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Dispersion and reproductive success of Lepanthes 
spp. (Orchidaceae) in the Monteverde cloud forest. 

 
Natalie Konig 
 
Department of Botany, Miami University-Oxford, Ohio 

 
ABSTRACT  
The purpose of this study was to determine if Lepanthes orchids grow in patchy, random, or even 
distributions on their host trees.  Three species focused on in this study were Lepanthes 
monteverdensis, Lepanthes ciliisepala, and Lepanthes lindleyana.  The study was conducted in 
July of 2013 in Monteverde, Costa Rica.  Lepanthes were sought 2 m from the Principal trail of 
the Monteverde Biological Station property.  Lepanthes were sought on trees with a diameter at 
breast height (DBH) of ≥ 15 cm, and from the base of the tree to 2 m.  Distribution of plants was 
compared to distribution of pods to determine if reproductive success was affected by proximity 
to other plant characters. Nearest neighbor distances (NND) were measured for all plants on a 
tree of the same species, as well as NND for fruit pods from plants, flowers and other pods.  
Lepanthes were found to be patchy both across and on hosts.  Only 15 percent of the trees 
observed had Lepanthes.  For all three specie,s plants had closer NND then the pods (less than 
13.0 ± 1.5 cm for plant-plant), but the overall patchiness was greater for pods.  This indicated 
that pods are more likely to be produced in tighter clusters, but pod production is not directly 
affected by how close individuals are to each other.  This study found that patchier distributions 
of Lepanthes have greater reproductive success.  Due to the success of Lepanthes with clumped 
colonization patterns, patchiness may contribute to the high speciation seen in Lepanthes and 
orchids in general. 
______________________________________________________________________________ 
 
RESUMEN 
El próposito de este estudio fue determinar si las orquídeas del género Lepanthes crecen en 
distribuciones regulares, al azar o agroupadas en los árboles hosperderos.  Las tres especies en 
las que se enfoco este estudio fueron Lepanthes monteverdensis, Lepanthes cliisepala y 
Lepanthes lindleyana.  El estudio se realizó en Julio del 2013 en Monteverde, Costa Rica.  Las 
orquídeas se buscaron a 2 m del sendero Principal el la Estación Biológica de Monteverde.  Se 
buscaron en árboles con un diámetro a la altura del pecho (DAP) mayor o igual a 15 cm, y desde 
la base a 2 m de altura.  La distribución de las plantas se comparó con la distribución de las 
vainas para determinar si el éxito reproductivo se ve afectado por la proximidad de otras plantas.  
La distancia del vecino más cercano (NND) se midió para todas las plantas en un árbol de la 
misma especie, así como NND para las vainas con las plantas, flores y otras vainas.  Se encontró 
que Lepanthes se distribuyen en parches tanto en su distribución como en un mismo hospedero.  
Solo 15 por ciento de los árboles observados contenían Lepanthes .  Para las tres especies, las 
plantas tienen una NND más cercana que las vainas (menos de 13.0 ± 1.5 cm para planta-planta), 
pero la agrupación de parches es mayor para las vainas.  Esto indica que las vainas son más 
propensas a ser producidas en parches más pequeños, pero la producción de las vainas no es 
afectada directamente por cuan cerca están los individuos unos de otros.  Este estudio encontró 
que las distribuciones en parches de Lepanthes tienen un mayor éxito reproductivo.  Debido al 
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éxito de Lepanthes con patrones de colonización agrupado, el estar en parches puede contribuir a 
la gran especiación vista en Lepanthes y orquídeas en general. 
______________________________________________________________________________ 
 
 
INTRODUCTION 
WITH MORE THAN 26,000 SPECIES, Orchidaceae is one of the largest angiosperm families (Joppa 
et al. 2011).  It is very diverse particularly in floral characters, which is further reflected in the 
diversity and specificity of pollinators (Lulling 2006).  Compared to many other angiosperm 
families Orchidaceae has a very high rate of speciation.  Although there have been few studies 
relating to why speciation of orchids is so frequent, prezygotic isolation seems to be a key factor 
(Xu et al. 2011).  
 Floral isolation can act as a reproductive barrier that may play an important part in 
reproductive isolation.  Reproductive barriers can be caused by pollinator behavior (ethological 
isolation) or morphological differences in flowers (mechanical isolation).  Both these forms are 
types of prezygotic isolation. Studies have shown  plant-pollinator interactions to be strong 
factors in plant speciation.  Floral isolation is unlikely to be initially involved in sympatry 
because habitat or geographic isolation must first be present to cause floral variation (Xu et al. 
2011).  Therefore small populations with low gene flow can lead to genetic differentiation and 
speciation (Phillips et al. 2012). 

The genus Lepanthes is in itself a very diverse group with over 600 species (Luer 1986).  
Many species are limited to small geographic areas, and are generally grow in clustered 
formations.   There are about 90 species of Lepanthes in Costa Rica, 75 percent of which are 
endemic (Pupulin 2001). Lepanthes undergo some self pollinization, but they are widely 
assumed to be fly pollinated (Lulling 2006).  A small number of trees tend to be occupied by 
these orchids, but these few are highly abundant in Lepanthes. However, it is uncertain why they 
colonize in these localized areas (Tremblay 1997). 

Analysis of the relationship between patchiness and reproductive success may help to 
determine causes of speciation.  This study looks at patterns of dispersion on and across hosts, 
and how this relates to pod production. The objectives of this study are to determine how 
dispersion patterns of Lepanthes affect their reproductive success.   
 
MATERIALS AND METHODS 
STUDY SITE-The study was conducted  in July of 2013 (wet season)  on the property of the 
Estación Biológica de Monteverde, in the Puntarenas Province of Costa Rica. The site was 
categorized as a lower montane rain forest  Holdridge life zone.  Data were collected along the 
Principal trail. The forest is located in the Tilarán Mountain range altitude of about 1580-1736m.  
The habitat is in a thick primary tropical cloud forest with trees reaching around 25 m in height, 
with an annual rainfall of 3600-8000 mm.  
 
STUDY ORGANISM- Lepanthes are epiphytic or lithophytic, and commonly grow on the trunks of 
trees. They are Neotropical and grow between 200-2000 m in elevation (Tremblay 1997).  
Lepanthes are most successful in very wet habitats (McCall 2007).  Species common to 
Monteverde cloud forest are Lepanthes monteverdensis, Lepanthes ciliisepala, and Lepanthes 
lindleyana.  These three species have small geographic ranges (L. monteverdensis is endemic to 
Monteverde).   They are most distinguishable by differences in flower color, and shape of their 
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petals (Fig. 1).  Lepanthes species are assumed to be fly-pollinated (probably drosophilid flies) 
and occasionally self-pollinated (Tremblay 1997).  These species have been observed to grow in 
clustered formations in groups of the same species. 
 

A.   B.   C.  
______________________________________________________________________________                                     
FIGURE 1.Floral structure of Lepanthes, note two petals protruding above and below, and three 
sepals.  A. Lepanthes lindleyana identifiable by two straight red petals, and the dark red streaks 
on the sepals. B. Lepanthes monteverdensis, identified by its two red petals, and occasional 
yellow in the very center; sepals generally a plain pale yellow, but may have a slight pinkish tint. 
C. Lepanthes ciliisepala., identified by yellow outer edges of petals, and red inner edge; petal 
shape curves down and flares out at the tips on the lower half; sepals are light yellow. 
 
DISPERSION ACROSS HOSTS -  Lepanthes were sought along the Principal trail, on living trees 
within 2 m from the path and had a DBH of  ≥ 15 cm.  Lepanthes were sought from the base of 
the trunk up to 2 m.  Occupied trees were marked with flagging tape, and the DBH (cm) of each 
tree was measured.  When a single tree branched out of the ground in two places the stems were 
considered two separate structures.  The number of Lepanthes on each tree were counted.   
 
NND AND PATCHINESS -  Nearest neighbor distances (NND) were measured for each of the three 
species on the trees.  One measurement was taken for each plant, to the closest plant of the same 
species.  All NND measurements were taken from  the center of the plants (where rooted).  
Within a two-day period, NND was measured for all pods.  NND was measured from a plant 
with a pod to the closest plant, to another with a pod, and to another plant with a flower.  If the 
plant with the pod being measured had a flower or another pod, that measurement was recorded 
as 0cm.  If a plant was the only one of its species on the tree, or there were no fruits or flowers of 
the same species on the tree, that measurement was recorded as 146cm  (twice the distance of  
the largest recorded NND). 
  
RESULTS  
DISPERSION ACROSS HOSTS – There were far more trees unoccupied than occupied (Fig. 2).   Of 
the 213 trees, 182 (75 %) did not have any Lepanthes (Fig. 2). The dispersion of Lepanthes 
across trees was tested to determine if it was random.  The results showed that the dispersion was 
significantly different from random and showed a patchy distribution (Poisson: Kolmogorov 
Goodness-of-fit test, D = 0.87, p < 0.05; mean individuals per tree = 18, variance = 177.9).  For 
the trees that were occupied by Lepanthes, the plants were always found in groups of more than 
one.  Groups were most commonly fewer than 30 plants on a tree, but did reach a maximum of 
64 plants on a tree (Fig. 2).  In addition the mean diameter of occupied trees was 41.1 ± 29.4 cm, 
with a min of 16 cm and a max at 150 cm. 
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FIGURE 2.  Frequency of trees, with numbers of plants per. tree containing L. monteverdensis, 
L. ciliisepala, and/or L. lindleyana.  Trees were sampled in the Monteverde cloud forest during 
the wet season of July 2013.  Samples were found within a two week period (n = 213). 

 
NEAREST NEIGHBOR DISTANCE- I tested weather average NND differed between all pairs of 
reproductive condictions (plant-plant, pod-plant, pod-flower, pod-pod) for each species (One-
way ANOVA). There were significant differences between mean NNDs for all,  species.  In the 
case of L. monteverdensis, the significant difference ( F = 7.3,  DF = 108, p < 0.0002) was due to 
a significant difference between plant-plant versus pod-pod, as well as between plant-plant, 
versus pod-flower.  In the case of L. ciliisepala, the significant difference (F = 48.4, DF = 331, p 
< 0.0001) was due to a significant difference between pod-pod versus all other NNDs; as well as 
a difference between pod-flower versus pod-plant.  In the case of L. lindleyana the significant 
difference (F = 39.2, DF = 266, p < 0.0001) was due to a significant difference between pod-pod 
versus pod-plant and versus plant-plant.  There was also a significant difference for pod-flower 
versus pod-plant and versus plant-plant.  For all three species pod-pod and pod-flower were both 
always significantly different from plant-plant NNDs (Fig. 3).  
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FIGURE 3.  Mean nearest neighbor distances (NND: cm) for plant-plant, pod-plant, pod-flower, 
pod-pod; of L. monteverdensis, L. ciliisepala, and L. lindleyana.  Samples were measured in 
Monteverde cloud forest, during the wet season of 2013.  Plant-plant NND were each measured 
once over a two week period.  Pod-plant, pod-flower, and pod-pod NND were each measured 
once, within a two day period.  Error bars represent standard error.  Numbers above bars indicate 
sample size (n). 
 
PATCHINESS- I calculated an index of patchiness which is (variance in NND)/(mean NND).  All 
three species showed a patchy distribution (variance > mean NND), and the index of patchiness 
were greater for pods then for plants of all three species.  The patchiness for all pod 
measurements of L. monteverdensis, L. ciliisepala, and L. lindleyana ranged from 13.8 ± 3.9 to 
63.9 ± 15.8 cm.  In comparison the patchiness of plant-plant for all three species was always less 
than 13.0 ± 1.5 (Fig. 3).  All three distribution measurements for the pods were greater than those 
for plant-plant, but there was variation between species of which measurements of pods were 
most patchy.  For L. monteverdensis, pod-plant and pod-flower measurements were patchier than 
pod-pod.  Lepanthes ciliisepala had similar patchiness for pod-pod, pod-flower, and pod-plant.  
Lepantehs lindleyana was the patchiest for pod-plant.   
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FIGURE 4. Patchiness (variance/mean NND) for plant-plant, pod-plant, pod-flower, and pod-
pod; of L. monteverdensis, L. ciliisepala, and L. lindleyana.  Patchy distribution was indicated by 
a positive variance/mean ratio.   Samples were measured in the Monteverde cloud forest during 
the wet season of July 2013.  Plant-plant NND were each measured once over a two week 
period.  Pod-plant, pod-flower, and pod-pod NND were each measured once, within a two day 
period.  Numbers above bars indicate sample size (n). 
 
DISCUSSION 
Dispersion patterns both in scale and among reproductive structures, have a significant 
relationship with reproductive success of Lepanthes.  The study site along the trail was observed 
to be very abundant in Lepanthes, but even here only 15% of the trees were occupied (Fig. 2).  
In, addition to being clustered in what seems to be a localized area along the trail, Lepanthes 
were also clustered on the trees themselves.  Dispersion is in fact patchy among trees with 
Lepanthes (Fig. 2), and even though there are many trees unoccupied, when there is an individual 
there tend to be many individuals.  In a study that looked at nine species of Lepanthes, the results 
also showed a patchy dispersion  of  most species across their host trees.  In addition, the mean 
patchiness of Lepanthes in this study also indicated that individuals are aggregated on hosts, and 
are in small hyper-dispersed clusters (Tremblay 1997). 
 Plants with reproductive structures are not significantly closer to other plants, with or 
without reproductive structures (Fig. 3).  Due to the fact that mean pod NND were never less 
than mean NND between plants (Fig. 3), it was concluded that closeness of a plant to another 
does not increase the plants’ chances of producing a pod.  Lepanthes already grow in close 
proximity to each other, but further closeness of pods does not increase chances of reproductive 
success. 
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 However, greater patchiness is related to reproductive success. The patchiness index for 
pod-pod, pod-plant, and pod-flower was always higher than plant-plant.  This means that pods 
are in patchier arrangements then plants with no reproductive structure (Fig. 4).  Patchiness was 
much greater with pods then it was between just plants on the tree. This pattern was true for all 
three species of Lepanthes.  Therefore plant reproductive success may not benefit from having a 
close neighbor, but does seems to benefit from greater patchiness. 

From these results it was inferred that fly pollinators are not visually attracted by how 
close a plant is to another, but of how clumped the group of plants are.  In the same study 
mentioned previously, block size (sample area in forest from 5-640 m2) was compared to 
distribution pattern.  These results concluded that smaller block sizes tended to have a regular 
distribution of Lepanthes, but with a larger block size the distribution appeared to be more 
aggregate (patchy).  In other words there is a greater resolution of patchiness at a larger scale.  
From these results it was concluded that establishment of seeds was more common within shorter 
distances, and less frequently on further phorophytes (hosts).  Furthermore it was suggested that 
since gene flow between populations is relatively small  in plants, these Lepanthes populations 
may be genetically isolated (Tremblay 1997). 
 Another study that looked at the diversification of the Orchidaceae family found, contrary 
to their hypothesis, that Orchidaceae has relatively low levels of genetic differentiation between 
populations. However, orchid isolation by distance was frequent. Contrary to other studies it was 
found that gene flow is high in orchid species within a 250km range. Isolation between two 
geographic regions may cause differentiation at a regional scale but homogeneity within 
separated groups. Nevertheless, this differentiation is not evident in all species.   However, low 
genetic differentiation, emphasizes that low gene flow and genetic drift are unlikely to be an 
important factor in explaining the high diversity of orchids.  Small founding populations with 
limited gene flow is the most plausible explanation for drift-mediated speciation.  Furthermore, 
fine scale genetic partitioning in a localized area can lead to differentiation, and speciation 
(Phillips et al. 2012).  

Lack of suitable bryophyte associations, which are important for Lepanthes fitness (Crain 
2012), phorophyta, and microhabitat conditions may all be limiting factors to Lepanthes 
dispersion.  Therefore, these factors may cause low frequencies of Lepanthes populations to 
colonizing other trees.  An interesting observation was that L. monteverdensis is endemic to 
Monteverde, while other species are able to colonize elsewhere. This may be due to the fact that 
L. monteverdensis, may have differentiated enough to only be successful in this specific location, 
while other species still have a broader range of niches.   

In another study of gene flow it was concluded that population size plays a key role in 
natural selection, gene flow, and genetic differentiation.  Isolated populations have a greater 
response to genetic drift.  If isolated populations are small they will be even more effected by 
genetic drift causing changes in the populations genetic or morphological structure (Tremblay & 
Ackerman 2001).   

From this study it was shown that Lepanthes grow in a patchy distribution.  There is a 
strong selective pressure for this dispersion pattern due to increased reproductive success.  With 
widely dispersed small groups of these species, and evidence that gene flow is limited between 
these populations, its can be inferred that spatial distribution may be contributing factor to the 
rapid speciation of Lepanthes. 
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Seedling and Plantlet Communities along an elevation 
gradient in the Monteverde Cloud Forest!
!
Rachel Brinks!!
Department of Environmental Studies, University of Colorado at Boulder!

!
ABSTRACT !
Plant reproductive strategies can vary adaptively for a particular ecological context. Many plants 
can reproduce sexually by seedlings and also by vegetative growth in the form of fragments or 
plantlets. This study tested how plant reproductive strategies would vary adaptively across an 
elevation gradient from 1450 meters to 1718 meters. Within this gradient a total of seven sites 
were sampled at 30-50 m elevational increments from each other. 130-150 plantlets and 
seedlings between one to six inches were chosen from each site, with Pteridophyta, Poaceae, and 
Araceae families excluded due to the difficulty in identifying their reproduction. Plants were 
sorted into their family, if known, or given a morpho species designated name. The number of 
seedlings and plantlets of each species was recorded. A total of 60 species were found across all 
sites, making up 11 families. It was found that the abundance of seedlings always exceeded that 
of plantlets, but that the percentage of reproduction via fragmentation increased as plants moved 
up the elevation gradient and was significantly correlated (Spearman’s Correlation, ρ =. 89, p 
=0.0068). Shannon-Weiner Diversity Indices (H’) were calculated and compared with a modified 
t-test. It was found that seedling diversity was significantly different than plantlet diversity at 
every site except for at the highest elevation of 1718 meters. This suggests that reproduction by 
fragmentation is an important adaptation for certain species at higher elevations due to selective 
pressures (harsher conditions like more wind and rain). This may have important implications for 
plant reproduction as climate change affects plant ranges and selective pressures.  !
RESUMEN !
Las estrategias reproductivas de las plantas pueden variar adaptativamente por un contexto 
ecológico particular.  Varias plantas pueden reproducirse sexualmente por semillas y también 
vegetativamente en la forma de fragmentos o plántulas.  Este estudio muestra como las 
estrategias reproductivas de plantas pueden variar adaptativamente a lo largo de un gradiente 
altitudinal de 1450 m a 718 m. Dentro de este gradiente un total de siete sitios fueron 
muestreados a incrementos de 30-50 m del otro.  130-150 plántulas de fragmentos y semillas de 
entre una y seis pulgadas fueron escogidas de cada sitios, con las familias Pteridophyta, Poaceae, 
y Araceae excluidas debido a la dificultad de identificar su modo de reproducción.  Las plantas 
fueros separdas por familia, si esta era conocida, o se les designo el nombre de morfoespecie.  El 
número de plántulas por fragmentos o semillas de cada especie se anotó.  Un total de 60 especies 
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se encontraron a lo largo de todos los sitios, para 11 familias. Se encontró que la abundancia de 
plántulas por semillas siempre es mayor que la de fragmentos, pero que el porcentaje de 
reproducción por fragmentos aumenta al moverse en el gradiente altitudinal y se correlaciona 
significativamente (Correlacion de Spearma, ρ =. 89, p =0.0068). El índice de diversidad 
Shannon-Weiner (H’) se calcularon y compararon con una prueba t modificada. Se encontró que 
la diversidad de plántulas por semilla es significativamente diferente que por fragmentos en cada 
sitio excepto a la elevación mayor de 1718 m.  Esto sugiere que la reproducción por 
fragmentación es una adaptación importante para ciertas especies a elevaciones mayores debido 
a las presiones selectivas (condiciones más duras como viento y lluvia). Esto puede tener 
implicaciones importantes para la reproducción de las plantas al tener el cambio climático un 
efecto en los rangos de distribución de las plantas y las presiones selectivas. !!
INTRODUCTION !
MANY PLANT SPECIES are capable of vegetative reproduction. It provides an alternate method to 
sexual reproduction. Vegetative reproduction can occur when fallen leaves and stem fragments 
can take root and become individual plants (Sages 1993). These young fragments are often 
referred to as plantlets, while young plants that reproduce sexually, or directly from a seed, are 
known as seedlings.  

Plant reproductive strategies can vary adaptively for a particular ecological context. It has 
been show it is adaptive for plants to use vegetative reproduction instead of sexual reproduction 
under certain abiotic and seasonal conditions (Kinsman 1990).  These conditions include high 
winds and moisture levels. Higher winds allow for the increased breakage of branches and twigs 
that allow fragments to take root. Increased rainfall has been shown to encourage root production 
along stem fragments (Bush & Mulcahy 1999).  

The environmental conditions of wind and rainfall can change considerably along an 
elevation gradient in the tropics. Rainfall has been shown to increase up to mid-elevations that 
usually correspond to the top of cloud forests (Sarmiento 1986). Wind has also been shown to 
increase. Since wind speed is proportional to height, high elevations also have higher wind 
speeds, and may have a greater frequency of wind (Air in Motion). 

While many studies have investigated plant reproduction at the level of individual species 
or families (Bush & Mulcahy 1999, Winkler et al. 2010, Douglas 1981), this study investigates 
adaptions in overall plant communities to provide the broader picture. Increasing elevation and 
the consequent increase in selective pressures should create a tendency for plants to reproduce by 
fragmentation. This increase should be apparent in many plant species and families making up a 
plant community. It is for these reasons that I predict the diversity of plants utilizing the strategy 
of fragmentation should increase where the selective pressures increase (higher elevations, with 
wetter and windier conditions). This prediction is consistent with proposed ideas from a similar 
study on plant diversity (Pennings & Callaway 2000). The results of my study will provide new 
insight into how different species of plants adapt along elevation changes and how this affects 
plant community’s composition.  !
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!!!!
MATERIALS AND METHODS !
STUDY SITE. —  This study was conducted along trails on the Pacific slope of the Tilarán 
Mountain Range in Monteverde, Costa Rica, on the property of the Monteverde Biological 
Station (Fig. 1).  The study was conducted in July, 2013, during Costa Rica’s rainy season. The 
forest these trails run through included both primary and secondary cloud forest. The samples 
were taken between 1450 m to 1718 m in elevation. This includes the Holdridge Life Zones of 
the Lower Montane Wet Forest and Lower Montane Rainforest. Mean annual rainfall for the 
Lower Montane Wet Forest is between 1850-4000 mm and for the Lower Montane Rainforest it 
is between 3600-8000 mm (Haber 2000). The highest elevations were observed to be windier, 
and more exposed then the lower elevations.  
  
STUDY DESIGN. —  A total of seven sites were sampled at 30-50 m elevational intervals along 
the elevation gradient. The exact elevation in meters was calculated using an altimeter. Since 
altimeter readings vary daily due to changes in air pressure, readings were averaged over a three-
day period at each site. Plant reproduction was measured by picking close to 140 samples at each 
site for a total of 977 plants. Plants picked were categorized as having either vegetative or sexual 
reproduction and bagged separately. Only plants that unmistakably exhibited sexual or vegetative 
growth were included in the analysis. Seedlings had to have visible seeds or clear embryonic 
roots, and plantlets had to be identified by the presence of a callous ring at the root-stem junction 
(Sager 1993). Plants included had to measure between one to six inches tall and had to be located 
three meters or less from the trailside in order to keep the samples in a uniform environment. 
Ferns, Poaceae, and Araceae species were excluded from the study due to difficulty in 
identification of their reproductive methods. 
 After each collection, seedlings and plantlets were individually sorted into families, if 
known, and given a morpho species designated name. Species whose families were not identified 
were simply called Species A, Species B, and so forth. The number of seedlings and plantlets of 
each species was recorded. Each new species of plant was pressed and labeled for future plant 
identification.  !
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!  

Figure 1. Maps of trails used for the study sites, including the South Principal and the South El 
Potrero trails on the property of the Monteverde Biological Station on the Pacific slope of the 
Tilarán Mountain Range in Monteverde, Costa Rica. !
RESULTS 

SPECIES COMPOSITION. —  At each elevation the number of seedlings exceeded the number of 
plantlets (Table 1). In total across all sites, 60 individual species were recorded; 20 of these were 
easily identifiable and made up 11 known families. There were at least eight families that 
reproduced via fragmentation, most commonly the Begoniaceae and Piperaceae families. Several 
of the families never showed reproduction via fragments including Arecaceae, Cucurbitaceae, 
and Malvaceae, although the latter two were not often identified among seedlings.  !
Table 1. The total number of seedlings and plantlets from each plant family found at all 
elevations in the Monteverde Cloud Forest.  Species that could not be identified in a family were 
grouped in the Unidentified Plant Families row.  
Family Seedlings Plantlets
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REPRODUCTIVE STRATEGIES ACROSS ELEVATIONS. —The overall total percentage of 
reproduction via fragmentation increased as plants moved up the elevation gradient and was 
significantly correlated (Spearman’s Correlation, ρ =. 89, p =0.0068). Begoniaceae and 
Piperaceae families were the most commonly found families of plantlets and were graphed to 
show individual family trends. Begoniaceae (Spearman’s Correlation, ρ=0.33, p=0.46) was not 
significantly correlated and neither was Piperaceae (Spearman’s Correlation, ρ =0.40, p=0.38).  !

"  
Figure 2. This figure shows the correlation of plantlets as a percentage of total reproduction in 
the Monteverde Cloud Forest. The green triangles represent Piperaceae, the red squares represent 
Begoniaeae, and the blue diamonds represent all plantlets. !

Acanthaceae 0 1
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Begoniaceae 119 27

Cucurbitaceae 3 0
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DIVERSITY. —Seedling and plantlets overall trends in diversity were compared. The results 
showed a significant difference between the two (Shannon-Weiner Diversity Index, t= 6.33, d.f.= 
59296, p-value < .001). Seedlings had an overall greater diversity due to a higher species 
richness and evenness. 

The relative abundances (N), the species richness (S), the species diversity (H’), and the 
overall evenness (E) between seedlings and plantlets were compared at each elevation. Seedlings 
were found on average to be more abundant then plantlets at every elevation (mean ± sd = 115 ± 
26.62) and exhibit a downward trend. Plantlets total average abundance (24.57 ± 22.54) 
increased with elevation. The relative abundances were very similar at the highest elevation, with 
only ten more individuals of seedlings than plantlets (Fig. 3).  !

"  
Figure 3. The relative abundances (N) of seedlings and plantlets found at each elevation level in 
the Monteverde Cloud Forest (n ≈ 140 per site). !

Species richness (S) or the total number of different species was always higher for 
seedlings than plantlets (Fig. 4). Seedlings richness peaked at 1640 m and then decreased. The 
species diversity of plantlets seemed to stay fairly consistent but peaked at 1678 m. The mean of 
seedlings richness (18.15 ± 5.96) was more than twice the mean of plantlet richness (7.28 ± 
5.15).  !
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"  
Figure 4. The Species Richness for seedlings vs. plantlets at each elevation site in the 
Monteverde Cloud Forest. !

The diversity (H’) of the plantlet communities was typically less than that of the seedling 
communities, as a result of differences in species richness (S), but not due to the lower evenness 
(E). Overall the mean for seedlings (2.33 ± 45) was higher than for plantlets (1.36 ± .67). The 
only place where plantlet communities were found to be as diverse as seedling communities was 
at the highest elevation of 1718 m.  !

"  
Figure 5. The diversity (H’) of seedlings and plantlets species in the Monteverde Cloud Forest. !

The evenness (E), or how equitably distributed individuals were across species, was 
similar between plantlets and seedling. The mean evenness for seedlings was higher (0.81 ± .07) 
than for plantlets (0.73 ± .35).  !
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"  
Figure 6. Evenness of seedling and plantlet communities at each elevation found in the 
Monteverde Cloud Forest. !

Pairwise comparisons of the diversity of the highest elevation’s plantlet community 
versus that of all lower plantlet communities were also made. A significant difference was found 
between 1718 and 1594 m (Shannon-Weiner Diversity Index, t= 2.04, d.f.= 918, p = 0.04) , and 
between 1718 and 1501 m (Shannon-Weiner Diversity Index, t = 3.91, d.f. = 12, p = <.001). 

"

" "  
Figure 7. Comparisons of the plantlet diversity from the top elevation (1718 m) to the plantlet 
diversity of lower elevations found in the Monteverde Cloud Forest. The blue bars represent the 
top elevation and the red bars represent each lower elevation. The greatest plantlet diversity was 
found at the second and third highest elevations (1678 and 1640 m). The least plantlet diversity 
was found at the mid-range elevation (1594 m). The asterisks represent elevations where a 
significant difference in diversity was found.   !
DISCUSSION !
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This study found that the abundance of seedlings always exceeded that of plantlets, but that the 
plantlets and seedlings abundance were almost equal at the top elevation (1718m). The ratio of 
plantlets to seedlings kept increasing and was positively correlated with the increase in elevation, 
supporting the work of another study (Douglas 1981). These results support the proposed idea 
that plant species seem to adaptively adjust their mode of reproduction, perhaps as an 
opportunistic response to the high wind and rainy conditions. This has also been suggested in a 
similar study (Winkler et al. 2010). These conditions maybe especially pronounced due to the 
study being conducted near the Continental divide. This opportunistic response may explain why 
certain families like Begoniaceae and Piperaceae were found to most commonly exhibit 
vegetative reproduction. Begoniaceae and Piperaceae species may be better adapted to these 
selective pressures then most other species. 

Seedlings diversity was found to be significantly different than plantlet diversity at every 
site except for at the highest elevation (1718 m). Plantlets diversity exhibited an increasing trend 
until the highest elevation where it slightly decreased. These trends somewhat support the 
prediction that plantlet diversity would increase with increases in selective pressures at higher 
elevations, although the highest elevation had relatively low seedling and plantlet diversities. 
This may support the idea that selective pressures may slightly restrain the overall diversity of 
plantlets and seedlings (Ellstrand & Roose 1987), despite these pressures favoring the increased 
abundance of fragmentation at higher elevations.  

Besides wind and rainfall, other pressures such as pollinator limitation and lack of seed 
dispersers could also play a role in the prevalence of fragmentation verses sexual reproduction in 
plant species. If plants are not being pollinated, then vegetative reproduction may be their best 
option, and this could favor the evolution of the ability to reproduction by fragments. So, the lack 
of pollinators may be an additional selective pressure that affects the physiological capacity to 
sprout from vegetative parts. This could be working in conjunction with wind and rain as 
selective pressures. Similarly, if dispersers are limited, there may be selective pressure to 
reproduce vegetatively. 

These findings show that reproductive growth via plantlets is likely to be an important 
adaptation for certain species that exist at higher elevations and under harsher conditions of 
increased wind and rainfall where seedlings populations will begin to drop off. These adaptations 
affect the composition and diversity of plant communities and have important consequences for 
the overall structure and dynamics of plant reproduction in tropical cloud forests. This may have 
especially important implications for plant reproduction as climate change affects plant ranges 
and selective pressures.  !
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ABSTRACT 
 
Vegetative reproduction by fragmentation occurs in many tropical understory plants. In the Neotropics, wind and 
moisture from the Caribbean pass over mountains, providing optimal conditions for fragmentation in montane 
regions, including for plants in genus Piper. Aseasonal Atlantic sites should have more uniform moisture and 
increasing wind with elevation, while Pacific sites should show less seasonality, and have more moisture and wind 
as altitude increases.  Reproduction from seed was nearly absent along the Atlantic slope, but occurred at all sites on 
the Pacific slope (χ2 = 64.4268, P < 0.001, df = 5, N = 450). Lowest frequency of reproduction by fragmentation 
was at the lowest Pacific elevation sampled:  69% compared to 89% at the middle and high Pacific elevations, while 
99% or more on each Atlantic site. Greater fragmentation in Piper spp on the Atlantic and at higher elevations on 
Pacific suggest that moisture plays a larger role than wind. This could be a direct response to abiotic factors directly 
favoring fragmentation and/or an evolutionary response to pollinator and disperser limitations in wetter and windier 
areas.   
 
RESUMEN 
 
La reproducción vegetativa por fragmentación ocurre en muchas plantas tropicales del sotobosque. En el 
Neotrópico, el viento y la humedad del Caribe pasan sobre las montañas, proporcionando las condiciones óptimas 
para la fragmentación en las regiones montañosas, incluyendo plantas del género Piper. Sitios del Atlántico sin 
estacionalidad deberían tener humedad más uniforme y un aumento en el viento con la elevación, mientras que sitios 
del Pacífico deberían mostrar menos estacionalidad y tener mayor humedad y viento a medida que aumenta la 
altitud. Reproducción por semillas estuvo casi ausente a lo largo de la vertiente Atlántica, pero ocurrió en todos 
sitios en la vertiente Pacífica (χ2=64.4268, p<0.001, df=5, N=450). La frecuencia más baja de reproducción por 
fragmentación fue en la elevación más baja muestreada en el Pacífico: 69% comparado con 89% en las elevaciones 
media y superior del Pacífico; mientras que fue 99% o más en cada sitio en el Atlántico. Mayor fragmentación en 
especies de Piper en el Atlántico y elevaciones altas en el Pacífico sugieren que la humedad juega un papel más 
importante que el viento. Esto podría ser una respuesta directa a factores abióticos favoreciendo directamente la 
fragmentación y/o una respuesta evolutiva a limitaciones en los polinizadores y dispersores en áreas más húmedas y 
ventosas. 
 

 
INTRODUCTION 
 
ASEXUAL REPRODUCTION THROUGH FRAGMENTATION occurs in plants of temperate (Bush & 
Mulcahy 1999, Greig 1993a, Sagers 1993) and tropical forests (Bush 2000, Bush & Mulcahy 
1999, Cook 1983, Greig 1993a, b; Kinsman 1990, Sagers 1993). Many tropical plants can easily 
fragment (Greig 1993a, b; Kinsman 1990) when debris falls from the forest canopy. Trees, 
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branches, and epiphytes can fatally fall on seedlings (Clark & Clark 1987) and saplings (Aide 
1987) while creating viable fragments in many plant species (Bush & Mulcahy 1999, Kinsman 
1990). Many stem and leaf fragments have the ability to generate new, adventitious roots (Greig 
1993a, Kinsman 1990) and produce successful (Cook 1983) viable plant clones (Sagers 1993).  
 Vegetative reproduction through fragmentation provides adaptive means to survival for 
many plants (Bush & Mulcahy 1999, Kinsman 1990). Vegetative reproduction is crucial for 
many tropical understory plants (Bush 2000, Kinsman 1990) and the ease with which some 
species reproduce by fragmentation perhaps makes some individuals more specialized for certain 
environments. Fragmentation can decrease genetic variability (Bush 2000) and make individuals 
more prone to environmental changes (Greig 1993a, Lasso 2011). However, dominant genotypes 
can proliferate and cause clonal species dominance (Bush & Mulcahy 1999) in communities 
prone to fragmentation.  
 The Monteverde cloud forest located on the Cordillera de Tilarán mountain range in 
Costa Rica is known to have characteristics that favor regeneration by fragmentation. Strong 
northeast trade winds provide seasonal moisture and year round wind to the cloud forest along 
the continental divide (Haber 2000b). High levels of moisture increase fragment survivability 
(Bush 2000) while disturbance increases the frequency of vegetative reproduction in many 
understory shrubs (Bush & Mulcahy 1999). In the rainy season, the trade winds provide water to 
epiphytes in the canopy, causing them to grow heavy and often fall (Haber 2000b, Kinsman 
1990). During the dry season, strong easterly winds break branches that fall to the forest floor 
(Kinsman 1990). Year round canopy breakage and high moisture levels (Clark et al. 2000) in the 
cloud forest favor reproduction by fragmentation in many understory species.  
 The Atlantic (windward) and Pacific (leeward) slopes of the continental divide differ in 
their abiotic conditions. The windward slope has little to no seasonality and receives almost 
double the rainfall compared to that on the leeward slope (Haber 2000b). Wind speeds increase 
with elevation on both slopes (Haber 2000b) while only the leeward slope differs in levels of 
precipitation along an elevational gradient (Haber 2000b). Different abiotic conditions on each 
side of the divide make it the ideal place to study how abiotic conditions influence vegetative 
reproduction through fragmentation.   
 Many species in the common and easily identifiable tropical understory genus Piper are 
able to reproduce by fragmentation (Gartner 1989, Greig 1993a, b; Kinsman 1990, Sagers 1993). 
This is likely a result of their ability to snap at the node when subject to stress (Greig 1993a) and 
generate adventitious roots (Kinsman 1990). This research aims to determine if the frequency of 
reproduction through fragmentation varies in the tropical understory genus Piper (Piperaceae) 
because of abiotic factors, namely wind and rain. If fragmentation varies as a result of wet and 
windy conditions, then Piper plants should respond to an elevational gradient on the Pacific 
slope with an increasing proportion of reproduction by fragmentation with increasing elevation.  
By contrast, Piper on the Atlantic slope should show high levels of reproduction by 
fragmentation across all elevations, with the very highest levels at the uppermost site.  
 
METHODS 
  
STUDY SITE.—The study was conducted on both Atlantic and Pacific slopes along the continental 
divide of the Cerro Amigos peak, within the Cordillera de Tilarán mountain range near 
Monteverde, Costa Rica. Sampling was completed from 15-27 July 2013 at six different 
locations.  
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TABLE 1. Holdridge life zone classification and forest growth stage for all six sites. Pacific and Atlantic represent 

the Pacific and Atlantic Slopes, respectively. Forest represents forest growth stage. Key to symbols: 

LMWF: Lower montane wet forest; LMRF: Lower montane rain forest; 1°: primary growth forest; 2°: 

secondary growth forest. 
 Holdridge Lifezone Forest 

Elevation Pacific Atlantic Pacific Atlantic 
1565 LMWF LMRF 1° 2° 
1690 LMRF LMRF 1° 2° 
1815 LMRF LMRF 1° 1° 

 
 

FIGURE 1.Marked map of study site location for Piper genus sampling near Cerro Amigos peak within Cordillera de 

Tilarán mountain range near Monteverde, Costa Rica. Red arrows indicate Pacific slope sampling site. 

Yellow arrows indicate Atlantic slope sampling site. Letters L, M, H, correspond to Low, Medium and 

High elevation sites, respectively. Low site sampled at 1565m, Medium site sampled at 1690m, High site 

sampled at 1815m. 
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 Three locations were placed along an elevation gradient on each slope of the continental 
divide (Fig. 1). On each slope, the highest site was placed 20m in elevation below the highest 
point on Cerro Amigos. On both slopes, the low, medium, and high elevation sites had elevations 
of 1565, 1690, and 1815 MASL, respectively. Site elevation for each site was measured at least 
three times using an altimeter, and the elevation of each site reported was ultimately determined 
by averaging all site measurements. All sites were chosen to have gentle inclines, full canopy 
cover, and a thick understory. The Holdridge life zone classification and forest growth stage for 
each study site is present in Table 1 (Haber 2000b). 
 
STUDY ORGANISM.—The pantropical understory genus Piper (Piperaceae) is commonly found 
throughout the tropical forest understory (Fleming 1983). In Costa Rica, the genus Piper consists 
of over 90 (Burger 1983) shade tolerant and intolerant (Lasso 2011), fast growing understory 
plant species (Fleming 1983). The genus is dominated by small shrubs but also includes vines 
 

  
 

    
 

FIGURE 2.Characteristic features of Piper spp. All pictures are of the Piper genus. Top left: swollen nodes, bent stem 

near roots. Top right: simple alternate leaves, swollen nodes. Bottom left: asymmetrical leaf base, non-

parallel venation, and warty appearance found in many Piper spp. Bottom right: swoon nodes, bent stem. 
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and small trees (Haber 2000a). The genus is pollinated by many small insects (Fleming 1983, 
Semple 1974) and dispersed dominantly by a variety of bat species (LaVal & Rodríguez 2002, 
López & Vaughan 2007, Wainwright 2007). Piper spp present in the Monteverde Cloud forest 
can often be characterized by the presence of many of the following: (1) alternate, simple leaves; 
(2) swollen nodes; (3) asymmetrical leaf bases; (4) entire leaf margins; (5) terminal stipules; (6) 
bends or zigzags where stem exits the ground; and (7) a characteristic sweet, anise like odor on 
leaves (Fig. 2). 
 At each of the six sample sites, 75 Piper spp were sampled to determine method of 
reproduction for each individual. Sampling was done under a closed canopy, away from light 
gaps, while at least 8m from the nearest trail or clearing and no more than 5m in elevation above 
or below the site marker. In order to be sampled, plants must have been extending vertically less 
than 30cm from the ground so method of reproduction could be accurately determined. Arboreal 
Piper vines were not sampled, however vines growing terrestrially were sampled.  
 

 
 

FIGURE 3.Characteristic features of Piper spp. fragments. Top left: adventitious roots being produced from swollen 

nodes along Piper vine. Bottom left: adventitious roots growing out of node on fragmented branch, Right: 

Piper spp. with rotting fragment at root base, characteristic bend seen at base of stem near root system. 
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 Each sample was recorded as either a plantlet or a seedling depending on its individual 
origins. Plantlets were defined as being products of vegetative reproduction and were easily 
identifiable based on vegetative growth characteristics (Fig. 3). Seedlings were said to arise from 
a germinating seed, and could be often easily identified by a continuous junction between the 
stem and root. Samples that were broken during extraction were recorded separately, but not 
recorded as a plantlet or seedling. Plants that could not be identified in the field were brought 
back for closer inspection, all of which were ultimately identified and recorded. 
 
RESULTS 
 
 Vegetative reproduction by fragmentation dominated reproduction in the genus Piper, 
representing over 90% of samples collected at all sites (n=450). A significant difference (χ2 = 
64.4268, P < 0.001, df = 5, N = 450) was seen in the frequency of reproduction among Piper 
seedlings and plantlets sampled (Fig. 4).  
 On the Pacific Slope, 83% of samples (n=186) were produced by means of vegetative 
reproduction. The medium and high elevation sites had the same number of seedlings (n=8), 
representing just under 11% of site samples. The Pacific low elevation site had the greatest 
number of seedlings (n=23) found in all sites, representing 31% of the low Pacific site samples. 
Only between the middle and low elevation Pacific sites did the frequency of fragmentation 
decrease, from 89% to 69%. Conversely, only one seedling was found on the middle elevation 
Atlantic slope out of all 225 Piper plants sampled on the Atlantic slope.  
 

!

FIGURE 4.Total number of plantlets and seedlings found at each sample site (n=75). Pacific and Atlantic denote 

slope of continental divide where samples were obtained near Cerro Amigos peak, Cordillera de Tilarán 

mountain range, Monteverde, Costa Rica. Values 1565, 1690, and 1815 correspond to elevations of each 

sample site in meters.  
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DISCUSSION 
 
In the Monteverde Cloud Forest, Piper spp reproduce primarily by means of fragmentation. The 
wet and windy conditions found in this elevated tropical montane region allow vegetative 
reproduction by fragmentation to thrive for Piper spp and many other understory plants (Bush 
2000, Bush & Mulcahy 1999, Kinsman 1990, Sagers 1993). The local microclimate of each site, 
being a function of small-scale topographic position and exposure to trade winds (Clark et al. 
2000), plays a critical role in frequency of regeneration by fragmentation in Piper. Data indicates 
position on upper slopes of the continental divide, exposure to trade winds, and amount of 
moisture received influence frequency of reproduction by fragmentation in Piper spp.  
 The two high sample sites located at the same elevation were less than 500m apart from 
one another. Both of these sites were observed to have the strongest winds and most understory 
debris compared to other elevations sampled. While strong winds affected the high Pacific site, 
winds penetrating the forest were dampened between the sample site and the continental divide. 
Conversely, wind on the Atlantic slope came unimpeded from the Caribbean as it rose up the 
continental divide. The high Atlantic site was observed to have the most fallen debris on the 
forest floor, a likely result of having the strongest wind of any site observed.  
 On both slopes, both wind and relative amounts of understory debris were seen to 
decrease with decreasing elevation. Differences in observed levels of disturbance between study 
sites indicate disturbance is likely a function of wind speed in high elevations of tropical 
montane cloud forests. The frequency of reproduction by fragmentation was not seen to decrease 
with decreasing elevation on both slopes, as would be expected if only disturbance affected 
fragmentation in Piper spp. Results and observations from both slopes indicate that wind caused 
disturbance is dominantly a result of elevation, yet disturbance alone is not the only condition to 
influence vegetative reproduction by fragmentation.  
 While the strong winds are believed to generate many plant fragments, the strong winds 
may also hinder reproduction by seeds. The strong winds likely have the power to blow tiny 
photoblastic Piper seeds (Daws et al. 2002, Lasso 2011) over the Atlantic slope, decreasing seed 
germination frequency on the windward side of the divide. The Pacific slope, being more 
sheltered from the harsh northeast trade winds, might allow the tiny Piper seeds to land and 
remain until light initiates germination. This is supported by the lack of seedlings at most 
Atlantic sites and the presence of seedlings at all Pacific sites, with the lowest site on the Pacific 
having the most seedlings. In addition to strong winds carrying Piper seeds away from the 
windward slope, the lack of seedlings on the Atlantic slope might result from moisture that 
hinders pollination in Piper spp. 
 The overwhelming absence of seedlings found on the Atlantic slope suggests that perhaps 
constant, evenly distributed rain influences pollination in the genus Piper. While small insects 
have been reported to pollinate Piper spp (Fleming 1983), Semple (1974) found that primarily 
Trigona bees pollinate several Piper spp and pollination activity appeared to be related to 
weather. The same study reported that few Trigona bees visited Piper flowers under cloud cover, 
while none visited during rain. The substantial amounts of rain and clouds found on the Atlantic 
slope (Haber 2000b) may result in a lack of pollinator presence on this slope. In turn, the 
relatively large presence of seedlings at the low Pacific site and at no other site may result from 
increased pollinator presence because of drier conditions. It is possible that Piper spp on the 
Atlantic slope have adapted to limited numbers of pollinators by changing resource allocation to 
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promote vegetative reproduction caused by a lack of pollinators or an increased frequency of 
falling debris (Lasso 2011).  
 Wet and windy conditions combined with increasing elevation may even hinder dispersal 
of Piper fruits, further decreasing reproduction by seeds in Piper spp. The genus Carollia 
(Carolliinae), commonly referred to as the Piper-eating bat  (López & Vaughan 2007), is a major 
seed disperser of the genus Piper. Only one species of Carollia is reported to venture to 
elevations greater than 1500m (López & Vaughan 2007), a potential limiting factor in dispersal 
of Piper seeds in high elevations. Conversely, local reports indicate presence of at least three 
Carollia spp at above 1550m (J. C. Calderón Ulloa, pers. comm.). Common presence of Carollia 
spp at lower elevations (López & Vaughan 2007) perhaps result in disperser limitations for Piper 
at higher elevations. 
 Evenly distributed rain along the Atlantic slope, and decreasing amounts of rain on the 
Pacific slope with decreasing elevation support much of the change in frequency observed in 
reproduction by fragmentation in Piper based on fragment survivability and moisture levels. 
While more fragments may not be generated at lower elevations, increased levels of moisture 
have been correlated with success in reproduction by fragmentation (Bush 2000). Thus, 
fragments produced on the Atlantic slope have optimal conditions that promote regeneration by 
fragmentation. In addition to fragment success, increased levels of moisture are believed to favor 
reproduction by fragmentation by decreasing pollinator activity. 
 Adaptations for clonal reproduction allow plants to succeed in areas where they are prone 
to damage from above, limited by pollinators or dispersers, or live in areas that have conditions 
that favor asexual reproduction all the time, namely water and disturbance. Even in the absence 
of some of these abiotic conditions, vegetative reproduction was seen to predominate in Piper 
spp within the lower montane wet forest and rain forest life zones of the Monteverde Cloud 
forest.  
 Understanding the factors that affect the frequency of vegetative reproduction in 
understory plants is critical for understanding and maintaining tropical understory diversity in 
cloud forests. Global warming has shown us that human action has changed, and likely will 
continue to change, the earth’s weather. Understanding how tropical understory plants grow and 
reproduce is vital for knowing not only the factors impact genetic diversity of individual genera, 
but that of the entire surrounding tropical community as well.  
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ABSTRACT 
 
Some Philodendron species (Araceae) are hemi-epiphytic climbers and grow toward sunlight by climbing up host 
plant trunks. Factors likely to determine a host plant’s suitability were examined in this study. The species P. 
aurantiifolium, P. wilburii, P. anistomum, and P. brenesii were considered. These species were examined in primary 
and secondary cloud forest understory at 1500-1650 m elevation in Monteverde, Costa Rica. The presence of these 
species from 0 ≤ 2 m on the trunks of all trees 0 ≤ 2 m from the trail with a diameter at breast height (DBH) greater 
than 5 cm was recorded. The following parameters were noted: use of multiple hosts, aroid location on the host 
trunk, bark type, and presence of moss at the point of aroid attachment. In addition, aroid DBH and height of the 
aroid’s lowest leaf (HOL) were measured. Aroid location on host trunk was found to be borderline significant for P. 
aurantiifolium and P. wilburii (X2 = 6.49, df = 3, P = 0.09). Observations found P. aurantiifolium lower on the trail-
facing side and P. wilburii higher on the forest-facing side of larger trees. These findings suggest niche partitioning 
for maximum access to sunlight likely occurs among aroids of the Philodendron genus. 
 
RESUMEN 
 
Algunas especies de Philodendron (Araceae) son escaladoras semi-epífitas y crecen hacian la luz trepando en los 
troncos de plantas hospederas.  Factores para determinar la conveniencia de las plantas hospederas se analizaron en 
este estudio.  Las especies P. aurantifolium, P. wilburii y P. brenesii se tomaron en cuenta.  Estas especies se 
examinaron en el sotobosque nuboso primario y secundario entre 1500 y 1650 m de elevación en Monteverde, Costa 
Rica.  La presencia de estas especies en árboles entre 0 y 2 m a una distancia de no más de 2 m del sendero en 
árboles con un diámetro a la altura del pecho (DAP) mayor a 5 cm se anotaron.  Los siguientes parámetros fueron 
tomados en cuenta: uso de hospederos múltiples, localización de la aracea en el tronco del hospedero, typo de 
corteza, y la presencia de musgo en el punto de fijación.  Además, DAP de la araceae y altura de la hoja más baja 
(AHB) se midieron.  La localización de las araceas en el tronco hospero es casi significativo para P. aurantifolium y 
P. wilburi (X2 = 6.49, df = 3, P = 0.09). P. aurantifolium se encuentra se encuentra más abajor y en el lado mirando 
hacia el sendero y P. wilburi alto y en el lado mirando hacia el bosque de árboles grandes.  Estos resultados sugieren 
partición de nicho para un mayor acceso a la luz del sol entre las araceas del género Philodendron. 
 
INTRODUCTION 
 
SECONDARY HEMI-EPIPHYTES ARE PLANTS THAT BEGIN LIFE ON THE GROUND but end it without 
attachment. They and other climbing plants are abundant and diverse in tropical forests, 
representing up to 20-25 percent of the vascular flora (Balcázar-Vargas et al. 2011). Climbing 
plants lack the ability to hold themselves upright and must use other organisms for support 
(Balcázar-Vargas et al. 2011). As seedlings hemi-epiphytes grow along the ground and, when a 
tree is encountered, climb up its trunk (Balcázar-Vargas et al. 2011; Ray 1992). The majority of 
seedlings grow up nonsuitable host trees and send out vegetative shoots in search of another host 
plant (Balcázar-Vargas et al. 2011). Crossing the forest, ascending and descending many trees in 
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search of a suitable host, the secondary hemi-epiphyte will encounter a variety of options (Ray 
1992). Eventually, if a large tree is found, it will likely be settled upon as the host of choice 
(Carrasco-Urra & Gianoli 2009; King 2011; Balcázar-Vargas et al. 2011). Past studies have 
shown hemi-epiphytic diversity to be greater in primary forests and on larger trees (Carrasco-
Urra & Gianoli 2009; Koster et al. 2011; Williams-Linera & Lawton 1995). The hemi-epiphyte 
may lose all connection to the ground and become a complete epiphyte if it settles on one of 
these larger trees (Balcázar-Vargas et al. 2011). If a tree is large enough, it may even host 
multiple epiphytic plants (Williams-Linera & Lawton 1995). 
 Biotic and abiotic factors determine where on a host tree each hemi-epiphyte will settle 
once its host is chosen (Krömer et al 2007, Shaw 2004). Light intensity, wind speed, air 
temperature, and air humidity all vary at different heights on a tree (Krömer et al 2007). The 
moisture present at various heights plays a major role in the stratification of various hemi-
epiphytic species on tree’s trunks (Wagner et al. 2013). Each hemi-epiphytic species grows best 
with a certain amount of moisture present, and moisture present varies with location on the host 
tree’s trunk (Wagner et al. 2013). Light availability is an important factor in hemi-epiphyte 
placement as well (Darwin 1875). Hemi-epiphytes in tropical forests tend to prefer environments 
with more available light (Carrasco-Urra & Gianoli 2009; Malizia & Grau 2005). Bark texture 
appears to be a less important factor in hemi-epiphyte placement, as long as the bark is a stable 
surface the roots of the hemi-epiphyte can cling to (Talley & Jackes 1996). 
 Araceae is a vascular epiphyte family common in tropical forests (Wagner et al. 2013). 
Some aroids are hemi-epiphytic adhesive climbers that climb using roots and tendrils to cling to 
their host plant (Carrasco-Urra & Gianoli 2009). Past studies have shown general abiotic factors 
that determine tree choice and subsequent location on that tree for aroids (Krömer et al. 2007, 
Talley et al. 1996). These factors include light abundance and intensity, wind speed, and air 
humidity (Darwin 1875, Krömer et al. 2007). Multiple species of aroids have been seen growing 
together on single, typically large, trunks. As species within the same family, these plants are 
ecologically similar. Despite this similarity, coexistence occurs (Shaw 2004). This coexistence 
may be due to low competition for space or differential resource needs (Shaw 2004, Wagner et 
al. 2013). Species within the Araceae family segregate along tree trunks, with differential 
sensitivity to the vertical moisture gradient and other factors determining where each species 
grows (Wagner et al. 2013). 
 This study examines species in the aroid genus Philodendron to investigate factors 
associated with host plant choice. Congeneric species may have similar ecological requirements, 
which could lead to inter-specific competition unless the species have evolved different host 
preferences or different environmental requirements. Therefore, this study investigates possible 
niche partitioning of Philodendron species with respect to host plant characteristics and 
environmental conditions.  The five species examined are P. aurantiifolium, P. anispathum, P. 
wilburii, and P. brenesii. Host characteristics considered include trunk size, moss presence, and 
bark. Aroid species present and their locations on the host trunk were also noted. 
 
METHODS 
 
Study Site—The study took place June 20-31, 2013 at an elevation of approximately 1500-1650 
m in the forest near the Estación Biológica de Monteverde in Monteverde, Costa Rica. The 
Holdridge Life Zone Classification of this area is lower montane wet forest from 1450-1600 m 
and lower montane rain forest from 1550-1850 m (Haber 2000). Annual rainfall for this area is 
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2500-3500 mm, with frequent mist and cloud cover during the dry season (Haber 2000). The 
forest area studied included primary and secondary forest. 
 
Study Organisms—P. aurantiifolium, P. wilburii, P. brenesii, and P. anistomum plants were the 
species examined (Fig. 1). Each species was identified using morphological characteristics. All 
of these species are hemi-epiphytic members of the Araceae family and grow in the forest near 
the Estación Biológica de Monteverde. 
 
Host Trees—Only aroids growing on live trees were considered. The trees included in the 
sample had diameter at breast height (DBH) ≥ 5 centimeters (cm) with at least one of the species 
being examined present. Only aroids growing at or below 2 m on host trunks were considered. 
 
Measurements—Data were collected on the DBH of each aroid stem, the height of the lowest 
leaf of each aroid, the presence or absence of moss at the point of aroid attachment, bark type of 
the host tree, and if each aroid was sending out vegetative shoots. Lowest leaf height was 
measured from the side of the trunk that that aroid grew onto the tree. Moss was considered to be 
present if it covered ≥ 50% of the trunk area directly surrounding the aroid’s stem. Possible bark 
types were ribbed (RI), spiky (SP), rope-like (RO), corky (C), rough (R), smooth (S), peeling (P), 
bumpy (B) and slightly rough (NA). Trunks of trees with DBH > 20 cm were divided into four 
quadrants receiving different intensities and quantities of light (Fig. 2). Quadrant one received 
the most abundant and intense light while quadrant three received the least abundant and least 
intense light. Each aroid was said to be in the quadrant of the trunk within which a majority of its 
leaves grew. 
 
RESULTS 
 
Study Organisms—Only P. aurantiifolium and P. wilburii were found more than three times. 
One P. brenesii plant and four P. anispathum plants were found. No analyses were run using 
data from the latter two species due to the small sample size. 
 Both species studied were found to grow more commonly alone (no other Philodendron 
species present; 95.2%). Philodendron aurantiifolium and P. wilburii were the only species 
found growing together more than once. 
 When growing together, P. aurantiifolium and P. wilburii were present on larger trees 
(average DBH = 50.4208 cm) than when growing separate from other species in the 
Philodendron genus (average DBH = 24.2871 cm, Fig. 3). Though this difference appears large, 
the sample size was limited and precluded any statistical analyses. 
 Stem size and lowest leaf height (HOL) of P. aurantiifolium and P. wilburii were not 
significantly affected by the presence of other species in the Philodendron genus (Figs. 4 and 5). 
HOL of P. wilburii tended to be higher when growing with P. aurantiifolium but the limited 
sample size again precluded any statistical analyses. 
 The presence of moss had no significant effect on the presence of P. aurantiifolium or P. 
wilburii. 
 Growing alone or with another Philodendron species was not significant in affecting 
likelihood of host change in P. aurantiifolium (X2 = 1.89, df = 1, P > 0.05) and P. wilburii (X2 = 
0.94, df = 1, P > 0.05, Table 1). 
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 A chi-squared test was used to determine if Philodendron species’ host switching 
likelihood in the presence of other species in the Philodendron genus (Table 1) or the 
segregation of the two most common Philodendron species into different locations on the trunk 
were significant (Fig. 6). Averages were taken for all shared and alone aroid DBH’s (Fig. 3), the 
DBH’s of each tree (Fig. 4), and all shared and alone aroid HOL’s (Fig. 5). 
 There was a tendency for P. aurantiifolium and P. wilburii to grow in different quadrants 
of the host plant’s trunk, but the tendency was not significant. P. aurantiifolium may occur 
somewhat more frequently in quadrant one in the absence of other Philodendron species and P. 
wilburii may occur somewhat more frequently in quadrant three in the absence of other 
Philodendron species (Goodness of Fit X2 = 6.49, df = 3, P = 0.09, Fig. 6). This segregation into 
quadrants was borderline significant and requires larger sample sizes. 
 P. aurantiifolium occurred more frequently in quadrant one in the presence of other 
species, while P. wilburii did not show any quadrant preference in the presence of other species. 
 
Host Trees—Bark type had no significant effect on Philodendron species’ presence. This may 
be due to the dominance of trees with slightly rough bark (having slightly rough bark = 92.1%). 
 
DISCUSSION 
 
Study Organisms—Light availability and intensity appear to be important determiners in 
growth location of some species in the Philodendron genus. In my examination of species in the 
Philodendron genus, position on host trunk was found to be marginally significant for the hemi-
epiphytic aroid species P. aurantiifolium and P. wilburii (X2 = 6.49, df = 3, P = 0.09) when the 
position of each of these aroids was considered in the absence of any other Philodendron species.  
P. aurantiifolium tended to grow lower and towards the more lit side of larger trunks, while P. 
wilburii tended to grow higher on the darker side of larger trunks. 
 All my analyses and conclusions are based on findings concerning P. aurantiifolium and 
P. wilburii. No other species were found more than a handful of times, precluding any statistical 
tests. Species other than P. aurantiifolium and P. wilburii were found towards the lower end of 
my study site, indicating that my study site may have been located above the elevation range of 
the Philodendron species P. anispathum and P. brenesii. 
 Other considerations in Philodendron placement were moss presence and bark type, but 
neither of these factors was significant. All species were predominantly found on trees with 
slightly rough bark, but this was likely due simply to the dominance of trees with slightly rough 
bark in my study site. Philodendron species were found on trees with ribbed, bumpy, and spiky 
bark, but this occurred for a minority of plants. 
 The increased presence of P. aurantiifolium and P. wilburii in locations with better 
access to light is a trend supported by earlier findings about other hemi-epiphytic plants (Malizia 
& Grau 2005). That growth location of these species is affected by an abiotic factor such as light 
is also supported by a past study’s findings (Krömer et al. 2007). This past study also found 
factors such as humidity and wind speed to be important (Krömer et al. 2007). I was not able to 
measure these factors, but they are unlikely to vary much across my study site. Despite this, 
future studies that did consider moisture and wind speed would be beneficial in adding to the 
data set about hemi-epiphytic plants. 
 My study was considering possible niche partitioning of Philodendron species with 
respect to host plant characteristics and environmental conditions. My results and observations 
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suggest that niche partitioning does occur between aroids of the Philodendron species, with light 
availability as the main factor affecting aroid placement. In other words, P. aurantiifolium and P. 
wilburii segregate themselves on the host trunk for maximum resource access. This segregation 
likely allows the maximum number of trees in a tropical forest to be colonized by aroids in the 
Philodendron genus. This finding can be extended to all aroids, and it can be concluded that all 
aroids likely segregate in order to allow the maximum number of aroids to colonize the 
maximum number of trees in a tropical forest. 
 
Future Investigations—None of the factors considered in this study were more than marginally 
significant. This indicates that more studies are needed to confirm the findings of this study. 
Larger scale studies that examined more possible factors affecting aroid segregation and that had 
tools with which to more accurately measure all possible affecting factors would be beneficial. 
These larger studies could examine niche partitioning in aroids generally as well as among 
species of the Philodendron genus, and could lead to better supported conclusions about niche 
partitioning in this genus and family. 
 Factors that should be considered in these future studies are mainly light availability and 
moisture present. Light is a factor that has long been considered important to climbing plants 
(Darwin 1875). My study suggested that access to light is indeed important and future studies 
could verify or reject this suggestion. Moisture is likely to be stay relatively constant throughout 
a cloud forest understory, but could vary between more and less exposed locations on trunks 
(Krömer et al. 2007). 
 Hemi-epiphytes such as those in the Philodendron genus are important in tropical forests. 
These plants are likely indicator species for tropical forest health. By better understanding them, 
we can better understand how to create and maintain the health of tropical forests. With global 
climate change, determining health of tropical forests is fundamental. These ecosystems are 
indicators future effects on other forests, and they contain much of the world’s diversity. While it 
hopefully will not get to the point where we must create new tropical forests, the possibility 
necessitates that we gain that knowledge. 
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FIGURES AND TABLES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1: Leaves of each species examined. (1) Leaf of P. aurantiifolium. Its distinctive broad petiolar sheath 
can be seen. (2) Leaf of P. wilburii. This leaf’s arrowhead shape and shiny dark green color are used to 
identify it. (3) Leaf of P. brenesii. The large pale middle vein used for identification purposes is visible. (4) 
Leaf of P. anistomum. This leaf has deep lobes that nearly form leaflets. 
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FIGURE 2: The four quadrants of a trailside tree trunk. Quadrant one is facing the trail 
and receives the highest quantity of light and the most direct light. Quadrant three is facing 
away from the trail and receives the lowest quantity of light and the least direct light. 
Quadrants two and four receive an intermittent quantity and directness of light. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 3: The average size of host trees P. aurantiifolium and P. wilburii live on when they are alone and 
when they are with other species in the Philodendron genus. Error bars for P. aurantiifolium are ± 3.4 when 
alone and ± 22.5 when with P. wilburii. Error bars for P. wilburii are ± 6.3 when alone and ± 29.3 when with 
P. aurantiifolium. 
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FIGURE 4: The average size of each aroid’s DBH when P. aurantiifolium and P. wilburii are living alone on a 
host tree and when the two species are sharing a trunk. No significant change in DBH was found in either 
species when they are living independently of the other species versus when they are living together. Error 
bars for P. aurantiifolium are ± 0.1 when alone and ± 0.1 when with P. wilburii. Error bars for P. wilburii are 
± 0.1 when alone and ± 0.2 when with P. aurantiifolium. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 5: The height of the lowest leaf present on P. aurantiifolium and on P. wilburii when growing alone 
on a trunk and when sharing a trunk. The lowest leaves of the two species are at nearly the same height 
when each species lives alone. The error bar for P. aurantiifolium when alone is ± 6.1 and is ± 27.9 when 
sharing a trunk with P. wilburii. Error bars for P. wilburii are ± 8.2 when alone and ± 27.2 when sharing a 
trunk with P. aurantiifolium. 
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TABLE 1: The number of aroids that switch or tried to switch hosts versus the number of plants growing 
alone on that host and the number growing with another species. A chi-squared test was run for P. 
aurantiifolium (X2 = 1.89, df = 1, P > 0.05) and P. wilburii (X2 = 0.94, df = 1, P > 0.05). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 6: Location on the host tree’s trunk for P. aurantiifolium and P. wilburii when growing without other 
Philodendron species. A goodness of fit chi-square test was run and aroid location was found to be 
marginally significant (X2 = 6.49, df = 3, P = 0.09). 

  Number'of'plants'that'
switched'host'

Number'that'did'not'
switch'host'

P. aurantiifolium Number'of'plants'
growing'alone'on'host'

27 56 

P. aurantiifolium Number'of'plants'
growing'on'a'shared'
host'

0 4 

P. wilburii Number'of'plants'
growing'alone'on'host'

9 28 

P. wilburii Number'of'plants'
growing'on'a'shared'
host'

0 3 
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ABSTRACT 
 
The effect of light availability on tropical plant pigment concentration was studied in 
Monteverde, Costa Rica using plants from the understory, forest edge, and light gaps. 
Leaves of between 17 and 19 plant species per microhabitat were extracted in acetone 
for spectrophotometry to calculate carotenoid and chlorophyll a and b concentrations. 
Gap plants differed from other microhabitats in having higher concentrations of all 
photosynthetic pigments: total pigment concentrations were 3.81E‐2 ± 7.64E‐3, 
compared to edge 1.79E‐2 ± 2.19E‐3 and forest understory 1.88E‐2 ± 3.32E‐3. While 
edge and gap are similar in their available light, higher concentrations of photosynthetic 
pigments in gap leaves suggest these plants are maximizing photosynthesis to more 
effectively take advantage of an ephemeral increase in light. 
 

RESUMEN 
 

El efecto de la disponibilidad de luz en la concentración de los pigmentos de  las plantas 
tropicales se estudio en Monteverde, Costa Rica usando plantas del sotobosque, bosque 
del borde y claros de bosque. Hojas de entre 17 y 19 especies de plantas por 
microhabitat se extrayeron con acetona para calcular por medio de espectrofotometría 
las concentraciones de carotenoides y clorofila a y b.  Las plantas de los claros de 
bosque difieren de los otros microhabitats al tener mayores  concentraciones de todos 
los pigmentos fotosintéticos; la concentración total de pigmentos fue 3.81E‐2 ± 7.64E‐3, 
comparado al bosque 1.79E‐2 ± 2.19E‐3  y al sotobosque 1.88E‐2 ± 3.32E‐3. Mientras 
que el borde y el claro de bosque son similares en la disponibilidad de luz, las altas 
concentraciones de pigmentos fotosintéticos en las hojas de los claros de bosque 
sugiere que estas plantas están maximizando la fotosíntesis para más efectivamente 
tomar ventaja de el aumento efímero en la luz solar disponible. 
 

 
TROPICAL FORESTS ARE STRUCTURALLY DIVERSE, LEADING TO DISTINCT QUANTITIES AND QUALITY OF 
LIGHT IN DIFFERENT MICROHABITATS. Canopy trees tend to absorb most of the light that is 
useful for normal photosynthesis so that understory plants have access to less than 1% 
of the photon flux density (PFD) available to canopy trees, getting most of their light 
from sunflecks (Hopkins 1995). Much of the light is in the far‐red wavelengths, which is 
not photosynthetically useful (Chazdon and Pearcy 1996). Light gaps caused naturally 
by tree‐falls have full light for part of the day until the gap closes, while edge plants, like 
those growing along rivers or unnatural edges along clearings, have less ephemeral 
access to more light during parts of the day (Rundel and Gibson 1996). Therefore, 
plants in different microhabitats might have different adaptations to light availability, 
including the relative proportion and total amount of photosynthetic pigments they 
contain.  
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  Understory plants have been shown to have higher concentrations of chlorophyll 
b (Wallentine 2006), which is mostly active in photosystem II (Hopkins 1995). 
Photosystem II is where photosynthesis begins, so a plant that is adapted to best use 
sunflecks might have more chlorophyll b in photosystem II. Gap plants tend to be 
pioneer plants that are adapted to grow and reproduce quickly, (Rundel and Gibson 
1996), so they need to have high photosynthetic rates, which means high levels of 
chlorophyll a (Melis 1989). Plants on the edges of forests get more light than an average 
gap plant and certainly more than a plant in the understory, so perhaps they have 
similar photosynthetic qualities to canopy trees. Photoinhibition occurs more 
frequently and more severely at higher light intensities, so it could potentially lower the 
chlorophyll content rather than increase it compared to plants in lower‐level light 
environments (Tyystjarvi and Aro 1996). 

Of canopy trees, gap plants, and understory plants, tropical canopy trees have 
the highest photosynthetic capacity, gap plants have intermediate photosynthetic 
capacity, and understory plants have the lowest photosynthetic capacity (Koniger 
1995). This is related to the concentrations of various pigments measured (Melis 1989). 
In a region near this experiment’s area of study, it has been found that canopy trees of 
different species have similar pigment concentrations, whereas understory plants can 
have very different pigment concentrations (Kulukian 1998). This could mean that in 
different areas and with many different plant species tend to go toward an average that 
is similar to other plants, but that the variety of understory pigment concentrations will 
be greater than the variety among plants in high‐light environments. This could be a 
result of selective pressures that have caused many different strategies in the light‐
limiting environment of the understory. Other studies, though, have found that it can be 
expected that plants within similar light environments will have similar pigment 
concentrations, despite any morphological differences (Sobrado 2011). 
  In this study, plant species from three microhabitats differing in light quality and 
quantity are compared for pigment concentration. The three microhabitats considered 
are understory to represent the most light‐limited environment for plants in the tropics, 
gap plants to represent an ephemeral high light availability, and plants on the edge of a 
forest, receiving considerable light each day throughout its lifetime. 
 
METHODS 
 
STUDY AREA.— The experiment was performed in a premontane wet forest in 
Monteverde, Costa Rica at 1550 meters above sea level on the Pacific slope near the 
Estacion Biologica. Over the course of two weeks in July, 2013, three leaves were 
collected from twenty different plant species for each of three different microhabitats – 
forest edge, light gap, and forest understory – for a total of sixty species. Each plant in 
each microhabitat was identified as being distinct species. No recognizable species 
overlap occurred between microhabitats. The edge was defined as being the unnatural 
edge of the forest which is exposed to maximum light without being separated from the 
forest by more than three meters. The edge was along  a clearing that had been planted 
with grass. The light gap was defined as being an area within the forest at least thirty 
meters from the forest with no canopy cover directly visible above the plant and a 
recognizable area of higher light than the rest of the forest interior. The understory was 
defined as being an area at least 30 meters in the forest with 70% or more canopy 
cover. The oldest healthy leaves, with minimal herbivory and no epiphylls, were 
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collected. All individuals studied had at least four leaves and were no taller than eye 

level. Non‐flowering plants were excluded. 

  The leaves were cut from the plant at the base of the petiole and were kept in a 

dark environment until pigment extraction. All pigment extraction occurred the same 

day the samples were collected, usually within four hours. 

 

PIGMENT EXTRACTION.— To extract the pigments, the leaves were first cut to 50 cm2 from 

the middle of the leaves. Some leaves were smaller in area, so the entire leaf was used. 

The rest of the pigment extraction procedure closely follows that of Wallentine (2006). 

Also, this procedure was performed alongside other methods of pigment extraction and 

was shown to have the highest percent yield of the methods studied (Makeen et al. 

2007). Each leaf was cut into fine pieces with a razor blade and weighed. The fine leaf 

pieces were then added to a solution of 7 mL 85% acetone by volume and 2 mL 2.5 mM 

sodium phosphate buffer in a test tube for a total of 9 mL solution. They remained in the 

solution for 15 minutes with 15 seconds of shaking the test tube every 5 minutes. After 

15 minutes, the test tubes were centrifuged in Premiere Centrifuge XC‐1000 for 2 

minutes at 1000 rpm to separate the acetone‐pigment solution from the leave particles. 

The acetone‐pigment solution was decanted and 2 mL were added to a separate test 

tube. The 2 mL of acetone‐pigment solution were then diluted with 8 mL 85% acetone 

by volume for a total of 10 mL solution. This solution was then put into cuvettes and the 

absorbencies at 470 nm, 646 nm, and 663 nm were measured using MRC model UV‐

200‐RS spectrophotometer. The absorbencies were used to find the pigment 

concentration in milligrams of pigment per gram of leaf. The following equations were 

used (Lichtenthaler and Wellburn 1983): 

 

Chlorophyll a (mg/g) =
(12.21 Abs!!" − 2.81 Abs!"! )×(Purified Volume (mL))

200×(Mass of Leaf Used  g )
 

 

Chlorophyll b (mg/g) =
(20.13 Abs!"! − 5.03 Abs!!" )×(Purified Volume (mL))

200×(Mass of Leaf Used  g )
 

 

Carotenoids (mg/g) =
(1000 Abs!"# − 3.27[chl a]− 104 chl b ×(Purified Volume  mL )

45400×(Mass of Leaf Used  g )
 

 

In these equations, Abs470, Abs646, and Abs663 represent the measured absorbencies of 

that leaf sample at the specified wavelengths. The purified volume is the volume of 

liquid taken from the decanted, purified acetone‐pigment solution, which was always 2 

mL. The [chlr a] and [chlr b] represent the concentration of chlorophyll a and 

chlorophyll b, respectively, for the corresponding leaf sample. 

Using these equations, the concentration of chlorophyll a, chlorophyll b, and 

carotenoids were calculated for each of the three leaves of each individual plant.  
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RESULTS 
 
Negative concentrations were not used in the final analysis as they were assumed to 
result from error. In total, there were nineteen edge plants, nineteen gap plants, and 
seventeen understory plants used in the analysis of the mean photosynthetic pigment 
concentrations. 
 
LIGHT MICROHABITAT.— The concentration of total pigment was significantly greater for 
gap plants than for edge or understory plants (one way ANOVA, df = 2, f = 10.9102, p < 
0.0001). The mean total pigment concentration (Figure 1) for edge plants was 1.79E‐2 ± 
2.19E‐3 mg/g, which is close to the mean total pigment concentration for understory 
plants of 1.88E‐2 ± 3.32E‐3 mg/g. The mean total pigment concentration for gap plants, 
however, was 3.81E‐2 ± 7.64E‐3 mg/g, which is over twice the values for the other 
microhabitats. 
  
PIGMENT CONCENTRATION.— Out of the three pigments measured, none of them had a 
significantly higher total amount. (one way ANOVA, df = 2, f = 1.5701, p = 0.2113). This 
means that even though each microhabitat had different amounts of mean total 
pigments, the means of each pigment without considering microhabitat were not 
statistically different. The concentrations of each type of pigment overall were very 
similar with the total mean concentrations of chlorophyll a, chlorophyll b, and 
carotenoids being 1.01E‐2 ± 2.42E‐3 mg/g, 7.6E‐3 ± 1.49E‐3 mg/g, and 7.17 ± 9.94E‐4 
mg/g respectively (Figure 2). 
 
LIGHT MICROHABITAT AND PIGMENT CONCENTRATION.— No significant relationships were 
found when considering both light microhabitat and individual pigment concentrations 
(two way ANOVA, df = 4, f = 0.7664, p = 0.5486).  Microhabitats did not differ in the 
concentrations of any given pigment (Figure 2).  The only observable trend, as was 
mentioned, is that Gap plants tended to have higher total pigment concentrations than 
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FIGURE 1.—Mean pigment concentrations per light 
microhabitat. Chlr and Car represent Chlorophyll and 
Carotenoids, respectively. Error bars represent one standard 
error. These concentrations are taken from plants in the 
Premontane Wet Forest near Monteverde, Costa Rica.  There is 
no significant different between the groups relative to specific 
pigment concentrations. 

FIGURE 2.—Total mean pigment concentrations per light 
microhabitat. Error bars represent one standard error. These 
concentrations are based on plants in the Premontane Wet 
Forest near Monteverde, Costa Rica. There is a significant 
different between Gap and the other microhabitats (ANOVA, p 
< 0.05). 
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Edge and Understory plants. No 
specific pigment had significantly 
higher concentrations in any specific 
microhabitat. 
 
PIGMENT CONCENTRATION RATIOS.— 
None of the calculated pigment 
ratios were statistically significant, 
but some ratios had a visible trend 
(Figure 3). For chlorophyll a to 
chlorophyll b, the understory plants 
had the highest mean ratio of 3.58 ± 
1.71 with the next highest being 
edge plants with 1.92 ± 0.48 and 
then gap plants with 1.78 ± 0.37 
(one way ANOVA, df = 2, f = 2.3489, 
p = 0.1055). Although this is not 
significant with p < 0.05, it is worth 
noting that the middle is only 54% of 
the highest mean ratio.  For 

carotenoids compared to total measured chlorophylls, the understory plants again had 
the highest mean ratio and the edge second, gap lowest with values of 0.77±0.14, 0.52 ± 
0.06, and 0.045 ± 0.07 respectively (one way ANOVA, df = 2, f = 1.5043, p = 0.2317). The 
ratio of carotenoids to chlorophyll is comparable to the ratio of chlorophyll a to 
chlorophyll b with the understory, edge, and gap plants having mean ratios of 3.53 ± 
1.33, 1.31 ± 0.14, and 1.22 ± 0.25 respectively (one way ANOVA, df = 2, f = 2.4364, p = 
0.0974).  The ratio of carotenoid concentration to chlorophyll a concentration is 
comparable to the ratio of carotenoid concentration to total chlorophyll concentration 
with the same pattern of highest to lowest as was observed with the other ratios. 
Understory plants had a mean ratio of 1.39 ± 0.24, edge plants had a mean ratio of 0.97 
± 0.12, and gap plants had a mean ratio of 0.87 ± 0.14 (one way ANOVA, df=2, f=1.8517, 
p = 0.1672). 
 
DISCUSSION 
 
If an organism is under considerable pressure , then that organism will tend to adapt 
traits that favor a more efficient use of that resource (Dominy et al. 2003). When 
applied to understory plants, this means that plants in low‐light environments would 
tend to adapt photosynthetic processes that best utilize sunflecks or perhaps get energy 
from low levels of ambient light. This study shows that plants in different light 
microhabitats tend to have different concentrations of pigments, but not necessarily 
different ratios of these pigments. This could mean that there simply is not a more 
chemically or structurally efficient way for photosynthesis to work in the understory 
versus high light microhabitats.  

In many studies, the largest differences in pigment‐related research are seen 
between canopy and understory species (Acevedo and Artaroff 2012). High light leaves 
have been observed to have higher values of chlorophyll a to b and lower values of total 
chlorophylls to carotenoids, even leaves on the same plant (Lichtenthaler et al. 2007). It 
is strange that this is not the case between the edge and understory species. This could 
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FIGURE 3.—Comparison of pigment ratios per light habitat. E, G, 
and U represent Edge, Gap, and Understory, respectively. Error 
bars represent one standard error. Chlr and Car represent 
Chlorophyll and Carotenoids, respectively. These data are based 
on plants from the premontane wet forest near Monteverde, 
Costa Rica. No relationships are significant, but Chlr a/Chlr b and 
Car/Chlr b are comparable. 
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mean that plants located at unnatural forest edges are not good representatives of a 
full‐light canopy tree. Chlorophyll concentration can actually be less in high‐light 
environments because of the destruction of pigments by photo‐inhibition (Esteban 
2011). This could also explain why the edge plants are so similar to the understory 
plants. Also, the edge plants could be remnants of the understory because the forest 
edge studied was not a natural forest edge and therefore likely to have understory 
remnants, which could make the pigment concentrations very similar. Some plants 
adapted to low‐light environments actually have higher photosynthetic capacity in 
higher shade, to a certain point (Khan 2000). There is a limit to the correlation because 
no plant can survive in total darkness. If edge plants are actually understory remnants, 
then maybe the higher level of light could lower their photosynthetic pigment 
concentration and photosynthetic ability. Another theory is that edge plants are less 
efficient because they have lots of light, while understory plants are very efficient.  The 
end result might be similar levels of photosynthetic pigments.  Edge plants have more 
energy to devote to pigments, but do not need high concentrations while understory 
plants are using all of the small amount of available energy to maximize pigments, 
which ends with a low amount of pigments as well. 

Carotenoids are proposed to serve two purposes: prevent photo‐inhibition and 
act as accessory light‐absorbing pigments (Esteban 2011). Edge plants have high 
amounts of direct light so they might need high carotenoids compared to chlorophylls in 
order to protect them. Also, understory plants might need more carotenoids to absorb 
wider ranges of light energy. This is shown to be true, and although the findings are not 
statistically significant, it still supports the theory that carotenoids could be accessory 
photosynthetic pigments and/or a preventative measure for protecting chlorophylls. 
The ratio could also be higher in edge plants because the chlorophylls are destroyed by 
the high UV radiation. 

One reason that there are so few observable trends could be because the density 
by leaf area was not measured, which has been shown to be more applicable because 
plants require light incident on their surface and density by mass does not show this 
trend clearly (Lichtenthaler et al. 2007). This could make the observed trends different 
or make them less significant and therefore unobservable because many plants have 
similar values of pigments by mass (Wallantine 2006). 

Overall, it would appear that gap plants have much more pigment in their leaves 
when compared with understory and edge plants. This is likely a result of the plants 
taking advantage of ephemeral light and filling a small niche in the forest ecosystem that 
occurs when a light gap opens up. This could have been selected for over time and fits 
with previous studies. The edge and gap plants studied did not differ in pigment 
concentration, and this could be the result of many different things, such as 
photoinhibition, edge plants being understory remnants, or measuring by mass instead 
of by area. This also suggests that leaf morphology is also very important in a plant’s 
response to light availability and could even remove the need for different levels of 
photosynthetic pigments. All of this considered it is still interesting to note how similar 
the two microhabitats are photosynthetically and could be the result of many different 
environmental factors. 
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ABSTRACT 
Humans have traditionally used local medicinal plants and still do in many biodiverse areas like the 
Tropics. A melding of science and traditional medicine can reveal more information about these plants and 
their effectiveness for local populations. The aim of this study was to investigate the efficacy of the 
medicinal plant Crescentia cujete (Bignoniaceae), as well as gain a better understanding of local plant 
knowledge and use in the Monteverde, Costa Rica region. Through a ten-day placebo-controlled double 
blind study, C. cujete’s effect on lung capacity was tested using a tea given to a group of 25 healthy 
participants. No significant changes in lung capacity were demonstrated between groups. Additionally, a 
medicinal plant questionnaire was distributed to 19 Monteverde, Costa Rica residents to gain a better 
understanding of the community’s knowledge and use of natural respiratory remedies as well as other local 
medicinal plants. Responses revealed preference to home remedies and in home treatment but more 
commonly with exotic than local species. There was little knowledge of specific species, including C. 
cujete. In this case, my double blind study suggests that local people do not use C. cujete for respiratory 
ailments, though it is commonly used for such from Mexico to Colombia.  Instead, locals should be 
directed to plants with greater efficacy.   
 
RESUMEN 
 
Los seres humanos han utilzado tradicionalmente las plantas medicinales locales y todavía lo hacen en 
áreas muy biodiversas como los trópicos. Una fusión entre la ciencia y la medicina tradicional puede 
revelar más información sobra estas plantas y su eficacia para las poblaciónes locales. El objetivo de este 
estudio fue investigar la eficacia de la planta medicinal, Crescentia cujete (Bignoniaceae), además de 
obtener una mejor conmpresión del conocimiento local de la planta y su uso en la region de Monteverde, 
Costa Rica. A través de un estudio doble-ciego controlado con placebo de diez días, el efecto de C. cujete 
en la capacidad pulmonar se evaluó mediante un té dado a un grupo de 25 participantes sanos. No hay 
cambios significativos en la capacidad pulmonar  entre los grupos. Adicionalmente una encuestra sobre las 
plantas medicinales se distribuyó a 19 residentes de Monteverde, Costa Rica, para obtener una mejor 
comprensión de los conocimientos de la communidad y el uso de remedios naturales respiratorios así como 
otras plantas medicinales locales. Las repuestas revelaron preferencia a los remedios caseros y en el 
tratamiento en casa, pero con mayor frecuencia con especies exóticas en lugar de nativas. Había poco 
conocimiento de lase species específicas, incluyendo C. cujete. En este caso, mi estudio doble ciego sugiere 
que la gente local no usa C. cujete para las enfermedades respiratorias, aunque se usa comúnmente para 
tales desde México hasta Colombia. En lugar de, los locales se deberían dirigir a plantas con una mayor 
eficacia.  
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HUMANS HAVE TRADITIONALLY DEPENDED UPON PLANTS FOR MEDICINE. In fact, local 
plant remedies are still fundamental healthcare for many in developing countries, which 
comprise 80% of the world’s population (De Luca et. al 2012, Scovassi et al. 2013). In 
the tropical nations of Africa, Asia and Latin America, the absence and expense of 
modern public healthcare reinforces use of natural remedies (Hoareau et al. 1999). 
Fortunately, many of these regions are biodiversity hotspots and support an abundant 
range of plants with medicinal properties (Scovassi et al. 2013, Bussman et al. 2006). 
Attracted by the $25 billion generated annually by plant pharmaceuticals, affluent nations 
are pouring resources into bio prospecting and recombinant technologies to exploit these 
plants for their economic value (De Luca et al. 2012, Pearce 2001). Western nations 
should also test the efficacy of medicinal plant remedies to assist local populations in 
choosing the most curative plants for specific ailments.  
 
In third world countries, increasing numbers of men and women are suffering from 
noninfectious diseases such as asthma, diabetes and hypertension (Saganuwam 2009). 
Herbal remedies have become more popular in treatment of such ailments (Hoareau et al. 
1999). Crescentia cujete (Bignoniaceae), more commonly known as The Calabash Tree 
or Jícaro, is a frequent remedy used to treat respiratory problems. It is a well-known 
remedy for coughs, colds and pulmonary complaints of all kinds (Morton 1968) 
throughout its distribution from Mexico to the Amazon basin (Elias et al. 1978). Despite 
its wide distribution and use, the efficacy of C. cujete has never been assessed.   
 
To better understand the known medicinal properties of C. cujete and its effectiveness to 
cure respiratory ailments a placebo-controlled double blind study was conducted. 
Additionally a medicinal plant questionnaire focusing on local knowledge and use of 
local plants, including C. cujete, was distributed to residents throughout the Monteverde, 
Costa Rica area.  
 
METHODS 
 
STUDY SITE.— C. cujete leaves (Figure 1) were gathered on 16 July 2013 in the San Luis 
Valley, Puntarenas, Costa Rica (1000 masl).  San Luis is a premontane moist forest with 
a mean annual rainfall of 1200-2200 mm and temperature of 17-24 °C and is considered a 
part of the Monteverde community. C. cujete trees grow in pasture, and are shrubby with 
a height of 4-12 m (Bass 2004, Figure 1). Leaves were stripped from a C. cujete tree 
found past the San Luis Soccer Field in a clear-cut pasture on the left of the road when 
heading toward the Mata Farm (Figure 2). Leaves were stored in the refrigerator until 
they were used to make the tea for the double-blind study.  
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FIGURE 1. C. cujete leaves (above) were gathered from a pasture in San Luis, Costa 
Rica to test their impact on respiratory volume. Ratios consisting of five g of these leaves 
per every half-cup of sugar and three cups of tea were used to make medicinal tea for a 
ten-day double blind trial to test the plants respiratory affects.  
 

 
 

FIGURE 2. Pasture in premontane moist forest in San Luis Valley, Puntarenas, Costa 
Rica (1000 masl) that supports the growth of a C. cujete tree. Leaves used in ten-day 
double blind trial were stripped from this tree.  
 
PREPARATION.— A spirometer used to measure respiratory volume was created using a 
two and a half L soda bottle, metal kitchen bowl and bendy straws (Figure 3). The bottle 
was labeled with markings every 100 ml. Twenty-five plastic bottles were gathered and 
randomly assigned to ensure the trial remained double blind. Then 130 cups of the C. 
cujete tea were made with a 16% sucrose level using a ratio of five grams C. cujete leaves 
and a half-cup of sugar for every three cups of water (Arvigo et al. 1998), a used recipe 
by people in Central America. Water was heated using a hot plate to roughly 55 °C 
before ingredients were added. Every five minutes the tea was stirred and the temperature 
recorded ensuring the tea did not exceed 65 °C. Then 13 sets of ten cups of tea were 
distributed randomly into the labeled bottles. This exact process was imitated in 
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production of the placebo tea but with spinach leaves (Spinacia oleracea,  
Amaranthaceae). Spinach is not known to have any respiratory or other medicinal effects 
and served as the control group.  
 
TRIAL METHOD.— Medical history questionnaires, instructions and consent forms were 
provided to participants prior to the start of the trial ( see Appendix 1). There were 25 
participants with an age range of 18-54, most between the ages of 19-23. The trial 
included eight males and 15 females, of various heights, weights, and asthma and 
smoking histories. There were 13 participants in the C. cujete group and originally 12 in 
the control group but one participant in this group discontinued participation due to 
illness, reducing the sample size to 11. Every participant’s lung capacity was initially 
measured with the spirometer. The two and a half L marked bottle was filled entirely with 
water, and the kitchen bowl filled with enough water to cover the neck of the bottle. The 
full bottle was then inverted into the bowl and the cap was removed. The bottle was 
leaned and held against the edge of the bowl at the 1000 ml mark. A bendy straw was 
then placed one cm into the bottle and held on the bottom of the bowl. Participants blew 
one breaths worth of air into the straw displacing the associated volume of water (Figure 
3). The bottle was placed vertically with the mouth touching the bottom of the bowl and 
the displaced water volume was read, conveying the associated participants’ lung 
capacity. This process was repeated three more times for all participants during the 
duration of the trial; immediately following consumption of the first cup of tea, at the 
halfway point of the trial after the fifth cup of tea and at the end of the trial after 
consumption of the tenth cup of tea. Lung capacities were recorded for all participants at 
the four points and were analyzed for consistency and both percent change in capacity 
increases and decreases.  
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FIGURE 3. Method used to test participants lung capacity. A two and a half L bottle 
marked every 100 ml, full of water was inverted into a bowl, the cap was removed and 
the bottle was leaned against the edge of the bowl at the 1000 ml line. The straw was 
placed one cm into the bottle. Participants blew one breaths air into the bottle; the 
displaced water represented their lung capacity.  
 
SURVEY. – Surveys focusing on local medicinal plant use and knowledge were distributed 
to 19 Monteverde, Puntarenas, Costa Rica residents (see Appendix 2). Attempts were 
made to cover all ages, genders and backgrounds. Responses were compiled and analyzed 
for consistency and frequency of responses. Percentages were calculated based on the 
number of responders to that specific question. For question eight; mark the medicinal 
plants that you recognize and if known state their usage percentages were calculated 
using (n=19).  
 
RESULTS 
 
IMMEDIATE RESPONSE.— No significant differences were observed between pre trial lung 
capacity and lung capacity immediately following the first cup of tea in both the control 
group and the C. cujete participants (Sign Test, p > 0.05). In the control group five 
people showed an increase in lung capacity, averaging a 44.18% increase. One person 
maintained the same lung capacity and five people exhibited a decrease in lung capacity 
averaging a 32.24% decrease. Of the C. cujete participants three showed an average 
increase of 43.43%, four maintained the same lung capacity and six displayed a 
decreased lung capacity averaging a 24.85% change (Figure 4, Appendix 3).  
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FIGURE 4. Observed changes in lung capacity in ml of participants given daily cups of 
C. Cujete tea or spinach tea, as part of a ten-day double blind study evaluating C. cujetes’ 
effect on respiratory performance. The figure on the left displays the changes in lung 
capacities of those in the control group who drank spinach tea (n=11) and the figure on 
the right shows volume changes for C. cujete participants (n=13).  
 
MIDPOINT.— A significant decrease was found between initial lung capacity and 
midpoint capacity for the control group (Sign Test, p < 0.05).  Two participants showed 
an increase lung capacity, one maintained the same lung capacity, and eight displayed a 
decreased lung capacity. Participants exhibited a 37.2% increase while participants 
exhibiting decreased capacity also averaged a 37% change (Figure 5). No significant 
changes were observed in the C. cujete group, four demonstrated increases; no 
participants maintained the same lung capacity and eight showed decreases (Figure 5). 
The four averaged a 55.4% increase, and there was a 35.75% change in those that 
displayed a decreased capacity. One C. cujete participant was omitted from the midway 
measurement due to illness (Appendix 3).  
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FIGURE 5. Observed changes in lung capacity in ml of participants in a ten-day placebo-
controlled double blind trial evaluating C. cujetes’ effect on respiratory performance, 
during which daily cups of C. Cujete tea or spinach tea were administered to their 
respective groups. The figure on the left displays the changes in lung capacities of those 
in the control group who drank spinach tea (n=11) and the figure on the right shows 
capacity changes for C. cujete participants (n=12).   
 
TRIAL END.— Observations revealed no significant differences between initial lung 
capacity and final lung capacity in both the control and C. cujete group. In the control 
group four participants showed an average 47.3% increase lung capacity over the ten-day 
trial, one showed no changes, and six displayed decreased lung capacities averaging 
30.2% change. In the C. cujete group six participants showed an average 28.55% increase 
between initial lung capacity and final lung capacity, two displayed no change over the 
ten days, and five showed an average 38.4% decreased capacity (Figure 6, Appendix 3).   
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FIGURE 6. Observed changes in lung capacity in ml of participants given daily cups of 
C. Cujete tea or spinach tea, as part of a ten-day placebo-controlled double blind study 
evaluating C. cujetes’ effect on respiratory performance. The figure on the left displays 
the changes in lung capacities of those in the control group who drank spinach tea (n=11) 
and the figure on the right shows capacity changes for C. cujete participants (n=13).  
 
MEDICINAL PLANT SURVEY.— Of the 19 people who completed the survey, 17 were 
female and two were male. Participants ranged in age from 19-60 with a mean age of 
36.8. They had varied educational backgrounds, five participants highest level of 
education was primary, five completed secondary school and nine attended university.  
 
RECENT USAGE.— Of the 19 participants there were 12 who had a sick family member in 
the last six months, to treat the sickness, three went only to the clinic, four treated with 
only natural medicines, four went both to the clinic and treated with natural remedies, and 
one went to the clinic, used natural remedies and consulted with someone who knows 
about natural medicines. Of those who treated using natural remedies; ginger, lemon, 
honey, and mint oil were the most common. The majority of natural medicine users, 
28.6%, obtained the remedies from personal gardens, and 28.6% from friends/ family. 
Followed by 21.4% who obtained natural remedies from the supermarket and same 
percentage from the forest. There was a 100% success rate for the 11 people who used 
natural remedies.  
 
COMMON USAGE.— When asked if they used natural remedies 13 participants responded, 
69.2% use them, 15.4% occasionally use them and 15.4% do not use natural remedies. 
When combined medicinal plant users chose 25 different natural remedies, most 
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commonly used to treat aches of the stomach, throat and head. Chamomile was the most 
commonly used plant (Table 1). 
 
TABLE 1. The remedies, their associated uses and with which frequency responders use 
them for the same ailments (n=13).  
 

Remedy Use Frequency 
Chamomile Inflammation 3 

 Colic 1 
 Cough 1 
 Aches 4 
 Diabetes 1 

Lemon Stomach Ache 1 
 Sore Throat 2 
 Cough 1 

Aloe Skin 3 
 Ulcers 1 
 Gastritis 2 

Ginger Sore Throat 2 
 Cough 1 
 Respiratory Infection 1 

Honey Sore Throat 1 
 Respiratory Infection 1 

Juanilama Aches 5 
 Inflammation 1 
 Relaxation 1 

Eucalyptus Cold 1 
Mint Stomach Ache 4 

 Relaxation 1 
Guava Stomach Ache 1 
Basil Stomach Ache 1 

Gavilana Stomach Ache 1 
Tilo Nerves 1 

Soursop Leaves To Better Health 1 
Cat’s Claw Menstrual Cramps 1 

Oregano Cough 1 
 Constipation 1 

Guarumo Weight Loss 1 
Hombre Grande Indigestion 1 

Parsley Diabetes 1 
Rosemary Diabetes 1 

Potato Juice Diabetes 1 
Beet Juice Gastritis 1 

Coffee Cough 1 
 Asthma 1 

Cucaracha Diabetes 1 
Garlic Respiratory Infections 1 
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PURPOSE.— The majority of natural remedy users, 26%, use them to better their health 
generally and the same percentage know other people who use them. While 22% use 
them to cure specific ailments, followed by 18% who use them for their easy accessibility 
and 8% who use them because they are cheaper (Figure 7).  
 
 
_______________________________________________________________________ 
 

 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 7.  Distribution of responses by Monteverde, Costa Rica residents to medicinal 
plant survey question seven; please select the option that applies to you a. I use natural 
remedies regularly to better my health in general b. I use natural remedies frequently to 
cure specific ailments c. I know other people who use natural remedies regularly d. 
Natural remedies are easy to get/ find e. I use natural remedies because they are cheaper 
(n=16).    
 
LOCAL PLANTS.— Seven common medicinal plants were listed and participants were 
asked to indicate plants they recognized and note their uses if known. Juanilama was 
most commonly recognized followed by Uña de Gato and Guarumo (Latin binomials in 
Table 2). Both Cuculema and Juanilama showed the strongest correspondence to specific 
ailments. 66.6% of responders use Cuculmeca to treat anemia and 66.6% use Juanilama 
to treat stomach problems (Table 2).  
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TABLE 2. Responses by Monteverde, Costa Rica residents to question eight; mark the 
medicinal plants that you recognize and if known state their usage. Plants listed include, 
Jícaro (Crescentia alata, Crescentia cujete), Uña de gato (Uncaria tomentosa), Zorillo 
(Choisya dumosa), Cuculmeca (Smilax spp.), Jiñote (Bursera simaruba) Dormilona 
(Mimosa pudica), Guarumo (Cecropia spp.), and Juanilama (Lippia alba). 

 
Plant 

 
Number of people who 

recognized it 

 
Uses 

Jícaro 4 Pneumonia 1 

Anemia 
1 
 

Uña de gato 10 Menstrual Cramps 1 

Colon 1 

Gastritis 1 

Stenosis 1 
Caner 1 

Zorrillo 4 Cough 1 
 

Cuculmeca 9 Anemia 6 
 

Jiñote 1  
 

Dormilona 9 Toothaches               3 
Insomnia               2 
Tranquilizer       1 
Painkiller               1 

 
Guarumo 10 Weight Loss                5 

Eyes               1 
 

Juanilama 12 Stomach               8 
Head               1 
Menstrual 
Cramps 

              1 

 
AILMENTS.— Five ailments that are commonly treated with natural remedies were listed; 
circulation, respiration, digestion, nerves and kidney problems. Evident trends revealed 
50% of responders use garlic to aid circulation and 77% use eucalyptus to improve 
respiration. Chamomile (50%) and Juanilama (31.3%) were most commonly used to treat 
digestive problems and 66% of people use lime in the treatment of nerves (see Latin 
binomials in Appendix 4). Regarding kidney ailments treatments were more varied but 
coconut water was most commonly used by 27.3% of people (Figure 8).  
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A.              B. 

                        
 
C.             D.  
 

                 
 
                                   E. 

 
 
FIGURE 8. Medicinal treatments and associated frequency used by Monteverde residents 
to treat common ailments, gathered from responses to question eight of the medicinal 
plant questionnaire; A. circulation (n=10), B. respiration (n=13), C. digestion (n=16), D. 
nerves (n=15), and E. kidneys (n=11).  
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PREFERRED TREATMENT.— 
When asked their preferred location to receive treatment 44.4% prefer in home treatment, 
while 27.7% prefer to be treated at the clinic, and 27.7% prefer a combination of at home 
and clinical treatment (Figure 9).  
 

 

 
 
FIGURE 9. Monteverde, Costa Rica residents preferred location of treatment for general 
sicknesses, responses included, at home, at the clinic, and both depending upon the 
illness (n=18). 
 
FREQUENCY.— Frequency of natural remedy use ranged from never to weekly. Of the 19 
responders, 10.5% never use natural remedies, 15.8% use them annually and 5.2% use 
them twice a month. More than half of the participants use them at least once a month, 
31.6% monthly and 36.8% weekly (Figure 10).  
 

 

 
 

FIGURE 10. Monteverde, Costa Rica residents frequency of natural remedy use; choices 
included never, one a year, one a month, twice a month and weekly (n=19).  
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DISCUSSION 
 
TRIAL.— The double blind, placebo-controlled study revealed no significant increases in 
lung capacity among the C. cujete participants at all three intervals. These results 
contradicted pre-trial predictions as previous evaluations of tropical medicinal plant 
history suggest C. cujete to function as a respiratory cure (Arvigo et. al 1998). While 
methodology could be improved by using a standard spirometer, there was no direct 
evidence that C. cujete affects respiratory performance.  
 
SURVEY.—Various trends were evident from the medicinal plant questionnaire. 
Responses from people who had sick family members within the last six months suggest 
that, while residents use the clinic they still rely on medicinal plants frequently. Costa 
Rica’s affluence relative to its neighbors may explain the desire for clinical treatment, 
which is uncommon in many other Central American countries because of economic 
limitations. Frequent use of medicinal plants may be explained by easy accessibility due 
to the areas rich biodiversity and associated climate, supporting growth of plants and 
providing easy access to remedies in gardens, forests and local markets. In the 
Monteverde region there are more than 3,000 known species of flowering plants in 185 
families, many with known medicinal properties (Nadkarni et al. 2000). When asked 
about general treatment preferences, not regarding recently ill patients, similar results 
were provided in that the majority preferred at home treatment with more than half of 
participants using home remedies at least monthly or weekly.  
 
Traditional medicine implies the use of many herbal products that contain whole plants, 
parts of plants (leaves, roots, stems, fruits, flowers, seeds twigs and barks) or isolated 
active compounds advantageous against several health disorders (Scovassi et. al 2013). 
Consistent with this definition, responses to questions regarding specific remedy 
application and purpose revealed the use of 25 different plants. A variety of other plants 
were mentioned for general use as well (Table 1, Figure 7) many of these described 
remedies specified particular parts of the plant or methodology of preparation. The 
majority of remedies used in the Monteverde region are exotic, and may reflect the strong 
European heritage of most Costa Ricans. 
 
RESPIRATION.— In regards to respiration home remedies a variety of answers were 
provided. These results are consistent with previous research including a study conducted 
in Southern Ecuador where 45 different applications including 34 different plant species 
are employed by locals to treat respiratory ailments (Bussman et al. 2006). In Nigeria of 
155 identified medicinal plants more than 45 were reported to have antiasthmatic 
properties (Saganuwam 2009).  
 
C. cujete more commonly recognized by locals as Jícaro is widely distributed throughout 
Central America. However survey responses demonstrated a low recognition of Jícaro, 
and no clear universal use for treatment of specific ailments. Instead local residents rely 
more heavily upon exotic species to treat respiratory ailments. Little knowledge and 
interest may result from familiarity or affluence. Monteverde residents knew little about 
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Jícaro, which might be because it grows at a lower elevation. In Costa Rica most 
residents can afford mediations because of the health care system so there is no evident 
need for people to know about Jícaro. This information may not be important in Costa 
Rica, but may be more valuable to neighboring, less-affluent nations.  
 
 
IMPLICATIONS.— A joint effort to combine traditional medicinal knowledge with 
pharmaceutical double blind tests will help the majority of people around the world who 
still use plants as their primary health care (Scovassi et al. 2013). Local medicinal plants 
provide practical and affordable solutions for at least routine ailments. Here, the 
recommendation would be for local people to seek cures for respiratory ailments from 
plants other than C. cujete.  The choice need not be between ineffective plants, like C. 
cujete, and expensive traditional medications, however.  With further testing, the 
likelihood of finding an effective medicinal plant for respiratory ailments among 
Monteverde’s more than 3000 plant species is high.  Combining local knowledge with 
double blind tests may reveal plants that are both effective and locally available. 
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APPENDIX 
 
1. Participation information sheet provided to participants prior to starting the trial.  
 

 

 61 



 

 
2. Medicinal plant survey distributed to local Monteverde, Costa Rica residents.  
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3. Data gathered from ten day trial; height in feet and inches, weight in pounds, asthma 
and smoking N i.e. No Y i.e. Yes, lung capacity in ml, LCB i.e Lung Capacity Before, LCA 
i.e. Lung Capacity After, LCH i.e. Lung Capacity Half, LCF i.e. Lung Capacity Final. 
 
GROUP AGE SEX HEIGHT WEIGHT ASTHMA SMOKING LCB LCA LCH LCF 
C. cujete 21 F 5’2 115 N N 350 250 250 250 
C. cujete 22 F 5’5 120 N N 150 150 250 200 
C. cujete 20 F 5’3 120 N N 200 150  250 
C. cujete 35 M 5’6 160 N Y 750 750 550 1000 
C. cujete 27 F 5’1 135 Y Y 350 350 600 425 
C. cujete 20 F 5’7 130 N N 950 600 475 350 
C. cujete 21 F 5’1 135 N N 850 800 350 750 
C. cujete 23 F 5’8 150 N N 250 200 450 250 
C. cujete 54 M 5’9 145 N N 200 200 250 250 
C. cujete 18 M 6’2 180 N N 1700 2500 1100 1700 
C. cujete 51 F 5’5 115 N N 1050 1400 750 1250 
C. cujete 21 M 5’10 155 Y Y 500 750 350 200 
C. cujete 21 F 5’3 115 Y Y 350 200 250 250 
Control 22 F 5’4 130 N Y 1800 1900 1200 1850 
Control 21 M 5’11 145 N Y 500 1000 650 850 
Control 22 F 5’4 135 N N 500 650 350 450 
Control 19 F 5’7 135 N N 1700 1950 750 1000 
Control 19 F 5’1 133 N N 150 150 150 150 
Control 21 M 6’0 160 N N 1900 1400 1100 1200 
Control 19 F 5’6 125 N N 2000 850 1050 1200 
Control 21 M 5’10 165 N Y 750 500 400 650 
Control 21 F 5’7 133 N N 650 850 450 975 
Control 32 M 6’1 220 N N 250 200 200 150 
Control 22 F 5’0 105 N N 450 350 650 750 
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4. Latin binomials and associated families of common name responses about medicinal 
remedies used to treat common ailments; A. circulation (n=10), B. respiration (n=13), C. 
digestion (n=16), D. nerves (n=15), and E. kidneys (n=11). 
 

Common Name Latin Binomial (Family) 
Beet Beta vulgaris (Amaranthaceace) 

Parsley Petroselinum crispum (Apiaceae) 
Onion Allium cepa (Amaryllidaceae) 
Aloe Aloe vera (Xanthorrhoeaceae) 

Plantain Musa paradisiaca (Musaceae) 
Lemon Citrus limon (Rutaceae) 
Ginger Zingiber officinale (Zingiberaceae) 

Pineapple Ananas comosus (Bromeliaceae) 
Celery Apium graveolens (Apiaceae) 
Garlic Allium sativum (Amaryllidaceae) 
Coffee Coffea arabica (Rubiaceae) 
Mint Mentha spp. (Lamiaceae) 

Rosemary Rosmarinus officinalis (Lamiaceae) 
Rue Ruta graveolens  (Rutaceae) 

Oregano Origanum vulgare (Lamiaceae) 
Eucalyptus Eucalyptus oblique (Myrtaceae) 
Wormwood Artemisia absinthium (Asteraceae) 

Hombre Grande Quassia amara (Simaroubaceae) 
Papaya Carica papaya (Caricaceae) 

Cinnamon Cinnamomum verum (Lauraceae) 
Guava Psidium guajava (Myrtaceae) 

Juanilama Lippia alba (Verbenaceae) 
Chamomile Matricaria chamomillia (Asteraceae) 
Mugwort Artemisia vulgaris (Asteraceae) 

Lime Tilia europaea (Malvaceae) 
Orange Leaves Citrus sinensis (Rutaceae) 

Corn Hair Zea mays (Poaceae) 
Cane Plant Sacchrarum (Poaceae) 
 Dormilona Mimosa pudica (Fabaceae) 

Chayote Sechium edule (Cucurbitaceae) 
Cilantro Root Coriandrum sativum (Apiaceae) 

Llantén Plantago major (Plantaginaceae) 
Uña de Gato Uncaria tomentosa (Rubiaceae) 
Cranberry Vaccinium oxycoccos (Ericaceae) 

Sweet Pepino Solanum muricatum (Solanaceae) 
Coconut Water Cocos nucifera (Arecaceae) 
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_____________________________________________________________________________ 

ABSTRACT 

While butterfly eggs are more frequently found to be laid singly, a few species seem to oviposit 
in clusters, including the owl butterfly Caligo memnon. Though C. memnon egg clusters are 
relatively small, between five to ten eggs, groups of clusters occur that appear clumped.  Number 
and nearest neighbor distances of C. memnon egg clusters on banana leaves were measured in an 
enclosure.  Group sizes of early instar caterpillars were counted, as well.  Butterflies lay egg 
clusters next to one another on 85 percent of banana leaves examined (n = 8 leaves).  As early 
instar groups consisted of over 900 individuals, it appears that early instars benefit from larger 
groups than a single female lies in a single cluster.  Therefore, clumping clusters from multiple 
females may be a means to increase group sizes of early instar caterpillars while still spreading 
eggs among many leaves, hence avoiding risk. 

_____________________________________________________________________________ 

RESUMEN  

Mientras los huevos de mariposas se encuentran frecuentemente solitario, unos pocos especies 
ovipositan en grupos, incluyendo la mariposa de búho Caligo memnon.  Aunque los grupos de 
huevos de C. memnon groupos son relativamente pequeño, de cinco a diez juevos, los grupos 
parecen ocurrir agregados.  Número y la distancia al vecino más cercano de los grupos de huevos 
de C. memnon en hojas de banano fueron medidos en un encierro.  Se contó también el tamaño 
de grupo de un estadío temprano. Las mariposas ponen los grupos de huevos a la par de otros en 
un 85 por ciento de las hojas de banano examinadas (n = 8 hojas).  Al ser los grupos de estadíos 
tempranos de más de 900 individuos, parece que los estadíos tempranos se benefician de los 
grupos grandes que una hembra solitaria deposita en un solo grupo.  Además, grupos cercanos de 
múltiples hembras puede ser una manera de aumentar el tamaño de los grupos en estadíos 
tempranos mientras distribuyen los huevos entre varias hojas, evitando así el riesgo 

 

 

1 
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SCIENTISTS HAVE CLASSIFIED ALMOST 20,000 SPECIES OF BUTTERFLIES, with most 
inhabiting the tropics (Dole 2004).  Butterflies oviposit following a general pattern of searching, 
orientation, encounter, landing, evaluation, and acceptance (Renwick & Chew 1994).  When 
making the final choice to oviposit, butterflies often considers various factors such as 
pheromones, other insects, and even conspecific eggs (Renwick & Chew 1994). Most butterflies 
are known to deposit their eggs singly, but some species deposit their eggs in clusters (Stamp 
1980). At least 23 butterfly species found in tropical America lay their eggs in groups (Stamp 
1980).  This study focuses on the behavioral choices in oviposition of Caligo memnon 
(Nymphalidae:  Brassolininae) butterflies on banana leaves (Musa acuminata:  Musaceae) in 
terms of spatial aggregation of their egg clusters relative to one another. 

Caligo memnon is commonly known as the ‘owl’ butterfly due to its unique wing 
patterning that contain spots resembling owl eyes on the ventral surface.  This species is very 
abundant throughout Costa Rica (Young & Muyshondt 1985).  The female butterflies lay their 
eggs individually or in small groups (Young & Muyshondt 1985).  C. memnon larvae are known 
to feed on Heliconiaceae, Maranthaceae, and Musaceae plants.  In this study C. memnon were 
observed to oviposit on Musa acuminata banana leaves.  Caterpillar larva go through a total of 
five instar stages, are very gregarious, and usually feed in groups on the host plants (Young & 
Muyshondt 1985). 

Many butterflies produce clusters of eggs, though it is not clear why (Faraji et al. 2002).  
Are the oviposition patterns of C. memnon random or intentional and what are its advantages?  
Butterflies laying eggs in clusters may benefit from unfavorable flight conditions, sparse adult 
population, and limited time availability for oviposition (Stamp 1980).  The costs of egg lying in 
groups include a greater risk of calamity, such as leaf damage or predation.  Explanation for C. 
memnon oviposition patterns could be that these butterflies search for conspecific egg clusters as 
a way of accessing other larvae while still being able to spread risk.  Here I further assess C. 
memnon egg cluster dispersion on their host plants and the correlation between size of egg 
clusters and larval groups.   

 

METHODS 

STUDY SITE. – This study took 
place within an individual Caligo 
butterfly garden located in the local 
Ranario (Frog Pond) of Santa 
Elena - Monteverde, Costa Rica 
(Fig. 1) at 1350 m elevation.  Data 
were collected for a total of 12 
days in the month of July 2013, 

FIGURE 2.  Image of banana tree leaf 
in Caligo butterfly garden with egg 
clusters. 

FIGURE 1.  Butterfly garden study 
site located in the Ranario of Santa 
Elena Monteverde, Costa Rica 
containing two species of butterfly and 
respective host plant. 
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between the hours of 9:00 am to 2:00 pm each day. 

STUDY ORGANISMS. – Species subjects included Caligo memnon butterflies and Musa 
acuminata banana plant leaves. 

FIELD 
METHODS. – 
Length and width 
of banana leaves 
present in the 
garden (tree 
leaves) were 
measured in 
centimeters.  
Numbers of 
butterfly eggs per 
cluster on each leaf were recorded, followed by a measurement 
of distance to nearest neighboring cluster.  Each group of eggs 
recorded was identified by placing a small white mark next to the 
egg collection (Fig. 2).  As the eggs hatched, numbers of 
caterpillars per group were recorded (Fig. 3). Davis et al. (1915) 
note that the larvae of C. memnon are very lethargic and 
immobile which we can observe in figure 3 as well.  New egg 
clusters and caterpillar groups were recorded each day of the 
experiment.  To observe oviposition patterns on new leaves, ten 
cut banana leaves were placed around the perimeter of the garden 
in plastic bottles of water (Fig. 4).  The leaves ranged in size 
from 80 and 130 cm in length and 30 to 45 cm in width.  Before 
the leaves were placed into the water bottles, a clean cut was 
made to each of the stalk ends to allow for efficient water flow 
into the plant stem.  Each leaf contained two groups of five 
“mimic” eggs drawn with white Sharpie paint pens on one half 
of the leaf to resemble C. memnon eggs.  Mimics were drawn 
relative to the size and grouping of egg clusters seen on the tree 

leaves (Fig. 4) and were placed on both the top and bottom of the leaves for a total of 20 mimics 
of four clusters per leaf.  Just for intact banana leaves, numbers of butterfly eggs per cluster on 
each mimic were recorded in relation to distance to nearest egg cluster or group of mimics 
drawn.  The plants were replaced with ten complete new leaves after five days, when leaves 
began to yellow and wilt. 

 

FIGURE 3.  Large group of C. memnon caterpillars 
on banana leaf underside. 

FIGURE 4.  Banana leaf with egg 
mimics drawn on surface placed 
inside plastic water bottle along 
butterfly garden perimeter.  Hatched 
egg clusters can be observed on top of 
the leaf next to mimics. 
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RESULTS 

SUMMARY STATS. – The average number of eggs per cluster for intact tree leaves (n=8) was 
4.4 with a standard deviation of ± 2.8 ranging from individual clusters as small as one to as large 
as 13.  Mean number of caterpillars per group for tree leaves was 7.7 with a standard deviation of 
± 10.2, ranging from groups as small as one to as large as 60, frequency of cluster sizes can be 
seen in figure 5.  

 

________________________________________________________________________________________________________ 

FIGURE 5.  Frequency of cluster size for both eggs laid and caterpillars counted on banana tree leaves growing within 
the butterfly garden (n=8).  Mean number of eggs per group was 4.4 ± 2.8 and mean number of caterpillars per group was 
7.7 ± 10.2. 

 

 

Mean clusters per leaf for all intact tree leaves (n=8) was 17.5 with a standard deviation of ± 13.5 
and a mean of 3.8 with a standard deviation of ± 2.9 for mimic leaves (n=20; see figure 6). 
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_______________________________________________________________________________________________________ 

FIGURE 6.  Mean number of total Caligo memnon butterfly egg clusters per banana leaf collection. Average total clusters 
per leaf for tree leaves was significantly greater than that for the group of mimic leaves.  Error bars represent standard 
error values for each of the means. 

   

Occasionally the butterflies would lay their eggs on areas other than the surface area of 
the mimic leaves. Out of a total of 56 egg clusters laid (n=20), 52 were laid on the leaves.  The 
other clusters were off of the leaves, including two on the petioles and two completely off of the 
plants, but within 5 cm. 

 

EGG MIMICS AND OVIPOSITION. – Of the 52 egg clusters laid on the banana leaves containing 
mimics, 36 were laid closest to another group of butterfly eggs, while the remaining 16 groups 
were closest in distance to the mimics drawn on the leaves.  Figure 7 illustrates mean nearest 
neighbor distance for those clusters laid closest to other groups to be 8.23 cm with a standard 
deviation of +/- 10.08 and 18.58 cm with a standard deviation of +/- 15.53 for those groups 
located closest to the egg mimics. 
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________________________________________________________________________________________________________ 

FIGURE 7.  Average nearest neighbor distance for butterfly eggs lay in relation to both mimicry and natural oviparity on 
mimic eggs (n=20).  Standard error bars represent standard error value for each of the means. 
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INDEX OF DISPERSION. – An index of dispersion was calculated using leaf area, clump 
numbers and nearest neighbor distances between clumps (Krebs 1989).  For each of eight leaves.  
Z-values approaching zero indicate a clumped or grouped spatial pattern; if the spatial pattern 
was random, the z-value approached an upper limit of two.  Figure 8 shows seven of the eight 
leaves (87.5%) indicate a statistically clumped spatial pattern (p < 0.05).  

 

______________________________________________________________________________ ______  

FIGURE 8.  Percentages of all banana leaves with eight or more egg clusters statistically containing clumped and random 
egg cluster spacing (n=8) using index of dispersion test 

 

 

ADDITIONAL OBSERVATION. – Clustering was not observed to be caused by shortage of 
oviposition sites.  There was abundant leaf area without egg clusters.  Also, certain microsites on 
the leaf, like the tip or midrib, were not apparently preferred.  All areas of leaves had at least 
occasional eggs and one side of a leaf might be covered with clusters while it’s identical other 
side had none.  As shown in figure 4 we can see the favoritism to preferably lay eggs next to 
other groups, as one side of the leaf contains no egg groups at all, also eliminating the cause of 
simply preferring a specific leaf area to oviposit upon. 
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DISCUSSION 

Although egg clumping is not a dominant form of oviposition, it is a widespread reproductive 
tactic that has evolved independently in several different butterfly families. (Courtney 1984).  
Clumping egg clusters have numerous advantages; major reasons include reducing search for 
oviposition sites, increasing survival of the larvae that hatch from eggs, and facilitative success 
in numbers (Faraji et al. 2002).  

 Main findings of this study reveal that a typical banana leaf contains C. memnon eggs that 
are patchily distributed.  Although on average a single cluster of eggs was found to be smaller 
than a group of caterpillars, larva were observed to be patchily distributed revealing a majority of 
both subjects likely to be in clusters of 1-10.  Groups of larva were further shown to coalesce 
into larger, less frequent groups.  Gotthard (2008) states that the variation in larval host plant 
quality has a profound direct effect on larval growth, therefore, the grouped spatial oviposition 
patterns of C. memnon butterfly eggs may be a behavior attributed to the recognition of a ‘good 
leaf’ for caterpillar survival.  If a female sees that other clusters are found in a common area, she 
may choose to oviposit near the same groups of eggs that are present as an indication of 
sufficient plant food supply.  Moreover, larger groups of eggs may ensure larger groups of 
caterpillars.  Egg clustering may adventitiously insure newly hatched larvae to locate siblings 
and remain together (Stamp 1980) 

 Behavioral grouping of caterpillars may be a mechanism for accessing leaf supply to 
facilitate larval feeding (Reed 2003).  Musa acuminata are tough, healthy leaves, and it appears 
that young caterpillars gain from living in a group by guiding each other’s’ foraging.  Limitation 
of food supply is not a large concern; host plants tend to be grown densely within a given area 
(Stamp 1980) and are large enough to supply sufficient food amounts; even an isolated plant may 
be large enough for a large number of caterpillars.  Clusters of caterpillars were observed to be 
distributed upon various areas of leaf surface while larger coalescences were found along the 
thick middle vein of the banana leaf (Fig. 3).  Here, an area with much thicker tissue and 
substrate than other parts of the leaf, may call for larger numbers of caterpillars to successfully 
tear and digest; a larger group of larvae may be more beneficial for efficient feeding and 
survival.   

 Furthermore, while larger groups of caterpillars may be a means of fitness components, it 
is important that in assessing egg load on host plants C. memnon wisely distribute their eggs 
amongst numerous leaves to avoid risk of high predation (Stamp 1980).  Therefore, females look 
for other clumps and cluster their eggs in smaller clumps on more leaves, but are assured that 
their young caterpillars still end up in groups.  Of the several plausible factors which may 
account for the occurrence of clumped oviposition patterns in butterfly families, increased fitness 
is best supported by this study; however, its evolving commonality surely deserves further 
discovery and investigation (Courtney 1984). 
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Rewards and obstacles affect trail traffic in leaf 
cutting ant Atta cephalotes.	!!
Nicholas Hansen	!
Department of Human Biology, Leland Stanford Junior University	!
Abstract	!
Atta spp (Formicidae: Myrmicinae) are leaf cutting ants in the Neotropics, cutting 
between 12 and 17% of the vegetation there (Holldobler and Wilson 1990). A. 
cephalotes communicate via pheromones to alter trail behavior and traffic. The traffic 
flow was studied when a reward of oats or twig obstacles were placed along trails. 
The number of ants on the trail with barriers decreased slowly over two weeks 
compared to controls, suggesting ants respond by changing trails. The trail with the 
reward increased steadily over two hours; the ants reacted quickly . Further, ants 
responded more and more quickly as oats were replaced. This indicates the leaf cutter 
ants have the ability to adapt their labor allocation to environment changes. The slow 
change in traffic in the barrier trail suggests it is a lack of recruitment rather than 
active abandonment, and the quick change in traffic on the reward trail suggests it 
may be an active recruitment by the ants. The decrease in response time indicates the 
ants had familiarized with the food source and consequently responded more quickly.	!
Resumen 	!
Atta spp (Formicidae: Myrmicinae) son hormigas cortadoras de hojas en los 
Neotropicos, los hormigas cortan entre 12 y 17% de las plantas allí (Holldobler and 
Wilson 1990). A. cephalotes se communican con feromonas para cambiar el 
comportamiento y el tráfico de los senderos. El tráfico fue estudiado cuando una 
recompensa de avena o obstáculos de ramitas fue introducido. El número de hormigas 
en el sendero con obstáculos decendió lentamente sobre dos semanas comparada a el 
sendero de control, sugiriendo que las hormigas respondieron y cambiar senderos. El 
sendero con la recompensa aumentó sobre dos horas; las hormigas respondieron 
rápidamente. Además, las hormigas respondieron más y más rapidamente cuando las 
avenas seguido a aperecer. Esto indica que las zompopas tienen la habilidad de 
cambiar su tráfico cuando el medio ambiente cambia. El cambio lentamente en el 
tráfico en el sendero con un obstáculo sugiere que hay una falta de reclutamiento y no 
abandono activo. Los cambios rápidos en el tráfico en el sendero con un recompensa 
sugiere que hay reclutamiento activo. La disminución de tiempo de respuesta al 
encontrar la avena y respondieron más rapidamente. 	!
!
!
!
!
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Introduction	!
	 A crucial aspect of an animal’s fitness is the efficiency its food can be gathered 
(Rockwood and Hubbell 1987) For social animals, like Neotropical eusocial Atta leaf 
cutting ants, two critical aspects of efficiency are the ability to judge the profitability 
of a food source and the ability to communicate this to other foragers. For Atta, 
retrieving close and nutrient rich material and avoiding paths that would take more 
energy are important aspects of the fitness of an ant colony.  Clearing a trail may 
increase efficiency by four to ten times (Rockwood and Hubbell 1987). Ants rely on 
chemical, tactile, and mechanical signals for communication (Holldobler 1995). 
Pheromones may recruit to high-value plant material and help avoid trails that are less 
cleared. If the ants forage most effectively, these two factors, reward and obstacle, 
should dictate trail behavior.	

A. cephalotes workers follow foraging trails to leaves, flowers and seeds, then 
return to the nest carrying the cut material (Holldobler and Wilson 1990). They 
regularly clear the trails to increase efficiency of foraging. They exhibit some level of 
trail fidelity (Elizalde, L. and Farji-Brener 2012)	

The efficiency of a path should influence the number or presence of ants on a 
trail. The introduction of a nearby rich food source should promote trail activity, and 
this activity may differ as the ants become more familiar with a food source. The 
process for selecting plant material is specific and time consuming (Holldobler and 
Wilson), and so the initial changes may be less than subsequent increases.  It is 
important to know how the ants respond to a naturally dynamic environment; the 
factors behind the pheromone placement are crucial. The trails have fluctuating 
resource levels and trail hindrance. This study will provide information about the 
potentially different mechanisms for recruitment to or avoidance of foraging trails.	
	 My experiment was intended to both judge how the ants changed the 
allocation of resources onto different trails when artificial environment changes were 
introduced. 	!
Materials and methods	!
Study site:	!
The study was conducted at the Santuario Ecológico in Cerro Plano, Monteverde in 
the summer of 2013. The sanctuary was formerly a farm and is now mainly a 
secondary growth Premontane Wet Forest. The site was near the edge of a cliff, and 
the canopy height was about ten meters. Data were obtained from a large, well-
established nest on the property. The observations were made between 10:00 a.m. and 
2:00 p.m., when the ants were foraging at a steady rate. 	!
Experiment Setup: The colony contained three main trials. On one trail an artificial 
barrier of sticks was constructed. On another, a reward of oats was introduced (figure 
1). The third trail was left as a control.	!
Experiment 1: A twenty-centimeter tall wall of twigs was constructed across one of 
the trails. It was placed to see how obstructing the trail would influence traffic over 
hours, days, and weeks. Each day, the number of outgoing ants was counted an initial 
time then two hours after the construction of the barrier. The number of outgoing ants 
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was counted by recording the ants that crossed an imaginary line thirty centimeters 
from the hole. Each measurement lasted five minutes. This procedure was repeated six 
times. The barrier was approximately one meter from the nest and the imaginary line 
30 centimeters from the nest.	!

� � 	
Figure 1. Introduced barrier and reward.	!
Experiment 2: Eight hundred grams of raw oat flakes were placed on the trail five 
meters away from the colony. After five minutes, the initial counting period began. 
This five-minute delay was an attempt to mitigate the effect of the proximity of the 
food source on apparent trail traffic (i.e. a closer food source would reduce the 
amount of time it would take for any given ant to return, which would produce 
artifact, an“increase” that was simply decreased travel time resulting in an increased 
number of ants passing the line.) The trail traffic was counted after one half hour, one 
hour, and two hours. The measurements were taken by recording the number of ants 
crossing an imaginary line thirty centimeters from the hole. Each counting period 
lasted five minutes. This procedure was repeated six times.	!
Results: 	!
Experiment 1: The barrier hindered the ants, though it was not insurmountable. The 
wall was immovable, but the ants were able to crawl over it. The number of outgoing 
ants on the trail did not decrease on the hourly scale, only slowly decreased over the 
matter of two weeks. (Figure 1)	
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FIGURE 1. The rate at which the number of ants on the control trail and barrier trail 
changed as a ratio to the rewarded trail. The barrier trail decreased more quickly and 
dramatically. 	!
Experiment 2: The number of outgoing ants on the reward trail significantly 
increased as time passed. (Friedman test, P<0.00001). The average initial value 
approximately doubled in the following two hours.	!

� 	!
FIGURE 2. The average number of outgoing ants was recorded for each time interval 
in the rewarded trail. The number of ants on the rewarded trail increased significantly 
as time went on. 	!
Even more than increasing with time, their response to the oats quickened as the days 
progressed. Initially the increases were fairly slow and incremental, during the last 
three days the ants responded and the trail traffic increased much more quickly.	!
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FIGURE 3. The growth rate during the first time period of the number of ants on each 
of the three trails, expressed as a ratio. The rewarded trail increases more rapidly as 
time goes on. 	
!
Discussion:	!

This study was important as an investigation into what factors determine trail 
activity in Atta cephalotes ants. Trail hindrance and trail reward both seem to have an 
effect on the ants’ course of action.	

The results seem to show that the ants will adapt to the presence of abarrier, 
but the time frame is in days and weeks rather than hours. This changeability would 
be an important evolutionary strategy, continuing on an inefficient path would be very 
harmful. This indicates that the ants would be able to respond to a natural event, such 
as a large branch or tree falling, and would decrease that trails traffic to increase 
efficiency. 	
	 The mechanism that induces more ants to forage on an especially rewarding 
trail seem to operate more quickly than the mechanism that deters them from foraging 
on a blocked trail. The numbers of ants increased rapidly and significantly with the 
introduction of oats, indicating that the ants were quickly able to identify the oats as a 
desirable food source and communicate this information to increase total traffic. 
Chemical trails seem to be able to orient foragers as well as communicate information 
about food quality. This results in increased ant traffic (Shilman 2011)	
	 The ants also began responding more and more quickly the more times oats 
were placed on the trail, indicating that as they became more familiar with the food, 
they recognized the potential benefit more quickly, and so augmented their workforce 
more quickly. This is not mentioned in any other studies, and may simply be an 
artifact of the data. 	

A. cephalotes ants are able to adapt to different conditions relating to foraging 
trails, but they respond much more quickly to positive changes rather than negative. 
This would be very beneficial to the fitness of the species as a whole, and would allow 
the ants to collect substrate for the fungus as efficiently as possible.	!
Sources:	!
Holldobler, B. 1995. The chemistry of social regulation: Multicomponent signals in 

ant societies. Proceedings of the National Academy of Sciences of the United 
Staes of America 92: 19-22	

Holldobler, B and E.O. Wilson. 1990. Ants. Harvard University Press, Cambridge, 
Mass.	

Rockwood, L and S.P. Hubbell. 1987. Host-plant selection, diet diversity, and optimal 
foraging in tropical leafcutting ant. Oecologia 74:55-61	

Stradling, D.J. 1991. An introduction to the fungus-growing ants, Attini. In: Huxley C 
and Cutler D, editors. Ant-Plant interactions. New York: Oxford University 
Press. P 15-18	

Pablo E. Schilman, “Trail-Laying Behaviour as a Function of Resource Quality in the 
Ant Camponotus rufipes,” Psyche, vol. 2011, Article ID 139385, 5 pages, 
2011. doi:10.1155/2011/139385	

Elizalde, L. and Farji-Brenner, A. (2012), To be or not to be faithful: flexible fidelity 
to foraging trails in the leaf-cutting ant Acromyrmex lobicornis. Ecological 
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Behavioral Responses to predator chemical and visual cues by 

Tadpoles from Different Ages in Cane Toad (Chaunus marinus)  
 

Heidi Rockney 

Department of Biology, University of Washington at Seattle, Washington 
 

 

ABSTRACT 
 

Predatory response behavior is an important dynamic in species survivability and in aquatic 
habitats, most predator detection is done through kairomones. Tadpoles of many anuran species 
are known to be able to detect and respond to chemical cues rather than visual cues from 
predators. This study examines the predatory response in Chaunus marinus tadpoles of two 
different age groups. Two experiments were conducted. First, a visual only cue was introduced 
to groups of large or small tadpoles and then secondly, a chemical only cue. Nearest neighbor 
distances were calculated between tadpoles and distance between predator cue and tadpoles over 
a ten minute period after cue was introduced. This was to determine whether aversion or 
aggregation behavior patterns were exhibited. Results indicated there was no reaction to the 
visual cue by the large tadpoles, but there was an increase in aggregation and distance from 
predator with the chemical cue. The small tadpoles did not exhibit an aggregation or aversion 
response to the chemical cue, and had a possible spatial displacement behavior during the visual 
cue. Evidence from this study support the idea that as tadpoles age, they exhibit more 
aggregation behavior and respond more to chemical cues than younger tadpoles. Given that C. 
marinus is such a common and destructive invasive species, it is interesting to note the limited 
anti-predator responses that were exhibited, especially by the small tadpoles. It is probable that 
the high success of C. marinus is more due to its ability to lay massive egg masses multiple times 
a year. 
 

RESUMEN 

El comportamiento de respuesta predatoria es una dinámica importante en la 

sobrevivencia de las especies en los hábitats acuáticos, la mayoría de la detección de 

depredadores es por medio de quiromonas.  Los renacuajos de muchas especies de 

anuros son conocidos por su capacidad de detectar y responder a señales químicas 

más que a señales visuales de depredadores. Este estudio examina la respuesta 

predatoria en renacuajos Chaunus marinus en dos grupos de edades diferentes.  Se 
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realizaron dos experimentos.  Primero, una señal únicamente visual se introdujo a 

los grupos de renacuajos grandes y pequeños y luego seguidamente, solamente una 

señal química.  La distancia al vecino más cercano se calculó entre renacuajos y la 

distancia entre el depredador y los renacuajos en períodos de diez minutos después 

de introducido el depredador.  Esto para determinar si existe un comportamiento de 

repulsión o agregación.  Los resultados indican que no hay reacción hacia los 

estímulos visuales por los renacuajos grandes, pero hay un incremento en la 

agregación y distancia al depredador con la señal química.  Los renacuajos 

pequeños no exhiben agregación o repulsión a la señal química, y es posible que 

exista un desplazamiento especial durante la señal visual.  Evidencias de este estudio 

apoyan la idea que según la edad de los renacuajos, ellos exhiben una mayor 

agregación y responde más a señales químicas que los renacuajos más jovenes.  

Dado que C. marinus es una especie común invasora y destructive, es interesante 

notar que las respuestas anti-predatorias, especialmente por los renacuajos 

pequeños.  Es probable que el alto éxito de C. marinus se deba más a su habilidad 

de poner grandes masas de huevos varias veces al año. 
 

INTRODUCTION 

 

Most anuran species have an aquatic larval stage, where the development into adult frogs takes 

place. The tadpole stage is often heavily preyed upon and previous studies have shown that 

tadpoles have predatory recognition and response to predators. In fact in aquatic habitats, 

animals, including tadpoles, often rely on chemical (kairomone) cues instead of visual cues to 

detect predators and avoid capture (Ferrari et al. 2010; Hickman et al. 2004; Summey and Mathis 

1998 Kiesecker et al. 1996) Some tadpole species have even shown the ability to recognize and 

differentiate predators through chemosensory and adjust their responses depending on the 

specific predator (Relyea R.A. 2001). Predatory fish are known to be predators to tadpoles and 

many anurans avoid laying eggs in water sites that contain predatory fish. However, across the 

globe invasive predatory fish have been introduced to water sources where they are not found 

naturally. Some of these water sources are breeding and tadpole sites for anurans, which have not 

evolved defenses against fish predators. Invasive fish species, like Trout have had huge impacts 
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on several species of anurans, such as the Oregon Spotted frog in the Pacific Northwest region of 

the United States (McAllister and White, 2001). 

The cane toad, Chaunus marinus, is known to produce toxic defense chemicals as early 

as the egg stage in their development. They are extremely prolific and opportunistic breeders, 

and can lay eggs multiple times throughout the year after rainfall, especially in the rainy season. 

The females lay 2,500 - 12,500 eggs at a time, which have a short incubation period of 2-4 days 

(Savage 2002). Tadpoles grow approximately 0.128mm per day. According to previous studies, 

the eggs coat and all stages of tadpole development are distasteful to predators. They are active 

during the day and can be extremely social during the tadpole stage and often aggregate into 

massive groups or at least in pairs, which is a common anti-predatory behavior (Zug & Zug 

1979). Aggregation behavior can increase their chances for survival from predators by as much 

as 50% (Goin et al 1978).   

Cane toad tadpoles chemical defenses become more potent and are produced in larger 

quantities in later development stages as the toxic adult glands are developing (Lawler and Hero 

1997). The tadpoles also show more of an inclination to aggregate in later tadpole stages and 

start to develop into toadlets. Despite their chemical defenses, they are still often preyed upon by 

invertebrates, other tadpoles and fish. Studies that have shown that Cane toad tadpoles are 

distasteful, have also shown that if a predator is starved prior to introduction of various prey 

items, they will not hesitate to consume Cane toad tadpoles (Lawler and Hero 1997). In Costa 

Rica, one of the natural habitats of this species, many predatory fish have been introduced into 

freshwater sources. Because introduced predatory fish did not evolve with cane toad tadpoles, 

the predatory – prey dynamic of these interactions is an interesting topic for investigation. 

This study focuses on the behavioral response of a fish predator with large (older) and 

small (younger) Cane toad tadpoles to a visual only presence of a fish predator and to a chemical 

only presence of a predator. Because previous studies have shown that tadpoles generally do not 

react to visual cues, I predict that there will be no difference between the large and small 

tadpoles in their behavior with or without the presence of a visual predator cue. This includes 

aggregation behavior and repulsion behavior to the cue. Tadpoles are known to react to chemical 

cues, so I predict that a predatory chemical cue will elicit an aversion and aggregation response 

in both the large and small tadpoles. I also predict that the large tadpoles will have a higher 
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aggregation reaction, due to the fact that this has been the general behavior pattern in previous 

observation and studies on this species tadpole behavior. 

 

MATERIALS AND METHODS 

  

Study Species 

Chaunus marinus (Bufonidae) is the largest anuran species that reside in Costa Rica and 

have a natural wide range occurring from SE Texas, Mexico, throughout Central America, and 

many regions in South America, and has been introduced and became highly successful invasive 

species in many other regions across the globe (Savage 2002).  

 

Predator Experiment 

 

One hundred eight large tadpoles, with average length (mouth to the tip of their tail) of 17.25mm 

and 142 small tadpoles with average length of 10mm (Fig. 1) were collected from the artificial 

pond behind the Hotel Montaña Monteverde at an elevation of 1400m, above sea level, in Cerro 

Plano, Puntarenas, Costa Rica. Small and large predatory fish were visually observed in this 

pond during tadpole collection. Only tadpoles with no evidence of front legs were used for this 

experiment. One predatory fish from the Cichlidae family, with 10 cm body length was 

purchased and used as the predator. Four tanks were use, all of size 50mm x 24.5mm. One tank 

housed the large tadpoles, one tank housed the small tadpoles, and one tank housed the fish. The 

last tank had its corners rounded out with opaque plastic dividers to provide a more realistic 

water shape and was used exclusively for the experiments. All tadpoles and the fish were fed 

every other day with fish flakes. 

  
 

B A 
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Figure 1. Large (A) and small (B) C. marinus tadpoles (A). 

 

All experimental trials were done in clear water with a height of 10cm. Tadpoles were moved 

into the experimental tank and left alone to adjust to the experimental parameters for 10 minutes. 

After 10 minutes, the predator or control was introduced. Photos were taken at 1 minute, 5 

minute and 10 minutes after introduction to determine tadpole movement over time. For each 

experiment, a random sampling of tadpoles from the pool were used. Additionally, the fish was 

introduced with no barriers of any kind to the two different pools of tadpoles to see if the fish 

attacked and ate the tadpoles and if a direct reaction would elicit a different behavioral response. 

For each of the experiments, all photos were analyzed. Two measurements were taken from each 

photo. First, the distance to the nearest neighbor between tadpoles see if there were aggregation 

behavioral responses to predator cues. Second, the distance between individual tadpoles and the 

predator or control was done to see if there were aversion behavioral responses to predator cues 

over time. Ten measurements were taken for the large group of 20 tadpoles and 15 measurements 

were taken for the 30 small tadpole group. The distance from predator was calculated by the 

distance to the outside of the jar for the visual cue test or the distance to the black partition in the 

chemical cue test. The following treatments were tested: 

 

EXPERIMENT 1:  Visual fish cue 

 

 The fish was put into a glass jar and inserted into the tank after ten minutes. This was 

performed a total of ten times on ten different groups of 20 large tadpoles. A control trial was 

also performed a total of ten times, with the empty jar being inserted into the tank.  This 

experiment was repeated with 30 small tadpoles. 

 

EXPERIMENT 2: Chemical fish cue 

 

A black plastic divider was inserted into the tank at one end, prior to the introduction of the 

tadpoles. The fish was then introduced behind the divider. This was performed a total of ten 

times on ten different groups of 20 large tadpoles. An equal amount of control trials were run, 

where I stirred the water briefly with a stick to approximate the same vibration motion from the 
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insertion of the fish into the water. Water was changed between each trail. This experiment was 

then repeated with 30 small tadpoles. 

 

Data Analysis 

 

For comparisons made within the large or the small tadpole group, a One-Way ANOVA was 

used to determine whether there was a change in behavior by calculating the nearest neighbor 

distance and distance from predator over time with different predatory cues for each size class.  

Ten measurements were made for each tadpole at 1 minute, 5 minutes and ten minutes for the 

trials with large tadpoles, fifteen measurements were made for the small tadpoles. If the p value 

was below .05, I also performed post-hoc Tukey tests to determine where the statistical were.   

  

RESULTS 

 

Large tadpole 

 

For both the distance between tadpoles (F=1.09, df=2, 598, p=0.29) and the distance to predator 

(F=0, df=2, 566, p=1) with the visual cue (FIGURE 2 & 3) the overall distance did not change 

indicating no aggregation or aversion response to the visual cue.  In the presence of a predator 

chemical cue, the nearest neighbor distance (FIGURE 4) decreased by an average of 0.27 cm 

over the ten minutes (F=2.76, df=2, 597, p=0.06) indicating a slight increase in aggregation. The 

average distance from the predator (FIGURE 5) increased 3.08cm in the treatment group and 

1.85cm in the control group (F=5.58, df=2, 597, p=.004). A post-hoc Tukey test was performed 

and indicated a decreasing linear trend with distance decreasing by 2.47cm +/- 0.748 between the 

one minute and ten minute data sets (p=0.0035). 

 

Small tadpoles 

 

The distance between small tadpoles in the presence of a visual only predator cue over time 

(FIGURE 6) increased by an average of 1.65cm over time (F=12.19, df=2, 736, p<0.0001). A 

secondary post-hoc Tukey test indicated a statistical difference between 1 and ten minutes of -
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1.11 +/- .32 (p<0.0018) and a difference between 5 and 1 minute of 1.82 +/- .40 (p<0.0001). The 

Distance between the tadpoles and predator (FIGURE 7) initially increased at 5 minutes by 

0.10cm, but then decreased at ten minutes by 0.41; with a total decrease in distance of 0.31cm 

over the ten minute period (F=25.1, df=2, 876, p<0.0001). A secondary post-hoc Tukey test 

indicated a statistical difference between 5 and 1 minute of -2.76 +/- .50 (p<0.0001). There was 

also a difference between 5 minute and ten minutes of -3.24 +/- .49 (p<0.0001).  

 

The distance between small tadpoles in the presence of a chemical only predator cue over time 

(FIGURE 8) increased initially at 5 minutes, but then decreased to within 0.07cm of the average 

distance at 1 minute (F=7.56, df=2, 596, p=0.47). The distance between the tadpoles and 

chemical cue over time (FIGURE 9) decreased at 5 minutes by 0.98cm, but then increased by 1.3 

at ten minutes, giving a total increase of 0.32cm over the ten minutes (F=1.53, df=2, 896, 

p=0.22).  

 

 

 

 

 

______________________________________________ 

Figure 2. Mean distance between large tadpoles at different times after visual cue was 

introduced. 
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______________________________________________ 

____________________________________________________ 

Figure 3 - The mean distance between the predator and large tadpoles at one minute, 5 minutes, 

and ten minutes after chemical cue was introduced.  

 

 

Figure 4: The mean distance between large tadpoles at one minute, 5 minutes, and ten minutes 

after chemical cue was introduced. (p = 0.064). 
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Figure 5: The mean distance between the predator and large tadpoles at one minute, 5 minutes, 

and ten minutes after chemical cue was introduced. A One-Way ANOVA test was performed 

with 2 degrees of freedom and an f value of 5.58 (p =0.0040). 

 

 

Figure 6: The mean distance between large tadpoles at one minute, 5 minutes, and ten minutes 

after visual cue was introduced.  
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______________________________________________ 
Figure 7: The mean distance between the predator cue and small tadpoles at one minute, 5 

minutes, and ten minutes after visual cue was introduced.  

 

 

______________________________________________ 
Figure 8: The mean distance between small tadpoles at one minute, 5 minutes, and ten minutes 

after chemical cue was introduced.  
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______________________________________________ 

Figure 9: The mean distance between the predator and small tadpoles at one minute, 5 minutes, 

and ten minutes after chemical cue was introduced. 

 

DISCUSSION 

The visual predator cue had no difference in behavioral patterns between the control and 

treatment groups for the large tadpoles. This is most likely explained because tadpoles do not 

generally recognize or respond to just visual cues. Interestingly, however, there was also no 

statistical difference in tadpole distance between the control and treatment group for the 

chemical cue with large tadpoles. This goes against my original prediction, that there would be 

an increase in aggregation. This result could be based on the fact that the large tadpoles are 

already highly aggregated (in the experiment tank) and did not have room to aggregate more.  

The distance between the chemical cue and large tadpoles increased over time, which is what 

was expected. However, the same trend was seen in the control group and could be more of a 

factor of the tadpoles moving away from the black barrier that separated the chemical cue from 

the rest of the tank. C. marinus tadpoles are known to be active during the day and hang out in 

shallow water edges (Zug and Aug 1979). They may have been moving away from the black 

barrier, as it would indicate deep water in their natural setting. 
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The visual predator cue had a different impact on the smaller tadpoles. The distance between 

tadpoles actually increased over time after the initial introduction of the visual predator. This 

could be due to the vibrational change in the water from the placement of the jar, as both the 

control and treatment group had the same general trend. The distance between the predator and 

tadpoles increased at 5 minutes, but then decreased at 10 minutes. This also could possibly be an 

example of an alternate predator behavior, like a disruption to tadpole spatial placement, as seen 

in other toad species like the American toad, in order to thwart potential predators or it could just 

be random tadpole movements (Skelly and Werner 1990). Both of these results go against my 

original predictions, as I did not think there would be a response in either size tadpole to just a 

visual predator cue.  

Interestingly, my prediction that the small tadpoles would react to predatory chemical cues was 

not supported. In fact there was no evidence that the difference between tadpoles or the distance 

to the predator changed after the introduction of the chemical cue. The younger tadpoles may not 

have had enough previous exposure to predatory fish to have the fish chemical cue trigger an 

anti-predator response. 

The larger tadpoles started and remained in a higher aggregation than the smaller tadpoles during 

the entire experiment. This could be due to different anti-predatory behavior tactics for small and 

large tadpoles. In a study on larval ringed salamanders, it was shown that younger, smaller larvae 

tended to decrease movement in the presence of a predator while the older, larger larvae either 

did nothing different or increased their activity (Mathis et al. 2003). This brings up the question 

of whether or not predator responses are learned or innate behaviors. It is probable that smaller 

tadpoles have different predatory responses than larger tadpoles and that some of their predatory 

responses are learned behaviors that develop over time and exposure to predators. 

C. marinus are a known devastating invasive species, often completely altering ecosystems 

where they have been introduced. It is interesting that in this study there was minimal evidence, 

at least for younger tadpoles to show much of a predatory response. A high survival of their 

offspring is vital in their invasive habitat conquests. It may be that predators prefer other prey, 

due to their distastefulness, and C. marinus tadpoles have limited predation in new habitats. C. 

marinus do have one other advantage that could overcome high tadpole mortality and allow them 

to have a high success of offspring by the fact that the can lay massive amounts of eggs, multiple 
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times throughout the year. This would insure the ultimate survival of C. marinus in many 

environments where predatory rates could be high.  
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ABSTRACT 
 
Prey selection in tarantulas (Theraphosidae) appears to depend on many factors. Tarantulas feed on a 
variety of different small arthropods, amphibians, reptiles, small rodents, and some tarantulas even eat 
birds. These spiders possess chemosensory appendages on their pedipalps, and will often avoid or refuse 
noxious prey. This study sought to test whether the Neotropical tarantula Megaphobema mesomelas 
avoids or refuses Anthericonia anketeschkei (Pseudophasmotidae), a toxic stick insect, as a prey item. 
Eight tarantulas were gathered from holes in the Cerro Plano area of Monteverde, Costa Rica and housed 
in tanks at the Monteverde Biological Station. They were fed a diet consisting of A. anketeschkei, and 
were offered a non-toxic palatable butterfly prey item, Manitaria maculata, as a control. The spiders did 
not avoid A. anketeschkei, and did not appear to suffer ill effects from consuming them. Certain species 
of Theraphosids may be able to learn to avoid toxic prey, but A. anketeschkei does not appear to be 
sufficiently toxic or unpalatable to deter M. mesomelas. 
 
RESUMEN 
 
La selección de presas por tarántulas (Theraphosidae) parece depender de diversos factores.  Las 
tarántulas se alimentan de una variedad de diferentes pequeños artropodos, anfibios, reptiles, pequeños 
roedores, y algunas tarántulas incluso se alimentan de aves.  Estas arañas poseen apendices 
quimiosensoriales en sus pedipalpos, y normalmente evitaran presas nocivas.  Este estudio buscó 
estudiar si la tarántula Neotropical Megaphobema mesomelas evita o rehusa Anthericonia anketeschkei 
(Pseudophasmotidae), un insecto palo tóxico, como una presa.  Ocho tarántulas se colectaron de huecos 
en el área de Cerro Plano en Monteverde, Costa Rica y ubicadas en pesceras en la estación Biológica de 
Monteverde.  Se alimentaron con una dieta constituida de A. anketeschkei y también con una presa no-
tóxica, la mariposa Manitaria maculata, como control.  Las arañas no evitan A. anketeschkei, y no 
parecen sufrir ningún efecto al consumir la presa.  Ciertas especies de Therafósidos pueden ser capaces 
de aprender a evitar presas tóxicas, but A. anketeschkei no parece ser lo suficientemente tóxica o poco 
paladable para disuadir M. mesomelas 
 
INTRODUCTION 
 
The family Theraphosidae, comprised of 12 subfamiles, consists of the spiders commonly called 
tarantulas. They are arguably the most well-known and visible of the arachnid families, but 
scientific research on Theraphosids has been limited. Their general biology and some behaviors 
are fairly well understood, however, the ecological significance and species interactions of these 
spiders have not been well researched. This trend holds true for the Costa Rican Red-Legged 
tarantula, Megaphobema mesomelas, which was the subject of this study.  

M. mesomelas is a nocturnal sit-and-wait hunter which burrows into steep, damp, dirt 
embankments such as those found along montane roads, or steep hill faces. M. mesomelas dig 
burrows with relatively large entrances – large compared to the other Theraphosid common in 
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Monteverde, Aponophelma seemanii – and they hunt by waiting very near the entrance and 
striking prey as it walks by. M. mesomelas consumes most small terrestrial arthropods.  

Tarantulas possess chemically sensitive regions on their pedipalps, and sometimes front 
legs, which serve a function similar to taste buds. Tarantulas have poor vision, especially during 
the day, and rely heavily on touch and sensing vibration via their stout hairs to hunt (Perez-Miles 
2005). Theraphosids also possess an olfactory system, although its structure and location are 
uncertain (Foelix 1996). The degree to which many Therephosids rely on chemosensory factors 
for prey detection and selection is unclear and relatively unstudied, but one study found that a 
temperate tarantula species, Aphonopelma hentzi - which will readily eat toads and frogs - is 
capable of sharing its burrow amicably with a specific species of toxic toad, Gastrophyrne 
olivacea, without initiating a predatory response (Dundee et al. 2012). If chemosensory cues play 
an important role in prey selection for A. hentzi, they may play an equally important role in prey 
selection for M. mesomelas and other Theraphosids.  

Chemical protections have evolved in countless species across all kingdoms as a means 
of defense against predation. The species of Pseudophasmid stick insect used in this study, 
Anthericonia anketeschkei, possesses a chemical defense. When threatened, A. anketeschkei 
sprays an citrus-smelling substance, possibly containing the compound limonene, from glands 
near its wing joints (Stevens Institute 2009, Von Burg 1995). This substance is a potent 
insecticide that will kill other insects and even the A. anketeschkei which sprayed it (it will also 
kill other individuals of the same species), if the dose is concentrated enough (Ware and 
Whitacre 2004. This insect is highly arboreal and presumably folivorous, but can be, on 
occasion, found sitting on or walking along the ground. It has few obvious predators, and birds 
do not seem to prey upon it. 

A. anketeschkei and M. mesomelas inhabit the same geographic range. It is very likely 
that M. mesomelas encounters A. anketeschkei in the wild, but A. anketeschkei is primarily 
arboreal, making regular predation by M .mesomelas an unlikely occurrence. The abundance and 
chemical protection of these stick insects provide a good opportunity to examine the dietary 
preferences, chemical sensitivity, and behavioral responses of M. mesomelas when presented 
with a semi-noxious prey item.  

This study assesses whether M. mesomelas has an aversion to this particular chemically 
protected insect, and whether these tarantulas will preferentially consume an insect with no 
chemical defenses. Tarantulas were captured, placed in tanks, and fed in a series of controlled 
trials. The tarantulas were offered a chemically protected prey item, A. anketeschkei, followed by 
a palatable, unprotected prey item in the form of the butterfly Manataria maculata (Satyrinae). 
Their feeding preferences were recorded, and behaviors noted.  
 
MATERIALS AND METHODS 
 
Site and Specimen Collection 
This experiment was conducted in Monteverde, Costa Rica (84°47'W, 10°18'N; 1450 m a.s.l.) in 
a premontane wet forest. Three different species of arthropods were used in this study. Eight 
Costa Rican Red Legged Tarantulas, Megaphobema mesomelas, from the Theraphosidae family, 
were collected from various locations in the Cerro Plano area. The tarantulas were lured out of 
their holes by tapping a stick near the entrance to simulate prey activity, or by coaxing them out 
of their burrows by pulling them out with a curved stick. The tarantulas were then netted, put in 
containers, and transported to the study facility at the Monteverde Biological Station. At the 
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study facility, eight glass holding tanks, designed to simulate a natural environment for M. 
mesomelas had been constructed, and the eight M. mesomelas specimens were kept in these tanks 
for the duration of the experiment. The two insects used for prey items in this study were the 
Lepidopteran, Manitaria maculata, and the Pseudophasmid, Anthericonia anketeschkei.  Both 
insects were chosen because of their relative abundance in the Monteverde area during the 
months of July and August. All specimens were collected near the Monteverde Biological 
Station. The M. maculata were held in a tank with a 20% sugar water mixture, while the A. 
anketeschkei were held in individual containers, or collected as needed. A. anketeschkei possess a 
defensive chemical that they spray when perturbed, and this chemical will kill other individuals 
of the same species if they are stored together, therefore, they must be housed separately.  
 
Experimental Design 
This study was conducted to test whether M. mesomelas developed any aversion to an 
unpalatable prey item with a noxious chemical defense. The study consisted of five trials in 
which prey items were offered to M. mesomelas. All trials were conducted near or after sundown 
(1800h to 1900h) to coincide with the spider’s typical feeding times, and, to avoid causing 
unnecessary stress, the spiders were not removed from their tanks. All insects were weighed on a 
small digital scale prior to being offered, alive, to the tarantulas. The A. anketeschkei were 
offered intact, but the wings of M. maculata were trimmed off as close as possible to their bodies 
to allow for easier handling by the spiders. In each trial, the insects were placed directly in front 
of the spiders (or in the spider’s burrows) in a way that ensured they would brush against either 
the spider’s front legs or pedipalps. The prey item was placed in this position at least three times 
over the course of an hour. Only live prey was offered, and if the prey insect was not consumed 
in an hour, it was removed. If a spider took a prey item, it was offered another when it finished 
consuming the first.  

For Trial 1, half of the spiders were offered only M. maculata for their first meal, and the 
other half were offered only A. anketeschkei. During this trial, if a tarantula from the M. 
maculata group took the first butterfly, it was offered another butterfly, and if a tarantula in the 
A. anketeschkei group took the stick insect, it was offered another stick insect. In each following 
trial (Trials 2-5), the tarantulas were offered A. anketeschkei first, and, if they ate it, they were 
offered an M. maculata after they had finished consuming the initial prey. If the tarantulas did 
not take the A. anketeschkei, they were still offered an M. maculata after one hour. This design 
was used to attempt to determine whether the M. mesomelas were simply not hungry, or whether 
they were learning to avoid the noxious Pseudophasmids. If the spiders accepted the second prey 
item, M. maculata, but rejected the first, A. anketeschkei, it would indicate that they were 
developing an aversion to A. anketeschkei. Information about the tarantula’s feeding choices 
during each trial was recorded, and other relevant behavioral information was observed and 
noted.  
 
RESULTS 
 
In terms of size, A. anketeschkei was much larger. 0.115 grams larger on average (Fig. 1), than 
M. maculata. Available biomass was not assessed in this study, but due to the fleshy nature of 
both insects, it will be assumed in this study that more available biomass was present for the 
tarantulas in A. anketeschkei than in M. maculata. Despite the chemical protection, the tarantulas 
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showed no discernible aversion to A. anketeschkei, and consumed them relatively often over the 
course of this 5 day study.  

  
Figure 1. Mean weights of both species of insects eaten by M. mesomelas in this study. Weight 
was measured in grams using a small digital scale which rounded to the nearest milligram. The 
error bars represent one standard error. 
 
The absolute number of stick insects consumed was higher than the number of butterflies 
consumed (Fig. 2), but stick insects were fed to the tarantulas first in all trials except Trial 1. For 
all five trials, only three spiders chose to take prey during any given day. The tarantulas in tank 1 
and tank 4 were the only two which did not accept either type of prey offered during the study 
period.  
 

  
Figure 2. Insects consumed by each individual M. mesomelas in this study. Individuals were 
assigned a number for the duration of the study.  
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Figure 3. Total number of stick-bugs (A. anketeschkei) and number of butterflies (M. maculata) 
offered to the tarantulas as well as the number of insects of each type they consumed over the 
course of the 5 day study.  
 
Behavioral Responses 
None of the hunting and feeding behavior of M. mesomelas observed during this study was 
thought to be atypical or indicative of an aversion to A. anketeschkei. Typically when a tarantula 
bites an unpalatable or toxic prey item, it will release it shortly afterwards. This did not occur at 
any time during this study, and every prey insect was fully consumed by the tarantula after it had 
been bitten. If the tarantulas were not hungry, they would ignore the insects. Occasionally, the 
tarantulas would become defensive if the insect dropped in front of them and startled them, and 
they would raise their front legs and stand very still while maintaining a defensive posture. If an 
insect began climbing on/over a tarantula, it would generally ignore the climber, but if the 
climbing continued for a long period of time, the tarantula would often get up and walk away. 
Sometimes the climbing elicited a defensive response, and the tarantula would raise its legs and 
stomp quickly to shake off the offending bug. The spiders did not exhibit any overtly 
uncharacteristic behavior as a result of being captive in tanks, although they did often attempt to 
scale the glass walls and escape.  
 
DISCUSSION 
 
The tarantulas appear to not have developed an aversion to A. anketeschkei or their defensive 
spray during the course of this experiment. The spray which A. anketeschkei possesses is 
unstudied, but it is probable that it contains a chemical called limonene, which is classified as a 
cyclic terpene. The chemical D-limonene is responsible for the citrus scent in oranges and 
lemons, and is a natural insecticide which, causes insect death either by stripping a vital waxy 
cuticle layer from insect’s respiratory systems, or by causing nerve damage - the mechanism of 
action is unknown (Von Burg 1995; Ware and Whitacre 2004). In 2009, a species of beetle was 
discovered which manufactures limonene as a defensive compound, and the existence and use of 
this chemical in insects is not unprecedented or implausible (Stevens Institute 2009).  It is, 
however, curious that M. mesomelas was not reluctant to consume this harmful insect, and did 
not seem to be adversely impacted by its chemical defenses.  

It is possible that this chemical is not harmful for these spiders, but this explanation 
seems quite improbable. A. anketeschkei’s chemical is harmful to small insects, and if they are 
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exposed to a concentrated dose, they will die within 15 minutes. Regardless of the mode of 
action (respiratory cuticle dissolution, or neurotoxicity) this chemical is a well-known insecticide 
with industrial applications, and it is unlikely that M. mesomelas has any special metabolic 
adaptations for dealing with it, considering A. anketeschkei is not adapted to tolerate its own 
chemical. Limonene, however, may serve to deter birds from attacking A. anketeschkei because 
it elicits a burning sensation when it comes into contact with mucous membranes. Tarantula’s 
simple eyes are covered with a dry, clear protective layer of chitin and are not susceptible to 
irritation from this chemical.  

Limonene poisoning in insects presents acutely and with often fatal or temporarily 
debilitating results (Von Burg 1995). If the chemical were very harmful to M. mesomelas they 
would likely have shown some symptoms of poisoning during the course of the study – they did 
not show any obvious signs of poisoning. The A. hentzi and G. olvacea study (Dundee et al. 
2012) mentioned in the introduction of this paper suggests that spiders of the Theraphosidae 
family do indeed have the capacity to learn to avoid toxic prey items. There have been other 
studies that look at prey toxicity and spider feeding preferences which have yielded mixed 
results. There are orb weaving spiders, Nephila clavipes, which actively avoid eating a certain 
species of toxic Lepidopteran, while another species of spider will consume a toxic alkaloid 
containing beetle without hesitation (Boyer 2011).  

Given that limonene poisoning not always fatal for insects, the large body size of M. 
mesomelas probably protects it from the potential for acute limonene toxicity. For the tarantulas, 
the low risk of toxicity is more than fully offset by the high nutrient reward provided by the stout 
fleshy body of A. anketeschkei, and any negative effects likely dissipate quickly. The oral 
ingestion of limonene is harmless for mammals, but likely toxic to tarantulas (Regan and 
Bjeldanes 1976).  
  In conclusion, M. mesomelas do not behave any differently than normal in the presence 
of A. anketeschkei, and they do not develop an aversion to this insect or its toxin after repeated 
consumption. There are likely insects that will elicit an avoidance response, or insects which M. 
mesomelas finds distasteful or noxious enough to not consume, but A. anketeschkei is not one of 
them. The toxin that this insect uses evolved to ward off different predators, and M. mesomelas is 
such an atypical predator that the toxin simply does not irritate it enough to discourage predation. 
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ABSTRACT 
The distributions of species in tropical montane ecosystems are dictated by both abiotic and biotic factors. 
Temperature, humidity levels, and landscape can determine the habitat range of species in high-altitude 
tropical forests. Biotic factors are introduced when overlapping boundaries between congener species are 
reinforced by interspecific competition in the proposed replacement zone. Habitat structural complexity 
within the replacement zone may further dictate interspecific behaviors between congener species. This 
study tests competition in two congeneric wood-wren species (Troglodytidae): the Gray-breasted Wood-
Wren (Henicorhina leucophrys) and the White-breasted Wood-Wren (Henicorhina leucosticta). A 
playback experiment was conducted in secondary and old growth forest throughout the congener 
replacement zone, in the Monteverde region of the Tilarán Mountains, Costa Rica (1400 – 1530 m). The 
two wood-wren species responded similarly to congeneric and conspecific stimuli in both habitats. 
Responses and non-responses to playback stimuli indicated that intraspecific aggression was the highest 
competitive priority for both species of wood-wren. These results indicate that the study organisms are 
currently thriving in their optimal competitive habitats, whether they are in second or old growth tropical 
montane forests. Changing abiotic factors as a result of climate change could force a competitive shift that 
should be monitored in the future. 
 
RESUMEN 
La distribución de especies en los ecosistemas montañosos tropicales está dictada por factores tanto 
abióticos como bióticos. Temperatura, niveles de humedad y paisaje pueden determinar el rango de hábitat 
de especies en bosques tropicales de tierras altas. Los factores bióticos son introducidos cuando los límites 
traslapados entre especie congéneres son reforzados por la competencia interespecífica en la zona de 
reemplazo propuesta. La complejidad estructural del hábitat dentro de la zona de reemplazo podrían 
imponer comportamientos interespecíficos entre especies congenéricas. Este estudio prueba la competición 
en dos especies congenéricas de soterrés (Troglodytidae): Soterrey de Selva Pechigrís (Henicorhina 
leucophrys) y Soterrey de Selva Pechiblanco (Henicorhina leucosticta). Se condujo un experimento de 
“playbacks” en bosque secundario y bosque maduro a través de la zona de reemplazo de los congéneres, en 
la zona de Monteverde de la Cordillera de Tilarán, Costa Rica (1400 – 1530 m). Las dos especies de 
soterrés respondieron similarmente a estímulos congenéricos y conespecíficos en ambos hábitats. 
Respuestas y no respuestas a estímulos de “playback” indicaron que la agresión intraespecífica fue la 
prioridad competitiva más alta para ambas especies de soterrés. Estos resultados indican que los sujetos de 
estudio están prosperando en sus hábitats competitivos óptimos, tanto si están en bosque montano tropical 
secundario o maduro. Factores abióticos cambiantes como resultado del cambio climático podrían forzar un 
cambio que debería ser monitoreado en el futuro. 
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INTRODUCTION 
ABIOTIC FACTORS HAVE BEEN LINKED TO THE MAINTENANCE of diversity and interspecific 
boundaries in high-altitude tropical forests (Ghalambor et al. 2006). Climate and 
landscape variation as a consequence of prevalent elevation gradients results in the need 
for more complex dispersal mechanisms at high altitudes than lowland tropical forests 
(Ghalambor et al. 2006). Lesser-studied biotic factors may also contribute to dispersal 
barriers at high altitudes (Martin & Martin 2001; Lout 2009; Jankowski et al. 2010). 
Overlapping boundaries of congener species can result in a “replacement zone” that 
promotes interspecific competition (Jankowski et al. 2010; Hendershot 2013). This zone 
acts as a dispersal boundary and maintains habitat range boundaries in the tropics 
(Robbins et al. 1986; Jankowski et al. 2010).  

Replacement zones between bird species have been found to increase interspecific 
competition between congeners (Lout 2009; Jankowski et al. 2010; Hendershot 2013). A 
proposed replacement zone occurs for two understory wood-wren species, Henicorhina 
leucophrys and Henicorhina leucosticta, between 1400 – 1530 m in the Monteverde 
region of the Tilarán Mountains, Costa Rica (Hendershot 2013). Several habitat types 
exist within the replacement zone, but have yet to be investigated as potential drivers for 
interspecific competition. The populations of both wood-wren species are undergoing a 
steady decline (www.iucnredlist.org) so understanding their interspecific competition for 
habitat may reveal asymmetrical behavioral aggression for nesting sites (Martin & Martin 
2001). These findings could predict the future range shifts or extinctions of the White-
breasted and Grey-breasted wood-wren species. 

Mechanisms of coexistence have been studied under the scopes of foraging 
behavior and predation risk, but the costs associated with them are ultimately determined 
by habitat structural complex (Oyufi et al. 2012). Habitats with sufficient foliage and 
arthropod diversity allow birds to exploit them with great ease, which influences patterns 
of habitat selection and community structure (Robinson & Holmes 1982). Studies across 
differing habitats in replacement zones show that congener bird species exhibit habitat 
niche separation that fosters coexistence between competing forms (Noon 1981). These 
wood-wren species both depend on similar understory habitat that make coexistence 
more difficult to achieve. Decreased understory complexity may elevate aggression levels 
towards conspecific and congener stimuli due to increased competition for nesting sites 
and arthropod prey. 

This study evaluates the interspecific competition between the White-breasted and 
Grey-breasted wood-wren species within two different tropical montane ecosystem 
habitats located inside the replacement zone. A playback experiment was conducted in 
order to measure levels of aggression between congener species in secondary and old 
growth forest. Aggression levels should be directly related with understory structural 
complexity and ease of habitat exploitation. Unfavorable understory conditions should 
result in increased competition and therefore, increased aggression.  
 
METHODS 
 
Wood-wren Species 
The Gray-breasted Wood-Wren (H. leucophrys) and the White-breasted Wood-Wren (H. 
leucosticta), two congener wood-wren species (Troglodytidae), were observed and their 
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behavior was recorded (Fig. 1). These species thrive in the moist upper-elevations of the 
forest understory throughout Tilarán Mountains. Both exhibit similar habits and 
morphologies, but have differing described elevations. The White-breasted Wood-Wren 
has been described between 800 – 1450 m, and the Gray-breasted Wood-Wren from 1450 
– 1850 m in the Monteverde Region (Fogden 1993). The replacement zone has been 
suggested from 1400 – 1530 m (Hendershot 2013). These two wood-wren species were 
identified as study organisms because of their similarly bold and aggressive territoriality 
(Dingle et al. 2010; Hendershot 2013).  

!
  a         b 

!
Figure 1. Congeneric wood-wren species observed coexisting in the replacement zone 
(1400 – 1530 m) throughout the Monteverde region of the Tilarán Mountains, Costa 
Rica. (a) The Gray-breasted Wood-Wren (H. leucophrys) is found at higher elevations.  
(b) The White-breasted Wood-Wren (H. leucosticta) is found at lower elevations. Photo 
source: www.antpitta.com 

Study Site 
The Curi-Cancha Reserve (1400 – 1540 m), Monteverde, Costa Rica, houses old growth 
and secondary forest within the replacement zone (1400 – 1530 m; Fig. 2). At lower 
elevations (1400 – 1450 m) the reserve is a premontane wet forest that transitions into a 
lower montane wet forest at 1450 m (Haber 2000). The premontane wet forest has a mean 
annual rainfall of 2000 – 4000 mm, while the lower montane wet forest has one of 1850 – 
4000 mm (Haber 2000).  Canopy height exhibits an overall decrease between the 
premontane (30 – 40 m) and lower montane (25 – 35 m) wet forests (Haber 2000). Both 
secondary and old growth forests have similarly developed understories that are thick 
with green palms and woody plants. The secondary forest canopy is less dense, and 
therefore allows more sunlight to pass into the understory than the old growth canopy. 
The reserve was sampled over the course of 12 consecutive days in July of 2013. Daily 
samplings took place between 0700h – 1100h. 
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Figure 2. Trail map of the Curi-Cancha Reserve, Monteverde, Costa Rica. Old growth 
forest is found along the Alondra, Guacharo, Leo, and Puma trails. Secondary forest is 
found along the Morpho, Manga, and Ficus trails. Both habitats exist within the 
replacement zone (1400 – 1530 m).  

Playback Experiment 
Conspecific and congeneric playbacks were produced with portable speakers along the 
Curi-Cancha Reserve trails in 100-m increments. Each individual species’ playback was 
5 minutes in length. This was separated into 30-second and 15-second intervals. Each 30-
second interval consisted of a species’ song and call, with a 15-second interval of silence 
between each one (Fig. 3). A 5-minute silent period was conducted post-completion of a 
single species’ playback, followed by the second species’ entire playback. Species 
playback order was switched at each 100-m transect to avoid observing responses due to 
the accumulation of stimuli. Recorded responses required that the wood-wren either 
vocalize or appear within 10 m of the portable speakers during the site’s playback 
production. Vocalization was not required of the wood-wrens that approached within a 
10-m radius of the speakers. Individuals that vocalized prior to the start of the playback 
were only considered if they approached the aforementioned 10-m radius. Data were only 
recorded once per individual per territory. No territories were visited more than once.  
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Figure 3. Time intervals that comprise the duration of each species playback. 15-second 
intervals of silence are placed between 30-second intervals of species’ song and call. 
Identical playbacks were conducted for both wood-wren species throughout the trails of 
Curi-Cancha Reserve, Monteverde, Costa Rica. The trails were in both secondary and old 
growth forests.  

RESULTS 
 
Gray-breasted Wood-Wren Response to Stimuli  
Gray-breasted Wood-Wrens responded to both conspecific and congener calls in both 
secondary and old growth forests. No significant difference in response to congener 
stimuli occurred between habitat types (Table 1; Fisher’s Exact Test; p > 0.05). The 
congener non-response to response ratio was approximately 4:1 in secondary forest and 
3:1 in old growth forest. Response to conspecific stimuli did not differ between habitats 
(Table 2; Fisher’s Exact Test; p > 0.05). The conspecific non-response to response ratio 
was 2:3 in secondary forest and approximately 2:5 in old growth forest.  
 
Table 1. Responses (+) and non-responses (0) of the Gray-breasted Wood-Wren to 
congeneric playback stimuli within secondary and old growth forests of the replacement 
zone (1400 – 1530 m) located in the Curi-Cancha Reserve of the Tilarán Mountains, 
Costa Rica (n = 31). There was no significant difference in response to congener stimuli 
between habitat types (Fisher’s Exact Test; p > 0.05). 

Gray-breasted Wood-Wren Response to Congener Stimuli in Replacement Zone 
 Secondary Forest Old Growth Forest 

+ 3 4 
0 11 13 

 
Table 2. Responses (+) and non-responses (0) of the Gray-breasted Wood-Wren to 
conspecific playback stimuli in secondary and old growth forests within the replacement 
zone (1400 – 1530 m) located in the Curi-Cancha Reserve of the Tilarán Mountains, 
Costa Rica (n = 41). There was no significant difference in response to conspecific 
stimuli between habitat types (Fisher’s Exact Test; p > 0.05). 

Gray-breasted Wood-Wren Response to Conspecific Stimuli in Replacement Zone 
 Secondary Forest Old Growth Forest 

+ 9 19 
0 6 7 
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White-breasted Wood-Wren Response to Stimuli  
White-breasted Wood-Wrens responded only to conspecific playbacks in secondary and 
old growth forests. Response to congener stimuli did not differ between habitats (Table 3; 
Fisher’s Exact Test; p > 0.05). No significant difference in response to conspecific 
stimuli occurred between habitats (Table 4; Fisher’s Exact Test; p = 0.064). The 
conspecific non-response to response ratio was 5:3 in secondary forest and approximately 
1:15 in old growth forest. 
 
Table 3. Responses (+) and non-responses (0) of the White-breasted Wood-Wren to 
congeneric playback stimuli within secondary and old growth forests of the replacement 
zone (1400 – 1530 m) located in the Curi-Cancha Reserve of the Tilarán Mountains, 
Costa Rica (n = 28). There was no significant difference in response to congener stimuli 
between habitat types (Fisher’s Exact Test; p > 0.05). 

White-breasted Wood-Wren Response to Congener Stimuli in Replacement Zone 
 Secondary Forest Old Growth Forest 

+ 0 0 
0 12 16 

 
Table 4. Responses (+) and non-responses (0) of the White-breasted Wood-Wren to 
conspecific playback stimuli within secondary and old growth forests of the replacement 
zone (1400 – 1530 m) located in the Curi-Cancha Reserve of the Tilarán Mountains, 
Costa Rica (n = 29). There was no significant difference in response to conspecific 
stimuli between habitat types (Fisher’s Exact Test; p > 0.05). 

White-breasted Wood-Wren Response to Conspecific Stimuli in Replacement Zone 
 Secondary Forest Old Growth Forest 

+ 5 1 
0 8 15 

 
Compiled Responses and Habitat 
Conspecific playback responses were significantly greater than congeneric responses in 
both secondary and old growth forests (Tables 5 & 6; Fisher’s Exact Test; p < 0.05). 
While conspecific response to non-response ratios were approximately 1:1 for both 
habitats, congeneric ratios were approximately 1:7 in old growth forest and 1:8 in 
secondary forest. Total Gray-breasted wood-wren response to conspecific stimuli doubled 
from secondary to old growth forest (Fig. 4). Gray-breasted wood-wren response to 
congeneric stimuli increased by one response from secondary to old growth forest. 
White-breasted response to conspecific stimuli decreased by four responses between 
habitat types. No White-breasted Wood-Wren responses were observed to congener 
stimuli in either habitat.   
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Table 5. Responses (+) and non-responses (0) of the wood-wren species to congeneric 
and conspecific playback stimuli in secondary forest within the replacement zone (1400 – 
1530 m) located in the Curi-Cancha Reserve of the Tilarán Mountains, Costa Rica (n = 
54). There was a significant difference in response to conspecific and congeneric stimuli 
in secondary forest (Fisher’s Exact Test; p < 0.05). 

Wood-wren Species Response in Secondary Forest of Replacement Zone 
 Congeneric Conspecific 

+ 3 14 
0 23 14 

 
Table 6. Responses (+) and non-responses (0) of the wood-wren species to congeneric 
and conspecific playback stimuli within old growth forest of the replacement zone (1400 
– 1530 m) located in the Curi-Cancha Reserve of the Tilarán Mountains, Costa Rica (n = 
75). There was a significant difference in response to conspecific and congeneric stimuli 
in old growth forest (Fisher’s Exact Test; p < 0.05). 

Wood-wren Species Response in Old Growth Forest of Replacement Zone 
 Congeneric Conspecific 

+ 4 20 
0 29 22 

 

!
Figure 4. Total responses of the two wood-wren species to a total of 57 playback stimuli 
in secondary and old growth forests throughout the replacement zone within Curi-Cancha 
Reserve, Monteverde, Costa Rica (41 responses). No White-breasted Wood-Wren 
responses were observed to congener stimuli in either habitat.  
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DISCUSSION 
 
Response to Stimuli 
Results indicate that the Gray-breasted Wood-Wren species behaved with similar levels 
of aggression toward congeneric and conspecific stimuli in both secondary and old 
growth forest. White-breasted Wood-Wren species also exhibited similar aggressive 
behavior towards congener stimuli in both habitats. However, the White-breasted Wood-
Wren showed a tendency (non-significant) to exhibit aggression towards conspecific 
stimuli between habitats.  This tendency towards increased aggression in secondary forest 
may indicate more intraspecific competition for habitat within the understory than that of 
old growth forests, and might be clearer after a long-term study. The overall results 
indicate little difference in interspecific competition between two habitats within the 
replacement zone. These findings suggest that both wood-wren species live in their 
optimal competitive habitats (Hendershot 2013), where sufficiently complex understory 
habitat exists for each species to forage, nest, and evade predation effectively (Noon 
1981; Robinson & Holmes 1982;!Oyufi et al. 2012).!

Compiled response results found that the wood-wren species were more 
aggressive towards conspecific stimuli than congeneric stimuli in both habitats. The 
Gray-breasted Wood-Wren species was more aggressive towards conspecific stimuli in 
old growth forest and the White-breasted Wood-Wren species exhibited fewer total 
responses than its congeneric counterpart. This behavior suggests that the White-breasted 
Wood-Wren species were less aggressive overall. Nevertheless, the majority of recorded 
responses were to conspecific stimuli, which furthers the case that sufficient understory 
exists for these congeners. Asymmetric levels of aggression have been documented 
previously (Lout 2009; Jankowski et al. 2010), but Hendershot also found a symmetrical 
level of congener aggression in this study’s replacement zone (2013). This study 
strengthens Hendershot’s claim by confirming symmetrical levels of aggression across 
habitat types with well-developed understories.  
 
Future Implications 
The lifting-cloud-base hypothesis states that the average altitude at the base of orographic 
cloud banks increase along tropical montane ecosystem elevation gradients as a 
consequence of climate change (Pounds et al. 1999). Rising cloud banks are causing 
increased extinction rates as habitat ranges shift in the tropics (Pounds et al. 1999; 
Colwell et al. 2008). The White-breasted Wood-Wren is described at lower elevations, 
but its range has shifted from the replacement zone’s upper boundary at 1450 m to its 
current boundary at 1530 m (Fogden 1993). The Gray-breasted Wood-Wren’s more 
aggressive intraspecific nature might be channeled towards congeners if climate change 
begins to compress the Gray-breasted Wood-Wren habitat range with the shift of White-
breasted Wood-Wren habitat (Martin & Martin 2001; Jankowski et al. 2010; Hendershot 
2013). This compression would lead to increased competition for developed understory 
and could shift the levels of aggressive behavior across habitat types, especially if 
understory flora suffers as a result of the lifting-cloud-base phenomenon (Pounds et al. 
1999; Colwell et al. 2008). 

Both wood-wren species are currently thriving in their optimal competitive 
habitats, whether they are in second or old growth tropical montane forests. This study 
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supports the assertion that current understory conditions in the Monteverde region 
replacement zone are complex enough to successfully host both species’ foraging, 
nesting, and predator evasion activities. However, this symmetrical interspecific 
competition could dissolve as global climate change continues to push the tropical 
montane White-breasted Wood-Wren species into higher altitudes, leading to the 
potential extinction of the more vulnerable Gray-breasted Wood-Wren species. 
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ABSTRACT 

Parasitic interactions can be found in almost every climatic region of the world and can have 

hidden intricacies. Opiliones, common name harvestmen or daddy long legs, are typically found 

with ectoparasites on their body and legs. During the day, opiliones can be found individually, in 

pairs, or in aggregations that can number from three to a few thousand. Aggregations are thought 

to provide an enhanced chemical response to parasitic infection and threats from predators, 

which reduce mite infection. Another theory states that with increased density, the number of 

mites increases due to available surface area. Limited research has been done to see if there is a 

correlation between congregation size and mite number. In this study, the morphospecies, 

congregation size, mite number, and location of the mite were recorded. The groups were 

classified as singles, pairs, or aggregations to determine if mite number differed between larger 

and smaller groups. A total of 392 opiliones were collected and most of the mites were found on 

the body, preferentially over the legs (p < 0.001). Overall, pairs had the largest mite load (p < 

0.01) and there was no association between congregation size and mite number (p > 0.05). 

Results from past studies vary, but current research states that ectoparasites prefer smaller 

aggregations to larger ones.  

 
 
RESUMEN 
 
Las interacciones parasíticas pueden ser encontradas en casi cualquier región climática del 

mundo y pueden tener complicidades escondidas.  Los opiliones, también conocidos como 

abuelitos, se encuentran típicamente con ectoparásitos en su cuerpo y patas.  Durante el día, los 

opiliones pueden ser encontrados individualmente, en pares, o en agregaciones que pueden ser de 
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tres hasta unos pocos miles.  Las agregaciones pueden producir una respuesta química contra las 

infecciones parasíticas y amenazas de depredadores, lo que reduce la infección por ácaros. Otra 

teoría dice que con una mayor densidad, el número de ácaros aumenta debido a la disponibilidad 

de área superficial.  Poca investigación se ha realizado para determinar si existe una correlación 

entre el número de individuos en una congregación y el número de ácaros.  En este estudio, las 

morfoespecies, tamaño de grupo, número de ácaros y ubicación de los mismos se tomó en 

cuenta.  Los grupos se clasificaron en individuos, pares, o agregaciones para determinar si el 

número de ácaros difiere de acuerdo al tamaño de los grupos.  Un total de 392 opiliones se 

colectaron y la mayoría de los ácaros se encontraron en el cuerpo, prefiriendo esta parte sobre las 

patas (p < 0.001).  En total, los pares tienen la mayor cantidad de ácaros (p < 0.01) y no hay 

relación entre el número de grupo y el número de ácaros (p > 0.05).  Resultados de estudios 

anteriores varían, pero estudios recientes afirman que los ectoparásitos prefieren agregaciones 

menores sobre grandes. 

 
 
ARACHNIDS HAVE OVER 60,000 described species and have colonized every inhabitable region on 

earth (Myers 2001). Many Arachnids face parasitism through ingestion of oocysts or spores, and 

external parasites such as fungi, gregarines, and mites delving through the cuticle (Cokendolpher 

1993). Parasitic intensity due to congregation size differs in each unique system. One 

explanation could be a density-dependent relationship, where parasitism increases in larger 

aggregations because of increased contact and surface area available (Bray 2010). Another 

outcome could be that organisms choose to live in gregarious systems for increased chemical 

protection, reduced parasitism, and predation (Cokendolpher 1993). 

Mites!are!a!common!ectoparasite!found!on!the!body!and!legs!of!opiliones,!also!called!
harvestmen!or!daddy!longlegs,!bodies!and!legs.!The!mite!larvae!attach!themselves!to!a!host!
and!bite!a!hole!in!the!cuticle!of!their!host!to!drink!the!body!fluid.!Adult!mites!of!this!species!
are!free!living!as!adults!(Mcaloon!&!Durden!2000).!The!chance!of!transmission!is!higher!in!
social! animals.! An! interesting! observation! found! in! aggregations,! is! that! only! a! few!
individuals!had!mites!of!varying!numbers!while! the!rest!of! the!group!remained!mite! free!
(Bray!2010).!!!

Opiliones!are!part!of!a!diverse!group!containing!5,000!described!species!(Brusca!&!
Brusca! 1990).! Opiliones! are! common! tropical! arachnids! that! prefer! humid! and! shady!
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habitats.!Many!opiliones!are!predators,!but!unlike!other!Arachnids!they!can!be!herbivorous!

and!feed!on!decaying!organic!matter!(Ruppert!et#al.!2004).!Harvestmen!forage!during!the!

night!and!sleep!during!the!day.!Most!harvestmen!are!blind,!so!they!use!their!second!pair!of!

legs!as!antennae.!The!aggregations!are!primarily!for!protection!from!predators,!and!when!

agitated! the! entire! mass! releases! a! defensive! chemical! that! is! unpalatable! to! most!

predators!and!could!deter!parasitism!as!well!(Machado!et#al.!2002).!The!noxious!chemical!

contains!quinones!and!phenols!!(Brusca!&!Brusca!1990)!that!can!be!smelled!quickly!after!

the! harvestmen! becomes! agitated.! This! chemical! is! also! thought! to! protect! harvestmen!

from! external! parasites! and! pathogens! (Cokendolpher! 1993).! Their! chemical! defense! is!

much!more!effective!in!a!large!group!than!for!a!single!individual!(Machado,!et#al.!2000),!and!

for! that! reason! harvestmen! can! be! found! in! aggregations! while! resting! during! the! day!

(Machado! et# al.! 2002).! The! secretion! and! agitation! of! a! single! individual! also! alerts! the!

entire!group!to!a!disturbance!that!they!may!not!have!noticed!otherwise.!Congregations!of!

two!or!more!opiliones!improves!grooming,!which!may!remove!mites!(Cokendolpher!1993).!

Another!theory!is!that!they!are!simply!congregating!around!a!resource,!such!as!water.!

In! this! study! I! determine! if! there! is! an! association! between! the! parasitizing!mite!

loads! in! relation! to! opiliones! aggregation! size! in! a! forest.! I! also! evaluate! if!mites! show!a!

preference! for! certain! morphospecies! of! opiliones,! and! if! they! show! a! preference! for! a!

particular!body!section.! 

 
METHODS 

STUDY SITES- Three study sites were used, including the Monteverde Biological Station, Bajo del 

Tigre, and the area neighboring Quebrada Sin Nombre stream (Fig.1). All sites were on the 

Pacific side of the Tilarán Mountain Range in Monteverde and Cerro Plano, Puntarenas, Costa 

Rica. The forest at the biological station is a lower montane wet forest with both primary and 

secondary forests at 1520-1560 meter elevation. Bajo del Tigre is a transitional zone between 

premontane wet and seasonal moist secondary forest at 1220 m elevation (Children’s Eternal 

Rainforest 2002). The area sampled along Quebrada Sin Nombre was at lower montane wet 

forest at 1500 meters elevation (Nadkarni & Wheelwright 2000). The experiment was conducted 

during the wet season in July 2013. All data collection occurred during the day, when the 

opiliones are least active.  
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STUDY ORGANISMS- Three morphospecies were assessed and labeled A, B, and C. 

Morphospecies A had a large oval body and black legs (Fig. 2A). The coloration of the body 

varied, but a reddish body was most common. Other colors included black and brown with black 

markings. Morphospecie B has a smaller dark brown body with white bands at the joints of each 

leg (Fig. 2B). Morphospecies C had a small, thin body that was black/dark brown and black legs 

(Fig. 2C). 

 

FIELD METHODS- Aggregations were defined as a cluster of three or more harvestmen with their 

legs intertwined (Bray 2010). Pairs follow the same guidelines of intertwined legs. Size was 

classified as single, pair, or aggregation 

Harvestmen were typically found on tree trunks, moss walls, and crevices in areas 5 

meters adjacent to paths. Harvestmen were only considered if they were 6 feet or lower on the 

tree. If the harvestmen were at eye level or lower, I noted the morphospecies, congregation size, 

and mite number without disturbing them. If they were above eye level, I caught them 

individually and placed them in a plastic bag. I then gently squeezed the air out to immobilize 

them in order to count the mites. If mites were clustered and difficult to distinguish from one 

another, a hand lens was used to make an accurate account. Morphospecies, group type, and the 

number of individuals in each aggregation were recorded. Additionally, mites attachment site on 

the body was recorded (Fig. 3). 

 

STATISTICAL ANALYSIS- I performed a linear regression to compare aggregation size and mite 

load. In addition, I ran a One-Way ANOVA comparing mite load and mite location on the 

harvestmen bodies. A Tukey contrast was run as a post-hoc comparison between each location 

visited. The same tests were used to compare mite load and opiliones number (single, pair, and 

aggregation) and the assessment of mite load to species. A Chi-squared test was run to evaluate 

if mite had a attachment preference based on species, and if there was an attachment preference 

on harvestmen body section. 

RESULTS 

MITE LOAD- There was no relationship between mite load and the number of individuals (F = 

2.32, DF = 2, p = 0.128 R2 adj = 0.003, N = 392).  The number of opiliones varied from 1 to 36 

individuals (Fig. 4).   
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Mite loads were different between Quebrada Sin Nombre and both the Biological Station 

and Bajo del Tigre (F = 18.74, DF = 3, p < 0.0001). However, there was no difference between 

the Biological Station and Bajo del Tigre (p > 0.05) (Fig. 5). 

 The comparison of single opiliones (n = 69), pairs (n = 30), and aggregations of 3 or 

more (n = 293), revealed that the pairs had a larger mean mite load. (F = 4.023, DF = 3, p = 

0.0186) (Fig. 6). Single and pair comparison were within 10% of one another, and post-hoc 

comparisons concurred that they are similar (p > 0.05), single and aggregations were the same (p 

> 0.05). Pairs and aggregations were different when compared (p = 0.01).  

An observation seen in the field was that within an aggregation, only a few individuals 

have mites, while the majority have none. Another observation was that within pairs, if one or 

more mites were present only one individual had them 86% of the time. Out of the 392 

Harvestmen collected, only 76 had mites. 

 
MITE MORPHOSPECIES PREFERENCE- morphospecies C had the highest mean mite load, 1.93 ± 

0.56 mites, morphospecies B with a mean of 1.05 ± 0.134 and morphospecies A with 0.25 ± 

0.038mites  (F = 7.689, DF = 3, p = 0.0005) (Fig. 7). In the comparisons between morphospecies 

C and A (p = 0.001), and between C and B (p = 0.01) there is a significant difference. The 

comparison of B and A (p = 0.1) was not significant. Another factor to consider is that 318 

individuals of morphospecies A were found, 62 of morphospecies B, and only 12 of 

morphospecies C. 

 
PREDATION LOCATION PER MORPHOSPECIES- Mite location did not show a preferential location 

for body section when I compared the three morphospecies (Yates’ X2 = 3.265, DF = 4, p = 

0.514) (Fig. 8). Only five mites were found on morphospecies C, and they were all on the body, 

but aside from this deviation all the observed and expected values were similar. 

 However, the general mite load taking the three morphospecies into account shows a 

preference for the body over the legs (X2 = 22.842, DF = 2, p = 0.00001). The body has 38 

parasitized individuals, whereas the legs preference only has six. The body and legs also 

outnumber the legs alone by 26 parasitized individuals (Fig. 9). 
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DISCUSSION 

The lack of relation between opiliones group size and mite number was not surprising, it was 

often observed that independent of the aggregation size there were typically only one to three 

individuals infected, even in pairs (Fig. 4). It is not yet known why this happens, but it occurs the 

majority of the time (Bray 2010). The site Quebrada Sin Nombre had the highest mite load ratio 

(Fig. 5). This could be because sampling was done next to a stream, while the other sites were 

off the trail in the forest. It is possible that the area surrounding the streams is less disturbed than 

the area around paths, which are constantly being maintained. As a result the habitat may be 

more diverse allowing the mite population to be greater. When a system is diverse, there are 

more individuals to predate on, stimulating rapid reproduction in the mites when an increased 

number of hosts are available for their larvae.  

Pairs had the highest mite attachment rate; biologically there is no explanation for this 

trend. Personal observation revealed that in!pairs,!if!there!were!mites,!they!were!only!on!one!
individual! the! majority! of! the! time (Fig. 6). There could be a dilution effect in larger 

aggregations. Aggregations are closely packed with their legs intertwined, this causes their legs 

to rub and mites can be dislodged. This may show the benefit of aggregations by reduced mite 

parasitism.  Another benefit is the increased chemical response to predation, which could be a 

deterrent for external parasites and pathogens (Cokendolpher 1993). Single opiliones did not 

show a difference when compared with both pairs and aggregations. In a previous study, it was 

found that aggregations under 200 individuals had a higher rate of parasitism than if the 

aggregation size exceeded 200 (Bray 2010). The largest aggregation found in this study was 36 

individuals, it could be that anything bellow that number does not have a strong enough chemical 

response to make a difference on parasitism rate. 

morphospecies C had the highest rate of parasitism by mites (Fig. 7). This could be 

related to low sample size of 12 rather than any significant mite preference. It is possible that the 

individuals of morphospecies C that were sampled happened to have more mites than is typical. I 

would expect that a higher number or individuals for this species will show lower mite load. The 

majority of opiliones found were of morphospecies A, which was significantly larger than B and 

C (Fig. 7) 

The level of parasitism by mites did not show preferential attachment sites based on 

species (Fig. 8). Although morphospecies A had a larger body, all three had similar body 
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structures promoting the initial attachment of mites to the body and less typical attachment to the 

legs. Mites were most often found on the body of opiliones, and typically were on the legs 

secondarily if mites already occupied the body (Fig. 9). A possible explanation is that the larger 

body allows access to more body fluids than the legs. It may also be a result of larger surface 

area allows easier attachment to the body (Mcaloon & Durden 2000). Opiliones groom 

themselves regularly and this could dislodge mites from the legs (Cokendolpher 1993), but the 

legs cannot reach their bodies when grooming (Bray 2010). 

 Mites show partiality towards a certain morphospecies and body segments. Pairs were 

found to have the highest rate of parasitism, a result that had never been found in previous 

studies. A past study that was done in Monteverde considered opiliones in human altered 

habitats, whereas this study was conducted solely in forests. Aggregations found in the altered 

habitat were much larger than any found in the forest, one aggregation exceeded 4,000 

individuals (Bray 2010). Seasonality could have caused this discrepancy between aggregation 

size, the largest group found in this study had 36 opiliones. Opiliones could be more abundant in 

the fall, when Bray did her study (Townsend et al. 2006). Although the results from this study 

varied from past studies, it is consistent with current research which states ectoparasite 

preference to smaller aggregations compared larger ones and offers additional insights that may 

provoke further study.  
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FIGURE 1. Three sites where opiliones were collected in Monteverde and Cerro Plano forests. All 

sites were within 340 m in elevation of one another on the pacific side.  Holdridge life zones at 

these areas include seasonal moist, premontane wet, and montane wet forests. 

 

(A) (B) (C) 

FIGURE 2. Three categories of opiliones, (A) Morphospecies A found on a tree trunk with mites 

on body. (B) Morphospecies B, with white bands at each leg joint. (C) Morphospecies C with 

pedipalps extended 

 

                                                          
 

FIGURE 3. An example of mite attachment on both the body and the leg of a morphospecies A 

individual. Mites seen and counted with the naked eye, indicated by arrows. 
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FIGURE 4. Mite load of for the three morphospecies of opiliones do not differ with increased size. 

Mite load was recorded for each individual in the varying group sizes, ranging from 1 to 36. Data 

was taken in lower wet montane and premontane forests, between 1220 to 1560 m.

 

 

FIGURE 5. Three sites were used for sampling of opiliones, the Biological Station, Bajo del Tigre, 
 and Quebrada Sin Nombre. Quebrada Sin Nombre was significantly different from the two other 

sites, indicated by an *. Error bars indicate ± standard error (n = 76). 
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FIGURE 6. Mite load on single, a pair (two opiliones with legs intertwined), and an aggregation (3 

or more opiliones with legs touching). Within each accumulation parameter mite load was 

recorded by counting (n = 392). Significant difference between both pairs and single groups, and 

pairs and aggregations is indicated by the * over pairs. Error bars indicate ± standard error. 

 
 

 

FIGURE 7. Mite load for the three morphospecies. Morphospecies A comprised of 318 

individuals, B had 62 individuals, and C had 12 (n = 392). Morphospecies C (*) was 

significantly different from both A and B. Error bars indicate ± standard error 
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FIGURE 8. The three defined attachment sites for mites on opiliones include the body, leg, or 

body and leg. The dark grey shows the number of mites per section of the body for species A, the 

light gray show the number of mites per section of the body for species B, and the same for C in 

medium gray.

 
 

 

FIGURE 9. The defined sites of mite attachment for this study are to the body, leg, or body and 

leg. General pattern of mite load per body section taking the three morphospecies into account 

revealed that the body was most preferable, followed by the body and leg (n = 76).
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Abstract  
Arboreal dung beetles have been studied in tropical rainforest habitats across the globe. 

In premontane wet forest in Monteverde, Puntarenas, Costa Rica, I evaluate arboreal beetles and 
other dung arthropods in the subcanopy layer and compare their community composition and 
diversity to terrestrial dung beetles and arthropods at corresponding sites. Possibly due to abiotic 
and biotic conditions of the study site, no arboreal dung beetles were trapped in the duration of 
the study while eight species of terrestrial dung beetles were collected. Community composition 
and diversity of insects from the subcanopy were found to differ significantly with more Diptera 
and Hymenoptera visitors of subcanopy dung traps and more Coleoptera trapped at ground level. 
Canopy and subcanopy habitats represent a unique set of abiotic conditions and biotic resource 
pools that can be exploited by distinctive communities of insects. Sampling of forest canopies 
should be undertaken in the future for more complete and accurate studies of biodiversity.    

 
Resumen  
Los escarabajos estercoleros arbóreos han sido estudiados en bisques lluviosos tropicales 

en todo el mundo. En el bosque premontano húmedo en Monteverde Puntarenas, Costa Rica, 
evalué escarabajos estercoleros arbóreos y otros artrópodos estercoleros en el subdosel y 
comparé la composición de la comunidad y diversidad con la de escarabajos estercoleros 
terrestres y otros artrópodos en los sitios correspondientes.  Posiblemente debido a condiciones 
bióticas y abióticas del sitio de estudio, escarabajos estercoleros arbóreos no se atraparon en la 
duración del estudio mientras que ocho especies de escarabajos estercoleros terrestres fueron 
colectadas. Composición de la comunidad y diversidad de insectos del subdosel difirió 
significativamente, con más visitantes de Diptera e Hymenoptera en las trampas del subdosel y 
más Coleoptera a nivel del suelo. Los hábitats de dosel y subdosel representan un conjunto único 
de condiciones abióticas y fuentes de recursos bióticos que pueden ser explotados por 
comunidades de insectos distintivas. Un muestreo del dosel de los bosques debe llevarse a cabo 
en el futuro para estudios más completos y precisos de la biodiversidad. 

 
 
THE TROPICS BOAST HIGH BIODIVERSITY and species richness. This may be due to high 

competitive pressures that lead to increased niche partitioning and speciation. This in turn leads 
to unique specialized communities, narrow niches, and exploitation of microhabitats (Pianka 
1966). The importance of organisms in forest canopies is increasingly recognized as essential to 
a comprehensive understanding of biodiversity. Canopy and subcanopy layers are host to diverse 
communities of birds, epiphytes, and arthropods (Nadkarni 1994).  

Arboreal dung beetle activity has been reported from tropical regions, though typical 
diversity measures have focused their sampling only on terrestrial foragers. The usual baited 
pitfall traps are not designed to capture any dung beetles with specialized niches, such as those in 
the subcanopy layer (Vulinec et al. 2007). Intense competition for dung on the ground along with 
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an unexploited canopy resource pool has been implicated for the creation of the arboreal foraging 
niche (Hanski & Cambefort 1991). Bird and mammal species that are rarely, if ever, found on 
the forest floor may provide dung for subcanopy foraging beetles and other arthropods and it is 
important to account for these communities. 

  Dung beetles are a morphologically diverse group of beetles that exploit nutritionally 
rich dung resources (Hanski & Cambefort 1991). They are important members of the nutrient 
cycle as decomposers, and vital members of ecosystem functions like soil aeration and 
fertilization, seed dispersal, and pest control (Andresen & Laurance 2007). Dung beetles show a 
preference for primary old growth forest habitat, and diversity drops out in disturbed areas, being 
often considered important indicators of forest destruction (Riley & Browne 2011). There are 
three types of dung beetles: dwellers, tunnelers, and rollers. Dwellers use the dung as a nesting 
site. All egg, larval, and pupa development takes place in a dung pat. Tunnelers bury a piece of 
discovered dung on the spot to create their nests very near the source. Rollers remove balls of 
dung from the source in unique courtship rituals (Hanski & Cambefort 1991). These three 
different uses of the dung indicate high competition and niche partitioning amongst dung beetles 
due to dung being a limiting resource (Hanski & Cambefort 1991). Specialization on dung type 
and habitat has been shown (Gill 1991). Unique subcanopy habitat and dung may provide the 
ideal niche for arboreal dung beetles.  

 I evaluate arboreal and terrestrial dung beetle diversity in premontane wet forest. In 
addition, I will assess differences between species diversity and composition of arboreal and 
terrestrial insect communities. Significant differences could indicate a specialized subcanopy 
community that is often ignored in sampling.  
  

Materials & Methods  
STUDY SITE  
I set up 20 insect collector traps in 10 locations along a trail in premontane wet forest at 

the Monteverde Biological Station, Puntarenas, Costa Rica at approximately 1550m in elevation. 
The area is on the Pacific slope and rainfall averages three meters annually.  

 
TRAP DESIGN  
Trap design followed that of Larsen and Forsyth (2005) as closely as possible. Terrestrial 

traps were created by burying a 12-ounce cup so that the rim was flush with ground level. 
Approximately 4 inches of soapy water filled the bottom of the cup and was used to drown 
trapped arthropods. A makeshift roof to protect the cup from flooding with rainwater was created 
from a plastic plate and was elevated over the center of the cup. A ball of pig dung around 2 cm 
in diameter and wrapped in mesh was hung from the roof so that it was suspended in the cup but 
not touching the sides (Figure 1a). The arboreal traps were similar. The rim of the cup was flush 
with a plastic plate, which served as the base. To protect against rain, a roof structure was 
attached and pig dung of the same diameter was suspended in the cup. Four inches of soapy 
water along with rocks were placed in the bottom of the cup to stabilize the trap against wind 
(Figure 1b). The trap was then hung from a branch between 6-10m in height using rope. A 
corresponding terrestrial trap was placed near the base of the tree.  

 
ARTHROPOD SAMPLING  
Data collection occurred from July 22 to July 27 2013. The traps were checked every 24 

hours. Three collections were made and all arthropods were preserved in 96% ethanol until 
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identification. Dung beetles were identified to species while insects where identified to morpho-
species. A Shannon-Wiener Diversity Index and a Sorenson’s Index were calculated to compare 
arboreal and terrestrial dung beetle species and insects in general.  

 
Results  

 DUNG BEETLE ABUNDANCE AND SPECIES RICHNESS    
 Eight species of dung beetle were trapped in ground-level pitfall traps. There were no 
dung beetle species caught in the arboreal traps. A total of 92 dung beetles were trapped, and of 
these, 62% of them were Ontherus pseudodidymus (Figure 2).  

INSECT DIVERSITY AND COMPOSITION  
In addition to the dung beetles, other individual insects attracted to dung were caught in 

the ground-level traps giving a total of 312 insects trapped. In the arboreal traps, 494 total insects 
were trapped (Figure 3) (X2= 41.09, df = 1, p<0.001). Of the insects trapped in the subcanopy, 
464 belonged to the Order Diptera, but only 182 dipterans were caught at ground level 
(X2=64.63, df=1, p<0.01). Although 16 morpho-species of Diptera were found in the subcanopy 
compared to 8 morpho-species at ground level, this difference was not statistically significant 
(X2=1.37, df=1, p=0.24). All Diptera morpho-species found at ground level were present in the 
subcanopy. There were significantly more Hymenoptera individuals caught in arboreal traps than 
ground traps (X2=6.34, df=1, p=0.011). There was no overlap of Hymenoptera morpho-species 
caught in arboreal and terrestrial traps. Significantly more non-dung beetles were trapped in 
ground-level pitfalls than the arboreal ones (X2=11.26, df=1, p=0.0008). No dung beetles were 
trapped in the subcanopy in comparison to the 92 trapped at ground level. 

Diversity indexes and evenness for ground level and arboreal insects were calculated 
(Table 1). The Shannon-Wiener index found ground-level diversity to be a value of 2.51 in 
comparison to the subcanopy index of 2.42. Evenness was calculated at 0.77 for the ground and 
0.72 for the subcanopy layer. Differences in diversity were significant (Modified T-Test, t=1.39, 
df=1885.33, p<0.001). There was no significant difference between the species richness 
(X2=0.036, df=1, p=0.85). More individual insects were trapped in arboreal than terrestrial traps 
(X2= 41.09, df = 1, p<0.001). A Sorenson’s Overlap Index of 0.42 was calculated for the two 
communities.  
 
 

Discussion 
 DUNG BEETLE ABUNDANCE AND SPECIES RICHNESS  

Although dung beetle presence in canopy and subcanopy layers has been documented in 
rainforests in Borneo, Panama, and Brazil, no dung beetles were captured in my study (Vulinec 
et al. 2007). In Borneo, arboreal dung beetles were found just meters off the ground as well as in 
the upper forest canopy. These dung beetles specialize on primate dung and differ 
morphologically and behaviorally from terrestrial beetles, suggesting both habitat and diet 
specialization (Davis et al. 1997). The absence of any arboreal dung beetles from my study 
suggests that some aspect of the study site habitat may not have been ideal habitat. Abiotic 
factors like elevation or climatic conditions like the cool misty conditions of Monteverde may 
limit the distribution of these arboreal species. In Costa Rican cloud forests, wind speeds for the 
canopy are significantly higher than at ground level (Lawton 1982). Additionally, biotic 
conditions like a smaller resource pool due to smaller populations of primates or canopy birds 
could contribute to this result.     
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Four species in the dung beetle genus Canthon have been described as forest canopy 
specialists (Larsen et al. 2006). A study in Amazon Brazil found one species of arboreal dung 
beetle and was able to collect it from several different canopy heights. The species, Canthon 
subhyalinus, increased significantly in abundance from 8-24m in height (Vulinec et al. 2007). 
The Brazilian study site, however, was lowland dense tropical rainforest and represents a 
different set of abiotic conditions. Additionally, the site boasts 350 bird species and 50 mammal 
species, of which, many are certainly canopy species that provide resources for the dung beetles 
(peld.inpa.gov.br). The study in Borneo was also conducted in lowland primary rainforest and 
would similarly present a different set of abiotic and biotic habitat conditions than those found at 
my study site (Davis et al. 1997).     
 Arboreal dung beetles exist outside their typical habitat and can be collected in ground 
level pitfall traps in logged forests or plantations where their canopy habitat has been reduced 
(Davis & Sutton 1998). Some of my study site had been logged about 30 years ago, but the 
canopy is closed. Additionally, all species collected in my ground level traps are common 
terrestrial species. My results indicate that subcanopy foraging by arboreal dung beetles does not 
occur at my study site.  
  
 INSECT DIVERSITY AND COMPOSITION 
 The canopy may present a unique habitat that differs from ground level in light intensity, 
precipitation, humidity, temperature, and wind (Parker 1995). These abiotic differences foster 
unique communities of the subcanopy and in this study on insect diversity, community diversity 
was significantly different from the ground level. Many dipterans were attracted to the dung, and 
several families and numerous species have been reported exploiting this resource. They use the 
dung to feed and also as a nest site for laying eggs (Blackith & Blackith 1993). Dipterans were 
more abundant in the subcanopy than at ground level. Not only were there more individuals 
overall, but there were also twice as many morpho-species, however, this difference in species 
richness, however, was only a trend. It is also clear that overlap in morpho-species was very 
high. All dipterans captured at ground level were also found in the subcanopy. These Diptera 
species may exploit both subcanopy and ground levels for foraging and nest selection, but it 
appears they have a preference for the subcanopy.  

Hymenopterans were also attracted to the dung-baited traps, but it is unclear for what 
purpose they use this resource (Goñi et al. 2012). It is possible that many Hymenoptera 
supplement their low-Nitrogen diet of nectar with dung, as many butterfly species do (Hanson & 
Gauld 1995). Diaz et al. (2000) studied Hymenoptera that parasitize dung-fly larvae. It is 
possible that the Hymenoptera found in my sampling were attracted to the dung for this reason as 
well. The lack of overlap in Hymenoptera species from arboreal and ground traps in my study 
may suggest niche partitioning to a certain degree, though too few were trapped to support any 
trend. 

 
IMPLICATIONS OF THE STUDY  
Organisms with specialized niches may appear rare in typical sampling measures that do 

not account for them. For example, there is a described species of dung beetle that lives in the fur 
of sloths and specializes on their dung (Ratcliffe 1980). Similar foraging behaviors have been 
documented on other continents with monkeys and kangaroos operating as dung beetle hosts in 
this unique commensal relationship (Matthews 1972). Species that specialize on arboreal habitats 
may be underestimated if sampling methods are not standardized to include them.  
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Canopy and subcanopy levels provide a set of unique habitat conditions for diverse 
communities of dung beetles and other insects. Often these habitats are overlooked in typical 
sampling regimens and it is important to account for these species that may rarely be seen on the 
ground. Although no arboreal dung beetles were caught in my study, it may be due to unsuitable 
habitat arising from climatic conditions or a lack of canopy dung abundance. It is also possible 
that they are rare in this habitat and a higher sampling effort was needed. Diversity differences in 
insect communities, however, suggest that ground level and subcanopy level habitats provide 
different environmental niches to exploit. For a comprehensive understanding of the implications 
and the magnitude of any habitat loss, fragmentation, and climate change on overall species 
diversity, these communities need to be accounted for and included in diversity samplings.  
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FIGURE 1a: Terrestrial dung beetle                     FIGURE 1b: Arboreal dung beetle trap 
trap baited with pig dung and                               baited with pig dung and protected  
protected from rain by makeshift                         from rain by makeshift roof.  
roof.  
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FIGURE 2: Dung beetle species abundances caught in terrestrial pitfall traps baited with pig dung. Individuals were 
captured over a 5-day period in premontane wet forest in Monteverde, Costa Rica at approximately 1550m in 
elevation.  
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FIGURE 3: Insect differences amongst terrestrial and arboreal pitfall traps baited with pig dung. Differences in 
dipteran abundances are significant (X2=64.63, df=1, p<0.01). Significantly more Hymenoptera individuals were 
found in arboreal traps (X2=6.34, df=1, p=0.011). More non-dung beetles were found at ground level (X2=11.26, 
df=1, p=0.0008) and no arboreal dung beetles were captured.  

TABLE 1: Diversity Indices, evenness, species richness, total number of individuals, and Sorenson’s Overlap Index 
for arboreal and terrestrial pitfall traps. Differences in diversity are significant (Modified T-Test, t=1.39, 
df=1885.33, p<0.01). There was no significant difference between species richness (X2=0.036, df=1, p=0.85). More 
individuals were found in the subcanopy layer than on the ground (X2=41.09, df=1, p<0.01).  Terrestrial Traps  Arboreal Traps 
Diversity Index (H’) 2.51 2.42 
Evenness (E) 0.77 0.72 
Species Richness (S) 27 29 
Number of Individuals (N) 312 494 

Sorenson’s Overlap Index = 0.42 
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ABSTRACT 

 The purpose of this study is to determine whether succession in regenerating contiguous forests 
differs from forest fragments. This is important because increasing amounts of tropical habitat is 
fragmented and some of this is allowed to regenerate. Proximity to large tracks of forest may 
facilitate succession and other regenerative processes. I compared the succession of Rubiaceae 
and Arecaceae understory communities in 15-year old regenerating forests, one a 27- hectare 
forest fragment and another a forest contiguous with a large reserve complex ( >30,000 hectares). 
I found only one species of Arecaceae (Chamaedorea costaricana) at both locations but at 
different densities; the fragmented forest had far greater densities than in the contiguous forest. 
Comparisons of species richness (S), species diversity (H’), evenness (E),  and abundance (N) 
for Rubiaceae revealed identical species richness (S=6), a significantly higher H’ for the 
contiguous forest (t=5.37, df=518.88, P<.001), due to a greater evenness (E=.758) for the 
contiguous forest than (E=.51) for the fragment. The overall abundance for Rubiaceae was 
greater in the contiguous forest (N=600) than in the fragment (N=429). These results suggest the 
following possible interpretations: 1. The contiguous forest is farther along in succession, 2. The 
fragment is dominated by a single species which competitively slows the succession process, 3. 
The contiguous forest conditions prevent the competitive dominance of any one species.  

RESUMEN 

El objetivo de este estudio es determinar si la sucesión en bosques en regeneración contiguos 
difiere de la de fragmentos de bosque. Esto es importante porque cantidades crecientes de hábitat 
tropical está fragmentado y parte de esto se deja regenerar. La proximidad a grandes extensiones 
de bosque podría facilitar la sucesión y otros procesos regenerativos. Comparé la sucesión de 
comunidades del sotobosque de Rubiaceae y Arecaceae en bosques de 15 años en regeneración, 
uno un fragmento de bosque de 27ha, el otro, un bosque contiguo a un gran complejo de reservas 
( >30,000 ha). Encontré solamente una especie de Arecaceae (Chamaedorea costaricana) en 
ambas localidades, pero en diferentes densidades, el fragmento de bosque tenía mucha mayor 
densidad que el bosque contiguo. Comparaciones de riqueza de especies, diversidad de especies, 
equidad y abundancia para Rubiaceae revelaron una riqueza idéntica (S=6), una diversidad 
significativamente más alta para el bosque contiguo (t=5.37, df=518.88, P<.001), debido a una 
mayor equidad para el bosque contiguo (E=.758) que para el fragmento (E=.51). La abundancia 
general de Rubiaceae fue mayor en el bosque contiguo (N=600) que en el fragmento (N=429). 
Estos resultados sugieren una de las siguientes posibles interpretaciones: (1) El bosque contiguo 

 133 



 

está más adelantado en la sucesión; (2) El fragmento es dominado por una única especie lo que 
competitivamente retrasa el proceso de sucesión; (3) Las condiciones del bosque contiguo 
previenen la dominancia competitiva de cualquiera de las especies. 

 

INTRODUCTION 

The deforestation of tropical forests due to agricultural expansion has caused biodiversity loss 
(Harper et al., 2007; Marcano-Vega et al., 2002). The establishment of protected areas has 
resulted in some fortunate cases in which habitat is undergoing regeneration. The rate of 
recovery is likely to differ due to many factors, ranging from (agricultural practices, soil 
conditions, climatic variables, seed bank, and seed sources) (Laska, 1997) which merit our 
attention because of the insight they can yield about future diversity. An important consideration 
may be proximity to healthy, intact forest, which can impact both abiotic factors (Peña-Claros, 
2003) as well as biotic factors, critically to the regenerative process. For instance, the process of 
succession, which is the change in plant community composition over time, could be influenced 
by seed disperser and pollinator abundance, which may be greater contiguous forests. Likewise, 
the rate of succession could be slowed or sped up by edge effects which should be stronger in 
fragmented forests. 

 In Monteverde, Costa Rica, conservation efforts have made it possible to investigate 
succession of understory plant communities in fragmented and contiguous regenerating forests. 
Such investigations could be important because they can increase our understanding of potential 
long-term succession and future forest richness. For instance, forest understory communities 
harbor species that may comprise future canopies (Swaine and Hall, 1983) and contribute to the 
richness of other trophic levels by supplying important resources. In Monteverde, common 
understory families that contribute to bird and mammal communities include the Rubiaceae and 
Arecaceae (Tchouto et al. 2009; Scariot, 1999). These families typically depend upon animal 
communities for pollination and dispersal and require the dark understory of mature forests for 
growth (Bremer and Eriksson, 2009; Johnson, 1996). These requirements mean that they are 
benefited by proximity to intact forest. Therefore, these communities may offer insight into the 
rates of regeneration in contiguous and fragmented forests. 
 In this study, the goal is to compare and contrast the understory communities of the 
Rubiaceae and Arecaceae families in both fragmented and contiguous regenerating forests. The 
community composition as well as its richness and diversity will be explored. Because both 
families require animal dispersers and pollinators plus require dark, moist understory conditions, 
their succession may be more rapid in a contiguous forest, and their community diversity greater. 

METHODS 

STUDY SITES- This study was conducted at two different regenerating forests in Costa Rica. Each 
was a coffee farm approximately 15 years ago and then left to undergo natural regeneration. The 
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first site (called Calandria) is part of a patch located within a 27-hectare reserve. This site is a 
fragmented regenerating, upper Premontane moist forest, located at an elevation of around 
1250m. The second site, Bajo del Tigre, had an elevation of 1220 m and is located along the 
Pacific slope of Costa Rica.  Bajo del Tigre is a transitional Premontane wet to seasonal moist 
forest that is connected by a large section of old growth forest of the Monteverde Reserve 
complex and totals around 30,000 hectares. These sites differ visually as Calandria is an isolated 
fragment surrounded by a large expanse of cleared and farmed land (Fig.1).  

PLANT CENSUS- For this study, both Calandria and Bajo del Tigre were visited and divided into 
1800 m² sections of re-growth forest. This was determined by measuring 450m of trail at each 
site and then, using a 2m transect at either side of the trail, measuring the depth of the forest that 
would be sampled. It was important that each of the sites only included regenerating forest and 
not any old forest or edge habitat. Once both of the study site areas had been determined, a 
census was taken of all of the Arecaceae and Rubiaceae species within the 1800m², at each site. 
Only species that were at least a half a meter tall were counted. Since these are understory plants, 
no cap was placed on the height. Each of these species was identified using morphological 
characteristics and previously acquired samples. Each individual was tallied and recorded by 
species type.  

 

A) B)  

FIGURE 1.  Regenerating forest sites located near Monteverde, Costa Rica. (A) Ariel view of 
Bajo del Tigre, a contiguous regenerating, transitional premontane wet to seasonal moist forest 
reserve connected to the Monterverde reserve complex. (B) Ariel view of Calandria (left 
fragment), a largely fragmented regenerating forest reserve maintained as a bird corridor 
surrounded by cleared agricultural land.  
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RESULTS 
 
RUBIACEAE – There was a significantly higher diversity of Rubiaceae species in the contiguous 
forest, Bajo del Tigre than in the fragmented forest, Calandria (Shannon-Weiner Diversity Index, 
t=5.37, df=518.88, P<.001). The abundances of each Rubiaceae species differed at each site 
(Figure 2.) 

 

 

 

FIGURE 2.  Number of individuals censused of each Rubiaceae species at regenerating forests, 
Calandria and Bajo del Tigre. Individuals were counted over 1800m² at both locations. The total 
number of individuals per site was 1029. Calandria (N=429), Bajo del Tigre (N=600). 

 

The species richness of Rubiaceae was the same for both Calandria and Bajo del Tigre (S=6). 
The overall abundance of Rubiaceae species was greater in Bajo del Tigre (N=600) than in 
Calandria (N=429). Bajo del Tigre also had greater species evenness (E=.758) than Calandria 
(E=.51). (Figure 3.).   
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FIGURE 3.  A) Abundance of  Rubiaceae plants at Calandria and Bajo del Tigre. B) Species 
evenness values for both sites C) Species richness of Rubiaceae at each site. D) H’ diversity 
values for each site (Shannon Weiner Diversity Index) 

 

The density of Rubiaceae species, as measured over 1800 m² of each site, was greater at Bajo del 
Tigre (d=.33) than at Calandria (d=.24) (Fig. 4). A Sorenson Quantitative Index of Similarity test 
(CN) was used to determine the similarity of both sites for Rubiaceae species. It determined that 
the species composition of both Calandria and Bajo del Tigre have a similarity of 73%.  
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FIGURE 4.  Effects of regenerating forest type on densities of Rubiaceae and Arecaceae species 
at both Calandria and Bajo del Tigre. Density calculated as number of individuals/ 1800m² for 
each family at each site. 

 

ARECACEAE- There was only one species of Arecaceae found at both Bajo and Calandria (S=1). 
This species, Chamaedorea costaricana had a greater number of individuals at Calandria 
(N=349) than at Bajo del Tigre (N=61), (Fig.5). The density of Chamaedorea costaricana was 
much higher at Calandria (d=0.19) than at Bajo (d=0.03), (Fig. 4). Because there was only one 
species of Arecaceae, evenness and diversity were not applicable in this study. Densities were 
calculated with the number of individuals (N)/ 1800m².  

 

A) B) 
 

 

FIGURE 5.  Species richness and abundance of Arecaceae species (S) at Calandria and Bajo del 
Tigre over 1800m². A) Species richness of Arecaceae species in found and identified at both sites 
(S=1). B) Abundance of Chamaedorea costaricana found and identified at both sites. 

 

DISCUSSION 

This study showed that the understory Rubiaceae community at Bajo del Tigre was significantly 
more diverse than the community at Calandria. That is, the contiguous regenerating forest had a 
greater diversity than the fragmented regenerating forest. According to one study, the more 
greatly fragmented a forest is, the greater the loss of biomass and increase in the alteration of 
forest structure (Groeneveld et al., 2009) meaning, this diversity is more likely to favor a sight 
like Bajo del Tigre. Because species richness of Rubiaceae was the same at both sites, we can 
conclude that this diversity was directly impacted by species evenness.  It is possible that the 
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very similar histories or elevations of these two sites could generate identical species richness at 
both sites. Whatever the reason though, it appears that the rate of succession is greater and is 
benefitted by contiguous regenerating forests than fragmented ones.  

 In contrast to the Rubiaceae species, there was only one species of Arecaceae found at 
either site and thus the communities did not differ in richness or diversity. However, the 
abundance of Chamaedorea costaricana was much higher in the fragmented regenerating forest 
than the contiguous regenerating forest. The lack of species richness of Arecaceae at these sites 
could be related to abiotic factors as well as these species response to disturbance. One study 
concluded that certain palm species have been found to be very sensitive to disturbances, such as 
edge effects, making it difficult for them to inhabit these types of areas (Baez and Balslev, 2007). 
Being that these forests are both regenerating from disturbance, this could affect species 
richness. It could also be due to limitations in the pollinators and dispersers of Arecaceae species 
in these secondary forests. Perhaps these forests have not progressed to a point that which they 
can support the community of pollinators and dispersers for these species, especially because the 
Arecaceae have a wide array of each such as flies, beetles, and small mammals which may 
require older, diverse forests (Knudsen et al.,2001). This kind of pollinator and disperser 
diversity may not be facilitated by these regenerating forests yet. 

 The Chamaedorea costaricana had an opposite relationship to that of the Rubiaceae 
species and had a greater abundance at the fragmented site than the contiguous one. This could 
be due to successional differences of the two sites. It is possible that Bajo del Tigre, having a 
higher rate of succession, has phased out these individuals and replaced them with a more 
diverse understory. It may also be the complete opposite and could actually be that it’s a 
dominant species that outcompetes many others. If this is true, then it is possible that the 
Chamadorea costaricana was actually preventing the succession of Rubiaceae species at the 
fragmented forest, Calandria. Based on the results on diversity of the two sites though, it seems 
more likely that the Chamaedorea costaricana is not a good indicator of succession and may 
actually be more of a primary dominant species in regeneration that will eventually be lost to 
more diverse understory.  

 In conclusion, habitat fragmentation associated with regenerating forests yields a lower 
rate of succession than that of a contiguous forest. When evaluating the succession of these 
regenerating forests, Rubiaceae species may be better indicators than Arecaceae species for 
determining the progression of succession. Abiotic factors as well as pollinators, dispersers, and 
natural history may also lend a better understanding of the succession of fragmented regenerating 
forests versus contiguous regenerating forests. 
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!
ABSTRACT !
Many tropical species and their interactions are affected by land transformation. 
Hummingbirds were studied in Lower Montane Wet Forest in Monteverde, Costa Rica at 
1500 meters in three different habitats; open, edge, and interior. Small feeders were set up 
in each habitat for daily observations. There was no significant difference in the number 
of species (5, 7, 7 respectively) or relative activity, as measured by nectar consumption 
(35.8-39.9 ml), between the three habitats. However, the diversity (H’) was significantly 
greater in the edge (H’=1.705) and interior (H’=1.677) than the open (H’=1.45). 
Hummingbirds in this area do not seem to be greatly impacted by land transformation, at 
least very near forest, though two of seven species never left forest or edge.  For plants 
that rely on pollination by strictly forest/edge species, habitat transformation could be 
important.  !
RESUMEN !
Varias especies tropicales y sus interacciones se ven afectadas por la transformación del 
hábitat.  Los colibríes se estudiaron en el Bosque Húmedo Montano Bajo en Monteverde, 
Costa Rica a 1500 metros de elevación en tres hábitats diferentes; abierto, borde e interior 
de bosque.  Comederos pequeños se ubicaron en cada hábitat para observaciones diarias.  
No hay diferencia significativa en el número de especies (5, 7, 7 respectivamente) o la 
acitividad relativa, medida como el consumo de néctar (35.8 – 39.9 ml), entre los tres 
hábitats.  Sin embargo, la diversidad (H’) fue significativamente mayor en el borde 
(H’=1.705) y el interior del bosque (H’=1.677) que el el área abierta (H’=1.45).  Los 
colibríes en esta área no se ven gravemente impactados por la transformación del hábitat, 
al menos cercano al bosque, aunque dos de las siete especies nunca abandonaron el 
bosque o el borde.  Para las plantas que su polinización está restringida a especies de 
borde/bosque, la transformación del hábitat puede ser importante. !!
MANY STUDIES HAVE SHOWN THAT habitat transformation and fragmentation have 
negative effects on tropical species diversity and persistence in an area (Stouffer & 
Stouffer 1999). Creation of open landscapes and pastures breaks up forests and other 
ecosystems, limiting the resources available to the species that live there. Edge habitats 
have different abiotic conditions that affect the species that can live there and there is 
evidence that edge effects are drivers of community change (Banks-Leite et al 2010). 
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Many species may not be able to adapt and survive, as habitats change around them 
(Lima & Zollner 1996) and this not only impacts species diversity, but also species 
interactions.   

Birds have been a highly studied group in terms of the effects of land 
transformation. Avian species diversity in forest edge is usually low compared to interior, 
as is the case for small and large fragments (Banks-Leite et al 2010). Some species have 
an extreme aversion to crossing open habitat, like pasture (Stratford & Stouffer 1999), 
perhaps based on a perceived higher risk of danger (Lima & Zollner 1996). This can lead 
to higher local extinction rates of birds in fragments and mixed matrix landscapes than in 
undisturbed tracts (Laurence et al 2002). This can also lead to diminished pollination or 
dispersal service provided by many tropical birds (Hadley & Betts 2009).   

Hummingbirds in particular may be adversely affected by habitats that are too 
small or isolated, because of their need for year round sources of nectar (Candido 1999).  
At least two studies have shown that fragmentation and the creation of more edge either 
did not affect or caused an increase in the abundance of hummingbirds (Stouffer & 
Bierregaard 1995, Thiollay 1998). However, rates of visitation in the open or edge has 
been shown to decrease with distance from the edge and smaller fragments (Smith-
Ramirez & Armesto 2003).  At least some hummingbirds will cross open habitats, 
however.  For example, when removed to an outside habitat, the Long-Billed Hermit 
(Phaethornis longirostris) never failed to return to the forest (Moore et al 2008). High 
hummingbird diversity in some transformed habitats may be because of the proximity to 
older growth habitats or because higher light along edges or in disturbances may allow 
for greater flowering (Blake & Loiselle 2001).  

Hummingbirds (Trochilidae) are important pollinators in the tropics. This study 
will look at hummingbird diversity and visitation for three different habitats in 
Monteverde, Costa Rica, a Neotropical Cloud Forest. Many previous studies have been 
conducted in lowland tropical rainforest, which is a different ecosystem than the one that 
will be studied here. Much of the land in Monteverde is currently in a period of 
regeneration into secondary forest. As much of the tropics are reverting back to forest, it 
is important to study if edges and secondary forest are able to sustain diversity as well as 
the impacts of fragments on communities.  

  
STUDY SITE AND METHODS !
The location for this study was in Monteverde, Costa Rica near the Biological Station at 
about 1500 meters in elevation in Lower Montane Wet Forest Life Zone. It was 
conducted in July 2013 during the wet season. Three different habitats were surveyed to 
examine hummingbird diversity: open/pasture, edge and interior. Pasture was not 
connected directly to a forest edge/forest, edge was adjacent to or within 5 meters of open 
areas, and forest interior that was more than 30 meters from the edge. These sites were all 
at 1500 meters elevation.    
 In each habitat ten small hummingbird feeders (Figure 1) were placed at various 
locations, ensuring that they were not visible from one another. This was done to prevent 
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territorial hummingbirds from dominating a single feeder and to mimic the sporadic 
dispersal of flowers. Small feeders were used to more closely mimic the appearance of 
actual flowers. These feeders were marked with measurements every 10 milliliters to 
measure volume consumed daily. They were filled with a 20% sucrose solution and 
refilled so that feeders were never empty. 

Each feeder was observed for five minutes per day and the species and total 
number of visits was recorded. The order of observations was changed each day to 
minimize bias that might be associated with the time. Visits were only counted if the 
hummingbird attempted to drink from the feeder. If the same bird moved more than 20 
centimeters away or perched and returned to that feeder they were counted as separate 
visits.  !

!  A   !  B 

!  C   !  D 

FIGURE 1. Images showing example of the habitats explored in a study of hummingbird diversity 
in a Neotropical Cloud Forest. (A) Open/pasture habitat, (B) Forest edge, within 5 meters of open 
habitat, taken facing toward the open, (C) Interior forest along the trail, (D) Hummingbird feeder 
in-situ in the forest.  
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!!!!!
RESULTS !
There are eight common species in this location, but only seven were observed during the 
course of this study. The seven observed were: Violet Sabrewings (VS, Campylopterus 
hemileucurus), Green Hermits (GH, Phaethornis guy), Coppery-Headed Emeralds (CHE, 
Elvira cupreiceps), Striped-Tailed hummingbirds (ST, Eupherusa eximia), Green-
Crowned Brilliants (GCB, Heliodoxa jacula), Green Violet-Ears (GVE, Colibri 
thalassinus) and Purple-Throated Mountain Gems (PTM, Lampornis calolaemus). The 
Magenta-throated Woodstar (Calliphlox bryantae) was not seen.  
 There were five species in the open (VS, GCB, GVE, ST, CHE), seven in the edge 
(VS, GH, GCB, GVE, PTM, ST, CHE), and the same seven in the interior (VS, GH, 
GCB, GVE, PTM, ST, CHE). The difference between the habitats in terms of species 
composition was not significant (Chi-Square: 0.419, df = 2, p= 0.811; Figure 2). !

!  
FIGURE 2. Relative number of hummingbird species found in each of three Cloud Forest habitats:  
Open (old pasture), Forest Edge and Interior. No significant difference was found between the 
three, and most species were seen in more than one habitat. Total richness was seven all of which 
were seen in edge and interior, while the open had just five of the seven species.   
  !
 In addition to looking at the species found in each habitat, the relative abundance 
(the total number of visits) in each habitat was recorded. There were 30 visits in the open, 
40 in the edge, and 39 in the interior during the eight day collection period. There was no 
significant difference found between the three habitats (Chi-Square=1.668, df=2, 
p=0.4342, Figure 3).  

Open

Edge

Interior
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!  
FIGURE 3. The number of hummingbird visits at feeders in three Cloud Forest habitats: 
Open (old pasture), Forest Edge and Interior. The data was collected over eight days 
during five-minute observation periods per feeder. There was no significant difference 
between them.  !!

 We then wanted to compare the evenness and diversity between the three 
habitats. There was a significant difference when comparing the diversity (H’) between 
open versus edge habitat (t-test=-4.33, df=11.55, p<.001, Table 1). The H’ between the 
open versus the interior was also significant (t-test=-3.84, df=11.88, p=.001). When 
comparing the edge versus interior there was no significant difference (t-test=0.41, 
df=18.81, p=.3432) (Table 1). This indicates that the open habitat differed significantly 
from the other two, but the interior and edge were similar in their species diversity. The 
difference in composition between the three habitats can be seen easily if you count the 
number of times each species was observed in each habitat. Figures 3, 4, and 5 show the 
relative proportion of species visits and can be used to demonstrate that the open is 
different from both the edge and interior. The evenness was similar between the three, 
0.90, 0.951 and 0.936 (with 1 being completely even) in the open, edge and interior 
respectively. This shows that even though the diversity was less in the open, none of the 
habitats were dominated by one or two species, but had a fairly equal distribution of all 
the species.  !!
Table 1. A summary of the Shannon-Weiner Species Diversity Index that was done to compare 
the hummingbird communities in the three habitat types to one another. All habitats tended to be 
fairly even (E close to 1), and only the open habitat varied significantly from the interior and 
edge.  
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!  
FIGURE 4. The relative proportion of visits to feeders per hummingbird species in the open 
habitat. Open habitat is pasture-like with remnant trees that are not directly connected to areas 
with tree cover. !!

!  
FIGURE 5.The relative proportion of visits to feeders per hummingbird species that was seen in the 
edge habitat. Edge was considered to be the habitat adjacent to and within 5 m of open habitats, 
but not considered interior based on canopy cover. !!
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!  
FIGURE 6. The relative proportion of hummingbird species visits to feeders observed in the 
interior habitat. Interior was considered to be areas with a mostly closed canopy and more than 
30 m from the edge.  !

The amount of nectar consumed in a 24-hour period was another aspect that was 
considered during the course of this study. This was done to estimate the relative activity 
in each habitat. The average daily consumption was 35.8 mL (std err ±5.65, n=19) in the 
open, 39.9 mL (std err ±3.11, n=42) in the edge, and 38 mL (std err ±3.90, n=33) in the 
forest interior (Figure 6). There was no significant difference found between the three 
habitats (One-Way ANOVA, f= 0.2356, df=2, p=0.7905), indicating a similar level of 
activity. If there were leaking feeders (those that were completely empty) or ones with 
fluid levels below the straw (making food a limiting factor), they were excluded.  !

!  
FIGURE 7.  The average nectar consumed by hummingbird (with standard error) at feeders in 
three habitats in Lower Montane Wet Forests of Monteverde, Costa Rica. The open is pasture-like 
habitat, edge is second-growth with a less closed canopy and bridges the distance between open 
and interior, and interior is deep forest with a more closed canopy. There was no significant 
difference found between the different habitats.  !
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 Another important aspect to consider is whether certain species were seen outside 
their normal habitat. The Purple-throated Mountain Gem and Green Hermit were seen 
only in the edge and interior, which is consistent with the literature (Stiles & Skutch 
1989). The Striped-Tailed Hummingbird was not as common in the edge as would be 
expected, while the Green-Crowned Brilliant was found consistently in all habitats, 
despite being described as a middle-understory to canopy forest dweller. The Violet 
Sabrewing was fairly consistent in all three habitats, with slightly more visits in the edge 
and interior. The Coppery-Headed Emerald males are usually found in the canopy, but 
they were much less common in the interior than edge and open, consistent with the 
expected foraging location for both sexes. The Green Violet-Ears were not common and 
would be expected to be found more in open and brushy habitats, but they were found 
only once in each of the three habitats. 
 Additional observations made were that there tended to be less visits when it was 
windy, especially in the open and edge. Aggression was observed at several feeders by 
Purple-throated Mountain-gems. They would perch nearby and chase away other birds 
that approached, even if they were not actively feeding. !
DISCUSSION !
Not many studies have been done to see how fragmentation of habitat affects non-
insectivorous birds (Stouffer & Bierregaard 1989). In this study we wanted to evaluate 
how the species diversity, abundance and evenness in the hummingbird community 
changed between three different habitats. We found that the level of activity/abundance 
based on the average nectar consumed from the feeders each day was not different from 
one another. Hummingbirds are highly mobile and do not really show an aversion to 
crossing large expanses to find food or reach a patch (Moore et al 2008).  

There were two more species seen in the edge and interior than in the open.  This 
could be because the majority of the species that live in this part of Costa Rica are mostly 
found in the understory and edge (Skutch & Skiles 1989). One of the species, the Green 
Hermit, which did not leave the forest or edge, was rare and had only six total sightings 
(5.5%). The other species, the Purple-throated Mountain Gem, was common in the edge 
and interior, so highly transformed habitat may be inadequate for its survival. The 
difference in numbers of species was not significant, but it was significant when 
comparing the composition of the community of hummingbirds between the three 
habitats. The H’ value for the open habitat was lower and significantly different from that 
in the edge and interior, implying that the community was less diverse. Open habitats 
alone will likely be unsuitable for hummingbird foraging and survival, but it can be a 
useful resource if forest is available. Overall it does not seem that having a matrix of 
habitats will negatively affect hummingbirds, as long as there are intact forest habitats 
nearby, despite evidence showing the negative impacts of edge on many other bird 
communities (Banks-Leite et al 2010). Being a highly mobile and fast-moving species 
gives hummingbirds an advantage in traveling between different habitats and taking 
advantage of resources across different habitats.  
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Studies have shown that the further the distance from the edge, the fewer visits 
that a flower can expect to receive (Smith-Ramirez & Armesto 2003).  The open area 
surveyed in this study was not very expansive and was closely linked to forests. If this 
study were to be done with observations done at greater distances from the edge it is 
likely that a greater difference would be seen in terms of diversity and activity between 
open and edge/interior. This decline in diversity due to habitat transformation would 
negatively affect pollination activity (Hadley and Betts 2009), which is so critical in 
tropical ecosystems.  

Although many birds are negatively impacted by habitat alteration, it needs to be 
considered that different foraging techniques means that they will likely be affected 
unevenly (Stouffer & Bierregaard 1995). Hummingbirds in this area seem to be resilient 
and present in most ecosystem and habitat types. The bigger issue for them, especially in 
mountainous areas, will likely be warming temperatures that are likely to cause 
elevational shifts in species (Pounds et al 1999). It would be unwise to assume, however, 
that a complete habitat transformation could occur and that the hummingbird community 
would be left unaltered, because there are species that rely on forested areas as well as the 
unknown impact of compounding stresses. !!
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ABSTRACT 
 Land transformation may impact hummingbird-epiphyte relationships, here 
studied in closed forest and remnant trees of the Lower Montane Wet Life Zone in 
Monteverde, Costa Rica.  Using hummingbird feeders in closed forest and nearby 
remnant trees, I compared nectar consumption, hummingbird diversity, and pollen 
transfer. There were significant differences between species richness/abundance and 
feeder location, but not between species richness/abundance and time to discover the 
feeders. Pollen transfer occurred both within and between locations, with closed forest 
locations transferring more. Closed forest locations were found to have significantly 
greater species richness, abundance, nectar consumption, and pollen transfer than 
remnant tree locations. The interaction between tropical hummingbirds and epiphytes is 
impacted by land use transformation, but not as severely as previously thought as 
hummingbirds visit remnant tree epiphytes frequently and allow them to remain part of 
the greater tropical epiphyte metapopulation within closed forest environments. 
 
RESUMEN 
 El cambio del uso de la tierra podría tener un impacto en las relaciones entre 
colibríes y epífitas, estudiadas acá en el bosque cerrado y en árboles remanentes en la 
zona de vida Bosque Húmedo Montano Bajo en Monteverde, Costa Rica. Utilizando 
comederos de colibríes en el bosque y en árboles remanentes cercanos, comparé consumo 
de néctar, diversidad de colibríes, y transferencia de polen. Hubo diferencias 
significativas entre la riqueza/abundancia de species y ubicación del comedero, pero no 
entre riqueza/abundancia y tiempo para descubrir los comederos.  Se encontró que 
localidades de bosque cerrado tuvieron mayor riqueza de especies, abundancia y 
consumo de néctar que las localidades de árboles remanentes. La transferencia de polen 
ocurrió tanto dentro de localidades como entre localidades, con localidades de bosque 
cerrado transfiriendo más. La interacción entre colibríes tropicales y epífitas es impactada 
por el cambio en el uso de la tierra, pero no tan severamente como se pensaba 
previamente ya que los colibríes visitan epífitas en árboles remanentes frecuentemente y 
les permiten continuar siendo parte de una metapoblación de epífitas aun mayor dentro de 
ambientes de bosque cerrado. 
!
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NO ECOSYSTEM IS FREE OF HUMAN INFLUENCE (Vitousek et al. 1997). Since the 1960s the 
expansion of agriculture has destroyed vast expanses of species-rich tropical forest 
(Rudel et al. 2009). This is precipitating a global extinction crisis (Wright & Muller-
Landau 2006) and also disrupts species remaining (Ellis 2010).  Land use transformation 
affects a variety of ecological processes including vegetation structure and composition, 
land-cover extent, air and light quality, and noise pollution (Dale et al. 2005).  When 
forest is cleared for agricultural or other purposes remnant trees may persist. Although 
not part of a closed forest environment, remnant trees are important refugia for some 
species, including epiphytes (Harvey 2000).  

Many epiphytes provide hummingbirds with food in exchange for pollination.  
Remnant tree epiphyte locations and closed forest epiphyte locations differ in that 
remnant trees are much more exposed, are subjected to more light and wind, and are 
away from nest and mating sites. Distances between habitat remnants change landscape 
connectivity, which can restrict the movement of individuals through the landscape and 
the establishment of new populations (Viana et al. 2012). Foraging practices of 
hummingbirds and the length of epiphyte flowering time influence this relationship.   
Epiphytes that flower briefly may not be discovered in time and hummingbirds unwilling 
to forage certain distances from forest may decrease hummingbird visitation and 
pollination overall. It is also possible for pollination to occur at both locations and both 
epiphyte populations remain separate if pollen is not transferred between closed and 
remnant epiphytes. 

This study focuses on the relationship between tropical hummingbirds and 
remnant epiphytes. Are epiphytes in remnant trees at a disadvantage in terms of 
hummingbird discovery time and pollen exchange between closed forest epiphytes?  If 
remnant tree epiphytes are not discovered as easily by pollinating hummingbirds or 
visited as often, they could lose crucial genetic variation and ultimately disappear, thus 
eliminating the tropical hummingbird-epiphyte relationship and impacting the many other 
species that interact with them.   

 
METHODS 
 
STUDY SITE—This study was conducted in Monteverde, Costa Rica; a small town located 
near the continental divide in Puntarenas, Costa Rica in the Tilaràn mountain range.  Of 
the twelve individual study sites, six were located 10 – 20 m deep within Lower Montane 
Wet Forest (Figure 1) and six were located in open areas 10 - 40 meters from closed 
forest environments (Figure 2).  With the exception of the differences between forest and 
remnant locations, the feeders were all located in a uniform area that receives the same 
amount of rainfall (2.5 – 3 m/year) each year and is at roughly the same temperature 
(18 °C average temp.).  All twelve individual study sites were located between Hotel 
Belmar and la Estaciòn Biològica Monteverde in elevations between 1475 m and 1525 m 
above sea level.  The feeders were all at least 50 m apart and none of them were within 
sight of the others. 
!
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!
!
FIGURE!1.!Closed!forest!feeder!locations.!!From!top!left!to!top!right:!Feeder!1C,!
Feeder!2C,!Feeder!3C.!!From!bottom!left!to!bottom!right:!Feeder!4C,!Feeder!5C,!
Feeder!6C.!!
!
!

!

!
!
FIGURE!2.!Remnant!tree!feeder!locations.!!From!top!left!to!right:!Feeder!1R,!Feeder!
2R,!Feeder!3R.!!From!bottom!left!to!right:!Feeder!4R,!Feeder!5R,!Feeder!6R.!!!
 
EXPERIMENT 1—This phase of the study took place between July 16 and July 22, 2013. 
For the duration of the experiment, I used 12 hummingbird feeders.  The feeders all had 
transparent plastic tops and red plastic bases with four white perch areas where the food 
was obtained through a small hole. I placed six feeders (labeled “1-6C”) within closed 
forest environments and the other six feeders (labeled “1-6R”) in remnant trees. I filled 
each feeder with 400 mL of 20% sugar concentrate solution.  I refilled each feeder in 
three-day increments and recorded the amount of food consumed at each refilling. I 
observed feeders daily and recorded individuals for 15 minutes (9 am – 12 pm) for 6 days.  
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Only hummingbirds consuming nectar were counted. I only counted hummingbirds of the 
same species and sex as two separate individuals if I saw them both at the same time to 
prevent pseudo-replication.  I observed the feeders in a different order each day 
 
EXPERIMENT 2—This phase of the study took place between July 23 and July 31, 2013. 
For the second phase of this experiment, I looked at pollen transfer at feeders within and 
between the two different environmental locations for both short-billed and long-billed 
hummingbirds.  For each environmental location, I created three ‘donor’ feeders and 
three ‘receiver’ feeders (six of each type of feeder) using the original feeders, scotch tape, 
duct tape, cotton balls, fluorescent powder, and for long-billed hummingbirds, white 
coffee stirring straws (Figure 3).  For the short-bill donor feeders, I fastened a cotton ball 
immediately above the nectar hole with a piece of duct tape.  I then placed fluorescent 
powder to simulate pollen on each cotton ball.  I used neon orange powder for forest 
donor feeders and neon yellow for remnant tree donor feeders.  As the birds fed, their 
heads would touch the cotton balls and pick up some of the “pollen powder” to hopefully 
transfer to other receiver feeders.  For the short-bill receiver feeders, I fastened a simple 
loop of scotch tape right above the nectar hole with a piece of duct tape so that as the 
birds fed, their foreheads would touch the tape and any pollen they had collected at 
previous feeders or flowers would be left behind on the tape.   After three days, I added 
white coffee-stirrer straws to the feeders so that I could collect pollen transfer data on 
long-billed hummingbirds. I cut the straws into lengths of approximately three 
centimeters and cut one end to widen the opening so that the birds could still feed.  I 
stuck the non-cut end of the straw snugly into the nectar holes on both types of feeders.  
For the donor feeders, I fastened the cotton balls to the top of the straw so that the birds 
could still feed, but would brush the cotton ball with their heads as they did so.  For the 
receiver feeders, I fastened a loop of scotch tape to the top of the straw so that it also 
brushed the hummingbird heads as they fed (Figure 3).  I used the same colors of pollen 
powder as the short-bill observations.  At the end of each day, I would collect the tape 
from the receiver feeders and put it on microscope slides to be observed the next day.  At 
the start of each day, I would put a new piece of tape on each of the receiver feeders and 
place fresh cotton balls and fresh paint on donor feeders.  While waiting on 
hummingbirds to transfer pollen, I would observe the tape from the previous day in a 
dark room with a black light.  The black light made the iridescent powder fluoresce in the 
dark and I recorded my observations.  
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FIGURE 3.  Long-bill pollen transfer feeders.  From left to right: donor feeder, receiver 
feeder. 
 
 
RESULTS 
 
ORGANISMS STUDIED—Native Monteverde hummingbirds that were observed during this 
study were: 
 
Short-billed Hummingbirds 
Purple-throated Mountain-gem (Lampornis calolaemus) 
Stripe-tailed Hummingbird (Eupherusa eximia) 
Coppery-headed Emerald (Elvira cupreiceps) 
Magenta-throated Woodstar (Calliphlox bryantae) 
Green-crowned Brilliant (Heliodoxa jacula) 
 
Long-billed Hummingbirds 
Violet Sabrewing (Campylopterus hemileucurus) 
Green Hermit (Phaethornis guy) 
 
 
 
EXPERIMENT 1—Species richness in closed forest and remnant trees differed with 
location (Figure 4; ANCOVA, F = 27.0641, df = 1, p < 0.0001).   Both locations have 
low species richness to begin with, peak on day four, and then decrease again over the 
last two days. Neither location experienced a trend in species richness as it relates to time 
and both locations’ mean species richness peaked mid-way through the study (p = 
0.1595). Closed forest locations had higher diversity but lower evenness than remnant 
tree locations (Closed: H’ = 1.48, e = 0.83, Remnant: H’ = 1.21, e = 0.924).  There was 
no significant difference in H’ values between closed and remnant locations (t = 1.74, df 
= 78.28, p = 0.086).      
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FIGURE 4.  Mean species richness (+/- 1 SE) of hummingbirds measured daily for 6 
days between closed forest and remnant tree locations.  Means derived from number of 
species observed in both habitats per day.   Closed forest species richness (n = 114) 
differed significantly from remnant tree species richness (n = 46) by location (p < 0.0001).  
There was no significant relationship between mean species richness and time (p = 
0.1595) or mean species richness and location at any specific time (p = 0.6776). H’ and 
evenness were also calculated but showed no significant difference between the two 
locations (df = 78, t = 1.74, p = 0.086). 
 
 Mean hummingbird abundance also differed significantly with location (Figure 5; 
ANCOVA, F = 19.2585, df = 1, p < 0.0001).  There was also a statistically significant 
difference between the total abundance in each location (Chi-square = 24.641, df = 1, p < 
0.0001).  Both locations peaked on day 4 and then decreased again on the following days 
and no significant relationship between mean abundance and time existed (p = 0.2181). 
As far as hummingbird abundance was concerned, location was the only significant 
factor in relationships between closed and remnant locations.  
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FIGURE 5.  Mean abundance (+/- 1 SE) of hummingbirds measured daily for 6 days 
between closed forest and remnant tree locations.  Means derived from number of 
individuals observed in both habitats per day. Closed forest abundance (n = 109) was 
significantly different than remnant tree abundance (n = 47)(p < 0.0001).  There was no 
significant difference between mean abundance and time (p = 0.2181) and also no 
significant difference between mean abundance and location at a given time (p = 0.4152).   
 

As time progressed, both locations experienced a significant increase in nectar 
consumption (Figure 6; ANOVA, F = 14.9848, df = 2, p < 0.0001).  It is also important to 
note a significant difference between location and nectar consumption (ANOVA, F = 
6.6642, df = 1, p = 0.0150).  Both locations exhibit an increase in nectar consumption 
with time, but at different rates. Mean nectar consumption in closed forest locations 
experienced a large increase between the first and second measurements and leveled off 
by the third measurement.  Mean nectar consumption in remnant trees showed a small 
increase between the first and second measurements but experienced a large increase 
between the second and third measurements.  By the third measurement, both means had 
less than 20 mL difference.  Standard errors are largest in the second measurement for 
both locations (closed = +/- 57.154, remnant = +/- 44.347).   
 

0!
0.5!
1!

1.5!
2!

2.5!
3!

3.5!
4!

4.5!
5!

1! 2! 3! 4! 5! 6!

M
ea
n
%A
b
u
n
d
an
ce
%

Time%(Days)%

C!
R!

 158 



 
 
FIGURE 6.  Mean nectar consumption (+/- SE) by location over three day periods.  Mean 
closed environment consumptions represented by blue columns (C).  Remnant 
environment consumptions represented by red columns (R).  As time progressed, 
significant relationship formed with nectar consumed (ANOVA, p < 0.0001).  Closed 
forest locations also lost significantly more nectar to hummingbird consumption than 
remnant locations (p = 0.0150).  Nectar consumption by location did not vary 
significantly at any certain time (p = 0.1396).  
 
EXPERIMENT 2—Transfer of pollen powder occurs both within and between closed and 
remnant locations for short-billed hummingbirds (Purple-throated Mountain-gems, 
Stripe-tailed, Coppery-headed, Magenta-throated Woodstar, and Green-crowned Brilliant 
hummingbirds; Figure 7).  Although closed receiver feeders received most of their pollen 
powder from closed donor feeders, they also received pollen powder from remnant donor 
feeders.  The same can be said for remnant receiver feeders.  There is a significant 
difference in pollen powder ‘hits’ (pollen powder deposits by hummingbirds) between 
locations (p = 0.0029).  Closed locations received more than double the amount of pollen 
powder ‘hits’ than received locations from short-billed hummingbirds.  
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FIGURE 7.  Pollen powder transfer rates for short-billed hummingbirds within and 
between closed and remnant locations.  Number of ‘hits’ receiver feeders received from 
donor feeder powder.  Closed powder is represented by the orange columns.  Remnant 
powder is represented by the yellow columns.  Significant difference between closed and 
remnant location pollen powder transfer for short-billed hummingbirds (Fisher’s exact 
test, two-tailed p value = 0.0029).  
 

Pollen powder was transferred both within and between closed and remnant 
feeder locations by long-billed hummingbirds, as well (Violet Sabrewing and Green 
Hermit; Figure 8).  Remnant receiver feeders received five ‘hits’ from closed donor 
feeders while closed receiver feeders received only closed donor ‘hits’.  That being said, 
closed receiver feeders still received more ‘hits’ from just closed donor feeders than 
remnant receiver feeders received from both closed and remnant donor feeders combined.  
There was a significant difference between closed and remnant feeder pollen powder ‘hits’ 
(Fishers Exact test, p < 0.0001). 
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FIGURE 8.  Pollen powder transfer rates for long-billed hummingbirds within and 
between closed and remnant locations.  Number of ‘hits’ receiver feeders received from 
donor feeder powder.  Closed powder is represented by the orange columns.  Remnant 
powder is represented by the yellow columns.  Significant difference between closed and 
remnant location pollen powder transfer for long-billed hummingbirds (Fisher’s exact test, 
two-tailed p value < 0.0001). 
 
DISCUSSION 
 
The data from this study provide a key insight into how land use transformation impacts 
the tropical hummingbird-epiphyte relationship.  Hummingbird richness and abundance 
are higher in closed forest and forest feeders were discovered more quickly.  Although it 
may take hummingbirds longer to discover epiphytes in remnant tree locations, once they 
discover them, time plays less of a factor. In order for hummingbirds to reach remnant 
epiphytes, they must leave their natural territory and cross an unforested patch of land 
exposing themselves to dangers they normally would not have to face. Although fewer 
hummingbirds visit remnant tree epiphytes, they are by no means excluded from 
hummingbird foraging activity.  
 It was interesting to note that for both locations, hummingbird species richness 
and abundance peaked on the 4th day of observations and then decreased. Perhaps this is 
due to territorial behavior and after a few days of feeding, one specific species or 
individual claimed a feeder for their own and discouraged other individuals or species 
from visiting and feeding there. Aggressive behavior was more prevalent in closed forest 
environments than remnant trees in my observations. The diversity indices and evenness 
measurements for both locations also suggest that the decline in numbers after day 4 
could possibly be the result of increased competition.  Four days is a sufficient time for a 
large portion of individuals and species to discover a feeder and thus competition for 
these food sources would climax around this time and visitation would likely decrease 
soon thereafter as one species or group of individuals became the dominant competitor at 
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a certain feeder. It is also interesting to note that hummingbird abundance was much 
more variable by day in remnant trees than closed forests likely due to exposure.  
Remnant trees are subjected to greater forces of wind and rain than closed forests, which 
are relatively sheltered. 
 Mean nectar consumption by location over three measurement periods tells a 
similar story.  Here, time does play a significant role as well as location.  There is a 
significantly different hummingbird discovery time between closed and remnant epiphyte 
locations.  Perhaps more importantly, however, it shows that once hummingbirds do 
discover the epiphyte, nectar consumption rivals that of closed forest locations.  This 
relationship suggests that hummingbirds do not necessarily mind traveling across 
unforested tracts of land for nectar rewards; the main barrier is discovery time.  Although 
epiphytes in closed forest locations are discovered more quickly and still have an 
advantage, these data suggest that remnant epiphytes are not at as much of a disadvantage 
as was previously thought.   
 Although there was a statistically significant relationship that closed forest 
epiphytes probably receive more pollination, remnant tree epiphytes are not totally left 
out of the gene flow.  Both long-bill and short-bill hummingbirds transferred pollen 
powder after only three days of sampling.  The largest threat for remnant tree epiphytes in 
terms of land use transformation is removal from the more varied gene pool readily 
accessible by closed forest epiphytes.  The pollen powder transfer data suggests that these 
remnant tree epiphytes are still able to access and contribute to the greater gene pool of 
their closed forest relatives. Still, pollen transfer was one-way and remnant epiphytes 
were at a significant disadvantage although they were still visited.  Gene flow between 
widely separated fragments may be sustained only if pollinators readily move across 
large distances and declining reproductive efficiency associated with increased isolation 
among patches may lead to positive feedbacks that drive sparse populations to extinction 
(Ghazoul 2005). These tropical hummingbirds, both long- and short-billed, seem to be 
more than willing to travel across these distances, albeit, less often than closed forest 
environments, but still enough to keep remnant tree epiphytes connected and not at great 
risk of extinction. Long-distance pollination among remnant trees can increase 
dramatically in fragmented areas, and measures of genetic diversity in progeny generally 
remain high (Hanson et al. 2008).  In essence, the would-be devastating impacts of land 
use transformation are somewhat mitigated because hummingbirds are willing to forage 
longer distances for remnant tree epiphytes and thus keep them connected to a 
metapopulation that allows gene flow and increases fitness.   
 The hummingbird species I observed did not differ in their habitat preferences.  
All thrive equally in primary and secondary forests as well as in forest fragments, edge, 
and open areas. A study in the Amazon basin took measurements before and after forest 
fragmentation and found that hummingbird abundance actually increased in some species 
and remained the same in others (Stouffer et al. 1995).  This study supports my findings 
in that hummingbirds are not averse to open areas and the epiphytes they may contain 
and some hummingbird species actually do better in open areas.  
 In conclusion, land use transformation does not have quite the devastating impact 
on the tropical hummingbird-epiphyte relationship as expected.  The hummingbirds do 
their job pretty well and remnant tree epiphytes are not as isolated from their closed 
forest neighbors as one might believe. Still, there was a significant difference in species 
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richness, abundance, nectar consumption, and pollen transfer between closed and 
remnant locations.  Remnant epiphytes are at a definite disadvantage and are visited less 
than epiphytes in a closed forest, but are not completely removed from closed epiphyte 
populations and pollen flow likely keeps them connected to a greater epiphyte 
metapopulation.  

It would be beneficial to look further at individual hummingbird species and 
attempt to discover preferences and habits on a species level.  Land use transformation 
happens most frequently at lower elevations and so possibly hummingbirds that are found 
most often at lower elevations may be more acclimated to remnant conditions than higher 
elevation-dwelling species.  If hummingbirds found at lower elevations are more adept at 
discovering remnant epiphytes, lowland flowers could be in luck because they flower for 
shorter periods of time and need discovery times to be as quick as possible. 
Hummingbird community interactions and compositions may change as you advance 
further into closed forest environments and individuals may be less likely to forage 
further distances to visit remnant epiphytes. 
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Bird Diversity and Guild Structure in Exotic and Native Gardens 
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ABSTRACT 

Habitat destruction due to deforestation is a pressing issue around the world. The bird 
populations especially are suffering. As climate changes and forests disappear many birds are 
forced to move up in elevation. They encroach on other animals already living at these higher 
elevations. Many conservationists are suggesting that people can help bird populations by 
gardening. Horticulturalists are bringing in exotic plant species which, some believe, is not an 
effective conservation strategy. In this study I explore the relationship between the type of 
garden and the bird diversity in those gardens. I bird watched at two gardens in Monteverde, 
Costa Rica that had only native plant species, and at two gardens that had only exotic plant 
species. I was also curious if there was any correlation between the diet of the birds and the 
gardens they were visiting, so I placed 50 clay insects and 50 clay fruit in each of the gardens. 
After comparing the different birds that visited each garden and dividing them into categories 
based on their preferred habitat I found that the native gardens had more species diversity, and 
greater overall evenness than the exotic gardens. Also, based on beak marks and missing clay 
models, I found that more insectivores visited the native gardens, while more frugiavores visited 
the exotic gardens.  

La destrucción del hábitat debido a la deforestación es objeto de presión alrededor del mundo.  
Las poblaciones de aves especialmente están sufriendo.  Al cambiar el clima y desaparecer los 
bosques varias especies se ven forzadas a moverse a elevaciones mayores.  Ellos invaden en los 
hábitats de otros animales a estas elevaciones altas.  Varios conservacionistas sugieren que las 
personas pueden ayudar las poblaciones de aves con jardines.  Horticultores están trayendo 
especies de plantas exóticas las cuales, algunos creen, no es una estrategia efectiva de 
conservación.  En este estudio explore la relación entre el tipo de jardín y la diversidad de aves 
en este jardín.  Observé aves en dos jardines en Monteverde, Costa Rica que solo contienen 
especies nativas, y dos jardines con solo especies exóticas.  También estudié la correlación entre 
la dieta de las aves y los jardines que ellas visitan, coloqué 50 modelos de plasticina de insectos 
y 50 de frutos en cada jardín.  Después de comparar las diferentes especies que visitaron cada 
jardín y dividirlas en categorías basadas en los hábitats preferidos, encontré que los jardines 
nativos tienen más especies, y una mayor equidad de especies que los jardines exóticos.  
También, basado en marcas de picos y modelos de plasticina perdidos, encontré que 
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mayoritariamente aves insectivoras visitan más jardines nativos, mientras más frugivoros visitan 
jardines exóticos. 

Before the occupation by non-indigenous settlers, the Monteverde region of Costa Rica was 
covered by closed canopy forest (Nadkarni & Wheelwright 2000). Non-indigenous settlers 
moved into Monteverde in 1929 and by 1950 there were about 175 subsistence farmers 
(Nadkarni & Wheelwright 2000). In 1951, Quakers from the United States settled in Monteverde 
and began clearing forest to be used for agriculture, particularly dairy farming (Nadkarni & 
Wheelwright 2000).  

 In the early 1970s George Powell published a report on quetzals in the journal American 
Birds, and bird-watchers came from all over the world (Nadkarni & Wheelwright 2000). In 1985 
agricultural development in Monteverde was threatening the remaining Pacific slope forest 
(Nadkarni & Wheelwright 2000). Due to the deforestation, conservationists began noticing a 
decline in bird populations. To offset the devastation from the deforestation, many people have 
turned pastureland into gardens (Gouveia 2010). 

These gardens provide an environment for animals that mimics the environment that was 
lost by deforestation (Block & Brennan 1993). However, many of these gardens grow exotic 
plants rather than native plants, because many exotic plants are pest-resistant. Exotic plants are 
not endemic to the area and in some cases can become invasive, because they don’t have a 
relationship with herbivores in the area (Slattery et. al., 2003). Some conservationists argue that 
it is much more beneficial to grow only native gardens for the native animals in the area 
(Chazdon & Whitmore 2002). Native plants are more resistant to disease and insects and are less 
likely to need pesticides (Slattery et. al., 2003). Wildlife evolved alongside native plants and 
many are interdependent (Slattery et. al., 2003) 

It makes sense to plant native plant species if the goal is to conserve animal species like 
birds. The aim of this project is to explore how bird diversity composition and ecological guilds 
differ in native plant gardens versus an exotic plant gardens.  

 

MATERIALS AND METHODS 

This research was conducted in four gardens around Monteverde, Costa Rica, in a pre 
montane moist forest, a lower montane forest and a pre-montane wet forest. The four gardens 
were at El Bosque, Cooperativa de Artisana de Santa Elena (CASEM), Centro de Educación 
Creativa (CEC), and the Cloud Forest Hotel. 
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D)  

 

Figure 1. Shows maps of each garden that I observed in Monteverde, July, 2013. A) The Cloud 
Forest Hotel, B) CEC, C) CASEM, and D) Hotel El Bosque. 
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Study sites—This research was conducted in four gardens around Monteverde (two planted with 
exotics and two with native species), Costa Rica, in a pre montane moist forest, a lower montane 
forest and a pre-montane wet forest. The four gardens were at Hotel El Bosque (exotic), CASEM 
(native), The CEC School (native), and Cloud Forest Reserve (exotic). 

The garden at El Bosque is approximately 2,104 m2, it is located in a pre-montane moist 
forest (Gouveia 2010) and surrounded by forest and cabins. The CASEM garden is 
approximately 1,965 m2 and it is located in a pre-montane moist forest. A fence surrounds the 
garden, and the garden wraps around a building. The Cloud Forest Reserve garden is 
approximately 2,312 m2 and it is located in a lower-montane wet forest. The garden is dispersed 
around a parking lot. The majority of the garden is a patch that guests walk through to enter the 
building. The CEC garden is approximately 2,446 m2 and is located in a pre-montane wet forest. 
The garden winds through the school grounds, which is located on a hill surrounded by forest.  

Study design--To measure the bird diversity in the gardens I visited two gardens every morning 
for ten days: El Bosque and the Native 1 one day, and the Cloud Forest reserve and CEC the 
other. I bird-watched a total of five days in each garden. On day’s 1, 3,5,7,9 I bird watched in El 
Bosque (exotic) and CASEM (native). On day’s 2, 4, 6,8,10 I bird watched in the Cloud Forest 
Hotel (exotic) and CEC (native). I spent 1 hour and 30 minutes in each, identifying every species 
of birds observed. I set up 50 clay models of insects and 50 clay models of fruit, to see which 
garden had more insectivores, and which had more frugiavores. I wanted to check if there was a 
connection between bird diet and type of gardens. The clay insects were thin, three inch long 
brown clay “caterpillars.” The clay fruits were dime sized balls of red “berries.” I left the models 
in each garden for ten days and on the last day I collected them and checked for missing models 
and models with beak marks. I counted the missing models and models with beak marks as being 
eaten by birds.  

 

RESULTS 

I observed 29 species of birds overall, 19 species of birds in the native gardens and 15 species in 
the exotic gardens (Figs. 1and 2). 
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Figure 1. Number of individuals per bird species observed in the exotic gardens. The overall diversity 
(H’) is 1.59 and the evenness is 0.89.  

 
 
 

 

 

Figure 2. Number of individuals per bird species observed in the native gardens. The overall diversity 
(H’  ) is 2.06 and the evenness is 0.94. 
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I analyzed the difference in bird diversity between the exotic and the native gardens using a T-
test. With the P-value if the number is below 0.05, there is a statistical difference between the 
two types of gardens. The P-value is 0.018, therefore, there is a statistical difference between the 
exotic and native gardens. I ran the Shannon Weiner Index and found that there are 19 
individuals of birds in the native gardens, and 11 in the exotic gardens. The evenness in native 
gardens is higher (0.94) than in the exotic gardens (0.89). 

 

 

Figure 3.  Total number of individuals per species ecological guilds. Both gardens have mostly 
 omnivorous birds. 

 

 

0

1

2

3

4

5

6

7

8

9

Omnivore Nectarivore Seeds Frugivore Insectivore

Exotic

Native

E/N

N
um

be
r o

f I
nd

iv
id

ua
ls

 

0

5

10

15

20

25

30

35

40

Native Exotic

Fruit

Insects

N
um

be
r o

f f
ru

it 
an

d 
in

se
ct

s 

 171 



 

Figure 4. – Number of fruit and insect models eaten. More insects were eaten in the native gardens 
and more fruit were eaten in the exotic gardens. I ran a Chi-square test and the result for the fruits 

 was x2 = 2.283, df=1, p=0.131, while the result for the insects was x2=3.073, df=1, p=0.074. 

 

DISCUSSION 

There are more bird species in the native gardens (Fig. 1 and 2). This may be because native 
gardens harbor more insects, and therefore attract more birds that are insectivores (Fig. 4) 
(Tallamy 2009). Many exotic gardens have plants that are insect resistant which would make 
them less attractive to birds that eat insects (Tallamy 2009). There is an evolutionary history 
between the insects and the plant and that history does not exist between plants in exotic gardens 
and insects (Stiles & Skutch 1989). This supports my findings that exotic gardens have less bird 
species than native gardens (Fig. 1).  

The evenness in native gardens is higher than in exotic gardens. Evenness was higher in 
native gardens because they attract a more stable number of birds per species (Fig. 1). The most 
abundant birds in the exotic gardens are the House Wren and the Rufous-collared Sparrow 
(Fig.1). They are much more abundant than the other species found. These birds are generalistic 
birds and exotic gardens cater more to generalized birds because the plants have no evolutionary 
history with the specialized birds in the area (Stiles & Skutch 1989). In the native gardens there 
were more specialized birds like the Bananaquit, and the Fiery-throated Hummingbird (Fig. 2).  

I also ran the Sorenson index and found that the alpha (average over habitats) was 7.5, the 
beta gamma (alpha*#habitats*beta) was 0.80, the gamma was 12, and the habitat breath (1/beta) 
was 1.25.  

Both native gardens and exotic gardens have high numbers of omnivores and low 
numbers of nectarivores and insectivores (Fig. 3). Omnivores are more common because they 
have a higher chance of surviving because they can eat many different things. Exotic gardens 
have more seed eaters and native gardens have more fruit eaters (Fig. 3). Omnivores are more 
common in both gardens because they can eat many food items. There are more insectivores in 
the native gardens, and there are more frugivores in the exotic gardens (Fig.4). In general native 
gardens harbor more insects (Blake & Loiselle 1992).  

Based on this experiment I believe that native gardens provide a more habitable 
environment for more bird species than exotic gardens. Native gardens have a higher bird 
diversity, so they are a good option for land-owners to create. Exotic plants cannot contribute to 
the ecosystem like native plants can. As forests disappear we need to use all the resources we 
have to reverse the effects of this out of control deforestation. It is our responsibility as humans 
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on this planet to take care of, not only other people, but every creature. We need each other to 
survive, and the disappearance of a species will only take us closer to our own demise.  
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ABSTRACT 
 
Without water, life is not possible. Yet, it seems like all of the ever day activities of 
humans have negative effects on this vital resource. This paper examines three of these 
human influences: a dam, point source pollution, and non-point source pollution, and their 
effects on  macroinvertebrate community structure and composition. All the inputs to the 
stream environment statistically affect the composition of their macroinvertebrate 
communities of the dam, point source, and non-point source (Chi-square=46.9, df=18, 
p=0.049,  Chi-square=36.26, df=10, p<0.001, and Chi-square=63.22, df=12, p<0.0001 
respectively). Even though the family biotic index of the dam (3.47) was much better than 
that of the point source pollution (7.9), or the non-point source pollution (7.81), the 
changes in composition due to the substrate changes may be creating isolate communities. 
The point and non point source sites are confounded, so the FBI is not an indicator of the 
effects of one versus the other. Still, this study shows the importance of gray water 
treatment.  
 
RESUMEN 
 
El agua es indispensable para la vida. Sin embargo, parece que todas las actividades de los 
seres humanos cada vez tienen efectos negativos sobre este recurso vital. Esta 
investigación se enfoca en tres de estas influencias humanas: una presa, la contaminación 
de fuentes puntuales y la contaminación de fuentes no puntuales. Se investigan los efectos 
sobre la estructura de las comunidades de los macroinvertebrados y sus composiciones. 
Todas las entradas antropogénicas a las quebradas afectan estadísticamente la composición 
de sus comunidades de macroinvertebrados de la presa, el punto de origen y fuentes no 
puntuales (Chi2 = 46,9, df = 18, p = 0,049, Chi2 = 36,26, df = 10, p <0,001, y Chi2 = 63,22, 
df = 12, p <0,0001, respectivamente). A pesar de que el índice biótico de la familia (FBI) 
de la presa (3,47) fue mucho mejor que el de la contaminación del punto de origen (7,9), o 
la contaminación de fuentes no puntuales (7.81), los cambios en la composición – debido 
a los cambios de sustrato – puede ser los responsables del aislamiento de las comunidades. 
El sito punto y no puntuales se confunden, por lo que el FBI no es un indicador de los 
efectos de uno contra el otro. Sin embargo, este estudio recalca la importancia del 
tratamiento de aguas grises. 
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INTRODUCTION 
 
Humans have rapidly introduced a wide array of disturbances to which river organisms 
have had no previous exposure during their evolution. We have dammed, channelized, 
diverted, drained, filled, and polluted streams and rivers. We have removed vegetation, 
paved extensive portions of river catchments, dumped waste on land and into waters, and 
isolated river systems from their floodplains. Our influence on rivers has been so 
pervasive that one research group estimated that fully 65% of the river water discharging 
to our oceans is associated with threatened habitats (McCabe 2010). 
 
Streams make up a mere 0.0001 percent of the world’s water, but provide indispensable 
ecosystem services (Sand-Jensen 2001, Sharp 2001). Streams exchange water, materials, 
energy, and nutrients in a reciprocal manner with the surrounding environment. Stream-
water quality, sediment characteristics, and biological communities, all reflect 
characteristics of the upstream and even the downstream environment. Conversely, local 
environments are thermally influenced, sculpted, watered, and nutritionally supplemented 
by rivers and streams (McCabe 2010). Streams help maintain terrestrial areas by 
controlling flooding and by being highly productive, thereby supporting many important 
organisms (Wall et al. 2001). The most important service streams provide is clean 
drinking and irrigation water, without which life would not be possible (Sand-Jensen 
2001). Unfortunately, freshwater streams are being degraded faster than tropical forests 
(Myers 1997), often as a consequence of human activities.  
 
Bodies of water are filled with life, from the obvious fish, to tiny microscopic organisms 
that can not be seen with the naked eye (McCabe 2010). Another important group is 
benthic macroinvertebrates. Most benthic macroinvertebrates in flowing water are aquatic 
insects and other aquatic stages of insects, such as nymphs and larvae. They also include 
such things as clams and worms. These invertebrates often go unnoticed because of their 
size and habitat, but they are an extremely important part of river ecosystems. Collecting 
benthic macroinvertebrates can provide a greater understanding of a river’s condition. 
They are good indicators of water quality because many are sensitive to physical and 
chemical changes in their habitat, many live in the water for over a year, they cannot 
easily escape pollution as some fish can, and they are easily collected (Mitchell & Stapp 
1995).  
 
Some families of macroinvertebrates are especially sensitive to pollutants and are 
commonly used as bio-indicators (Resh et al. 1996). The concept of indicator organisms is 
based on the fact that every species has a certain range of physical and chemical 
conditions in which it can survive. Some organisms can survive in a wide range of 
conditions and are more “tolerant” of pollution. Others are very sensitive to changes in 
conditions and are “intolerant” of pollution. The evaluation of water quality is linked to 
the numbers of pollution-tolerant organisms at the site compared with intolerant organisms 
(Cairns & Pratt 1993). Less sensitive organisms include crayfish, dragonflies, isopods, and 
damselflies. Other organisms such as aquatic worms and leeches are especially tolerant of 
low oxygen levels, their presence being an indicator of high levels of pollution 
(Greenberger et al 2003). 

 175 



!

 
A dam is a barrier constructed across a waterway to control the flow, or raise the water 
level (The Free Dictionary). The chemical, thermal and physical changes which flowing 
water undergoes when it is still can seriously contaminate a reservoir and the river 
downstream. The extent of deterioration in water quality is in general related to the 
retention time of the reservoir – its storage capacity in relation to the amount of the water 
flowing into it. Water in a small headpond behind a dam will undergo very little or no 
deterioration, but larger dams cause greater changes. The storage for many months or even 
years behind a major dam may be lethal to most life in the reservoir and in the river for 
tens of kilometers or more below the dam. In the same way as reservoirs trap sediment, 
they also trap most of the nutrients carried by the river (McCully 2001).  
 
Pollution sources are divided into two groups, depending on how the pollution enters a 
body of water. Point source pollution is waste that comes from a specific outflow pipe and 
is easily identified as coming from one site. Non-point source pollution does not come 
from a specific location. Instead, it results from the runoff of water over land. As this 
water passes over the ground, it picks up pollutants and carries them into local streams and 
rivers. While pollution from both sources is harmful, our ability to control the two types of 
sources is very different. Point source pollution is much easier to limit because the origin 
is readily identified. Non-point sources are harder to identify, and sometimes may be the 
result of land use practices across an entire watershed (National Water Quality Monitoring 
Control 2007) 
 
The purpose of this study was to examine the stream macroinvertebrates as indicators of 
water quality at a dam, at point source pollution, and non-point source pollution. The sites 
above each disturbance are expected to be significantly cleaner and less disturbed than 
sites below each source. The highest site on the stream should have the best water quality, 
the quality downstream should deteriorate because of the disturbance, and the quality 
should recover somewhat downstream due to natural recovery mechanisms.  
 
 
METHODS 
 
STUDY SITE – This study was conducted at 3 different sites, two of which were physically 
connected. The first was a 50m section of the Quebrada Máquina, spanning the dam built 
there, in Lower Montane Wet Forest in Monteverde, Costa Rica near the Estación 
Biológica de Monteverde (1465 m asl). The dam measures three meters wide, 1.5m high 
and 0.3m deep (Goldstein 2006) (Figure 1).  
 
The second stream was Quebrada Cuecha in Lower Montane Wet Forest in Monteverde, 
Costa Rica near the Fabrica de Queso (800m asl). The point source was a farm input from 
a small scale dairy and pig farm, with a possible trout pond. Is it not clear the exact source 
of the water, but it could include pond overflow (trout feces and food waste), cattle or pig 
waste (or a combination of the above). A distinct pig waste smell is immediately 
noticeable upon entrance to the site.  
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The non-point source was road runoff into the same stream. The road catchment is at least 
100m on the east side of the bridge and at least 200m to the west, which would funnel rain 
down the gravel road to the bridge as well as runoff from the surrounding banks (with 
forest, pasture, and infrastructure). This road is the only road for vehicular traffic that 
connects the upper parts of Monteverde and San Luis to Cerro Plano and Santa Elena and 
receives a substantial amount of traffic (Masters 2013).  
 

Dam Non-Point Source Point Source 

   
 
Figure 1. The study sites in Lower Montane Wet Forest in Monteverde, Costa Rica 
 
 
SAMPLING METHOD – I approached each sampling site from downstream to avoid 
disrupting the organisms at the sampling location. I picked up each stone 2” (5cm) or 
more in diameter and rub it (underwater) in front of the colander to remove any organisms 
from its surface and then place each stone outside the sampling area. I then agitated the 
streambed in front of the colander with hand or foot for approximately 2 minutes. I held 
the colander underwater for 1 additional minute or until the water runs clear. After 
emptying sample into a wide mouth jar, I used tweezers to get any insects attached to the 
colander. I finally moved to the next part of the site and repeat until 30 minutes have 
elapsed.  
 
For the dam, this procedure was repeated once above the dam, once immediately below it, 
and once 25 meters downstream.  
 
For the second stream (Quebra Cuecha), the first sample was above the farm input, the 
immediately after before the road input, the third immediately after the bridge, and the 
forth 25 yards downstream. This makes the post point source and pre non-point source 
sample the same. 
 
DATA ANALYSIS – The taxonomic composition of species and their relative abundance of 
each sample was tested using a chi-square goodness of fit (Preacher 2001). The 
differences in diversity and evenness were compared pair-wise using a modified student t-
test (Zar 1984).  
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The Family Biotic Index (FBI) was calculated for each site using the biotic index in Resh 
et al. (1996). The index was originally created for North American temperate streams; 
however, past research has shown that temperate indices work well in the tropics, 
especially in tropical highlands (Sand-Jensen 2001). The index assigns each Family a 
pollution tolerance number from zero, pollution intolerant organisms, to ten, pollution 
tolerant organisms. The following equation was used to calculate the FBI: 
 

Family Biotic Index = ! !!!!/! 
ni = number of individuals in a Family 
ti = the tolerance score for that Family 
N = total number of individuals in the sample 

 
The index has a range of values assigned to each type of water quality (Table 1). 
 
 
 
 
Table 1. The corresponding water quality to the Resh et al. (1996) Family Biotic Index (FBI) 

 
Water Quality Based on 

Family Biotic Index Values 
 

Family biotic index Water quality 
0.00 – 3.75 Excellent 
3.76 – 4.24 Very good 
4.26 – 5.00 Good 
5.01 – 5.75 Fair 
5.76 – 6.50 Fairly Poor 
6.51 – 7.25 Poor 
7.26 – 10.00 Very poor 

 
 
 
 
 
RESULTS 
 
The three study sites – dam, point source pollution, and non point source pollution – 
harbored macroinvertebrate indicator families of very good and very bad water quality (1-
9). During this study, 304 individuals were collected and identified, belonging to 13 
orders. Species from the class of earthworms, Oligochaeta, were most abundant with a 
total of 210 (69%) individuals. The next most abundant order was Amphiopoda with only 
17 individuals (5.6%). The other 77 individuals collected were species from the orders 
Diptera (4.9%), Elmidae (4.0%), Isopoda (3.6%), Ephemeroptera (3.3%), Venerodia 
(3.3%), Turbellaria (3.3%), Coleoptera (1%), Odonata (0.7%), Trichoptera (0.7%), 
Araneae (0.3%) and Decapoda (0.3%).  
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DAM – The samples at the dam resulted in 53 individuals and 7 morphospecies, belonging 
to 8 orders and 10 families. Figure 2 shows the distribution of species between the 
different dam sample sites.  
 
 

!!
 
Figure 2. The number of each morphospecies for each dam site on the Quebrada Máquina in 
Monteverde Costa Rica. A total of 37 individuals (69.8%) were found at the site above the dam. 4 
individuals (7.5%) were found below the dam, and 12 (22.6%) at the downstream site. The 
composition of each of the samples differs significantly (Chi-square=46.9, df=18, p=0.049).  
 
 
Using Karen Masters’ (2013) richness, diversity and t-test template, the number (N), 
species richness (S), evenness (E) and Shannon Wiener Index (H’) was calculated. H’ was 
compared pair wise (Figure 3). The species richness was 7 (pre-dam), 3 (dam), and 6 
(downstream) For evenness, the values for each site were 0.83, 0.95, and 0.921 for the 
upper to lower sites, respectively. The Shannon diversity indices (H’) showed a diversity 
of 1.48 for the pre-dam site, 1.04 for the post-dam site and 1.79 for the final downstream 
site. The t-test of these values yielded significant differences between both the before and 
after sites as well as the after and downstream sites, but not the first and last sites  (Fig. 
3d). 
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Figure 3. Macroinvertebrate communities for each dam site on the Quebrada Máquina in 
Monteverde Costa Rica. Number, species richness, evenness, and H’ were calculated as well as 
pair-wise t-tests preformed. All values are shown in the charts above. 
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POINT SOURCE POLLUTION – The samples at the point source resulted in 152 individuals 
and 6 morphospecies, belonging to 6 orders and 6 families. Figure 4 shows the distribution 
of species between the different dam sample sites.  
 

 
 
Figure 4. The number of each morphospecies for each point source site on the Quebrada Cuecha 
in Monteverde Costa Rica A total of 47 individuals (31%) were found at the site above the 
pollution source. 67 individuals (44%) were found below the pollution source, and 38 (25%) at the 
downstream site. The composition of each of the samples differs significantly (Chi-square=36.26, 
df=10, p<0.001).  
 
Using Karen Masters’ (2013) richness, diversity and t-test template, the number (N), 
species richness (S), evenness (E) and Shannon Wiener Index (H’) was calculated. H’ was 
compared pair wise (Figure 5d). Aside from the number of individuals stated above, this 
template calculated the species richness to be 4, 5, and 6 respectively for the three sites: 
pre, post, and downstream. For evenness, the value for the pre-point source site was 0.51, 
the post-point source site was 0.23, and the downstream site was 0.78. The Shannon 
diversity indices (H’) showed a diversity of 0.71 for the pre-pollution site, 0.37 for the 
post-pollution site and 1.53 for the final downstream site. The t-test of these values 
yielded significant differences between both the post and downstream site as well as the 
pre and downstream site, but not between the pre and post site (Figure 5d).  
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Figure 5.  Macroinvertebrate communities for each point source site on the Quebrada Cuecha in 
Monteverde Costa Rica. Number, species richness, evenness, and H’ were calculated as well as 
pair-wise t-tests preformed. All values are shown in the charts above. 
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NON POINT SOURCE POLLUTION – The samples at the non point source resulted in 204 
individuals and 7 morphospecies, belonging to 6 orders and 7 families. Figure 6 shows the 
distribution of species between the different dam sample sites. 
 

 
 
Figure 6. The number of each morphospecies for each non point source site on the Quebrada 
Cuecha in Monteverde Costa Rica. A total of 67 individuals (33%) were found at the site above 
the pollution source. 99 individuals (48.5%) were found below the pollution source, and 38 
(18.5%) at the downstream site. The composition of each of the samples differs significantly (Chi-
square=63.22, df=12, p<0.0001).  
 
Using Karen Masters’ (2013) richness, diversity and t-test template, the number (N), 
species richness (S), evenness (E) and Shannon Wiener Index (H’) was calculated. H’ was 
compared pair wise (Figure 7). Aside from the number of individuals stated above, this 
template calculated the species richness to be 5, 4, and 6 respectively for the three sites: 
pre, post, and downstream. For evenness, the values for each site were 0.23 for the first 
site, 0.25 for the second, and 0.78 for the last. The Shannon diversity indices (H’) showed 
a diversity of 0.36 for the pre-pollution site, 0.34 for the post-pollution site and 1.40 for 
the final downstream site. The t-test of these values yielded significant differences 
between both the post and downstream site as well as the pre and downstream site, but not 
between the pre and post site (Figure 7d).  
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Figure 7. Macroinvertebrate communities for each non-point source site on the Quebrada Cuecha 
in Monteverde Costa Rica. Number, species richness, evenness, and H’ were calculated as well as 
pair-wise t-tests preformed. All values are shown in the charts above. 
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FAMILY BIOTIC INDEX – The FBI values found using the macroinvertebrate data showed 
that the water quality at the dam was excellent (average of before and after=3.47) (Figure 
8), the quality of the point source water (Figure 9) and non point source water (Figure 10) 
was very poor, but statistically the same, 7.90 and 7.81 respectively (Chi-Square=2.0, 
df=2, p=0.37).  
 

 
 
Figure 8. The water quality of each dam site on the Quebrada Máquina in Monteverde Costa Rica 
using the Resh et al. (1996) Family Biotic Index (FBI)All sites had excellent water quality (3.714, 
3.22, and 3.714 respectively), and the only significant difference found using pairwise student t-
tests was between the post-dam and the downstream site.  
 

 
 
Figure 9. The water quality of each point source site on the Quebrada Cuecha in Monteverde 
Costa Rica using the Resh et al. (1996) Family Biotic Index (FBI). All sites had very poor water 
quality 7.909, 7.88, and 7.68 respectively), and there was no significant differences found using 
pairwise student t-tests between sites.  
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Figure 10. The water quality of each non point source site on the Quebrada Cuecha in 
Monteverde Costa Rica using the Resh et al. (1996) Family Biotic Index (FBI). All sites had very 
poor water quality 7.88, 7.73, and 7.68 respectively), and there was no significant difference found 
using pairwise student t-tests between sites.  
 
 
DISCUSSION 
 
DAM – The dam on Quebrada Máquina is visibly affecting the physical environment of the 
stream, and that means the macroinvertebrate community is as well. As seen in Rancourt’s 
2004 study and Goldstein’s 2006 study, the sand cover is extensive both above and below 
the dam and has become an element of the landscape of macroinvertebrate habitats. 
Sediment negatively affects benthic macroinvertebrates in four ways. First, it changes the 
substrate composition, and decreases the amount of suitable habitat for the majority of 
these organisms. Second, it reduces the amount of oxygen dissolvable in water, decreasing 
respiration. Third, it hinders filter feeding and reduces the availability of prey. Fourth, it 
obstructs migration (Goldstein 2006).  
 
The morphospecies composition significantly differed among the three different dam 
samples. Nearly 70% of the individuals were located above the dam in the first sample. 
The sample immediately below the dam only yielded 4 individuals, and the stream only 
rebounded slightly to 12 individuals at the downstream site. This can mean that the 
disturbance caused by the impoundment – the change in water flow and substrate – is too 
great for the macroinvertebrates to freely move up and down the stream. 
 
The changes caused by the dam decrease the abundance and diversity of all taxa (Figure 
3), but the only organisms to be present both above and below the dam were Riffle Beetle 
Larvae and Scud. The larvae have a hard exterior shell that may allow they to travel from 
above to below the dam. The scud also have a moderate FBI value of 4 (Resh et al. 1996), 
which may allow them to live in these less-than-ideal conditions. These smaller, isolated 
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populations are not able to interact in any way with the other. Although this isolation is 
much less severe than that caused by a mountain top or island, it is still possible these 
species will become less genetically diverse due to their inability to breed with each other. 
 
POINT SOURCE POLLUTION – Qualitatively speaking, one can easily see this pollution 
entering the stream (Figure 1). It comes from a nearby farm and the concentrated input of 
green water is obvious. The increased nutrient load and decreased dissolved oxygen give 
the heartier macroinvertebrates a chance to thrive. High nutrient inputs have been found to 
result in a more pollution tolerant, more even, and less family-rich community (Severino 
2001). 
 
The morphospecies composition significantly differed among the three different point 
source pollution samples. The abundance of aquatic earthworms increased with each 
sample downstream and caused an overall increase in the number of individuals. Since 
they are often used as an indicator of poor stream health (Resh et al. 1996) their 
abundance proves the increased pollution. The increase in the number of individuals may 
be attributed to less inter-specific competition, and the ability of earthworms to take 
advantage of these unused niches. The t-test showed significant changes in diversity due 
to the pollution input only between the post-pollution sample and the downstream sample 
– stronger than the difference in the non-point source sample (Figure 5). The 
microhabitats sampled were nearly the same, so any changes can be attributed directly to 
the pollution input. This strong association can mean that point source pollution is 
especially bad for the health of stream water. This makes a strong argument for mandatory 
gray water treatment at the source before it flows into any water body.  
 
NON-POINTSOUCE POLLUTION – The non-point source pollution was much less obvious to 
the naked eye. The pollution was coming from rain runoff, funneled down embankments 
and a gravel road, to a bridge over the stream, and there was no observable odor or 
discoloration. However, based on the topography, wide catchment area, and the 
appearance of the gravel and rock, it was obvious this road and embankment runoff brings 
pollution, oils, and sediment into the stream.  
 
The morphospecies composition significantly differed among the three different non-point 
source pollution samples – a . There is an increase in earthworms at an even greater 
magnitude than the point source pollution. This is because these two sites are about 50 
yards from each other, making the results are confounded. A greater diversity and 
evenness is demonstrated in the last downstream site, indicating some recovery. There is 
also a general decrease in the number of individuals. This can be to what was mentioned 
earlier, that the increased interspecies competition leads to greater diversity and evenness 
to fill the niches, but generally less individuals.  
 
FAMILY BIOTIC INDEX – The FBI indicated that, based on the macroinvertebrate 
composition, the water quality varied a little between the two streams, but not between the 
point and non-point source sites. The Quebrada Máquina site was located in the forest 
above most of the development in Monteverde. There are dams and other impoundments 
(both natural and manmade), but there are no pollution sources above the sampling site. 
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The Quebrada Cuecha site however, was compounded with a farm input and road runoff, 
plus more pollution inputs upstream that were not included in this study. All samples were 
taken within 200 yards of each other and the pre-non-point source pollution site and post-
point source pollution site are one in the same. This means the results cannot be separated 
in a way to use the FBI as an indicator of which type of pollution is worse. Still, the FBI 
already indicates very poor water quality even above the initial point source input. This 
means there are factors farther upstream that are affecting the macroinvertebrates.   
 
CONCLUSION 
 
Due to the confounded nature of the point source and non- point source site, it is not 
possible to conclude which disturbance (dam, point, or non point source) has a greater 
effect in isolation on the macroinvert communities stream environment. However, from 
the before- and after-impact comparisons, it is clear that the each has an immediate and 
negative consequence on the composition, diversity, and abundance of 
macroinvertebrates. With that being said, it is more important to focus on the treatment of 
gray water from a point source since it is much easier to control. Road non-point source 
runoff often comes from a large area of road, and while it can get concentrated because of 
that fact, it is also much harder to control and may not give the full return on the money it 
would take. 
 
The results from the dam prove that pollution is not the only way to damage a stream. 
From first look, it might seem that a dam will change very little when it comes to water 
quality since it does not have a big chemical influence. The results of this study show 
otherwise with a serious decrease in number and diversity. Serious thought and 
consideration should be taken before any type of modification is made to a stream. 
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ABSTRACT 
 
Tropical regions are undergoing increased population growth and urbanization.  Without 
careful planning and correct management of waste, streams and other water bodies may 
be negatively affected by pollution runoff and reduced discharge from impoundments.  
The use of bioindicators is a useful way to monitor water quality and evaluate aquatic 
ecosystems. This study investigated the biotic health of a neotropical mountain stream by 
looking at the diversity, composition, and similarity of macroinvertebrate assemblages 
along a gradient of urban development. Species were sampled from four locations that 
represented distinct levels of urbanization, with one site located above anthropocentric 
influences. A Shannon-Weiner Diversity index revealed significant differences in 
taxonomic and species morphology diversity between site 1 and subsequent sites 
(Taxonomic richness-Site 1 & 2: df = 4240, p<0.001; Site 1 & 3: df = 159, p<0.001; Site 
1 & 4: df = 134, p<0.001; Site 1 & 2: df = 2210, p<0.001; Site 1 & 3: df = 1220, p<0.001; 
Morphospecies-Site 1 & 4: df = 707, p<0.001). Morphospecies richness decreased from 
Site 1 to Site 4. Overall, the declining abundance of sensitive macroinvertebrates and 
diversity represents the general decline in physical and chemical characteristics of 
Quebrada Sin Nombre.  
 
 
RESUMEN 
 
Las regiones tropicales están sufriendo un crecimiento poblacional y urbanización.  Sin 
un planeamiento cuidadoso y un manejo correcto de los desechos, las quebradas y otros 
cuerpos de agua se pueden ver afectados negativamente por la contaminación por 
escorrentía y la reducción de descarga por embalses.  El uso de bioindicadores es una 
manera efectiva de monitorear la calidad del agua y de evaluar los ecosistemas acuáticos.  
Este estudio investiga la salud biótica de las quebradas montañosas neotropicales 
mirando en la diversidad, composicición y similaridad de los ensamblajes de 
macroinvertebrados a lo largo de un gradiente de desarrollo urbano.  Las especies se 
muestrearon en cuatro localidades que representan distintos niveles de urbanización, con 
un sitio ubicado más arriba de la influencia antropogénica.  El índice de diversidad 
Shannon-Weiner revela diferencias significativas en la diversidad taxonómica y 
morfológica entre el sitio 1 y los subsecuentes (Sitio-taxonómico 1 & 2: df = 4240, 
p<0.001; Sitio 1 & 3: df = 159, p<0.001; Sitio 1 & 4: df = 134, p<0.001; Sitio 1 & 2: df = 
2210, p<0.001; Sitio 1 & 3: df = 1220, p<0.001; Morfo especie.-Sitio 1 & 4: df = 707, 
p<0.001). La ríqueza de morfoespecies disminuye del sitio 1 al 4.  En conjunto, la 
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disminución en la abundancia de macroinvertebrados sensibles y la diversidad representa 
un decline general en las características físicas y químicas de la Quebrada Sin Nombre. 
 
 
IN A WORLD WITH A DRAMATICALLY GROWING POPULATION, water availability and quality 
is paramount, especially in countries with growing infrastructure and industry (UN 
WAAP 2013). Streams and water bodies near anthropocentric development are under risk 
of pollution due to the disposal of grey and/or black water through point and nonpoint 
sources (Carpenter et al. 1998). Given that in many countries the treatment of pollution 
through dilution method persists, increasing urban development poses a real threat to 
aquatic ecosystems (Carpenter et al. 1998).  Urbanization may also lead to impoundments 
that severely reduce stream discharge (Carlisle 2012). Water extraction from streams for 
household or commercial use can divert a significant portion of stream flow.   
 Degradation of water quality due to anthropogenic input of pollution can lead to 
the alteration of stream ecosystem processes and a shift in biological health (Resh et al. 
1988). Furthermore, impoundments can cause thermal variation that results in lower 
water temperatures (Carlisle 2012). In low-order mountain streams, compromised water 
quality can have compounding effects on the integrity of the entire stream (Mitchell and 
Staff 1995). Understanding and measuring these effects is particularly important for 
tropical ecosystems, as many are undergoing rapid development (Al-Shami et al. 2011). 
The use of bioindicators can offer a way to monitor and track water quality (Hauer and 
Lamberti 1996).   
 Biological monitoring, as opposed to strictly testing water quality parameters, can 
offer a long-term picture of the ecological state and integrity of a water body (Hauer and 
Lamberti 1996). Macroinvertebrates are particularly valuable indicators due to the varied 
susceptibility of different taxa and species to pollution, and are widely accepted as a 
means to evaluate watershed health (Barbour et al. 1999). The diversity and composition 
of assemblages can reflect the water quality condition, thus offering a method to evaluate 
biotic and physical parameters of a stream (Chakrabarty and Das 2006). Species sensitive 
to pollution, heavily embedded substrates, and low discharge patterns can be replaced by 
more tolerant taxa or have overall lower abundances that can indicate degraded watershed 
conditions (Hauer and Lamberti 1996). Additionally, low stream discharge has been 
shown to have significant negative effects on benthic communities, particularly sensitive 
taxa (Carlisle 2012).  
 This study investigated the biotic health of a neotropical mountain stream by 
looking at the diversity, composition, and similarity of macroinvertebrate assemblages 
along a gradient of urban development. Species were sampled from four locations that 
represented distinct levels of urbanization, with one site located above anthropocentric 
influences. Main sources of pollution were believed to enter through point source input 
from commercial and residential developments, as well as nonpoint runoff from human 
activities. Macroinvertebrate assemblages are expected to decrease in diversity and 
sensitive taxa in response to an increasing gradient of urbanization that results in 
baseflow reduction and pollution input.  
 
METHODS 
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STUDY SITE. — This study was conducted during the wet season (July 2013) at a 
premontane wet/lower montane wet forest stream (Quebrada Sin Nombre) in 
Monteverde, Puntarenas. (ec. 10°18'49"N, 84°48'57"W; 1382 -1540 m elev.). The stream 
is first-order, that is, it has no other tributaries discharging into it, and its primary water 
sources are springs and runoff. Four sites were chosen based on proximity to 
anthropocentric pollution sources along the elevation gradient. Site 1 was situated above 
anthropocentric pollution and existing dams, at an elevation of 1540-1534m. Site 2 
(located between 1455-1479m) was above anthropocentric pollution sources, but situated 
directly below a large dam, and had low stream discharge due to water extraction from 
the stream. Water flow was severely reduced after the dam, and disappeared 
intermittently from the streambed surface until Site 3. Site 3 (located between 1427 -
1433m) was situated near a large hotel establishment (El Establo) that discharges grey 
water into the stream, causing a larger overall stream discharge, and contained possible 
contamination from the hotel burn pile. Site 4 (located between 1382 -1390m) was 
situated in an urban environment, after several residential and commercial establishments 
that were discharging point source grey water and possibly black water. Housing was 
built within close proximity to the stream edge. Site 4 also had considerable refuse in the 
stream channel.  
 
MACROINVERTEBRATE SAMPLING PROCEDURE. — Each of the four study sites consisted of 
a 110 m transect along the stream, in which five microhabitats were chosen, for a total of 
25 sampling areas. The different microhabitats were identified on the basis of the 
dominant substrate, and included organic matter, sandy/silt, silt/small gravel, medium 
gravel, and large rocks/non-organic debris (Figure 1). Substrates in riffles and pools were 
sampled with equal preference. Sites were sampled in four days over a seven-day time 
period extending from July 15-21. Weather was relatively dry during the sampling of 
Sites 1-3, with no major rainfall events. Heavy rainfall occurred the night before 
sampling of the fourth site. Soil and substrate were sampled using a colander. The 
substrate was disturbed by hand for 60 seconds at each sample location while the 
colander was positioned downstream of the stream flow.  Rocks in the immediate area 
were removed from the substrate and scraped into a sampling container in order to 
dislodge macroinvertebrates. Ethanol was used to preserve specimens until identification. 
Orders Diptera, Coleoptera, and Heteroptera were identified to family level. Annelida, 
Platyhelminthes, and Nematoda were identified to phylum level. Hirudinea was identified 
to class. All other macroinvertebrates were identified to order level. Identifications to the 
family level and above are referred to as morphospecies communities, and identifications 
excluding family level classification are referred to as taxonomic richness communities.  
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1a.                                                        1b. 
 

 
1c.                                                        1d. 

 
1e. 
 
Figure 1. Microhabitats sampled at each site. a) Silt/small gravel b) Organic matter c) 
Large rocks/non-organic debris d) Sandy/silt e) Medium gravel 
 
RESULTS 
 
MACROINVERTEBRATE SPECIES RICHNESS, EVENNESS, AND DIVERSITY. — A total of 322 
macroinvertebrates were captured at the four sites representing 13 orders. The 
overwhelming majority was sampled at Site 1, with 159 individuals (Figure 2). Site 2 and 
3 had close to the same number of individuals, with 49 and 51 specimens respectively – 
markedly lower than Site 1. Site 4 showed a slight increase, with 63 total individuals 
(Figure 2). Of the 63 individuals, 27 were from the family Veliidae (water striders), 
comprising 43%. Taxonomic richness had the most orders sampled at Site 1, with a 
significant decrease in the subsequent sites, which were all approximately equal (Figure 
3). Site 1 contained 12 orders, and the following sites with six, five, and five orders 
respectively (Figure 3). Morphospecies richness, which differentiates the species 
identified to family level, also had the majority at Site 1, with 20 morphospecies (Figure 
4). There was a marked decrease at each subsequent site, with richness values of nine, 
six, and five, respectively.  
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 A Shannon-Weiner Diversity index revealed that Site 1 had the highest diversity 
for taxonomic and morphospecies communities with H’ values of 2.05 and 2.61 
respectively (Figure 5 & 6). A significant difference was found between Site 1 and all 
other sites for taxonomic richness (Site 1 & 2: t = 7.00, df = 4240, p<0.001; Site 1 & 3: t 
= 9.69, df = 159, p<0.001; Site 1 & 4: t = 10.10, df = 134, p<0.001; Figure 5). There was 
also a significant difference between diversity at Site 1 and all other sites for 
morphospecies communities (Site 1 & 2: t = 6.03, df=2210, p<0.001; Site 1 & 3: t = 
10.27, df = 1220, p<0.001; Site 1 & 4: t = 12.23, df = 707, p<0.001; Figure 6). Diversity 
decreased with each site for morphospecies communities, with Site 2 having an H’ value 
of 1.86, Site 3 with 1.59, and Site 4 with 1.47 (Figure 5). In contrast, identification 
excluding the family level did not exhibit the same trend, with Sites 3 and 4 having equal 
values of 1.47, while Site 2 had a markedly lower value of 0.83 (Figure 6).  
 Site 3 exhibited the most evenness between morphospecies, with a value of 0.94, 
while Site 2 exhibited the lowest, with a value of 0.85 (Figure 7). Site 4 and Site 1 were 
relatively close in evenness to the others with a value of 0.91 and 0.87 respectively 
(Figure 7). All four sites exhibited a high degree of evenness considering the overall 
scale, and were fairly close in value.  
 
 
 
 

 
 Figure 2. Number of individual macroinvertebrates collected at four sites in a 
premontane wet/lower montane wet forest stream in Monteverde, Costa Rica. Individuals 
were collected along a gradient of increasing anthropocentric influence, with Site 1 
located above any human establishment. Elevation ranged from 1382 -1540 m, with Site 
1 located at the highest elevation. 
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Figure 3.  Taxonomic richness of macroinvertebrates collected at four sites in a 
premontane wet/lower montane wet forest stream in Monteverde, Costa Rica. Depending 
on the group, taxa were identified from phylum to order level. Individuals were collected 
along a gradient of increasing anthropocentric influence, with Site 1 located above any 
human establishment. Elevation ranged from 1382 -1540 m, with Site 1 located at the 
highest elevation. 
 
 

 
Figure 4. Morphospecies richness of macroinvertebrates collected at four sites in a 
premontane wet/lower montane wet forest stream in Monteverde, Costa Rica. Depending 
on the group, taxa were identified from phylum to family level. Individuals were 
collected along a gradient of increasing anthropocentric influence, with Site 1 located 
above any human establishment. Elevation ranged from 1382 -1540 m, with Site 1 
located at the highest elevation. 
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Figure 5. Calculated H’ from Shannon – Weiner Diversity Index (A- Site 1 & 2. B – Site 
1 & 3. C – Site 1 & 4) for macroinvertebrates collected at four sites in a premontane 
wet/lower montane wet forest stream in Monteverde, Costa Rica. Depending on the 
group, taxa were identified from phylum to family level.  Individuals were collected 
along a gradient of increasing anthropocentric influence, with Site 1 located above any 
human establishment. Elevation ranged from 1382 -1540m, with Site 1 located at the 
highest elevation. Diversity values were significantly different between Site 1 and all 
other sites – boxes above bars are comparisons between each site based on length. 
 
 
 

 
Figure 6. Calculated H’ from Shannon – Weiner Diversity Index  (A- Site 1 & 2. B – Site 
1 & 3. C – Site 1 & 4) for macroinvertebrates collected at four sites in a premontane 
wet/lower montane wet forest stream in Monteverde, Costa Rica.Depending on the group, 
taxa were identified from phylum to order level.  Individuals were collected along a 
gradient of increasing anthropocentric influence, with Site 1 located above any human 
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establishment. Elevation ranged from 1382 -1540m, with Site 1 located at the highest 
elevation. Diversity values were significantly different between Site 1 and all other sites – 
boxes above bars are comparisons between each site based on length. 
 
 
 

 
Figure 7. Evenness values from Shannon–Weiner Diversity Index for macroinvertebrates 
collected at four sites in a premontane wet/lower montane wet forest stream in 
Monteverde, Costa Rica. Depending on the group, taxa were identified from phylum to 
family level.  Individuals were collected along a gradient of increasing anthropocentric 
influence, with Site 1 located above any human establishment. Elevation ranged from 
1382 -1540m, with Site 1 located at the highest elevation. 
 
MACROINVERTEBRATE COMPOSITION SIMILARITY BETWEEN SITES. — Results from a 
Sørenson’s index test revealed a trend in declining similarity for taxonomic communities 
and morphospecies communities when comparing Site 1 to sites downstream (Figure 8). 
Decreasing similarity was exhibited between Site 1 and subsequent sites, with values 
ranging from 46% to 13.5% similarity (Figure 8). Taxonomic and morphospecies 
communities mirrored each other when comparing Site 1 to sites located downstream 
(Figure 8). An approximate equal margin of decrease occurred between Sites 1-2 to 1-3, 
and 1-3 to 1-4, with an average decrease of 16.5%. Site 1 and 3 had only about 30% 
similarity (Figure 8). Site 1 was the only site to contain families Psephenidae and 
Dytiscidae in the order Coleoptera, and families Culicidae and Psychodidae in the order 
Diptera. Order Amphipoda, Plecoptera and class Hirudinea were only found at Site 1 as 
well. Site 4 was the only location to contain the order Veliidae. Sites 2 and 3 had no 
unique species that were not found elsewhere.  
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Figure 8. Results from Sørenson’s Index highlighting percent similarity between 
macroinvertebrate morphospecies communities and taxonomic communities collected at 
four sites in a premontane wet/lower montane wet forest stream in Monteverde, Costa 
Rica. Depending on the taxa, morphospecies were identified from phylum to family level, 
and taxonomic richness to order level.  Individuals were collected along a gradient of 
increasing anthropocentric influence, with Site 1 located above any human establishment. 
Elevation ranged from 1382 -1540m, with Site 1 located at the highest elevation.  
 
DISCUSSION 
 
The effects of pollution, altered substrate, and altered stream discharge were apparent as 
the diversity and abundance of macroinvertebrates decreased significantly from Site 1 
compared to all other sites (Figure 5 & 6). Site 1 was the only site to contain the order 
Plecoptera, which are sensitive to degraded water quality, and exhibit low tolerance 
values (Hauer & Lamberti 1996), while Site 4 was represented by pollution-tolerant taxa 
such as midges (Chironomidae). The decline of sensitive taxa, such as Plecoptera, 
Ephemeroptera, and Trichoptera, and their subsequent replacement by tolerant taxa in 
response to increasing degradation has been supported in many tropical stream ecosystem 
studies (Buss et al. 2002, Chakrabarty & Das 2006, Ndaruga 2004). Reduced baseflow 
has also been shown to have a significant negative effect on the presence of Plecoptera, 
Ephemeroptera, and Trichoptera communities (Carlisle 2012). This is possibly due to an 
increase in thermal temperature of the water (Carlisle 2012). Though Site 2 did have a 
small amount of Ephemeroptera present, Trichoptera and Plecoptera were absent, most 
likely reflecting the negative impacts from two large dams and water extraction. The 
reduction in family richness of Diptera and Coleoptera may also be attributed to low 
water flow. The total abundance of individuals was reduced by more than half compared 
to Site 1 (Site 1-159, Site 2-49; Figure 2). Disrupted water flow in first order mountain 
streams such as Quebrada Sin Nombre can have implications farther downstream, where 
they may serve as important feeders into larger streams.    
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 Site 3 had increased stream discharge from the return of water in an artificial 
stream created by El Establo, though the added effect of pollution from grey water and a 
nearby burn pile served to reduce assemblage diversity and alter composition to more 
tolerant taxa (Figure 5 & 6). Interestingly, a large number of Hydropsychidae were found 
at Site 3, though this family also represents a higher tolerance value compared to the rest 
of the order and can be found in polluted areas (Buss et al. 2002). The evident point 
source pollution from commercial and residential establishments that bordered the stream 
channel near Site 4 for several hundred meters may have added grey and/or black water. 
Pollution, in the form of sewage, can add organic material that alters physiochemical 
processes and leading to decreased dissolved oxygen (Chakrabarty and Das 2006). This 
can create hypoxic conditions that severely affect biological conditions (Chakrabarty and 
Das 2006). Soapsuds were also visible on the water surface. The absence of Coleoptera 
has been linked to the inability for the species to form a plastron or bubble in water 
polluted with soap (Buss et al. 2002). A small number of pollutant tolerant Chironomidae 
were the only family representing Diptera in these locations, also reflecting the negative 
response of the macroinvertebrate community. The channelized stream pathway at Site 4 
decreased the number of pools and the amount of slow-moving water, creating a scouring 
effect that can negatively affect macroinvertebrate abundance (Statzner et al. 1988). 
Ephemeroptera, Trichoptera, and Plecoptera were completely absent from the site. The 
low similarity in composition reflects the large impact that anthropocentric effects can 
have on community structure, abundance, and diversity. The abundance of individuals at 
Site 2 and 3 was also reduced by more than half compared to site 1 (Site 1-159 
individuals, Site 2-51 individuals; Figure 2). A past study conducted at this location also 
found that Odonate abundance decreased with elevation as urban influence increased, 
further supporting evidence for negative effects from point and nonpoint source pollution 
(Nowakowski 2012).  
 In summary, it was clear that macroinvertebrate communities changed 
composition as water quality declined and this was reflected by the decreased diversity 
and overall abundance. Pollution from commercial establishments (El Establo), and 
residential establishments and decreased base flow from dams have served to negatively 
impact the macroinvertebrate communities. As pollution increases, tolerant taxa begin to 
replace sensitive taxa, eventually leading to low diversity and abundance. Since 
macroinvertebrates represent a long-term picture of water quality conditions, this reflects 
that pollution and flow alteration have negatively impacted the ecosystem processes and 
biotic structure of the stream for some time (Mitchell & Staff 1995).  This has far 
reaching implications, as macroinvertebrates are an integral component in ecological 
processes for aquatic systems (Hauer & Lamberti 1996).  Continued and extensive 
pollution coupled with diminished water flow can have negative effects that can be felt 
throughout the trophic food web. These results are not confined to this stream, and reflect 
that urban encroachment on streams can have far reaching negative consequences. Given 
that urbanization is increasing rapidly in tropical regions, understanding and using 
bioindicators to assess water quality is especially paramount.  
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