respond to playback depending on distance (Naguib, 1993). 

Time of year can also have an effect on how birds respond to playback stimuli. 
Vermillion flycatchers (Pyrocephalus obscurus) have been shown to alter how they respond to 
playback as the breeding season progresses. (Ríos-Chelén and Garcia, 2007). Carolina 
chickadees (Poecile carolinensis) alter their response to playback based on season (Clucas et al. 
2004). This means that seasonality could relate to the “The Dear Enemy Effect”. 

Tropical birds are found in more stable climates than the temperate regions, however, 
they still show phenological shifts throughout the year. Studies on the golden-collared manakin 
(Manacus vitellinus) and the red-capped manakin (Pipra mentalis), showed the birds to only 
have reproductively active testis part of the year, with P. mentalis becoming non-reproductive by 
the end of July, and M. vitellinus remaining sexually active only into August (Wikelski, 2003). 
Pipridae, or manakins are a family of suboscine neotropical birds that use lek breeding systems 
to reproduce. A lek is a breeding system where a group of males aggregate in one area to attract 
females (Reynolds and Gross, 1990). Along with physical phenological changes, the white-
bearded manakin (Manacus manacus) stops displaying at leks for several months out of the year 
after the breeding season. (Cestari and Pizo, 2012) This makes manakins an ideal subject to 
study seasonality and the “The Dear Enemy Effect” in the tropics. 

The long-tailed manakin (Chiroxiphia linearis) has been shown in several studies to 
support the “The Dear Enemy Effect” (Maynard et al., 2012 and Rodriguez, 2017). However, 
there are unanswered questions with this: Do they change their Reponses at different times of 
year? Does the distance of playback matter?  Often studies on the long-tailed manakin are done 
in April and May (Maynard et al., 2012 and Rodriguez, 2017) which is considered peak breeding 
season, though these birds lek and call from January until early October (McDonald, 1989). In 
Maynard et al. (2012) and Rodriguez (2017) playback speakers were placed at the distance of 5-
10 meters from the display perch, rather than the natural distance of 25-50 meters seen when leks 
are mapped (Maynard et al., 2012 and Rodriguez, 2017). In the study, I expanded on previous 
work on the “Dear Enemy Effect” in C. linearis, focusing on if the patterns observed in studies 
conducted in peak breeding season remain after, when most females have already raised their 
young (Kanaksi et al., 2012). I also looked at whether these patterns also change depending on 
the distance at which playback was conducted. It is expected that there will be little difference 
from studies done in the main breeding season. 
 
METHODS 
 Study Organism 
C. linearis is noted for its unusual male-male cooperative displays among the tangled 
understories of Mesoamerican forests (Slud 1957; see Fig. 1). C. linearis is recognized as having 
at least 13 distinctive calls (Trainer and McDonald, 1993). The toledo, which is one of their most 
pervasive calls, is used to attract females to the lek. It is a duet between at least two males 
(Edelman and Mcdonald, 2014). Previous studies have looked at this bird’s response to novel 
and familiar calls using playback. Rodriguez, 2017 found that C. linearis will respond with a 
bout of toledo calls when confronted with various stranger calls. Despite its use to attract females 
to the lek the toledo itself has been observed to not elicit responses of other calls(Trainer and 
McDonald, 1993). However, it has been shown that C. linearis will adjust the frequency of 
toledo calls to overlap with that of the stranger playback (Maynard et al., 2012). Of the other 
calls the most important to recognize for this paper are: Wit, teeamoo, weet, waanh, wheeo. 
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Wit calls are used to initiate social interactions, often proceeding either a toledo bout, or 
the dancing display. The teeamoo call is used by one male to attract the other. Weet is mild 
distress. Waanh is a contact call, and wheeo is a mobbing call given in response to predators and 
strangers (Trainer and McDonald, 1993). 
 Study Site 
The playback experiment was conducted from July 20, 2019 to July 29, 2019. A total of eight 
arenas in six leks where found in the Bajo del Tigre reserve in the Children’s Eternal Rainforest 
and Santuario Ecológico (see Fig. 2). Both reserves are located in premontane tropical wet forest 
(Holdridge, 1966) in Monteverde, Costa Rica. Arenas were determined by visually observing 
manakin pairs doing their display dance (Fig. 1) or by following their display calls to a probable 
arena perch. 
 

 
 
 
 
  
 Playback recording and Editing 
Using a Zoom H4N PRO Digital Multitrack Recorder toledo bouts were recorded at both the 
Bajo del Tigre section of the Children’s Eternal Rainforest and Santuario Ecológico. A short clip 
of the clearest toledo calls from each reserve was then isolated in Audacity 2.2.1 where 
background noise was cleaned (by reducing background noise by 12 dB) the clip was then 
normalized at -1 dB. The clip was then looped to last for a total of five minutes. The usage of 
two clips is in accordance with recommendations on the design of playback experiments; using 
multiple different recordings can keep results from being affected by particular recording that 
may be aberrant and cause unusual responses (Kroodsma, 1986). 
 Playback experiment 

Figure 1. A male pair of Long-
tail Manakins doing their display 
dance on a typical lek arena 
display perch in the Bajo del 
Tigre section of the Children’s 
Eternal Rainforest (see Fig. 2) 

Figure 2. Trail map of the two 
study sites: (A) Bajo del Tigre 
and (B) Santuario Ecológico with 
red spots to indicate the location 
of arenas. These arenas where 
determined by either visual 
conformation or audible 
navigation. 
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The two toledo bouts were downloaded onto a smartphone, and then played from a portable 
Bluetooth speaker placed at chest-height. The toledo calls recorded at Bajo del Tigre were played 
at Santuario Ecológico, and vice versa. The two playbacks were presented to each arena; one 
played close to the area (5-10 meters from the display perch) and one played far from the arena. 
(25 meters from the display perch) A Zoom H4N PRO Digital Multitrack Recorder was placed 
within 5 meters of the display perch to record the responses of the focal pair. The close trial was 
always run first, with the farther trial being conducted a day later. The two playback trails were 
conducted at similar times of day to each other, all falling between 10:30-15:30. The volume of 
playback was not changed between either trial, or between arenas. 

After everything was set up, the observer sat around 10 meters from the recording device 
and waited for five minutes to allow the birds to acclimate to the observer. After this initial 
waiting period, an additional five minutes of silence was used to record the pre-playback calls to 
compare against when the playback commenced. After these five minutes had elapsed five 
minutes the playback was started. After the playback an additional five minutes were recorded 
before collecting the recorder and speaker. 
Data Analysis 
Recordings were used to count the number and types of calls both before and during the 
playback. Response calls where categorized according to Trainer and McDonald, 1993. The 
initial five minutes after the waiting period was used as the base comparison to the five minutes 
with the playback. The intercall interval between toledo responses was also measured and 
averaged.  Any intercall interval over 10 seconds was not counted, as that should be considered a 
new bout. (Maynard et al., 2012) If any other response was recorded inside the interval it was not 
counted either. Wilcox paired-sample test was used to analyze both sets of data. I used a one-
tailed analysis on the intercall intervals because previous research suggests it gets longer during 
stranger playback, and my assumption followed this line of thought. 
 
 
RESULTS 
In response to the toledo call stimulus, only six of the thirteen calls made by C. linearis had 
enough data to analyze. (see Table. 1) Only the number of Wit calls was different before and 
during playback in the far trials. (N=8, Z=2.1974, p=0.0.02799; Table. 1) 

 5-10 meters 25 meters 
 Pre-playback During Playback Pre-playback During Playback 
 Mean SE Mean SE Mean SE Mean SE 
toledo 12.5 17.54179 15.75 19.49176 24.375 37.14427 15.875 21.33701 
wit 30.25 38.59589 14.5 12.04752 4 7.230886 17.5 20.33997 
teeamoo 2.25 2.187628 3.25 2.915476 1.285714 2.21467 3 3.116775 
weet 3.25 2.187628 2.5 1.511858 1.125 2.474874 2 2.828427 
waanh 2 1.603567 4.75 7.941752 0.875 2.10017 2.5 3.380617 
wheeo 0.75 1.035098 1.375 2.386719 0.125 0.353553 0.125 0.353553 

 

Table. 1 The Means and Standard Errors of the 6 different calls recorded from the 8 arenas 
with enough data to analyze. The wit call at 25 meters is in bold to signify its significance. 
Call names follow Trainer and McDonald (1993) 
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There was no statistical difference detected between average intercall interval in response to 
playback versus pre-playback. There was a slight trend to suggest that at the birds had a faster 
intercall interval pre-playback than during the playback at the 5-10-meter range in accordance 
with findings by Maynard et al., 2012 (N=3, Z=1.60357, p=0.10881; Fig. 3). The intercall 
interval was similar for pre-playback and during playback for the far group. 

 

 
DISCUSSION 
The slight directionality shown in the intercall interval is similar to previous findings of C. 
linearis lengthening the intercall interval period in response to toledo playback at the 5-10-meter 
distance during the primary breeding season (Maynard et al., 2012). Strangely, during the far 
trials the intercall period for both the pre-playback and during playback was longer than those 
found by Maynard et al., 2012. The faster intercall frequency was detected in peak breeding 
season (Maynard et al., 2012) perhaps there is a behavior shift at the end of main breeding 
season. This could be due to demographical difference in the age of birds, time of day, or 
geographical location of the birds. Younger birds may sing slower than mature birds. It has been 
demonstrated that in the white-bearded manakin (Manacus manacus) young birds will display 
fairly consistently across the year; mature birds have times where they display a lot and other 
times, they display only a little if at all (Cestari and Pizo, 2012). This could relate to some kind 
of phenology of manakin breeding cycles. If C. linearis has a similar life history, and the 
recording happened while younger birds where displaying, this could have had effects on the 
results. Though C. linearis have been observed lekking from January until early October 
(Mcdonald, 1989) a nest with young has not been found past July (Kanaksi et al., 2012). A study 
of the morphological phenology of manakins needs to be conducted to understand how these 
birds physically change throughout the year. Another study could focus on getting more data to 

Figure. 3 The distribution of the intercall interval of toledo calls. The close playback and pre-
playback show a direction of becoming slower in the presence of playback according to a 
one tailed test. (N=3, Z=1.60357, p=0.10881) 
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look into intercall timing shifts; most likely, these slower rates are a result of the small sample 
size (n=3) 

The lack of significance among the various calls during playback backs up observations 
that C. linearis does not respond to toledo calls with other calls (Trainer and McDonald, 1993). It 
can be concluded that manakins do not change this behavior after the main breeding season ends. 
This behavior may occur because the toledo is not a major threat to breeding success, with the 
reaction reserved to changing intercall interval. Only calls associated with the courtship dance 
have been shown to elicit the mobbing call wheeo (Trainer and McDonald, 1993). To look at the 
call responses of these birds to various stimuli, further experimentation should be done with a 
variety of the Manakin calls, like in Rodriguez’s 2017 study. 

The fact the birds performed the wit call more often in response to far playback is 
puzzling. The wit call is used to synchronize male-male interaction just before a toledo bout 
commences or in male-female interactions just before the display. (Trainer and McDonald, 1993) 
Why it would become more common while a distant stranger is calling defies a reasonable 
biological justification. It is most likely just an artifact of the small sample size. It is also not 
significantly different than the wit from the near treatment.  

This study suggests that during the end of the breeding season the birds do not change 
their reaction to toledo playback by changing toledo intercall intervals in the close treatment. 
This collaborates what has been found in previous studies. Nor do they change their behavior and 
start responding to toledo playbacks with other calls. It can be concluded that C. linearis stranger 
toledo response does not seem to change from the peak breeding season (March-May) to July. 
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