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Saprophytic bracket fungi on decomposing 
coarse woody debris: an analysis of snags and 
fallen material!
!
Elyssa Kerr!!
Department of Chemical Engineering, University of Washington!!!
ABSTRACT !
Saprophytic fungi serve an important role in the process of breaking down dead material and recycling 
nutrients back into the environment. To assess the growth patterns of saprophytic bracket fungi, species 
were observed in a premontane wet forest during the rainy season. A total of 36 morphospecies were 
identified on 49 pieces of fallen material and 12 snags. Shannon-Weiner diversity indices differed 
significantly between fallen material with an index of 2.5 and snags with an index of 2.2 despite an 
opposing trend in evenness. The variation in diversity was thus attributed to differential species richness. 
Though the variety of decomposition levels did not differ significantly between snags and fallen material, 
the size variety of fallen material was much greater which may account for the greater diversity if fungi 
specialize on various host sizes. Furthermore, trends in decomposition show that fungi occur most often on 
material of early-intermediate decomposition and decrease in frequency on increasingly decayed matter. 
This may be due to specialization of fungi in terms of feeding ecology as it relates to decreasing nutrient 
availability in decaying material. !
RESUMEN !
Los hongos saprofíticos tienen un papel importante en el proceso de descomposición de material muerto y 
reciclaje de nutrientes al ambiente. Para evaluar los patrones de crecimiento de orejas de palo, se 
observaron especies en el Bosque Premontano Húmedo durante la época lluviosa. Un total de 36 
morfoespecies fueron identificadas en 49 piezas de material caído y 12 en pie. El Índice de Diversidad de 
Shannon-Weiner difirió significativamente entre el material caído, con un índice de 2.5, y el material en 
pie, con un índice de 2.2, a pesar de la tendencia opuesta en la Equidad. La variación en la diversidad fue 
atribuida a la diferencia en la riqueza de especies. Aunque la variedad de niveles de descomposición no fue 
significativamente diferente entre material caído y en pie, la variedad en tamaño del material caído fue 
mayor, lo cual podría contar para la mayor diversidad si los hongos se especializan en varios tamaños de 
hospederos. Además, los patrones en descomposición mostraron que los hongos ocurren más 
frecuentemente en material de temprana a mediana descomposición y disminuye su frecuencia en material 
cada vez más descompuesto. Esto podría deberse a la especialización de los hongos en términos de su 
ecología para alimentarse dado que se relaciona con la disponibilidad de nutrientes cada vez menor en el 
material en descomposición. !
INTRODUCTION !
Fungi, a particularly poorly studied Kingdom, serve not only as an important part of 
ecosystems worldwide but also as a natural bank of substances with a variety of benefits 
to humankind (Arora 1979; Stamets 2005). Though widely unexplored, exploitation of 
fungal compounds has brought us antibiotics, a food source, bioremediation for oil spills, 
and potential treatment for a variety of diseases (Stamets 2005). Furthermore, they serve 
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a valuable ecosystem service in recycling nutrients. Mycelia, a network of threadlike 
filaments that make up the majority of a fungal body, permeate nearly all ecosystems and 
drive this recycling process (Boddy 2001). In particular, saprophytic fungi, our focus, 
grow and feed on dead material and aid in decomposition. !
Because of this reliance on dead material, saprophytic fungi are limited by the resource 
on which they grow. These fungi feed on the complex polymers that make up the cell 
walls within the dead matter (Levy 1987). Utilizing a variety of enzymatic systems, they 
break down these materials such as cellulose and lignin through an external digestive 
mechanism (Baldrian and Valskova 2008). However, decaying matter is a finite resource. 
These nutrients, once taken up, are not replenished within the dead material; the fungi 
contribute to the decomposition of the host and at the same time are diminishing their 
own food supply (Levy 1987). Because of the varying enzymatic toolsets used by 
differing fungi, different species are able to utilize different compounds within the 
material (Baldrian and Valskova 2008). !
The macrofungi that are readily visible to the naked eye are merely the fruiting bodies or 
sporocarps of the organism whose lifecycle is dominated by the much more pervasive and 
less obvious mycelia. This sporocarp is the reproductive structure that is an indication of 
a certain phase within the more extensive life cycle of the fungus. Thus, the absence of 
sporocarps in an environment does not necessarily imply that there is no fungal 
population (Boddy 2001). However an analysis of sporocarp presence does give a view of 
the reproductive success of fungal populations (Urcelay and Robledo 2009). Saprophytic 
bracket fungi typically produce sporocarps that are woody and have a longer lifespan 
than some of the other fleshy fungi. Some bracket fungi are even perennial, maintaining a 
fruiting body year-round and adding new layers of material for new spore production 
(Arora 1979). The production of sporocarps in any fungus is dependent on nutrient 
availability and the proper reproductive conditions. !
Bracket fungi grow and fruit on a wide range of host species (Lindblad 2000). While 
some saprophytes show a preference for large trees or well-decayed hosts, many others 
are considered to be generalists on all types of coarse woody material (Stokland and 
Kauserud 2004). It has been suggested that standing dead material also known as snags 
represents a more stressful environment and results in successful growth by a select 
subset of species with tolerance for such conditions (Boddy 2001; Heilmann-Clausen and 
Christenson 2004). Furthermore, material in contact with the ground acts as a sponge for 
water and nutrients in the soil making it easier to colonize and potentially a more 
desirable substrate overall (Levy 1987). Thus, the preference of bracket fungi to colonize, 
grow and reproduce on a gradient of hosts is of particular interest for conservation of 
potential and unexplored human benefits and the general understanding of fungal feeding 
ecology and reproduction. I analyzed the diversity of bracket fungi sporocarps on a 
variety of coarse woody debris including still standing dead trees referred to as snags and 
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fallen material in the form of logs and branches in order to determine the growth habits of 
this group of fungi. !!
MATERIALS AND METHODS !
STUDY AREA AND SITES.—A fungal survey was carried out between 18 - 31 July 2012 in 
the Bajo del Tigre conservation area on the Pacific slope of the Monteverde region of 
Costa Rica. Elevation in this 29-hectare area ranges from 1020 to 1380 m above sea level 
with an annual rainfall of 2.4 m (2012, Bajo del Tigre). The area is a premontane wet 
forest dominated by secondary growth with some areas of primary growth. There are a 
number of microhabitats that result from the varied slope of the area and the temporal 
variation in reforestation of land that was formerly pastured. The area though has no 
patch with less than 20 years of growth. Because of the temporal difference in forest 
growth, there are also variations in canopy cover, species distribution, moisture and light 
levels all of which may affect fungal diversity in each area.  !
EXPERIMENTAL DESIGN.—I surveyed saprophytic bracket fungi sporocarps along the 4.4 
km of trails that pass through the Bajo del Tigre area. I noted the presence of bracket 
sporocarps on any dead tree material visible from the trail and within a distance of 4 m 
from the edge of the trail. There was no size limit on the hosts that I observed which 
included fallen branches, logs, stumps and snags. I measured the DBH of snag hosts that I 
observed and the diameter at midsection of fallen logs and branch material. I also 
measured the length of each host in order to calculate an estimate of surface area. Using 
the classification outlined in Baker and Chao (2009), I assigned a qualitative measure of 
the decomposition level of each host on a scale from 1 to 5. The assessment is based on 
solid wood in categories 1 and 2 with the difference being absence of fine branches and 
loss of bark at level 2. Levels 3 through 5 represent non-solid wood. Level 3 is wood that 
is soft but cannot easily be penetrated by a nail. Level 4 is reserved for logs that a nail can 
easily be pushed into while level 5 suggests that the log is heavily rotted and crumbles 
underfoot. !
Furthermore, for each encounter with a new species of fungi, I assigned a morphospecies 
designation based on fruiting body average size, color, shape and other characteristics 
such as pore visibility and strong odor. For further identification ease, I took pictures of 
each specimen from the top, bottom and side. I also collected one individual of each 
colony to create a library of species for identification purposes. I only collected 
individuals of species that I encountered for the first time. In this way, the reference 
library that I created allowed me to identify the same morphospecies if I encountered it 
again. !
For each colony of fungi that I encountered, I counted the number of individuals present 
on the host. By measuring the distance between the fungi that were furthest apart in both 
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length and width, I also obtained the rectangular area covered by each colony. Using this 
measurement as well as the total surface area of the log or snag, I calculated the percent 
of the host that was covered by fungi. !!!!
RESULTS !
A total of 36 morphospecies were found with 30 occurring on 49 pieces of fallen material 
and 12 occurring on 12 snags. An overlap of 6 morphospecies was found on both types of 
host (Table 1). Shannon-Weiner diversity indices were calculated using the relative 
surface area covered by each morphospecies as an estimate of relative abundance. The 
diversity index for fallen hosts of 2.5 was significantly greater than the index of 2.2 for 
snags (t = 46, df = 36,106, p < 0.001). This significance occurs despite an opposing trend 
in evenness with snags having an evenness value that is greater than fallen material by 
0.2 (Table 1). Thus the species richness difference of 18 morphospecies has the largest 
effect on diversity difference.  !
Decomposition levels vary for both host categories with each spanning 4 of the 5 classes 
(Figure 1). Fungi were found most often on both snags and fallen material that were at a 
decomposition level of 2 with only one occurrence of a fungus on a less decayed host. 
Furthermore growth on material of increasing decomposition shows a decreasing 
frequency. !
The frequency of fungi on a gradient of host sizes was also noted (Figure 2). Snagged 
material has a much narrower size range with only one host under 5000 cm2 surface area 
containing a fruiting body. Furthermore, snagged material was only found in 5 of the size 
categories whereas fallen material spans a much greater range of surface areas with 
individuals found in 8 of the categories. !
DISCUSSION !
Despite the fact that snags have a greater evenness in their species distribution, the 
species richness of fallen material is so much greater that the overall fungal diversity of 
the fallen material is also greater. The possible reasons for this vary. With this study, I 
considered differences in decomposition and size between the two host categories as 
potential mechanisms for this diversity difference. !
I determined that variety among decomposition levels does not account for this greater 
diversity since fungi were found on both snags and fallen material of four different 
decomposition levels. This distribution shows that the variations in decomposition 
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between snags and fallen material are not significant enough to account for the difference 
in species richness and diversity. This does not mean that decomposition levels do not 
affect fungal growth however. Though there is an obvious trend of decreasing occurrence 
of fungi on more decayed material, fungi are not rare on more decayed hosts. In fact, 
some fungi have been shown to prefer well-decayed hosts (Stokland and Kauserud 2004) 
and other wood-rotting fungi have been shown to have wide host ranges in terms of both 
host species and decomposition levels (Lindblad 2000). The decrease in fungal 
occurrence may be attributed to the decreasing amount of nutrients as decomposition 
progresses. However, different fungi have different enzymatic digestion mechanisms 
which breakdown cellulose in differentially successful ways (Baldrian and Valaskova 
2008). This specialization supports claims of successional behavior among fungi (Boddy 
2001) and explains the variance among hosts on which fungi appear. !
Furthermore, the peak of hosts at decomposition level 2 suggests that there may be some 
degree of preference for this early-intermediate decay stage. Fruiting body growth 
requires sufficient nutrients as well as other abiotic factors (Boddy 2001), thus absence of 
fruiting bodies on the earliest class of dead material promotes an interesting theory: the 
uptake of sufficient nutrients by mycelia in order to produce a fruiting body may 
contribute to decomposition to the point of propelling the material into the next 
decomposition class. An alternative reason may be the inability of certain fungi to 
colonize recently dead material. In any case, more comprehensive research needs to be 
carried out in surveying fungal presence. The extent of mycelia growth is impossible to 
discern from fruiting body presence but it is a much better indicator of overall fungal 
growth success. Furthermore, since I surveyed only dead material on which fruiting 
bodies were visible, it is uncertain whether the increased presence on decomposition level 
2 is merely a result of density dependence resulting from an unequal distribution of 
decomposing material favoring this stage. !
In further comparing snags to fallen material, a differential trend in size distribution was 
seen and may contribute to the difference in diversity. Colonized fallen material spans a 
greater range of sizes than snags do particularly within the smaller ranges. Though 
smaller fragments of dead wood contain fewer nutrients just by the nature of being 
smaller, they also have a larger surface area to volume ratio. It has been suggested that 
this difference may allow for support of more fruiting bodies (Heilmann-Clausen and 
Christenson 2004).  !
It is possible too that these bracket fungi specialize on a certain size host. Some fungi 
may prefer smaller material for a relatively rapid life cycle. They may colonize this 
smaller material specifically, use up the limited nutrients to the best of their ability and 
produce a large number of sporocarps to promote further colonization all within a much 
shorter time frame than those fungi growing on larger material. Thus these specialists are 
a direct result of the variation in decaying matter. By adapting to exploit the smaller 
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material specifically, some fungi may avoid competition with other species which require 
a larger host. !
Furthermore, because of the stochastic colonization patterns of fungi, the greater diversity 
on fallen material may be an effect of density dependence (Gilbert et al. 2002). Snags 
tend to be large and occur infrequently in forests. Thus the greater diversity of fungi on 
fallen material results instead from the greater diversity of potential hosts. Fallen 
branches and small trees are much more common than snagged material thus they may 
present a more readily colonized substrate. !!!!!!
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TABLE 1: Fungal distribution on hosts in two categories: fallen material and snags. Fungi 
were surveyed in a secondary premontane wet forest during the rainy season. Shannon-
Weiner diversity index showed significant difference (t=46, df= 36106, p<0.001). Avg. 
Proportion Covered was determined by percentage of surface area occupied by fungi 
colonies. Avg. No. of Morphospecies is a representation of species per host. 

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

Host Type Fallen Material Snags

Species Richness 30 12

Shannon-Weiner Index 2.5 2.2

Evenness 0.7 0.9

Avg. Proportion Covered 14% 24%

Avg. No. of Morphospecies 1.2 1.2
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!  !
FIGURE 1.   Decomposition distribution of bracket fungi sporocarps on hosts in two 
categories: fallen material and snags. Fungi were surveyed in a premontane wet forest in 
Monteverde, Costa Rica during the rainy season. Decomposition levels are based on a 
qualitative assessment (Baker and Chao 2009). !!!!!!!!
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!  !
FIGURE 2: Size distribution of saprophytic bracket fungi hosts in two categories: fallen 
material and snags. Survey was carried out in a premontane wet forest in Monteverde, Costa 
Rica. Surface area of hosts was estimated from diameter and length measurements using a 
cylindrical model. Fallen material was assumed to be 70% of total cylindrical area to account 
for contact with ground. !!!!!!!!!!!!!!!!!!!
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!
Fungal infections of Mycena citricolor on 
Rubiaceaeplants in forest patches near Coffea 
arabica plantations!
!
Liz Zukowski!!
Department of Environment Studies, University of Colorado at Boulder!!
!
ABSTRACT	!
Plant pathogens drive many ecological and evolutionary processes in natural ecosystems.  Their effect on 
host individuals can range from commensalistic to parasitic.  This largely depends on the type of pathogen 
and susceptibility of the host, as well as environmental factors.  The fungal pathogen Mycena citricolor is 
largely known for its devastating effect on coffee crops.  However, M. citricolor is not a species-specific 
pathogen, and has been proven to use other plants as hosts, including other species that are grouped in the 
same family as Coffea arabica, Rubiaceae.  I conducted a study to determine the occurrence of the fungus 
M. citricolor on nine morphospecies of Rubiaceae in the understory of an intervened, secondary forest 
patch in Cañitas, Costa Rica.  By counting the number of infected leaves and total number of lesions on 345 
individuals of the Rubiaceae family, I am able to conclude M. citricolor infects certain Rubiaceae species 
more than others. The chance of being infected by M. citricolor was found to be proportional to each 
Morphospecies relative abundance in the forest.  This could be due to a number of factors including leaf 
morphology, chemical composition of species, or environmental factors such as climate, weather variations, 
and sun exposure.  This study also shows that fungal pathogens have the ability to jump from exotic species 
like C. arabica to native species.  To reduce the rates of infection of M. citricolor on Rubiaceae species in 
natural ecosystems, it will be necessary to control the rates of infection in nearby monoculture farms and 
plantations, thereby conserving the biodiversity of the fourth largest flowering plant family in the world.  	!
RESUMEN	
!
Los patógenos de plantas llevan a muchos procesos ecológicos y evolucionarios en los ecósistemas 
naturales.  El efecto de estos en los individuos pueden ir desde comensalismo a parasitismo.  Esto depende 
grandemente en el tipo de patógeno y la suceptibilidad del hospedero, así como de facotres ambientales.  El 
hongo patógeno Mycena citricolor es conocido ampliamente por su efecto devastador en los cultivos de 
café.  Sin embargo, M. citricolor no es un patógeno específico, y se ha demostrado el uso de otras plantas 
como hospederos, incluyendo otras especies agrupadas en la misma familia que Coffea Arabica, Rubiaceae.  
Llevé a cabo este estudio para determinar la ocurrencia del hongo M. citricolor en nueve morfoespecies de 
Rubiaceae en el sotobosque de un parche boscoso secundario intervenido en Cañitas, Costa Rica.  
Contando el número de hojas infectadas y el número total de lesions en 345 individuos de la familia 
Rubiaceae, soy capaz de concluir que M. citricolor afecta ciertas especies de Rubiaceae más que otras.  La 
probablilidad de ser infectado por M. citricolor es proporcional a la abundancia relativa de cada 
morfoespecies en el bosque.  Esto se puede deber a un número de factores como morfología de la hoja, 

!

 11 



composición química de las especies o a factores ambientales como clima, variaciones ambientales y 
exposición al sol.  Este estudio también muestra que el hongo patógeno también tiene la capacidad de pasar 
de una especies exotica como C. Arabica a especies nativas.  Para disminuir la tasa de infección de M. 
citricolor en Rubiaceae en los ecosistemas naturales, será necesario controlar las tasas de infección en los 
monocultivos cercanos y plantaciones, así conservando la biodiversidad de la cuarta familia de plantas más 
larga en el mundo. 	!!
INTRODUCTION	!
Disease-causing organisms drive many ecological and evolutionary processes in natural 
ecosystems.  These pathogens can regulate host populations, modify genetic composition, 
restrict host distribution, change community diversity, mediate plant-herbivore and plant-
plant interactions, and reduce host growth and reproduction thereby affecting the 
availability of food for other organisms (Gilbert and Hubbell 1996). One such fungal 
pathogen of particular agricultural significance is M. citricolor from the Division 
Basidiomycota. Also known as American leaf spot disease or ojo de gallo, it is the most 
destructive disease of coffee plants, reducing yields by causing premature dropping of 
infected leaves (Agrios 2005). This is a type of coffee rust that is caused by the fungus M. 
citricolor (Family Mycenaceae;Division Basidiomycota). 	
	 Monoculture agriculture, such as coffee farming, invites the development of 
disease epidemics by providing high densities of genetically uniform hosts. Furthermore, 
pathogens, such as M. citricolor, not only affect crops, but they can also spread into 
surrounding forest affecting natural understory species.  M. citricolor is a very 
unspecialized parasite that can attack a considerable number of plants other than C. 
arabica (Sequeira 1958).  M. citricolor has been found to have detrimental impacts on 
plant species across family boundaries.  If fungal infections are not controlled within 
agricultural lands, pathogens such as M. citricolor could damage a variety of natural 
forest species, thereby lowering the biodiversity within an ecosystem.  The development 
of these disease epidemics often depends on density, thereby making reforested and 
secondary forest areas more vulnerable (Gilbert and Hubbell 1996).  C. arabica belongs 
to the Rubiaceae plant family, which is the fourth largest family of flowering plants in the 
world and almost one-half of the species and one-third of the genera occur in the 
Neotropics (Smith et al. 2004).	
	 I measured the prevalence and intensity of infection of M. citricolor on Rubiaceae 
morphospecies to determine if the fungus infected species more similar to C. arabica 
than others within the family.  By comparing the percentage of infection on each 
morphospecies I was able to test the fungus’s preference for each Rubiaceae species.  !
MATERIALS AND METHODS	!
STUDY SITE. —  I collected my data at Finca Santa Maria in Cañitas, Puntarenas, Costa 
Rica from July 16th to July 31st, 2012, during the wet season.  The farm is on the Pacific 
mountain slope near the Continental Divide.  It is adjacent to intervened, secondary forest 
patches on three sides, and pastureland on the other.  The forest patches contain walking 
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trails and are separated by roads.  I created 2 transects parallel to the main walking trail 
each measuring 100 meters in length.  Breaks were created in the transect lines when it 
was necessary to cross over another trail or the road.  These transects lines were parallel 
to the coffee fields only for the first 25 meters. 	
STUDY SPECIES. —  I sampled nine morphospecies (Appendix 1) from the Rubiaceae 
family that fell within 1.5 meters on each side of the transect line.  I identified Rubiaceae 
individuals by the simple, opposite leaf arrangement that is coupled with interpetiolar 
stipules.  This is the only family in the Neotropics that displays these three characteristics 
together (Smith et al. 2004).  The morphospecies labeled as morphospecies 1 was 
identified as C. arabica.  The height requirement for my samples was between my knee 
height (45 cm) and my extended reach height (210 cm).  This ensured that I could sample 
the entire individual.  I did not count individuals with fewer than 50 leaves or individuals 
with high levels of herbivory.  I counted the total number of M. citricolor lesions on a 
complete sample of 50 leaves per plant starting from the top, working my way to the 
center of the plant, and then down.  The characteristics I used to identify M. citricolor 
were spots with a distinct margin 6-13 mm in diameter, which appear with no halo.  The 
fungus is luminous, giving the spots a bright appearance in shade.  Spots begin as a light 
brown color, and mature spots fade to light yellow (Figure 1).  The centers of mature 
spots disintegrate giving the leaf a “shot hole” appearance (Waller et al. 2007).	!

� 	
Figure 1. C. arabica plant infected by M. citricolor. Lesions appear light brown to straw 
in color. Pocks are no more than 13 mm in diameter and with no halo. Photo taken from 
Flickr. © Coffee Kids 1988. 	!!
STATISTICS. —  To conduct my statistical analysis of the data, I used a One Way ANOVA 
to test the effects of species on number of leaves infected and number of fungal lesions. A 
post-hoc Tukey-Kramer test was then conducted for both number of infected leaves per 
individual and number of lesions per individual to determine if the means were 
significantly different.  The ANOVA and Tukey-Kramer use data from morphospecies 
that were represented by at least 31 individuals.  The sample sizes of Morphospecies 6-9 
were not large enough to be included in these statistical tests.  I also conducted a two-
sample Kolmogorov-Smirnov test to compare the frequency of occurrence of each 
Morphospecies and frequency of M. citricolor infection.  The Kolmogorov-Smirnov test 
looks at all nine morphospecies sampled.	!
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RESULTS	!
The number of infected leaves compared to the total number of individuals sampled from 
the first five morphospecies shows that all morphospecies had a low occurrence of M. 
citricolor on any given individual.  The highest number of leaves infected on a single 
individual was nine out of the 50 sampled and occurred on single individuals of both 
morphospecies 1 (coffee) and 5.	
Morphospecies 4 had the highest number of individuals with 0, 1, and 2 infected leaves.  
Coffea arabica had only a single individual with 0 infected leaves, the least of any of the 
morphospecies (Figure 2). 	

!  
Figure 2. Frequency of leaves infected by M. citricolor on five morphospecies of 
Rubiaceae. Morphospecies 1 has been identified and labeled as C. Arabica (Coffee). MS 
stands for Morphospecies. 50 leaves were sampled on each individual. 	

  
	 The total number of M. citricolor lesions compared to the total number of 
individuals sampled from the first five morphospecies shows that all morphospecies had a 
low occurrence of lesions on the majority of individuals.  One individual of C. arabica 
had 12 lesions, the highest number of lesions found on any individual of all 
morphospecies.  Morphospecies 4 again had the most individuals with zero, one, or two 
lesions.  Most individuals across the five morphospecies were infected with zero to three 
lesions.  Coffea arabica had the fewest number of individuals with zero lesions (Figure 
3).  	!
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!  
Figure 3. Frequency of total M. citricolor lesions on five morphospecies of Rubiaceae.  
Morphospecies 1 has been identified and labeled as C. Arabica (Coffee).  MS stands for 
Morphospecies. 	

 	
 I also analyzed the mean number of infected leaves in each of the Rubiaceae 
morphospecies.  Morphospecies 1 is significantly different from morphospecies 3, 4, and 
5 (One Way ANOVA, F = 20.35, P < 0.05, df = 324).  However, morphospecies 1 is 
similar to Morphospecies 2.  Morphospecies 4 and 5 are not significantly different in their 
average number of leaves infected by M. citricolor (Figure 4).	!!

!  
Figure 4. Mean number of infected leaves found on five morphospecies of Rubiaceae 
found in forest patch surrounding Finca Santa Maria (One Way ANOVA, F = 20.35, P < 
0.05, df = 324).  Error bars represent one standard error.  Levels not connected by same 
letter are significantly different.	
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!!
 The mean number of total lesions per individual was different in each of the five 
Rubiaceae morphospecies as well (One Way ANOVA, F = 22.08, P < 0.05, df = 324).  
Morphospecies 1 is significantly different from all other morphospecies.  Morphospecies 
2 and 3 are similar, and morphospecies 3, 4, and 5 are also similar.  However, 
morphospecies 2 is significantly different from morphospecies 4 and 5 (Figure 5).	

� 	
Figure 5. Mean number of lesions found on five morphospecies of Rubiaceae from a 
forest patch surrounding Finca Santa Maria (One Way ANOVA, F = 22.08, P < 0.05, df = 
324).  Error bars represent one standard error.  Levels not connected by same letter are 
significantly different.	

  
 The frequency of occurrence and the frequency of infection were determined for 
all nine Rubiaceae morphospecies sampled.  Frequency of occurrence of each 
morphospecies in the study site is not significantly different from the frequency of 
infection on each morphospecies (Kolmogorov-Smirnov, D = 0.22, P = 0.98).  
Morphospecies 4 occurs the most in the study site, and Morphospecies 6 occurs the least.  
However, the chance of being infected was proportional to the Morphospecies relative 
abundance (Figure 6). 	
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!

!  !
Figure 6. Two-sample Kolmogorov-Smirnov test for frequency of occurrence of nine 
Rubiaceae morphospecies in a forest patch surrounding Finca Santa Maria and frequency 
of M. citricolor infection on those morphospecies (D = 0.22, P = 0.98). 	!!
!
DISCUSSION	!
Fungal infections can reduce growth, survivorship, reproduction and competitive ability 
of their hosts.  In a previous study, rust infections increased host mortality by 67% in the 
susceptible plants and also reduced the size of surviving individuals (Jarosz and Davelos 
1995).  Under conditions that favor pathogen growth, such as conducive weather and a 
susceptible plant population, the fungal population size can increase dramatically over the 
course of the growing season.  However, disease occurrence rates are actually highly 
variable both spatially and temporally (Jarosz and Davelos 1995).  	
	 Although all nine morphospecies sampled in my study had low rates of leaves 
infected with M. citricolor, C. arabica had the highest number of leaves infected and the 
highest number of lesions on a given individual.  This could be in part because C. arabica 
is prone to being infected by M. citricolor, so much so that the fungus is also known as 
coffee rust (Agrios 2005).  The low infection rates of the individuals surveyed could be 
caused in part not because of defenses among the various Rubiaceae species, but instead 
because obligate foliar pathogens may be constrained evolutionarily because they require 
live plant cells for survival.  Any increase in aggressiveness that results in the death of 
infected cells, immediately results in the death of the pathogen (Jarosz and Davelos 
1995). Thus, a high volume of infection on any one individual could collectively shorten 
the life of the pathogens using it as a host.  However, a well-known tenet in plant 
pathology is that pathogen development is influenced to a large degree by environmental 
variables.  The disease triangle (Figure 7) illustrates that climatic variables are on a near 
equal footing with plant characteristics in terms of determining the severity of disease 
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epidemics (Agrios 2005). All three factors, susceptible host, environmental factors, and 
type of pathogen contribute equally to the effects the disease has on the host. 	!

                                                   � 	!
Figure 7.  Disease triangle illustrating importance of including all three factors when 
analyzing a disease. Each side of the triangle possesses equal weight in disease outbreak. 
Photo taken from Iowa State University, Integrated Crop Management. 	!!
	 Other studies have noted that plant material and leaf morphology are generally not 
limiting factors affecting the infection rates of rust fungi on their hosts (Jarosz and 
Davelos 1995).  However, these studies were conducted on foliar rust fungi other than M. 
citricolor.  My results suggest that leaf morphology could have an effect on the 
prevalence of infection of M. citricolor on Rubiaceae morphospecies.  Morphospecies 1 
(coffee) and 2 were significantly different from Morphospecies 4 and 5 in the number of 
infected leaves present in the sample size.  Morphospecies 2 and 3 were similar in the 
number of infected leaves present (Figure 4). The similarities among leaf infection could 
possibly be explained by the different leaf morphologies of these five morphospecies.  
Morphospecies 1 and 2 were similar in color, surface texture, and venation patterns, as 
were 2 and 3.  Morphospecies 1, 2, and 3 were all significantly different from 4 and 5.  
Morphospecies 4 and 5 exhibited very similar morphological characteristics, such as 
stipule, flower and fruit appearance, and it is unclear to me whether or not they are truly 
separate species.  However, when identifying them in the forest, their leaf edges differed 
enough to name them as separate morphospecies.  	
	 Another possible factor in the fungus’s selection of host could be the genetic 
compositions of the morphospecies.  Only certain genotypes may be susceptible to a 
given pathogen, and the level pathogen interest is at the genetic rather than the species 
level.  Although genetic uniformity does not necessarily lead to more serious disease 
problems in natural systems, it can predispose populations to massive disease outbreaks 
caused by introduced or endemic pathogens (Gilbert and Hubbell 1996).  Therefore, if the 
chemical compositions of my five morphospecies were determined in a laboratory, 
significant similarities or differences may be found that correlate to the number of lesions 
found in each morphospecies population. 	
	 The outcome of fungal-plant interactions depends on the characteristics of the 
fungus and the plant, as well as ecological conditions.  Disease epidemics, particularly 
those caused by introduced pathogens or disturbances in an ecosystem, may provoke 
dramatic, permanent changes in a forest community.  High species diversity in a given 
area will not necessarily prevent the spread of disease because many plant pathogens are 
not species-specific.  Therefore, effective methods of disease control, such as the control 
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of infection within the C. arabica crop plantations using organic fungicides, are likely to 
reduce the probability that new pests will be introduced into natural systems or that 
epidemics will develop from pathogens already present (Gilbert and Hubbell 1996).  
Controlling these fungal pathogens is not only an issue of protecting understory 
Rubiaceae, but also all susceptible understory plants.  This study shows fungal diseases 
are capable of spreading the infection from exotic to native species.  If the fungal 
pathogens are not controlled, the entire understory of tropical forests could be at threat of 
being infected. Protection of Rubiaceae species as well as all understory plants within 
secondary forest and forest patches should be a conservation concern for preserving the 
biodiversity of the ecosystems they populate.  	!
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APPENDIX 1	
!
Only eight of the nine morphospecies sampled are pictured below.  A picture of 
Morphospecies 9 could not be found and is not shown. 	
!

� 	
Morphospecies 1 (Coffea arabica)	!!

� 	
Morphospecies 2	

� 	
Morphospecies 3	
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!!

� 	
Morphospecies 4	!!

� 	
Morphospecies 5	!
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� 	
Morphospecies 6	!!

� 	
Morphospecies 7	!
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� 	
Morphospecies 8 !!!!!!!!!!!!!!!!!!!!!!!
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Stomata density and epiphytic orchid size!
!
Amanda Abajian!!
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!
ABSTRACT	
!
Stomata are the small pores on the surfaces of leaves and stalks that regulate the flow of gases in and out of 
leaves and thus plants as a whole. This experiment tested the idea of a possible correlation between plant 
size and stomatal density. Data, in the form of field measurements including stomatal peels made from clear 
nail polish, were collected from 79 different orchid species in Monteverde, Costa Rica during the late part 
of July 2012. Field measurements were used to create a plant mass index, while stomatal peels were viewed 
under a compound microscope to measure stomatal densities, and number of stomata open or closed at the 
time of collection. The results of a linear regression correlating plant mass with stomatal density show no 
significance (F = 0.3534, df = 79, p-value = 0.5539).  These results suggest there are larger factors, such as 
genome size, than plant size determining stomatal densities. The results also showed a significant difference 
in leaf thickness means of species with pseudobulbs versus species without pseudobulbs (One-way 
ANOVA, F = 12.14, df = 1 and 79, p-value = 0.000808). Orchid species without pseudobulbs tend to have 
thicker leaves to use for nutrient and water storage. 	!
RESUMEN	
!
Los estomas son poros pequeños en la superficie de las hojas y tallos que regulan el flujo de gases dentro y 
fuera de las hojas y de las plantas como un todo.  Este experimento provó la idea de una posible correlación 
entre el tamaño de las plantas y la densidad de estomas.  Los datos, en la forma de medidas en el campo 
incluyen cascaras de estomas hechas con pintura de uñas transparente, se colectaron de 79 especies 
diferentes de orquídeas en Monteverde, Costa Rica durante el final de Julio en 2012.  Las medidas en el 
campo se usaron para crear un índice de masa para las plantas, mientras que las cascaras de estomas fueron 
observadas en un microscopio para medir la densidad de estomas, y número de estomas abiertos y cerrados 
al tiempo de la recolección de datos.  Los resultados de una regresión linear muestran que no hay relación 
entre la masa de la planta y la densidad de estomas (F = 0.3534, df = 79, p-value = 0.5539).  Estos 
resultados sugieren que hay grandes factores, como el tamaño del genoma, más que el tamaño de la planta 
determinan la densidad total de estomas.  Los resultados además demuestran una diferencia en el grosor de 
las hojas entre las especies con y sin pseudobulbos (ANOVA de una vía, F = 12.14, df = 1 and 79, p-value = 
0.000808).  Las especies de orquídeas sin pseudobulbos tienden a tener hojas más gruesas que utlizan como 
almancenamiento de agua y nutrientes.	!
INTRODUCTION	
!

!
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The family Orchidaceae is one of the largest and most diverse families of plants, and 
makes up a significant amount of the flowering plants (Dressler, 1981). Orchids belong to 
the subclass of monocotyledons, and are characterized by having parallel veins, scattered 
vascular bundles and flower parts mainly in threes. Many terrestrial plants contain small 
openings, known as stomata, one either one or both of their leaf surfaces which can 
permit the passage of gases, and especially the entry of carbon dioxide into the leaf. 
Within the orchid family, which utilizes stomata in gas exchange, the presence of these 
openings can be mainly found on the abaxial surface of the leaves. 	
	 In cloud forests and rainforests many epiphytic orchid species are subjected to 
severe conditions such as direct sunlight and high winds, and in response have developed 
adaptations such as thick, fleshly leaves and pseudobulbs to store water and reduce 
overall water loss (Dressler, 1993). Stomata are an important morphological 
characteristic for orchids they provide the main route for water vapor transfer when they 
are open, and help prevent water loss when they are closed (Hopkins, 1995). Availability 
of water to epiphytic plants has been arguably the most important environmental factor 
limiting growth and survival of vascular epiphytes (Benzing, 1990). Although studies 
have been conducted to show the correlation between water/nutrient availability and plant 
size, there is very little understanding of plant size and stomatal density. 	
	 There are no studies testing for a possible relationship between plant size and 
stomatal densities. Therefore in this study I collected data from an array of orchid species 
to test for a correlation between stomata density, and number of open or closed stomata 
during the late morning, and plant size. 	!
METHODS	
!
I collected 85 species of orchids from secondary growth cloud forest in Monteverde, 
Costa Rica between July 23 and July 31, 2012 in the morning between 9 am and 12 pm 
(Figure 1). Samples were obtained from a secondary forest surrounding the Estacion 
Biologica Monteverde. I collected a 1 cm stomatal peel sample from each orchid 
individual by painting the abaxial surface with clear, non-toxic nail polish. When the 
surface of a leaf is painted with clear nail polish and allowed to dry it leaves an imprint of 
the stomata, allowing you to see whether the stomata were open or closed at the time of 
the peel. Each orchid was recorded to be either a pseudobulb or nonpsuedobulb species, 
and if the individual was growing in full sunlight, partial sunlight or shade. Also, I 
recorded the type of substrate the orchid is growing (e.g. bark, moss or lichen). In 
addition, I recorded the number and length of leaves for each plant to create a mass index 
by adding the total length of all the leaves and dividing them by the total number of 
leaves present. The thickness of the mature leaf painted with nail polish was taken with a 
caliper (±0.05 mm).	

After other measurements had been recorded and nail polish had been allowed to 
fully dry a piece of clear sticky tape was applied on top of the nail polish and a single 
peel was removed and placed immediately on a glass slide. Each slide was placed into a 
compound light microscope on 40x magnification and a view was taken for each stomata 
peel. In each view, the total number of stomata was counted, as well as the number of 
open versus closed stomata. 	
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A linear regression was ran to determine if there was a relationship between plant 
size and stomatal density, number of stomata open and number of stomata closed at the 
time of data collection. To determine if there was a correlation between the presence of 
pseudobulbs on an orchid individual and the thickness of the leaves a One-way ANOVA 
test was performed.	!

!  !
FIGURE 1. Map of the Monteverde cloud forest region showing the study area at 1,500 
m elevation, located in the secondary forest around the Estacion Biologica Monteverde.	!
RESULTS	
Stomatal density is not related with orchids mass (Linear Regression, F = 0.3534, df = 79, 
p-value = 0.5539) (Figure 2). The number of stomata open does not correspond with the 
orchids mass (Linear Regression, F = 0.8203, df = 2, p-value =0.3678). Also, the number 
of stomata closed does not correspond the orchids mass (Linear Regression, F = 0.8203, 
df = 79,  p-value = 0.3678). 	!

!  
FIGURE 2. Relationship between orchid plant mass and number of stomata present. The 
trendline shows a very slight increase in stomata density as mass increases. 	!

#
 S

to
m

a
ta

0

0.45

0.9

1.35

1.8

Mass

0 0.4 0.8 1.2 1.6

!

 26 



Orchid species with pseudobulbs show less thick leaves, while nonpseudobulb 
species have thicker leaves (Figure 3). There was a significant difference between mean 
leaf thickness of species with pseudobulbs and mean leaf thickness of species without 
pseudobulbs (One-way ANOVA, F = 12.14, df = 1 and 79, p-value = 0.000808). 	!

!  
Figure 3. Average thickness of leaves of orchid species with and without pseudobulbs. 
Orchids with pseudobulbs showed on average less thick leaves than orchids with 
pseudobulbs, represented above by numerical means. Bars represent one standard error.	!
DISCUSSION	
	 This study showed no relationship between plant mass and stomatal density, 
suggesting that there are other factors that determine stomatal density then plant mass 
such as genome size (Beaulieu et al., 2008). The proportion of epidermal cells in the 
developing leaf that differentiate into stomata, which will then govern the stomatal index, 
determines the density of stomata for a given leaf. The stomatal index is the ratio of 
stomatal cells to epidermal cells (Beerling and Chaloner, 1992). In a study on angiosperm 
genomes it was found that the size of the plant genome is directly related to cell size 
(guard cell length and epidermal cell area). Findings showed that a larger angiosperm 
genome corresponded with larger cell sizes and a decrease in stomatal density (Beaulieu 
et al., 2008). The change in stomata frequency due to genome size may predispose a 
species to a particular environment (Beaulieu et al., 2008). It has been found that large, 
slow-opening, stomata are important to plants of humid and deep shade conditions 
because they often remain open during the early parts of the day to take full advantage of 
short-lived periods of sunlight (Hetherington and Woodward, 2003). While small stomata 
that can open and close more rapidly are found in higher densities and help increase the 
overall stomatas conductance of a leaf, which maximizes CO2 diffusion into the leaf 
during favorable conditions for photosynthesis (Aasamaa et al., 2001). Although the 
findings were not significant statistically in showing that as plant mass increased stomatal 
density was also increasing, it may have been because the orchids collected in 
Monteverde are those of a wet, humid environment. The stomata of the individuals were 
most likely the larger, slow-opening stomata associated with lower densities.	
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	 The results of the experiment also showed a correlation between leaf thickness 
and the presence or absence of pseudobulbs in the study individuals. Individuals with 
pseudobulbs were found to generally have less thick leaves than individuals without 
pseudobulbs who were found to have thicker leaves. Pseudobulbs are well recognized as 
food and water storage organs (Hew and Yong, 2004). Orchid species with pseudobulbs, 
that are able to act as a storage organ, do not need as thick leaves to store water or 
nutrients. Orchid individuals lacking in pseudobulbs can compensate for this by having 
thicker, or succulent, leaves that have the ability to store more water and nutrients for the 
plant. 	!
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!
Optimal foraging and avoidance of undesirable 
plants by the leaf-cutter ant Atta cephalotes 
(Formicidae)!
!
Jessica Bulafka!!
Temple University, Department of Biology!!
!
ABSTRACT !
Atta cephalotes are leaf-cutter ants know for its sporadic and often inconsistent foraging behaviors. A. 
cephalotes have been known to forage in accordance with the optimal foraging theory to varying degrees 
under different circumstances. This study observed the foraging behavior of six A. cephalotes trails when 
offered three different undesirable plant materials at three distances from their nest entrances. The study 
was conducted in a patchy forested area that provided few highly desirable hosts, during the middle of the 
wet season when leaves are the least palatable to A. cephalotes. Oat flakes treated with Heliconia pendula 
leaf extract, Brugmansia suaveolens leaf extract, and 10% methanol (as a control) were used as plant 
materials. Results showed a significant difference between the proportions of plant materials taken from the 
different treatment piles, as well as a significant difference in the proportion taken between distances. The 
highest proportion of plant material was taken from the offering site closest to the nest entrance for every 
treatment, and of all the treatments B. suaveolens was the least preferred. Noticeable trends in the data 
suggested A. cephalotes forage for undesirable materials according to the optimal foraging theory, 
collecting the greatest proportion of the most undesirable materials from the closest offering site, and 
showing less of a distance preference when collecting more neutral materials. !
RESUMEN  !
Atta cephalores son las hormigas zompopas conocidas por su comportramiento esporádico y a menudo 
inconsistente.  A. cephaloetes se conoce por forrajear bajo la Teoría del Forrajeo Óptimo a varios niveles y 
bajo diferentes circunstancias.  Este estudio observa el comportamiento de forrajeo se seis senderos de A. 
cephalotes cuando se les ofrece tres tipos de materiales de plantas no deseados a tres distancias diferentes 
de la entrada al nido.  El estudio se llevó a cabo en un parche de bosque que provee unas pocas fuentes 
altamente deseadas, durante mediados de la época lluviosa cuando las hojas son menos agradables para A. 
cephalotes.  Hojuelas de avena tratadas con extractos de Heliconia pendula, Brugmansia suaveolens y 10% 
methanol (como control) se usaron como material de las plantas.   Los resultados muestran una diferencia 
significativa entre las proporciones de los materiales de plantas tomados de los diferentes tratamientos, así 
como una diferencia significativa en las proporciones tomadas entre las distancias.  La mayor proporción 
de material de plantas fueron tomadas del sitio más cercano a la entrada del nido para cada tratamiento, y 
de todos los tratamientos B. suaveolens fue la menos preferida.  Tendencias notables en los datos sugieren 
que A. cephalotes forrajea por materiales poco deseados bajo la teoría del forrajeo óptimo, recolectando la 
mayor proporción de material no deseado del sitio más cercano de ofrecimiento, y mostrando una menor 
preferencia cuando se colectan materiales neutrals. !!!!
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INTRODUCTION !
Leaf-cutter ants are known for their unique foraging behavior of travelling distances 
ranging from fifteen to over one hundred meters to cut leaf fragments and carry them 
back to their nests, where the leaves are used in the cultivation of fungus. Their grazing 
habits are infamous among farmers who have seen large portions of their coffee or citrus 
crops defoliated overnight (Holldobler & Wilson 2011). The curious and unpredictable 
foraging behavior of leaf-cutter ants has been a puzzling concept for researchers looking 
for some underlying plant collection pattern.  
Leaf-cutter ants of the species Atta cephalotes have been known to display optimal 
foraging behaviors to varying degrees depending on their circumstances. The optimal 
foraging theory (OFT) states that a predator will tend to minimize the amount of energy it 
expends searching for prey by diversifying its prey to include those closer and more 
abundant (MacArthur & Pianka 1966).  !
A. cephalotes requires host plants with substantial nutrient levels because the adult 
foraging ants depend on the fluids from cut leaves as a source of sustenance (Quinlan & 
Cherrett 1979). When the abundance of palatable leaves is low, such as during the end of 
the wet season when leaves have matured and developed rougher textures along with 
higher levels of secondary compounds, A. cephalotes is more apt to act according to the 
OFT. Optimal foraging behaviors include: foraging from more species as desirable 
resources decrease, foraging from lower quality leaves if they are more readily available 
(closer to the nest and highly abundant), and travelling far distances only to forage from 
high quality sources (Hubbell et. al. 1984).  !
It is not known to what extent A. cephalotes will collect ‘undesirable’ leaf materials based 
on the proximity of those materials to their nests. The OFT suggests that the collection of 
these materials will depend on the relationship between the amount of energy the ants 
must expend to collect them and the energetic payback the plants will provide. Plants can 
be deemed ‘undesirable’ to A. cephalotes based on many factors, such as rough or waxy 
texture, low water content, and the presence of secondary compounds, especially 
alkaloids and terpenes (Howard 1987). This study focused on the extent to which A. 
cephalotes will collect leaf materials, which are undesirable based on secondary 
compound content, based on their proximity to the nesting site.  !
METHODS !
Study Site !
This study was conducted 1300 m above sea level in a small patch of secondary growth 
forest that runs through the middle of an active cattle pasture in Cañitas, Guanacaste 
Province, Costa Rica. Six active A. cephalotes trails from four different mature nests 
were selected based on whether they only traversed area entirely under forest cover, as 

!
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some colonies had trails that led out into the surrounding pasture. Each of the six trails 
used for the study were exposed to approximately equal amounts of regularly patchy 
canopy cover and forest edge. Data was collected from 8:30 am to 11:30 am on 10 
nonconsecutive days in the middle of the wet season.  Collection day temperatures ranged 
from 21°C to 24°C with the average temperature at the time of collection being 22.4°C. !
Plant Species !
This study used two plant species of differing degrees of secondary compound content: 
Heliconia pendula (Heliconiaceae) and Brugmansia suaveolens (Solanaceae). Heliconia 
spp. are know to have anti-fungal properties that could possibly damage the fungus crops 
of A. cephalotes (Shultes & Raffauf 1990). In previous A. cephalotes plant selection 
studies ants have shown only slight preference for the control over the Heliconia sp. 
treatment, so in this study it is assumed to be only an intermediately undesirable plant 
material (Chisholm 2007). B. suaveolens is known for its toxic qualities due to high 
levels of a variety of alkaloids, terpenes, and saponins (Brown, Jr. 1987). In past field 
experiments A. cephalotes have shown a significant avoidance of B. suaveolens extracts 
and so in this study it is considered to be a highly undesirable plant material (Thurston 
2007). The leaves used in the study were taken consistently from the same H. pendula 
and B. suaveolens plants that happened to be growing adjacent to each other. Only mature 
leaves were selected, and leaves that were heavily herbivorized or contained epiphyll 
growth were avoided.  !
Extractions from both leaf species were prepared daily and applied to plain oat flakes. 
This process was used as a means of controlling for the texture and size of the offered 
“plant” material, as to only focus on the differing levels of secondary compounds. The 
leaf extraction method used was a modified version of the one used by Hubbell et. al. 
(1984). At the beginning of each data collection day fresh leaves were collected and 
dried. I measured 2.5 g of leaf material (disregarding stems) and ground it with a mortar 
and pestle for 5 minutes, reaching a pulpy consistency. I then added 25 mL of 10% 
methanol to the mortar and continued to grind the mixture for an additional 10 minutes. I 
strained the mixture to remove any remaining fibrous material. A volume of 100 mL of 
oat flakes was spread in a single layer over a flat surface and treated drop-wise with the 
leaf extract. The oats were then left to dry for 30 minutes. This process was repeated for 
H. pendula and B. suaveolens. Another group of oats was treated with only 10% 
methanol to serve as a control.  !
Twenty oat flakes were placed at marked offering sites 2 m, 4 m, and 6 m from the 
entrance of the nest. After 30 minutes the remaining oats were collected and counted. 
This process was repeated for each of the three treatments (control, H. pendula, and B. 
suaveolens) on three different trails each day.  !

!
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I performed a Friedman’s Rank-Sum non-parametric test to evaluate the differences 
among the proportions of oat flakes removed according to their distance, as well as their 
treatment. !
RESULTS !
Distance !
There was a significant difference between the proportions of oats taken from the offering 
sites at each of the three distances (Friedman Chi-squared = 81.251, df = 1, p < 0.001). 
The average proportion of oats removed from the 6 m offering site (0.499 ± 0.044) was 
noticeably lower than the average proportion of oats removed from the closer, 2 m site 
(0.884 ± 0.032). There was an intermediate proportion of oats removed from the 4 m site 
(0.676 ± 0.038) (p < 0.05) (Fig. 1). !!!!
Treatment !
There was also a highly significant difference between the proportions of oats removed 
from piles treated with 10% methanol, H. pendula extract, and B. suaveolens extract 
(Friedman chi-squared = 81.251, df = 1, p < 0.001). When compared with the mean 
proportion of oats removed from the control treatment piles (0.9227 ± 0.029), the mean 
proportions of oats removed from both the H. pendula (0.735 ± 0.036) and B. suaveolens 
(0.403 ± 0.038) piles showed a clear disinterest of oats treated by those leaf extracts (Fig. 
2). A post-hoc analysis of the proportion of oats removed from each treatment also 
showed a significant difference between the removals from each treatment (pair-wise, p < 
0.05).  !
Additional Observations !
When the mean proportion of oats removed by A. cephalotes from each of the three 
treatment piles is plotted according to the distance of each of the piles from the nest 
(either 2 m, 4 m, or 6 m) there is a distinct trend in removal proportions. At the 2 m site 
the average proportion of oats removed from the 10% methanol piles (0.996 ± 0.049), the 
H. pendula piles (0.905 ± 0.059), and the B. suaveolens piles (0.752 ± 0.049) are close, 
with the B. suaveolens piles having the lowest proportion of the three. Yet at the farthest 
offering site, 6 m, there is a noticeable difference in the average proportion of oats 
removed from each of the treatment piles (Fig. 3a). The proportions for each treatment 
are lower, respectively, than at the 2 m offering site, but the proportion of oats removed 
from the control piles (0.842 ± 0.052) is much higher than that of the two leaf extract 
piles, especially the B. suaveolens (0.0957 ± 0.029).  

!
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!
DISCUSSION !
The differences between the proportion of oats removed from the nearest offering site 
versus the farthest offering site indicates optimal foraging behavior in A. cephalotes. In 
accordance with the OFT the ants removed the highest proportion of plant material from 
the offering sites closest to their nests, thus expending a lesser amount of energy in their 
search for food. This optimization of energy allows ants to visit foraging sites more 
frequently, resulting in a greater return of plant material to support the fungus gardens. !
When A. cephalotes diversify their host selection to include undesirable plant materials 
they tend to forage closer to their nest entrances. This diversification generally occurs in 
the absence of an abundance of palatable plant materials (Rockwood & Hubbell 1987). 
The study site was a small patch of secondary growth forest containing a high density of 
A. cephalotes nesting sites (more than the four colonies I tested). Many of the colonies 
that were not used for the study I avoided because they had trails that led into the 
surrounding open pasture. It is probable that due to the patchiness of the forest and the 
high density of ants, the A. cephalotes colonies that I tested were suffering from a lack of 
desirable hosts. This is especially possible because the study was also conducted during 
the middle of the wet season when most leaves have reached full maturity, and have 
rougher textures and higher levels of secondary compounds. With these factors in mind 
the difference in the proportions of oats removed from the different offering sites shows 
the optimal foraging tendencies of A. cephalotes colonies when lacking an abundance of 
desirable host plants. !
Leafcutter ants prefer to cut nutrient-rich plant materials, not only for the benefit of their 
fungus, but because the ants themselves derive more than 90% of their energy from the 
leaf fluids released during the cutting process (Quinlan & Cherrett 1979). The 10% 
methanol control treatment does not contain a high amount nutrients, carbohydrates, or 
proteins and should elicit an indifferent response from A. cephalotes. Following this 
reasoning, any treatment that was chosen less than the control can be considered 
undesirable, or having prompted a less than neutral response. Both the leaf extracts used 
were derived from plants chosen based on their secondary compound content, and 
assumed undesirability based on this content. The resulting data that showed a lower 
proportion of oats removed from piles treated with the leaf extracts than the 10% 
methanol control piles further supports the assumption that the extract treated oats were 
not palatable to the ants. The fact the ants removed any of the H. pendula or B. 
suaveolens oats at all suggests that the plant extracts used were not necessarily toxic to 
the ants, or perhaps not at the given concentrations. It is also a possibility that the oats 
removed from these treatment piles were taken into the nests but quickly disposed of, and 
not used as substrate for the fungus gardens. !
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The difference between the proportions of oats removed from each distance of each of the 
treatments also displays optimal foraging behavior. B. suaveolens was the least desirable 
of the three treatments and the average proportion of oats taken from the closest B. 
suaveolens piles was much lower than that of the farthest pile. If the OFT is applied to 
this trend a probable explanation is that A. cephalotes are willing to expend the energy to 
carry an undesirable plant material if that material is close to their nest and requires very 
little energy to harvest. In the case of the control, there was much less of a noticeable 
difference between the proportions of oats removed based on offering site distance. The 
10% methanol treatment was also the most preferred of the three treatments and 
according to the OFT the ants should be more willing to collect preferable materials at 
farther distances because they are presumed to give a greater energetic payoff. The 
intermediately avoided leaf extract treatment, H. pendula, had an intermediate difference 
between proportions of oats removed at each distance. From these findings it can be 
assumed that when faced with a lack of palatable host plants and an abundance of 
undesirable plant materials located close to their nest entrances A. cephalotes tends to 
forage according to the optimal foraging theory. !
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FIGURE 1. Mean logarithmic proportion of oats removed by Atta cephalotes after 30 minutes from 
piles located 2 m, 4 m, and 6 m from their nesting sites on 6 different trails. Each pile originally 
contained 20 oats and was treated with either a leaf material extract from Heliconia pendula or 
Brugmansia suaveolens, or 10% methanol (control). Mean proportion of oats removed was calculated 
from a total of 81 piles (27 for each of the 3 previously mentioned treatments) for each distance over 
10 nonconsecutive days. Standard error bars shown.
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FIGURE 2. Mean logarithmic proportion of oats removed by Atta cephalotes from piles treated with 
leaf material extracts of Heliconia pendula and Brugmansia suaveolens, and 10% methanol to serve as 
a control. Each pile originally contained 20 oats and was located either 2 m, 4 m, or 6 m from the A. 
cephalotes nesting sites on 6 different trails. The mean proportion of oats removed was calculated 
from a total of 81 piles (27 at each of the previously mentioned distances) for each treatment over 10 
non-consecutive days. Standard error bars shown.
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FIGURE 3. Mean logarithmic proportion of oats removed by Atta cephalotes from piles treated by 10% 
methanol (control), Heliconia pendula extract, or Brugmansia suaveolens extract according to 
distance of offering site from nest (2 m, 4 m, or 6 m). Means were calculated from a total of 27 piles 
of each treatment at each distance offered over 10 nonconsecutive days on 6 different A. cephalotes 
trails. Piles began with 20 oats and were offered to ants over a 30 minutes period. Proportions of oats 
removed were significantly different among distances, as well as treatments (p < 0.05). Standard error 
bars shown.
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Abstract 

!
Sucrose and protein concentrations vary in flower nectar, and these variations may affect 
the likelihood of hummingbird visitation based on the nectar preferences of these birds.  
However, territoriality, size, and nesting status may have an additional effect on the 
foraging habits and preferences.  In this study, I look at how these other aspects may 
affect the foraging preferences and habits of hummingbirds by comparing the smaller, 
territorial, and non-nesting Purple-Throated Mountain Gem (Lampornis calolaema) with 
the larger, non-territorial, and nesting Green-Crowned Brilliant (Heliodoxa jacula). I 
offer them three nectar types, one with 20% sucrose, one with 30% sucrose, and one with 
20% sucrose plus 5% protein and determine frequency and mean duration to each nectar 
type by each bird type.  Duration analyses showed that females spent significantly less 
time at feeders than males, regardless of species, and that no bird type preferred any 
particular nectar.  Frequency analyses showed that the pickiest bird was the male Green 
Crowned Brilliant, who preferred the nectar with 30% sucrose, while no other birds 
showed preference.  Additionally, sex by species played a significant role as female 
Green-Crowned Brilliants (GCB) fed more often than males while female Purple-
Throated Mountain Gems (PTMG) fed less often than males.  Furthermore, larger birds 
fed more often than smaller birds and more aggressive birds fed more often than neutral 
birds.  Feeder location happened to also be a factor, as females preferred the middle 
feeder, while the male PTMG preferred the right-most feeder. 

!
!
!
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Resumen 

!
Las concentraciones de sacarosa y proteínas varían en el néctar de las flores, y estas 
variaciones pueden afectar  la probablilidad de visitación por los colibríes en las 
preferencias de néctar de estas aves. Sin embargo, terrritorialidad, tamaño, y el estatus 
reproductivo pueden tener un efecto adicional en los hábitos de forrajeo y las 
preferencias.  En este estudio, observo como estos otros aspectos pueden afectar las 
preferencias de forrajeo y hábitos de los colibríes comparando el más pequeño, territorial 
y no anidando Colibrí Montañés Gorgimorado (Lampornis calolaema) con el más grande, 
no territorial y anidando Brillante Frentiverde (Helidoxa jacula).  Les ofrecí tres tipos de 
néctar, uno con 20% sacarosa, otro con 30% sacarosa  y otro con 20% sacarosa más 5% 
de proteína y determine la frecuencia y duración promedio para cada tipo de néctar por 
cada tipo de ave.  El análisis de la duración muestra que las hembras pasan menos tiempo 
en los comederos que los machos, sin importar la especie, y que ningun tipo de ave 
prefiere algún néctar en particular.  El análisis de frecuencia muestra que el colibrí más 
selectivo fue el macho del Brillante Frentiverde, que prefiere el néctar con 30% de 
sacarosa, mientras que ninguno de los otros muestra preferencia alguna. Adicionalmente, 
la especie por sexo juega un rol significativo mostrando que las hembras del Brillante 
Frentiverde (GCB) se alimenta más frecuentenmente que los machos mientras que las 
hembras del Colibrí Montañés Gorgimorado (PTMG) se alimenta menos frecuentemente 
que los machos.  Además, las aves más grandes se alimentan más a menudo que las 
pequeñas y los más agresivos más frecuentemente que los neutrals. La posiciónn de los 
comederos también es un factor, las hembras prefiriendo el comedero del medio, mientras 
que el macho de PTMG prefiere el comedero a la derecha. 

Introduction 

!
Because of their high metabolic rates and energy needs, hummingbirds feed off nectar, 
which is a concentrated, conspicuous, and predictable source of energy (Stiles and 
Skutch, 1989).  However, not all nectar is made equal as it can vary in both sucrose and 
protein content (Baker, 1977).  The same study showed that these variations do give 
different nectars distinct tastes, which likely help hummingbirds distinguish between 
them.  While it is easier to get adequate sucrose from nectar, the food lacks enough 
protein to satisfy the requirements of the hummingbird’s diet (Brice and Grau, 1991).  To 
compensate, the birds must use time to forage for insects (Stiles and Skutch, 1989).  

!
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Therefore, a hummingbird that is under stress may prefer nectar that is higher in sucrose 
or protein to meet higher nutritional demands. 

 Nectar-feeding birds do react to energy challenges through foraging because they 
choose to feed from flowers with higher amounts of nectar (Nicolson et al., 2005).  There 
are possibly several factors affecting hummingbirds that necessitate a response through 
foraging.  Territorial and reproductive behavior cause direct energy costs (Suarez and 
Gass, 2002).  Hovering and additional flight time, which is common in territorial and 
aggressive birds, require more carbohydrates (Welch Jr. et al., 2007).  Females support 
nests without male aid (Stiles, 1989).  Therefore, nesting females may be using up more 
energy and have less time to forage.  Additionally, the size of the bird itself may affect 
nutritional demands because hummingbirds have some of the highest known mass-
specific rates of metabolism among vertebrates (Suarez and Gass, 2002). 

 In this study, I look at various species of hummingbirds, primarily the Purple-
Throated Mountain Gem (PTMG) and the Green Crowned Brilliant (GCB).  While both 
species forage in canopies, they can be seen feeding in the understory; and they also both 
have straight beaks (Stiles and Skutch, 1989).   However, the same Costa Rican bird 
guide explained the following differences between the birds as well.  The species vary in 
size, as the GCB is 9.5g and the PTMG is 4.8g.  The PTMG is far more aggressive and 
territorial.  And while the GCB female nests during these summer months, the PTMG 
will not start nesting until October.  Therefore, by studying these species of 
hummingbirds, I can see if and how size, territoriality and aggression, and nesting status 
affect their foraging habits. 

!
Materials and Methods 

!
The site of observation was located at the entrance of a coffee shop next to the 
Monteverde Cloud Forest Reserve on the Pacific slope of Costa Rica, at 1500m.  The 
coffee shop was nestled within a small patch of trees (FIGURE 1).  Three hummingbird 
feeders were hung about a meter and a half from one another, the farthest right one near a 
florescent light outside the shop.  The containers holding the nectars varied in shape, but 
the red feeding bases were identical; each had 4 yellow “flowers” and perches.  

!
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!  

FIGURE 1: Hummingbird feeders were used to test nectar preferences for Cloud Forest 
hummingbirds.  Feeders were located on Cloud Forest edge at 1550 m, near the 
Monteverde Cloud Forest Preserve in Costa Rica.  Feeders had four yellow “flowers” 
allowing access to unlimited nectar with either 20% sucrose, 30% sucrose, or a 20% 
sucrose plus 5% protein. 

  

 Three types of nectar were prepared each day.  One contained 20% sucrose (20), 
another had 30% sucrose (30), and the last contained 20% sucrose and 5% protein (P).  
These concentrations were determined because natural nectar concentrations in flowers 
are between 20-25% (Roberts, 1996), and captive hummingbirds are fed nectar 
containing 3-6% protein (Meadows et al., 2012).  The protein supplement used was 
BioLand Suplemento.  Each feeder held 300mL of a given nectar type each day, which 
was enough to provide food to the hummingbirds throughout.  To control for placement, 
feeders remained in the same location while the nectar type was rotated each day.  
Therefore, after nine days of observation between July 18 and August 1, 2012, each 
feeder contained each food type a total of 3 days.   

!
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 On a given day, each feeder was observed for 25 minutes.  To determine 
frequency, every time a bird fed from a feeder was counted as a visit.  Both species and 
gender were noted.  Some of the visits were timed to measure duration.  Any visit that 
was interrupted because the bird chased away others, or was chased away, was not 
considered for duration.  Observations started between 8:00am and 9:00am and lasted 
until the last feeder had been observed a full 25 minutes.  The order in which the feeders 
were monitored each day did not vary.  However, as previously mentioned, the food in 
each feeder did.   

!
Results 

!
I observed Purple-Throated Mountain Gems, Green-Crowned Brilliants, Coppery-Headed 
Emeralds, Green Hermits, and Violet Sabrewings.  However, only the former two had 
adequate sample sizes to allow for statistical analysis. 

!
Duration 

A total of 104 male and 44 female PTMG, and 76 male and 78 female GCB were timed 
for duration.  Means were calculated for each gender per species per nectar type (FIGURE 
2).  The mean durations for the male PTMG at the three nectar types were 26.59s 
(±2.59s) for the 20 nectar, 17.73s (±1.81s) for the 30 nectar, and 24.31s (±2.53s) for the P 
nectar.  The mean durations for the female PTMG were 18.86s (±2.29s) for the 20 nectar, 
15.06s (±2.60s) for the 30 nectar, and 16.76s (± 2.55s) for the P nectar.  For the male 
GCB, the means were 21.00s (±2.42) for the 20 nectar, 19.25s (±2.11s) for the 30 nectar, 
and 20.74s (±3.80s) for the P nectar.  Lastly, the female GCB had mean durations of 
17.81s (±2.13s) for the 20 nectar, 22.26s (±2.77s) for the 30 nectar, and 18.13s (±3.66s) 
for the P nectar.   A 3-way ANOVA showed no significant preference to any nectar type 
by any of the birds (df=2, f=0.7659, p=0.4659).   

!
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FIGURE 2:  Mean durations (± one standard error) at three nectar types are shown for 
either sex of two species of Cloud Forest hummingbirds:  Purple-Throated Mountain 
Gems (PTMG) and Green-Crowned Brilliants (GCB).  Study was done at 1550m on the 
edge of the Monteverde Cloud Forest Preserve in Costa Rica.  

!
 However, the 3-way ANOVA did show that there was an overall effect of sex 
(df=1, f=4.3540, p=0.0378).  Females, regardless of species, fed an average of 18.62s 
(±8.67 E -4s) per visit.  Males fed longer, averaging 21.31s (±4.40 E -4s). See FIGURE 3.   
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FIGURE 3:  Two species of hummingbirds were observed foraging at feeders on the edge 
of the Monteverde Cloud Forest Preserve in Costa Rica:  Purple-Throated Mountain 
Gems (PTMG) and Green-Crowned Brilliants (GCB).  Mean durations (± one standard 
error) of feeder visits are shown for each sex, regardless of species. 

!
Frequency 

A total of 439 male and 136 female visits for PTMG, and 150 male and 250 female visits 
for GCB were counted.  The 20 nectar was visited by 35.8% of the male PTMG, 35% of 
the female PTMG, 29.3% of the male GCB, and 32% of the female GCB.  The 30 nectar 
was visited by 33.7% of the male and 29% of the female PTMG, and 42% of the male 
and 36.4% of the female GCB.  Lastly, the P nectar was frequented by 30.5% of the male 
and 35% of the female PTMG, and 28.7% of the male and 31.6% of the female GCB.  A 
3-way Chi Square test showed that the male GCB was the only bird to show preference 
(G2=157.18, df=7, p<0.0001), frequenting the 30 nectar more often than the other two 
(FIGURE 4). 
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FIGURE 4:  Percent frequencies at three nectar types are shown for 4 Cloud Forest 
hummingbirds:  Male Purple-Throated Mountain Gems (PTMG) (n=439), female PTMG 
(n=136), male Green-Crowned Brilliants (GCB) (n=150), and female GCB (n=250). (*) 
denotes significance.  Study was done at 1550m in Costa Rica, on the edge of the 
Monteverde Cloud Forest Preserve. 

!
 To control for territoriality and aggression, a Chi Square test was done to compare 
only the females, who are both non-territorial and non-aggressive. The smaller, non-
nesting female PTMG visited feeders 136 times, while the larger, nesting female GCB 
visited feeders 250 times (FIGURE 5A).  The analysis showed that the difference was 
significant (χ2=33.668, df=1, p<0.0001).  To control nesting-status, the even smaller, yet 
still neither aggressive nor territorial female Coppery Headed Emerald (CHE) was 
compared.  This female had an even smaller number of visits with only 25.   

To look at only territoriality and aggression, the two males were compared.  The 
aggressive and territorial PTMG frequented feeders 439 times, while the neutral male 
GCB only visited feeders 250 times (FIGURE 5B).  A Chi Square test proved that this 
difference was significant (χ2=141.801, df=1, p<0.0001). 
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! 5A 

! 5B 

FIGURE 5:  Two species of Cloud Forest hummingbirds were observed to determine 
effects of size and territoriality on feeding frequency:  Small, territorial Purple-Throated 
Mountain Gems (PTMG) and large, neutral Green-Crowned Brilliants (GCB).  FIGURE 
5A compares the two non-territorial females which differ in size (n=389).  FIGURE 5B 
compares the two males which differ in aggression and territoriality (n=589).  
Observations were done on the edge of the Monteverde Cloud Forest Preserve in Costa 
Rica. 
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 The 3-way Chi Square test also showed that the females frequented the feeders in 
far different numbers than the males by species (G2=150.72, df=1, p<0.0001). Of the non-
nesting PTMG, 76% of visits were by males while only 24% were by females (n=574).  
Contrarily, of the nesting GCB, males frequented feeders only 37.5% of the time, against 
62.5% for females (n=400) (FIGURE 6).  To see if this difference between sexes by 
species could be attributed to nesting status, two more species were looked at.  For the 
non-nesting CHE, the male made 93.4% of the visits, while the female only made 6.6% 
of them.  For the nesting Green Hermit, the males frequented feeders 12.9% of the time 
while the females frequented feeders 87.1% of the time. 

!

!  

FIGURE 6: Both sexes for two species of Cloud Forest hummingbirds were observed 
frequenting feeders on the edge of the Monteverde Cloud Forest Preserve in Costa Rica:  
Purple-Throated Mountain Gems (PTMG) and Green-Crowned Brilliants (GCB).  
Percent frequencies by sex were compared for either species.  PTMG: n=574, GCB: 
n=400 

!
 Although location of the feeders was controlled for, it was observed that certain 
bird types did frequent certain locations far more often.  Further analysis by a 3-way Chi 
Square test confirmed that females, in general, preferred the middle feeder (G2= 21.76, 
df=2, p<0.0001), and the male PTMG preferred the right-most feeder (G2= 181.9, df=7, 
p<0.0001).   
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!
Discussion 

!
The duration and frequency analyses showed that, in general, the birds fed equally on all 
nectar types, with the exception of the male GCB.  This does not coincide with studies 
done that showed hummingbirds will particularly avoid nectar with additional protein 
(Baker, 1977 and Leiseneur et al., 2007).  This may be because the birds were still 
primarily attracted to the sucrose concentration within the P nectar, regardless of the 
addition nutrition.  Or it is possible that the birds could not detect the protein.  The male 
GCB was the only bird to feed more often at any nectar, and preferred the 30 nectar.  This 
preference confirms studies that show hummingbirds prefer higher sucrose 
concentrations when given the option (Stiles, 1976 and Roberts, 1996).  The reason that 
only the male GCB showed this trend is possibly because this bird type is under the least 
amount of stress.  It is not stressed because it wastes no energy by nesting or by being 
territorial.  Similarly, as it is larger than the other, more-territorial species in the area, it is 
possible that the male GCB was less likely to be intimidated.  It could simply afford to be 
pickier than any of the other birds. The other birds, who were under more pressure, may 
have wanted any nectar, regardless of type, to compensate for their energy-challenges.  
This substantiates research saying the biggest component to nectar preference is 
abundance (Waser and McRobert, 1998). Basically, the type of food does not matter as 
long as there is plenty of it. 

 The biggest trend seen in the duration analyses was that the females fed for 
shorter lengths of time than the males.  This could be because females are more 
subordinate to males (Stiles, 1976).  Because there was a large number of territorial and 
aggressive males in the area, the females likely adapted to feed for a shorter amount of 
time to avoid being attacked during a visit.  This same logic may explain why the females 
frequented the middle feeder most often.  The hugely aggressive male PTMG fed 
significantly more often at the right feeder.  As a result, the females may have avoided 
that feeder to avoid the aggressive bird.  It is not unlikely that the males were aggressive 
to both its own species and the GCB females because territorial birds have been known to 
chase away all subordinate birds (Stiles and Skutch, 1989 and Sandlin, 2000).  
Additionally, subordinate hummingbirds avoid territorial areas as a means of risk-
aversion (Gonzales-gomez et al., 2011).  The reason why the male PTMG frequented the 
right-most feeder is possibly do to the excess light in the area provided by the florescent 
lighting.  However, more research would need to be done to determine preferences to 

!

 48 



well-lit areas.  Why the females chose to escape strictly to the middle feeder as opposed 
to splitting between the middle and left feeders is unknown. 

 When size was analyzed, it was clear that the larger GCB fed more frequently 
than the smaller PTMG, which in turn fed more frequently than the even smaller CHE.  It 
is logical to assume that larger birds simply need more calories to maintain their mass.  
When territoriality was analyzed, it was noted that the aggressive and territorial male 
PTMG fed far more often than the neutral male GCB.  This could be caused by the fact 
that male PTMGs used up more energy defending their territories and therefore had to 
feed more frequently.  Additionally, those male PTMGs that were not defending 
territories and merely frequenting the territory of another probably had more to gain than 
the less aggressive male GCB because they had greater fighting abilities (Temeles et al., 
2005).  The aggressive birds would fight for the right to feed more often because they 
could, but excess fighting also uses up energy which requires more visits to the feeders as 
well. 

 Nesting females clearly fed more often than their male counterparts compared to 
non-nesting females.  Breeding occurs before flowers bloom, and flowering coincides 
with actual nesting, so there is generally more food for these females (Stiles, 1985).  
Therefore, they may be accustomed to feeding more frequently because there are always 
flowers to feed from.  Also, they likely need this extra food for their chicks, as female 
hummingbirds regurgitate nectar to feed their young (Stiles and Skutch, 1989).  A study 
could be done when these nesting seasons are switched to see if the trend still exists. 

 In conclusion, territoriality, size, and nesting status may affect the foraging habits 
of hummingbirds.  Keeping up territories using aggressive behavior may use up more 
energy, requiring birds that practice this behavior to feed more often.  Larger birds 
possibly need more energy, and therefore more food, thank smaller birds, to maintain 
body processes.  And nesting females may feed more frequently to compensate for the 
energy spent on taking care of chicks.  There are far more aspects in a hummingbird’s life 
that possibly affect its foraging habits besides nectar type alone. 

!
!
!
!
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ABSTRACT	!
Plants utilize many methods to prevent being preyed upon by herbivores and frugivores.  
A method exercised by plants is aposematic coloration, which advertises their toxicity.  In 
this study I created seed types that consisted of aposematic colors, bitter tastes, and other 
controls to see if Reithrodontomys mexicanus and Peromyscus mexicanus avoided 
aposematic colorations or bitter tastes. Both of these species are found through out Latin 
America and are common seed predators.  There was a marginal preference for bitter 
seeds over painted seeds by R. mexicanus; the aposematic seeds and some controls were 
prepared by painting directly on the seed.  Neither species avoided the aposematic colors 
or bitter taste.  This suggests that R. mexicanus would rather eat a bitter seed over a seed 
with unfamiliar texture or smell due to paint.  	!
RESUMEN	!
Las plantas utilizan varios métodos para prevenir la depredación por frugívoros y 
herbívoros.  Un método mostrado por las plantas es la coloración aposemática, la cual 
advierte de su toxicidad.  En este estudio cree diferentes tipos de semillas con 
coloraciones aposemáticas, sabor amargo y un control par aver si Reithrodontomys 
mexicanus y Peromyscus mexicanus evitan las coloraciones aposemáticas o los sabores 
amargos.  Ambas especies se encuentran a lo largo de Latino América y son depredadores 
comunes de semillas.  Existe una preferencia marginal por semillas amargas sobre las 
semillas pintadas por R. mexicanus; las semillas aposemáticas y varios controles se 
prepararon pintando directamente en la semilla.  Ninguna especie evitó la coloración 
aposemática o el sabor amargo.  Esto sugiere que R. mexicanus come semillas con un 
sabor amargo sobre semillas con una textura u olor poco familiar debido a la pintura.	!
INTRODUCTION	!

Aposematism is the use of bright, contrasting coloration that warns a potential 
predator that a prey item is unpalatable or even toxic, and thus the prey escapes predation 

!

 52 



and its fitness is enhanced (Galetti 2002).  Aposematic colors are typically red, orange, 
yellow, black or white, or any combination of these (Lev-Yadun et al 2009).  Although 
this is well known in animal prey, aposematism also occurs in plants, including seeds, 
which have an immediate impact on reproductive fitness.  The toxins plants are 
advertising include alkaloids and quassinoids, which depending on the level of expression 
can cause sickness or death (Galetti 2002; Quasix).  Some predators have an innate 
understanding to avoid aposematism as a consequence of selective pressures over 
evolutionary rime, while others have learned this avoidance (Exnero’va et al 2006).  	

In the tropics, seed predators are numerous and abundant, and include rodents 
which may have innate tendencies or learned responses to avoid being sickened by 
chemically-defended plants (Hariri 1994).  Reithrodontomys mexicanus and Peromyscus 
mexicanus are two common neotropical mice whose generalist feeding tendencies may 
lead them to occasionally encounter and try distasteful or aposematic seeds (Reid 1997).  
Rodents with generalist diets may be influential seed predators because they may exert 
strong selective pressures to evolve anti-seed predation mechanisms.  An example of their 
abilities, a spiny pocket mouse can remove about 500 Enterlobium cyclocarpum seeds 
from horse dung in one night (Hariri 1994).  With such high removal rates neotropical 
trees who do not make use of defenses could possibly have their fitness altered.  
Monteverde, Costa Rica has at least one plant, Erythrina sp., that produces red and black 
seeds, which suggests they are warning seed predators not to eat them, but its palatability 
is not known (Galetti 2002).  	

The purpose of this study is to investigate whether R. mexicanus and P. mexicanus 
show tendencies to avoid seeds that are bitter, aposematically colored, or both.  If such 
tendencies are observed then the adaptive significance of aposematically colored seeds in 
Monteverde will be better understood.  Also if avoidance were observed, it would 
emphasize the importance of future studies that look into how avoidance is acquired, if 
it’s genetically innate or learned. On the other hand, if no avoidance is seen then the 
purpose for the aposematically colored seeds in Monteverde will persist to be unknown 
and would require future study.      	!
MATERIALS AND METHODS	!
Study Area and Sites	!

The mice were trapped along trails that were located in a Premontane Wet Forest, 
a garden and in houses, both directly adjacent to the forest.  In the forest, traps were 
covered by the canopy but in the garden and houses the traps were not always covered by 
flora.  The forest is at an altitude of 1,500 m and receives an annual rainfall of 3.5 m.	!
Study Species	!
	 The two species used in the experiment were Reithrodontomys mexicanus and 
Peromyscus mexicanus. Reithrodontomys mexicanus is also known as the Mexican 
Harvest Mouse. Reithrodontomys mexicanus is a small mouse with a distribution of 
Tamaulipas and Jalisco Mexico, through the highlands to Western Panama.  It can be 
found between the altitudes of 500 – 3,000m.  It is semi-arboreal and can be found in 
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montane oak forest to dry lowland forest and scrub.  It is seen in mature forest along with 
in clearings or cultivated areas. It has a diet that consists of green plant material, seeds 
and occasionally insects.  Peromyscus mexicanus is also known as the Mexican Deer 
Mouse. This is a medium sized mouse that is found from San Luis Potosi and Oaxaca, 
Mexico through Central America to Western Panama. It is spotted at altitudes that range 
from the lowlands up to 3,000 m.  It has a diet of insects, green plant material and seeds 
(Reid 1997).  	!
Experimental Design	!

To capture my two species I used live traps and sunflower seeds as bait.  
Sunflower seeds were the only item in their diet throughout the study.  Non-toxic Sharpie 
paint markers of colors red and black were used to paint the seeds.  Ipecac medication, 
containing alkaloids, and Gotas Amargas, containing quassinoids, were used to give the 
sunflower seeds a bitter taste.  Ipecac is derived from the rhizomes of Carapichea 
ipecacuanha and Gotas Amargas is derived from the plant Quassia amara (Andersson 
2002; Quasix). A paintbrush was used to coat the sunflower seeds with the bitter 
substance.  The mice were kept in closed glass aquariums and petri dishes were used to 
contain water and food.  Each mouse had its own aquarium. Cotton was used for the mice 
to create a nest.      	

Seeds were painted or otherwise prepared to create six different combinations of 
looks and tastes.  The three base types of seeds include red with a black dot, black, and 
natural seeds. The red and black seeds were completely red with a black dot on all sides 
of the seed. The black seeds were made by simply painting over the already black section 
of the seed and leaving the white lines unpainted.  The natural seeds were not painted on.  
Once a set of these three types was created, a second set was made but coated with a 
bitter substance.  To differentiate between the bitter and non-bitter sets the bitter seeds 
had a very tiny portion of the tip cut off, except for the red and black seeds.  Red and 
black bitter seeds had the dot at the wider base of the seed while the non-bitter ones had 
the dot in the center.  The trials either had 10 of each of type for a total of 60 seeds in a 
trial or had 20 of each type for a total of 120 seeds in a trial.  Traps were set out in the 
early evening and checked the next morning.  When a mouse was trapped it was placed 
into an aquarium along with food and water.  Trials were given in the evening and the 
uneaten seeds were counted the following morning.  All R. mexicanus were given trials of 
60 seeds while 6 P. mexicanus were given a trial of 60 seeds and 7 were given a trial of 
120 seeds.  Only three R. mexicanus were given the Ipecac coated seeds while all others 
were given Gotas Amargas coated seeds.  The seeds were all placed in one petri dish at 
the center of the aquarium alongside a petri dish of water.  Thirteen individuals of each 
species underwent the trial only once and were released the following morning.      	!
RESULTS	!

Although the two species only differed slightly in size, the average number of 
seeds   P. mexicanus ate was more than double that of R. mexicanus (average =27.1, 
56.4).  When only given 60 seeds, a P. mexicanus individual would always eat more than 
50% of the seeds and twice ate more than 96% of the seeds given (Figure 5).  A greater 
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mean number of bitter-coated regular seeds were eaten by R. mexicanus than any of the 
other (Figure 2).  When given 10 per seed type to P. mexicanus and comparing mean 
number of seed types eaten, P. mexicanus also ate more of the bitter-coated regular seeds 
more than the other type (Figure 3). When given 20 per seed type to P. mexicanus and 
comparing mean number of seed types eaten, P. mexicanus ate more of the regular seeds 
more than the other type (Figure 4).	

There was no statistical difference in the number of seeds consumed of the six 
different seed types between the P. mexicanus that were given 120 seeds, indicating no 
preference (Friedman ANOVA, x2=2.70, df= 5, p= 0.75).  In the trials including P. 
mexicanus with only 60 seeds there was no statistical difference, also indicating there was 
no preference (Friedman ANOVA x2=1.73, df= 5, p= 0.89).  	

There was a statistical difference between the number of seeds R. mexicanus 
consumed when all trials (with Ipecac and Gotas Amargas) were analyzed (Friedman 
ANOVA, Friedman= 27.43, df= 5, p value < 0.001).  In an analysis comparing seed types 
there was significance between bitter-coated regular seeds and aposematic seeds, bitter-
coated regular seeds and black seeds, and bitter-coated regular seeds and bitter-coated 
aposematic seeds (TUKEY, critical factor= 4.69, q= 6.64, q= 5.67, q= 4.70).  When 
having the option of a bitter seed or a painted seed, R. mexicanus seems to prefer the 
painted seed.  There are four seed types that are painted: aposematic, bitter-coated 
aposematic, black, and bitter-coated black. When a bitter-coated regular seed is compared 
to these four, only three show an absolute statistical difference, as shown above.  A 
marginal significance between bitter-coated regular seeds and bitter-coated black seeds 
suggests there is somewhat of a preference between painted seeds and bitter seeds 
(TUKEY critical factor= 4.69, q= 4.10). 	!
DISCUSSION	!
	 Peromyscus mexicanus are known to be opportunistic foragers, which can explain 
the lack of preference between seed types (Hariri 1994).  It is possible that in nature not 
many seeds are easily found and given its opportunistic nature P. mexicanus will eat any 
of the seeds presented, not discriminating between the types.  To further support this 
theory it was observed that P. mexicanus did not cache any seeds, while R. mexicanus did 
cache seeds in their nest.	

The results showed that neither P. mexicanus nor R. mexicanus avoided 
aposematically colored seeds, but the reasons for this could be many.  Under a 
conditional learning model it is assumed that as the aposematic prey’s abundance 
increases, the rate of attack should remain constant or decline (Lynn 2005).  This suggests 
they have not evolved to avoid them because such seeds are not common in their 
environment.  In this experiment sunflower seed shells, but not the seeds themselves, 
were painted, and since the shells are only tasted and not fully consumed the rodents may 
not be selective.  In the future it would be interesting to see if these two species begin to 
correlate aposematic colors to toxicity if exposed to unpalatable aposematic seeds over an 
extended period of time.	

The results showed an interesting preference for bitter seeds, but only when 
compared to painted ones, for reasons that are not entirely clear.  Bitter flavor may have 
minimal or no negative health consequences, especially if it is only the shell on not on the 
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seed.  Bitter seeds are known to have a negative influence on health but the level of 
bitterness may be an important factor on the degree of damage to the prey’s health.  A 
study involving two rodents of the genus Apodemus showed that the two species 
preferred intermediately bitter seeds over highly bitter and barely bitter seeds (Wang and 
Chen 2011).   Paint may be avoided (more than bitter being preferred) because it makes a 
unfamiliar texture that is easily detected during the rodents’ handling of the seeds..  Also 
since sunflower seeds are not naturally bitter and the seeds used in the trials were not left 
to soak in the bitter substance for many hours, the bitterness of the seeds could have been 
minimal.	

The purpose of this study was to determine if cloud forest mice show avoidance 
towards aposematic coloration or bitter tastes in seeds.  If the seed types were placed into 
categories of aposematic, non-aposematic, painted, non-painted, bitter and non-bitter, 
none of the categories are absolutely preferred over another but bitter is slightly preferred 
over painted.  This suggests that novel seeds may be preyed less upon because of 
unfamiliarity in texture or smell.  This could justify future studies that explore non-
fundamental methods of deterring seed predators. 	!
!
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Figure 1. Average number of seeds eaten by 
Neotropical rodent species  R. mexicanus and P. 
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of 10 per seed type and Gotas Amargas bitter 
compounds.
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Crypsis, Warning Coloration and Predator Avoidance 
in Stick Insects (Phasmatodea) 
Valerie Feerer 

Department of Biology, Oberlin College  
__________________________________________________________________ 
 
ABSTRACT 
 
Stick insects exhibit various  morphologies and behaviors that lower the risk of predation. Further, stick 
insect morphology and anti-predator behaviors correspond to some degree. Different species of stick insects 
were collected from Santamaria Farm in Cañitas, Costa Rica and from the CIEE Biological Station in 
Monteverde, Costa Rica over a 14 day period. A stuffed bird was used to “peck” at the insects to initiate 
anti-predator defense. A single brown, wingless species crawled forward or lay completely still most 
frequently (χ2=11.07, df= 5, p<0.05), while a single green, wingless species also crawled forward or lay 
completely still most frequently (χ2=57.83, df= 5, p<0.05). An aposematic, chemically defended, winged 
yellow/green species exhibited a strong odor while handled, and crawled forward or flew away, but never 
laid completely still (χ2=69.62, df= 7, p<0.05). While some morphologies were associated more commonly 
with certain defense behaviors than others, a variety of behaviors were observed, even within a single 
species. Many times it was difficult to predict with accuracy what behavior would occur, and this 
uncertainty could be evolutionary advantageous.         !
RESUMEN !
Los insectos palo exhiben varios comportamientos y morfologías que disminuyen el riesgo de depredación, 
Además la morfología y los comportamientos anti-predatorios de los insectos palo se corresponden unos a 
otros en cierto grado,  Especies diferentes de insectos palo fueron recolectados en la Finca Santamaría en 
Cañitas y la Estación Biológica de Monteverde, Costa Rica por un período de 14 días,  Un pájaro 
preservado se utilizo para picotear los insectos e iniciar la defensa anti.-predatoria.  La especie café sin alas 
se arrastró hacia adelante o permanecio completamente inmóvil más frecuentemente (χ2=57.83, df= 5, 
p<0.05).  La especie aposemática, con defensas químicas de color amarillo y verde y con alas exhibió un 
fuerte olor al ser manipulado y se arrastró hacia adelante o voló, pero nunca permaneció totalmente inmovil 
(χ2=69.62, df= 7, p<0.05).  Mientras algunas morfologías se asocian más comúnmente con ciertos 
mecanismos de defensa que otras, una variedad de comportamientos se observaron, aún dentro de la misma 
especie.  Varias veces fue díficil predecir con exactitud cual comportamiento ocurriría, y esto 
indiscutiblemente puede ser ventajoso evolucionariamente. !
INTRODUCTION !
DEFENSE MECHANISMS ARE CRUCIAL for the survival of most species (Schmidt, 1990). A 
prey individual with poor defenses will likely have a shorter life span or suffer damage 
and, thus, lower fitness. Successful predation involves several stages—detection, 
identification, approach, subjugation, and consumption (Endler, 1986). Defensive 
mechanisms have evolved to counteract every one of these stages. Systems of insect anti-
predatory defense fall into two broad functional categories: those that reduce the 
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probability of a predator initiating a prey capture attempt (primary defenses) and those 
that operate after the initiation of a prey capture attempt to reduce the probability that the 
attempt will be successful (secondary defenses) (Robinson, 1968). Both morphological 
traits (such as crypsis and feigning death) and behavioral traits (such as aposematic 
coloration and flight) allow the insects to avoid early detection .  
        In Phasmatodea (stick insects), a variety of anti-predator defense morphologies and 
behaviors are used to avoid being eaten (Bedford, 1978). A number of species are cryptic 
and inactive during the day, moving and feeding at dusk and during the night (Robinson 
1969; Edmunds, 1999). Aposematic signals in other stick insects involve bright or 
contrasting colors on the body or wings that warn the predator that the insect is 
unpalatable or toxic (Robinson, 1981). Some stick insects can also grasp predators 
between their legs and impale them with sharp spikes on the hind legs (Bedford, 1976). 
Many stick insects also produce bad smelling or toxic chemical secretions/sprays to deter 
predators (Eisner et. al, 1997). Other notable defense mechanisms include feigning death 
(thanatosis), dropping to the ground, leg movements, sound production, curling up the 
abdomen to mimic ants or scorpions, and performing a side-to-side swinging motion to 
mimic the motion of a leaf in the wind (Bedford, 1978). 
        Past studies have shown relationships between stick insect morphology and anti-
predator defense behavior. Some general trends are that static defense mechanisms (those 
that do not include actively crawling or flying away from the predator), such as display, 
chemical defense, or death feigning, are usually used before active escape responses, 
which do include crawling or flying away (Robinson, 1969). Furthermore, groups without 
wings for rapid escape tend to have evolved static defense mechanisms, while chemical 
secretions are usually given as a first response prior to another defense behavior.  
         In this paper, the morphologies and behaviors of three stick insect species were 
compared. This study evaluates to what extent there is a correlation between stick insect 
morphology and anti-predator defense behavior for these three species. Two of the 
species were cryptic, wingless, and exhibited no obvious chemical defense, while the 
third could fly, had bright colors on its wings, and emitted a noticeable odor.  !
MATERIALS AND METHODS 

STUDY SITE.---The study took place on the Pacific slope of Costa Rica at Santamaria 
Farm in Cañitas (1350 meters altitude), and at the CIEE Biological Station in Monteverde 
(1550 meters altitude; Figure 1). The study was carried out during a fourteen day period 
from July 18, 2012 until July 31, 2012, during daylight hours. The area used in 
Santamaria Farm consisted of secondary forest (Figure 2), while the area used at the 
CIEE Biological Station was around the buildings and in the garden, near the forest edge. 
On many of the days, it was raining and/or windy, but there were some sunny days as 
well. Stick insects were collected regardless of the weather, but trials were only carried 
out during non-rainy conditions. !
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________________________________________________________________________
FIGURE 1. Map of the two study sites used. Santmaria Farm consists of secondary forest 
and is in Cañitas, Costa Rica and the CIEE Biological Station is in Monteverde, Costa 
Rica. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_______________________ 
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________________________________________________________________________ 
FIGURE 2. Left: secondary forest at Santamaria Farm in Cañitas, 1350 meters altitude on 
the Pacific slope of Costa Rica. Right: secondary forest at the CIEE Biological Station in 
Monteverde, 1550 meters altitude on the Pacific slope of Costa Rica. 
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________ !
STUDY ORGANISM.---A total of 194 stick insects of eight different morphologies were 
used. The three most common morphologies found were 1) dark brown, had black spikes 
on the rear legs, did not have wings, 8-13 centimeters long, 2) light green/yellow on the 
underside, red-brown on top with bright yellow stripes on the sides, wings with 
aposematic coloring, no spikes on legs, 8-10 centimeters long, and 3) light green, no 
spikes on legs, no wings, 3-8 centimeters long (Figure 3). Henceforth, these three 
morphologies will be referred to as brown, green, and winged green/yellow respectively. 
Each of the major three morphologies were considered to be a different species. Only 
stick insects that had all visible body parts intact were used in data collection. !
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________________________________________________________________________ 
FIGURE 3. The three most common stick insect morphologies found in the study, on the 
Pacific slope of Costa Rica in Cañitas and Monteverde. From left to right: brown, light 
green/yellow striped, and light green morphologies. 
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________ !
TRIALS.---Stick insects were collected from buildings or plants and put into a 23 x 12 x 
10 centimeter plastic container that was secured on the top by white cloth and rubber 
band. Insects were taken out of the first container and placed into a second identical 
plastic container with white cloth, one at a time, in order ensure only one insect at a time 
would be exposed to the trial conditions and produce a defense behavior. The container 
was placed on the ground until the insect stood still for a period of thirty seconds. The top 
of the container was then opened. A stuffed, dead bird was used to “peck” at the stick 
insect twice in a rapid manner, from the front of the insect (Figure 4). The insect’s anti-
predatory defense behavior was then observed. In the case of multiple defense behaviors, 
only the first one was recorded, with the exception of the lemony odor occasionally 
expelled by the winged green/yellow stick insects, which was noted in addition to other 
defense behaviors. The stick insects were marked with a blue pen on the abdomen 
afterward to ensure new insects were used for each trial.  !
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FIGURE 4. Stuffed, dead bird and stick insect (brown variety) in Santamaria Farm in 
Cañitas, on the Pacific slope of Costa Rica. The position of the bird relative to the stick 
insect show the angle at which the bird was used to “peck” at the insect.  

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________ !
RESULTS 

WITHIN SPECIES BEHAVIORS. ---The brown stick insect species did significantly impact 
the anti-predator defense behavior (χ2=11.07, df= 5, p<0.05). Brown stick insects either 
crawled forward or lay completely still most frequently (Figure 5). The largest difference 
in behavior was between crawling forward and crawling backward. Crawling backward 
occurred 16 times less than crawling forward.   
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FIGURE 5. Anti-predator defense behaviors in brown stick insects. Brown stick insects 
do not have wings and are not able to produce a lemony smell, so these behaviors were 
not included. Data were recorded at on the Pacific Slope of Costa Rica in Cañitas (1350 
meters altitude) and Monteverde (1550 meters altitude).    

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

__________________________________________________________________  
         
        The green stick insect had a more limited anti-predator defense repertoire (χ2=57.83, 
df= 5, p<0.05). Like the brown species, green stick insects also either crawled forward or 
lay completely still most frequently (Figure 6). Unlike the brown species, green stick 
insects never curled  the abdomen or rapidly moved the forelegs to touch the bird.  !!
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________________________________________________________________________
FIGURE 6. Anti-predator defense behaviors in green stick insects. The behaviors of 
curling up the abdomen and rapidly moving forelegs to touch bird were possible, but not 
observed for this morphology. Green stick insects do not have wings and are not able to 
produce a lemony smell, so these behaviors were not included. Data were recorded at on 
the Pacific Slope of Costa Rica in Cañitas (1350 meters altitude) and Monteverde (1550 
meters altitude).    

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________ 

         
        The yellow/green winged stick insect species had a range of behaviors, some more 
common than others (χ2=69.62, df= 7, p<0.05). Winged yellow/green stick insects tended 
to crawl forward or fly away (Figure 7). Unlike the brown and green species, swinging 
side-to-side and lying completely still were not observed in winged yellow/green stick 
insects.  !!
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________________________________________________________________________
FIGURE 7. Anti-predator defense behaviors winged yellow/green stick insects. Side-to-
side swinging motion and lying completely still were possible, but not observed for this 
morphology. Data were recorded at on the Pacific Slope of Costa Rica in Cañitas (1350 
meters altitude) and Monteverde (1550 meters altitude).    

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________ !
BETWEEN MORPHOLOGIES.---Brown and green stick insects showed no statistically 
significant difference in frequency of crawling forward (χ2=0.44, df= 1, p>0.05) or in the 
frequency of lying completely still (χ2=0.03, df= 1, p>0.05). There was a significant 
difference between green and winged yellow/green stick insects for frequency of 
crawling forward (χ2=3.76, df= 1, p=0.05), as well as a significant difference for lying 
completely still (χ2=18.00, df= 1, p<0.05). There was not a significant difference between 
brown and winged yellow/green stick insects for frequency of crawling forward (χ2=1.65, 
df= 1, p>0.05), but there was a significant difference for lying completely still (χ2=17.00, 
df= 1, p<05). !
ADDITIONAL OBSERVATIONS.---Other species of stick insects were found (1-4 individuals 
per species) but because of small sample sizes, were not included in the data above. 
These additional species all appeared to be cryptic, wingless, and palatable. The 
additional morphologies include 4) dark green with brown spots all over body, no wings 
or spikes on legs, 10 centimeters long (crawled forwards and stayed completely still 
equally often), 5) light green with dark green stripe on side, no wings or spikes on legs 10 
centimeters (stayed completely still most often), green on head and thorax fading to dark 
brown on abdomen, brown and green striped on legs, no wings or spikes, 10 centimeters 
long (swung side-to-side the most frequently), 7) bright green with dark green stripes on 
side, no wings or spikes, 10 centimeters long (stayed completely still most frequently), 
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and 8) light brown/dark brown mottled, no wings or stripes, 8 centimeters long (crawled 
forward most frequently). The most common response was to crawl forward.              

In the three major morphologies of stick insects found, the brown and green 
varieties stayed relatively motionless during the day and crawled over the leaves to feed 
at night. The winged yellow/green stick insects were active during the day, frequently 
flying around from leaf to leaf. Brown stick insects were usually found on brown parts of 
the plant, while the green stick insects were usually found on the underside of leaves, as 
were the winged yellow/green ones. Both the green and winged yellow/green 
morphologies would rest on leaves with their legs close to their bodies, so that they 
looked like one straight line, while the brown morphology would always have its legs 
fully extended to the side. Winged yellow/green stick insects were also frequently found 
flying or lying on backgrounds to which they did not blend in. 
         The winged yellow/green stick insects were the only morphology that produced a 
noticeable chemical secretion in the form of a sharp lemony smell. This unique behavior 
was observed only when the insects were picked up and put into the plastic container 
(before they were pecked at with the bird). The behavior occurred most often in those 
insects that then crawled forward after producing the smell.   
 
DISCUSSION !
SINCE ALL THREE MAIN STICK INSECT SPECIES used exhibited a form of cryptism as a 
primary defense behavior, the focus of the study was on the implications of non-cryptic 
defense behaviors that deter the predator from eating the insect after it is spotted.  

Brown and green stick insects either crawled forward or lay completely still most 
frequently. Since these morphologies do not have wings or a way to startle predators, 
perhaps the best means of escape once seen by a predator is to either get away as quickly 
as possible or to feign death. Furthermore, green stick insects did not curl up the 
abdomen or rapidly move forelegs to touch the bird. Green insects were generally 
smaller, and it is possible they lack the ability to curl up their abdomen. As for the lack of 
rapidly moving the forelegs to touch the predator, the legs of the green stick insect may 
be ineffective at this as they are lighter in weight and skinnier than those in the brown 
species. 
        The winged yellow/green stick insects crawled away most often, though a good 
number flew away instead. This is surprising, as one would expect them to fly away most 
of the time when threatened by a predator, as spreading the wings exposes aposematic 
coloring. One explanation for this is that stick insects were occasionally collected during 
rainy days, and thus still had wet wings when the rain would stop and data was collected. 
This would impact the results since wet wings seemed to hinder the flight ability. There 
was a lack of both swinging side-to-side and lying still for the winged yellow/green stick 
insects. It is surprising that this variety did not lie completely still more often, as this 
species is chemically protected and does not have crawling forward or flying away as the 
only defense responses available to it.  
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        Winged yellow/green stick insects crawled forward significantly more often than 
those of the green variety, while the brown and green stick insects were observed to lie 
still many more times than the yellow/green stick insects, which did not lie still at all. The 
yellow/green variety, although cryptic from a distance, was noticeable up close and thus a 
secondary defense of lying still would not be advantageous. The brown and green stick 
insects are cryptic both up close and from far away. The importance of diurnal immobility 
has been emphasized by many authors (Bedford, 1976). It is hypothesized that the more 
complex the extent of cryptic specialization, the greater would be the selection pressure 
for maintaining immobility when attacked by a predator. If a cryptic stick insect makes 
sudden movements, the predator will see the prey and eat it. The only possible successful 
defense response would be to lie still.  
        For all species studied, a variety of morphologies and behaviors were observed, and 
many times it was difficult to predict with accuracy what behavior would occur. 
Prediction in these circumstances would imply anticipation, which could possibly reduce 
the efficiency of the escape behavior (Bedford, 1976). Thus, it is to the advantage of the 
stick insect to produce unpredictable behaviors, unless there is a behavior that is 
consistently very effective. This allows the stick insect to survive and reproduce for as 
long as possible in order to pass its genes on to the next generation.  
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!
Trails and Nest Predation in Neotropical Cloud Forest 
Aforkor Amelia Quaye !
ABSTRACT !
With the growing popularity of ecotourism in the Tropics, there will be an inevitable 
increase of manmade trails in otherwise primary forest. Even small-scale disturbance may 
impact tropical biodiversity. My purpose in this study was to examine the variation of 
predation frequency and the species composition of the predation on and away from 
human created trails. I assessed the impact of trails on egg predation in a Neotropical 
Cloud Forest using Common Quail eggs in artificial nests along a trail and 20 meters into 
the forest from the trail edge.  Daily predation did not differ by site, though for 6 of 9 
days egg predation was higher along trails (Sign Test, p > 0.05).  Likewise, total 
predation did not differ between locations (χ² = 0.078, df = 2, p = 0.96).  Predators were 
identified by bite marks left in clay eggs placed in each nest.  Species composition did 
not vary dependent on location of the nest (χ² = 1.12, df = 3, p = 0.75).  Apparently, trails 
do not greatly affect the amount of ground nest predation in these forests.  !
RESUMEN !
Con un aumento en la popularidad del ecoturismo en los trópicos, habrá un aumento 
inevitable en los senderos hechos por humanos en el bosque primario.  Aún los disturbios 
en pequeña escala pueden impactar la biodiversidad tropical.  Mí propósito en este 
estudio fue examinar la variación en la frecuencia de depredación y la composición de 
especies depredadoras en y lejos de senderos creados por humanos.  Determiné el 
impacto de los senderos en la depredación de huevos en el Bosque Nuboso Neotropical 
usando huevos comunes de codorniz en nidos artificiales a lo largo de un sendero y a 20 
metros del sendero hacia el bosque.  La depredación diaria no difiere entre sitios, aunque 
para 6 de 9 días la depredación de huevos fue mayor en los senderos (Sign Test, p > 
0.05).  Igualmente, la depredación total no difiere entre localidades (χ² = 0.078, df = 2, p 
= 0.96). Los depredadores fueron identificados por las marcas de dientes dejados en los 
huevos de plasticina colocados en cada nido.  La composición de especies no varía 
dependiendo de la localidad del nido (χ² = 1.12, df = 3, p = 0.75).  Aparentemente, los 
senderos no tienen un mayor efecto en la depredación de nidos en este bosque. !!

The tropics houses sixteen of twenty-five global hotspots which hold 44% of 
endemic vascular plant species and 35% of vertebrate species (Myers et al., 2000). 
Tropical forests house over two-thirds of global terrestrial biodiversity and destruction of 
tropical forest threatens to eliminate half of tropical species (Gardner et. al, 2009). Large-
scale land transformation is widely known to impact tropical biodiversity. Studies also 
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show that plant species diversity differs between forests that were formerly transformed 
for agricultural use and ancient forests, suggesting that land transformations may cause 
irreversible changes in biodiversity (Dupouey et al., 2002). Studies show that selective 
logging in tropical forest has been found to change animal-mediated ecosystem processes 
as well (Schleunin, 2011). After ten years of selective logging, it was found that forty-two 
percent of the bird species from a primary tropical forest decreased sharply or 
disappeared (Thiollay, 2003). Forest habitat fragmentation has a more detrimental impact 
in smaller forest fragments, but also has impact in larger forest patches (Bierregaard, 
1992).  

Even smaller disturbances can be important. For example, extraction of non-
timber forest products can have detrimental effects on the forest. In the Amazon, the mass 
harvesting of Brazil nuts was thought to be a sustainable part of the rainforest economy. 
However, it was recently found that areas that experience high levels of Brazil nut 
harvesting had lower numbers of young trees (Stokstad, 2003).  Trails through otherwise 
primary forests represent another type of small-scale disturbance. These trails may result 
from natural causes, like trails made by peccaries, or from humans, perhaps for hunting 
or ecotourism. Past studies have shown that some species are more prevalent around 
trails, and make use of human made trails in various ways (Boucher, 1991). 

Ecotourism is a way to protect forests while providing income for local people 
(FAO, 2011).  For example, the recent growth of ecotourism in Monteverde, Costa Rica 
has increased standard of living and forest cover (Amador, 2004). With the growth of 
ecotourism, however, the number of recreational trails in old growth forest has also 
increased.  Although most recreational trails are designed with the intention of creating 
coexistence between human presence and wildlife, it is necessary to determine to what 
extent these trails affect wildlife. Here I examine the impact of manmade tourist trails on 
bird nest predation in Costa Rican Cloud Forest. !
METHODS !
STUDY SITE–Data were collected in a patch of Neotropical Cloud Forest in Monteverde, 
Costa Rica, near the Escuela Creativa. This was an older secondary forest with some 
large trees still present, containing a trail of about 1m wide. This forest had a closed 
canopy, with little sunlight allowed through the area disturbed by the trail. The patch was 
part of a large area of Cloud Forest. The trees in this area were fairly young with a 
number of older growth trees and there were a substantial number of understory plants. 
Human presence during the daytime is frequent on the trail through recreational wildlife 
tours.  !
NEST PREDATION–Data collection was carried out in late July 2012. To test the amount of 
egg predation, I set up 20 artificial nests. The nests were made of coconut fiber, and leaf 
litter collected from the forest floor. Each nest contained two eggs of the Common Quail 
(Coturnix coturnix), and three clay eggs shaped to resemble them. Each nest was placed 
on the ground under a tree. Short strings were tied 2m above the ground in the general 
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area of the nests to locate nests the following day. Ten nests were placed along the trail 
edge about 5m apart from each other. The other ten nests were placed 20m into the forest, 
also spaced 5m from each other. I put the nests out every day between 5:30 and 6:00 pm 
and collected the nests in the morning between 8:30 and 9:00 am to isolate the egg 
predation to mainly nocturnal animals. When I collected each nest, I tallied the numbers 
of quail eggs that were eaten, clay eggs that were bitten, and clay eggs that were 
completely removed from the nest. Bitten clay eggs were collected for identification, and 
were replaced with new clay eggs in the nest. Eggs that were not altered by predators 
were returned to nests for further data collection. After collecting the bitten clay eggs, I 
used a mammal field guide to identify mammal dentition. Eggs that were bitten beyond 
the point of identification were not included in analysis of species composition. !
RESULTS !
EGG PREDATION–Trail proximity had no significant impact on intensity of egg predation. 
Here, nest predation includes all eggs missing, plus clay eggs that were bitten.  The data 
indicate that the amounts of nest predation for the nests placed on the trail and in the 
forest interior were similar (χ² = 0.078, df = 2, p = 0.96). The total number of eggs taken 
or bitten from interior nests was 83, compared to 98 for those along trails.  A sign test 
showed that trail nests had greater egg predation 6 of 9 days, but this trend was not 
statistically significant (Figure 1; + = 2, 0 = 1, – = 6, p = 0.1445).   !

!  
Figure 1: Daily Egg Predation of nests on trail and nests placed in forest interior. (n=181). 
Data represent number of total egg predation from each location per day. Negative figures 
represent the egg predation of the trail nests while positive figures represent the nests in 
interior locations. Data are categorized into days, with Day 1 starting at the bottom.  !!
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!  
Figure 2: Egg Predation of total quail and clay eggs placed in artificial nests along trails 
and in Neotropical Cloud forest interior (n=181). Trail data represent the eggs from nests 
placed on the trail, while interior represents those from nests further into the forest. Eggs 
eaten represents Common quail eggs that were eaten, eggs bitten represents clay eggs that 
were bitten by a predator, and eggs removed represents clay eggs that were not found at 
the nest site at all.  !
PREDATOR COMPOSITION–Location of ground nests did not show an effect on the 
composition of nest predators. There were nearly proportionate compositions of predators 
in both locations (Figure 3; χ² = 1.12, df = 3, p = 0.75). Agoutis were the most frequent 
nest predators, followed by raccoons, mice, and rats for both locations.  

  ! !  
Figure 3: Predator Composition (n=43). Species composition of egg predators for nest 
trails and interior nests. Exterior data represent nests that were placed on the trail, while 
interior data represent those that were placed further into the forest. The data represents 
the number of clay eggs that were identified as bitten by a specific animal. Real eggs 
eaten and clay eggs completely removed were not included. Unidentifiable eggs were not 
included. 
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!
DISCUSSION !

There was no significant difference for intensity of nest predation and nest 
location. There were slightly and consistently higher numbers of eggs removed or bitten 
from trail nests, with 83 removed from the interior compared to 98 eggs removed from 
the trail. This difference was not large enough to show statistical significance. Similar 
studies have mixed findings, showing that in some cases there are increased predation 
while in other locations there is no change (Miller et al., 1998; Skagen et al., 1999). 
These differences in results may be due to many factors, including size of forest patch 
experimented, species involved in predation, and land use adjacent to tested area. All of 
these factors may contribute to an animal’s response to a forest disturbance. Because I 
collected data from a large patch of forest with a small trail, I suspect that there was no 
significant impact shown because the disturbance of this trail could be comparable to a 
tree fall or other natural disturbances that occur normally in the forest. 

The data also showed that there was no significant difference in species 
composition of ground nest predators for the two locations. There were similar 
proportions of predators in both nesting sites, with an increase of predation only by rats. 
This finding suggests that the input of a narrow trail does not transform land enough to 
make a more desirable habitat for a specific type of nest predator. Contrary to my finding, 
Miller and Hobbs (2000) found that trails did have cause an impact, with an increase of 
birds as nest predators closer to trails and mammals as predators further from trails. 
Results of this study support the idea that recreational trails and human activity may 
affect nesting success for some species, and suggest that patterns of nest predation reflect 
the unique responses of individual predator species. This knowledge helps me conclude 
that individual species had different responses to the trails, and the species that were 
involved in my study were not sensitive to the input of trails. 

The lack of significant differences in intensity and species composition of nest 
predation in this study site suggest that in a secondary forest connected to a large patch of 
forest there is not much impact by recreational trails. There may be different responses 
dependent on species observed, location and condition of forest patch, and uses of trail. 
In this case, frequent human presence may have been a factor that deterrent of predators 
as seen in other studies (Skagen 1999). More research should be done with isolated 
factors to determine which factors may have effects and in which locations do these 
impacts cause greater response.  !
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Carrion Arthropods and Habitat Transformation in 
Neotropical Cloud Forest 
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ABSTRACT 
Insects are important in decomposition and may be impacted by land use. The focus of this study is to measure the 
diversity and succession of carrion insects for intact Cloud Forest and nearby pasture. Chicken was placed in cages 
in forest and open area habitat in Monteverde, Costa Rica and collected daily for four days. Insects on the carrion 
were inventoried to Order and morphospecies. The forest had more diversity of non-maggot species than the open 
area, as well as greater species richness and abundance. Abundance of maggots differed by day, but not by habitat. 
Greater forest richness, abundance and diversity of carrion insects compared to open area suggests that land 
transformation compromises decomposition. 

RESUMEN 
Los insectos son importantes en la descomposición y podrían verse afectados por el cambio de uso del suelo. El 
enfoque de este estudio fue medir la diversidad y sucesión de insectos carroñeros para un bosque nuboso no 
perturbado y el pastizal cercano. El pollo se colocó en jaulas en el bosque y el área abierta en Monteverde, Costa 
Rica y colectado diariamente por cuatro días. Los insectos en la carroña se inventariaron a Orden y morfoespecies. 
El bosque tuvo mayor diversidad de no-gusanos que el área abierta, al igual que mayor abundancia y riqueza de 
especies. La abundancia de gusanos difirió por día, pero no por hábitat. La mayor riqueza, abundancia y diversidad 
en el bosque de insectos carroñeros comparadas con el área abierta sugiere que la transformación en el uso del suelo 
afecta la descomposición. 

INTRODUCTION 
Nutrient cycling is particularly important to tropical ecosystems, whose soils are older, more 
acidic, highly weathered and can be infertile (Sanford et al.). Compromising decomposition can, 
therefore, lower productivity for the entire system (Sanford et al.).  Generally, land 
transformation from tropical forest to some other use, such as pasture, lowers biodiversity of 
flora and fauna (Bierregaard 1992).  For the decomposing community, this could have important 
repercussions as more nutrients are washed from the system. Carrion insects are an important, 
yet little studied group of decomposers (Cornaby 1974). How they react to land transformation is 
not well-understood. 

 Carrion insects use dead animal flesh as a food source and a place to lay their eggs. 
Thousands of eggs can be laid upon a single carrion source and when they hatch, the larvae then 
use the carrion for food by excreting their digestive fluids into the meat (O’Donnell 1995). This 
also creates favorable conditions for other organisms, like bacteria, who can then break down 
remnants more easily (O’Donnell 1995). 

 The relationships in which insects contribute to the carrion community are variable. 
Some insects are exclusively associated with carcasses, whereas some may be opportunists 
(Braack 1987). As with any ecological community, there are assembly rules. Carrion insects 
must arrive at the right time and the right place in order to capitalize on the resource. The carrion 
community is widely spaced, short-lived and the stages in the conversion of meat determine the 
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community’s profit. Distribution of competitors allows the placement of carrion to play a role in 
which insects visit the carrion (Mills 1999). 

This research aims to measure the diversity and abundance of carrion visiting insects, to 
compare between tropical Cloud Forest and pasture sites, and observe successional patterns in 
the carrion insect community. It is expected that the forest will contain higher diversity and 
greater abundance of carrion insects, indicating an impact of land transformation on the carrion 
community. Successional patterns for both habitats should show an initial increase in diversity 
and abundance of insects, followed by a decrease as the meat dries out. 

MATERIALS AND METHODS 

Study Site 

Research was conducted in a premontane moist forest of Monteverde, Costa Rica at 1550 meters 
of elevation, considered a Cloud Forest, and a nearby field approximately 250 meters from the 
forest. The duration of the study from July 17 to July 31, 2012 experienced weather typical of 
this time of year for this climatic zone. Forest sites consisted of secondary growth forest (Figure 
1); open area sites were old pastures and contained one species of grass introduced from Africa 
and a few trees (Figure 2).  

 

 

 

 

 

 

 

 

 

 

Experimental Design 

Chicken carcasses were cut in half, placed in a closed container for four days to allow the 
decaying process to begin and to ensure the attraction of only carrion insects. Half chickens were 
then placed in individual cages in either a forest site or an open area site (Figure 1, 2). The cages 
had small openings large enough for insects to have access to the carrion, but not large enough 
for mammalian predators to penetrate the cages. To ensure the meat was protected from 
mammalian disturbance, the cages were staked down and wired to nearby posts or trees. In the 
open area it was made sure that the trees did not provide any significant protection to the cages 
from exposure to the elements. 

 

FIGURE 1. Premontane wet forest at the Estacion 
Biologica de Monteverde, Costa Rica. The forest 
had unbroken canopy cover and significant 
understory growth. 

 

FIGURE 2. Open area habitat near the Estacion 
Biologica de Monteverde, Costa Rica. The grass was 
recently cut and the area contained different species 
of grasses. 
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 Cages were collected daily, over a four-day period. A mosquito net was placed 
underneath the cage when it was staked down to allow for easier collection. When cages were 
collected, they were quickly covered with a sheet to prevent flying insects from escaping. Then, 
the entire cage covered in a sheet, along with the mosquito net were carefully put into a plastic 
bag making sure to not let any insects spill out or escape. 

 Acetone was poured into the plastic bag to kill or limit the movement of the insects. 
Individual insects were then collected, identified to morphospecies and inventoried. A running 
library was kept throughout the data collection to help with consistent identification. 

RESULTS 

Grand Total Comparison of Habitats 

Comparing cages from both habitats showed the forest had 81 species, twice the species richness 
than the open area, with 40 species (X2 = 13.893, df = 1, p = 0.0019). The forest had 1,060 
maggots almost four times the abundance of maggots than in the open area that had 787 maggots 
(X2 = 40.351, df = 1, p <0.0001). The forest had 341 non-maggot insects, five times more 
abundance of non-maggot insects than the open area, with 56 non-maggot insects (X2 = 204.597, 
df = 1, p<0.0001) (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3. Measurements for each day are totaled 
by habitat to give overall richness, abundance of 
maggots and abundance of non-maggot insects 
respectively in each habitat (n = 24). Forest habitat 
had the highest values for all categories. 
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Species diversity between the two habitats were different. The diversity in the forest (H’= 2.4) 
was higher than in the open area (H’= 2.13; t = 7.96, df= 60.58, p< 0.0001). The forest contained 
more individuals as well as more species compared to the open area. Both habitats were 
dominated by beetles, but by two different beetle species (Figure 4). Beetle I, the dominate 
species in the forest, was a Staphylinidae tentatively identified as Aleochara spp. and Beetle E 
from the open area was a Silphidae identified as Oxelytrum discicolle. There were 29 species 
found in the forest and 15 species found in the open area. Twelve out of fifteen species found in 
the open area were also found in the forest. Species only present in the open area consisted of a 
bristletail, cricket and spider. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

FIGURE 4. Diversity of all species measured in the forest and open area habitats 
respectively. Forest contains more species richness and abundance. The forest community is 
dominated by Beetle I, Staphylinidae, and the open area community is dominated by beetle 
E, Silphidae. 
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Comparison of Habitats by Time 

There was no difference in species richness of the forest and open area habitats when they were 
compared by days (X2 = 4.459, df = 3, p = 0.216). There was also no significant difference in 
abundance of non-maggot insects between habitats by days (X2 =6.817, df = 3, p = 0.08). The 
abundance of insects increased from day one with 62 insects, to day four with 100 insects in the 
forest and 7 insects on day one in the open area and 26 insects on day four. However, there was a 
significant difference by habitat by days in the abundance of maggots (X2= 245.639, df = 3, p 
<0.0001). The trend shows that number of maggots increased with days in both habitats (Figure 
5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 5. Measurements of species richness, 
abundance of maggots and abundance of non-maggot 
insects respectively by day and by habitat (n=24). 
Abundance of maggots in the open area increases by 
day. Forest has more species richness each day except 
for day four, where it is equal to open area. Forest has a 
greater abundance of non-maggot insects each day. 
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Analysis of Covariance 

An analysis of covariance was run to compare daily means between the two habitats. There was 
a significant difference in abundance of maggots, but only by day (Two Way ANOVA, F = 
9.919, df =1, p = 0.005). There was no difference between habitats by days in abundance of 
maggots (Two Way ANOVA, F = 0.516, df =1, p = 0.48). Again, no difference was found in 
species richness between habitats by days (Two Way ANOVA, F = 1.5874, df =1, p = 0.22). The 
only difference found in species richness was by placement (Two Way ANOVA, F = 13.883, df 
= 1, p < 0.001). This same trend was found with the abundance of non-maggot insects; a 
significant difference only by habitat (Two Way ANOVA, F = 65.863, df =1, p< 0.0001) (Figure 
6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 6. Mean measurements of species richness, abundance 
of maggots and abundance of non-maggot species respectively by 
day and by habitat (n= 24). Error bars represent one standard 
error. Species richness and abundance of non-maggot species 
differed by habitat. Abundance of maggots differed by day. 

 

 86 



7 
 

DISCUSSION 

Forest habitat showed more species richness, abundance and diversity than the open area. This 
trend was expected because forests have greater biomass, structural diversity, species richness of 
competitors and predators. Also, the forest provides some protection against elements such as 
exposure to wind, sun and rain. Although the diversity of species between habitats was different, 
some species were found in both habitats. In fact, all but three of the species from the open area 
were found in the forest. These consisted of a spider, cricket and bristletail, none of which are 
known to be consistently found on carrion. 

 Both the forest and the open area were dominated by a beetle species, the forest occupied 
by Staphylinidae and the open area by a Silphidae. The forest species is small, black with a 
yellow tail and tentatively identified as Aleochara pseudochrysorrhoa. Staphylinidae are a 
diverse family of beetles and are often found in the forest. In this study a few individuals were 
found in the open area as well. Many species are predacious and often found around decaying 
carrion (Borrar et al. 1989). The open area species, Oxelytrum discicolle, is much larger with a 
yellow thorax containing a large black dot. This species is also found around decaying carrion in 
tropical climates. It is a necrophagous beetle of great forensic importance because of its 
consistent patterns it can determine postmortem interval (Carvalho et al. 2000).  

 The Chi-square comparison of habitats by days resulted in no difference except for in the 
abundance of maggots. However, the Analysis of Covariance showed that the daily mean maggot 
abundance increased over time, though not by habitat. This is an important aspect of the carrion 
decay process, indicating land transformation may not have an impact on the arrival of maggots, 
but a significant impact on other insects important to the decomposition process. During the 
decaying stage, maggots are the reason for most of the biomass loss. A previous study by Goff 
and Richards (1997) had >60% biomass loss at each study site during the decay stage due to 
maggots.  

Succession of days in which carrion was exposed had no effect on the carrion community 
in terms of richness and abundance of non-insect maggots. Both of these elements were affected 
by habitat as shown in the Chi-square Analysis and the Analysis of Covariance. In addition to the 
overall favorable conditions in the forest, it should also be noted that it is a continuous habitat. 
The open area was more fragmented, which could have affected the species richness and 
abundance of non-maggot insects. Fragmentation of species in forest has had similar affects on 
carrion insect diversity and abundance in other similar studies in Hawaii and Egypt (Goff and 
Richards 1997). Overall, the forest provides a more suitable environment for the carrion 
community resulting in more diversity and larger abundances of carrion insects. Land 
transformation from forest to pasture compromises the decomposition process that takes place in 
forests. Nutrient cycling is also compromised by the disrupted decomposition, which would 
otherwise return important nutrients to the acidic tropical soil. 

It would be interesting to quantify the effects of habitat fragmentation using carrion 
insects. As fragmentation increases, species typically found on carrion resources could become 
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scarcer. Reduction in species richness, abundance and diversity would lessen the competition in 
the carrion community and possibly allow for otherwise out-competed species to use the 
resource. This type of study could result in establishing an entirely new carrion community based 
on habitat fragmentation as an effect of land transformation. 
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ABSTRACT 

Freshwater crabs fill important biological roles in riparian ecosystems, but their 
behavior is understudied. Three river crab morphs of Potamocarcinus magnus are present 
in the Quebrada Máquina, of the cloud forest in Monteverde, Costa Rica: bright, dark, 
and purple. Carapace size, agonistic behaviors, recapture ratio, and microhabitat substrate 
composition were all examined using crabs caught in the local Quebrada Máquina to 
search for significant differences between varieties while controlling for factors such as 
crab age and gender. Bright-morph crabs showed a trend of larger carapace size, while 
purple-morph crabs showed a trend of smaller size (χ2 = 2.88, d.f. 2, p = 0.0639). 
Agonism was found to be different between young and adult crabs by number of 
behaviors exhibited (χ2 = 21.90, d.f. = 4, p < 0.0003). The three morphs showed no 
significant differences in substrate preference, but all three showed a preference small 
and large rocks over sand, mud, and organic debris ((χ2 = 23.22, d.f. = 8, p < 0.005). 
Recapture of dark-morphed crabs was significantly more likely than of bright-morph or 
purple-morph crabs (χ2 = 13.72, d.f. = 2, p <0.001), indicating increased likelihood for 
dark crabs to return to or remain at their site of origin .  

!
RESUMEN 

  

INTRODUCTION 

Behavior and ecology of the pseudothelphusid river crab Potamocarcinus magnus 
(Pseudotheplusidae) is relatively unexamined despite its wide distribution throughout the 
Neotropics (Wehrtmann, 2010). Freshwater crabs fill an important niche in the 
neotropical riparian food chain as a detritivore and as a food source for birds and 
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mammals alike (Abele and Blum, 1977). This species has three morphs: a purple-legged 
variety with a light carapace, a bright yellow- or red-legged variety with a dark brown 
carapace, and a uniformly dark brown variety (pers. obs.). River crabs are cited as 
macroscopic bioindicators for monitoring the health of its riparian habitat as well as 
being intermediate hosts for the human lung fluke Paragonimus (Vélez et al. 2003).  

Color polymorphism in crabs can divide a population to varying degrees by the 
behavioral, physiological, and biochemical differences between interbreeding morphs 
(Summers et al., 2004). In the intertidal crab Carcinus maenas, salinity tolerance and 
asymmetrical foraging/reproductive fitness allow the varieties to collectively exploit a 
larger range of habitats (Lewis, 2010). Crabs such as the Japanese shore crab Ilyoplax 
pusilla have been shown to use territorial behavior to repel neighbors from a burrow its 
surroundings (Wada, 1992). The study also found that smaller crabs did not defend their 
home range, but that larger crabs had larger home ranges and territories that they 
protected.  

Anti-predator agonistic displays and behavior is costly in energy expenditure, and 
shown in crabs to vary as a function of cost versus benefit within and across species (Frix 
et al. 1991). The costs of competition between species of shore crabs, have shown greater 
interference between crab species and ensuing mutual negative effects on both species’ 
fitness when under environmental pressures and resource constraint (Smallegange and 
van der Meer, 2006). The same study also found that direct competition between crabs 
often occurs over prey handling; foraging crabs usually displace smaller competitors 
while threatening or avoiding larger competition. The greatest negative competition effect 
on crabs is between two of similar sizes, because agonistic interactions between two 
equally strong competitors consume more time than asymmetric interactions, lowering 
available foraging time and overall feeding rate for both parties (Smallegange and van 
der Meer, 2006). The strong negative effects of direct competitors upon each other can 
help push different varieties into more specialized niches (Gherardi and Cioni, 2004).  

This study seeks to determine if the three different morphs of the freshwater crab P. 
magnus operate in different microhabitats in a section of stream within its distribution. I 
also evaluate the variation of territoriality shown by sex or age in this species. Finally, I 
evaluate the different agonistic behaviors displayed to avoid predation. 

!
!
!
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MATERIAL AND METHODS 

Data was collected in daily surveys of a 180 meter stretch of stream along the 
Quebrada Máquina in Monteverde, Costa Rica between July 18, 2012 and July 31, 2012. 
The study area consisted of lower montane moist forest (Holdridge 1967) at 
approximately 1500 meters in altitude. The collection of river crabs was done between 
8am and 2pm by hand and with a small aquarium net. Habitat disruption was minimized 
by replacement of all rocks and branches moved. Each crab was transferred on site to an 
individual holding container for immediate evaluation of agonism displayed in response 
to capture. Behaviors varied, from no response to a combination of the following: 
frothing from the mouth, bubbling from the base of the carapace behind the walking legs, 
scrambling in an attempt to escape, threatening with pinchers fully extended in display, 
and attempted pinching.  

Crabs were measured from the widest part of the carapace with a caliper (± 0.05 mm), 
recording both length and width to evaluate overall. Adults and juveniles were 
differentiated by size; the finding of a just-molted crab and its shed carapace enabled the 
calculation of the size gain after an intermediate molt. The molted crab’s carapace area 
was used to approximate the division between youth and adulthood.  The dividing line 
was supported by the exclusive incidence of both egg-carrying crabs and the generally 
bigger bright-legged morph in the adult category. Also noted were crab morph, gender, 
and females with eggs or young.  

Three P. magnus morphs are present in the river: a completely dark brown crab 
(“dark-morph”), a crab with a dark carapace and brighter appendages (“bright-morph”), 
and a lighter yellow crab with purple on its legs and the tips of the claws (“purple-
morph”). A 0.5m2 quadrat was used to determine the microhabitat of each capture site 
using stream flow, depth, and substrate percentage; possible substrate characters being 
sand, mud, organic debris such as leaves and branches, small rocks, and large rocks. and 
large rocks. I marked each crab with a permanent paint pen across the carapace to check 
if they stay in the same territory in the following days and to avoid recounting them in 
future samplings. The distance a crab had traveled from its original location was recorded 
during its sighting or recapture on subsequent days. The distance a crab had traveled from 
its original location was recorded during its sighting or recapture on subsequent days.  

Relationships between variables were established using Pearson’s chi-squared test 
and Yate’s chi-squared test to examine correlations between microhabitat, agonism, 
maturity, and morph type. ANOVA tests were run to examine sex and morph correlation 
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with size. The size index was calculated as the square root of carapace area as determined 
from measurements of length and width. 

!
RESULTS 

I captured 100 crabs, 21 female and 79 male. I observed females with eggs or 
hatchlings from all three crab morphs. Dark-morph crab individuals were the most 
numerous at 59, followed by bright-morph individuals numbering 31 and purple-morph 
individuals numbering 9 (Table 1). Dark males were the most numerous, accounting for 
over half (54 individuals) of the total sample. An ANOVA did not present a trend or 
significant difference in size index between the sexes (ANOVA: F = 1.24, d.f. = 1, p = 
0.269). An ANOVA test comparing the three morphs showed a trend for larger bright-
morph crabs (ANOVA: F = 2.88, d.f. 2, p = 0.0639; Figure 1).  

The distribution of agonistic behaviors did not vary significantly between crab 
morphs or between males and females. However, juvenile crabs displayed fewer agonistic 
behaviors in response to capture than adults. (χ2 = 21.90, d.f. = 4, p < 0.0003, Figures 2a 
and 2b).  

Crabs of different age and sex categories did not show preferences for a specific 
substrate in their habitat (Sex: χ2 = 3.53, d.f. = 4, p = 0.47; Age: χ2 = 2.38, d.f. = 4, p 
=0.667). Comparison of the three morphs shows trends for different overall responses to 
the substrate elements. The three crab morphs showed a preference overall for small and 
large rocks over sand, mud, and organic debris (χ2 = 23.22, d.f. = 8, p < 0.005, Figure 3). 

19 of the 100 crabs were recaptured, 9 of which were captured multiple times, 
representing 47.37% of the recaptured subset. Recaptures were not different between 
males (26%) and females (16%) (χ2 = 2.38, d.f. = 1, p >0.05;Figure 4). The higher 
recapture value was for the dark-morph crab (29%), almost three times as high as the 
recapture probability of a bright-morph (11%) or purple-morph crab (10%) (χ2 = 13.72, 
d.f. = 2, p <0.001; Figure 5). These trends indicate that dark-morph crabs were likely to 
return to (or stay at) the same location where they were found.. On average, recaptured 
crabs that had traveled since their initial capture were found 1.98m±0.61away from their 
site of origin. 
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!

Figure 2a and 2b. Agonistic behavior demonstrations by age 
category in P. magnus. Agonistic behaviors are frothing at the mouth, threatening with claws, attempted pinching, and bubbling 
from the base of the carapace. Each crab uses a combination of agonistic behaviors when captured. A trend is visible in the skewed 
distribution of juveniles (2a) towards fewer agonistic behaviors than adult crabs (2b), which show a more normal distribution. 
There is a significant relationship between age category and frequency of crab agonistic behaviors (χ2 = 21.90, d.f. = 4, p < 
0.0003).
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Figure 1. Average River Crab size (square root of carapace length x width) by morph in the Quebrada 
Máquina, Monteverde, Costa Rica. Bright-morph crabs tend to be larger (25.02±1.02), while dark-morph 
crabs are smaller (22.15±1.57) and purple-morph crabs smallest (18.75mm±0.82) (χ2 = 2.88, d.f. 2, p = 
0.0639). Error bars represent one standard error.
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Figure 3. Preference of each substrate category by each crab variety in percentage of microhabitat within that area 
sampled using a 0.5m2 quadrat. Data collected in the lower montane moist forest stream Quebrada Máquina, 
Monteverde. No significant difference was found between crab varieties, but a trend emerged in substrate preference 
overall (χ2 = 23.22, d.f. = 8, p < 0.005). Small and large rocks were more likely to be greater components of capture 
sites than mud or organic debris for crabs overall, except for a seemingly equal predilection of dark-morph crabs for 
sandy substrate. Error bars represent one standard error. 
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Figure 5. Percentage of river crab recapture out of all crab captures by morph. Dark-morph crab 
captures were almost three times as likely to be recaptures (at 28.92%) than bright-morph 
(11.43%) or purple-morph (10.00%) crabs, indicating that dark-morph crabs are more likely to be 
caught in their return to a previous capture site. Crabs were collected in the Quebrada Máquina, 
Monteverde, Costa Rica.
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!
DISCUSSION 

Previous studies have only found populations of dark-morph crabs or of dark-
morph and bright-morph crabs (Ramberg, 1998; Yau, 2003). The purple-morph crabs 
might be a more recently introduced variety, might use behaviors that decrease their 
likelihood of being caught, and/or might be much fewer in number. The higher number of 
young, dark-morph crabs is also important. With the complete lack of smaller bright-
morph crabs and smaller purple-morph crabs, it is most probable that all very young 
crabs are dark in aspect until they reach a certain size/molt. All three morphs share the 
same reproductive season, indicated by the presence of pregnant females from all three 
morphs at similar stages of hatchling development and by previous studies on crabs in 
similar habitats to be egg production in July and in September (Wehrtmann et al. 2010).  

Although neither the morphs nor the sexes differed in amount of agonism, crab 
size was correlated with agonistic behavior; juvenile crabs showed less agonistic 
behavior upon capture on average (Figures 2a and 2b). Larger marine crabs have been 
shown to be either intrinsically more aggressive or more persistent in showing increased 
hostility to competitors for resources (Smallegange and van der Meer, 2006). Since anti-
predator and competitive behavior is expensive in terms of energy expenditure, juveniles 
may be more hesitant to spend high amounts of energy on a wider variety of agonistic 
display (Frix et al. 1991). It may be that the smaller crabs are accustomed to remaining 
still in hopes of not being seen by the threat or to adopt the strategy of scrambling for 
cover exclusively, since their less-developed pincers may not be sufficient to scare away 
a potential predator or rival (Frix et al. 1991).  

All three morphs are cryptic in their natural habitat. The lack of clear microhabitat 
preferences among morphs indicates that all three morphs use similar life strategies for 
competitive success with regards to habitat choice. All three varieties tended towards a 
preference towards small and large rocks over mud, sand, and organic debris. Rocks 
serve as excellent cover from casual predation while collecting detritus passing 
downstream. This makes them good bases for foraging detritivores. Mud and sand 
provide no cover and may be more difficult for crabs to traverse.  

Dark-morph and male characters correlated with a significantly higher recapture 
ratio three times that of the other morphs. Darker crabs may be threatened more by virtue 
of their coloration pattern. The juvenile dark-morph crabs may have correspondingly 
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smaller territories that they don’t leave as often. Males and females show no significant 
difference in recapture ratios, which could reflect a similar territoriality between sexes.  

Maturity showed no direct correlation with recapture in this study, which may 
seem strange considering the increased foraging area necessary for the energy 
requirements of a larger crab. A smaller crab requires a smaller territory (Weissberg, 
1993). Relocation in direct response to capture may have been extensive, and to 
microhabitats less easy for a researcher to access, such as burrows in the stream bank or 
under logs. . In accounting for the matching recapture ratio of mature crabs with 
juveniles, larger crabs may attract the attention of a predator or researcher more easily, 
raising capture rates for the adult crab category to a comparative level with the younger 
crabs.  
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ABSTRACT 

Tropical plants are known for their highly efficient nutrient cycles; some of the 
best examples of this are epiphytic bromeliads. Epiphytic bromeliads rely solely on 
precipitation and leaf detritus for nutrients; such as nitrogen and phosphorous. However, 
little is known about the impact of detritus and water volume on the central tank 
chemistry in these bromeliads. Using pH as a bioindicator, this study examined this 
relation in epiphytic bromeliads along the Continental Divide in Monteverde, Puntarenas, 
Costa Rica. The collected data showed no statistical significance in pH when compared 
by four categories: (1)Detritus Dry Weight, (2)Total Water Volume, (3)Ratio of Dry to 
Wet Detritus Weight and (4)Ratio of Dry Detritus Weight to Total Water. Detritus was 
also ranked qualitatively on a scale from one to five based on decomposition level. The 
pH of these groups was compared by Kruskal-Wallis test and found not to be significant. 
Differences in pH imply either synergistic effect between two or more of these groups or 
influence from physiological characteristics of the bromeliad itself. 

RESUMEN 

 Los plantas tropicales son conocidas por sus eficientes ciclos de nutrientes; 
algunos de los mayores ejemplos son las bromelias epifítas. Las bromelias epifitas 
cuentan con la precipitación y los detritos solamente de hojas como nutrientes; tales 
como nitrógeno y fósforo. Sin embargo poco se conoce sobre el impacto de los detritros y 
volumen de agua en la química del tanque dentro de estas bromelias.  Al usar pH como 
un indicador biológico, este estudio examinó la relación entre bromelias epifitas en la 
division continental en Monteverde, Puntarenas, Costa Rica. Los datos recogidos no 
mostraron una diferencia siginificativa en pH cuando se compararon cuatro categorías: 
(1)Peso Seco del Detrito, (2) Todo Volumen de Agua, (3) Relación de Detrito Seco a 
Mojado y (4) Relación del Peso Seco de Detrito con todo el  Volumen de Agua. Los 
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detritos fueron clasificados  cualitativamente en una escala de uno a cinco basado 
también en el grado de descomposición.  El pH de los grupos fue comparado con la 
prueba de Kruskal-Wallis y no se encontró ninguna diferencia significativa. Las 
diferencias en pH implican ya sea un efecto sinérgico entre dos o más de estas grupos o 
una influencia de características fisiológicas de la bromelia en sí misma. 

Key words: bromeliad, detritus, epiphyte, pH, water volume 

!
!
INTRODUCTION 

EPIPHYTIC BROMELIADS are often called “’aerial marshes’” (Richards 1981 in Picado 
1912, 1913), but unlike terrestrial water bodies which get nutrients from silt and soil, 
these plants must rely solely on nutrients from decaying detritus to survive. Epiphytic 
bromeliads are a highly specialized group of vascular plants from the Bromeliaceae 
family. They are important in Neotropical forests in nitrogen and phosphorous cycles, as 
well as increasing biomass and providing unique habitats. By growing leaves in a tight, 
overlapping rosette pattern bromeliads form a central tank for nutrient and water 
collection. Their morphology also allows them to grow on trees and branches with no 
contact to the ground. Since epiphytic bromeliads do not absorb nutrients from their 
substrate, they are highly dependent on detritus and precipitation trapped in their central 
tank for sustenance (Utley and Burt-Utley 1983). 

Detritus, and the bacteria, fungi, and protozoa that consume it, live in the central 
tank and make up the basic trophic level of bromeliad habitats (Juliano and Yee 2006; 
Cardelús and Mack 2010). These organisms perform anaerobic and aerobic respiration, 
and release CO2 as a byproduct of detritus decomposition (Rich and Wetzel 1978). 
Dissolved carbon dioxide reacts with water to form dissociated carbonic acid (Fig. 1). 
This reaction can lower the pH the water. The actions of the biota present in the central 
tank therefore affect the chemistry of the water present in the central tank (Benzing et al. 
1972).  ! !

FIGURE 1. Reaction of aqueous dissolved carbon dioxide to dissociated 
carbonic acid. pKa=6.35 (Baird et al. 1986). !!
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Research has been done on the microfuana of epiphytic bromeliads (Goffreddi et 
al. 2011; Bogusch et al. 2010) and on how detritus affects terrestrial bromeliads (Bento et 
al. 2006; Benzing 1998; Benzing et al. 1972). However, little is known about effects of 
detritus on the chemistry in the central tanks of epiphytic bromeliads. The focus of this 
experiment is to test whether detritus and water volume amounts influence epiphytic 
bromeliad tank environment. This study uses the pH of the water in the central tank as a 
bioindicator of respiration and decomposition.  This research is important in identifying 
and exploring the nutrient cycling processes of the unique habitats formed by epiphytic 
bromeliads. !
METHODS !
SAMPLING SITE.---This study was conducted in the Monteverde Cloud Forest, in 
Puntarenas, Costa Rica along the Continental Divide near Cerro Amigos and the 
Monteverde Biological Station property (Fig. 2). All samples were taken on the Pacific 
slope (10° 19’ N, 84° 47-8’ W) during the wet season, (July 23rd-31st 2012) at an altitude 
of 1845 asl. The site is classified as lower montane wet forest by the Holdridge life zones; 
and has an average yearly rainfall for the area is 3.5 meters. 

!  
FIGURE 2. Topographic map of Monteverde, Puntarenas, Costa Rica. Red line indicates 
Pacific slope of Cerro Amigos. !
BROMELIAD SELECTION.---Individuals were sampled only along the Pacific slope of the 
continental divide. This insured similar exposure to conditions such as wind, precipitation 
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and sunlight. The Continental Divide was selected because strong winds keep trees 
shorter, making them easier to work with. Within the selected area, there was variability 
in the microhabitats where the epiphytes grew. For this experiment a strict set of criteria 
were imposed on possible samples. This was done to minimize any compounding 
variables that might impact the study. Only specimens found at eye level or below in 
areas of at least partial shade during the day were sampled. Any specimens found in light 
patches or on downed trees not overshadowed were avoided. There were no restrictions 
placed on species, genus or morphospecies of bromeliads used. Only bromeliads with a 
tank diameter of 4 cm were sampled (Fig. 3). There was also no specification of the 
substrate on which the individual grew.  !

!  
FIGURE 3. Example of epiphytic bromeliad sampled. Specimen grew on main trunk of a 
tree along the Continental Divide in Monteverde, Costa Rica. Habitat conditions included 
strong winds, precipitation from clouds and being shaded for part of the day. !
SAMPLING PROCEDURE.---Once a bromeliad had been selected, detritus was remove and 
bagged. Latex gloves were worn to protect the material removed. After any major debris 
was removed, a pipette was used to siphon off any water in the central tank and 
surrounding rosette. This liquid was then transferred to a water tight container. The pH of 
the solution was measured using a portable pH meter. The vial was then labeled with the 
sample number and pH reading. Any further detritus was collected from the specimen. 
The leaves’ crevices were probed with a finger and any available material was removed. 
The sample was then examined for extent of detritus decay.  A qualitative scale was used 
to rank the detritus from one to five, with a one corresponding to solid detritus, a five 
corresponding to complete decomposition, and a three being about fifty-fifty (Fig. 4). The 
amount of detritus was not considered, only the level of decomposition. 
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!  
FIGURE 4. Detritus removed from a sample epiphytic bromeliad. A qualitative scale was 
used to classify each sample by decomposition level. From one to five the scale 
progressed from solid matter to complete decay. This sample was ranked a three out of 
five. !
DETRITUS AND WATER WEIGHING---Detritus and water samples were kept refrigerated 
overnight in the lab. The samples were then removed from storage and their individual 
bags.  The detritus was compacted by hand in the bag and any excess water was removed 
through applied pressure. The matter was removed by hand and placed in a paper towel 
of a standardized weight (1.45 g). The inside of the bag was then cleaned to remove any 
additional debris. The paper towel and detritus were weighed using a standard scale. The 
detritus was placed in a hot box at 66°C for twenty four hours. The detritus was removed 
and weighed again. This revealed the dry weight of the detritus and the weight of the 
water that had been sequestered in the decomposition process. Sequestered water was 
assumed to be the difference between wet weight minus dry weight. After this, the 
detritus was discarded.  !

Water samples were centrifuged to remove suspended debris. The free water was 
transferred to a container, weighed and discarded. !
RESULTS !
DETRITUS AND WATER volume amounts were found to have no significant impact on 
epiphytic bromeliad tank water. Five parameters were investigated in this study: (1)Dry 
Weight, (2)Total Water Volume, (3)Ratio of Dry to Wet Detritus Weight, (4)Ratio of Dry 
Weight to Total Water and (5)Detritus Decomposition Level. The first four sets were log 
transformed in order to create normal distributions. This allowed for regression 
comparisons with pH (which was found to be normally distributed already). !

The regression between pH and log Dry Weight (ANOVA F=2.020, p>.05, 
DF=34) showed no statistical significance. Dry weight did have the greatest influence on 
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pH (correlation coefficient=0.24) but was still not significantly different than zero. A 
coefficient between 0.1 and 0.3 is considered to be a small relationship between the 
variables (Cochran and Snedecor 1982). The three parameters (Total Water Volume, Ratio 
of Dry to Wet Detritus Weight and Ratio of Dry Weight to Total Water) also fit this trend, 
but had lower correlation coefficients (0.13, 0.09, and 0.06). All four showed wide 
spreading (Fig. 5), and all four have low F statistics (Table 1). !
The pH was investigated at different Detritus Decomposition Levels. The samples were 
grouped by decomposition level (1, 2, 3 and 4+) (Fig. 6). Categories 4 and 5 were 
combined to 4+ to meet minimum sample size to run a non parametric test. The Kruskal-
Wallis test returned no statistical difference in mean pH between the groupings (χ2=5.08, 
p>.05, DF=3). !
DISCUSSION !
THESE INVESTIGATIONS showed no statistical significant relationship between detritus 
amount, decomposition level and central tank pH of epiphytic bromeliads. This implies 
that the pH is not only dependent on the decomposition or on the amount of leaf material 
in the central tank. This finding is supported by research done by Benzing et al. (1972) in 
which terrestrial bromeliads were found to create stable microhabitats with little variation 
based on external factors. It was also thought that because bromeliads are exposed to 
varying precipitation levels; the central tank pH would simply be a function of dilution. 
To test this, pH was compared to Total Water Volume and was found to have no statistical 
significance. This indicates that pH does not depend only on precipitation input. !

It was hypothesized that the level of decomposition of matter in the bromeliad 
would influence the central water pH. As heterotrophs consume the detritus for 
respiration, they release CO2 (Rich and Wetzel 1978). It was thought that this byproduct 
would lower pH as carbon dioxide reacts with water. Higher decayed matter was assumed 
to have been present in individuals longer and that more of its carbon would have been 
reduced and released as CO2. This should result in a lower pH of the aquatic environment.  
Data from this showed that litter decomposition level had no statistical effect on pH. 
         

The more degraded leaf matter corresponded to more basic water (Fig. 6).  Level 
1 detritus, which corresponds to no decomposition in the matter, had an average pH close 
to that of measured rainwater pH (6.42) in Monteverde (Miller 2010). Then for Level 2, 
the water had the lowest pH. The water became more basic in Level 3  and Level 4+ had 
the most basic pH. This could be due to an initial surge of degradation releasing carbon 
dioxide from the material. In a study of terrestrial bromeliads, the microhabitat was 
characterized as dominated by respiration consumers (Bento et al 2006). This appears to 
hold true, at least at low decomposition levels, for the epiphytes in the family. After the 
initial break down, there seems to be a period of stabilization. This effect could come 
from the host bromeliad itself in an attempt to keep a favorable central tank environment 
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(Benzing 1998). This could signify that the bromeliad processes are most efficient at a 
specific pH, and that the plant has pathways to maintain this equilibrium (Laessle 1961). !

The investigation into the relationship between pH parameters of detritus and 
water volume revealed no significant results. Neither the detritus nor the water volume 
seemed to affect the habitat of the bromeliads. The amount of dry detritus had the biggest 
impact on pH. Biologically this implies that the amount of available material for 
degradation does play some role in the chemistry of the central tank water, even if it is a 
minor one. However, since there was some noticeable difference in pH for all four 
comparisons, maybe there is a synergistic effect between two or more of these categories. 
This opens up the possibility of research that investigates the relationship between 
epiphytic bromeliads, habitat and tank water. 
        Epiphytic Bromeliads offer a unique research opportunity. Their evolution has 
turned them into little microcosms of life. More research needs to be done to better fully 
understand how these plants are able to survive, and thrive, under conditions that seem 
inhospitable. !
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!
Table 1: Test statistics from the four linear regression correlation tests. All 
four had low F statistics and high p values. Only dry detritus weight had a 
small correlation with pH value; all others had coefficients that signified 
no impact. !

!!!!!!!!!!

!
Regression of pH 

by

!
F statistic

!
p value

dF 
(Model,Erro

r)

!
R

Correlation 
Coefficient

Dry Detritus 
Weight

2.020 >.05 1,33 0.057 0.24

Total Water 
Volume

.1315 >.05 1,33 0.004 0.06

Ratio of Dry to 
Wet Detritus 
Weight

.5384 >.05 1,33 0.019 0.13

Ratio of Dry 
Weight to Total 
Water

.5382 >.05 1,33 0.10 0.09

!
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!  !
FIGURE 5. The effect of detritus load (mean weight 0.46 ± 0.32) on water 
pH in the central tank formed by the leaf rosette of epiphytic bromeliads. 
Samples were taken along the continental divide in Monteverde, 
Puntarenas, Costa Rica. pH ranged from 4.8-7.9 with a mean of 6.42 ± 
0.82. A non-statistically significant positive correlation is present in graphs 
depicting pH as a function of the log transformed data of Total Water 
Volume, Ratio of Dry to Wet Detritus Weight and Ratio of Dry Weight to 
Total Water (0.12 ± 0.33, -0.59 ± 0.77 and 1.9 ± 2.6 respectively. !
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!

!  
FIGURE 6. Box and Whisker plots of pH and detritus decomposition 
level. Level 4+ is a combination of samples with highest decomposition 
levels. Whiskers represent one standard deviation from the mean. Level 4+ 
had the most basic average pH of 6.83 ± 0.41. The lower levels (1, 2, 3) all 
have slightly more acidic pH averages (6.62 ± 0.84, 6.03 ± 1.09, 6.27 ± 
0.67). The overall mean pH was 6.42. Samples were taken along the 
continental divide in Monteverde, Puntarenas, Costa Rica. !
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 !
ABSTRACT  
  
 I investigated the effects of water from the Monteverde Cheese Factory treatment lagoons on 
dissolved oxygen and Anax sp. and Argia sp. (Odonata) survival and predation.  Organism collection and 
data collection occurred in Monteverde, Puntarenas, Costa Rica for seven days between July 19, 2012 and 
July 30, 2012.  Nine Anax sp. and seventeen Argia sp. were placed in spring water or one of two lagoon 
water concentrations (50% or 100%).  Predation was measured using mosquito larvae as prey, and 
dissolved oxygen was measured with a dissolved oxygen meter.  I found that lagoon water concentration 
was negatively related to dissolved oxygen content.  Argia sp. survival was negatively related to lagoon 
water concentration while Anax sp. predation was positively related to lagoon water concentration.  Since 
decreased dissolved oxygen and odonate survival indicate the presence of organic matter, my results 
suggest that the Monteverde Cheese Factory treatment lagoons are not effectively removing all 
contaminants. !
RESUMEN !
 Investigué los efectos del agua de las lagunas de tratamiento de la Fábrica de Queso de 
Monteverde en oxígeno disuelto y la sobrevivencia y depredación de Anax sp. y Argia sp. (Odonata). La 
colección de los organismos y datos ocurrió en Monteverde, Puntarenas, Costa Rica por siete días entre el 
19 de julio y el 30 de julio de 2012.  Puse nueve Anax sp. y diecisiete Argia sp. en agua pura o una de dos 
concentraciones de agua de laguna (50% o 100%). Se midió la depredación con larvas de zancudo como 
presas, y se midió el oxígeno disuelto con un medidor de oxígeno disuelto. Encontré que la concentración 
de agua de laguna fue negativamente relacionada con el contenido de oxígeno disuelto. La sobrevivencia de 
Argia sp. fue negativamente relacionada con la concentración de agua de la laguna mientras la depredación  
de Anax sp. fue positivamente relacionada con la concentración de agua de la laguna. Como menos oxígeno 
disuelto y sobrevivencia de los odonatos indica la presencia de materia orgánica, mis resultados sugieren 
que las lagunas de tratamiento de la Fábrica de Queso de Monteverde no remueven efectivamente todos los 
contaminantes.  !
INTRODUCTION !
 Water is essential to all living organisms. Although humans are only one species 
out of millions, humans use more than half of the accessible surface water on the globe. 
Therefore, humans have a great effect on hydrological cycles (Vitousek et al. 1997). Most 
accessible fresh water sources are used so extensively by humans that many water tables 
are falling and little water from major rivers, such as the Colorado and Nile, reach the 
ocean (Vitousek et al. 1997).  
 Humans, however, are also altering water systems through contamination. 
Livestock farms are a common source of pollution (Hooda et al. 2000). As livestock 
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farming increases with the human population, more waste is produced with less land 
available for its disposal. Even though livestock waste can be used as crop fertilizer, 
chemical fertilizers are often preferred (Hooda et al. 2000). Therefore, livestock manure 
exceeds crop requirements leading to a waste disposal problem (Hooda et al. 2000). 
Livestock waste needs to be treated because it contains a lot of organic matter and many 
pathogens and steroids that are harmful to the environment (Liu et al. 2012; Mawdsley et 
al. 1995). The waste is often treated with treatment lagoons, but they are not always 
effective at removing contaminants (Liu et al. 2012). Because of this, farms that use 
treatment lagoons may still harm the surrounding environment. 

Dissolved oxygen and bio-indicators can be used to assess water quality. 
Dissolved oxygen usually decreases with contamination because organic matter uses up 
the oxygen in the water when it becomes oxidized (Vega et al. 1998). Low amounts of 
dissolved oxygen can decrease survival rates of aquatic invertebrates including odonate 
nymphs (Nebeker 1972; Steiner et al. 2000). Because they are sensitive to water quality, 
odonate nymphs have been used as bio-indicators of water contamination and human 
impacts on water systems all over the world (Blocksom & Johnson 2009; Samways & 
Staytler 1996; Watson et al. 1982). With lower water quality and increased 
contamination, odonate species abundance, survivorship, and predation decreases 
(Gorham & Vodopich 1992; Watson et al. 1982). 
 This study used odonate nymphs as bio-indicators of water quality to determine if 
the treated lagoon water from the Monteverde Cheese Factory pig farm in Monteverde, 
Costa Rica is safe to the environment. To do this, I evaluated the survivorship and 
predation rate of two odonate species, Anax sp. and Argia sp., in spring water and two 
concentrations of treated lagoon water. I also measured dissolved oxygen content. If the 
treated lagoon water is still contaminated, dissolved oxygen and odonate survivorship and 
predation rate should decrease as the lagoon water concentration increases. !!!!!!!!!!!!!!!!!
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!
MATERIALS AND METHODS !
Study Organisms !

I used two species of aquatic odonate nymphs, Argia sp. (Coenagrionidae) and 
Anax sp. (Aeshnidae), in this study (Fig. 1). Argia sp. nymphs were thin, green, and 1.5-3 
cm long. They are found in swamps, ponds, streams, and rivers of Latin America from 
sea level to 3,000 m (Esquivel 2006). The Anax sp. nymphs, on the other hand, were 
thick, brown, and 1.5-6 cm long. They are found in ponds, lakes, and rivers of 
Mesoamerica (Esquivel 2006). Nine Anax sp. and seventeen Argia sp. were used in the 
study, and mosquito larvae were used as prey. 
 All larvae were collected in Monteverde, Puntarenas, Costa Rica. I collected all 
odonates from the pond at Hotel de Montaña, and mosquito larvae were collected from 
bromeliad plants in the surrounding area of the Estación Biológica de Monteverde. !
Experimental Set-Up !

I placed each of the 26 nymphs in a plastic container with 200 mL of spring water 
or one of two concentrations of lagoon water (50% or 100%). I created the concentrations 
using spring water from the Estación Biológica de Monteverde and lagoon water that was 
exiting the Monteverde Cheese Factory’s pig farm waste treatment lagoons. I assigned 
three Anax sp. to each treatment, and for Argia sp., I placed five nymphs in the tap water 
treatment and six nymphs in each of the other two treatments. The nymphs were assigned 
a treatment to keep body size as uniform as possible amongst treatments. 

!!!
!

FIGURE 1. The two odonates used in this study: Argia sp. (left) and Anax sp. (right). Images 
are not to scale.
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Experimental Trials !
To measure predation, I placed five mosquito larvae in each plastic container for 2 

hours. I recorded the number of mosquito larvae that had been eaten by each odonate 
after that period of time.  The remaining mosquito larvae were removed from the 
containers. I then measured dissolved oxygen in each container with a dissolved oxygen 
meter (Oakton DO 300 Series). I recorded survival by date and treatment. Data was 
collected on seven days between July 19, 2012 and July 30, 2012.  !
Statistical Analysis !

One-Way ANOVA was used to analyze the difference in DO among treatments. I 
used a Chi Squared Test to compare survival to the expected survivorship amongst 
treatments. Then, I performed One-Way ANOVAs to compare predation between species 
and treatments and linear regressions to analyze the relation between DO and the number 
of preys eaten by the two species. !
RESULTS !
Dissolved Oxygen !

Dissolved oxygen decreased as lagoon water concentration increased (One-Way 
ANOVA, F = 74.98, df = 2, 105, p < 2e-16), and all the treatments differed (Tukey’s 
HSD, p < 0.001) (Fig. 2). Spring water had the most dissolved oxygen (7.45 mg/L) 
followed by the 50% lagoon water (6.61 mg/L) and by the 100% lagoon water (5.86 mg/
L). !!
Survivorship !
 All the individuals of Argia sp. in the 100% lagoon water died after one day 
(Table 1) (The Chi-square results are better here instead in the Table). Therefore, I found 
that the concentration of lagoon water negatively affected Argia sp. survivorship (X2 = 
7.50, df = 2, p = 0.023) while Anax sp. individual survivorship was not affected (X2 = 3, 
df = 2, p = 0.22).  !!!!!!
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Predation !
Anax sp. ate more than twice as much as Argia sp. (One-Way ANOVA, F = 58.38, 

df = 1, p < 0.0001).  Also, as lagoon water concentration increased, Anax sp. predation on 
mosquito larvae increased (One-Way ANOVA, F = 3.39, df = 2, 46, p = 0.042) (Fig. 3), 
but there was a significant increase only between the spring water and 100% lagoon 
water (Tukey’s HSD, p = 0.042). Anax sp. predation also had a negative correlation with 
dissolved oxygen (Regression, t = 3.776, p = 0.00045) (Fig. 4).  Lagoon water 
concentration, however, did not affect predation by Argia sp. (One-Way ANOVA, F = 
1.63, df = 1, 54, p = 0.21). There also was no correlation between predation and dissolved 
oxygen for Argia sp. (Regression, t = 1.55, p = 0.13) (Fig. 4). !
DISSCUSSION !
 The negative relationship found between the concentrations of lagoon water and 
dissolved oxygen indicates that the treated lagoon water likely is still contaminated with 
organic matter. Dissolved oxygen decreases with organic matter, such as nitrogen and 
phosphorous, because the organic matter is partially oxidized by oxygen (Vega et al. 
1998). Also, these  

!

FIGURE 2. Dissolved oxygen content in 
three concentration of treatment lagoon 
water recorded over a period of two weeks. 
All means are significantly different (p < 
0.001).  Standard error bars shown .
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nutrients lead to eutrophication which further increases organic matter, and therefore 
decreases dissolved oxygen even more (Vega et al. 1998). Since these harmful nutrients 
in the lagoon  
water from the Monteverde Cheese Factory flow directly into a nearby stream, they are 
probably depleting oxygen levels and causing eutrophication in the local water system. 

Given that lagoon water concentration and dissolved oxygen are negatively 
correlated, the negative relationship between lagoon water concentration and survivorship 

Species 0% 50% 100%

Argia sp. 80% 50% 0%

Anax sp. 33% 66% 100%

!
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y = -0.6563x + 8.2535

R² = 0.0732

y = -0.2572x + 3.4857

R² = 0.0123

Argia sp.

Anax sp.

TABLE 1. Percent survival of Anax sp. and Argia sp. (Odonata) in different concentrations of 
treatment  lagoon water (0%, 50%, 100%) after two weeks. Argia sp. individual survival was 
affected by lagoon water concentration (p<0.023). 

FIGURE 4. Number of mosquito larvae eaten by Anax sp. and Argia sp. (Odonata) related with 
dissolved oxygen concentration in the water. Anax sp. predation significantly decreased with 
higher levels of dissolved oxygen (p = 0.00045).
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of Argia sp. shows that survivorship decreases with decreasing dissolved oxygen. Past 
studies have found the same trend in several aquatic insects; each species, however, 
reacted at different degrees to changes in dissolved oxygen (Nebeker 1972; Steiner et al. 
2000). Therefore, it is possible that Anax sp. is more tolerant of low dissolved oxygen 
than Argia sp., which would explain why Anax sp. survivorship was not correlated with 
lagoon water concentration. 
 The negative relationship between dissolved oxygen and predation rate 
contradicts the results of previous research. Previous research shows that the predation 
rate of odonate nymphs decreases as pH decreases (Gorham & Vodopich 1992). Since pH 
decreases with higher levels of organic matter, in the same way as dissolved oxygen, the 
same trend should be expected with dissolved oxygen (Robertson et al. 1991). This, 
however, was not the case, and the positive relationship between lagoon water 
concentration and predation rate could be part of a survival strategy to increase 
development in order to escape the stress of the contaminated water more quickly. 
Increased rates of development and metamorphosis when exposed to contaminated water 
have been observed in tadpoles (McDaniel et al. 2004). A long-term study focused on 
rates of development would be needed to evaluate this in odonates. 
 Overall, the results of this study indicate that the treatment lagoons of the 
Monteverde Cheese Factory are not effectively removing organic matter. Therefore, other 
contaminants such as pathogens and steroids found in livestock waste might also remain 
after the treatment process.  Past studies have also concluded that treatment lagoons are 
ineffective at removing certain contaminants, such as steroids used to increase pig growth 
(Liu et al. 2012). Therefore, these livestock waste treatment systems need improvements 
to protect the health of water systems. !
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!
Odonata (Dragonflies and Damselflies) as 
Indicators of Neotropical Cloud Forest Stream 
Contamination  !!
Krissy Nowakowski!!
Departments of Geography and Environmental Studies!
University of Colorado at Boulder  !!!
ABSTRACT	
Biological indicators, such as the Odonata (dragonflies and damselflies), can be advantageous for 
measuring stream quality, as organisms integrate environmental conditions over long periods of time, 
unlike physical parameters that show conditions at the moment of sampling. This study investigated 
whether Odonate populations can be used to indicate stream water quality on the Quebrada Sin Nombre 
(“No Name Stream”) in Monteverde, Costa Rica.  The dissolved oxygen, pH, temperature, nitrogen and 
phosphorous concentrations were repeatedly measured along three transects, and then related to abundance 
and composition of Odonate larvae communities.  At elevations above the influence of human 
establishments, members of this taxon were very abundant (52 of 56 specimens were found in this 
transect), however, with the onset of contamination in the two lower transects, populations declined to 
almost zero.  Results showed that overall Odonate abundances can be used as indicators of stream quality.  
Further, the genera Argia and Epigomphus are intolerant of low DO and non-neutral water.  Water 
contamination may be caused by point source and nonpoint source pollution from sources such as a large 
scale hotel (The Establo), a large restaurant (Johnny’s Pizzeria), and homesteads adjacent to the stream 
banks.  As water quality is a growing concern in tropical developing countries, biological indicators such as 
the Odonata can serve as tools for monitoring water quality and watershed health.   	!
RESUMEN	
Los indicadores biológicos, como las larvas de Odonata (libélulas), pueden ser ventajosos para la medición 
de la calidad de agua de las quebradas, como organismos al integrar las condiciones ambientales durante 
largos períodos de tiempo, y a diferencia de los parámetros físicos que muestran las condiciones al 
mommentod del muestreo. Este estudio investiga si las poblaciones de odonatos pueden ser indicadores de 
la calidad de agua en la quebrada Sin Nombre en Monteverde, Costa Rica. El oxígeno disuelto, pH, 
temperatura, y concentraciones de fosforo y nitrogeno si midieron repetidamente a lo largo de transectos y 
relacionados con la abundancia y composición de las comunidades de larvas de odonatos. A elevaciones 
sobre establecimientos humanos, los miembros de este taxón fueron muy abundantes (52 de 56 
especimenes fueron encontrados en este transecto), sin embargo con el inicio de la contaminación en los 
dos transectos más abajo, las poblaciones disminuyen a casi cero. Los resultados muestran que sobre todo 
la abundancia puede ser utilizada como indicador de la calidad de agua. Más allá, los generos Argia y 
Epigomphus son intolerants a una baja concentración de oxígeno disuelto y a aguas no neutras. La 
contaminación de agua puede ser causada por puntos directos y no directos de contaminación por parte de 
fuentes como hoteles de gran escala (El Establo), y grandes restaurantes (Pizzeria Johnny),  y 
asentamientos al lado de la quebrada. Al aumentar la preocupación por la cálidad del agua en los países en 
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desarrollo en los trópicos, los indicadores biológicos como los odonatos pueder servir como herramienta 
para el monitoreo de la calidad de agua y los acuíferos.	!!
!
!
!
INTRODUCTION 	
In mountainous areas, combinations of climate, geology, hydrology and vegetation shape 
watershed landscapes, which, if healthy, provide water, food and habitat for plants, 
animals and humans (US EPA, 2012). Communities often have large impacts on 
watersheds, as humans have historically lived-near waterways and have used them to 
dispose of society’s waste (Carpenter et al., 1998). These inputs into waterways can 
originate either from point or nonpoint sources. Point sources are attributed to one source, 
such as an effluent sewage pipe, while nonpoint sources arise from a multitude of 
activities that span across a landscape. Consequently, nonpoint sources are harder to 
detect, and are therefore harder to manage and regulate (Carpenter et al., 1998).  	!
Water pollution is on the rise globally, most evidently in the developing world. More than 
80 percent of sewage in developing countries is discharged without treatment (UN 
WWAP, 2012), and every year, more people die from unsafe drinking water than from all 
forms of violence, including war (UN WLD, 2012). As water quality is a growing 
concern in tropical developing countries, good methods for measuring this quality will 
become increasingly important.  Most often, physical parameters of water samples are 
compared with water quality standards (UN WLD, 2012), however, biological indicators 
can also serve as tools for monitoring water quality and watershed health (Smith et al., 
2006).   	!
Macroinvertebrates are being increasingly used to rapidly monitor changing river quality. 
Among these are the Odonata (Dragonflies and Damselflies), which are sensitive to 
varying water conditions and can therefore help in assessing degrees of contamination in 
waterways (Smith et al., 2006). Since Odonates are abundant and well studied in the 
tropics, this allows the taxon to be more easily used for assessments (Smith et al., 2006). 
In Monteverde, there exist over 270 species of Odonata in 14 families (Haber and 
Wagner, 2011). Environmental disturbances, such as inputs of pollution, can alter 
Odonate assemblages in terms of both abundance and species composition (Clark and 
Samways, 1996). 	!
This study tests the physical parameters of a tropical stream and attempts to relate those 
changing parameters to changes in Odonate abundance and richness.  Less polluted water 
should render a greater abundance and richness of Odonates, however, it is unclear what 
levels of pollution can be tolerated by members of the taxon, and how pollution affects 
the taxon’s distribution.  To test if Odonates can be used as biological indicators of stream 
quality in neotropical cloud forests, I sampled Odonate populations at three locations 
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along a Monteverde stream with different physical compositions corresponding to 
different degrees of human influence.   	!
METHODS	
Study Site 	
This study was done in three sites on a typical tropical mountain stream called the 
“Quebrada Sin Nombre” (“No Name Stream”) in Monteverde, Costa Rica (10.3º N). Sites 
were chosen based on relation to suspected anthropocentric pollution: (Site 1) high 
elevation near the headwaters, distinctly above the influence of human establishments, 
with low stream discharge and elevation ranging from 1557-1550 m; (Site 2) mid-
elevation on the property edge of a large-scale resort hotel (The Establo), with low stream 
discharge and elevation ranging from 1473-1470 m; (Site 3) lower-elevation urban 
environment on the property edge of establishments including a large restaurant 
(Johnny’s Pizzeria) and many homesteads, with greater stream discharge than the prior 
two sites and elevation ranging from 1413-1405 m. There was no noticeable algae 
presence at Sites 1 and 3, however, both brown and green algae were present in puddles 
11-15 at Site 2.  Above Site 2, a large pipe was observed projecting over the stream 
gulley from a building of The Establo. Additionally, a large landfill was observed on the 
property edge of the hotel, the debris of which had been burned.  At Site 3, Considerable 
amounts of litter were consistently observed in the stream, and foam from household 
detergents was observed on one sample day. As sampling was done during a dry period of 
the rainy season, the stream often disappeared and reappeared prior to Site 3, where there 
was a consistent, more fluent stream.	!
Data Collection – Stream Parameters 	
Each site consisted of a 120-meter transect along the stream, with 10 sampling “puddles” 
chosen within each transect. Since no actual puddles existed at Site 3 due to its higher 
discharge and velocity, 10 small inlets of slow-moving water on the bank of the stream 
were selected and labeled as puddles. Thirty puddles were sampled six days over a 10-
day period from July 21 – 31, 2012, using tests consisting of (1) dissolved oxygen 
concentration (ppm), (2) pH, (3) water temperature (ºC), (4) nitrogen concentration (ppm) 
and (5) phosphorous concentration (ppm). For the nitrogen and phosphorous 
concentrations, only one measurement was taken each day from a representative sample 
derived from the 10 puddles in each site. To achieve a representative sample, 5 ml of 
water were taken from each of the 10 puddles and put into a container, and after mixing 
the samples, a subsample of each mixture was used to test for nitrogen and phosphorous 
concentrations at each site, rather than at each puddle.  	!
Data Collection – Odonate Larvae 	
Odonate larvae were collected on the final day of the 10-day sampling period. Each of the 
30 puddles was sampled by the same two people for five minutes each.  The method of 
collection included individually scooping puddle substrate into a colander and sifting 
through the colander for larvae. Each larva found was placed in a container and taken to 
Odonate specialist Bill Haber, Ph.D, for further identification. Number of larvae and the 
genera (and species when possible) of the various larvae were recorded for each puddle.       	!
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RESULTS	
Physical Stream Parameters	
There were significant differences in mean values of dissolved oxygen, pH, water 
temperature, nitrogen and phosphorous concentrations at the three sites. I ran randomized 
block ANOVAs, with sample days as blocks, to test the effects of site on DO, pH and 
temperature. To test the effects of puddle number on these stream parameters, I ran 
regression analyses. For DO, trends existed for both site and puddle number along the 
stream from the headwaters to the urban setting, though high DO variation existed within 
Site 2 (Fig. 1). There were also significant trends for pH. pH levels remained neutral to 
slightly basic at Site 1/puddles 1-10 (mean = 7.29), acidic to neutral at Site 2/puddles 
11-20 (mean = 6.81) and basic at site 3/puddles 21-30 (mean = 7.92). As was the case for 
DO, high pH variation existed within site 2 (Fig. 2). Temperature variation showed a 
linear trend in which water temperatures significantly increased with increasing puddle 
number from the natural high elevation to urban low elevation site (Fig. 3). To test 
whether my samples sites were statistically significantly different from one another in 
terms of nitrogen and phosphorous concentrations, I ran Kruskal-Wallis ANOVAs. 
Nitrogen and phosphorous were greatest at Site 1, yet nitrogen was lowest at Site 2 and 
phosphorous was lowest at Site 3 (Fig. 4).     	!
Odonate Populations 	
A total of 56 Odonate larvae were collected belonging to three genera. Fifty-two of 56 
individuals were found at Site 1, while only one individual was found at Site 2 and three 
individuals at Site 3.  Site 1 contained not only the most abundant Odonates, but also the 
most diverse make-up of genera. The more pristine environment of Site 1 harbored three 
genera: Epigomphus (Gomphidae), Argia (Coenagrionidae) and Brechmorhoga 
(Libelulidae), with site 2 harboring one genus (Argia) and site 3 harboring two genera 
(Epigomphus and Argia).  Epigomphus is composed of two species, Epigomphus 
suboptusus and one which is new to science.  I was unable to determine species level for 
the other two genera. Regression analyses were done to exhibit these trends (Fig. 5).	!
DISCUSSION	
Overview	
Significant differences in mean values of dissolved oxygen, pH, water temperature, 
nitrogen, phosphorous and Odonate populations at the three sites indicate that different 
processes are at play at different locations along the Quebrada Sin Nombre. High DO, 
nearly neutral pH values and a high abundance of Odonate larvae at Site 1 (headwaters) 
are indicative of a healthy stream.  Conversely, low DO, more acidic pH values and a 
very low abundance of Odonate larvae at Site 2 (below hotel) are indicative of a less 
healthy stream. Site 3 (urban) rendered high DO concentrations, however, this site had 
basic pH values and a low abundance of Odonate larvae, indicating a less pristine 
environment than Site 1.  Nitrogen and phosphorous concentrations varied among the 
sites, however, both were highest at Site 1, while nitrogen was lowest at Site 2 and 
phosphorous lowest at Site 3.   	!
Dissolved Oxygen 	
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In a study done on streams in a river basin of Brazil (where only 16% of total sewage 
load is treated), researchers found that more polluted streams showed lower 
concentrations of DO compared to less polluted streams, and that low water periods 
caused lower DO. They observed the installment of a sewage treatment plant and noted 
an increase in DO after its installment (Daniel et al., 2002). This study implies that fecal 
matter significantly decreases DO in streams, and that increased stream discharge and 
therefore increased turbulence cause increasing DO levels. These observations may offer 
possible explanations for DO at Sites 2 and 3 along the Quebrada Sin Nombre. Site 2 
(below hotel) had DO concentrations significantly lower than Sites 1 and 3, possibly due 
to an input of sewage effluent from The Establo. Observations of red puddles, the scent of 
fecal matter and a projecting pipe from the establishment over the stream gulley support 
this hypothesis. Dissolved oxygen was particularly low in puddles 11-15 of site 2, yet 
concentrations rebounded to normal levels by the end of the transect (puddle 20). This 
trend is consistent with point source pollution, pollution that may be emitted from the 
hotel. Dissolved oxygen remained high at Site 3 (urban), but because discharge was much 
greater at Site 3 than at the higher elevation sites, the resulting high turbidity could 
explain the high DO.    	!!!
pH	
pH levels were nearly neutral at Site 1 (headwaters) and basic at Site 3. Since Site 3 is 
located in an urban environment, it is likely that the emission of household detergents 
into the stream contributed to these basic pH levels. The observation of foam from 
detergents supports my hypothesis that Site 3 had been polluted with grey water 
emissions. Though the mean pH value at Site 2 (below hotel) was 6.8, it is useful to look 
at the puddle-to-puddle variation of pH at this site. The upper half of site 2 (puddles 
11-15) had a mean value of 6.45 over the six-day sampling period, while the lower half 
(puddles 16-20) had a mean value of 7.18. The puddle with the lowest values (puddle 12) 
had a mean value of 6.18, while the puddle with the highest values (puddle 20) had a 
mean value of 7.38. Similar to DO, this high spatial variability within Site 2 could 
indicate point source pollution of fecal matter. In puddles where DO is low, pH is acidic, 
both of which are consistent with fecal contamination (Robertson et al., 1991).  By the 
end of the Site 2 transect, both DO and pH recovered to levels similar to those at Site 1. 	!
Temperature 	
Temperatures progressively increased along the Quebrada Sin Nombre as elevation 
decreased from Site 1 to Site 3, however, it is unknown if this increase was due to 
adiabatic lapse rates or to other factors, such as increasing input of grey water or black 
water contamination, or increasing solar radiation. 	!
Nitrogen and Phosphorous 	
Nitrogen and phosphorous levels were lower at Site 2 (below hotel) compared to Site 1 
(headwaters), despite the fact that Site 1 is a more pristine environment. This trend could 
be explained by the presence of brown and green algae at Site 2. Algae grows as a result 
of high inputs of nitrogen and phosphorous, but as it grows, it then depletes the nitrogen, 
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phosphorous, and DO concentrations of the water (Fried et al., 2003). Therefore, it is 
possible that larger concentrations of nitrogen and phosphorous existed at Site 2 prior to 
the study, but that concentrations had been significantly depleted by the algae during the 
sampling period. Further, algae growth could explain the low DO at Site 2. Nitrogen was 
also low and phosphorous was lowest at Site 3 (urban), however, this contradicts previous 
studies, which state that urbanization generally leads to high nitrogen and phosphorous 
concentrations in urban catchments (Paul and Meyer, 2008). Therefore, it is unclear why 
nitrogen and phosphorous concentrations in the urban environment were significantly 
lower than those in the more pristine environment nearest the stream’s headwaters.  	!
While naturally occurring concentrations of nitrogen and phosphorous vary depending on 
ecoregion, appropriate concentrations of nitrogen and phosphorous generally range from 
0.12 – 2.2 ppm and 0.01 – 0.075 ppm respectively (US EPA, 2002). Nitrogen 
concentrations at each of the sites were below 0.49 ppm, indicating natural levels along 
the stream, however, phosphorous levels were each above 0.14 ppm, indicating elevated 
concentrations beyond normal. Possible explanations for seemingly unnatural 
phosphorous concentrations could include an unknown factor contributing to increased 
concentrations, or simply that these standards may not apply to neotropical cloud forests. 	!!!
Odonate Populations	
The vast majority (95%) of the Odonate larvae collected were found at Site 1 
(headwaters), indicating that the Odonates prefer high concentrations of DO coupled with 
neutral pH, and possibly cooler temperatures. However, it is unclear whether Odonate 
larvae prefer the greater concentrations of nitrogen and phosphorous detected at Site 1, or 
whether concentrations do not play a biologically significant role in their spatial 
distribution. In a study that sampled the abundance of adult and larval dragonflies in 
Brisbane, Australia, researchers found that the abundance of the dragonflies significantly 
decreased downstream from a sewage treatment plant, as only one of 36 species was 
found at the most contaminated site (but in very low numbers) (Watson et al., 1982). 
Other studies support this research that high quantities of Odonates are indicative of clean 
water, as Odonates hold a narrow tolerance for pollutants (Imoobe and Ohiozebau, 2009).  
In terms of overall abundance declining with the presence of contamination, my research 
supports the conclusions made by these various studies.  A study focused specifically on 
Costa Rica and Central America reported that some species of Argia can survive in high 
contamination, but that Epigomphus are intolerant to stream contamination (Ramirez, 
2012). My data do not support these findings, as neither genus was found in abundance at 
Sites 2 and 3, both of which are suspected of containing pollutants from black or grey 
water.  My data show that neither Argia nor Epigomphus tolerate pollution in the 
Quebrada Sin Nombre, and that each greatly favors the healthy stream conditions above 
the influence of human establishments such as The Establo, Johnny’s Pizzeria and many 
homesteads.    	!
Conclusions	
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There is observational evidence to suggest that these establishments are polluting the 
Quebrada Sin Nombre, through either point source (The Establo) or nonpoint source 
pollution (Johnny’s Pizzeria and homesteads), and this evidence is supported by the 
absence of Odonates. In addition to pollution from fecal matter, the large landfill 
observed on the property edge of The Establo could also be contributing to stream 
degradation. When this trash is burned, harmful chemicals can be leached into the stream 
and released into the atmosphere. Although the only physical stream parameter indicating 
pollution at Site 3 is basic pH levels, it is clear that Odonates do not prefer to live in 
urban environments characterized by litter and household waste. 	!
Biological assessments can offer important advantages over physical measurements, as 
organisms integrate environmental conditions over long periods of time, unlike physical 
parameters that show conditions instantaneously and require high replication for accurate 
assessment.  In addition, biological methods of water quality assessment measure actual 
effects on biota, whereas physical methods must eventually be interpreted on a biological 
basis (Metcalf, 1989).  Macroinvertibrates such as the Odonata serve as good biological 
indicators of stream quality due to the fact that they are abundant, relatively easy to 
collect, are sensitive to pollutants, react to them quickly, are relatively sedentary and are 
therefore representative of local conditions (Metcalf, 1989).  This study sought to 
determine whether Odonates can be used as biological indicators of stream quality in 
neotropical cloud forests, and my overall conclusion is yes: highly abundant populations 
of Odonates indicate a healthy stream, however, the genera themselves, in the case of the 
Quebrada Sin Nombre, appear uniformly intolerant to contamination.  If grey and black 
water pollution from point source and nonpoint source pollution have the ability to 
eliminate populations of Odonates in the stream, it is likely that other organisms are also 
affected.  This poses problems for the future, as our livelihood depends on properly 
functioning watersheds.  However, biological indicators such as the Odonata can serve as 
tools for determining water quality and addressing the health of watersheds in the future.    	!
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Figure 1. Dissolved oxygen variation among 30 puddles at three sites along a stream in 
Monteverde, Costa Rica. Site location had a statistically significant effect on DO 
concentrations (randomized block ANOVA, F = 83.33, p < 0.0001, df = 179). A post hoc 
test showed that DO concentrations at Site 2 (below hotel) were significantly lower than 
at Sites 1 (headwaters) and 3 (urban), which were statistically similar (Tukey-test, q = 
2.36, p < 0.0001). Third-order polynomial regression analysis showed a significant trend 
between DO content and puddle number (y = -0.0006x3 + 0.04x2 – 0.67x + 10.46, R2 = 
0.25, p < 0.0001, n = 180). At Site 2, puddles 11-15 showed large drops in dissolved 
oxygen, though puddles 16-20 consistently had higher DO concentrations.  	!!!
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Figure 2. pH variation among 30 puddles at three sites along a stream in Monteverde, 
Costa Rica. Site location had a statistically significant effect on pH (randomized block 
ANOVA, F = 205.66, p < 0.0001, df = 179). A post hoc test showed that pH levels were 
significantly different from one another at each site (Tukey-test, q = 2.36, p < 0.0001). 
Third-order polynomial regression analysis showed a significant trend between pH and 
puddle number (y = -0.0003x3 + 0.02x2 – 0.25x = 7.94, R2 = 0.53, p < 0.0001, n = 180). 
At Site 2, puddles 11-15 exhibited more acidic pH levels than in puddles 15-20, which 
were more neutral.         	!!!!!!!!!!!!!!!
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Figure 3. Temperature variation among 30 puddles at three sites along a stream in 
Monteverde, Costa Rica. Site location had a statistically significant effect on temperature 
(randomized block ANOVA, F = 4581.32, p < 0.0001, df = 179). A post hoc test showed 
that temperatures were significantly different from one another at each site (Tukey-test, q 
= 2.36, p < 0.0001). Linear regression analysis showed a significant positive trend 
between temperature and puddle number (y = 0.10x + 16.36, R2 = 0.80, p < 0.0, n = 180). 	!!!!!!!!!!!!!
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Figure 4. Average nitrogen and phosphorous concentrations over a six-day sampling 
period at three sites along a stream in Monteverde, Costa Rica.  For both nitrogen and 
phosphorous, samples from the three sites were statistically significantly different from 
one another (Nitrogen: Kruskal-Wallis ANOVA, H = 7.24, p < 0.03, n = 18; Phosphorous: 
Kruskal-Wallis ANOVA, H = 6.86, p < 0.03, n = 18).  Error bars represent one standard 
error.  	!!!!!!!!!!!!!
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Figure 5. Linear regression analysis of Odonate populations sampled at three sites/30 
puddles along a Monteverde, Costa Rica stream.  The regression showed significant 
negative trends between Odonate abundance and puddle number for both genera 
Epigomphus and Argia, and for the total abundance of all larvae collected (Epigomphus: 
y = -0.13x + 2.91, R2 = 0.45, p < 0.0001, n = 30; Argia: y = -0.08x + 2.15, R2 = 0.22, p < 
0.01, n = 30; Total: y = -0.21x + 5.14, R2 = 0.40, p < 0.0001, n = 30).  Brechmorhoga was 
left out due to the fact that only one specimen was found at all sites. Ninety-five percent 
of Odonate individuals, including the specimen from Brechmorhoga, were found at Site 
1.  	!!!!!!
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